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P R E F A C E 

THE object in prepar ing th is ar i thmet ic has been the same 
which the au thors had in view when writ ing their school 
algebra, viz.: " to show more plainly, if possible, t h a n has 
been done heretofore, the practical or common sense reason 
for each step or process." I t is believed tha t this t rea tment 
is not only " adapted to the practical American spirit , b u t 
also gives the s tudy of the subject a larger educat ional value." 
I t is also believed tha t the scholarly possibilities and value 
of the t reatment , instead of being d iminished, are increased 
thereby. For instance, it is hoped tha t t he mat te r presented 
in the chapters on the Applications pf Percentage and In-
terest, and on Arithmetical His tory , will have a new value. 

The main principle which has governed the au thors in 
writing t he book has also been the controlling factor in the 
t reatment of m a n y mat te rs of detail which are still in debate 
among teachers of a r i thmet ic and writers on the subject. 

A l m o s t a l l a r e a g r e e d t h a t t h e s t u d y o f a r i t h m e t i c s h o u l d b e g i n 

with t h e s tudy of concrete objects; a n d t h a t t h e use of geometric dia-
grams is a g r e a t h e l p i n p r e s e n t i n g c e r t a i n p a r t s of t h e s u b j e c t , a s 

f r a c t i o n s . B u t t h e a u t h o r s b e l i e v e t h a t i t i s a m i s t a k e t o h a v e t h e 

c o n c r e t e o b j e c t s , o r e v e n p i c t u r e s of t h e m , c o n s t a n t l y b e f o r e t h e 

p u p i l . N o r s h o u l d d i a g r a m s b e p r i n t e d a s p a r t o f t h e t e x t . T h e 

p u r e a r i t h m e t i c a l p r o c e s s e s s h o u l d b e m a d e e a s y a n d n a t u r a l a s 

Boon a s pos s ib l e , o n a c c o u n t of t h e i r b r e v i t y a n d s i m p l i c i t y . C o n -



c r e t e o b j e c t s o r d i a g r a m s , if k e p t b e f o r e t h e e y e c o n s t a n t l y , t e n d 
t o c l o g a n d h a m p e r t h e m i n d ; h e n c e t h e y s h o u l d b e r e c a l l e d o n l y 
s o o f t e n a n d a t s u c h p l a c e s a s m a y b e n e c e s s a r y i n o r d e r t o m a k e 
t h e s u b j e c t v i v i d a n d r e a l . 

I n t h e s a m e w a y algebraic symbols ami methods h a v e b e e n i n t r o -

d u c e d o n l y w h e n t h e y g i v e a c l e a r a n d p r o n o u n c e d a d v a n t a g e , a n d 

t h u s a r o u s e i n t h e p u p i l t h e d e s i r e t o k n o w m o r e of t h e m . 

I t is b e l i e v e d t h a t rules f o r p r o c e s s e s a r e u s e f u l i n m a n y w a y s 

w h e n t h e y a r e a r r i v e d a t a f t e r t h e p r o p e r p r e l i m i n a r y w o r k a n d 

w h e n t h e y a r e u s e d w i t h d i s c r e t i o n . 

I n o r d e r t o c u l t i v a t e h a b i t s o f analysis a n d e x a c t s t a t e m e n t , a n d 

y e t t o p r e v e n t t h e s e f r o m b e c o m i n g m e r e m e c h a n i c a l r o t e p r o c -

esses , d i f f e r e n t f o r m s o f a n a l y s i s h a v e b e e n u s e d a d a p t e d t o d i f -

f e r e n t k i n d s o f w o r k . T h e s e a r e i n d i c a t e d b y t h e u s e o f d i f f e r e n t 

w o r d s a s " O p e r a t i o n , " " E x p l a n a t i o n , " " S o l u t i o n , " e t c . 

I n l i k e m a n n e r , oral exercises a r e s o m e t i m e s p u t b e f o r e w r i t t e n 
e x e r c i s e s , s o m e t i m e s a f t e r t h e m . 

The subject-matter is not spirally arranged, b u t is adapted 
to spiral study. The subject is presented as an organic whole, 
yet one which can be learned by successive steps (see p. 6). 

A large n u m b e r of examples adapted to t he theory of t he 
book has been m a d e and carefully graded. Especial atten-
tion is also called to t he chapter on the Metric System. 

The au thors will be glad to receive a n y corrections or sug-
gestions f rom teachers using th is book. 

F L E T C H E R D U R E L L , 

E D W A R D R . R O B B I N S . 

L A W R E N C E V T L L E , N . J . , 

P H I L A D E L P H I A , P A . , 

M a y 1, 1901. i 

TO THE TEACHER 

1. T h e t e a c h e r s h o u l d m a k e s u r e a t d i f f e r e n t t i m e s t h a t t h e 

pupil carries in mind the concrete object for which a symbol stalls. 
N o w s h o w t h e p u p i l , n o w h a v e h i m s h o w t h e c o n c r e t e o b j e c t . 

S h o w h i m d i a g r a m s i l l u s t r a t i n g t h e p r o p e r t i e s of fractions. H a v e 

h i m m a k e t h e s e d i a g r a m s . B u t d o t h i s o n l y occasionally, a n d 

a l w a y s fo r s o m e g o o d r e a s o n . 

2. In oral work and explanations insist on careful and accurate state-
ments. F o r i n s t a n c e , i n o r a l w o r k d o n o t a l l o w a p u p i l t o g i v e t h e 

a n s w e r m e r e l y w i t h o u t a f o r m a l s t a t e m e n t of t h e a n a l y s i s o r s t e p s 

b y w h i c h t h e r e s u l t w a s o b t a i n e d . 

3. In written problems in which the analysis is difficult (as in Exer-
c i se 23) e l i c i t t h e a n a l y s i s f r o m t h e p u p i l b y o r a l q u e s t i o n s , a n d 

a f t e r w a r d h a v e t h e p u p i l w r i t e o u t t h e a n a l y s i s a n d s o l u t i o n . 

4 . I n s i s t o n t h e u s e o f cancellation w h e r e v e r p o s s i b l e . T r a i n 

t h e p u p i l t o c o m b i n e a l l t h e o p e r a t i o n s r e q u i r e d i n t h e s o l u t i o n 

of a p r o b l e m i n a comprehensive plan o r s c h e m e ; t h e n t o f a c t o r 

a n d c a n c e l w h e r e v e r p o s s i b l e ; n e v e r t o m u l t i p l y t i l l i t i s n e c e s s a r y 

t o d o so . 

5 . T r a i n t h e p u p i l a l s o t o m a k e a rough estimate o r f o r e c a s t of t h e 

a n s w e r b e f o r e b e g i n n i n g t h e e x a c t n u m e r i c a l w o r k . T h i s n o t o n l y 

t e n d s t o e l i m i n a t e l a r g e e r r o r s , b u t is a l so a v a l u a b l e h a b i t , s i n c e , i n 

p r a c t i c a l l i fe , f u l l y o n e - h a l f t h e a p p l i c a t i o n s of a r i t h m e t i c a r e 

m a d e i n t h i s w a y . 

6 . I m p r e s s u p o n t h e m i n d s of p u p i l s i n v a r i o u s w a y s t h e local 

value of digits and the limitations in the accuracy of all arithmetical 
w o r k b a s e d o n m e a s u r e m e n t s ( s e e A r t s . 19, 77, 78). 



7 . S t u d y t o vary methods t o s u i t t h e n e e d s of e f f e r e n t p u p i l s , 

b o t h i n p r e s e n t i n g t o p i c s a n d i n m e e t i n g d i f f i c u l t i e s . I t is t o b e 

r e m e m b e r e d t h a t p u p i l s a s t h e y c o m e f r o m d i f f e r e n t h o m e s p r o b -

a b l y h a v e m o r e v a r i e d c a p a c i t i e s w i t h r e s p e c t t o t h e s u b j e c t of 

a r i t h m e t i c t h a n t o a n y o t h e r . 

8 . D o n o t b e s a t i s f i e d t i l l b y l o n g p r a c t i c e a n d w o r k i n g i n n u -

m e r a b l e e x a m p l e s , if n e c e s s a r y , t h e p u p i l h a s b e c o m e a r a p i d a n d 

a c c u r a t e c o m p u t e r . T h e p o w e r of h a n d l i n g figures w i t h f a c i l i t y 

a n d a c c u r a c y is o f t h e first i m p o r t a n c e b o t h i n p r a c t i c a l l i f e a n d 

i n i t s i n f l u e n c e o n t h e f u r t h e r e d u c a t i o n a l d e v e l o p m e n t of t h e 

p u p i l . 

9 . R E V I E W C O N S T A N T L Y . 

S C H E D U L E R E C O M M E N D E D I N U S I N G D U R E L L A N D R O B B I N S * 
A R I T H M E T I C . 

TEAK. FIRST HALF-YEAR. SECOND HALF-YEAR. 

1 Oral work vrilhoiU text-book. Elementary Pract. Arith.. pp. 1-32 
( m u c h o f i t r e a d t o p u p i l b y t e a c h e r ; 
s u p p l e m e n t e d b y o t h e r oral work) . 

2 Elementary Pract. Arith., pp. 1-32. 
R e v i e w a n d s e c o n d course . 

Elementary Pract. Arith., pp. 33-77 
( m o r e di f f icul t parta of s o m e l e s sons 
o m i t t e d ) . 

3 Elementary Pract. Arith., pp. 33-77. 
R e v i e w a n d s e c o n d course . 

Elementary Pract. Arith., pp. 78-121 
( m o r e di f f icul t p a r t s of s o m e l e s sons 
o m i t t e d ) . 

4 Elementary Prod. Arith.. pp. 55-121. 
R e v i e w e d a n d c o m p l e t e d in de-
tai ls . 

Elementary Pract. Arith., pp. 122-194 
( l ead ing pr inc ip l e s a n d eas ier e x -
ercises) . 

5 Elementary Pract. Arith., pp 91-194. 
R e v i e w e d a n d c o m p l e t e d i n de ta i l s . 

Advanced Pract. Arith. to p. 158 
( l e a d i n g pr inc ip l e s a n d e a s i e r e x -
ercises) . 

6 Advanced Pract. Arith. to p. 158 
( fu l ler c o u r s e ) . 

Advanced Pract. Arith., pp. 158-255 
( l e a d i n g pr inc ip les and eas ier e x -
ercises) . 

7 Advanced Pract. Arith., pp. 158-255 
( fu l ler c o u r s e ) . 

Advanced Pract. Arith., pp. 256 toend 
( l e a d i n g pr inc ip les a n d eas ier e x -
erc i ses ) . 

8 Advanced Pract. Arith. Review. 
R a p i d r e v i e w t o p . 256 . 
Fi l l in d e t a i l s , p p . 2 5 6 t o e n d . 

Elementary Algebra. 
Geometrical Drawing. 
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1. Uni ts .—For many purposes the most convenient way 
of dealing with quanti ty (as, for instance, with the length 
of a given line) is to take a certain definite part of the given 
quantity as a unit, and determine the number of times the 
unit must be used in order to make u p the given quantity 
(or line). 

Thus, in determining the length of a given linear object, 
as a rope, we do not depend merely on general impressions 
of its magnitude (formed by the eye or by moving the hand 
over it), bu t by taking a unit , as one inch or one foot, and 
determining the number of times the un i t mus t be used in 
order to make u p the line. 

A boy dealing with a quanti ty of marbles in his possession 
does not do so merely by means of the aggregate impression 
which they make in his pocket, bu t by taking a single marble 
as a unit, and counting the number of marbles which he has. 

This method of regarding quanti ty as made u p of units 
gives greater ease and' precision in all the ordinary uses made 
of an aggregate of material. 

A u n i t is a certain quanti ty taken as a standard of refer-
ence when dealing with quanti ty of the same kind. 

2. K i n d s of Uni ts .—Units are of different kinds. 
N a t u r a l units are those which occur in the world about 

us, as one apple, one man, one year, one day. 
Ar t i f ic ia l units do not occur naturally, bu t are devised 
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Ar t i f ic ia l units do not occur naturally, bu t are devised 
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by man so as to extend the advantages arising from the use 
of uni ts as widely as possible, as one foot, one-third of an 
apple, etc. 

A p r i m a r y uni t is a single uni t of a given kind, as one 
dollar. 

A d e r i v e d un i t is an aggregate of single units , as five dol-
lars (a " V ») ; or a pa r t of a uni t , regarded as a new unit, as 
one-third of a dollar. 

A unit of one k ind may become, in cer tain relations, a un i t of another 
kind. Thus , an artificial un i t maj- become, in some senses, a naUiral unit, 
as one dollar . Also, a der ived uni t may come to be regarded as a pr imary 
unit , as one week, one quar te r (of a dollar) . 

E X E R C I S E 1 . 

1. W h a t un i t of length is used in measur ing the length of a room ? T h e 
length of a penci l? Of a quant i ty of c lo th? 

2. W h a t un i t of length is used in measuring the distance between two 
ci t ies? T h e diameter of the e a r t h ? 

3. W i t h wha t un i t of capacity is mi lk measured? G r a i n ? Strawberr ies? 
Pota toes? 

4. W h i c h un i t of area is used in s ta t ing the size of a farm ? Of a county ? 
5. W h i c h of the following un i t s are natural and which are a r t i f ic ia l : 

year , second, week, foot, quart , yard, peck, mile, month, degree? 

3. N u m b e r is a unit , or collection of like units. 
W h e n quan t i t y is regarded as m a d e u p of like units , it 

becomes a number . Thus , when an aggregate of apples is 
regarded as m a d e u p of dist inct apples, i t becomes a number 
of apples. 

Thus, also, when a line is regarded as m a d e u p of inches, 
it becomes a n u m b e r of inches. 

4. A r i t h m e t i c is t he science which treats of number . I t 
investigates the mos t advantageous ways of expressing quan-
tities as numbers , and of using number s when formed. 

5. N u m b e r W o r d s . — W h e n we have determined a quan-
t i ty as m a d e u p of uni ts , and ascertained the number of 
the uni ts in a given quant i ty , i t is often useful to transfer 

the n u m b e r idea t h u s formed, to other persons, and t h u s 
give them a definite conception of the quant i ty dealt with, 
wi thout labor on their par t . Hence, words are useful by 
which to designate different aggregates of units, or numbers . 

Number words are useful also to the person using them, in 
calling u p the precise ideas connected with each aggregate 
of units. 

The words used for t he different aggregates of uni ts (begin-
ning with a single un i t ) are— 

one, two, three, four, five, six, seven, eight, nine, ten. 
For larger aggregates of un i t s a system of grouping uni t s 

and naming the groups formed is used, which is expla ined 
later. 

6. C o u n t i n g is the process ot affixing to any group of uni ts 
the n u m b e r word belonging to t ha t group, beginning with 
unity, and aff ixing its n u m b e r word to each group, till the 
last un i t of the entire group dealt wi th is reached. 

7. N u m b e r S y m b o l s . — F u r t h e r economies and addi t ional 
power in dealing with n u m b e r s are obtained by using a dis-
tinct symbol for each n u m b e r apar t from its n u m b e r word. 
Thus, for the n u m b e r words 

one, two, three, four, five, six, seven, eight, nine, 
we use 1, 2, 3, 4, 5, 6, 7, 8, 9. 

These n u m b e r symbols, or figures, have advantages as 
compared with n u m b e r words, in t h a t they are easier to 
write, and to recognize when writ ten. They have many other 
derived advantages, when used in combinations, both in de-
noting and in operat ing with, numbers larger t h a n nine. 

The number symbols 1, 2, 3, 4, 5, 6, 7, 8, 9 are called the 
nine d ig i t s . The absence of number is denoted by a sym-
bol, 0, called zero , n a u g h t , or c i p h e r . 

Zero is sometimes regarded as a number . 
8. L a r g e N u m b e r s . — I n order to denote large n u m b e r s 

by words and symbols, i t is necessary to devise a plan of so 



grouping uni t s t ha t a few words or symbols systematical ly 
used will represent any number , however large. I t is plainly 
impracticable to denote each different n u m b e r by a n entirely 
new and dist inct word or symbol . 

N U M E R A T I O N . 

9. N u m e r a t i o n is the process of grouping an aggregate 
of uni ts according to a convenient, systemat ic p lan , a n d of 
n a m i n g the groups so f o r m e d ; or briefly, numera t ion is the 
expression of number s in words. 

10. D e c i m a l S y s t e m of N u m e r a t i o n . — L e t us suppose 
a heap of like objects, as silver dollars, a n d let us suppose 
tha t we desire to determine t he n u m b e r of these objects, and 
to express t he n u m b e r of t h e m in words in a convenient, sys-
temat ic way. W e first count t en of t he dollars and set t h e m 
aside as a single group (equivalent to a ten-dollar bill), then 
count t en more dollars and set t h e m aside, a n d cont inue mak-
ing l ike groups unt i l t he n u m b e r of dollars left is less t h a n 
ten. Suppose eight tens are formed and six dollars are l e f t 
By t hus forming groups of ten each, a n d regarding each such 
group as a new un i t of a higher order, we can express the 
given group of uni t s (or n u m b e r of dollars) in words wi thout 
employing any new n u m b e r word beside those al ready given 
( A r t 5), except a word to denote t he new un i t g roup of 
higher order—viz., ten. Fo r t he n u m b e r of dollars in the 
original h e a p is expressed in words a s eight tens a n d six 
uni ts of (or eighty-six) dollars. 

Similarly, if there are ten or more groups of t he new uni t 
groups of h igher order (i . e., of groups of ten dollars each) in 

NOTE.—The n u m b e r ten is used because mos t of o u r s avage ancestors 
coun ted by a id of t h e i r ten fingers. H e n c e t h e n u m b e r ten became t h e 
p r i m a r y g r o u p in n u m e r a t i o n , a n d has been so used eve r since. A n y o the r 
n u m b e r (excep t u n i t y ) m i g h t be used as t h e p r i m a r y g r o u p in n u m e r a t i o n . 
Two, s ix , e ight , a n d twelve a re a m o n g those w h i c h h a v e been suggested, of 
which , twelve, pe rhaps , would b e t h e b e s t 

the original heap, we regard ten ten-uni ts taken together as 
a new un i t group of still h igher order, and call i t one hundred. 
Similarly ten h u n d r e d s are regarded as a new un i t g roup of 
higher order and called a thousand. 

11. N u m b e r s L a r g e r t h a n O n e Thousand .—Simi l a r ly 
we m a y form other new u n i t groups, each t en t imes as great 
as the preceding, a n d called one ten thousand, one hundred 
thousand, one million, one ten million, etc. Bu t in denoting 
these groups (greater t h a n one t housand ) entirely new 
n u m b e r words are used only for those groups which are one 
thousand t imes as great as the g roup denoted b y the last pre-
ceding new n u m b e r word, as million (one thousand t imes as 
great as one thousand) , billion (one thousand t imes as great 
as one mill ion), trillion, etc. The in termedia te un i t groups 
are denoted by using " t en " a n d " h u n d r e d " as modifiers to 
other n u m b e r words. 

12. N u m b e r W o r d s A c t u a l l y Used .—Beside t he n u m -
ber words a l ready given, it is found convenient to use a few 
others, though these are not actual ly necessary. Thus , some 
number words are formed by using two pr imary number s 
and fusing t h e m into a single word. 

T h u s , f o r " t e n " a n d " o n e " we h a v e " e l e v e n " ( f o r m e d b y f u s i n g t h e 
Go th i c words fo r one a n d t en , ain l i f ) ; f o r " t e n " a n d " t w o " we h a v e 
" t w e l v e " ( t h e G o t h i c words f o r t w o and ten, Itca l i f , f u s e d ) ; f o r " t e n " and 
" t h r e e " we h a v e " t h i r t e e n " ( fo r " t h r e e " a n d " ten " fused) . S i m i l a r l y w e 
obtain " f o u r t e e n , " " f i f t e e n , " " s i x t e e n , " " s e v e n t e e n , " " e i g h t e e n , " " n i n e -
teen." Also, f o r " t w o tens '* we h a v e " twenty ," by fus ion of t h e words 
" t w o " a n d " t e n . " S i m i l a r l y a r e ob ta ined " t h i r t y , " " f o r t y , " etc. 

Hence the n u m b e r words in actual use are one, two, three, 
four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, four-
teen, fifteen, sixteen, seventeen, eighteen, nineteen, twenty, thirty, 
forty, fifty, sixty, seventy, eighty, ninety, hundred, thousand, milium, 
billion, trillion, quadrillion, quintillion, sextillkm, etc. 

By the systematic use of these few words any n u m b e r may 
be expressed in words. 



13. O r d e r s o f U n i t s . — T h u s , in the decimal numera t ion , 
we use a unit, and a series of derived units, each ten t imes as 
great as t he preceding—viz., one, ten, hundred, thousand, ten 
thousand, etc. 

These uni t s are of different orders. 

One is called t he u n i t of t he first order ; 
ten is called t he un i t of the second order; 
a hundred is called the un i t of the third order, etc. 

I n n a m i n g any n u m b e r we begin with t he highest order, 
and state t he n u m b e r of un i t s of each order which t he given 
n u m b e r contains. W e speak, for example, of the n u m b e r 
" t h r e e thousand , s ix hundred , seventy-two." 

N O T A T I O N . 

14. N o t a t i o n is t he process of expressing a number in 
symbols according to a convenient, systemat ic plan. 

Hav ing grouped an aggregate (or n u m b e r ) of un i t s accord-
ing t o a scale ( the decimal scale, for instance), and given 
names t o t he n u m b e r groups so as to express t he n u m b e r in 
words to other persons, we need also t o express these groups 
in s imple symbols so as to facilitate t he ex tended use of t he 
number . 

15. P o s i t i o n a l S y s t e m of N o t a t i o n . — T h e first n ine 
number s are denoted b y the n ine digits (Art . 7). A s imple 
method of expressing larger n u m b e r s in symbols is i l lustrated 
if we express t he n u m b e r " t h r e e thousand , s ix hundred , 
seventy-two " as fol lows: 3672. 

Here the n u m b e r of un i t s of each order is denoted by the 
appropriate digi t ( the thousands by 3, h u n d r e d s by 6, etc.), 
and the size of t he un i t for which each digit s tands is indi-
cated b y wri t ing in a row the digits employed, t he highest 
order to t he left, each successive lower un i t group being one 
place to the right. The simplici ty a n d power of th is system 

of riotation should ' be carefully noted b y the pup i l and fre-
quently recalled. 

T h e simplicity is due to t h e fact t ha t in denot ing a n u m b e r by figures, 
as 3672, each of the digits 6, 7, 2 has not only its own value, bu t is also 
employed to de termine t h e order of the un i t g roup denoted by 3—viz., 
thousands; s imilarly, 7 and 2 define the order of the un i t denoted by 6— 
viz., hundreds, etc. Hence, when for 3 thousand, 6 hundred , 7 tens, and 
2 units, we wri te 3672, t h e word " t h o u s a n d " is replaced by 672, 
" h u n d r e d " by 72, " t e n s " by 2, un i t s by the absence of ano the r digit 
af ter 2. Hence, for instance, the symbol 2 as here used has four uses ; i t 
has its own value, and i t helps? de te rmine t h e value of 3, 6, and 7. I t is 
because of th i s manifold use of each symbol t ha t we a re able to substi tute 
the four symbols of 3672 for t h e th i r ty - th ree symbols which compose 
the expression " t h r e e thousand, s ix hundred , seventy-two." 

I t is also to be noted t ha t t h e symbolism 3672 is un i fo rm in a r rangement 
and spacing, whi le t h e expression o f ' t he number in n u m b e r words is i rregu-
lar in fo rm and spacing. 

These great advantages in expressing n u m b e r s in symbols 
give ease and power in t he extended use of n u m b e r s a n d 
make a thorough science of numbers possible. 

T h e s tudent is aided to a ful l apprecia t ion of t h e advantages of the posi-
tional decimal system of notat ion by compar ing i t wi th o thers t ha t have 
been used t o some extent , as t h e R o m a n notat ion (Art . 23 et seq.). 

16. Z e r o S y m b o l in t h e P o s i t i o n a l N o t a t i o n . — W h e n 
uni ts of one or more orders do n o t occur in a given number , 
the absence is indicated b y the use of t he zero symbol in each 
place where such a un i t is missing. 

Thus , 5042 represents a n u m b e r containing 5 thousands, 4 tens, and 2 
units, bu t n o hundreds . 

17. N u m b e r vs. N u m b e r S y m b o l s . — T h e s tuden t should 
carefully discr iminate between a number and the symbols or 
words which represent a number . 

Thus, a number (which is an aggregate or collection of units , as a heap 
of apples) , may exist long before a n y words or symbols are used to represent 
i t . I t may also be represented by different sets of symbols, as by " twelve," 
or 12, or xiL These are not different numbers, but only different symbols 



. . . . — 

for t h e same number . However , for t h e sake of brevi ty, t h e expression 
" number denoted by t h e figures 3276 " is shortened in to " t h e number 3276," 
but t h e s tuden t is not t o be misled in to regard ing t h e number and 3276 as 
identical . 

18. The p l a c e of a figure ( in a given n u m b e r ) is t he posi-
t ion which the figure occupies with reference to t he other 
figures in t he number . Thus , in the n u m b e r 3672, t he figure 
in the r ight -hand place, 2, is said to occupy thu first p l ace ; 
7, t he second p l ace ; 6, t he third place, etc. 

Hence , moving a figure one place to the left increases its 
value tenfo ld ; b u t moving a figure one place to the r ight 
divides i ts value by ten. 

19. A b s o l u t e a n d L o c a l V a l u e . — T h e value of each figure 
in a n u m b e r is de termined by two th ings : 

First, t he value of t he figure wi thout regard to its position, 
called i ts a b s o l u t e (or digit) va lue ; 

Second, t h e value given the figure by the place it occupies 
in t he number , called its l o c a l value. 

Thus , in 3672, t h e figure 6, for instance, has an absolute 
value, in t ha t i t represents 6 units, a n d a local value, in t h a t 
each of t he uni t s represented by it is t he h u n d r e d uni t . 

T h e s tudent should not, as often happens, unconsciously form t h e hab i t 
of regarding the digi ts which form a given number as of equal importance 
and significance in a numerica l result. T h i s hab i t of ten arises perhaps 
from the fact tha t the digi ts as writ ten a re of equa l size, and local value 
apparen t ly neglected. H e should f requent ly subst i tute (menta l ly) for 2, in 
3672, a figure only one-tenth as large as 2, leave 7 unchanged, substi tute 
for 6 a figure ten t imes as long as i t is, for 3 one a hundred t imes as long. 
O r he m a y picture, back of 7, seven bundles of ten strokes each, back 
of 6, s ix bundles, each composed of t en ten-bundles, etc. 

N U M E R A T I O N A N D N O T A T I O N . 

20. P e r i o d s . — I n order to wri te and read large number s 
with facility, it is cus tomary to separate the different orders 
of uni ts used into sets of three each, called per iods . Periods 

are formed by beginning at the r ight and mark ing off three 
figures in each period by the use of a comma. I n reading 
numbers it is cus tomary to express the aggregate of each 
period in te rms of t he lowest uni t in t h a t period. 

N U M B E R O F 

P E R I O D . 

N A M E O F 

P E R I O D . 

} 6 T H . 

3 
<y 

5 T H . 4 T H . 3 D . 2 N D . 
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o A 
H 

1 S T . 

a 
P 

O R D E R O F 

U N I T S . 

N U M B E R = 

T3 

I § K H 
5 

E o 

1 § 3 H H P 
2 0 3, 

2 C ° 
I g l 3 S G 
B h D 

£ «- O 
Z. £ c £ .t: = » c E E- P 

b s 3 
5 ,* ¡3 H P 

6 7 5, 4 0 0, 0 7 6, 

c 

§ 1 -3 
a H P 
5 4 2 . 

The n u m b e r expressed in symbols is 
54,203,675,400,076,542, 

and is read, 
Fif ty-four quadri l l ion, two h u n d r e d three trillion, s ix hun-

dred seventy-five billion, four h u n d r e d mill ion, seventy-
six thousand , five h u n d r e d forty-two. 

The names of t he periods above quadri l l ions are quinti l l-
ions, sextillions, septillions, octillions, nonillions, decillions, 
undecillions, etc. 

I n actual practice, however, periods of the h igher orders 
are little used. 

21. I . To e x p r e s s in figures a n u m b e r g iven in w o r d s . 
Write the proper figure for the number of units of each order, 

putting a zero in each vacant place. Mark the figures off into 
periods of three figures each, beginning at the right. 

E x . Expre s s in figures t h e n u m b e r t h r ee bil l ion, five hundred s ix mi l l -
ion, seven thousand, twenty-two. W e obtain 3,506,007,022. 
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22. I I . To e x p r e s s in w o r d s ( i . e . , t o r e a d ) a n u m b e r 
g i v e n in figures. 

By use of commas and beginning at the right, separate the fig-
ures given into periods of three figures each. Beginning at the 
left, read each group, giving it the name of the period to which it 
belongs. 

Omit the name of the units period in reading. 
E x . Read 5062380749. 

W e have 5,062,380,749, which is read, five bil l ion, sixty-two mill ion, 
th ree h u n d r e d e ighty thousand, seven hundred forty-nine. 

E X E R C I S E 2 , 

8. 107. 15. 1352. 
9. 705. 16. 3128. 

10. 450. 17. 4201. 
11. 910. 18. 3700. 
12. 711. 19. 4025. 
18. 818. 20. 7030. 
14. 666. 21. 8004. 

R e a d : 

1. 28. 
2. 27. 
3. 63. 
4- 92. 
5. 125. 
6. 378. 
7. 554. 

29. 63360 inches. 
80. 97056 men. 
81. 38020 miles. 

85. 129345. 
86. 704508. 
87. 201009. 
38. 300102. 
89. 295004. 
40. 300071. 

58. 1305217456. 
54. 17271005301. 
55. 298012003819. 

41. 3564320. 
42. 13705028. 
48. 37564005. 
44. 20024106. 
45. 10902070. 
46. 703201001. 

22. 13456. 
28. 74901. 
24- 28074. 
25. 30212. 
26. 30077. 
27. 60103. 
28. 70007. 

82. 25003 days. 
83. 86400 seconds. 
84. 10101 tons. 

47. 250341702. 
48. 402000271. 
49. 300070005. 
50. 777505003. 
51. 909090909. 
52. 65004030. 

56. 435710302456081. 
57. 300310070004255. 
58. 8000500123005760. 

Wr i t e in words : 
59. 750. 
60. 342. 
61. 1500. 
62. 3027. 
63. 2006. 
64. 7102. 

65. 30201. 
66. 65311. 
67. 82005. 
68. 90102. 
69. 88217. 
70. 57008. 

71. 214008. 
72. 703307. 
73. 1575014. 
74. 20501310. 
75. 42001025. 
76. 120320020. 

77. $5071. 
78. 9003 ft. 
79. $40267. 
80. $21006. 
81. 4001 days. 
82. $250405005. 

88. Wri te t h e largest n u m b e r t h a t can be expressed by 
three figures; by s ix figures. Read each of t hem. 

84. Wri te t he smallest n u m b e r t ha t can be expressed by 
five figures; by eight figures. Read each of them. 

Express in figures: 

85. Thirty-seven. 
86. Eighty- three . 
87. One h u n d r e d forty. 
88. Two h u n d r e d ten. 

89. Nine h u n d r e d eleven. 
90. One thousand six. 
91. F o u r h u n d r e d seventeen. 
92. Six h u n d r e d ninety-three. 

98. E igh t h u n d r e d twenty-five. 
94. Two thousand four h u n d r e d sixty-one. 
95. F ive t housand two h u n d r e d eight. 
96. Seven thousand three h u n d r e d twenty. 
97. Nine thousand five hund red . 
98. Twelve thousand two h u n d r e d sixty. 
99. Seventeen thousand six h u n d r e d one. 

100. Twenty- three thousand ninety-seven. 
101. For ty t housand three h u n d r e d nineteen. 
102. Seventy-one thousand three. 
103. E ighty thousand eleven. 
104. One h u n d r e d two thousand four h u n d r e d twelve. 
105. Three h u n d r e d twenty-seven thousand seventeen. 
106. F o u r h u n d r e d thousand two hundred five. 
107. Seven h u n d r e d seven thousand seventy-seven. 
108. Seventy-seven thousand seven h u n d r e d seven. 



109. Six mil l ion one h u n d r e d seven thousand four h u n -
dred sixty-nine. 

J 1 0 . Twelve mil l ion two h u n d r e d nineteen thousand eighty-

H I . Three hundred eleven mil l ion seven h u n d r e d sixteen 
thousand four hundred forty-four. 

112. Six h u n d r e d mil l ion two thousand fifteen. 
11S Eleven mil l ion eleven thousand eleven. 
114. Seven billion twenty mil l ion fourteen thousand sixty. 

R O M A N N O T A T I O N . 

23. N u m b e r S y m b o l s o f R o m a n N o t a t i o n . - B e s i d e t he 
system of numera t ion and notat ion a l ready explained (com-
monly called t he Arabic system, owing to the fact tha t the 
peoples of Eu rope first learned i t through the Arabs) , there 
is another system still used to some extent , called the Roman 
system, because of i ts origin among the Romans. 

The Roman sys tem of notat ion uses seven capital letters 
ot t he a lphabe t as n u m b e r symbols—viz., 

I . V, X , L, C, D, M. 

To these, in order, the following values are ass igned: 

h 5, 10, 50, 100, 500, 1000. 

24. C o m b i n a t i o n of N u m b e r S y m b o l s in t h e R o m a n 
N o t a t i o n . - W h e n the above symbols are used in combina-
tion, the value of each symbol in a combinat ion is deter-
mined by the following laws: 

1. Each repetition of a letter repeats its value. 
Thus , X X X denotes 30, CC denotes 200, etc. 

f" Whm,a lelier is Vlnxd after another letter of greater value., its 
value is to be added to that of the greater letter. 

Thus, V I represents 5 + 1, or 6 ; X V I denotes 16 ; L X X X I denotes 81 ; 
DCC = 700. 

S. When a letter is placed before another letter of greater value, 
its value is taken from that of the greater letter. 

Thus , I V denotes 4 ; X L denotes 4 0 ; X C denotes 90. 

A letter between two letters, each of which is of grea ter v a l u e t h a n itself, 
is regarded as preceding t h e last let ter . 

Thus , X I V denotes 14; X I X denotes 19. 

4. A bar (or dash) placed over a letter increases its value one 
thousand fold. Hence we have 

Thousands. Hundreds. Tens. Units. 
M c X I ( - 1 ) 

MM CC X X I I ( = 2 ) 
MMM ccc X X X I I I ( = 3 ) 

I V CD X L I V ( = 4 ) 
V D L V ( = 5 - ) 
V I DC L X V I ( = 6 ) 

V I T DCC L X X V I I ( = 7 ) 
v n r DCCC L X X X V I I I ( = 8 ) 
rx CM XC I X ( = 9 ) 

25. U s e s of t h e R o m a n S y s t e m of N o t a t i o n , — T h e Ro-
m a n system of notat ion is used at t imes in connection with 
other systems to prevent confusion when several different 
groupings of an aggregate of mater ia l are made. Thus , 
Arabic numera ls are used in number ing the articles of t h i s 
book, and the Roman numera l s in number ing the chapters. 

Roman numera ls are also used on monuments and fo rma l documents to 
give variety- and distinction. 

T h e Roman system of numera t ion also has an educational va lue . I t is 
useful dur ing the s tudy of a r i thmet ic to compare processes in t h e Arabic 
notation with what they would be in the clumsy Roman notation, in order 
to appreciate t h e simplicity and power of the former . 



Express in 
1. X V . 
2. X X . 
S. X X I V . 
4. X X X I I . 
5. X I X . 
6. X X I X . 
7. X L I V . 
8. LVI. 
9. L X V I I I . 

10. L X X I X . 

E X E R C I S E 

Arabic notation— 

11. X C I . 
12. X C I V . 
13. C X V L 
14. C X L I X . 
15. C L X X X I V . 
16. C C X C I X . 
17. C D L V L 
IS. D C I X . 
19. M C X L V I I . 

I 20. M C C X L I X . I 

3 . 

Express in Roman notat ion— 

s i . M D X C . 
22. M D C X L I H . 
23. M D C C C X C V I I t 
24- M M D C X L I X . 
25. I V C D X L I V . • 
26. X D C C X X V I . 
27. X I 7 V C C L X V I . 
28. D X c v i i r . 
29. M C C L C X L V . 
80. I I M I M J C X V D C X X I 

SI. 18. 
SS. 27. 
33. 39. 
54. 46. 
55. 58. 
36. 72. 

37. 93. 
38. 98. 
39. 111. 
40. 120. 
41. 147. 
42. 375. 

43. 421. 
44. 490. 
45. 567. 
46. 719. 
47. 984. 
48. 1302. 

49. 1492. 
50. 1776. 
51. 1865. 
52. 2674. 
53. 200468. 
54- 1321894. 

C H A P T E R I I . 

A D D I T I O N . 

26. I l lus t r a t ion .—If J a m e s has 5 apples and J o h n has 4 
apples, how m a n y apples have they together? 

If we take the 5 apples belonging to J a m e s and count on 
to them the 4 apples which J o h n has, we get 6, 7, 8, 9 
app les ; t ha t is, as final result , 9 apples. Or, if we are 
familiar with the results of count ing together small groups, 
we may simply recall the resul t of a former count ing together 
and say 5 apples and 4 apples are 9 apples. 

In the lat ter case we subst i tute t h e less labor of recollection for the 
greater labor of count ing the groups together. By the use of t h e memory 
we utilize the work which we have done a t some former t ime, to obtain the 
number of units in two groups when taken together. 

This process is called addition. 

27. Def in i t ions .—Addi t ion is t he process of obta ining in 
the s implest way a single n u m b e r which shal l contain as 
many uni ts as there are uni t s in two or more given n u m b e r s 
taken together. 

The s u m is the n u m b e r obtained as the resul t of an addi-
tion. 

The a d d e n d s are the n u m b e r s added. 
28. S y m b o l s . — T h e symbol or sign used to denote addi-

tion is t he erect cross, + , which reads "plus." I t means tha t 
the numbers between which it is placed are to be added. 

The symbol , = , reads " equals ," and is placed between two 
numbers to indicate t ha t they are equal. Hence, it m a y be 
employed to denote the equality between a sum a n d the 
numbers added. 

Thus , 5 + 4 = 9, reads " 5 p lus 4 equals 9." 



Express in 
1. X V . 
2. X X . 
3. X X I V . 
4. X X X I I . 
5. X I X . 
6. X X I X . 
7. X L I V . 
8. LVI. 
9. L X V I I I . 

10. L X X I X . 

E X E R C I S E 

Arabic notation— 

11. X C I . 
12. X C I V . 
13. C X V L 
14. C X L I X . 
15. C L X X X I V . 
16. C C X C I X . 
17. C D L V L 
IS. D C I X . 
19. M C X L V I I . 

I 20. M C C X L I X . I 

3 . 

Express in Roman notat ion— 

21. M D X C . 
22. M D C X L I H . 
23. M D C C C X C V I I t 
24. M M D C X L I X . 
25. I V C D X L I V . • 
26. X D C C X X V I . 
27. XI7VCCLXVI. 
28. D X c v i i r . 
29. M C C L C X L V . 
80. HMJLXJCXVDCXXX 

5 1 . 1 8 . 

52. 2 7 . 

33. 3 9 . 

34. 4 6 . 

S5. 58. 
36. 72. 

37. 9 3 . 

38. 9 8 . 

39. 111. 
40. 1 2 0 . 

41. 1 4 7 . 

42. 3 7 5 . 

43. 4 2 1 . 

44. 4 9 0 . 

45. 5 6 7 . 

46. 7 1 9 . 

47. 9 8 4 . 

4 8 . 1 3 0 2 . 

49. 1 4 9 2 . 

50. 1 7 7 6 . 

51. 1 8 6 5 . 

52. 2 6 7 4 . 

53. 2 0 0 4 6 8 . 

54- 1 3 2 1 8 9 4 . 

C H A P T E R I I . 

A D D I T I O N . 

26. I l lus t r a t ion .—If J a m e s has 5 apples and J o h n has 4 
apples, how m a n y apples have they together? 

If we take the 5 apples belonging to J a m e s and count on 
to them the 4 apples which J o h n has, we get 6, 7, 8, 9 
app les ; t ha t is, as final result , 9 apples. Or, if we are 
familiar with the results of count ing together small groups, 
we may simply recall the resul t of a former count ing together 
and say 5 apples and 4 apples are 9 apples. 

In the lat ter case we subst i tute t h e less labor of recollection for the 
greater labor of count ing the groups together. By the use of t h e memory 
we utilize the work which we have done a t some former t ime, to obtain the 
number of units in two groups when taken together. 

This process is called addition. 

27. Def in i t ions .—Addi t ion is t he process of obta ining in 
the s implest way a single n u m b e r which shal l contain as 
many uni ts as there are uni t s in two or more given n u m b e r s 
taken together. 

The s u m is the n u m b e r obtained as the resul t of an addi-
tion. 

The a d d e n d s are the n u m b e r s added. 
28. S y m b o l s . — T h e symbol or sign used to denote addi-

tion is t he erect cross, + , which reads "plus." I t means tha t 
the numbers between which it is placed are to be added. 

The symbol , = , reads " equals ," and is placed between two 
numbers to indicate t ha t they are equal. Hence, it m a y be 
employed to denote the equality between a sum a n d the 
numbers added. 

Thus , 5 + 4 = 9, reads " 5 p lus 4 equals 9." 



29. Addi t ion Table . So convenient is the system of nu-
meration and notation used for representing numbers, that 
all n u m b e r , however large, may be resolved into digits, and 
the sum of any numbers obtained by taking the sums of 
pairs of digits. Hence, if the sum of each pair of digits be 
obtained and committed to memory, the addition of all 
-larger numbers may be performed by their use. We have 
1 unit + 1 like unit = 2 units (of the same kind), or, briefly 
1 + 1 = 2 ; a so, 1 + 2 = 3, 1 + 3 = 4, etc. Or, puti ing the 
pa i r S of digits in the position in which the pupil will need 
to use them, and leaving the sum in each case to be supplied 
by him, we have— 

A D D I T I O N T A B L E . 
1 1 1 1 1 1 1 
1 2 3 4 5 6 7 

2 2 2 2 2 2 2 1 2 3 4 5 6 7 

3 3 3 3 3 3 3 1 2 3 4 5 6 7 

4 4 4 4 4 4 4 
1 2 3 4 5 6 7 

5 5 5 5 5 5 5 1 2 3 4 5 6 7 

6 6 6 6 6 6 6 1 2 3 4 5 6 7 

7 7 7 7 7 7 7 
1 2 3 4 5 6 7 

8 8 8 8 8 8 8 
1 2 3 4 5 6 7 

9 9 9 9 9 9 9 
1 2 3 4 5 6 7 

1 
9 

2 
9 

3 
9 

4 
9 

5 
9 

6 
9 

7 
9 

8 
9 

9 
9 

30. Addi t ion Independen t of Order (Commuta t ive ) .— 
If a group of units (as a group of 8 boys) be counted, it 
is evident tha t the same numerical result (or number) will 
be obtained, in whatever order the units be counted. Since 
addition is but a short way of counting different groups 
together, i t follows that two or more given groups may be 
added together in any order. Hence, 8 + 7 gives the same 
result as 7 + 8, and the Addition Table in Art. 29 gives the 
sum of each pair of digits, in whatever order the digits occur. 
To be able to add in either way frequently saves labor. 

31. A b s t r a c t a n d Concre te Number .—The work of deal-
ing with numbers is fur ther facilitated by the use of the idea 
of abstract numbers. For if we dealt with concrete units 
only, as marbles, apples, men, etc., as we find them in the 
world about us, we should, for instance, need to verify the 
addition table for each part icular k ind of concrete quant i ty 
before using the table in adding numbers composed of units 
of that sort. 

Or, to pu t it in ano the r way, in order to be sure t ha t 7 + 5 makes 12 
under all circumstances, i t would be necessary to t a k e ? apples and 5 apples 
and count them together and obtain 12 a p p l e s ; to take 7 oranges and 5 
oranges and count them together and obtain 12 oranges ; and to proceed in 
l ike m a n n e r wi th marbles, bushels, men, and every k i n d of concrete units. 
Instead of this, we t ake 7 un i t s of any k i n d and represent them, say, by 7 
strokes, and 5 un i t s of t h e same k ind represented by 5 o the r strokes, and 
count them together and obtain 12 un i t s of t h e same k ind , as t h e sum—a 
result t rue for l ike uni ts of a n y par t icular k ind . 

Hence, if we learn the addition table for units in general, 
we may then use i t in adding numbers made u p of like units 
of any part icular kind. 

A c o n c r e t e n u m b e r is a number made u p of like units 
of any one particular kind. 

An a b s t r a c t n u m b e r is a number used without reference 
to any particular thing or u n i t ; 
as when we say, 7 uni ts + 9 l ike uni ts = 16 uni ts of t h e same kind. 



t h f ! ' i n A d d } t i ™ W h e n t h e s u m o f e a c h c o l u m n i s l e s s 

^ s i ^ r d by the use °f t h e — — 
Setting down the number s with l ike uni t s in the same 

column, we have— • 

. E X P L A N A T I O N . 

9024 ° « a r S " A d d i n g t h e uni ts column first, we have 1 and 4 
i k i « a r e 5- a n d 5 and 3 are 8 ; we set down the sum 8 

unde r t h e units column. Add ing the tens column, 9798 dollars, Sum. — 
we obtain the sum 9, which we set down in the 

tens p l ace T h e sums of t h e o ther columns a re obtained and set down 
similar ly. 

Abstract numbers are added in t he same manner . 
T h u s > 5762 units . 

2125 like units . 
10112 " « 
17999 like units , sum. 

. T h , e saving of labor obtained by t h e use of t h e addit ion table 
is realized if we conceive of t ry ing to obtain th is result bv count ing merely 
r t h a t is, by taking 5762 uni ts and counting on 2125 units, and then count-
ing on 10112 units to t h e resul t obtained. 

Hence , while the addition table is given for abstract u 
only to concrete n u m b e r of t h e s a S e kind ^ * 

Thus , i t is not possible to add 5 days and 6 apples. 

32. A r r a n g e m e n t of N u m b e r s t o b e A d d e d — T h e great 
value of t he posi t ional system of denoting numbers is forci 
bly i l lus t ra ted in t he process of add ing large numbers 

= 5 | p H S 5 S = f 

/ 

34. I I . A d d i t i o n w h e n t h e s u m of a n y o n e c o l u m n 
i s g r e a t e r t h a n 9 is i l lustrated by the fol lowing: 

Ex . A farmer owns three tracts of land, of which t he first 
contains 598 acres, t he second 1236 acres, a n d the th i rd 8759 
acres. How m a n y acres does the fa rmer own ? 

O P E R A T I O N . E X P L A N A T I O N . 

598 acres. Ar rang ing t h e numbers as before, and add ing the 
1236 " uni ts column, we obtain ' the sum 23. T h e 3 is put 
S759 " under t h e column of units, and the 2 tens a re carried 

10593 acres, Sum. a n d ¡ ^ j g j w i t h t h e o ther tens. T h e sum of tens 
column (together wi th the 2 tens t ha t are carried) is then obtained, and 
found to be 19. T h e 9 is set down and 1 (or 10 tens, i. e., 1 hundred ) 
carried to t h e hundreds column. Proceeding in l ike m a n n e r with t h s o ther 
columns, t h e ent i re sum is found to b e 10593 acres. 

35. V e r i f i c a t i o n . — T o prevent error in t he work, i t is 
best to perform each process of addi t ion i n a t least two 
ways, and observe whether t he results are identical. The 
second process is called a verification of t he first. There are 
several different methods of verifying an addit ion, b u t the 
best for ordinary use is to add the given number by columns in 
an opposite direction from that first used; 

As, first f rom t h e bottom upward , and t h e n from t h e top downward. If 
a column b e added the second t ime in an opposite direction from t h e first, 
the computer is much more l ikely to discover any mis take t h a t may have 
been made, than by s imply add ing a column twice in t h e same direction, 
since in the lat ter case a mis take made in t h e first addition is l ikely to be 
repeated. 

A n addit ion may also be verified by separat ing in to groups t h e numbers 
to be added, adding each g r o u p separately, and then taking t h e sum of the 
par t ia l sums obtained. 

36. G e n e r a l R u l e f o r Add i t ion .— Write the numbers to be 
added so that figures of the same order shall stand in the same 
column; begin at the right and add each column separately, 
placing the sum underneath if it is less than ten; if the sum of 
any column exceeds nine, set dovm the right-hand figure only, and 
add the other figure to the next column to the left. 



Add: 
1. 

24 men. 
52 men. 

6. 

34659 
40140 

11. 
95 pens. 
47 pens. 

16. 
35914 
85377 

21. 

351 ft. 
173 ft. 
428 ft. 

26. 
34598 
71623 
24534 

SI. 
123 
597 
638 
245 
761 

2. 

71 miles. 
26 miles. 

7. 
281367 
707532 

12. 
58 pages. 
65 pages. 

17. 
558093 
483307 

22. 
453 lines. 
536 lines. 
792 lines. 

27. 
446789 
615323 
558394 

E X E R C I S E 4 . 

3. 
132 hours. 
427 hours. 

4. 
375 boys. 
603 boys. 

5. 
$7356 
$1422 

8. 

546923 
440013 

IS. 
77 balls. 
58 balls. 

18. 
307697 
985457 

32. 
612 
759 
387 
621 
348 

4567 
8912 
3456 
7890 
1357 

710 rods. 
349 rods. 
594 rods. 

28. 

512417 
387694 
757575 

34. 
2349 
3716 
5438 
3251 
7791 

9. 10. 
475013 73 men. 
503876 18 men. 

14. 
876 books. 
309 books. 

19. 
797512 
123389 

24. 
628 marks. 
359 marks. 
482 marks. 

29. 
47565 
62317 
89497 

35. 
53427 
43251 
70698 
37056 
83799 

15. 
$5734 
$6189 

20. 
98765 
56789 

25. 
$14313 
$76823 
$55855 

SO. 
98763 
89689 
78959 

36. 
77777 
86546 
71234 
56789 
66666 

37. 38. 
t 

39. 40. 
87653 95673 459543127 45325987654 
12761 80170 745241436 91357048653 

30508 19787 538579375 67324537167 
39175 95068 477889901 45757863448 
42078 49632 664543176 37666539399 
66779 47819 836842566 85765684784 

41. 42. 13. 44. 45. 
27561 328005 35742 935684 138 

3425 2796 35 71063 76 
9 30 1276 29 924 

342 420 328 576 92576 
2700 7651 14514 3217 4231 
6021 38 38 550 47 
756 2071 1207 341256 561 

46. 47. 48. 49. 50. 
3278 9123 1179 6846 8784 

8673 7168 7856 7845 7383 

1075 3127 3412 3374 6486 

3218 6503 3876 4063 3179 
4716 9076 6719 5732 1954 
7509 3795 5043 6118 2832 
4123 4038 6132 9475 4085 
8340 9987 7168 5684 5644 

9999 7698 1876 7893 6756 

6327 4389 1999 4952 7278 
8909 6070 9871 3107 8393 
5632 4395 7040 1736 9428 
3067 7778 9328 8321 4595 
1678 8666 9937 9614 6976 
3915 4791 7064 7578 7833 



Si . Add i t i on a s a Sc i ence a n d a s a n A r t . - T h e simpli-
fications which arise from treating quan t i ty as m a d e u p of 
units; from the g roup ing aggregates of un i t s according to a 
s imple sys temat ic p lan , so tha t they can be denoted by a few 
number words a n d a few number symbols; f rom the use of the 
system of positional notation; f rom the resul t ing possibility 
of per forming the addi t ions of all numbers , however large 
by t he use of t he addition table-these simplifications together 
result in m a k i n g addi t ion all t ha t can be desired as a practical 
science. 

< ^ l \ f ° r i " S t a D C e ' t H e g e n 6 r a l ° f a n a r ™ y i n his ten t can de termine 
(and h a v e before h i m in a fo rm easy to comprehend and use) a representa-
tion of the n u m b e r of men in each pa r t and the whole of his a rmy 4 
government can by i t readi ly de te rmine the number of i ts school-children 
or populat ion, or s tate i t s wealth in numbers, e t a 

But to be mastered as an art, the process of addi t ion 
requires long practice. To add long columns of figures with 
absolute accuracy and great rap id i ty is a power which is 
obtained only after long and varied practice. The nex t 
exercise gives examples adapted to develop th is power 

W i t h practice t he s t u d e n t will form habi t s (often instinc-
tive and peculiar to the indiv idual ) of add ing the figures in a 
column in certain special ways. 

T h u s h e m a y add t h e m in groups of two, three, or four figures: or h e 

these b ^ th * T ^ ^ ° f ^ t h a t > 0 or 20, add 
t h ^ e by themselves, add t h e o the r digi ts by themselves, and take he i r 

h e L T f T 7 t ' r C ° 1 U m n S 3 1 3 t i m e ' P r a c t i c e a t tention Z 
t h e m a m factors which go to fo rm a ski l l ful calculator. 

E X E R C I S E 5 . 

L e t t h e teacher dictate numbers of one figure to the class, to be added 
menta l ly d u r i n g the dictat ion and t h e sum reported immediately. Thus-. 

I ' 1 ' 6 ' 3 ' 5 ' 4 ' 5 ' 8 - 7 ' 4 ' 3 - 8 ; sum is 61 
< i S ' ' t ' i 7 ' 9 ' 6 ' 5 ' 3 ' 7> 9> 6, 5, 6 ; sum is 80. 
S. A d d . . . 4, 5, 2, 9, 7, 1, 6, 5, 3, 7, 8, 9, 1, 8, 4, 6, o ; sum is 90. 

E X E R C I S E 6 . 

1. I n six bins there are 45 bu., 82 bu., 96 bu. , 124 bu. , 43 
bu., and 215 bu . H o w m a n y bushels are there in a l l ? 

2. A m a n owns a fa rm of five fields which contain 23, 46. 
51, 17, and 30 acres respectively. H o w m a n y acres i n the 
form? 

8. Dur ing the s ix days of one week a merchan t received on 
sales t he following a m o u n t s : $765, $350, $917, $479, $807, 
$987. W h a t was the to ta l for t he week? 

J,. There are ten schools in a city, a n d they enroll 171, 230, 
165, 187, 301, 287, 517, 176, 215, 351 pupi l s respectively. 
How m a n y school-children in t h a t c i ty? 

5. I n a township there are six farms which contain 175, 
400, 236, 355, 278, 196 acres. How m a n y acres in the town-
sh ip? 

6. F i n d the total expenses of runn ing a bank , if t he i tems 
for a week are as follows: Salaries and wages $875, postage 
$11, rent $46, stat ionery $23, pr in t ing $40, books $8, and legal 
fees $127. 

7. A m a n a t dea th left $4500 to t he widow, $1635 to each 
of three sons, and $958 to a daughter . W h a t was the va tee 
of the estate? 

8. From A to B is 812 miles, f rom B to C is 406 miles, f rom 
C to D is 615 miles, and f rom D to A is 786 miles. W h a t is 
the distance a round the whole c i rcui t? 

9. Let the teacher give the n u m b e r of days in each of t he 
months, and the class find the n u m b e r of days in a year. 

10. Let each pupi l tell t he n u m b e r of people in his family, 
and then the whole class find the n u m b e r of people in all the 
homes. 

11. I n the same way let each report the n u m b e r of ex-
amples he has solved, and then the class compute t he 
aggregate. 

12. Direct each pupi l to count t he letters in h i s full name. 
Then by telling the n u m b e r of them, t he class can find the 



32 ADDITION. 

n u m b e r of letters i t will t ake to write the ful l names of all 
the members of t he class. 

IS. F r o m the geographies or elsewhere, find t he population 
of each of the New Eng land States. Then find the total. 

U . F ind the same for t he Middle States a n d for the South 
Atlant ic States. 

15. F ind t he populat ion of t he capital of your own State, 
and of the capitals of all the States which touch it, a n d then 
find the total. 

16. F ind the n u m b e r of square miles in the six largest 
States, and then the aggregate. 

17. A d d seventy-six, three h u n d r e d nine, twelve thousand 
six h u n d r e d ten, and for ty thousand sixteen. 

18. The English a r m y at Waterloo consisted of 26661 in-
fantry, 8735 cavalry, 6877 artillery, and 33413 allies. W h a t 
was t he total ? 

19. A m a n owns bonds worth $43765, real estate worth 
$37050, merchandise valued a t $17980, and other proper ty 
worth $50379. W h a t is the total value of h i s proper ty ? 

50. New York contains 49170 sq. m i . ; New Jersey, 7815; 
Pennsylvania, 45215; Delaware, 2050; M a r y l a n d / 12210; 
Virginia, 42450; Wes t Virginia, 24780; a n d Texas contains' 
82090 sq. mi. more t h a n all of these p u t together. H o w 
m a n y square miles has Texas ? 

51. Add 753284 + 95603 + 887653 + 47328 + 867547 4- 37895 
+ 90384 + 7056 + 19948 + 38756 + 938765. 

Add 77563 -f 987635 + 447 + 88956 + 327654 + 887654 
+ 963558 + 79658 + 9976 + 885432 + 796 + 147785. 

C H A P T E R I I I . 

S U B T R A C T I O N . 

38. I l l u s t r a t i o n . — J o h n has 7 marbles and gives J ames 
4 of them. H o w m a n y marbles has J o h n lef t? 

If we take a group of 7 marbles, and remove 4 marbles one 
at a t ime, counting off 6, 5, 4, 3, we obtain 3 marbles as t he 
number of marbles left. 

But if we are famil iar with results of former countings-oti, 
and can recall these, we can say tha t if 4 marbles be t aken 
from 7 marbles, 3 marbles will be left. 

Th i s process is called subtraction. 
Or we can recall f rom the addition table the number which, added to 4, 

makes 7, and say : since 4 + 3 makes 7, when 4 is taken from 7 the number 
3 must be left. I n ei ther of these two latter processes we substitute tho less 
labor of memory for the greater labor of counting off one number from 
another. 

39. D e f i n i t i o n s . — S u b t r a c t i o n is t he process of finding 
with "least labor wha t n u m b e r is left when a n u m b e r of uni ts 
is taken away f rom a larger n u m b e r of uni ts of t he same k ind . 

The larger n u m b e r is called t he m i n u e n d . 
The smaller number , to be taken from the minuend , is 

called the s u b t r a h e n d . 
The number left is called the d i f f e r e n c e or r e m a i n d e r . 
Thus, in the il lustrative example of Art . 38, we have 

7 marbles, Minuend. 
4 marbles, Svbtrohend. 
3 marbles, Difference. 

40 T h e s i g n of s u b t r a c t i o n is the horizontal dash, —, 
which reads " m i n u s . " Placed between two n u m b e r s t he 3 



32 ADDITION. 

n u m b e r of letters i t will t ake to write the ful l names of all 
the members of t he class. 

IS. F r o m the geographies or elsewhere, find t he population 
of each of the New Eng land States. Then find the total. 

U . F ind the same for t he Middle States a n d for the South 
Atlant ic States. 

15. F ind t he populat ion of t he capital of your own State, 
and of the capitals of all the States which touch it, a n d then 
find the total. 

16. F ind the n u m b e r of square miles in the six largest 
States, and then the aggregate. 

17. A d d seventy-six, three h u n d r e d nine, twelve thousand 
six h u n d r e d ten, and for ty thousand sixteen. 

18. The English a r m y at Waterloo consisted of 26661 in-
fantry, 8735 cavalry, 6877 artillery, and 33413 allies. W h a t 
was t he total ? 

19. A m a n owns bonds worth $43765, real estate worth 
$37050, merchandise valued a t $17980, and other proper ty 
worth $50379. W h a t is the total value of h i s proper ty ? 

50. New York contains 49170 sq. m i . ; New Jersey, 7815; 
Pennsylvania, 45215; Delaware, 2050; M a r y l a n d / 12210; 
Virginia, 42450; Wes t Virginia, 24780; a n d Texas contains' 
82090 sq. mi. more t h a n all of these p u t together. H o w 
m a n y square miles has Texas ? 

51. Add 753284 + 95603 + 887653 + 47328 + 867547 4- 37895 
+ 90384 + 7056 + 19948 + 38756 + 938765. 

Add 77563 -f 987635 + 447 + 88956 + 327654 + 887654 
+ 963558 + 79658 + 9976 + 885432 + 796 + 147785. 

C H A P T E R I I I . 

S U B T R A C T I O N . 

38. I l l u s t r a t i o n . — J o h n has 7 marbles and gives J ames 
4 of them. H o w m a n y marbles has J o h n lef t? 

If we take a group of 7 marbles, and remove 4 marbles one 
at a t ime, counting off 6, 5, 4, 3, we obtain 3 marbles as t he 
number of marbles left. 

But if we are famil iar with results of former countings-oti, 
and can recall these, we can say tha t if 4 marbles be t aken 
from 7 marbles, 3 marbles will be left. 

Th i s process is called subtraction. 
Or we can recall f rom the addition table the number which, added to 4, 

makes 7, and say : since 4 + 3 makes 7, when 4 is taken from 7 the number 
3 must be left. I n ei ther of these two latter processes we substitute tho less 
labor of memory for the greater labor of counting off one number from 
another. 

39. D e f i n i t i o n s . — S u b t r a c t i o n is t he process of finding 
with "least labor wha t n u m b e r is left when a n u m b e r of uni ts 
is taken away f rom a larger n u m b e r of uni ts of t he same k ind . 

The larger n u m b e r is called t he m i n u e n d . 
The smaller number , to be taken from the minuend , is 

called the s u b t r a h e n d . 
The number left is called the d i f f e r e n c e or r e m a i n d e r . 
Thus, in the il lustrative example of Art . 38, we have 

7 marbles, Minuend. 
4 marbles, Svbtrohend. 
3 marbles, Difference. 

40 T h e s i g n of s u b t r a c t i o n is the horizontal dash, —, 
which reads " m i n u s . " Placed between two n u m b e r s t he 3 



m i n u s sign means tha t the second number is to be sub-
tracted irom the first. 

t n I h U S ' . ! ~ f T / S " D i n e m i D U S five'" a n d » « M tha t 5 is to be subtracted from 9. 

41. S u b t r a c t i o n T a b l e . - J u s t as addi t ion is performed to 
the best advantage by commit t ing to memory certain pr imary 
sums (v,z the sum of each pair of digits), a n d performing the 
addit ion of all larger number s by their use, so subtract ion is 
performed to the best advantage by commit t ing to memory 
certain pr imary differences, and performing the subtract ion 
ot all larger number s by their use. 

Thus , f rom 7 raits we count off 4 l ike uni ts and get 3 as a remainder 
and^ to save the labor of again count ing oil; commit the result to memory, 

W ! ° b t f i n a n d C ° m m ! t t o every difference in which 
t h e subt rahend and remainder a re both single digits. Ar rang ing these 
differences m a table, placing t h e minuend over the subt rahend as t h e y 
usually occur in actual subtraction, and leaving it to t h e pupi l to supply the 
remainders, we have t h e table on the opposite page. 

So convenient is the system of numera t ion adopted tha t 
numbers , however large, m a y readi ly be resolved into digits 
and pairs of digits, and all subtract ions performed by means 
of this table. 

42. I. S u b t r a c t i o n w h e n e a c h digi t of t h e s u b t r a h e n d 
is less t h a n t h e c o r r e s p o n d i n g digi t of t h e m i n u e n d . 

The process is i l lustrated by the following example • 
Ex. Subt rac t 345 from 597. 

O P E R A T I O N . E X P L A N A T I O N . 

597, Min,tend. We place the sub t rahend under the minuend so 
g g j Subtrahend t h a t uni ts of the same order shal l s tand in the same 

^ e r * ™ * - column. Beginning at t h e r ight , 5 uni ts f rom 7 
unite leaves 2 unite, and we write 2 in the uni ts 

p lace ; 4 tens f rom 9 tens leaves 5 tens, and we wri te 5 in t h e tens place-
3 hundreds f rom 5 hundreds leaves 2 hundreds, and we write 2 in thè 
hundreds place. Hence , we obtain the remainder 252. 

SUBTRACTION TABLE. 

1 
1 

2 
2 

3 
3 

4 
4 

5 
5 

6 
6 

7 
7 

8 
8 

9 
9 

2 3 4 5 6 7 8 9 10 

1 1 1 1 1 1 1 1 _1 

3 4 5 6 7 8 9 10 11 

2 2 2 2 2 2 2 _2 J 2 

4 5 6 7 8 9 10 11 12 

3 3 3 3 3 3 _ 3 _ 3 _ 3 

5 6 7 8 9 10 11 12 13 

4 4 4 4 4 4 _ 4 

6 7 8 9 10 11 12 13 14 

5 5 5 5 _5 _5 _ 5 __5 _ 5 

7 8 9 10 11 12 13 14 15 

6 6 6 _6 _ 6 _ 6 • 6 _ 6 _ 6 

8 9 10 11 12 13 14 15 16 

7 7 _ 7 _ 7 _ 7 _ 7 7 _ 7 _ 7 

9 10 11 12 13 14 15 16 17 

_8 _8 _ 8 _8 8 _8 _8 _ 8 _ 8 

10 11 12 13 14 15 16 17 18 

9 9 _ 9 _ 9 __9 _ 9 _9 _ 9 _ 9 

43. I I . S u b t r a c t i o n w h e n a n y figure of t h e s u b t r a -
hend i s g r e a t e r t h a n t h e co r r e spond ing figure of t h e 
m i n u e n d . 

I n th is case, before subtract ing, increase the figure in the 
minuend, which is too small, by borrowing a un i t from the 
digit of nex t h igher order of the minuend . 

Ex. 1. Subtract 129 f rom 653. 

O P E R A T I O N . E X P L A N A T I O N . 

653 Since we cannot subtract 9 unite from 3 units , we 
129 t ake or borrow 1 ten f rom 5 tens and add i t to the 
524, Remainder. t h r ee uni te ; then 9 unite subtracted f rom 13 uni ts 

leaves 4 units, which we wri te in the uni ts place 
of the remainder . W e now subtract the 2 tens f rom the 4 tens which 



remain af te r t ak ing away 1 ten, and obtain 2 tens, which we wri te in t h e 
tens p l ace ; 1 h u n d r e d taken f rom 6 hundreds leaves 5 hundreds . Hence , 
the ent i re r emainder is 524. 

I t may be necessary t o borrow several t imes in succession. 

E x . 2. Subt rac t 2358 from 5346. 

O P E R A T I O N . 
5346 
2358 
2988, Remainder. 

E X P L A N A T I O N . 

F o r 8 f rom 16 leaves 8. 
5 " 13 " 8. 
3 " 12 " 9. 
2 " 4 " 2. 

Ins tead of borrowing a h ighe r un i t f rom the n e x t figure of the minuend , 
the subtraction may be performed by add ing 1 to t h e corresponding uni t of 
t h e subtrahend. T h e resul t will be t h e same, since if two numbers be 
equally increased (as by t h e addi t ion of 1 ten to the 4 tens and 2 tens in 
E x . 1 above, m a k i n g them 5 tens and 3 tens), t h e difference will r emain 
unchanged. T h e process performed in th is la t ter way is s l ight ly easier, 
6ince addi t ion is easier than subtraction. 

Thus , in E x . 1 t h e method of the subtraction would be 

9 from 13 leaves 4. 
3 " 5 " 2. 
1 " 6 " 5. 

Difference is 524. 

I n E x . 2, 8 f rom 16 leaves 8. 
6 " 14 " 8. 
4 " 13 " 9. 
3 " 5 " 2. 

Difference is 2988. 

44. Ver i f ica t ion .—To test the accuracy of t he work, add 
the difference and the sub t rahend . Their sum should equal 
t he minuend . 

Thus , in E x . 2 above, add 23-38 and 2988; the i r sum is 5346. Hence , t h e 
difference obtained, 2988, is correct unless mistakes have been made in the 
two processes, of such a na tu re t ha t they compensate. T h i s is not l ikely to 
occur. T h e r e is ano the r s imi lar method of verification which t h e s tudent 
should discover for himself . 

45. Gene ra l R u l e fo r S u b t r a c t i o n . — Write the subtrahend 
under the minuend, placing units of the same order in the same 
column ; begin at the right and subtract each figure of the subtra-
hend from the corresponding figure of the minuend, and place the 
result beneath ; 

Jf any figure of the subtrahend is less than the corresponding 
figure of the minuend, increase the latter by 10, and subtract; to 
compensate, diminish by 1 the figure of the next higher order in 
the minuend (or increase by 1 the figure of next higher order in 
the subtrahend), and continue the process. 

E X E R C I S E 7 . 

1. 2. 3. 4- 5. 
From 67 men. 357 boys. 531 balls. 256 mi. 614 
take 25 men. 135 boys. 311 balls. 245 mi . 110 

6. 7. 8. 9. 10. 
From 265 men. 948 boys. 728 balls. 876 mi. 840 
take 161 men. 446 boys. 315 balls. 463 mi. 637 

11. 12. 13. 14. 15. 16. 17. 
From 53 41 63 106 358 502 752 
take 19 26 45 37 176 387 173 

18. 19. 20. 21. 22. 23. 
From 362 543 760 924 571 5071 
take 194 367 368 367 478 1837 

24. 25. 26. 27. 28. 
From 4705 13756 21504 34576 28765 
take 3846 8607 8476 16268 9175 

29. 30. 31. 
From 7265432 301705401 2706510547308 
take 3514765 170643053 16074328139.54 

32. F rom 71532056176032 take 47063127159374. 
33. F rom 6755307165322 take 2946834073163. 
34. Subtract 17650321470063280 f rom 29560732165032761. 
35. Subtract 630753241076954724 from 850325076504032080. 
36. Take 1234567890987654321 f rom 5432101234567890123. 



46. C o m p u t e r s ' M e t h o d of S u b t r a c t i o n . — T h e r e is an« 
other method of subtract ion much used by professional com-
puters , which the pupi l should at least unders tand . I t is 
i l lustrated by the ord inary process of m a k i n g change. Thus , 
if a storekeeper receives a dollar bill in p a y m e n t of a bill of 
78 cents, he makes change by paying o u t first 2 cents, which, 
with the 78 cents, makes 80 cents ; and then pay ing o u t 2 
dimes, which, with the 80 cents, makes 81. By this method 
the required subtract ion is converted into and performed as 
addi t ion. I n l ike m a n n e r any subtract ion may be performed 
as an addit ion. 

Thus , to subtract 723 f rom 968, we have— 

968 Since 3 and 5 a re 8. 
723 2 " 4 " 6. 
245, Remainder. 7 " 2 " 9. 

W e set down 245 as t h e remainder . Similar ly 

653 9 and 4 are 13. 
129 2 " 2 " 4. 
524, Remainder. 1 " 5 " 6. 

47. "Value of S u b t r a c t i o n . — T h e s tuden t should fre-
quent ly call to mind the saving of labor effected by sub-
traction as compared with other processes of determining a 
remainder . 

Thus , if a merchant knows t ha t his original stock of potatoes was 1000 
•bushels, and his records show tha t he has sold 627 bushels, by a s imple 
subtraction, and without the labor of counting off the n u m b e r of bushels 
sold f rom t h e original number , o r t h e labor of actual measurement of the 
number left , he oon tell the number of bushels remaining, and whether he 
can supply a customer who wants 400 bushels. 

Thus , also, if lie has bought a hogshead of molasses conta in ing 63 gal-
lons, and has sold 27 gallons, by subtraction he can de termine t h e number 
of gallons left , wi thout the labor of actual ly measur ing t h e remainder 
in gal lons and counting them. 

E X E R C I S E 8 . 

1. The following accounts were each pa id with a ac i la r b i l l : 
how m u c h change was d u e in each case ? 

40 cts. 60 cts. 14 cts. 85 cts. 61 cts. 57 cts. 
55 cts. 70 cts. 27 cts. 39 cts. 78 cts. 83 cts. 

2. If a bicycle cost $87 and sold for $98, how m u c h was 
gained ? 

8. A house cost $3205 and sold for $3052. F i n d the loss. 
4. A merchan t having 2712 yards of cloth sold 1907. H o w 

many yards r ema ined? 
5. A farmer who raised 1600 bushels of corn retained 205 

bushels. H o w m a n y bushels did h e sell? 
6. I pa id $110 for a horse a n d $78 for a wagon. I sold 

both for $169. Did I gain or lose, and how m a n y dol lars? 
7. An official receives S2315 salary and $1692 in fees. H e 

6pends $2865. H o w m a n y dollars does he save ? 
8. A grain dealer bough t in one week 76321 bushels of 

grain, a n d in t he nex t 33478 bushels. H e then sold 67305 
bushels. H o w m a n y r e m a i n e d ? 

9. America was discovered in 1492. H o w m a n y years was 
tha t before y o u were born ? H o w m a n y years was t h a t before 
the year 2000? 

10. A farmer bought a horse for $231, and harness for $87. 
H e sold t he horse for $256, and the harness for $54. H o w 
many dollars did he lose al together? 

11. Of 3728 men in an a rmy, 276 were wounded, 193 were 
killed, and 705 deserted. H o w m a n y remained a t du ty ? 

12. An estate of $23675 was divided among a widow who 
received $8525, a son who got $756 less t h a n the widow, and 
a daughter who received the remainder . W h a t was the 
daughter 's p a r t ? 

18. Three m e n invest $25600. The first invests $7356; the 
second $1728 more t h a n the first H o w m u c h does t he th i rd 
invest ? 

U . Thomas Jefferson was born in 1743 and died in 1826. 



How o\T was he? How old would he have been if he had 
lived till ;900? 

15. From the sum of 6175 and 2857 take their difference. 
16. I receive $27, $42, $69, $121, and pay out $73, $29, $11, 

$7, and $130. How much remains? 
17. There have been subscribed toward a million dollars 

by Mr. A. $26310, by Mr. B. $42225, by Mr. C. $61700, by Mr. 
D. $54655, by Mr. E. $112950, and by Mr. F. $87605. How 
much remains to be raised? 

Find the number of dollars remaining in the bank in each 
of these three cases: 

18. 19. 
Deposits. 

$137 
341 
273 
564 

W i t h d r a w a l s . 
$38 
142 
67 

9 
156 
225 

46 
7 

11 

Deposits . W i t h d r a w a l s . 
$75 
132 
41 
67 

328 
576 

$195 
38 
92 

140 
7 

18 

4 
56 

123 

Deposi ts . 
$9721 

328 
5263 

56 
8 

46 
575 

1250 

SO. 
W i t h d r a w a l s 

$46 
375 

8 
417 

1376 
4251 
3765 

48 
4 

976 
23 

Compute the values of— 
21. 18 + 1 5 - 2 6 + 1 7 - 3 0 + 16. 
H I N T . — T a k e t h e s u m of those p receded by a + sign and of those p r e -

ceded by a - sign ; sub t rac t t h e l a t t e r f rom t h e fo rmer . T h u s , 18 + 15 
+ 17 + 16 = 6 6 ; 26 + 3 0 = 56 ; 66 - 56 = 10, Ana. 

22. 35 + 19 - 26. 
28. 75 - 23 + 14. 
24. 9 6 - 4 8 - 2 7 . 
25. 67 + 8 4 - 1 2 5 . 
26. 128 — 104 + 71. 
27. 376 - 291 + 167. 

28. 895 - 397 - 299. 
29. 39 - 65 + 42 + 3 1 - 2 8 . 
80. 501 - 373 - 192 + 215. 
81. 983 + 185 - 467 - 324. 
82. 5768 - 4297 + 3008. 
88. 5 9 - 4 3 + 9 7 - 1 0 1 + 3 8 -

84. 87 - 75 - 9 + 108 - 79 + 40. 
So 1 3 1 - 1 1 8 + 4 6 - 2 8 + 1 3 7 - 9 5 . 

86 1767 + 487035 - 397516 + 42765. 
87. 895632 - 765107 +143200 - 97653 - 8765. 
88 From nine hundred seven take seven hundred nine. 
89. Subtract six thousand five hundred sixty-three from 

fourteen thousand one hundred eight. 
40 To seven hundred sixteen add three hundred ninety 

and six thousand seventy-five. From this sum take three 
thousand two hundred ninety-nine. 

41 Subtract the sum of five thousand forty-seven and 
seven hundred twenty, from the sum of four thousand six 
hundred and three thousand one hundred eight. 

42 From the sum of twenty-six thousand eight hundred 
forty-two and ninety-three thousand four hundred eighty-two, 
take the difference between four hundred six thousand forty-
five and two hundred ninety-six thousand three hundred 
nine. 

Compute the values of: 
48. 75 - (12 + 37). 
44. 96 - (28 + 51). 
45. (96 - 2 8 ) + 51. 
46. 29 + (75 - 19). 
47. 300 - (175 + 98). 

48. 975 - (328 + 400 - 275). 
49. 788 - 275 - (300 - 96). 
50. 1887 - 438 + 756 - 432. 
51. 1 8 8 7 - ( 4 3 8 + 756 - 432). " 
52. 976 - (85 +176) - (276 - 88). 

58. 8865 - (775 + 896 - 483) - (99 + 387). 
54. (99765 + 73876 - 47956) - (88763 - 47958 + 38176). 

NOTE.—Let t h e pup i l s p a r e n t f u r n i s h m o r e e x a m p l e s l i ke t h e firet 
seventeen of th is exerc ise . C o m p a r e a l t i t udes of m o u n t a i n s ; popu la t .on 
of c i d e s ; of States . P u p i l s can o f t en f o r m e x a m p l e s fo r each o t h e r , and 
then cor rec t t h e p a p e r s o r s la tes of one ano the r . 



C H A P T E R I V . 

$4 
4 
4 
4 
4 
4 
4 

$28 

M U L T I P L I C A T I O N . 

y a S * t S ^ T f , W ° D : a n b U y S 7 y a r d s o f c I o t h «4 a yard. How m a n y dollars does she p a y for the cloth ? 

a r m
C ° r t h e i t h m a y ** 0 b t a i n e d V E d i t i o n ; the sum of a column of seven 4's is 28. 

If , however, the student is familiar with the r « „ | l B r 
addiUons of co.umns composed of the same d ^ a 

r t > f ^ 4 8 a d d e d m a k e » 1 1 ! s S e r to x ^ H h e 
q

r 2 f ° t h f T m e r a d d i t i 0 n ^ the column again We 
substitute the less labor of recollection for the greater labor of 

m ^ S S t - L Z ? * " « £ togethe^ the 
Simdar ly the sum of any set of equal numbers may be found by recall 

log the r ^ u l t s of former additions. Th i s process is c J . e d M u t H p Z ^ 
^ M u l t i p l i c a t i o n is the process of f inding the sum of a 

set of numbers , all equal to each other, by the abbreviated 
me thod Qf recalling the resu l t , of f o r i ™ addi t ions 

Jb":PhCand
 " ° n e ° f t h G G q U a l n U m b - - e 

$4, Multiplicand. 

£ 2 2 * ' I n t h e ^ « the multiplicand. 

The m u l t i p l i e r is t he n u m b e r which indicates how m a n y 
equal number s are to be added. 7 

In the above example, 7 is the multiplier. 

The p r o d u c t is t he result obtained by the mult ipl icat ion 
I n the above example, $28 is the p r o d u c t 

The mul t ip l icand and mult ipl ier are called the factors of 
t h e product . 

Mult ipl icat ion is usual ly viewed in i ts abbreviated form 
and m a y then be defined as follows; ' ' 

42 

MULflPUCA TION. 43 

Multiplication is the process of finding a number ( the 
nroduct) which sha l l equal another n u m b e r ( the multipli-
cand) repeated as m a n y t imes as there are uni te in a th i rd 
number ( the mult ipl ier) . 

50 The s ign of m u l t i p l i c a t i o n is t he inclined cross, X . 
Placed between two quantit ies it means tha t the one is to be 
multiplied by the other. Thus 4 x 7 means " 4 inultiplied 
by 7 or " 7 multiplied by 4 " ( that is, « 4 times 7" ) . When 
the numbers to be multiplied are placed oue over t he other, the 
lower one is regarded as t he multiplier. 

51 Mult ip l ica t ion Tab le .—If the product of each pair 
of digits be obtained and commit ted to memory , t he product 
of all other numbers , however large, m a y be obtained by the 
use of these few pr imary products . 

For so convenient is the system of numeration and notation which we 
have adopted, tha t all numbers, however large, may be resolved into digits, 
and their products obtained by taking the products of different pairs of d ig ,* . 

While i t is sufficient to know the products of pairs of numbers up to 9 
it is convenient to extend the table a little fur ther , and to learn the product 
of each pair of numbers up to 12. 

By the additioa of columns of l ike digits the following results are ob-

t a i n e d : MULTIPLICATION TABLE. 

Twice Three times 

1 are 
2 " 
3 " 
4 " 
5 
6 
7 
8 
9 

10 
11 
12 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 

1 are 
2 " 
3 " 
4 " 
5 " 
6 " 
7 " 
8 " 
9 " 

1 0 " 
11 " 

12 " 

3 
6 
9 

12 
15 
18 
21 
24 
27 
SO 
33 
36 

Four times Five times Six times Seven times 

1 are 4 1 are 5 1 are 6 1 are 7 

2 " 8 2 " 10 2 " 12 2 tt 14 

3 " 12 3 " 15 3 " 18 3 tt 21 

4 " 16 4 " 20 4 " 24 4 tt 28 

5 " 20 5 " 25 5 " 30 5 tt 35 

6 " 24 6 " 30 6 " 36 6 tt 42 

7 " 28 7 " 35 7 " 42 7 tt 49 

8 " 32 8 " 40 8 " 48 8 tt 56 

9 " 36 9 " 45 9 " 54 9 11 63 

10 " 40 10 " 50 10 " GO 10 it 70 

11 " 44 11 " 55 11 " C6 11 tt 77 

12 " "48 | 12 " 60 12 " 72 12 tt 84 



E i g h t t i m e s 

1 are 8 
2 " 16 

24 
32 
40 
48 
56 
64 
72 
80 

9 
10 
11 " 88 
12 " 96 

N i n e t i m e s 

1 are 
2 " 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

9 
18 
27 
36 
45 
54 
63 
72 
81 
90 
99 

108 

T e n t i m e s 

1 a r e 
2 " 
3 " 
4 " 
5 " 
6 " 
7 « 
8 " 
9 « 

10 
11 
12 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 

E l e v e n t i m e s 

1 a re 
2 " 
3 " 
4 " 
5 " 

7 
8 
9 

10 
11 
12 

11 
22 
3 3 
44 
55 
66 
77 
88 
99 

110 
121 
132 

T w e l v e t i m e s 

1 a re 
2 " 
3 " 
4 " 
5 " 
6 « 
7 " 
8 " 
9 " 

10 " 
11 " 

12 " 

12 
24 
36 
48 
60 
72 
84 
96 

108 
120 
132 
144 

Since mul t ip l ica t ion occupies the leading place in almost every process 
n anthmetxe, the mult ipl icat ion table should be so thoroughly I S S S 

tha t the pupi l can g ive instantly, without a moment ' s reflection, t h e product 
of any pa i r of digits. I n commit t ing the table to memory h e will be aided 
by various s imple expedients , thus : 

I n t h e table for 5, each product ends in 5 or 0 

<,, t h e sum of the digits of each product is 9 fexcept in 
9.»), the tens d ,g i t increasing 1 and the uni ts digit decreasing 1 in each 
successive product . 

I n t h e table for 11, t h e two digi ts in each product a re al ike u p to 99 
i h e labor of committing the table to memtn-y is also diminished one-half by 

remember ing that , for instance, t h e product 9 x 7 is the same as 7 x 9. 

E X E R C I S E 9 . 

O R A L . 

9 i ' J ' T r e , o q U T i n a g a l l 0 n " H o W m a n - v 1 " a r t s ¡n 7 ga l lons? In 9 gallons ? In 12 gal lons ? 

* T h e
T

r e a r e 7 d a - v s i n a ^ k . How many days in 5 weeks? In 7 
weeks? I n 11 weeks? I n 12 weeks? 

weeks? ' ° W a r e t h e r e ! n 8 W P e 1 « ? In 10 weeks? In 12 

T t l f V*?7« ,h0ars day' h 0 W maay 1 , o u r e w i " I s tudy in 4 days? 
In 6 days? I n 9 days? I n 11 days? ' 

6. If wood is worth $5 a cord, what most be pa id for 3 w r d s ? F o r 5 
cords? F o r 9 co rds? Fo r 12 cords? 

6. A boy spends $8 a month. How much will h e spend in 4 m o n t h s ? 
In 6 months? In 9 months? 

7. If 1 bucket of water costs 0 cents, w h a t will 5 buckets cost? 7 
buckets? 12 buckets? 

8. m a t is t h e product of 8 x 7 ? 9 x 4 ? 1 1 x 6 ? 7 x 6 ? 5 x 9 ? 
8 x 5 ? 12 x 9 ? 5 x 12? 4 x 7 ? 11 x 12? 8 x 9 ? 

9. F i n d t h e value of 7 + 7 + 7 + 7 + 7 + 7 + 7 + 7 + 7 without the 
table. Then by multiplication. W h i c h is easier? 

Compute the values of 

10. 3x2x5. 
11. 4x3x8. 
« . 5 x 2 x 9 . 
IS. 6x2x7. 
14. 7x1x8. 
15. 2x5x8. 
16. 3 x 4 x 2 . 
17. 3x3x8. 
18. 8 x 1 x 12. 
19. 6 x 2 x 11. 
20* 4 x 3 + 7. 
« ¿ . 6 x 7 + 1. 
22. 3 x 8 — 5. 
23. 4 x 9 - 8 . 
24. 9 x 5 + 7. 
25. 2 x 9 - 6 . 

each of the following : 
8 - 7 . 
7 - 5 . 
7 - 7 . 
8 + 10. 
6 - 5 . 
8 + 6. 
1 2 - 8 . 

11 x 12 + 1. 
9 x 9 - 9 . 

35. 7 x 9 + 5. 
S6.j 9 - 2 x 3 . 

37. 27 - 4 x 6. 
38. 4 + 7 x 3 . 
39. 8+5x6. 
40. 9 + 12 x 3. 
41. 30 - 7 x 4. 

26. 3 
27. 9 
28. 7 
29. 8 
SO. 5 
31. 7 
32. 4 
S3. 
34. 

42. 60 - 5 x 12. 
4S. 70 - 6 x 11. 
U . 4 + 8 x 12. 
45. 8 + 9 x 6. 
46. 3 + 10 x 5. 
47.% 2 + 3 x 5 - 7 . 
48. 12 - 3 x 2 - 2. 
49. 5x5 — 5+8. 
50. 14 - 6 + 3 x 4. 
51. 3x0 + 7x2. 
52. 8x7 — 6x4. 
53. 7 x 6 + 9 x 1. 
54. 9 x 1 2 - 8 x 6 . 
55. 7 - 3 x 2 + 6 x 8 . 
66. 3x4 + 5-2x7. 
57. 9 x 0 + 5 x 12 - 8. 

08. 2 x 5 x 7 - 3 x 4 x 4. 
69. 8 — 2 x 3 — 7 x 0 + 4 x 8 . 
GO. 13 + 7 x 2 - 3 x 5 + 6 x 3. 

61. 7 5 — 7 x 5 — 6 x 6 + 6. 
62. 3 0 + 7 x 9 — 8 x 7 + 4 x 0. 
63. 100 - 7 x 6 - 5 + 4 x 12 - 20. 

52. U s e of A b s t r a c t a n d C o n c r e t e N u m b e r s in Mul t i -
pl icat ion.—The use of abstract number s is of the first im-
portance in mul t ip l icat ion. 

For if we made no use of abstract number and dealt wi th concrete 
numbers only, as marbles, apples, dollars, feet, etc., it would be necessary, 
for instance, to ver ify t h e mult ipl icat ion table for each par t icu lar k ind of 
concrete number before using t h e table to mul t ip ly t ha t par t icular k ind of 

* In each example , t h e multiplication must be performed first, 
t Th i s is 9 — 6 = 3. t Th i s is 2 + 15 - 7 = 10. 



concrete number . But if we form the mult ipl icat ion table for abstract 
number (represented, for instance, by strokes or dots), we may then apply 
t h e table to any par t icu lar kind of concrete number . 

I n t he use of abstract and concrete number , certain l imi 
tions, however, are to be observed. Thus , the multiplicand 
may be either an abstract or concrete number , b u t t he num-
ber of t imes t he mul t ip l icand is taken ( t ha t is, t he mult ipl ier) 
m u s t be an abstract number . Thus , 7 apples can be mult i-
plied by 8, b u t not by 8 marbles. Hence, 

1 The multiplicand may be either an abstract or concrete 
number. 

2. The multiplier must be an abstract number. 
3. The product is the same kind of number as the multiplicand;, 

i.e., if the multiplicand is abstract, the product is abstract; if the 
multiplicand is concrete, the product is concrete and of the same 
hind. 

F r o m these laws it follows t h a t there are certain l imitat ions 
also in in terchanging the mul t ip l icand and mult ipl ier . If 
both are abstract numbers , it is evident t h a t they are inter-
changeable. For if we have a series of 5 rows, each containing 
7 dots, and each dot s tand for an abstract uni t , t h e n the 

total n u m b e r of dots in the group is denoted either b y 7 X 5 
or 5 X 7 ; t ha t is, the factors of an abstract number are commu-
tative. Hence, we can perform the mul t ip l icat ion of two 
abstract number s in ei ther order, as may be most advan-
tageous. 

But if, of two factors, one is concrete and the other abstract, 
as §4 x 7, they are not commutative, and, taking the second 
number as the multiplier, we cannot write § 4 X 7 = 7 x §4, 
since the latter form requires us to use a concrete number as 
a multiplier. 

I n such cases, however, we can obtain the advantage of t he 
commutative principle in t he actual process of the mult ipl i -
cation, by setting aside the concrete un i t involved, and mak-
ing the multiplication abstract till it is performed, and then 
restoring the concrete un i t to t he p roduc t ; or we can, for pur-
poses of computat ion, transfer t he concrete uni t f rom one 
factor to the other, t hus— 

$ 4 X 7 — $ 1 X 4 X 7 = § 1 X 7 X 4 = S 7 X 4 . 
If each dot in the rectangular a r ray of dots given on opposite page 

represent one dol lar , t h i s is t h e same as saying t ha t 7 columns, each con-
taining 4 uni ts of 1 dol lar each, a re the same as 4 rows, each containing 
7 units of 1 dollar each ; o r 7 yds. of cloth, a t $4 each, cost as many dollars 
as 4 yds. a t $7 each, and t h e one computat ion may be exchanged for t h e 
other, if any advantage is gained thereby. 

W e now proceed to show t h a t by t he use of the mul t ip l i -
cation table any two numbers , however large, may be mul t i -
plied together. 

53. L W h e n t h e M u l t i p l i e r i s a S i n g l e D i g i t — T h e 
process is i l lustrated by the following example : 

Ex. Mult iply $264 by 7. 
O P E R A T I O N . E X P L A N A T I O N . 

$264, Multiplicand. W e write the mul t ip l ier , 7, under t h e unit*» 
7, Multiplier. figure, 4, of t h e mult ipl icand, and mul t ip ly t h e 4 

$1848, Product u n i t s by 7, obtaining 28 units, or 2 tens and 8 units, 
set down the 8 units in t h e un i t s place, and reserve t h e 2 tens to be added 
to the nex t part ial product. W e then mult iply the 6 tens by 7 and obtain 
42 tens, to which we add t h e 2 tens reserved, and obtain 44 tens, o r 4 hun-
dreds and 4 tens. Set t ing down t h e 4 tens in t h e tens place, and reserving 
the 4 hundreds, we n e x t mul t ip ly 2 hundreds by 7, and obtain 14 hundreds . 
To this we add the 4 hundreds reserved, and obtain 18 hundreds , which we 
set down in t h e proper place. Hence , t h e product of $264 by 7 is $1848. 



T h e s tudent should observe tha t t h e mult ipl icat ion has been performed 
by taking t h e product of s ingle pairs of digi ts separately and combining the 
part ial products obtained. If the s tudent will set down the number 264 
seven t imes in a column, and obtain the sum by addition, he will realize 
the labor saved by the process of mult ipl icat ion, even in a s imple example 
l ike this. 

E X E R C I S E 1 0 . 

1. There are 24 hours in one day. H o w m a n y are there 
in 3 d a y s ? I n 5 d a y s ? I n 7 d a y s ? I n 9 d a y s ? 

2. One bushel of corn weighs 56 pounds. H o w many 
pounds will 4 bushels weigh? 9 bushe ls? 6 bushels? 

3. There are 66 feet in one chain. How m a n y feet in 4 
cha ins? I n 7 cha ins? I n 8 cha ins? 

4- A barrel of flour weighs 196 pounds. H o w m a n y pounds 
do 4 barrels weigh ? 5 barrels ? 9 barrels ? 

5. There are 365 days in one year. How m a n y days in 
3 yea r s? I n 5 yea r s? In 7 yea r s? 

6. If 725 men have each §4, how m a n y have they a l l? If 
each has $6? $8? 

M u l t i p l y : 
7. 256 boys by 7. 
8. 439 girls by 8. 
9. 716 feet by 6. 

10. 1729 men by 5. 

15. 16. 
Multiply 9013 feet 14706 inches 

11. $2803 by 6. 
12. 86753 by 8. 
18. S3926 bv 9. 
U . 42307 yds. by 7. 

17. 18. 
3278 min. 35544 rods 

4 7 

19. 20. 21. 22. 
Multiply 2758 3759 46789 78697 

by 3 4 5 6 

24. 25. 26. 27. 
Multiply 7791 4567 3803 6175 

by 7 8 9 7 

53716 

28. 
40461 

3 

MJJLTIPLICA TION. 

29 SO. 31. 32. 
Multiply 701508 517032 876531 90470680327 

by 4 5 6 8 

W h a t m u s t be paid for the following purchases : 
S3. 12 yards silk a t S3 a yard , and 17 yards cloth a t $2 

a S T 1 6 spools th read a t 5 cts. a spool, a n d 7 yards cord at 

2 cts. a yard ? 
35. 8 cows a t $28 each, and 6 oxen a t $46 each ? 
36. 9 horses at $127 each, and 4 carriages a t $108 each? 

F ind amounts of these two m e m o r a n d a : 
37. 3 mo. rent at $28. 

6 tons coal a t S6. 
7 loads wood a t $5. 
12 barrels oil at $5. 

38. 376 h a t s at $2. 
428 coats a t $8. 
714 tickets at $6. 
125 employees a t $5. 

Suppose here, too, t h e pupils m a k e examples for each other. Le t parents 
he lp a t home. Teacher can give several examples whose a n s w e r e c a n be 
told a t a glance, such as : W h a t is the difference between s .x t imes o324, and 
7 t imes t h e same n u m b e r ? Mul t ip ly 93076 first by 3, and then by 7, and 
add the results, e t a , etc. 

54. I I . W h e n t h e mul t ip l i e r i s a d ig i t w i t h o n e or m o r e 
ze roes a n n e x e d . 

Ex . Mult iply $843 b y 40. 

O P E R A T I O N . E X P L A N A T I O N . 

$843 In th is case we mul t ip ly by the digit , 4, and annex the 
40 zeroes to t h e product . Fo r if 40 groups of 843 dollars 

$33720 each a re to be added together , we can, if convenient, sepa-
ra te the 40 groups required into 10 groups of 4 each 

$843 x 4, or $3372, will then give the number of uni ts in each of the 10 
groups, and t h e product of $3372 by 10 will g ive t h e ent i re n u m b e r of units 
in t h e product of $843 x 40. 

Similarly, if t h e mul t ip l ier is composed of any two factors, t h e m d t i -
plication, if it is desirable, may be separated into two steps. W e hrst 
mul t ip ly the mul t ip l icand by one factor of t h e mult ipl ier , and then mulU-

4 



ply t h e p r o d u c t so ob ta ined by t h e o t h e r factor . T h u s , t o m u l t i p l y 2608 by 
63, s ince 63 = 9 x 7, we m a y first mu l t i p ly 2608 by 9 a n d ob ta in 23472, 
and t h e n m u l t i p l y 23472 by 7 a n d ob ta in 164304 as t h e p r o d u c t of t h e t w o 
o r ig ina l n u m b e r s . W e may proceed s imi l a r l y if t h e m u l t i p l i e r i s s epa rab l e 
i n t o t h r e e or m o r e factors . 

55. I I I . W h e n t h e m u l t i p l i e r c o n t a i n s t w o o r m o r e 
digi ts . 

E x . 1. Mul t ip ly $384 by 237. 

O P E R A T I O N . 

$384 
237 

2688, First Partial product. 
11520, Second " " 
76800, Third " " 

$91008, Entire Product. 

A B B R E V I A T E D F O R M . 

$384 
237 

2688 
1152 
768 

$91008, Product. 

EXPLANATION.—We r e g a r d t h e m u l t i p l i e r as composed of t h r e e par ts , 
viz., 7 uni ts , 3 t ens or 30, a n d 2 h u n d r e d s o r 200, m u l t i p l y by each sepa-
ra te ly , a n d t hen a d d t h e pa r t i a l p roduc ts obta ined . I t is cus tomary to 
o m i t t h e zeroes w h i c h ind i ca t e t h e o r d e r of t h e second, t h i r d , etc., par t ia l 
p roducts . 

I t is t o b e noted t h a t if one o r m o r e of t h e figures of t h e m u l t i p l i e r is a 
zero, t h e c o r r e s p o n d i n g p a r t i a l p roduc t is a ze ro a n d n e e d n o t be-wr i t t en . 

E x . 2. Mul t ip ly 56308 by 4007. 

O P E R A T I O N . 

56308 
4007 

394156 
225232 
225626156, Product 

56. Ver i f ica t ion .—One method of verifying the work of 
mul t ip l ica t ion—that is, of testing it with a view to detecting 
any errors t h a t may have been made—is to let the mul t ip l ier 
and mult ip l icand change places, and perform the mul t ip l ica-
tion again. W e are a t l iberty to do this by Art. 52. 

MUL TIPLICA T10N. 

437 
26 

2622 
874 

11362 

26 
437_ 
182 
78 

104 
11362 

Ex. Mult iply 437 by 26, and test the accuracy of the result. 
O P E R A T I O N V E R I F I C A T I O N . A s t h e t w o p r o d u c t s o b t a i n e d a r e i d e n -
OPERATION. ticalj a n d i t i s n o t l ike ly t h a t mis takes 

h a v e been m a d e in such a way in t h e 
two d i f fe ren t processes t h a t t h e y exac t ly 
compensa te , we assume t h a t t h e resul t 
ob ta ined i s correc t . 

I f the s t u d e n t is f a m i l i a r w i t h t h e 

process of d ivis ion, i t is l e f t as an exerc ise for h i m to devise a n o t h e r me thod 

of ve r i fy ing mul t ip l i ca t ion by its use. 

57. A g e n e r a l ru le fo r m u l t i p l i c a t i o n may now be for-
mally stated. W h e n the mult ipl ier is a single figure, 

Write the multiplier under the units figure of the multiplicand; 
Multiply each figure of the multiplicand by the multiplier ; 
If the product is less than 10, place it under the figure multi-

plied; if greater, set dmm the right-hand figure, adding the other 
figure to the next partial product. 

When the mul t ip l ier is greater than 9, 
Write the multiplier under the multiplicand, with units of the 

same order in the same column; 
Begin with the units figure of the multiplier and multiply the 

multiplicand by each figure of the multiplier in succession, placing 
the right-ham I figure of each partial product under the term by 
which it was obtained; 

Add the partial products. 
E X E R C I S E 11. 

1. 
Multiply $75 

by J 6 -

Multiply $387 
by 67 

11. 

Multiply $760 
325 

2. 

$83 
25 
7. 

$476 
89 

12. 
$809 
426 

8. 
96 boys 
33 

8. 

375 feet 
123 

18. 
550 
433 

4. 
128 pens 
J 6 

9. 
406 days 
314 

U. 
828 
567 

15. 
512 
471 

5. 
365 days 

58 
10. 

365 days 
236 

16. 
891 
635 



52 to uLTIPLICATION. 

17. 18. 19. 
Mult iply 32071 76203 93761 

by 50 420 305 
21. 22. 28. 

Mult iply 56702 67094 76543 
by 508 1320 2045 

25. 26. 27. 
Mult iply 67563 76805 80984 

by 1300 7503 3370 
29. 80. 81. 

Mult iply 46780 33607 23716 
by 1432 5071 7632 

88. 84. 85. 
Mult ip ly 34256 68327 32765 

by 4017 4009 12706 

so. 
56714 

270 I 

S4. 
67038 jl 
3029 J 

I 
28. 

66894 
3502 j 

82. 
55007 

3896 ] 
86. 

33856 I 
10708 

87. H o w would you do the first example in th is exercise 
b y add i t ion? How the 24 th? How the 35 th? Can you 
now unders tand how useful mul t ip l icat ion is? 

88. There are 24 hours in a day , and 365 days in a year . 
H o w m a n y hours in a yea r? I n 6 years? I n 75 y e a r s ? 

89. W h a t will 743 horses cost a t S130 each ? 
40. One mi le contains 1760 yards. H o w m a n y yards in 

425 mi les? I n 720 mi les? 
41. There are 5280 feet in a mile, and 12 inches in a foo t 

How m a n y inches in a m i l e ? I n 25 mi les? 
42. Methuselah lived 969 years. H o w m a n y days did he 

l ive? 
48. A book of 674 pages contains 38 l ines ' on each page. 

H o w m a n y lines in t he book? 
4b- If there are 14 words in each line, how m a n y words in 

the book of E x a m p l e 43? 
45. A bicyclist rides 16 miles an hour for 36 days of 7 hours 

each. H o w m a n y miles did he ride a l together? 

46 Which is the greater, and how much , 
756 X 243 + 965, or 3328 X 79 - 69300? 

47. Multiply 261 X 325 - 83476 b y 36750 - 307 X 209. 
58. V a l u e of M u l t i p l i c a t i o n . — T h e value of the process 

of multiplication as compared with addi t ion should be fre-
quently recalled in connection with examples like the follow-
ing: 

Ex. If it costs $23562 to bui ld a single mi le of railroad, 
how much wiU i t cost to bui ld 273 mi les? 

If th is example were solved by addition, it would requi re the sett ing 
down of 23562 two hundred and seventy-three t i m e s , and t h e addiUon of five 
columns of figures, each containing 273 figures. T h e process of mul t ip l i -
cation (by resolving t h e numbers in to pains of digi ts and recal l .ng t h e 
results of a few s imple addit ions) gives t h e same result with scarcely one 

hundredth of t h e labor. 
T h e saving of labor effected by mult ipl icat ion is s td l f u r t h e r r e a p e d 

when some adequate idea of the ex ten t of i ts applicaUon is formed. 1 he 
largeness of its field of application is due to the fact t ha t wherever possible, 
groups of uni ts a re made un i form in the number of uni ts which each g roup 
contains. Thus , each foot in l inear measure is composed of 12 inches, all 
the milk in a can is sold for the same n u m b e r of cents per quar t , each week 
contains 7 days, etc. Also, where the number of units is not the same in 
different groups considered, i t is f requent ly made un i form by t ak ing the 
average of all the groups, so tha t mul t ip l ica t ion may be. appl ied. Thus, 
measurements to de termine areas, volumes, etc., a re usually so taken tna t 

the mult ipl icat ive principle may b e 
applied. Thus , in measuring t h e 
area of a floor which is, say, 7 
yards long and 5 yards wide, we do 
not mark off the floor into actual 
square yards and count or add t h e ' 
number of them, but we measure t h e 
length and breadth of the floor, and 
thus, in effect, a r range the square 
yards contained in t h e floor in to 5 1 
rows, each containing 7 square yards, 
and then obtain t h e number of square yards iu the area by the multipli-

cation 7 x 5 = 35. 



E X E R C I S E 1 2 . 

1. Mult iply 750 by 430 and the product by 48. 
2. F r o m 87 X 43 X 56 subt rac t 235 X 260. 
3. Take 370 X 80 X 420 f rom 567 X 203 X 50. 
4- W h a t is t he value of 46 X 70 — 28 X 45 4-160 X 23 ? 
5. W h a t will 763 acres of land cost a t §85 an acre ? 
6. A m a n 600 miles f rom New York walked toward tha t 

city 28 days, 17 miles each day . H o w far away was he t hen? 
7. A railroad t ra in travels 45 miles an hour for 38 days of 

24 hours each. H o w m a n y miles mus t it still r u n to have 
gone 45000 mi les? 

8. Supposing there are 85 apples in a bushel , how m a n y 
will there be in a crop of the same kind, of 560 bushe l s? 

9. There are 32 quar t s in a bushel . H o w would you deter-
mine the n u m b e r of grains in a bushe l of wheat wi thout 
count ing t h e m a l l ? I n 75 bushe l s? 

10. There are 43 rows of trees in an orchard and 61 trees 
in each row. H o w m a n y trees in the whole orchard ? H o w 
m a n y in another orchard having twice as m a n y rows and 
twice as m a n y trees in each r o w ? 

11. Thir teen books contain respectively 261, 295, 304, 247, 
283, 311, 219, 276, 253, 309, 267, 238, 294 pages. I f they each 
had 293 pages, how many more pages would there be? 

12. Mr. Dash sold Mr. Blank 24 rolls of cloth, each con-
taining 45 yards, a t 82 a yard . Mr. B lank sold Mr. Dash 6 
lots of land, each conta ining 7 acres, a t 852 an acre. W h i c h 
gent leman owes the o ther and how much ? 

13. I n a train-load of flour there are 78 cars, each contain-
ing 184 barrels a n d each barrel weighing 196 pounds . F i n d 
total weight. 

14. Two bicyclists are 1800 miles apar t a n d r ide toward 
each other. One rides 11 miles an hour for 6 hours of each 
day, a n d the other r ides 9 miles an hour for 8 hours every 
day . After r iding t h u s for 13 days, how far apa r t are they ? 

15. A speculator bought 585 acres of land at 874 an acre. 

He sold a t one t ime 87 acres a t $64 an acre ; a t another t ime, 
137 acres a t 893 an ac re ; and a t a th i rd sale, 178 acres a t 877 
an acre. At w h a t price m u s t he sell all the remaining acres 
to gain $4280 on the transaction ? 

16. W h a t would he have gained by selling the remaining 
acres at $75 an acre? 

17. Which is larger, 753 X 427 or 691 X 538? 
18. F i n d the difference between 97 X 86 - 347 and 97 X 

3 4 7 ~ 8 6 - , j 
19. Bought 370 barrels of apples a t $3 a barrel , and sold 

them so as to gain $2 on each barrel. W h a t was the cost? 
What was m y prof i t? W h a t was the selling pr ice? 

20. A book-keeper whose salary is $4000 a year spends at 
the rate of $7 a day for 365 days every year. H o w m u c h 
can he save i n 28 yea r s? 

21. A m a n b u y s 326 sheep a t $4 each and sells t h e m so as 
to gain $125. W h a t was t h e selling pr ice? 

22. A fa rm of 381 acres sold for $76 an acre, the owner 
thereby gaining $486. W h a t was its cost to h i m ? 

23. W h e n is there ga in? W h e n loss? 
24. A capitalist bought 376 acres of l and a t $83 an acre. 

He sold f rom it, 96 acres a t $92; 139 acres at $85; 63 acres at 
$81; and the remainder a t $107. W h a t was his total profit ? 

25. There are 2 pints in a quar t , 4 quar ts in a gallon, and 
63 gallons in a hogshead. Wi thou t counting them all, how 
could one determine the n u m b e r of drops of water in a hogs-
head ? I n 525 hogsheads ? 

26. Which is t he greatest and which the leas t : 
17 X 13 + 15 X 11 - 18 X 19, 
17 + 1 3 X 1 5 - 1 1 X 1 8 X 1 9 , or 
( 1 7 - 1 3 ) X 1 5 X 1 1 - 1 8 X 1 9 ? 

27 E x p l a i n t he several operations and the order of opera-
tions i n : 3 + (4 + 5) X 6 — (7 + 8 X 9) + 1 0 X 11. And also 
in: 3 + 4 + ( 5 X 6 ) — 7 + ( 8 X 9 + 10) X 11- F ind the value 
of each. 



C H A P T E R V . 

D I V I S I O N . 

59. I l l u s t r a t ion .—A m a n having SI 8 is s taying at a hotel 
a t a cost of S3 a day. H o w m a n y days can he stay ? 

Since he spends $3 a day, the n n m b e r of days he can stay can b e deter-
mined by subtrac t ing $ 3 from $18, then $3 from the remainder , and so on 
in succession t i l l t h e $18 a re exhausted, and then counting t h e n n m b e r of 
t imes $ 3 has been subtracted. T h e number of subtract ions will be t h e 
number of days required . 

If, however, t h e s tudent is f ami l i a r with t h e mult ipl icat ion table, it is 
much easier t o recall t ha t t h e number which mul t ip l ies 3 and makes 18 is 
6. W e thus substi tute t h e less labor of memory for t h e grea ter labor of 
repeated subtract ion and the still g rea te r labor of count ing off dollars in 
groups of 3 each f rom 18, and count ing t h e n u m b e r of g roups counted off 

60. Def in i t ions .—The process of de termining how m a n y 
t imes one n u m b e r m a y be subtracted f rom another—tha t is, 
is contained in ano ther—by a brief me thod (as by t he aid of 
the mult ipl icat ion table above), is t e rmed division. 

The d iv idend is t he n u m b e r f rom which the successive 
subtract ions are made. 

The d iv i so r is t he n u m b e r successively subtracted. 
The q u o t i e n t is t h e n u m b e r of t imes t he divisor is sub-

tracted. Thus , in t he example in Art . 59, §18 is t he dividend, 
S3 is the divisor, and 6 is the quotient . 

Since the shor t way of d iv id ing is to recall t h« t mul t ip l ier 
which, appl ied to a given number , will p roduce another given 
number , we may say tha t— 

Divis ion is t h e process b y which, one factor and the prod-
uct being given, t he o ther factor is determined. The given 
factor is the divisor, t he given p roduc t is t he dividend, and the 
required factor is t he quotient. 

56 

61. E x a c t a n d I n e x a c t Div i s ion .—If we divide S18 by 
3 we find that , after subtrac t ing six times, no dollars remain. 
When there are no uni t s left over f rom a division, the divis-
ion is said to be e x a c t . 

If we a t tempt to divide $18 by $5, we find that , af ter sub-
tracting $5 three t imes, $3 are left. 

When units are left over f rom a division, the division is 
said to be i n e x a c t . T h e uni t s left over are called t he 
remainder . 

62. Re la t ion of Q u a n t i t i e s in Division.—Since the two 
factors of a n u m b e r mul t ip l ied together equal the number , 
it follows tha t— 

1. In exact division, dividend = divisor X quotient. 
2 I n inexact division, dividend = divisor X quotient + re-

mainder. Or, using symbols, and denoting t he dividend by 
D, divisor by d, quot ient by Q, remainder by R, 

D = dXQ + R-
Thus, $18 = $5 X 3 + $3. 

63. S y m b o l s f o r D i v i s i o n . — T h e ordinary sign of division 
rs - , which reads " divided by . " Placed between two num-
bers,'it means tha t the first n u m b e r is to be divided by the 
second. Thus, 3 6 - 9 means t h a t 36 is to be divided by 9. 
Division may also be indicated by a horizontal line, with the 
dividend above and divisor below, as ^ ; or by a curved line, 
with the divisor on the left, and the dividend on the right, as 
9)38. 

64. T a b l e f o r D iv i s i on .—Jus t as t he mult ipl icat ion of all 
large numbers is performed by means of a few simple pri-
mary products, which are learned once for all a t the outset, 
so the division of all large numbers may be resolved into a 
few simple p r imary divisions, to be learned once for all, and 
used repeatedly afterward. These simple p r imary divisions 



are formed by t ak ing each product in the mult ipl icat ion table, 
and determining one of its factors when the other is given. 

Thus , since 9 X 6 = 54, we may write 9)— 
u y 

Or, 54 9 = 6 ; 54 -5- 6 = 9. 

Let t he pupi l form a division table in this way and thor-
oughly master i t 

t 

E X E R C I S E 1 3 . 

O R A L O R D R I L L E X E R C I S E . 

1. Tel l immediate ly the quot ient in each case : 

15 + 3. 22 + 11. 36 + 6. 72 + 9. 
27 + 9. 24 + 6. 18 + 6. 15 + 5. 
24 + 4 25 + 5. 42 + 7. 84 + 12. 
35 + 5. • 9 0 + 1 0 . 36 + 4. 77 + 11. 
21 + 7. 84 + 7. 96 + 8. 48 + 6. 
36 + 12. 72 + 12. 81 + 9- 32 + 4. 
28 + 4. 49 + 7. 54 + 6. 60 + 5. 
56 + 7. 30 + 5. 63 + 7. 132 + 12. 
63 + 9. 45 + 9. 16 + 8. 88 + 11. 
48 + 12. 48 + 8. 20 + 5. 121 + 11. 
64 + 8. 6 6 + 1 1 . 40 + 8. 108 + 12. 
42 + 6. 72 + 8. 60 + 10. 56 + 8. 

3)36 7)49 9)36 11)132 

5)45 8)72 4)44 12)84 

7)63 6)42 8)24 7)35 

12)96 5)55 9)108 12)60 

11)99 8)32 6)72 6)30 

6 If a man ea rns $6 a day, how many days mus t h e work to earn $36? 
$48? $ 7 2 ? 

S. H o w many weeks in 56 day3? I n 49 days? In 77 days? 
4. How many sponges at 8 cents apiece can be bought with 64 cents? 

W i t h 72 cents? W i t h 96 cents? 
5. T h e r e are 4 quar ts in a ga l lon ; how many gallons in 20 qua r t s ? In 

40 qua r t s ? I n 48 quar t s? 

6. W h a t is t h e remainder in each case fol lowing? 
2 5 - 4 . 3 8 - 8 . 8 0 - 9 . 6 3 + 6 . 
29 + 9. 43 + 5. 90 + 11. 100 + 12. 
30 + 7. 47 + £ 70 + 8. 105 + 11. 
35 + 4. 68 + 9. 75 + 7. 115 + 12. 

7. W h a t is the pr ice of each orange when 9 oranges cost 45 cents? 
When they cost 72 cents? 

8. If there a re 9 square feet in a square yard, how many square y a r d s 
in 108 square fee t? In 90 square fee t? 

9. If there a re 48 roods in 12 acres, how many roods in 1 ac re? 
10. When 9 quar ts of milk cost 63 cents, what is the pr ice of 1 q u a r t ? 
11. If I save $132 in 12 months, how much must 1 average each m o n t h ? 
12. In 8 days a digger opened 72 yards of d i tch . How many yards 

could he open in 1 d a y ? 
IS. If a wheelman r ides 96 miles in 12 hours, how far does h e ride in 

1 hour? I n 7 hours? 

65. A b s t r a c t a n d C o n c r e t e N u m b e r s in D iv i s ion .—Ab-
stract n u m b e r is of t he first impor tance in division, since i t 
enables us to form a division table good for all k inds of par-
ticular concrete quant i ty . But , as in mult ipl icat ion, so in 
division, certain l imitat ions m u s t be observed in the use of 
abstract and concrete numbers . Since we can divide a n u m -
ber of uni ts by a n u m b e r of like un i t s or by a number of 
groups (bu t not by a n u m b e r of unl ike uni ts) , it follows t h a t 

1. If the dividend is an abstract number, the divisor must be an 
abstract number also, and hence the quotient too will be. abstract. 

2. If the dividend is a particular kind of concrete number and 
the divisor also is concrete, it must be a concrete number of the same 
kind with the dividend- Thus , we can divide S18 by $3, or 18 
marbles by 3 marbles, b u t not $18 by 3 marbles. 

I n this case the quotient is abstract number. 
S. If the dividend is concrete number, the divisor may be abstract 

number. Thus , $18 m a y be divided by 6 ; t ha t is, divided in to 
6 equal parts. 

In this case the quotient is .a concrete number of the same kind 
with the dividend. 



This k ind of division is sometimes called partition, since it 
consists essentially of dividing a given n u m b e r into a number 
of equal groups cs parts . 

I n t he preceding oral exercise, let t he pupi l po in t ou t whic 
examples are cases of part i t ion. 

We now proceed to show how, by the use of t he divisio 
table, any number , however large,, m a y be divided by 
smaller number . 

66. I . S h o r t Div i s ion .—When the divisor is a single digi 
t he process is called short division. The dividend may in th 
case be resolved in to small par t ia l d ividends mental ly , the 
divisions performed mental ly , and the figures of the quotien 
set down a t once. 

Ex . 1. Divide $9452 in to 4 equal parts. 

O P E R A T I O N . E X P L A N A T I O N . 

4)$9452 \ y e set down the divisor at the left of the divi-
$2363, Quotient, dend, and d iv ide it into t h e dif lerent orders of units 

of which the dividend is composed, beginning with 
the highest and d iv id ing each separate ly . 4 is contained in 9 (thousands) 
2 ( thousands) times, with a remainder of 1 ( thousand) . Set t ing down the ^ 
lieneath the thousands and combining the 1 ( thousand) with 4 (hundreds), 
we have 14 (hundreds) as the n e s t par t ia l dividend. 4 is contained in 14 
(hundreds) 3 (hundreds) times, with a remainder of 2 (hundreds) . Setting 
down the 3 (in t h e hundreds place) and combining the 2 (hundreds) re-
mainder with t h e 5 (tens), we have 25 (tens) as t h e nex t par t ia l dividend. 
4 is contained in 25 (tens) 6 (tens) times, with a remainder of 1 ( ten) . Set-
ting down t h e 6 (tens) in the quotient, the last part ial dividend is 12 (units). 
In to this, 4 is contained 3 times. Hence , the division is exact , and the 
ant i re quot ient is $2363. 

E x . 2. Divide $31559 by 7. 

O P E R A T I O N . 

Divisor 7)$31559, Dividend, 
$4508, Quotient, with a Remainder of $3. 

EXPLANATION.—Since 7 is not contained in 3 (ten thousands), we t reat 
3 as a remainder , and divide 7 into 31 (thousands) as the first par t ia l 
dividend, obtaining t h e quot ient 4 (thousands), with 3 (thousands) as a 
remainder, and proceed as in E x . 1. S imi lar ly when 7 is not contained 
in 5 tens, we set down 0 in the tens place in t h e quotient, and take 59 as 
the next par t ia l dividend. 7 is contained in 59 (units) 8 times, with a 
remainder of 3 (units). Hence t h e division is inexact, and t h e quot ient is 
$4508, with a remainder of $3. T h e remainder is sometimes writ ten over 
the divisor, wi th a l ine between, and set down as a (fractional) pa r t of t h e 
quotient. T h e entire quot ient in this case would then be $4508?. 

67. O t h e r C a s e s of S h o r t Divis ion .—The method of short 
division can be employed when the divisor is 11 or 12, or a 
larger n u m b e r if t he s tuden t is famil iar with the table of the 
products of such numbers by the nine digits. 

Ex. 1, Divide 42084 by 12. 

O P E R A T I O N . 

12)42084 
3507, Quotient. 

Again, if the divisor consist of a single digit followed by 
two or more zeroes, the division is best performed as a short 
division. 

Ex. 2. Divide $897563 by 300. 
Since t h e divisor is an exact n u m b e r of hundreds, t ha t par t of t h e divi-

dend which is less than $100 (viz., $63) may be set aside as a par t of the 
remainder, and the n u m b e r of hundreds in the d iv idend divided by the 
number of hundreds in t h e d iv i so r ; hence , we have 

300)$S97563 
$299i, Quotient + $263, Remainder. 

68. Ver i f ica t ion.—To test t he accuracy of the work done 
in division, we m a y mul t ip ly the divisor and quot ient to-
gether, and add the remainder , if there be any , to the 
product. I f the result equals t he dividend and there have 
been no compensat ing errors in t he two processes, t he work 
is correct (see Art. 62). 



$2991 
300 

$897300 
$263 

$897563. 

Th i s resul t equals t h e or iginal d iv idend ; hence, t h e work in t h e division 
is (probably) correct. 

E X E R C I S E 1 4 . 

Divide rapidly and orally: 
1. 60 by 3. 11. 57 by 3. 21. 240 by 4 ; by 8. 
2. 84 by 4. 12. 58 by 2. 22. 360 by 9 ; by 6. 
S. 96 by 3. IS. 64 by 4. 23. 630 by 7 ; by 10. 
4. 48 by 2. 14. 65 by 5. 24. 720 by 12 ; by 9. 
5. 69 by 3. 15. 68 by 4. 25. 560 by 8 ; by 4. 
6. 93 by 3. 16. 72 by 3. 26. 840 by 7 ; by 12 
7. 86 by 2. 17. 75 by 5. 27. 960 by 8 ; by 6. 
8. 56 by 4. 18. 78 by 6. 28. 880 by 11 ; by 4. 
9. 42 by 3. 19. 81 by 3. 29. 420 by 6 ; by 3. 

10. 54 by 2. 20. 94 by 2. 80. 600 by 5 ; by Id 

Copj ' and divide the following: 
81. 3)426 inches. 45. 7)19999 59. 12)494820 
32. 2)590 feet. 46. 7)456939 60. 12)688608 
83. 3)714 days. 47. 8)301376 61. 3)1213526 
84. 2)592 men. 48. 8)123456 62. 2)16181590 
35. 3)477 tons. 49. 8)579752 63. 3)1524291 
36. 2)738 men. 50. 8)703144 64. 4)3231616 
87. 4)344 days. 51. 9)555579 65. 4)8352396 
88. 3)825 pecks. 52. 9)745083 66. 5)9541035 
39. 4)628 yards. 53. 9)430056 67. 5)47521015 
40. 5)645 feet. 54. 9)388971 68. 5)3800275 
41. 4)30248 55. 9)8035083 69. 6)3046824 
42. 5)16785 56. 9)559431 70. 7)5666612 
48. 6)43974 57. 11)345631 71. 7)19633328 
U . 7)66668 58. l l j499037 72. 8)96111264 

73. Divide 7488, 56703,1341117, and 627144 by 3. 
7 1 Divide 5208, 617102, 9031758, and 12345678 by 6. 
75. Divide 175345, 420275, 753105, and 5123045 by 5. 
76. Divide 302208, 4251612, 25801278, and 10002018 by 6. 
77. Divide 30028, 1756320, 75690376, and 5004108 by 4. 
78. Divide 66965, 3201305, 3710420, a n d 9876540 by 5. 
79. Divide 33334, 7080906,1230463, and 20230721 by 7. 
80. Divide 520352, 2705608, 3391576, and 70001208 by 8. 
81. Divide 23742,1012347, 50123458, and 70123456 by 9. 
82. 567886 by 11.1 81,. 76488 by 12. I 86. 930156 by 12. 
83. 587180 b y 11. | 85. 65472 by 12. I 87. 5750412 by 12. 
88. Divide 35816, 44781, 4075973, and 10170688 by 11. 
89. Divide 28284, 609756, 888384, a n d 46818072 by 12. 
90. A m a n divided §7434 equally among 6 children. How 

many dollars d id each receive? 
91. There are 7 days in a week. How m a n y weeks in 

2002 days? 
92. At §5 a barrel, how many barrels of flour can be 

bought for §3940? 
98. A boy receives §9 a week. How many weeks mus t he 

work in order tha t he may receive §7020 ? 
94. There are 12 inches in a foot. How many feet in 

63360 inches? 
95. If there are 4 pecks in a bushel, how many bushels in 

16300 pecks? 
96. Change 35091 square feet to square yards, if there are 

9 square feet in one square yard. 
97. Multiply 504 by 231, and divide the product by 9. 
98. Divide 7*5320 b y 8, and mult iply the quotient by 76. 
99. Multiply 204 b y 917, and divide the product by 12. 

Then divide this quotient by 7. 
100. F ind the product of 225 X 716 X 135, and divide it 

by 5. Divide the quotient by 12. Divide this quotient by 9. 
101. If the product is 43744, and the multiplier is 8, find 

the multiplicand. 



Find the divisor if the : 
102. Dividend is 3078 a n d the quot ient is 9. 
103. Dividend is 176072 and the quot ien t is 8. 
104. Dividend is 463815 a n d the quot ient is 11. 

F i n d the quot ient and remainder in each case : 
105. 8)31415 
106. 9)21763 * 
107. 7)1416838 
108. 6)360517 
109. 5)312059 
110. 10)16758 
H I . 11)176531 

112. 20)98750 
113. 30)67670 
114. 40)841370 
115. 80)35670 
116. 90)123456 
117. 100)26750 
118. 200)976350 

119. 300)976580 
120. 400)95670 
121. 500)1796300 
122. 600)92370 
123. 700)516784 
124. 800)56793 
125. 900)387650 

F i n d the dividend if the : 
126. Divisor is 7, quot ient is 43, and remainder is 5. 
127. Divisor is 12, quot ient is 327, and remainder 10. 
128. Divisor is 23, quot ient is 76, and remainder 18. 
129. Quot ient is 416, divisor 207, a n d remainder 194. 
ISO. Quot ient is 356, remainder 401, a n d divisor 510. 

69. I I . L o n g Div i s ion .—When the divisor is so large 
(larger t h a n 12) t h a t t he products of it by t he n ine digits 
cannot be re ta ined menta l ly and subtracted, it is necessary in 
the division to set down in succession t he par t ia l dividen 
and the successive sub t rahends and remainders. W h e n divis-
ion is performed in th is way, i t is called long division. 

Ex . Divide 8746 by 37. 

O P E R A T I O N . 

Dividend. 
Divisor 37)8746(236, Quotient. 

74 
134 

V E R I F I C A T I O N . 

236 
37 

1652 

DWISTON. 65 

EXPLANATION.—We determine the first par t ia l dividend by beginning at 
the left and taking t h e smallest number of digi ts t ha t will contain the 
divisor; 37 is not contained in 8, bu t is contained in 87 (hundreds) , 2 (hun-
dreds) times, with a remainder of 13 (hund reds ) . Set t ing down the 2 (hun-
dreds) to the r ight as par t of t h e qnotient, and combining the 13 (hundreds) 
remainder with the 4 ( t ens ) ,we h a v e l 3 4 (tens) as the nex t par t ia l dividend. 
37 is contained in 134 (tens), 3 (tens) times, with a r emainder of 2 3 (tens). 
Setting down t h e 3 (tens) as par t of the quotient, and combining the 23 
(tens) remainder with the 6 (units) , we have 236 (un i t s ) as the last par t ia l 
dividend. 37 is contained in 236 (units) , 6 (uni ts) times, with a remainder 
of 14 (units) . I lence , the ent i re quotient is 236, with a r emainder of 14. 

I t is now left as an exercise for t he pupi l to write out a 
general rule for long division. 

In regard to long division, it is to be remarked tha t 

1. I f the work is proper ly done, t h e remainder is in all cases less than 
the divisor. I f in the course of t h e work a remainder is obtained equal to 
or greater than t h e divisor, i t shows t ha t t h e last figure of the quot ient is 
too small. 

2. If a t any t ime t h e divisor mul t ip l ied by the last figure gives a product 
greater than the par t ia l dividend under which it is placed, it shows tha t too 
large a number has been taken for the last figure of t h e quotient . 

3. I f a t any t ime t h e par t ia l d iv idend is less than t h e divisor, and hence 
will not contain it, a zero is to be set down in the quotient, another figure 
of the dividend brought down, and t h e work continued as before. 

E x . Divide 216912714 by 71873. 

71873)216912714(3018, Quotient, 
215619 

129371 
71873 
574984 
574984 

E X E R C I S E 1 5 . 

Divide 
1. 322 inches by 14. 
2. 540 feet by 15. 
3. 391 men by 23. 

5 

4. 728 days by 26. 
5. 1457 years by 31. 
6. 1204 feet by 43. 



7. 2530 tons by 55. 
8. 2989 min. by 61. 
9. 6300 hours by 75. 

10. 5312 pages by 83. 
11. 7990 by 94. 
12. 2668 by 23. 
IS. 3166 by 42. 

U . 9968 by 56. 
1.5. 17152 by 67. 
16. 24198 by 74. 
17. 29602 by 82. 
18. 36210 by 85. 
19. 51428 by 92. 
20. 71808 by 96. 

21. 7380 by 36. 
22. 13815 by 45. 
28. 21268 by 52. 
2J,. 32448 by 64. 
25. 47479 by 79. 

26. 25800 by 25. 
27. 77666 by 38. 
28. 185288 by 46. 
29. 302328 by 57. 
80. 595765 by 85. 

SI. 1968 by 123. 
32. 2430 by 135. 
33. 6048 by 108. 
34. 8695 by 235. 
35. 9222 by 318. 

36. 31832 by 184. 
37. 400189 by 187. 
88. 70305 by 215. 
89. 106953 by 231. 
40. 64250 by 125. 
41. 120239 by 193. 
42. 182688 by 346. 
48. 113057 by 207. 
44- 442458 by 523. 
45. 164984 by 328. 
46. 434995 by 719. 
47. 719037 by 891. 

48. 444024 by 881. 
49. 377289 by 927. 
50. 306327 by 503. 
51. 802392 by 998. 
52. 155484 by 126. 
58. 721644 by 231. 
54. 1722855 by 331. 
55. 2135328 by 354. 
56. 2752461- by 423. 
57. 3019272 by 429. 
58. 4125954 by 509. 
59. 5488416 by 608. 

60. 5582225 and 7430600 by 1325. 
61. 8010555 and 17266376 by 2461. 
62. 13841372 and 29745036 by 3812. 
63. 21801270 and 25961535 by 4115. 
64. 43673280 and 54034432 by 6208. 

65. 27300 by 350. 
66. 70680 by 760. 
67. 37800 by 1400. 

68. 170100 by 2700. 
69. 1663200 by 5400. 
70. 9010000 by 17000. 

Find the quotient and remainder in each case: 
71. 96731 -h 309. 74- 188576 2761. 
72 59178 - 421. 75. 9980736 - 2047. 
73. 96733 -s- 1209. 76. 13896789 ^ 8 3 0 8 . 

77. If there are 24 hours in 1 day, how many days are 
there in 2136 hours? I n 3168 hours? 

78. How many beeves at $35 each can a dealer buy with 
$2380? With $6650? 

79. There are 144 square inches in 1 square foot. How 
many square feet are there in 11952 square inches? 

80. How many barrels of flour in a load containing 40180 
pounds, a barrel of flour weighing 196 pounds? 

81. The distance from the earth to the sun is 93000000 
miles. How many days would it take a cyclist to ride that 
distance, traveling 124 miles a d a y ? How many years, if 
there are 365 days in a year? 

82. How many days would it take a locomotive to run that 
far, at the rate of 744 miles a day ? 

83. How long would light require, to come from the sun to 
earth, at the rate of 186000 miles a second? W h a t is the 
name of your quotient? 

84. At $11.7 a share, how many shares can be purchased 
with $843336? 

85. W h a t is the price of 1 acre of land, when 371 acres cost 
887185? 

86. There are 792 inches in a chain, and 63360 inches in a 
mile. How many chains in a mile? 87. The product is 350102; and the multiplier is 386. Find 
the multiplicand. 

88. The quotient is 567, and the dividend is 2442069. Find 
the divisor. 

89. How many yards of cloth at $3 a yard must be returned 
for 7 barrels of flour at $6 a barrel? 

90. How many tons of hay worth $18 a ton must be given 
in exchange for 24 loads of coal at $9 a load ? 



91. A t 836 an ox, how m a n y oxen will be required, to pay 
for a farm of 104 acres, worth 881 an acre ? 

92. The 425 families of a village agree to bear equally the 
expense of paving 612 rods of street, costing 825 a rod. 
H o w m a n y dollars will each family cont r ibute? 

Div ide : 
99. 37318800 by 3405. 

100. 17829888 by 3072. 
101. 83555703 by 8701. 
102. 25360303 by 6329. 
103. 32658915 b y 5435. 
m . 73728456 by 9208. 

93. 5168254 by 1898. 
94. 26638950 by 4314. 
95. 69908524 by 7543. 
96. 9111878 by 3954. 
97. 32393290 by 4978. 
OS. 68115312 by 7165. 

105. 280967545 by 6435. 
106. 422582680 by 5785. 
107. 60088326832 by 76048. 
108. 3380002995264 by 67008. 
109. 803000835205 by 200705. 

F ind the value of each of the following : 
110. 7 X 6 + 63 - 9. I 112. 80 + 121 -s-11 - 00. 
111. 9 + 40 X 2 —72 -s- 3. I 118. 196 -s-14 + 324 - 18. 

114. 8 X 7 - 18 -5- 3 + 45 15 - 1 0 5 ^ - 5 . 
115. 256 -s-16 - 7 X 2 + 11 X 14 - 90 - 9. 
116. 1728 - 12 - 169 - 13 - 289 - 1 7 - 361 19. 

70. F a c t o r i a l Divis ion .—If a divisor can be separated in to 
two or more small factors, the work of division can often be 
d iminished by dividing the d iv idend by the factors of the 
divisor in succession, instead of dividing by the entire divisor 
a t once. 

Ex . 1. Divide 11060 by 35. 
T h e factors of 35 a re 7 and 5 . 
Hence , to d iv ide 11060 by 35, we divide first by 7, and then divide the 

quot ient obtained by 5, thus : 
7)11060 
5)1580 

316, Quotient 

By div id ing by 7 we separate 11060 into 1580 groups of 7 each, and by 
dividing by 5 we separate the 1580 groups of 7 each into 316 groups of 
5 x 7, o r 35 each. 

The method of de te rmin ing the remainder in factorial division is best 
shown by an example . 

E x . 2. Divide 6083 by 84 by the factorial method. 
O P E R A T I O N . 

3)6083 
4|2027 groups of 3 units, with a remainder of 2 units. 
7)506 groups of 3 x 4 units, with a remainder of 3 groups of 3 units. 

72 groups of 3 x 4 x 7 units, with a remainder of 2 groups of 3 x 4 units. 
Hence, the quotient is 72, and the entire remainder consists of th ree parts, 

viz., 2 units, and 3 x 3 or 9 units, and 2 x 3 x 4 or 24 un i t s ; o r 2 + 9 + 24, 
35. 
Hence, to find t h e entire remainder in factorial division, 
Multiply each remainder by the divisor which produced the given remainder and 

by all preceding divisors, and add the results. 

E X E R C I S E 1 6 . 

By the factorial method , divide : 

1. 888 by 24. 
2. 1736 by 28. 
It. 3570 by 42. 

4230 by 45. 
5. 7074 by 54. 
6. 15744 bv 64. 

7. 13794 by 66. 
8. 25632 by 72. 
9. 31350 by 75. 

10. 41426 by 77. 
11. 50787 by 81. 
IS. 68712 bv 84. 

15. 38304 by 96. 
14- 41846 by 98. 
ir,. 49665 by 105. 
16. 79596 by 108. 
17. 91056 by 112. 
IS. 124272 bv 144. 

Kind t h e quotient and the remainder in each, by the factorial me thod : 

19. 355 by 36. 
50. 927 by 48. 
51. 791 by 64. 
SS. 999 by 56. 
S3. 975 by 121. 

24- 3446 by 135. 
25. 4289 by 144. 
26. 4873 by 150. 
27. 5327 by 216. 
28. 582 by 243. 

29. 6899 by 324. 
50. 7163 by 385. 
51. S563 by 420. 
32. 8873 by 540. 
SS. 9997 by 756. 

71. T h e V a l u e of Div is ion , even in a single problem, is 
realized on compar ing the labor employed in division with 
what the labor would be if t he same problem were solved by re-
peated subtract ion. Take, for example, the following prob lem: 



A rai lroad contractor has $400000, and is paying out $3276 a day ; he 
desires to know how many days h i s money will last. T o determine the num-
ber of days by successive subtractions of $3276 would requi re the setting 
down and subtract ing of th is number m o r e than 120 times. T o obtain the 
required number of days in th is way would requi re a t least 50 t imes as much 
labor as by t h e method of long division. 

T h e va lue of division is still f u r t h e r realized when some adequate notion 
is formed of the ex t en t of i ts possible application. Division, l ike mult ipl i -
cation, has th is wide appl ica t ion owing to the extended use of groups uni-
form in the number of un i t s which they contain. T h u s i t is an advantage 
to have the barre ls employed for a given purpose, as to measure oil, contain 
the same number of gal lons ; to sell all t h e ya rds in a g iven piece of cloth 
a t the same price pe r yard , etc. 

W h e r e uniform groups of un i t s are not expl ici t ly given, they may often 
be formed by the proper analysis, and t h e solution of t h e given problem 
effected by division. 

Ex. 1. I n a given election where 10896 votes were cast, the 
successful candidate had a majority of 324. How many votes 
did each candidate receive ? 

W e may regard t h e n u m b e r of votes received by t h e defeated candidate 
as t h e p r imary or un i t g r o u p of t h e problem. T h e successful candidate 
received this un i t group and 324 votes besides. Hence , t h e total number 
of votes cast, 10896, equals twice the un i t g roup and 324 votes besides. 
Hence, subtract ing 324 votes from 10896 votes, we have 10572 votes as equal 
to twice the unit group, and t h e uni t g roup may be obtained by dividing 
10572 by 2. Hence , 10572 2, or 5286, is the number of votes received by 
defeated cand ida te ; and 5286 + 324, or 5610, is the n u m b e r of votes received 
by successful candidate. 

Ex. 2. A man dying left an estate of $84000, of which his 
wife was to receive a certain part, his daughter half as much 
as his wife, and his niece half as much as his daughter. How 
many dollars did each inherit ? 

If we regard the number of dollars received by his niece as the unit, then 
his daugh te r received twice this unit , and his wife four t imes it. Hence , the 
number of dollars bequeathed must equal 7 t imes the uni t taken . If 7 
t imes t h e un i t equals $84000, t h e un i t g roup itself may be obtained by 
d iv id ing $84000 by 7, g iv ing $12000 as a q u o t i e n t F r o m this t h e vain« of 
each share is readily determined. 

E X E R C I S E 1 7 . 

1. In an election in which 22795 votes were cast for 2 candi-
dates, the successful candidate received a majority of 461 votes. 
How many votes were cast for each ? 

2. John has twice as many marbles as William, and William 
has three times as many as George; all have 130 marbles. 
How many has each ? 

8. A boy has four times as many examples as his sister, and 
both together have 100. How many has each ? 

J,. Divide 90 into two parts so that one is twice as large as 
the other. One is 5 times as large as the other. 

5. How could the examples of Exercise 15 have been done 
other than by division? How else could you do Example 
21 there? 

6. How could you do Example 60 bu t by division ? Which 
is more s imple? Could you do Example 81 the other way? 

7. Without multiplication or division, how could the 92d 
example be done? 

8. There are 10 times as many boys in a certain school as 
there are teachers, and 3 times as many girls as boys; alto-
gether tliere are 492. How many teachers, boys, and girls 
separately ? 

9. Separate the number 132 into two parts such that one 
is 11 times the other. In to two other parts such that one is 
21 times the other. 

10. A has twice as many acres as B, B has twice as many 
as C, C has three times as many as D, and all have 1100 
acres. How many has each ? 

11. In a certain election 56329 votes were cast for 2 candi-
dates, the successful candidate receiving a majority of 1071 
votes. How many did each receive? 



C H A P T E R V I . * 

A B B R E V I A T E D P R O C E S S E S . 

72. F u n d a m e n t a l A r i t h m e t i c a l O p e r a t i o n s a n d the i r 
A b b r e v i a t i o n s . — T h e four operations, addit ion, subtraction, 
mult ipl icat ion, division, are called t he f u n d a m e n t a l operations 
of ari thmetic, since all subsequent ar i thmetical work consists 
of these in various combinations. Hence, i t is impor tan t tha t 
every possible method of abbreviat ing these fundamen ta l pro-
cesses be investigated and mastered. They are themselves, it 
is to be remembered, abbreviat ions of more tedious work, as 
of the count ing and grouping of u n i t s ; yet, in m a n y cases, 
the four operat ions can be still fu r ther abbreviated. The 
abbreviat ions used d imin ish not only the a m o u n t of work, 
b u t also t he l ikelihood of error. 

ABBREVIATED MULTIPLICATION. 

73. Mul t i p l i ca t i on b y 2 5 — S i n c e 25 = 100 ->- 4, to mul t ip ly 
a n u m b e r by 25, 

Annex two zeroes to the multiplicand (i. e., multiply by 100) and 
divide by 4-

E x . Mult iply $8769 by 25. 
4)3876900 

$219225, Product. 
T h e mult ipl icat ion, when performed in th is way, calls for less menta l effort 

and t h e m a k i n g of fewer figures. I t can be readily mastered and made 
a purely menta l process. 

74. Mul t ip l i ca t ion b y a n A l i q u o t P a r t of lOO.—Of like 
na tu re is the mul t ip l icat ion by any other al iquot or exact 

* I n teaching young or backward pupils, the teacher should omit all of 
Chapter V I , except Arts. 73, 74, 79, 80, 84. 
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part of 100. Th i s calls for a slight knowledge of fractions, 
but should be ment ioned in this connection. 

Thus, 1 % = i of 100. 
16f = £ of 100. 
25 = I of 100. 
33J = ^ of 100. 
3 7 | = f of 100. 

50 = \ of 100. 
62£ = f of 100. 
6 6 | = | of 100. 
75 = | of 100. 
87£ = I of 100. 

Hence, for example, to mul t ip ly a n u m b e r by 33 | , annex 
two zeroes to the multiplicand and divide by 3. Let t he s tudent 
state and il lustrate a rule for mul t ip ly ing by each of the 
other al iquot par ts of 100. E x a m p l e s i l lustrating th is k ind 
of mult iplication will be found in Exercise 18. 

75. W h e n t h e Mul t i p l i e r i s a S e r i e s of 9 ' s e x c e p t t h e 
l as t Dig i t .—In th is case t he mult ipl icat ion may be abbre-
viated in to the process of first multiplying by 1 followed by as 
many zeroes as there are figures in the multiplier ( i. e., annexing this 
many zeroes to the multiplicand), and then deducting the product 
of the multiplicand by the excess of the multiplier used over the 
given multiplier. 

Ex . Mult iply 13721685 by 99998. 
Since 99998 - 100000 - 2, we first mul t ip ly 13721685 by 100000, and 

then deduct 13721685 x 2 from the product so obtained. T h u s we have 
1372168500000 

27443370 
1372141056630, Product. 

If t h e s tudent will now perform t h e mult ipl icat ion directly, h e can esti-
mate the labor saved by t h e abbreviated process. 

76. Mul t i p l i ca t i on in w h i c h t h e P a r t i a l P r o d u c t s a r e n o t 
se t D o w n , b u t a r e A d d e d M e n t a l l y . — W h e n mul t ip ly ing by 
a number of b u t two or three digits, it is often of advantage 
to form in immedia te succession all the partial products of 
the same order and add them mental ly , sett ing down only 
the last figure of each result in its proper place in the product , 
and carrying the other figure mental ly . 



Ex. 1. Mult iply 47 by 63. 
O P E R A T I O N . E X P L A N A T I O N . 

47 W e have t h e following par t ia l p roduc t s : 7 (units) x 
3 (units) = 21 (units) . Set down 1 (unit) and carry 

2961, Product. 2 (tens.i ; 3 (units) x 4 (tens) + 6 (tens) x 7 (units) + 
2 (tens) car r ied 56 (tens). Set down 6 ( tens) and car ry 5 (hundreds i; 6 
(tens) x 4 (tens) + 5 (hundreds) carr ied — 29 (hundreds) , which we set down. 

Ex . 2. Mult iply 587 by 346. 
O P E R A T I O N . 

587 
346 

203102, Product. 
T h e par t ia l products, with figures carr ied, may b e grouped as follows: 
(Units) 7 x 6 = 42 units. 
(Tens) 4 + 8 x 6 + 4 x 7 = 4 + 48 + 28 = 80 tens. 
(Hundreds ) 8 + 6 x 5 + 4 x 8 + 3 x 7 = 91 hundreds . 
(Thousands) 9 + 4 x 5 + 3 x 8 = 5 3 thousands. 
(Tens of thousands) 5 + 3 x 5 = 20 tens of thousands. 

77. A b b r e v i a t i o n s d u e t o L i m i t a t i o n s of A c c u r a c y in 
M e a s u r i n g Q u a n t i t i e s t o b e Mul t ip l ied .—As has been 
explained in Art. 19, each digit of a n u m b e r has a value 
depending on the place which i t occupies in the n u m b e r (as 
well as the absolute value of the digit). T h u s the figure 6, 
when in the thousands place, has a h u n d r e d t imes the value 
it has when in t he tens place. I t is impor t an t t ha t the stu-
dent use every means to keep in m i n d this difference. For 
convenience in pr int ing and writing, t he digits of a n u m b e r 
in t he uni ts , tens, etc., places are m a d e of un i fo rm s i ze ;bu t it 
is useful, in th ink ing of them, to regard t h e m as of different 
sizes proport ional to t he posit ional values. Thus , while look-
ing a t the n u m b e r 586, let t he pup i l t h i n k of t he 5 as a digit 
ten t imes as large as the 8, and the 6 as a digi t only 
one-tenth as large as the 8, t h u s B&T . ^ 8 s 

Similarly in t he n u m b e r 7652138, if 7 be given a size in 
proport ion to its posit ional value as compared with the number , 
it would be a figure 8 feet long, while t he 8 in comparison 
with the 2 would vanish into invisibility. 

If numbers be though t of in this way, we easily realize that 
the digits composing a n u m b e r are of less and less impor-
tance as we go to the r ight , and in certain cases their value 
vanishes in to insignificance, and computa t ions with t h e m ' m a y 
be limited accordingly. 

78. C o m p u t a t i o n s B a s e d on M e a s u r e m e n t s . — N o meas-
urement is accurate beyond the s ix th or seventh figure; this 
is owing to the l imitat ions of our eyesight and sense of touch-
perception, a n d to the u l t imate imperfections in all our instru-
ments of measurement . 

Thus, a mi le (63360 inches) can be measured only to wi thin -fo inch of 
its t rue length ; an inch can be measured only to wi thin a mil l ionth par t 
of itself, etc. So great a degree of accuracy, however, can be obtained only 
I y applying every possible ref inement of accuracy. Ord inary measuring, 
such, for instance, as t ha t done by a carpenter , is accurate only to the sec-
ond or th i rd figure, tha t is, to wi thin X J ^ or yjVtf P a r t - Hence , 

Computations based on measurements cannot be accurate beyond 
the fifth or sixth place of figures, and in ordinary work not beyond 
the third figure. 

All numerical work, therefore, which does not affect the accu-
racy of t he result within the required limits, may be omitted. 

Ex . Mult iply 3274 by 4125 so tha t the result shall be 
accurate to three places. 

W e carry out t h e work to five places, so tha t on add ing the par t ia l prod-
ucts the figure in t h e th i rd place may l>e accurate, thus, 

O P E R A T I O N . E X P L A N A T I O N . 

W e first mul t ip ly by 4, the digi t of highest de-
4125 nominat ion in the mult ipl ier . Since th is g i v * a 

13096 partial p roduct containing five figures, as required, 
3 g 7 before mul t ip ly ing by 1, t h e nex t digit in the mul-

j 5 t ipl ier , we s t r ike out t h e units figure 4 in t h e mul-
• "13502, thousands, t ip l icand and then mult iply. Similar ly we s t r ike 

ou t one figure in the mul t ip l icand before mult iply-
ing by each successive figure in the mult ipl ier . T h e n u m b e r of figures 
struck out fixes the denominat ion of t h e product . 

13500000 is the product correct to the th i rd place. 



E X E R C I S E 1 8 . 

Perform the following mult ipl icat ions by t he shortest 
m e t h o d : 

1. 356 X 25. 
2. 477 X 33J. 
8. 968 X 1 % 
4. 777 X 25. 
5. 324 X 37£. 
6. 586 X 62J. 
7. 420 X 66 §. 
8. 67G X <S7J, 
9. 736 X 75. 

10. 584 X 125. 
11. 6-18 X 375. 
12. 743 X 750. 
18. 26 X 29. 
14. 32 X 36. 
15. 42 X 37. 
16. 53 X 61. 
17. 78 X 43. 
18. 85 X 76. 

19. 77 X 37. 
20. 296 X 98. 
21. 447 X 96. 
22. 738 X 98. 
23. 315 X 998. 
24. 716 X 997. 
25. 1763 X 999. 
26. 2385 X 996. 
27. 3485 X 997-

F ind approximate ly the following products : 

28. 231 X 463. 
29. 378 X 512. 
SO. 918 X 761. 
31. 4231 X 3248. 

32. 4671 X 3085. 
'S3. 7681 X 4321. 

34. 8506 X 7533. 
35. 4761 X 3289. 

ABBREVIATED DIVISION. 

79. Divis ion b y 25 .—The result obtained by dividing a 
group of uni t s by 25 is the same as t ha t obtained by dividing 
four t imes as large a g roup by 100. The latter process usu-
ally involves less labor. Hence, to divide a n u m b e r by 25, 

Multiply the given number by 4 and, divide by 100. 

Ex . Divide 6237 by 25. 

O P E R A T I O N . 

6237 
4 

100)24948 
2 4 9 ^ , or 2495?. 

ITenee, the quotient is 249, with a remainder 12. 

SO. Divis ion b y a n A l i q u o t P a r t of 1 0 0 m a y be abbre-

viated in a m a n n e r s imilar to tha t used in abbreviat ing the 
multiplication by such numbers . 

Ex . Divide 89676 by 33£. 
89676 

3 
100)269028 

2 6 9 0 , % or 2690.,.*, ; 

that is, the quot ient is 2690, whi le the remainder is 9J . I ^ t the student 
formulate rides for d iv id ing a number by aliquot par ts of 100. 

For examples , see Exercise 19. 

81. W h e n t h e d iv i so r i s a se r ies of 9 ' s e x c e p t t h e l as t 
digit. 

Ex. Divide 7865923 by 98. 
The abbreviated process consists essentially in dividing by 100, and then 

forming remainders which a re divided in succession. 

E X P L A N A T I O N . 

Divid ing 7865923 by 100, we obtain 
78659 as a quotient and 23 as a remain-
der. 98 is contained the same number 
of t imes as 100, with a fu r the r remainder 
of 2 for every t ime 100 is conta ined ; t ha t 
is, a fu r the r r emainder of 157318. Di-
viding 157318 by 100, and cont inuing the 
process as above, we obtain a series of quo-

tients, 78659, 1573, 31 (which are to be added together) , and a series of 
remainders, 23,18, 46, 62. Adding the remainders, we obtain 149 ; dividing 
this by 100, and then by 98, we obtain a fu r the r quotient, 1, and a final 
remainder, 51. Add ing the quotients, t h e final quotient for the divisor 98 
is 80264, with remainder , 51. 

82. A b b r e v i a t i o n b y S e t t i n g D o w n on ly t h e S u c c e s s i v e 
Par t ia l Div idends .—Students with especial ap t i tude for 
numerical work m a y learn to abbreviate long division by 
performing menta l ly the subtract ions required, and setting 
down only the partial dividends. 

O P E R A T I O N . 

Quotients. 
78659 

1573 
31 

1 

80264 

Remaintler.% 
23 
18 
46 
62 
49 

2 
51 



Ex. Divide 460686 by 71. 
O P E R A T I O N - . E X P L A N A T I O N . 

71)460686(6488, Quotient. In ordinary long divis.on we would mult,. 
346 pi}- 71 by 6 ( the first figure of the quotient), 
628 and set down the product, 426, under 460, and 

606 subtract. I n the abbreviated process we 
38, Remainder. m u l t i p l y ^ figure of 71 by 6, and subtract 

figure by figure, setting down only the remainder. Thus, 6 x 1 - 6, and 6 
from 1 O leaves 4 ; set down 4. 6 x 7 is 42, and 42 from 45 leaves 3 which 
we set down. Annexing 6, we have 346 as the next part ial dividend. \ \ e 
proceed in l ike manner till t he division is completed. 

83. Divis ion of N u m b e r s De te rmined b y Measure-
ments .—If one or both of the numbers employed in a 
division be determined by measurement, the result of the 
division cannot be accurate beyond the fifth or sixth figure. 
Hence, all numerical work which does not affect the accuracy 
of the result beyond the fifth or sixth place may be omitted. 
This is done by beginning at a certain stage of the work to 
strike off the final digit of the divisor, instead of bringing down 
a new figure from the dividend and annexing it to the partial 
dividend. 

Ex. Divide 872372500 by 15273, so tha t the quotient shall 
be accurate to 4 figures. 

To be accurate to 4 places, we must also determine the fifth figure. 1 f we 
obtain two figures of the quotient in the ordinary way, and then begm to 
strike off the final digits of the divisor, i t will insure tha t two digits of the 
divisor will remain at the close of the process. 

O P E R A T I O N . 

15^73)872372500(57118 
76365 
108722 
106911 

1811 
1527 

284 
153 
131 
122 

Hence, the required quotient is 57120. 
I t is to be observed tha t striking out the 

last figure on the r ight of the divisor, the last 
figure struck out is in each case multiplied 
and the product carried, if i t is more than 5; \ 
thus, in forming the last subtrahend, 8 x 15 = J 
120, but since 2 has just been struck out, and 
8 x 2 = 16, the last subtrahend is 120 + 2, or 
122. 

E X E R C I S E 1 9 . 

Divide most briefly : 
1. 76125 by 25. 
8. 89375 by 25. 
3. 88900 by 33£. 
4. 63850 by 33^. 
5. 64350 by 75. 
6. 47250 by 37f 
7. 679500 by 62 | . 
8. 460600 by 87¿. 
9. 385500 by 2Ti\. 

JO. 832300 by 874. 
11. 56780 by 12-5. 
12. 35716 by 375. 
13. 87632 by 625. 

lit. 57650 by 875. 
15. 48765 by 125. 
16. 94670 by 875. 
17. 1598 by 47. 
18. 3216 by 67. 
19. 4088 by 73.. 
20. 5747 by 79. 
21. 3888 by 43. 
22. 7163 by 59. 
23. 58951 by 61. 
24. 38765 by 83. 
25. 17973 by 85. 

27. 76327 by 92. 
28. 56345 by 95. 
29. 87632 by 132. 
30. 179630 by 241. 
31. 31086 by 99. 
82. 42751 by 98. 
83. 87630 by 98. 
34. 88561 by 97. 
35. 92176 by 97. 
36. 98753 by 98. 
37. 147632 by 998. 
38. 187632 by 999. 
89. 256319 by 998. 26. 47381 by 87. 

Perform the following divisions accurately to 4 figures: 
40. 1112223334 by 3567. I 42. 5634217689 by 16328. 
41. 3216789567 by 7238. | 43. 87632765176 by 29045. 

COMBINATIONS OF OPERATIONS. 

84. Order of Operat ions .—When several operations are 
combined in a single process, it is often possible to perform 
these operations in different orders; by performing them in 
one order rather than another, much labor is often saved. 

Ex. 1. Find the difference between the products 

3217 x 85 and 3217 x 83. 

F I R S T C O M P U T A T I O N . 

3217 
85 

16085 
25736 
273445 
267011 

3217 
83 

9651 
25736 
267011 

S E C O N D C O M P U T A T I O N . 

85 — 83 = 2 
3217 

2 
0434, Difference. 

6434, Difference. 



The pupil will notice t ha t the second computation requires 
less than one four th the labor of the first computation, and that 
in the second computation as compared with the first the like- , 
lihood of error is diminished even more. 

156 X 892 
Ex. 2. Compute 

78 

F I R S T C O M P U T A T I O N . 

1 5 6 

8 9 2 

3 1 2 

1 4 0 4 

1 2 4 8 

.SECOND C O M P U T A T I O N . 

7 S ) 1 5 6 ( 2 

1 5 6 

892 X 2 = 1784, ResulL 

7 8 ) 1 3 9 1 5 2 ( 1 7 8 4 , Quotient. 

I n general, it is evident t ha t if a, b, c, n be symbols denot-
ing any numbers , 

1. aXbXc=aX(bXc)=(aXb)X c. 
2. (a + ¿») c = ac + be. 
3. (a — b)c — ac — be. 

f X 6. 
c c 

+ 
" b ' b X n 

7 « " H I 
b b -i- n 

The symbol , ( ), is called the p a r e n t h e s i s . W h e n two or 
more numbers are inclosed in a parenthesis, it means that 
they are to be treated a s a whole and subjected to the same 
operation. 

Let t he s tuden t state the above principles in general lan-
guage. For instance, 7 m a y be expressed thus , 

If the divisor and dividend be divided by the same number, the 
quotient is not changed. 

E X E R C I S E 2 0 . 

1. I bought 460 acres at $28 an acre, and sold them a t $37 
an acre. Required my total gain. 

2. Dur ing J u n e a butcher took in $37 on each of 25 days. 

During J u l y he took in $43 on each of 25 days. W h a t were 
his total receipts? W h a t was the J u l y excess? 

3. Monday, 3126 people a t tended the theatre ; and Tuesday, 
4719 people at tended. If the tickets were $2 each, wha t were 
the total receipts? The Tuesday excess? 

J,. A train leaves New York for Chicago, 900 miles away, at 
the rate of 30 miles an hour , and at the same t ime 
another leaves Chicago a t 45 miles an hour . I Iow long before 
they m e e t ? H o w far from Chicago do they m e e t ? How 
long between the arrivals of the t ra ins at des t inat ions? 

5. The excursion fare between two places is $17. W h a t 
does t he R. R. Co. receive from the passengers in a t rain of 8 
cars, each carrying 63 passengers? 

6. From the sum of 1436, 2785, 43697, 5638, hike the prod-
ne t of 341 and 75. 

7. Divide the difference between 3467519 and 5321963 by 
the quot ient of 38836 divided b y 73. 

8. Mult iply the sum of 2076, 35941, 763, 9876, and 21638, 
by the difference between the greatest two of them. 

if. W h e n the divisor is 409, the quot ient 1703, and the 
remainder 245, wha t is the d iv idend? 

10. W h e n the m i n u e n d is 57632051, and the remainder 
14678932, wha t is the subt rahend ? 

11. W h e n the dividend is 100, t he quotient 8, and the 
remainder 4, w h a t is the d ivisor? 

12. W h e n the dividend is 2606526, the quotient 1478, a n d ' 
the remainder 812, what is the d ivisor? 

13. An officer in dis t r ibut ing an appropriat ion of $697000 
among the counties of a State, gave each county $33190, and 
had $10 remaining. How m a n y counties were there ? 

85. L o g a r i t h m s . — B y the use of a series of auxi l iary n u m 
bers called logarithms, numerical work may be fur ther abbre-
viated. By the use of logari thms, mult ipl icat ion is converted 
into addit ion, division into subtract ion, etc. The considera-
tion of these methods, however, comes later. 



C H A P T E R V I I . 

F A C T O R S A N D ANALYSIS . 

86. The f a c t o r s of a number (see Art. 49) have already 
been defined as the numbers which, multiplied together, pro-
duce the given number. 

Thus , t h e factors of 187 a re 11 and 17; of 60 a re 3, 4, and 5. 

87. I l l u s t r a t i on of t h e Va lue of a K n o w l e d g e of t he 
F a c t o r s of Number s .—If it is required to determine the 
value of 

252 X 240 
54 X 3-5 

a knowledge of the factors of the given numbers enables 
us greatly to abbreviate the work. For, since dividing the 
dividend and divisor by the same number leaves the 
value of the quotient unchanged, we may divide 252 and 54 
by the number 9, which is a factor of both, and proceed in 
like manner till all the factors common to both divisor and 
dividend are removed. Thus, 

4 8 

m X m t 4 X 8 = 32, Result, 
fr X 0 
9 t 

Similarly, an indicated quotient of two large numbers may 
often be reduced to a simple form by means of a knowledge 
of the factors of the numbers. 

Thus , if we have | f | , and know tha t 235 = 47 x 5, and 376 = 47 x 3, 

we have _ _ 
235 = 47 x 5 = 5 . 
376 47 x 8 8 
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These illustrations show the importance of as thorough a 
knowledge as possible of the factors of numbers and of the 
processes of determining them. 

88. P r ime a n d Composi te Numbers .—A pr ime number , 
or prime, is a number which is not divisible by any number 
except itself and unity. 

Thus, 2, 3, 17, 47, etc., are prime numbers. 
A composi te n u m b e r is a number which can be divided 

by one or more numbers besides itself and unity. 
Thus, 4, 6, 18, etc., are composite numbers. 
89. E v e n a n d Odd Numbers .—As a rule, the most im-

portant possible factor of a number is 2. 
An even n u m b e r is a number exactly divisible by 2; as 2, 

4, 6, etc. 
An odd n u m b e r is one not exactly divisible by 2 ; as 1, 3, 

5, etc. 
90. P o w e r s a n d Exponen t s .—A power is the product of 

two or more identical factors. Thus, since 
125 = 5 X 5 X 5 

125 is said to be the third power of 5. 
A second power is called a squa re , t hus 25 is the square 

of 5 ; a th i rd power is called a cube, thus 125 is the cube of 5. 
An exponen t is a small figure written above and to the 

right of a number to indicate how many times the number is 
taken as a factor (and to save the labor of writing out all the 
identical factors). 

Thus, since 729 = 3 X 3 X 3 X 3 X 3 X 3, we may write 
729 = 36, the 6 being the exponent of 3. 

Similarly, since 400 = 2 X 2 X 2 X 2 X 5 X 5, we may 
write 400 = 2* X 5'. 

91. S b o r t Methods of De te rmin ing W h e t h e r 2, 3, 4 , 5, 8, 
9, a r e F a c t o r s of a Given Number .—To determine whether 
a given number contains another number as a factor, t he 



direct me thod is to divide t he given n u m b e r by t he supposed 
factor. Th i s work, however, may be greatly abbreviated in 
the case of 2, 3, 4, 5, 8, 9, a n d some other numbers . Thus , 
in order to determine whether 2 is a factor of a number , it is 
no t necessary to d iv ide t he entire n u m b e r by 2, b u t only the 
last or r ight-hand digit. Hence, we subst i tu te t he less labor 
of dividing the last figure of a n u m b e r for the greater labor 
of dividing the entire number . 

The following abbreviated methods of determining the 
factors are of especial impor t ance : 

A n u m b e r is divisible, 

1. By 2, if its last or right-hand figure is divisible by 2. 
Thus, 765918 is divisible by 2 since 8 is divisible by 2. 

2. By 4, if the number expressed by its last two digits is 
divisible by 4. 

Thus , 742368 is divisible by 4 since 68 is. 

S. By 8, if the number expressed by the last three digits is 
divisible by 8. 

Thus, 659256 is divisible b y 8 since 256 is. 

jh By 3, if the Sjum of the digits composing the number is divisi-
ble by 3. 

Thus , 8721561 is divisible bv 3 since t h e sum of the digits of t h e number 
is 30, which is a number divisible by 3. 

5. By 9, if the sum of the digits composing the number is 
divisible by 9. 

Thus, 87219 is divisible by 9 since the sum of the digits is 27. which is a 
» number divisible by 9. 

6. By 5, when the last digit, in the number is either 5 or 0. 
7. By 6, when the number is divisible by both 2 and 3. 

T h e reasons for t h e first th ree of the above tests of divisibil i ty a re 
similar. For , in t h e first case, any n u m b e r may be regarded as made up 
of a number of tens and an addit ional group of units. Since 10 is divisible 

by 2, any number of tens is also divisible by 2 ; hence, if the last figure 
is also divisible by 2, the ent i re number is divisible by 2. 

Similarly, in the second case, any number may be regarded as m a d e up 
of a number of hundreds and an addit ional number composed of two digits. 
Since 100 is divisible by 4, any number of hundreds is divisible bv 4 ; 
hence, if the addit ional n u m b e r expressed by the last two digi ts is divisible 
by 4, the ent i re number is divisible by 4. 

Similarly, t h e test for divisibil i ty by 8 depends on the fact tha t 8 is an 
exact divisor of 1000. Le t t h e s tudent make a formal statement of the 
reasoning involved. 

T h e reason for the test of the divisibil i ty of a number by 3 is as follows: 
Any number larger than 10 may lie separated into two parts, viz. : a part 
which is a mul t ip le of 9 (and hence divisible by 3 ) ; and a second part 
which is equal to the sum of t h e digi ts of the number . Hence, if the latter 
part is divisible by 3, the entire number is. Thus, to test 852 as to its 
divisibility by 3, 

Since 800 = 8 (99 + 1) = S x 99 + 8 
and 50 = 5 ( 9 + 1) — 5 x 9 + 5 
and 2 = 2 

852 = ( 8 x 99 + 5 x 9 ) + ( 8 + 5 + 2). 

Since the mult iples of 9 a re divisible by 3, the divisibil i ty of t h e entire 
•number by 3 depends on whether the sum of t h e digits 8 + 5 1 2 is 
divisible by 3. 

Let t h e s tudent state in l ike manner t h e reason for the abbreviated 
method of de termining whether a number is divisible by 9. 

Let the student also state the reason for the test of the divisibility of a 
number by 5. 

T h e s tudent should observe tha t the positional system of notation adopted 
in represent ing numbers makes jiossible these abbreviated tests of divisi-
bility. Let t h e pupi l de termine which of them could be appl ied to num-
bers expressed in the Roman notation. 

92. P r i m e F a c t o r s of a N u m b e r . — T o determine the 
prime factors of a number , it is sufficient to divide the given 
number by a prime factor (it is generally best to divide first by the 
smallest prime factor), then divide the quotient obtained by another 
prime factor, and so on till a quotient is obtained which is itself 
prime. 



into its prime factors. 

. • . 2040 = 2 s x 3 x 5 x 17, Factors. 

E X E R C I S E 2 1 . 

Find the prime factors of: 
I. 15, 18, 20, 25, 27, 28, 32, 36, 40, 42, 48. 

50, 56, 60, 64, 72, 80, 84, 88, 92, 98, 105. 
8. 108, 112, 124, 128, 136, 148, 150, 165. 
4. 224, 396, 480, 600, 842, 873, 919, 960. 
5. 1315, 1599, 3003, 2145, 3696, 4081, 12121. 

Tell by inspection whether or not each of the following 
numbers is divisible by 2, 3, 4, 5, 6, 8, 9, 10, or 20. 

6. 120, 130, 140, 156, 171, 217, 240, 498. 
7 3428, 7653, 9345, 76532, 97605, 123456. 

98010, 152460, 216216, 445038, 876543210. 

Determine whether the following numbers are prime or 
composite: 

.9. 81, 83, 87, 93, 111, 201, 271, 343, 427. 
10. 319, 507, 533, 851, 917,1189, 1927. 
I I . Which are the more numerous, odd numbers or even 

numbers? Prime numbers or odd numbers? Are all prime 
numbers odd? 

12. Obtain tests for the divisibility of a large number by 
12. By 15. By 18. By 36. By 40. By 32. 

18. Ascertain what the sieve of Eratosthenes is, and by 
its use form a list of prime numbers from 1 to 500. 

U . By the aid of this table determine whether 839 is a 

Ex. Separate 2040 
O P E R A T I O N . 

2)2040 
2 ) 1 0 2 0 

2)510 
3)255 

5 ) 8 5 
17 

prime number. I s it necessary to divide by all of the prime 
numbers less than 1333 to determine whether it is pr ime? 
Which may be omit ted? 

93. Cancel la t ion.—It has been shown that dividing both 
divisor and dividend by the same number does not change 
the quotient. So much labor is saved by this means that the 
process is frequently used, and it is convenient to give it a 
special name. 

Cance l l a t i on is the operation of striking out a factor com-
mon to both divisor and dividend. 

50 X 18 X 84 
Ex. 1. Compute by cancellation. F 12 X 3 X 75 

O P E R A T I O N . E X P L A N A T I O N . 

2 50 and 75 have the common factor, 25, 
2 f? 7 which may be canceled, g iv ing 2 in the 

fig - Jg x g j = 2 8 [ gllolieiU place of 50, and 3 in the place of 75. 12 
W x 3 x w i H d iv ide 12 and 84, g iv ing 1 and 7. 

3 will d iv ide 3 and 18, g iv ing 1 and 6. 
3 again will divide 3 and 6, g iv ing 1 and 2. Hence, t h e quot ient is 
2 x 2 x 7, o r 28. 

T h e quotient is not changed in its denomination by cancellation, but th is 
is not the case with the remainder, if there be one. To obtain the t rue 
remainder , i t is necessary to mul t ip ly t h e remainder af ter t h e cancellation, 
by all t h e factors cancelled out. 

f 14 2 
„ _ . . . 3 8 x 4 2 x 0 2 8 . 

E x . By c a n c e l l a t i o n * * ^ ^ = - 5, 

3 5 
with apparent remainder of 3. Bu t the t rue remainder is obtained by mul-
t ip ly ing 3 by 12 x 9 x 3 ( the factors cancelled out) , g iv ing 972, the remain-
der which should have been obtained if the division had been performed 
without any cancellation. 

I t is left as an exercise for the pupi l to discover the reason of th is 
process. 
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E X E R C I S E 2 2 . 

Reduce : 

, 6 X 10 
1. 

2. 

20 
24 

3 X 2 
y 8 X 15 
' 20 X 3 

1 Q 5 X 6 X 20 
' 4 X 1 5 X 2 

1 1 7 X 9 X 16 
' 8 X 1 4 X 3 

1 2 17 X 20 X 27 
9 X 34 X 5 

\1 S 38 X 40 X 55 
44 X 19 X 50 
48 X 68 X 77 

84 X 187 

6'. 

24 X 25 
75 

56 X 27 
9 X 42 ' 

65 X 84 
2 6 X 25 

7. 

8. 

9. 

144 X 125 
100 X 12 
88 X 105 
20 X 77 ' 
216 X 343 

98 X 42 

r , 60 X 75 X 81 
45 X 50 X 54 

1 6 90 X 96 X 98 
168 X 630 

7 205 X 666 X 18 
' 81 X 185 X 8 4 ' 

360 X 405 X 7 
75 X 504 

i g 384 X 162 X 275 
216 X 200 X 99 

20. Divide 16 X 18 X 24 X 30 b y 45 X 32 X 72. 
21. Divide 60 X 70 X S5 X 96 by 42 X 125 X 61. 
22. Divide 128 X 132 X 150 by 275 X 48 X 84. 
23. Divide 345 X 396 X 425 by 187 X 276 X 375. 

Ascertain the value and the t rue remainder in each : 

24. 
15 X 28 X 96 

2o. 

26. 

77 X 40 
18 X 25 X 126 
45 X 28 X 35 

48 X 50 X 51 
60 X 34 X 16 

27. 

28. 

29. 

58 X 57 X 56 
21 X 24 X 87 
63 X 64 X 198 
42 X 99 X 72* 
95 X 96 X 98 
343 X 38 X 36 

A N A L Y S I S . 

94, U n i t s U s e d f o r C o m p u t a t i o n P u r p o s e s . —Besides 
uni ts in general use, such as SI, 1 yard , etc., certain special 
units are often employed in solving par t icular examples, 
simply as an aid in computat ion. 

95. A n a l y s i s is the solution of problems by the aid of 
special un i t s devised to aid in the computat ion. 

Ordinari ly we have given in t he problem the value of the 
uni t when taken a given n u m b e r of times. The process of 
analysis consists (1) in determining the value of the uni t 
taken once, and (2) the value of the un i t when taken a 
required n u m b e r of times. These two steps are called reason-
ing to the unit and from the unit. 

Ex . 1. If 6 horses cost 8420, wha t will 15 horses cost ? 

ANALYSIS.—The unit considered in this problem is the cost of 1 horde. 
Thus, 

$420 = cost of 6 horses (6 units). 

= cost of 1 horse (1 un i t ) . 
6 

$ 4 - 0 X 1 5 = OJ. J - J , O R S E S ( J G U N I | G J _ 

6 70 
% W x 1 5 $1050, cost of 15 horses. 

I t should be noticed that ordinar i ly i t is of advan tage merely to indicate 
the division which gives t h e value of t h e s ingle unit , and not to obtain the 

<K420 quotient itself by actual division ( thus we w r i t e 7 a n ( l n o t $~0 as the cost 
6 

of 1 horse), in order to t ake advantage of possible cancellations in the final 
computation. 

Though t h e above s ta tement of the analysis is all that the s tudent need 
write down as the solution of the problem, lie should be able to g ive clearly 
and exactly the reasoning used. Thus , in the above example , if $420 is 
the cost of 6 horses, 1 horse will cost as many dollars as 6 is contained t imes 
in $420, or ; and if 1 horse costs 15 horses will cost 15 times 
or $1050. 



J5x. 2. If 9 books cost $20, what will 54 books cost? 
T h e uni t is the cost of 1 book. 

$20 = cost of 9 books. 

= cost of 1 book. 

$20_x_54 = o f 5 4 b o o k & 

9 

6 
$ 2 0 x f * = $ 1 2 0 j B e g u l L 

Two or more steps are often necessary in obtaining the value 
of the computation uni t (i. e., in reasoning to the unit) and 
also at times in reasoning from the unit. Thus : 

Ex. 3. A workman received §21 for 15 days ' work of 7 
hours each. How many dollars will he receive for 17 days' 
work of 10 hours each? 

T h e uni t which controls t h e computation is t h e number of dollars received 
for 1 hour ' s work. 

Hence, 
7 = No. hours in 1 day ' s work. 

15 x 7 = No. hours in 15 days' work. 
§21 = wages f o r 15 x 7 h o u r s ' work. 

= wages fo r 1 h o u r ' s work ( the u n i t ) . 
15 x 7 

x 1 0 = wages f o r 10 hours ' work. 
15 x 7 ^ 

$21 X 10 x 17 _ w e s £ o r 1 7 d a y s , w o r k o f I 0 i , o u r s each. 
15 x 7 ^ 

55 2 
x & x 1 7 = $34, Result. 

3 

A f t e r s o m e prac t ice in work ing s imi lar examples , t h e above s t a t e m e n t 
may be convenien t ly abbrev ia t ed as f o l l o w s : 

— = wages fo r 1 h o u r ' s work. 
15 x 7 ^ 

$21 x 10 x 17 _ w e s f o r 1 0 x 1 7 f o u r s ' work. 
15 x 7 

The unit of computation in a problem is ofteu given ex-
plicitly, it being required to determine the number of times 
the unit is irsed. 

Ex. 4. How many pounds of sugar at 6 cents a pound can 
be obtained in exchange for 10 dozen eggs at 21 cents a dozen ? 

The cost of 1 pound of sugar is the unit which controls the 
computation. 

21 cen t s = value 1 dozen eggs. 
21 cen ts x 10 = value 10 dozen eggs. 

6 c en t s = value 1 pound sugar . 
21 cents x 10 _ pounds s u g a r a t 6 c en t s a p o u n d which can be 

6 cen t s ob ta ined fo r 21 x 10 cents . 
7 5 

x 7 0 = 35, No. of pounds. 
? 

Ex. 5. A milkman has 20 cows, each of which gives 8 
quarts of milk daily. He sells the milk for 6 cents a quart. 
How many pieces of cloth, each containing 40 yards and cost-
ing 15 cents a yard, can he obtain for the milk of 10 days ? 

6 cen ts x 8 x 20 x 10 = value of milk fo r 10 days . 
15 cen ts x 40 = cost of 1 piece of cloth. 

6 c en t s x 8 x 20 x 10 = N o o { p j e c e s o f c l o t h r e i v e d f o r 

15 cen ts x 40 6 c e Q t s x 8 x 20 x 10. 
2 9 
6^8 = 16j No. of pieces. 

Ifi x W ' 
3 i 

Ex. G. 12 men working 8 hours a day do a piece of work 
in 15 days. How many days will it take 8 men working 10 
hours a day ? 

The computation unit is the work done by one man in 1 
hour; then 
12 x 8 x 15 = No. un i t s work done by 12 m e n in 15 d a y s of 8 h o u r s each. 

8 x 10 = No. un i t s w o r k done by 8 m e n in 1 d a y of 10 hours . 
12 x 8 x 15 _ N o d a y s ¡ t w i n t ^ g 8 m e n W O r k i n g 10 h o u r s a d a y t o d o 

8 x 1 0 12 x 8 x 15 hours ' work for 1 m a n . 
6 3 
J2 x 8 x J? , 8 V o . of days. 

M / ( t 
? 
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E X E R C I S E 2 3 . 

1. If 6 stomps cost 30 cents, what will 14 s tamps cost? 
45 s tomps? 

2. If 9 pads cost 72 cents, what will 7 pads cost? 
3. If 12 pounds of candy cost 216 cents, how much will 21 

pounds cost? 
'(. When 8415 will buy 5 acres of land, how man}' dollars 

are 17 acres worth ? 
5. What will 25 cattle cost when 7 cattle are worth S1G1 ? 
6. If a bar of iron 12 feet long weighs 192 pounds, how 

much will a similar bar 19 feet long weigh ? 
If a stock of 45 chairs is worth 8279, what is another 

stock of 55 similar chairs worth ? 
8. If a class of 74 men weigh together 11766 pounds, about 

what will a similar class of 111 men weigh ? 
9. A family of 7 drink 17 quarts of water each day. How 

m a n y quarts will a town of 14000 people drink ? 
10. If 16 people use §20 worth of meat each week, how 

much will 50 people use in a year of 52 weeks? 
11. A workman receives 86 for working 5 days of 9 hours 

each. H o w many dollars should lie receive for the labor of 
15 days of 10 hours each ? 

12. If a laborer receives $25 for the work of 15 days of 7 
hours, how many dollars will be paid him after 28 days' 
work of 9 hours each ? 

13. If 8264 are paid 11 men for the labor of 16 days, each 
10 hours, how much should be paid 40 men for 25 days' 
labor, each day of 6 hours ? 

14. I t cost 8290 to print and bind 75 books, of 812 pages 
each. W h a t will be the cost of printing and binding 81 books, 
of 560 pages each, at the same rate? 

15. If a force of 63 men can do a certain task in 7 days, of 
8 hours each, how many men, working 6 hours a day, will he 
needed to do a similar task in 12 days? 

16. For the construction of a certain wall, S rods long, 36 
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men were required, working 10 hours each, of 24 days. How 
many days, of 8 hours each, will i t take 55 men to construct 
a like wall, 22 rods long? 

17. On the erection of a wall, 75 feet long, 6 feet wide, and 
S feet high, 30 men worked 17 days, of 8 hours each. How 
long a wall, 4 feet wide and 7 feet high, can a force of 34 men 
build in 40 days, of 7 hours each ? 

IS. How many pounds of rice, at S cents a pound, can lie 
bought for 12 pounds of butter, at 20 cents a pound? 

19. A merchant exchanges 45 yards of cloth, worth S2 a 
yard, for silk, worth S5 a yard. How many yards of silk 
does he receive? 

20. 12 casks of vinegar, each containing 16 gallons, and 
worth 10 cents a gallon, are given in exchange for potatoes, 
worth 60 cents a bushel. How many bushels of potatoes are 
received ? 

21. How many firkins of butter, each containing 50 pounds, 
worth 23 cents a pound, will be returned for 115 bales of hay, 
at 90 cents a bale ? 

22. A farmer sells the wool from 60 sheep, at 13 cents a 
pound, each fleece weighing 4 pounds. How many rolls of 
matting, at 52 cents a yard, can he buy with the money, if 
each roll contains 15 yards? 

23. Each line of a book, of 150 pages, contains 12 words, 
and there are 30 lines on a page. If the printing costs 3 cents 
a word, how many bales of paper, each containing 10 bundles, 
of 20 quires each, and worth 18 cents a quire, can be bought 
with the proceeds of printing the book ? 



C H A P T E R V I I I . 

G R E A T E S T C O M M O N D I V I S O R A N D L E A S T 
C O M M O N M U L T I P L E . 

GREATEST COMMON DIVISOR. 

96. C o m m o n F a c t o r s . — I n order to simplify work as ; 
much as possible (as for instance in cancellation), we need -
to know not only a n u m b e r t h a t will d ivide each of two given 
numbers , b u t also t he largest n u m b e r t ha t will divide both of 
them, and to have methods of de termining th is n u m b e r which 
will cover all cases. ^ ^ 

Thus , in order to s impl i fy t he indicated quot ient - ^ p we 

need to know t h a t t he largest n u m b e r t ha t will divide both 
dividend and divisor is 141, or, if we do not know it, to have 
some way of determining it. 

97. The g r e a t e s t c o m m o n d i v i s o r (or G. C. D.) of two or 
more number s is t h e largest n u m b e r t ha t will divide t h e m all. 

I t is also sometimes called the highest common factor, o r H . C. F . 

Thus , $12 is the Cx. C. D. of $24, $36, $60. 
T h e G. C. D. m a y also be described as t h e largest un i t g roup which cap 

lie used to measure all of a set of numbers . 

W h e n two n u m b e r s have no common factor except uni ty, 
the number s are said to be prime to each other; thus , 8 and 15 
are pr ime to each other, though nei ther of them is itself a 

pr ime number . 
98. A i d s in F i n d i n g t h e G. C. D . — I t is he lpful in finding 

the G. C. D. of two o i^nore number s to unders tand tha t 
First, if a number be a factor of each of two or more numbers, 

it must be a factor of their G. C. D. 
9 4 

Thus , since 5 is a factor of 30, 75, and 90, it must be a factor of the i r 
G. C. D. 

This principle enables us to separate the process of finding 
the G. C. D. of two or more n u m b e r s in to several often com-
paratively s imple steps of finding the p r ime factors common 
to all of the numbers , and a last s tep of taking the product 
of these common pr ime factors. 

Second, if a number be a factor of two numbers, it must be a 
factor of the sum or difference of any midtiples of these numbers. 

Thi s pr inciple is i l lustrated if, for instance, we tie toothpicks in to bundles, 
of 12 each, and have 8 bundles in one heap and 5 bundles in another heap. 
12 toothpicks will evident ly be a divisor of each entire heap, or of the sum 
of the two heaps, or of the i r differences, or of the sum or difference of any 
multiples of such heaps (since such a sum or difference will be composed 
entirely of bundles containing 12 each). 

Thus , again, if 9 is a factor of both 333 and 855, i t is a factor of the i r 
sum or difference, or of 855 - 2 x 333; t ha t is, of (he n u m b e r 189, smal le r 
than e i ther of t h e or iginal numbers . 

Th i s pr inciple enables us to s impl i fy the work of finding t h e G. C. D. 
of two large numbers, by using smaller and smal ler numbers , obtained by 

| successive subtract ions of mul t ip les of a smaller number from a larger. .See 
Art. 101. 

99. I. S h o r t D iv i s ion M e t h o d of F i n d i n g t h e G. C. D . 
—If the number s whose G. C. D. is sought, be small, t he most 
convenient method of proceeding is to arrange the given num-
bers in a row, and divide by any number that will divide all the 
given numbers ; similarly divide the quotients obtained till there is 

i no number which vnll divide all the quotients; the product of all the 
divisors will be the G. C. D. 

Ex . F i n d the G. C. D. of 84, 126, 210. 
OPERATION. H e n c e , 2 x 3 x 7 4 2 G . C. D . 

2 ) 8 4 , 1 2 6 , 210 J f t h e p n p . j ^ a l r e a d y thoroughly acquain ted wi th 
3)42, 63, 105 t h e p r i m e f a c t o r 8 0 f t h e numbers whose G . C. I). is 
' — s o u g h t , it is sometimes c o n s i l i e n t to separa te each of 

the given numbers into i ts p r ime factors, and mul t ip ly 2, 3, 5 

together the p r i m e factors tha t are common to a l l t h e numbers . 



E x . F i n d t h e G. C. D. of 24, 72, 120. 
O P E R A T I O N . 

24 = 2 s x 3 
72 = 2 s x 3 ! 

120 = 2 s x 3 x 5 
2 s x 3 = 24 — G. C. D . 

E X E R C I S E 2 4 . 

F i n d tlie G. C. D. of t h e following groups of number s : 

1. 18, 42. 
2. 24, 60. 
3. 60, 105. 
4. 90, 198. 

13. 168, 288, 216. 
14. 135, 378, 324. 
15. 210, 300, 450. 
16. 192, 288, 416. 
17. 144, 252, 400. 
18. 432, 540, 918. 

5. 112, 256. 9. 30, 42, 72. 
6. 168, 273. 10. 32, 56, SS. 
7. 216, 384. 11. 36, 84, 180. 
<9. 630, 924. 12. 180, 144, 198 

19. 24, 40, 56, 104. 
20. 42, 98, 112, 140. 
21. 40, 70, 90, 150. 
22. 72, 120, 144, 264. 
23. 108, 162, 198, 270. 
24. 288, 480, 720, 336. 

100. I I . L o n g D i v i s i o n M e t h o d of F i n d i n g G. C. D.— 
W h e n the n u m b e r s whose G. C. D. is sought are large, it is 
best to proceed by the method indicated in a general way in 
Art. 98. For, by t he aid of this principle, it can be shown 
tha t the G. C. D. of any two numbers , taken as divisor and 
dividend, is t he same as the G. C. D. of t he divisor and 
remainder. 

For since, denot ing t h e quot ient by m, 

we have, Divisor) Dividend(m 
m x Divisor, 

and hence Remainder, 
Remainder = Dividend - m x Divisor, 

and also, Divide^ m x Divisor + Rermiinder. 
Now, every n u m b e r t ha t will d iv ide both divisor and dividend exactly must 
also divide the remainder exactly (by Art . 98, Second Pr .nc .p le , since the 

remainder is the difl'erence between t h e dividend and a mult iple of the 
divisor) . Hence, all the common factors of both divisor and dividend a re 
also common factors of the divisor and remainder . 

Conversely, whatever number will divide the divisor and remainder 
exactly is also a factor of the dividend (bv Art . 98, since t h e d iv idend is 
the sum of the remainder and a mul t ip le of the divisor) . Hence , all the 
common factors of the divisor and remainder a re also common factors of the 
divisor and dividend. 

Hence , every common factor of the one pair of numbers is a common 
factor of the o ther pair a l so ; hence, the two pairs have the same G . C. D. 
Hence, we may substi tute the smaller pair, t h e divisor and remainder , for 
t h e larger pair , the divisor and dividend, and by successive uses of th is 
principle, finally determine the G. C. D. 

Ex. F i n d the G. C. D. of 841, 1740. 
O P E R A T I O N . E X P L A N A T I O N . 

841)1740(2 Dividing 841 into 1740, we obtain 2 
1682 for a quotient and 58 for a remainder . 

58)841(14 Rut by the pr inciple proved above, the 
E 8 G. C. D. of 841 and 58 is the same as 

the G. C. D. of 841, 1740. Proceeding 

2 9 V W , i k e n , a n n e r - t h e G - D " o f 2 9 a n d 

r ' s 58 is the same as the G. C. I). of 
/-. r< t , on the original pa i r of numbers, 841 and 
G. C. D. = 29 ] 7 4 0 

By the use of symbols, the proof given above that the G. C. D. of the 
divisor and remainder is the same as t h e G. C. D. of the divisor and divi-
dend, may be put in an abbreviated form t h u s : 

Denote the smaller of two numbers ( the divisor) by A, the larger ( the 
d iv idend) by B, the quotient by m, t h e remainder by R. W e have 

A ) B ( m 
m A or R = B — m x A 

R also B = R + m x A 
Then every factor of the numbers A and B is also a factor of R (by Art . 

98, since R = B - m x A) ; and, h e n c e , is a factor of the pa i r of numbers 
A and R . 

Conversely, every factor of the pair of numbers A and R is also a factor 
of B (Ar t . 98, since B = R + m x A) , and, hence, is a factor of t h e pa i r of 
numbers A and B. * 

Hence, every factor of the one pair of numbers is a factor of the o ther 
pa i r the G . C. D. of A and B G . C. D. of A and It. 

7 



Hence, to find the G. C. D. of two numbers , divide the less 
number into the greater, the remainder into the divisor, and thus 
continue until there is no remainder; the last divisor will be the 
G. C. D. of the tico original numbers. 

To find the G. C. D. of three or more large numbers , first 
find the G. C. D. of two of the number s by the above method, 
then obtain the G. C. D. of th is result and a th i rd number , 
and so on till all t he number s have been used. The last 
G. C. D. obtained is the G. C. D. of all the original numbers. 

E X E R C I S E 2 5 . 

F i n d the G. C. I). of : 
1. 55, 75. 
2. 68, 92. 
3. 90,138. 
4. 96, 152. 
5. 126, 153. ' 

16. 182,196, 357. 
17. 209,198, 473. 
18. 272, 400, 816. 
19. 782, 969, 1156. 
20. 216, 360, 280. 

6. 189, 261. 
7. 176,275. 
8. 252,480. 
9. 187,510. 

10. 182,533. 
21. 
22. 

28. 

24. 
25. 

11. 390,675. 
12. 882,903. 
18. 918, 675. 
14. 1457,899. 
15. 2736,4389. 

270, 315, 735. 
546, 455, 702. 
1584, 2772, 3276. 
2088, 2349, 3016. 
3330, 2035, 3663. 

L E A S T C O M M O N M U L T I P L E . 

101. A c o m m o n m u l t i p l e of two or more number s is a 
n u m b e r which is exactly divisible by all of them. 

Thus , §600 is a common mul t ip le of 815, $20, and $30. 
The l e a s t c o m m o n m u l t i p l e (or L. C. M.) of two or more 

n u m b e r s is t he least n u m b e r which is divisible b y them all. 
Thus , $60 is the I,. C. M. of $15, $20, $30. 
T h e most useful appl ica t ion of t h e L . C. M . is in d e t e r m i n i n g t h e least 

common mu l t i p l e of t h e denomina tors of a set of fract ions. T h i s enables 
u s to d e t e r m i n e t h e largest . « i t which will measu re each of a set of frac-
t ional quant i t ies , j u s t as t h e G . C. I>. enables us to de te rmine t h e largest 
un i t w h i c h wi l l measure a set of in tegra l quanti t ies . 

102. I . S h o r t D iv i s ion M e t h o d of D e t e r m i n i n g t h e L . 
C. M. of S e v e r a l N u m b e r s . — I f t he n u m b e r s whose L. C. M. 
is desired, are small, the most convenient method of proceeding 
in order to determine their L. C. M. is to arrange thegiven num-
bers in a roio ; divide by any prime factor that will divide at least 
two of them, bringing down each undivided number along with the 
quotients ; continue the process till the quotients are all prime to each 
other; the L. C. M. will be the product of all the divisors and final 
quotients. 

If any one of t h e n u m b e r s is contained exact ly i n (.". is a fac tor o f ) a n y 
o ther of t h e g iven numbers , it m a y be s t ruck out . F o r , in finding t h e 
L . C. M. of t h e l a rger number , we find t h a t of t h e smal le r n u m b e r also. 

Ex . 1. F i n d the L. C. M. of 12, 21, 30, 36, 63, 70. 
O P E R A T I O N . 

2 ? Z , 30, 36, 63, 70 
3 ) 1 5 , 1 8 , 63, 35 
3 ) g , 6, 2 1 , 3 5 

2, 7, 3 5 
2 x 3 x 3 x 2 x 3 5 = 1260, L . C. M . 

EXPLANATION.—12 i s conta ined in 36, and 21 in 6 3 ; hence, they are 
s truck out, and t h e L . C. M. of t h e r e m a i n i n g n u m b e r s is found. (Sim-
i lar ly 5 and 7 are s t ruck out in the course of t h e process.) By d iv id ing by 
t h e p r i m e factors 2, 3, 3, and m u l t i p l y i n g them and t h e final quo t ien t s 
together , each p r i m e fac tor will occur in t h e final p roduc t t h e h ighes t n u m -
ber of t imes it occurs in a n y one n u m b e r ; hence, t h e p r o d u c t t hus ob ta ined 
will be t h e L . C. M. 

I f t h e p r ime factors of t h e g iven n u m b e r s are well known, it is some-
t imes more convenient to "separate each of t h e given n u m b e r s in to i ts p r i m e 
factors, and t ake t h e p roduc t of al l t h e d i f fe rent factors, us ing each factor 
the greates t n u m b e r of t imes i t occurs in a n y s ingle number . 

E x . 2. F i n d the L. C. M . of 48, 72, 120. 

4 8 = 2* x 3. 
7 2 = 2 s x 3*. 

120 = 2 s x 3 x 5. 
L . C. M . 2* x 3* x 5 - 720. 



E X E R C I S E 2 6 . 

Find the L. C. M. of : 

1. 8, 12. 
2. 9, 15. 
3. 10,25. 
4. 18,30. 
5. 24, 42. 
6. 28,70. 

7. 6, 10, 15. 
8. 12 ,16,36. 
9. 18,45, 70. 

10. 24 ,45 ,40 . 
11. 32, «1,72. 
12. 48, 84, 210. 

13. 105,168, 120. 
lit. 280, 144, 210. 
15. 180, 189, 315. 
16. 210, 231, 330. 
17. 182, 286, 308. 
18. 385, 420, 660. 

19. 12, 20, 36, 54. 
20. 22, 44, 88, 108. 
21. 12, 24, 63, 84. 
22. 8, 15, 18, 120. 
23. 10, 25, 40, 75. 
21t. 7, 16, 77, 132. 

25. 20, 24, 25/36, 45. 
26. 30, 36, 35, 56, 80. 
27. 33, 42, 66, 70, 84. 
28. 45, 54, 65, 91, 63. 
29. 63, 75, 81, 98, 105. 
30. 85, 102, 105, 110, 165. 

103. I I . L o n g Div i s ion M e t h o d of D e t e r m i n i n g t h e 
L . C. M. of t w o or m o r e N u m b e r s . — W h e n i t is required to 
find the L. C. M. of two large numbers , which cannot be 
readily factored, it is best to proceed by first finding their 
G. C. D. by the long division method. 

Ex. F ind the L. C. M. of 841 and 1740. 

W e first find the G. C. D. of the numbers, t h u s : 

841)1740(2 
1682 

58)841(14 
58 
261 
232 

29 )58 (2 . - . G . C. D . = 29 
58 

Dividing each of the given numbers by the i r G. C. D., we have 
29)841(29 

58 
261 
261 

. • . 841 - 29 x 29 . • • 1740 = 29 x 60 

29)1740(60 
174 

0 

Hence, to find the L. C. M. , we may proceed as in Art , 102: 

29)29 x 29. 29 x 60 
29, 60 

. • . L . C. M. = 29 x 29 x 60 
= 29 x 1740 
= 50460. 

Hence, in general, to find t he L. C. M. of two large num-
bers, find first the (1. C. D. of the given numbers; divide one of 
the given numbers by the G. C. D. and multiply the quotient by the 
other number; the product xvill be the L. C. M. of the tico numbers. 

To find t he L. C. M. of three or more large numbers , first 
find t he L. C. M. of two of the given numbers , then t he 
L. C. M. of this result and another of the given numbers , and 
so on till all of t he given number s have been used. The last 
L. C. M. obtained is the L. C. M. of all the given numbers . 

E X E R C I S E 2 7 . 

Find the I,. C. M. of: 
1. 264, 319. 

320, 408. 
3. 506, 308. 
4. 390, 525. 

5. 450, 648. 
0. 832. 650. 
7. 252, 329, 357. 
8. 288,405, 477. 

9. 456, 684,720. 
10. 280,448, (MO. 
11. 396,495,660. 
12. 945,810,1260. 

1. F ind the G. 
2. F ind t he L. 
8. F ind the G. 
4. F ind the L. 
5. F ind the G. 
6. F ind the L. 

E X E R C I S E 2 8 . 

C. D. of 72, 96, 132. 
C. M. of 60, 75, 90. 
C. D. of 672 and 526. 
C. M. of 12, 15, 25, 28, 35. 
C. D. of 782, 867, 969. 
C. M. of 1066 and 962. 

F ind the G. C. D. and the I,. C. M. of : 

7. 18 ,42 ,54 ,96 . 
8. 24, 40, 120, 160. 
9. 84, 210, 378. 

10. 1008, 1365. 
11. 195,510,468. 
12. 406, 945, 1)80. 



IS. W h a t is t he greatest width of carpet tha t will exactly-
fit three rooms of widths 15 feet, 24 feet, a n d 33 feet respec-
tively? 

U . A merchan t having 54 yards of one k ind of cloth, 84 
yards of another , and 132 yards of a third, wishes to cut 
them into pat terns of equal length. W h a t is the greatest 
possible length of each pat tern ? 

15. W i t h a 4-quart , a 5-quart , and a 6-quart vessel, wha t is 
the size of t he smallest can which may be filled exactly by 
each? 

16. F i n d the length of the shortest line t h a t can be meas-
ured exactly by rods of lengths 6 feet, 8 feet, 10 feet, and 12 
feet. 

17. W h a t is the length of the longest rod which will exactly 
measure 209 feet, 242 feet, and 341 feet? 

18. A farm produces 442 bushels of oats, 728 bushels of 
corn, a n d 585 bushels of wheat. T h e grain is removed in 
equal cases and all are full . W h a t is the greatest capacity 
of each case, provided there is n o mix ing of t he g ra ins? 

19. H o w can the L. C. M. of two numbers , which are pr ime 
to each other, be found ? Of two pr ime numbers ? 

50. H o w m a n y common mult iples may 2 or more number s 
have ? 

51. F ind the difference between the G, C. D. of 480 and 
520, and the L. C. M. of 5, 6, 15, 20. 

\ 

C H A P T E R I X . 

C O M M O N F R A C T I O N S . 

104. D e r i v e d Un i t s .—A certain unit , as one pound, having 
been chosen for the purpose of weighing objects in general, it 
is often convenient to obtain f rom th is p r imary un i t (one 
pound) other derived uni ts to be used for weighing special 
classes of objects. Thus , one ton (or 2000 pounds) is used in 
weighing objects of small value in proport ion to their bulk, 
such as hay , coal, etc., and one ounce is used in weighing 
objects of great value in proport ion to the i r bulk , as spices, 
gold, drugs, etc. Similarly, from any p r imary uni t , derived 
units may be obtained adapted to special uses. 

W h e n the derived un i t is an exact par t of the p r imary 
un i t , i t is termed a fractional unit or fraction. 

105. F r a c t i o n a l Uni t s .—Thus , for measur ing long dis-
tances, t he mile is t he convenient u n i t ; b u t for m a n y purposes, 
as, for instance, in runn ing races in athletic games, it is con-
venient to divide the un i t into 4 equal parts, and call one of 
them one-fourth of a m i l e ; similarly we form other fractional 
uni ts from the miles, as one-eighth, one-half, one-sixteenth of 
a mile, etc. These are all fractional uni ts or fractions, and are 
expressed by writ ing the n u m b e r of parts into which the 
given un i t is divided unde r the figure 1. Thus , £ of a mi le 
means one-eighth of a mile. 

If a given fractional un i t be taken any n u m b e r of times, the 
result is still a fraction, a n d is denoted by writ ing the number 
of t imes the un i t is taken above the l ine instead of 1. Thus , 
" £ mile " is an abbreviat ion for " 5 uni ts " of the value £ mile. 

Sometimes a fractional unit receives a special name, as when one-twelfth 
of a foot is called an " i n c h " ; or i t may be made in to a physical object, as 

1 0 3 
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«lien a quar te r of a dol lar is coined and is known as a " q u a r t e r . " But the 
great major i ty of fractions have no n a m e beyond their numerical one, and 
many of them are used merely as aids in computations, or in menta l esti-
mates and comparisons, and have no physical existence. 

Hence, the advantages in the use of fractional uni te lie in 
t he ease with which such uni t s can be devised for any pur-
pose, t emporary or p e r m a n e n t ; the unl imi ted number of 
such uni t s t h a t can be formed ; and the fact t ha t when con-
ceptions of their value as compared with the pr imary uni t 
have been once formed, these conceptions can be used in con-
nection with a set of similar fractions constructed from any 
other uni t . Thus , having formed ideas of i-, t 5 , tV> e t c » 
of 1 inch, a n d of properties of these fractional units , this 
knowledge can be used a t once in connection with similar 
fractions of a n y other pr imary unit , as 1 apple. Th i s could 
not be done readily if each derived un i t were denoted by 
a special n a m e rather t h a n in the above numerical , fractional 
way. 

106. F r a c t i o n s a s I n d i c a t e d Div is ions .—Frac t ions may 
also be regarded as indicated divisions. I t was found in Art, 
84 tha t when a process consists of a n u m b e r of mult ipl icat ions 
and divisions, i t is usual ly best no t to perform any of the 
operations till all of them can be considered together and all 
possible cancellations made. 

W h e n the quotient of one n u m b e r divided by another is 
indicated by writ ing the dividend above a line, and the 
divisor below, the indicated quotient is termed a fraction or 
ratio. 

Hence, a f r a c t i o n m a y be defined as 
(1) One or more of the exact parts of a unit, or 
(2) the indicated quotient of one number divided by another. 

These two wavs of regarding fractions are aspects of the 
same idea, the one or the other aspect to be used as advantage 
may dictate. 

In investigating t h e propert ies of fractions, we will adopt one or the 
other point of view, as is most advantageous. W h e n a p roper ty of frac-
tions is obtained f rom one point of view, i t will be left as an exercise to 
the s tudent to show tha t the same proper ty is t rue for fract ions f rom t h e 
other point of view. 

Le t the s tudent d raw a l ine 3 inches long and divide i t into 8 equal 

parts. E a c h pa r t will be 3 i n c h e s long. l j e t h i m also d iv ide each of the 
8 

three inches in to e igh ths and t ake one-eighth f rom each inch. l i e will 
have 3 t imes J inch, or § inch. I t will then be easy for h i m to see tha t 

| i n c h e s - ? inch. 
8 8 

107. D e n o m i n a t o r a n d N u m e r a t o r . — l i t a fraction, t he 
denominator is the n u m b e r below the line, the numerator is t he 
number above the line. 

The denominator denotes the n u m b e r of equal par ts into 
which a un i t is d iv ided ; t he numera to r denotes t he n u m b e r 
of equal par ts which are taken. Thus , £ inch denotes tha t 
an inch is divided into 8 equal parts , and t h a t 5 of these par ts 
are taken. 

Hence, t he denominator determines t he size of the frac-
tional un i t s ; t he numera to r determines the n u m b e r of them. 

The denominator and numera tor taken together are called 
the t e r m s of a fraction. 

108. P r o p e r a n d I m p r o p e r F rac t ions .—A p rope r frac-
t ion is one whose numera to r is less t h a n its denominator , 
as I or 

An i m p r o p e r fraction is one whose numera to r is equal to 
or greater t h a n its denominator , as f or §-£. 

109. I n t e g e r s a n d M i x e d N u m b e r s . — A n i n t e g e r is a 
number of ent i re unite, as 5 dollars, 18. 

An integer m a y be expressed in t he form of a fraction by 
writing 1 unde r the integer as a denominator . 

A m i x e d n u m b e r is a n u m b e r which is par t ly integral, 
part ly fractional, as 84 J. 

Thus, a mixed number consists of two different k inds of units , one in-
tegral or entire, the o ther fractional . 



110. S imple , C o m p o u n d , a n d C o m p l e x Frac t ions .—A 
s i m p l e f r a c t i o n is a fraction, bo th of whose terms are in-
tegers, as ft. 

A c o m p o u n d f r a c t i o n is a fraction of a fraction, as f of SJ. 
A c o m p l e x fraction is one having a fract ion in its numer-

2 1 7 ator or in i ts denomina tor or in both. Ex . ^ , , 
o T 

W h e n fract ions a re classified as proper or improper , they a re classified as 
to the i r value (as g rea te r or less t h a n unity) . W h e n they are classified as 
simple, compound, or complex, they a re classified as to the i r form, ( that is, 
as to t h e combination of operations in them) . 

111. N o t a t i o n a n d N u m e r a t i o n of F r a c t i o n s . — T h e pre-
ceding s ta tements expla in sufficiently t he me thod of reading 
a given fraction expressed in figures, and also t he method of 
expressing in figures, a fraction given in words. Let t he stu-
den t write out a formal rule for each of these processes. 

112. F u n d a m e n t a l P r o p e r t i e s of F r a c t i o n s . — I n order to 
use fractions with facility for various purposes, i t is often 
desirable to t ransform t h e m i n different ways. Thus , for in-
stance, i t may be desirable to change the size of t he fractional 
un i t , wi thout changing t h e value of t he fraction. 

Hence, we have the following first propert ies of fractions. 
A. If the numerator and denominator of a fraction be both 

multiplied, or both divided, by the same number, the value of the 
fraction is not changed. 

Thus , f inch = f inch = f f inch. 
Th i s is a mere res ta tement of the principle used in can-

celing out a factor common to both divisor and dividend. 

I t will aid t h e pupi l in the present appl icat ion of th i s pr inciple to draw 
a line 6 inches in length, and to mark it off in fourths, eighths, and sixteenths 
of an inch, and then observe tha t s i s eighths, t h r ee fourths, and twelve 
s ixteenths a re exact ly equivalent in length . 

B. Multiplying the denominator of a fraction by a given, num-
ber divides the value of the fraction by that number. 

Thus, if we have $£ a n d mul t ip ly t he denomina tor by 3, 
we have S ^ , the value of which is one-third the value of t he 
original fraction. 

For , mul t ip ly ing the denominator of a fract ion by a number increases 
the number of par t s in to which t h e or iginal un i t is divided, and hence 
diminishes t h e size of each fract ional un i t correspondingly. 

Le t the pnpi l show by drawing a l ine and subdividing it, t ha t J inch is 
four t imes as long as f inch. 

C. Dividing the denominator of a fraction by a given number 
multiplies the value of the fraction by the same number. 

Thus , if we hdve the fraction $ J and divide t he denominator 
by 2, the fraction becomes the value of which is twice 
as large as the va lue of t he original fraction. 

For , d iv id ing the denominator of a fract ion by a n u m b e r diminishes the 
number of par ts in to which the un i t is divided, and hence increases the size 
of each fract ional un i t correspondingly. 

Le t the pupi l show by drawing a line, and subdividing it, t ha t f 5 of an 
inch is one-fourth of J of an inch. 

The following questions suggest two other first properties of 
a fraction which t he s tudent m a y state and prove. 

If the numera to r of a fraction be mul t ip l ied b y a given 
number , wha t change is m a d e in t he value of the fraction? 

If the numera to r of a fraction be divided by a given 
number , w h a t change is m a d e in the value of the frac 
t i on? 

These first properties of a fraction may all be combined as 
a single general principle, t hus : 

Multiplying or dividing the n u m e r a t o r of a fraction by a num-
ber makes the s a m e change in the value of the fraction that it 
makes in the value of the numerator; but multiplying or dividing 
the d e n o m i n a t o r of a fraction makes an o p p o s i t e change in the 
value of the fraction from that which it makes in the value of the 
denominator. 



1 0 8 COMMON Ff!ACTIONS. 

E X E R C I S E 2 9 . 

Name the kind of f ract ion in eacl icase and read t he following fractions: 

I . I , A , I . V , H , 5 i , I of b i of 2V. 
1,1!» H. m l i t . ¥ of 'h Hi-

, 5} 19 2 i I 31 I f 4 J 
7 ' 1 4 f ' 7 J* i ' 81' A 2 1 

W r i t e the following fractions : 
Three- f i f ths ; s ix- tenths ; ten-thirds. 

5. Nine-seventeenths ; eleven-fortieths. 
6. E igh t and one- third ; s ix and a half. 
7. Ten and five-sixths ; seventeen-hundredtlis. 
S. One and a fourth over six-sevenths. 
9. Two-thirds of four and three-elevenths. 

10. Thi r ty-one and one-ninth over fourteen-fiftieth». 
I I . Wha t fract ions of an inch are commonly used by a ca rpen te r? 
1-2. W h a t fract ions of a ya rd are commonly used by a storekeeper ? 
13. W h a t fractions of a pound are used by a grocer? 

E X E R C I S E 3 0 . 
O R A L . 

1. How many th i rds in a yard ? In 4 ya rds? 
2. How many fifths in 2 ya rds? In 10 y a r d s ? 
S. How many e ighths in 6 miles? I n half a mi le? 
4. How many twelfths in 7 years? In half a yea r? 
5. How many s ixteenths in 5 inches? I n a quar ter - inch? 
G. Express f of a dollar as e ighths of a dollar. 
7. Express \ of a yard as eighteenths of a yard. 
S. Express § of a year as twelfths of a year . 
9. Mul t ip ly $1 by 3 ; by 5 ; J yard by 7. 

10. Div ide by 3 ; by 4 ; fs by 3. 
11. Mul t ip ly | by 4 in two ways ; also }J by 5. 
12. Divide \ by 2 ; | by 3 ; \ by 7. 
13. Multiply f by 5 ; H b y 18; H by 45. 

T R A N S F O R M A T I O N S O F F R A C T I O N S . 

113. T To R e d u c e a Mixed N u m b e r t o an I m p r o p e r 
Fraction.—A mixed n u m b e r is a n u m b e r expressed by 

I 
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means of two units, one integral, t he other fractional. Thus , 
$ 7 | expresses 7 uni ts of SI each, and 3 uni t s of S^ each. 

I t is often convenient to express such a n u m b e r in terms 
of the fractional un i t alone. I n the above example, this would 
be done by expressing S7 as four ths of a dollar, or $\8-. and 
adding the 3 four ths to t he 28 fourths, giving S 3 ^ as equiva-
lent to S7f. 

In general, to reduce a mixed n u m b e r to an improper frac-
tion, imdtiply the whole number by the denominator of the fraction, 
add the numerator to the jrroduct, and place the sum over the 
denominator. 

Ex . Reduce 23f to an improper fraction. 
S O L U T I O N . 

Agl + * i f * , Result. *3f -

E X E R C I S E 31 . 

Reduce the following mixed number s to equivalent im-
proper fract ions: 

1. in. 
5. 7 | ft. 
3. mi. 

7§ rds. 
¿7. 8fV yds. 
G. lO^r gal. 
7. 9 j i qts. 
<?. lOi yr. 

9. 2 4 f 
10. 25rV 
11. 4 5 | . 
12. 1 7 f t -
13. 121Ä-. 
14. 235i-
15. 310*. 
1G. 108-!%. 

17. S58f. 
IS. S651. 
19. S73tV-
20. 270§. 
21. 350fy. 
22. 700f£. 
23. 309 i f . 
24. l l l j f r 

25. 101ft-
26. 400/5. 
27. 307-jV. 

n m 
18 
m 
2 8 H i -
4 3 U 1 . 

28. 
29. 
SO. 
31. 

S3. W h a t are the two uni ts of measurement in each exam-
ple? W h a t is t he un i t of t he resu l t? 

114. I I . To R e d u c e a n I m p r o p e r F r a c t i o n t o a Mixed 
N u m b e r . — I t is often desirable to reverse t he process of the 
preceding article and convert a n u m b e r expressed in terms of 
a fractional un i t in to a n u m b e r expressed as far as possible 
in terms of t he pr imary integral unit . Thus , to express 
in te rms of the unit SI as far as possible, since in SI there 

i i l i g i 



are in there are as many uni t dollars as 4 is contained 
tunes in 39, or $9 with Sf remaining, 

Hence, in general, to reduce an improper fraction to a 
mixed number , divide the numerator by the denominator, and to 
the. quotient annex the remainder placed over the denominator. 

Ex . Reduce to a mixed number . 
Since 12 is contained in 221, 18 t imes with a remainder 5, 

S f t = ISfW, Result. 

E X E R C I S E 3 2 . 

Reduce the following improper fractions to equivalent 
mixed n u m b e r s : 

1. ^ qt. 
2. ^ mi. 
3. ^in. 
4. day. 
,5. lis. w k . 

6. gal. 
7. 

• 
15. -Vf 
16. W-

io. 17. W-
ii. $W- 18. 
12. . 19. -W-
13. W- 20. 
14. W- 21. 

22. 

23. 4 Ì 1 

24. nF 
25. 
26. 

27. VA' ^ 

115 I I I T o R e d u c e a F r a c t i o n t o i t s L o w e s t T e r m s — 
A fraction is reduced to an equivalent fraction in its lowest 
t e rms when its numera to r a n d denominator have no common 
factor, t h a t is, are pr ime to each other. 

Reduct ion of a fraction to its lowest t e rms often saves labor 

iin the fur ther use of t he fraction. 
W h e n a fraction is in its lowest terms, i t is also easier to 

form a definite men ta l picture or conception of its value. 
T h u s 4 U cannot b e realized def ini te ly; b u t if t he fraction be 
reduced to its lowest terms, | , an exact idea of its magni tude 
can be formed a t once. 

A fraction is reduced to i ts lowest t e rms b y the use of 
Pro pert v A (Art . 112) of fractions. I n general, divide the 
numerator and denominator of the fraction by their G. C. D. 

Ex. 1. Reduce X
8
Z to its lowest terms. 

Dividing 8 and 12 by the i r G . C. D . , 4, we obtain 

T«2 = Result. 

Ex . 2. Reduce to its lowest terms. 

In th is case the G. C. D. of the numera tor and denominator is not evi-
dent on inspection, and must be obtained by t h e long division method (Art . 
100). Thus, 

411)548(1 
411 
137)411(3 

411 
. G . C. D. = 137. 

411 
548 

137 * 3 
137 x 4 4 

116. Rat ios , or E x p r e s s i n g o n e N u m b e r a s a P a r t or 
F r a c t i o n of Ano the r .—To express one n u m b e r as the part 
of another n u m b e r i t is necessary to take the number which is 
tiie part as the numerator and the other number as the denominator 
of a fraction ( tha t is, divide t he n u m b e r expressing a part by 
the n u m b e r expressing t he whole). 

Ex . W h a t par t of a mile is 440 ya rds? 
Since a mile contains 1760 yards, 

440 yards equal of a mi le = \ of a mile. 

E X E R C I S E 3 3 . 

Reduce each fraction to t he equivalent fraction in its lowest 
l«nns: 

... O 20 
3 6 
T — 

H 
£ H 

H 

8- a- 15. VW- -¡m 
9. ft. 16. Hi M 

io. n- v . m- 24. m 
11. f t . is. m- 25. H H 

12. tVS- io. m . W- M M 
is. H - 20. -Bif- 27. m i 
14. 2i. i m - ' 28. m i 



29. A m a n invested $360 and gained $114. W h a t part of 
the cost did he gain ? 

50. W h a t pa r t of 336 is 144? I s 168? 
51. W h a t par t of 245 is 196? I s 210? 
32. W h a t pa r t of a year is 146 days ? 
S3. W h a t pa r t of a ton is 1275 pounds ? 
3J,. W h a t pa r t of a mile is 1320 ya rds? 
35. $230 is w h a t par t of $322? 
36. $781 is wha t par t of S923? 
37. Proper ty valued a t $187200 was taxed for $7020. Find 

t h e ratio of t he assessment to the valuat ion. 
38. Receiving $8568 annual ly , I spent $1904. W h a t part 

of my income did I spend ? W h a t par t d id I save ? 
W h a t par t of : 
89. 540 is 378 ? 41. 1775 is 1491 ? 
40. 864 is 630 ? 42. 3154 is 2158? 

117. IV. To r e d u c e t w o or m o r e f r a c t i o n s t o e q u i v a l e n t 
f r a c t i o n s h a v i n g a c o m m o n d e n o m i n a t o r . 

S imi la r f r a c t i o n s are fractions which have the same 
denominator . Hence, s imilar fractions express n u m b e r s in 
terms of t he same fract ional unit . Thus , S'i7<:>> a r e 

similar fractions. _ 
If a series of fractions have different denominators , it is 

often useful to reduce them to fractions hav ing the same 
denominator , t h a t is, to express them in te rms of the same 
unit . By combining thei r numerators , they may then , in 
m a n y cases, b e converted into a single fraction, and much 
labor saved by t reat ing t h e m in th is form. 

Also, in case i t is required to compare the values of two or 
more dissimilar fractions, a direct comparison is often diffi-
cul t or impossible. If , however, t he fractions be reduced to a 
common denominator , the i r values can be compared a t once 
by compar ing the numera to r s obtained. 

I n reducing fractions to a common denominator , it is 

impor tant to reduce them to their least common denominator , 
in order to save as m u c h labor as possible. The least com-
mon denominator of a set of fractions is the L. C. M. of their 
denominators. 

I n general, to reduce fractions to equivalent fractions having 
the L. C. D., find the L. C. M. of the denominators of the given 
fractions ; divide this I . C. M. by the denominator of each fraction ; 
multiply each n^nerator by the corresponding quotient; the results 
will be the new numerators; write the L. C. D. under each new 
numerator. 

On which of t he principles, A, B, C, of Art. 112, is this 
process based ? 

Ex. 1. Reduce f , f , to their L. C. D. 

T h e L. C. M. of 4, 8, and 12, is 24. 
Div id ing 24 by each of the numbers 4, 8, 12, we obtain quotients C, 3, 2. 
Mul t ip ly the numera tors 3, 5, 7, by the corresponding quotients and 

set t ing each resul t over 24, we obtain 

H , H . i t . 

E x . 2. Which is greater, or $] | ? 
Reduc ing t h e fract ions to the i r L. C. D , 

• A = Hb 
m = m 

Since | f is grea ter than f is grea ter than $ r ' j . 

118. W h e n t h e d e n o m i n a t o r s of t w o or m o r e f r a c t i o n s 
a r e p r i m e t o e a c h o the r , the L. C. D. is the product of all 
the denominators , and the shortest way of reducing the frac-
t ions to thei r I,. C. D. is to multiply each numerator by all the 
denominators except its own, and set the result over the common 
denominator. 

Ex. Reduce f , f , f to their L. C. D. 
T h e L . C. D. = 3 x 5 x 7. 

„ . 2 x 5 x 7 4 x 3 x 7 6 x 3 x 5 Hence, we have - — , — — -

or A0s, A V tfft, 



COMMON FRACTIONS. 

E X E R C I S E 3 4 . 

Reduce to equivalent fractions having a common denomi' 
na to r : 

1- f , f - 10. h I , i 

11. h h I 
12. I , h f -
18- f > f ) ü -
U . ft, A , is-
15. ft, ft, ft-
16- H, M> M-
17. f , I , i-
Ä i , f , i 

Ä I , I , H -
f A . h 

21- ft, ft, ft-
22. ft, ft, ft. 

2$. ft, ft, ft-

24. ft, h %• 
25. 2£, I f , 4£. 
26. 21 5 f t , 7 f . 
27. ft, ft, hh U-

2. I f-
'5. I ft-
If- i f -

f -

6- H , I I -

7. ft, H-
* i t , I I -

Which is t he larger, 
28. | or I 80. i o r | ? I 32. ft or f ? 
20. f o r f ? I 3 i . A o r ^ ? I 33. or ? 

W h i c h is the largest and which is the least, 
i h l b o r H ? A l s o * f , H , ° r i $ ? 

35. At a certain convention a measure which required a 
favorable ballot of 5 to 8, to pass, received 96 votes for and 
57 votes against it. Did i t pass? 

36. A certain bill required two-thirds major i ty to become 
a law, and received 390 out of a total of 584 votes. Did it 
pass? 

37. A boy h a s read 144 pages of a book, containing 300 
pages. W h a t par t of the book remains to be r ead? 

38. The 1st day of September is t he 244th day of an ordi-
nary year. I s the par t gone as much as | of the year? 1* 
the year as m u c h as £ gone ? Does ^ of the year remain ? 

O P E R A T I O N S W I T H FRACTIONS. 
I . A D D I T I O N O P F R A C T I O N S . 

119. Gene ra l C a s e . — W e have found (see Art. 31) t ha t any 
numbers which refer to t he same un i t m a y be added. Thus, 

17 apples + 28 apples = 45 apples. 

Numbers which refer to the same fractional uni t m a y bo 
added in t he same way. Thus , five eighths (of a uni t ) + two 
eighths (of same un i t ) = seven eighths (of this unit) , 

or 
If fractions are dissimilar, in order to add them it is neces-

sary first to m a k e them similar, by reducing them to a com-
mon denommator . Hence, to add fractions, reduce the given 
fractions to equivalent fractions having the least common denomi-
nator; add the numerators, and write the sum over the L. C. I).; 
in all cases simplify the result, and, if it is an improper fraction, 
reduce it to a mixed number. 

Ex. Add I , I , f . 
The L. C. D. is 24 

f + I + 1 = I + lì 
- ¥ 

+ ft 
1J, Sum. 

Add : 
1. I and 
- & and 
3. ji^and ft. 

h ft, I 
5- h I ft. 

E X E R C I S E 3 5 . 

4 i h « • 
~ A , A - 1 8- A, n, ft. A, ft, il 

10. I, ft, H, 

n- A. ti, U-
1S- h i, ft, ft. 1S- a, ft, a , f f -
U l A, H, U-15• b A.f, hlb-

1 6 - & + i + U + i + V + f t . 17: & + + ft\. 1S- A\ -t H + H + U + m 
i s - n + ,*ft + u + f t + n +m-

1 + A + 1 § + f i + u + m + ft\. 

120. Cases of Abbreviated Addit ion of Fractions.— 
1. The addit ion of two fractions each of whose numerators is 
uni ty, and whose denominators are pr ime to each other, may 
be abbreviated. 

Thus, i + i = fV + A "=A-
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Or, in general, the sum of the two denominators gives the numer-
ator of the sum of the fractions; and the product of the two 
denominators gives the denominator of the sum of the fractions. 

2. The addi t ion of a series of small fractions m a y often be 
facilitated by first adding the fractions in groups of two or 
three, and then taking the s u m of t h e results. 

Ex . Add f + £ + i + 
| + | = 1 

i +• m - ± 
2£, Sum. 

A d d : 

1. 

E X E R C I S E 3 6 . 

3. 

5 - T Ï + 
6. I + £ + I 
7. -A + Ï + Tr-
S- T5 + i + I 

l 

i + l V 
I + T V 

1 
9. 

10. \ + i + t V -

11. % + i + A r -
12. TV + T'T + TS ' 

A + S + * + i 
¿4- i + I + * + -Ar-
15. i + $ + A + T\. 
i ö . H + i + I + 

121. A d d i t i o n of M i x e d N u m b e r s . — T o add mixed num-
bers, first add the whole numbers, then add the fractions, then take 
the sum of the two results obtained. 

Ex . Add 1 1 | and 1 0 ^ . 
1 1 | = l l i l 

i o & = m t 
22v\, Sum. 

A d d : 
E X E R C I S E 3 7 . 

1. 3 f + 2 f 
4 | + 2 f . 

-i. 6 f + 2 ^ . 

5 . H + 4 A -

6- 5 H + 6 H -
+ 1 & . 

i . l $ + 3 À + 7 f c 
P. 3f + 4£ + 6A-

/Ö . 8 ^ + 5 ^ + 1 0 ^ -

SUBTRACTION OF FRACTIONS. 117 

11. 2 f + 4 i + 6 | + # + l f i . 
12. 5f + 3£ + 2 f + 4 ^ + 3 f f 
13. 3H-4|+Ür + 7| + 5£f + -Är+*. 
U. | + i + l i + 2 i + f f + 4 î ï i + 8 J . 

1 5 . 9 i + 7 | + | + l f + 7 i + 4 i + T V 

16. 3f + | + | + 2 - ^ + 3 H + T7ff + 14 | . 

17. J + f . 
W. f + t -
79. I + 1. 
20. * + 1 . 
s i . A + A -

i + A -
A + A -

ORAL E X E R C I S E . 

24- H + 2}. 
25. l j + 35-

3J + 2 | . 
57. 4 | + 2g. 

U + 5|. 
29. + 5A-
50. 2H + 3iV 

S + | + A -
««• § + A + A -
33. % + T's + }. 

i + | + } + f . 
35. t + i + 3 + }. 
S6. I + 1 + i + .><-
37. ,sj + 3 + £ + J. 

I I . S U B T R A C T I O N O P F R A C T I O N S . 

122. Gene ra l Case .—As in addi t ion of fractions, if the 
fractions are dissimilar, it is necessary to m a k e them similar 
before subtracting. Hence, in general, to subt rac t one frac-
tion from another , reduce the fractions to their L. C. D.; sub-
tract the numerator of the subtrahend from the numerator of the 
minuend and place the difference over the L. C. D.; simplify the 
result. 

Ex . Subtract | from -¡V 

A - f = U ~ A - A . Difference. 

Ii 

Subtract 
1. | f r o m f . 
2. f f r o m 
8. from i . 
i . H f r o m 

E X E R C I S E 3 8 . 

5. -A f rom "A-
6. ft from f £ 
7. A from 
A A t from | i . 

9. f rom H -
JO. ft f r o m j f . 
11. | from | f. 
12. H fro'" W-



Find the value of 

f - i -

î - Â -
tt-H-

is. 
U. 
15. 
16. | - f . 
17. H - t ì -
18. l ì - f t 

-h—. 
-à-Tï 
n -
m—h 

19 
50 
51 
SS. 
SS. f î - f 
24. T*ft ~ 

ss. u - n . 
26. W--AV 

l l - T - k -
M - U -

29. Ns-tt-
80. 

123. S p e c i a l C a s e . — T h e subtract ion of certain fractions 
m a y be simplified in a m a n n e r similar to t ha t given for the 
addit ion of fractions in Art. 120. 

E x . = 
- 3 2 

» o ~15~ = 15 ' T h f f e T e n C e -

I,et the s tuden t m a k e a formal s ta tement of th is case. 

124. S u b t r a c t i o n o f M i x e d N u m b e r s — I f t he fraction in 
t he sub t rahend is less t h a n the fraction in t he minuend , sub-
tract t he fractions and whole number s separately, a n d com-
bine t he results. 

Ex. L Subt rac t $3} from $5}. 

$5J = && 
$3} = $ 3 A 

$2^, Difference. 

But if t he fraction in t he subt rahend is larger t h a n the 
fraction of t he minuend, i t is necessary to increase t he fraction 
in t he minuend by borrowing 1 from the integral par t of the 
minuend . 

Ex . 2. Obta in t he difference, 17J — 12f. 
1 7 j = Ì7-& = 16}f 
12} = 1 2 A = 

V,, Difference. 
Similarly, Ex . 3. 3 - If 2f — 1§ - 1J, Difference. 

Subtract : 

1. I f from 3f . 
'2ft from 2§. 

S. 4£ from 
4. 3f from 5f . 
5. f rom 9 | . 

16. 3£ - 2\. 
17. 6* - 2£. 
18. S\ - 5 f 
19. 1ft - 6f. 
50. 2 f t - l{i 
51. 4 | - 3. 
SS. 5 | 4. 
SS. &ft - 21 

E X E R C I S E 3 9 . 

fi. i - i 
7. i - h 
8. Ì - ft-
9. i - ft. 

10. ft-ft-

u . H - I 
is. U - i-
IS. 2\ - ft. 
14. 3i - 2i-
15. 4 f t - Z f t . 

2 4 . 2 - h 
25. 3 — H -
56. 14 — 5f . 
57. 8 — Z f t . 
28. 13? - 9 f . 
29. 25H - HÎ-
5 0 . 1 9 j f - 1 6 1 . 
5 1 . - 7 H -

E X E R C I S E 4 0 . 

ORAL. 

/• i - i = ? 
5. i - 4 = ? 
5. § - 1 ? 
i . & — 1 - ? 

5 . è - J = ? 
e. î - 1 - ? 
7. ? - ì = ? 
S. § - i - ? 

9. 1 1 - J = ? 
10. 1 } - Î = ? 
22. U - J - ? 
12. 3 — l ì = ? 

15. 2 - I f = ? 
I f . 5 - 5 f = ? 
¿5. 5§ - 24 - ? 
16. 3$ — I f -= ? 

27. H o w much larger is | than } ? 
2«. How much larger is H than è ? 2 J than 1 | ? 
19. How much less is 2f t han 3 ? 2 1 t han 31 ? 

E X E R C I S E 4 1 . 

R E V I E W . 

Find the value o f : 
i. ì + i - i -
s. i + f - ft 
s. 1 - * + f 
•f. l i - 1 + i 
5. 3 | - l i - i -

3 i + 2 - 4 i + 7 i 

12. 7 f - 4 1 + 3}. 
22. 6 Ä + % - 7 f 
75. 3 Ü - l f t + ig-
14. 4 ^ - 3 | + 5 H -

6. 2 J + I i + 2 i . 
7. $ + 7 \ - 5 A -
S. 21 + 3 | - 3 | . 
9. 7 1 - 2 i - 4J . 

10. 8f — 3 1 + 2 | . 

- 4. I 26. 71 - 4* + 2 1 - 4 + 8 / 5 - 7 f . 
27. 3J - 1 - H + n - 3 1 + 3 - 2 i i . 



IS If f rom a piece of cloth conta in ing 50 ya rds the re h a v e been sold at 
one t ime 17 J yards , a t ano ther 1 2 | , and at ano ther 7 - & how many yards 

r e m a i n ? , , , . - _ . 
19. If du r ing t h e mon th I spend J , A , a n d of my salary for the 

mon th previous, wha t pa r t h a v e I l e f t ? 1 0 I 

2<0 A ca rpen te r finds some boards of following lengths, li\, i o f , 
U i U A , and 1 8 | feet respectively. W h a t was t h e total length ? 

S I . F r o m an account amoun t ing to $175?, I have drawn a t difleren 
t imes, $191 ,1241 , $ 4 f , $ l l f c * 4 1 f , a n d « 3 5 * . H o w m a n y dol lars remain . 

H I . M U L T I P L I C A T I O N OP F R A C T I O N S . 

125 To M u l t i p l y a F r a c t i o n b y a W h o l e N u m b e r . — 
Fract ional un i t s are mul t ip l ied by a whole n u m b e r in the 
same manner t ha t other uni t s are, viz.: by obtaining the 
product of t he n u m b e r of un i t s and the mult ipl ier . I h u s , 

7 dollars X 5 = 35 dollars. 
Similarly, 7 twelf ths (of any uni t ) X 5 = 35 twelf ths (ot this 

U l l i t ) - Or, = Product. 
Hence, to find the product of a whole number a n d a frac-

tion, take the product of the numerator by the whole number ; del 
the result over the denominator; simplify by cancellation. 

5 
w L v 15 = 7 X ^ = — = 4 i , Product. 
Ex . 24 X l J - 24 8 

8 
126 To M u l t i p l y a F r a c t i o n b y a F rac t ion .—If it be 

required to mul t ip ly S} by f , we know tha t t he p roduc t of 
SJ by 1 equals ; hence, since, if we m a k e the mult ipl ier 
i as large, the product will be \ as great, S] mul t ip l ied by \ 
equals \ of $ | , or S ^ (see Art. 112, B). -

Hence, SJ mult ipl ied by f equals 3 t imes or H i ( s e e 

Art. 112, B), or S U V 
• i : ,,f 7 v 3 _ 7 X 3 _ 2 1 i t Product. 

o r , i n b n e f , - X 5 - 4 x 5 2 Q 

Hence, in mul t ip ly ing one fraction by another, we do two 

things, (1) we d imin ish the size of the fractional un i t (from 
one-fourth to one-twentieth of a dollar in the above example) , 
(2) we increase the n u m b e r of the units. 

I t may h e l p the s tudent to realize the above process to t ake 7 quar te r 
dollars, mul t ip ly by J by subst i tut ing nickels for quar ters , t hen mul t ip ly by 
3 by increasing the n u m b e r of nickels threefold. 

From the above, we obtain the following convenient 
mechanical method for mul t ip ly ing two fract ions: 

Multiply the numerators together for the numerator of the 
product, and the denominators for the denominator of the product, 
abbreviating the work as far as possible by cancellation. 

127. C o n t i n u e d Mul t ip l i ca t ion of F rac t i ons .—To multi-
ply three or more fractions together, mul t ip ly all the numer-
ators together for a new numera tor , and all the denominators 
for a new denominator , canceling when possible. For the 
(indicated) product of two fractions may be mult ipl ied by 
another fraction, and so on for any n u m b e r of fractions. 

Ex. 1. Mult iply ft X X I f -

n 7 

j o N m x # 2 7 2 9 3 
A C o m p o u n d F r a c t i o n is a fraction of a fraction. Hence, 

a compound fraction is t he product of two fractions, looked 
at from another point of view. 

Ex. 2. F ind value of f of f 
of * = | X * = A , Result. 

Mult ip ly : 

1. f X 4. 
2. IX 14-
3. | X 9. 
i. l o x - f t . 

E X E R C I S E 4 2 . 

5. 12 X A". 
6. 14 X i f . 
7. X 33. 
8. $ X I 

9. i X b 
10. A X f . 
11. | x U-
12. 



§ o f 17 . 
23. f of 14. 
24. $ of 20. 
25. ft of 56. 
26. ft of 90. 
27. ft of }. 
¡38. I of ¿ f 
29. H of M-

f of A of i f . 

31. ft of 5? of i f . 
32. I of I + ¿. 
83. f of t

9
0 - f . 

5 + I of 25. 
85. — 7 of 

I of U 
87. ^ + 1 2 r o f 6 B + | . 

I of 75 - 14% 
39. A o f f f o f U . 

13. If X | | . 
n. ttxft-
15. | X % X i f . 

H X f f X f s . 
17. H x n x A -

^ x f f x f t . 
-h x n x if. 
t V ^ x w x M -

m. I^X^xm-
128. To mul t ip ly a m i x e d n u m b e r b y a n o t h e r m i x e d 

n u m b e r , i t is best to reduce both mixed number s to improper 
fractions. 

Ex. 1. W h a t will 3§ yards of cloth cost at $1£ a y a r d ? 
$ $ x V = H = **§» C o s t -

If, however, an integer (especially if it be a large one) is to 
be mult ipl ied by a mixed number , t he labor of mult ipl icat ion 
is often d iminished by proceeding as follows: 

Ex. 2. W h a t will 47 yards of cloth cost at $2f a yard ? 
O P E R A T I O N . E X P L A N A T I O N . 

47 W e obtain first | of 47, or 1 7 | ; then 
2 | multiply 47 by 2, obtain 94, and add the 

8 )141 results . T h e ent i re cost is therefore 
17$ # l f 

J 9 4 
111 J . Product 

Multiply : 
1. 21 X 2 f 
2. 24 X 3 | . 
8. 27 X I f . 
4. 30 X 4A-
5. 6 X 3f . 
6. 7 X 

E X E R C I S E 4 3 . 

7. 1 0 X 4 ^ -
2 8 X 7 f 

9. 7 | X 80. 
10. 9f X 100. 
11. l Z f t X 51 
12. 2\ X 4f . 

13. 6^ X 1A-
1*. 8 | X 5A-
15. 20ft X i f . 
16. 47-& X 6£. 
17. 6 4 ^ X 7 ft. 
18. 101£ X 9£f. 

19. f of f of 23-rV 
20. I of i f of 33$. 
21. f f of 7^X7 ft. 

i f X 24 of 15J . 
23. 8f X 5* X 3A-
2Jf. ft of 9$ XllrV 

Find the areas of t he following floors (or ceilings) in square 
feet: 

25. 16 feet long, 12f feet wide. I 27. 21 feet by 8J feet. 
26. 15 feet long, 13V feet wide. I 28. 19 feet b y 15f feet 

29. 30 feet by 2 0 ^ fee t | 30. 28 feet by 18|- f e e t 
F ind the areas of t he walls of the following rooms: 
81. Distance a round (perimeter) is 80 feet, and height is 

10 V fee t 
82. 36 feet in perimeter, a n d 7f feet high. 
83. 41 feet in perimeter, and feet high. 
34. 4(>£ feet in perimeter, a n d 7f feet high. 

F ind : 
1. f of 90. 
2. J of 55. 
5. A of lé -
4. 2i x ft 

E X E R C I S E 4 4 . 

O R A L . 

5. 1? x 1? 
6. J ol 50. 
7. I of 27. 
8. j i of 80. 

9. lof 19. 
10. i | x 2 f . 
11. 3J x 2$. 
12. 8 f j x I f t 

1.1. W h a t will 7 | pounds of sugar cost at 6 cents a pound? 
14. If 3 / j yards of cloth are necessary for a coat, how many yards will 

be required for 10 coats? 
15. A man pa id to each of nine laborers 2 | dollars. H o w much did he 

pay to a l l ? 
16. I f tea is worth $£ a pound, what will £ of a pound cost? 
17. If ribbon is worth a yard, what will 3 | yards cost? W h a t will i 

a yard cost? 

E X E R C I S E 4 5 . 

Required the cost of : 
1. 27 books @ $1£ apiece. 
2. 42 pairs of shoes @ S2f each. 
3. 125 dozen pencils @ a dozen. 



i . 7£ tons of h a y @ $11£- a ton. 
5. 64 l a m p s @ $5f each. 
6. 27 lbs. sugar @ 5§ cents per pound. 
7. 145 tons of coal @ $of a ton. 
8. 5 | cords of wood @ $5f a cord. 
9. 14i mon ths of board @ S18 | a month . 

10. 76f acres of land @ $21-1
7
5 an acre. 

11. 103£ acrcs of l and @ S 6 1 | an acre. 
12. H o w m a n y square feet in the ceiling of a worn 19f feel 

long and feet wide ? 
18. How m a n y square feet in the walls of a room whose 

perimeter is 141£ feet a n d height 17f feet? 
lit. If I wi thdraw from a bank f of my deposit, and then 

2 of t he remainder , wha t pa r t do I draw the second t ime ? 
W h a t par t of t h e whole deposit is left ? 

15. I owned § of f of a business a n d sold 1 of m y share. 
W h a t par t ot t he entire enterprise do I still own ? 

16. If a wagon-wheel 16£ feet in circumference revolves 
4 3 | t imes in going a certain distance, how m a n y feet in that 
distance ? 

17. Of a pole £ is red, f is white, and the rest is black. 
"What par t is b lack? 

18. Of another pole £ is red, f of t he remainder is white, 
and the rest is black. W h a t par t is b lack? 

19. F rom a roll of cloth containing 35f yards, 16f yards 
were sold at one t ime, and, a t another , f of t he remainder. 
How m a n y yards still remain ? 

I V . D I V I S I O N O F F R A C T I O N S . 

129. To D i v i d e a F r a c t i o n b y a W h o l e N u m b e r . — W e 
m a y divide a n u m b e r of fractional un i t s j u s t as we divide a 
n u m b e r of any other units . Thus , j u s t as 

12 dollars ^ - 3 = 4 dollars, 
so, 12 fifteenths (of any un i t ) h- 3 = 4 fifteenths (of this unit) 

or, I f 3 = -jV, Quotient. 

Instead of dividing the numera tor of the fraction by the 
divisor, it m a y be necessary to perform the division by mult i-
plying the denominator by the divisor (see B, Art. 112). 

Ex . If 4 yards of calico cost I of a dollar, wha t will 1 yard 
cost? 

* 8 x 4 32 
In this division we d imin i sh t h e s izeot t h e fractional units ( f rom e igh ths 

to thir ty-seconds), bu t leave the n u m b e r of units unchanged. 

130. To Div ide a F r a c t i o n b y a F r a c t i o n . — I f it be 
required to determine how m a n y t imes Sf^ is contained in 
S | , we may proceed as follows: 

$ r ' 5 is contained in ten times, hence, $ J
7

S is contained in $1, i, of 10 
times, or t i m e s ; if $¡7

5 is contained in 1 dol lar -1.0 times, it is contained 
in f of a dollar, J x V t imes, or t imes, or in brief, 

** + S r t = í X ¥ i f , Quotient-

Similarly, any n u m b e r of fractional un i t s m a y be divided 
by another number of fractional uni ts of the same k ind of 
quant i ty , or by an abstract number of fractional units. 
Hence, to divide one fractional n u m b e r by another , we have 
the following convenient mechanical r u l e : invert the divisor 
and proceed as in multiplication. 

E x . Divide by T V 

I I I6; = I I x V - f , Quotient 

131. To Div ide o n e M i x e d N u m b e r b y Ano the r .—Fi r s t 
reduce t he mixed number s to improper fractions. 

Ex . 1. If one yard of cloth costs $2}, how m a n y yards may 
be bought for $40}? 

40J - 2J = ¥ - I = V x $ = 18, No. of yards. 

However, in dividing a large mixed n u m b e r by an integer, 
labor may often be 6aved by first dividing the integral part 
of the mixed n u m b e r by the divisor. 



126 COMMON FRACTIONS. 

Ex . 2. If one ton of coal costs §6, how m a n y tons may be 
bought for .$142}? ^ ^ 

23$, No. of Cons. 

Divid ing $6 in to $142i , we obtain 23 for a quotient , with a remainder of 
4J. 4J d iv ided by 6 gives Hence , t h e ent i re quotient is 23 f . 

Divide : 
1. H by 3. 
2. U by 5. 
3. ft by 6. 
4. m 8-
5. | ^ b y 24. 
6. m by 36. 
7. fâ by 27. 

f by 3. 
9. I by 5. 

10. I by 15. 
11. f ^ by 420. 
12. b y 288. 
IS. t by ft. 

E X E R C I S E 4 - 6 . 

U- fa by M-
15. H by f } . 
16. fak by m-
17. I f by H. 
18. 5\ by 4}. 
19. 12$ by lOf. 
20. 1 3 | by 15}. 
21. 20% by 5 2 ^ . 
22. 65ft by 3. 
23. 924 by 6. 
24. 247§ by 7. 
25. 3 4 2 | by 8. 
26. 153} by 2. 

27. 203} by 3. 
28. 4 9 6 | by 12. 
29. 35 by 8}. 
50. 63 by 5 f . 
51. 48 by l O f 
32. 63 by 7 ft. 
33. 96 by 14f. 
34. 17 by 23$. 
35. 38 by 52}. 
36. 55 by 66}}-
37. 2 6 A by 2 f i 
38. IS ft by 4 f t . 
89. 3frf by 9f . 

V . S I M P L I F I C A T I O N OF C O M P L E X F R A C T I O N S . 
R E C I P R O C A L S . 

132. A c o m p l e x fraction is a fraction containing a fraction 
in i ts numera to r or in i ts denominator , or in both. 

E~l I V -
Hence, t he quot ient of one fraction by another may be in-

dicated as a complex fraction. £ 
Thus , £ -s- | may be written 5-

133. The r ec ip roca l of a n u m b e r is the quotient obtained 
by dividing 1 by tha t number . ^ 

Thus, t he reciprocal of 3 is } ; of f is \ or f ; of 2£ is — or ft. 

OPERATIONS WITH FRACTIONS. 127 

134. S impl i f ica t ion of C o m p l e x F rac t i ons .—To simplify 
a complex fraction, simplify the numerator and denominator; 
divide the numerator by the denominator. 

E x . 1. S impl i fy 
4 f 

f f = ¥ x * = » 

E x . 2. Simpl i fy 

Ex. 3. Simplify 

7 * « f f t o f f 

^ 1 3 X 9 39 
I 6 X 5 10 

•• 7 
5 + 2 

1 1 

t * f 

3 / f f , ResuU. 

4 -

5 + 
1 -

Simplify : 

/ . I -
V 

i i l 
3} 

A 

5. 1 0 f 

8 f t 

5 + 5 + 

4 -
1 - 1 ~ 1 ~ sV f 

7 9 
= ~ = , . JfemcA. 

5 + 2 
« 

5 + ^ 4 40 i o 

E X E R C I S E 4 7 . 

iit I 
4 H 

9# 7 . 
9 f t 

^
 1 0 l A 

m 
17 

9 . 

10. ^ 

1 0 } 

25f 
93 

n 
' * + f 

"" l i - i 

H I 
4 } - 3£ 

U H + H 
' 1 0 | - 4f 

15. -
4} 



128 COMMON FRACTIONS. 

16. 

_ Z l J J -
2fV 77. 75. 

i x i i a 
H _ 

- l ^ r Z l - m + W 
19 Divide t he sum of 7 | and 9f by their difference. 
SO. Divide t he sum of 4£, 3f , &rV by thei r product . 
21 Mult iply t he sum of b b H b r i by the least, and 

divide t he product by the greatest of the five fractious. 

W h a t pa r t of: 
•22. 6} is 2£? 
23. 7i is H ? 
24- 4 £ i s 3 £ ? 

28. 3 ^ is wha t par t of 5 A ? | 
F ind the value o f : 

3 ° - 9 26 4f 

31. f of 9 Ì - 3xö« 

32. 7 1 - -i of 81. 

S impl i fy : 

35. 2 + 
1 

36. 3 + 

37. 5 

3 + 1 

2 _ 

5 - i 

6 

2 + 

3 3 . 1 + 

3 - i 

10 

3 + i 

25. 12f i s I f ? 
26. 14-j^j is 4£ ? 
27. 140 is 134 j ? 

29. 6 is wha t pa r t of 12f ? 

3 3 . ^ - P - ^ -
8 i 

34. 

n 
H 51 
$ o f 8 f _ 7 f - 2 \ 

4 j H A 

i • + i - * + I f 

3.9. 3 
10 

9 + 

3 
2 + -I 

4L 1 + 
2 + 

4 + i 

OPERATIONS WITH FRACTIONS. 129 

43. 5 + 
1 + 4 + 

2 + 
1 + 

2 + 
3 + i 

V I . G-. 0 . D . A N D L . C . M . OF F R A C T I O N S . 

135. G. C. D . of F r a c t i o n s — I n order to find the G. C. D. 
of two or more fractions, the simplest method is to reduce the 
fractions to their lowest terms (mixed numbers to improper fractions) ; 
reduce the fractions thus obtained to their least common denominator ; 
find the G. C. D. of the numerators, and set the result over the 
common denominator. 

T h i s is equ iva len t to expressing t h e f rac t ional quant i t ies in te rms of the 
same f rac t ional uni t , and finding the i r G . C. D. in th i s form. 

E x . F i n d t h e G . C. D . of 1$ and I f . 
l j and 1 | reduce to J and | , and when reduced to t he i r common denomi-

na tor are f ? and 
T h e G . C. D. of 20 and 24 is 4. 
H e n c e , t he G. C. D . of 1J and I f is Residl. 

136. L . C. M. of F rac t i ons .—To find t he L. C. M. of two 
or more fractions, we proceed similarly, thus, reduce the given 
fractions to their L. C. D. ; find the L. C. M. of the numerators 
of the fractions thus obtained, and set the result over the common 
denominator. 

Ex. F ind the L. C. M. of and I f . 
These fract ions reduce to f ? and f f ; t h e L . C. M . of 20 and 24 is 120; 

hence, t he L . C. M. of 1$ and I f is o r 8. 

F i n d the G . C. D . of 

E X E R C I S E 4 8 . 

F i n d the L . C. M. of 

1. J and f . 
2. I and A -
3. -fc and T V 
4- 4J and I f . 
5. 5§ and 1 f t 

A . A , I-
7. H, u , ft-
8. 4 i , 6f, 2SV 
9. 2 f , 4?. 

10. 17J, 5 r V 

11. f and J . 
IS. YV and f . 
IS. f and A -
14. 2 J and 3 f . 
15. 51 a n d 3J . 

16- -h, I , ?• 
17. h h i-
18. A, If , l i . 
19. 3jj, 1?, 11?. 
SO. 41, 6 | , 2 * . 



V I I . A N A L Y S I S I N V O L V I N G F R A C T I O N S . 

13?. I . G iven t h e v a l u e of a n u m b e r of i n t e g r a l un i t s , 
t o find t h e v a l u e of a n o t h e r n u m b e r of un i t s .—We may 
proceed in t he same way as in Art. 95, where only integers 
are involved. I n all cases i t is impor tan t to save labor by 
t he use of cancellation wherever possible. 

E x . 1. I f 7 chickens cost $4f, wha t will 16 chickens cost? 

Cost of 7 ch ickens = $ 4 | o r 
Cost of 1 ch icken = } of = $ f . 
Hence , cost of 16 ch ickens = 16 t imes $f or $10. 

I t may be t h a t t he value of a n u m b e r of fractional un i t s is 
required. 

Ex. 2. If 10 acres of land cost $1124, wha t will 5f acres 
cost? 

Cost of 10 acres = $1124. 
Cost of 1 acre = $ H § 4 . 
Cost of 5 | acres = $ H f * x ¥ = $ 6 4 6 A . P ^ u l L 

E X E R C I S E 4 9 . 

1. If 3 pounds of candy cost 8} cents, w h a t will S pounds 
cast a t the same ra te? 3f p o u n d s ? 

2. If 7 pairs of boots co?t $23f, wha t will be t he cost of* 
12 pai rs? 

3. How m a n y yards of cloth will be required for 16 coats, 
if 11 coats can be cu t from 34f y a r d s ? 

4. H o w m a n y tons of h a y will a horse require in 36T> days, 
if he eats 1 f t tons in 133 d a y s ? 

5. W h e n $355 will b u y 15 acres of land, wha t are 8} acres 
worth ? 

6. A ba r of metal 5 feet long weighs 3 5 | pounds . W h a t wdl 
a similar bar 3f feet long weigh ? 

7. If a load of 40 bushels of l ime weigh 3210 pounds , 
what will be the weight of a l ike load containing 72f bushels? 

S. If there are 404} cubic inches in 7 quar t s of mi lk , how 
many cubic inches in 42f quar t s? 

9. I n 15 l inks there are 118} inches. How m a n y inches in 
41} l i nks? 

10. If $57 b u y 9 rolls of cloth, how m a n y rolls will $53} 
b u y ? 

11. If 7 loads of lumber cost $95}, how m a n y loads can 
be bought with $162}? 

138. I I . G iven t h e v a l u e of a n u m b e r of fractional 
un i t s , t o find t h e v a l u e of a a n o t h e r n u m b e r of o t h e r 
un i t s . 

I n this case the process consists in brief in finding the value 
of a single fractional unit, then finding the value of a single in-
tegral unit, then finding the value of any number of other units. 

Ex . 1. T h e value of } of a s teamboat is $12000. W h a t is 
the value of t he entire s t eamboa t? 

Value of i of t h e vessel = $12000. 
Value of | of t h e vessel = §6000. 
Va lue of o r t he whole of t h e vessel = $30000, Result. 

Ex. 2. If | of an acre of land is worth f 72, what is t he 
value of ft of an acre ? 

V a l u e of | a c r e = $72. 
Va lue of 4 ac re = $24. 
V a l u e of } of a n acre , o r of 1 ac re = $06. 
. • . V a l u e of - f t a c r e = $06 x ft = $40, Result. 

Ex. 3. A farmer sold } of his flock of chickens, then f of 
t he remainder, and found tha t he had 20 chickens left . How 
many chickens did he have originally ? 

1 _ $ = f , t h e p a r t of t h e flock l e f t a f t e r t h e first sale. 
j x | = i , t h e p a r t disposed of in the second sale. 
| _ J = I , t h e p a r t of flock l e f t unsold . 

If 4 of t h e flock = 20 ch ickens , 
i, o r t h e w h o l e of t h e flock = 120 ch ickens , Result. 



E X E R C I S E 5 0 . 

1. If f of a book contains 234 pages, how many pages in 
the entire book ? 

2. If | of a gentleman's salary is $3800, what is the whole 
salary? What is f of i t ? 

3. When a man owning f of a vessel sells his portion for 
867318, what is the value of the rest? 

4. Nine-tenths of a certain journey is 4770 miles; how long 
is the entire journey ? 

5. If 2f yards of cloth cost 8 1 w h a t will 7f yards of the 
same cloth cost? 

6. If 51 boxes of soap cost §52, what will be the cost of 41
4-

boxes ? 
7. When § of a mile of fence can be built for $17£, what 

will 4£ miles cost? 
S. If ft of a gallon contains 84 cubic inches, what will 

of a gallon contain ? 
9. If S25i purchase 3 | cords of wood, how many cords will 

S184£ secure? 
10. If 75 hairs of a certain length weigh 3 £ drams, how 

many hairs of the same size will be required to weigh 21$ 
drams ? 

11. When S57f will buy 5} acres of land, what are 7f acres 
worth? 

12. A bar of iron 4 | feet long weighs 26£ pounds. What 
will a similar bar of iron llg- feet long weigh ? 

13. If for 7j days of labor a man receive S6f, what will be 
due him for f of 1 day? 

14. If S454T
3
ff will buy 11£ acres of land, how many dollars 

will be required to buy 4f acres? 
15. A boy loses \ of his marbles and gives } away. He 

still has 20. How many had he at first ? 
16. After selling f- of my farm and giving £ to my son, I 

have 220 acres left. How many acres did I sell ? 
17. One day I read i of the pages of a book; the next day 

I, and the next day ft. There still remained 60 pages. How 
many pages in the book ? 

18. A pole is \ white, f red, ft blue, and the rest, which is 
12 feet, is in the ground. How long is the pole and how 
many feet are above ground ? 

19. A lad loses f of his marbles and then gives | of the 
remainder away. He finds that 12 remain. How many had 
he at first? How many did he give away ? 

20. After selling ? of my farm, I gave \ of the remainder 
to my son and have 142 acres left. How many acres had I 
at first? How many did I give to my son? 

21. One day I read £ of a book; the next, \ of the remainder 
and had 155 pages left. How many pages in that book? 

22. A gentleman left £ of his property to his wife; \ of the 
remainder to his son; \ of what still remained to his daughter, 
who received 81575. What was the value of the estate? 

139. Synopsis of Pr inciples Rela t ing t o Frac t ions .—It 
will be a useful exercise for the pupil to collect and tabulate 
the essential principles relating to fractions. Thus, in outline, 

FIRST PRINCIPLES OF FRACTIONS. 
A. If the numerator and denominator of a fraction be both multiplied, or both 

divided, by the same number, the value of the fmction is not changedI 
B. Multiplying the denominator of a fraction by a given number divides the 

value of the fraction by that nnmber. 
C. Dividing the denominator of a fraction by a given number multiplies the 

value of the fraction by the same number. 

TRANSFORMATIONS OF FRACTIONS. 
I. To reduce a mixed number to an improper fraction, multiply the whole 

number by the denominator of the fraction, add the numerator to the product, 
and place the sum over the denominator. 

II. To reduce an improper fraction to a mixed number, divide the numerator 
by the denominator, and to the quotient annex the remainder placed over the 
denmninator. m J y ^ 

PROCESSES WITH FRACTIONS. 
Etc., Etc. 



E X E R C I S E 5 1 . 

R E V I E W . 

W h i c h is t h e grea ter and how m u c h ? 

1. § of S } or § of 4 f t ? 

F ind the sum of : 

5. » o f " * or — 
5h l î x 2 | 

5. 6J + 7? + 5 i + 4 f t . 
6. 1 1 f t + H + 4Ì + H+ 4 2 f i 

ft + H + I S + f t -
21? + 4 £ + 2 | + 1 0 f t . 

7. 7 | + 4 f t + l f i + A + 7s + 4 | . 
5f + 4f + 24 + 1 7 f t + 2 3 t f + è î -
I H + i f + 3 H + 7*f + 5 H + i l -

F i n d the value of each : 

10. 7 f t - 4 f . 
77. 5 - 3 H -

6 J - 5 H -
75. 1 0 - 8 f t 2

T . 
14. 1 8 f t - 9 « -
15. « - « . 
76. 3 f t - l g | . 
77. l x Î F - m -

15J + 1 4 f t - 4 i + l f t - 3 H + A - 1 

6 } - ( 3 J - l i ) + l i 
59. 11 + (4J + I f ) - 1 2 f t 

i m - w b 
S t I T - I Î V Î -
H i - H i -
5 / A - i m -
l f - Ì + 7 f - 3 f t . 
9f + H A - 8 A - 3 J . 
15} — 6f — 1 ft— 4 i . 
1 9 - 4 | - 6 ^ - 2 ^ 5 } + H . 

57. 4 è - l § + ( 1 1 - J ) . 

SO. < 8 f - 3 4 ) - ( 9 f t - 7 i ) . 
57. I 5 i | - ( l f + 7 è - 5 | ) . 

- M u l t i p l y together : 

35. 7 | x 1 f t I 
SS. 5} x 4?. 

D iv ide : 

58. 9? by 5 | . 
59. lOf by 11 J. 

34. 9Ì, x H}-
S5. ft x 4f x l f 

40. 16^ by 6 f t 
41. 1 of 19 i by 3 | | . 

36. 9 | x 5 f t x 6 f t . 
37. 15 | x 13J x l f t 

43. 19^ b y (5J x 3 Î ) . 
43. 1 5 f t x 5 | by 5}}. 

W h a t part of : 

44. 2J is J ? 
7,5. 7£ is I f ? ? 

104 is I ? 

47. -J of 6f is î o f ^ ? 
48. ft o f 7 ^ is U of 4 f t ? 
4P. ft of 15? of 7 f t i s l 9 J ? 

Simplify : 

- 1 
3 f t 

n 
7ft. 
94 
27 
3 7 i 

57. 

55. 

55. m 

4 4 f t 

* 32S 

59 -27- x 8 7 « , - 4 x o a l 1 - x 
2i 

55. 

8 9 f t 
128 

7U_ 
17* + 2 | 

56. 

57. 

55. 

A x 
6 | 41 

U • Ü 
1| 9ft 
Ü + M . 
54 U è 
76 44 

60. H x Ä x a x — X ft. 

67. f of 71 + I of 9 f t - ft of 7 f t . 
65. ft of 6f — I of 9 i + ft of 414 + 3. 

63. 1 + 
2 + 

64- 2 + 

3 + i 
1 

1 + 

65. 3 + 

1 + i 
1 

4 + 

66. 1 + 

1 + i 
1 

6 + 
2 + 6 + * 

67. 3 + 
1 + 

3 + 
3 + à 

66. 4 + 
2 + 

3 + 

69. 2 - -

6 - f 
4 

2 + 
3 + 

5 -
1 + i 

70. If one man earn $2} in one day, what will 70 men earn in 10? days? 
71. If the dividend is 414 a n d the quotient 2 1 f t , wha t is the d iv isor? 
72. If the product is 8 9 | and the mul t ip l icand is 9 | , find t h e mult ipl ier . 
73. If the dividend is 5 4 f t , t h e quot ient 11 | , and t h e remainder 2 | , find 

the divisor. 

74. W h e n t h e divisor is 84, t h e quotient 9 i , and t h e remainder 4}, w h a t 

is t h e d iv idend? 
75. W h a t must ft of 64f be mult ipled by to produce ? | of 8 7 of 6 f t I 
76. T h r e e men, A, B, C, agree to do a piece of work for $100, shar ing 

equally. Bu t upon completion it is found tha t A has done ? of it , and B 
4J of it. W h a t par t did C do, aud how much money ought h e h a v e ? 

77. I f ft of a piece of work is done in 22 i days, how much of i t will b e 
done in 26f days ? 

78. T h e sum of f and £ of a certain number is 1 7 0 f t . W h a t is t h e 

number? 



79. T h e difference between J and J of a number is 2 6 S V F i n d Hie 
number . 

80. A school of 150 pupils has only f as many boys as girls, l l o w many 
boys a re there in t h e school ? 

81. T h e r e a re 126 green and whi te balls in a box, but the n u m b e r of 
green balls is | the number of whi te ones. H o w many a re there of each ? 

82. A fa rmer pu t h i s 1000 sheep into two pastures, and in one pas ture he 
pu t | as many as in the other. How many sheep a re there in each ? 

88. A f t e r a m a n has walked 4f hours on a journey of 3 H miles, h e finds 
t ha t h e has t raveled J of the number of miles remaining. How fast is h e 
walk ing \ 

84. H o w many tons of ore must be taken f rom t h e mine, so tha t af ter a 
loss of f in roasting, and ft of the remainder in smelting, there may be 210 
tons of pu re meta l left ? 

85. A farmer sowed J of a field in oats, | of the remainder in buck-
wheat , and p lanted £ of what was left in potatoes; there still remained 8 
acres for grass. H o w many acres in the whole field ? 

S6. T h e r e a re 5 f a rms marked A, B, C, D, and E, respectively. F a r m A 
contains 2531 acres ; farm B contains half as much as A ; farm C is half as 
large as B, and so on to E . How many in E , and how m a n y in them 
al l together? 

87. Div de f of | of i f of f of 6^ by $ of A of ft of 7 i . 
88. F r o m 2 7 A acres I sell to one man 5 | acres at $70? an ac re ; to 

ano the r man 71 acres a t $85f an ac re ; and to a th i rd man t h e remainder at 
$92§ an acre. F i n d proceeds of ent ire tract. 

89. I n exchange for 7 } dozen eggs a t 23} cents a dozen, and 15} pounds 
of but ter a t 27», cents a pound, a m a u takes oats a t 5g cents a quar t . How 
m a n y quar t s will h e receive ? 

90. A merchan t bought 3 pieces of silk for $6551- T h e first contained 
3 0 & yards, the second 421 ¡ » i d s , and the th i rd 471 yards. H e wishes to sell 
the s i l k . so as to gain f of the cost. A t w h a t pr ice mus t he sell it per 
y a r d ? F i n d sell ing pr ice of each piece. 

91. A m a n has 1 of h i s proper ty invested in real estate, ? of t h e remain-
der in stocks, f of wha t is still r emain ing in machinery , and the residue, 
which is $3500, in t h e bank . W h a t is t h e value of h i s ent ire property ? 

92. S impl i fy f of of -

, 5 . Div ide 11 x ^ by x ¡ L 

94 T h e sum of and \ is bow many times the i r difference? 
7 A 7 .s_ Q3. J ot 

95. The product of 3 numbers is 453J ; two of them are 55 and 11J ; find 
the third. 

96. If | of a ton of coal cost | of $9 J, what will A of a ton Cost ? W h a t 
will tons cost? 

97. If 6 be added to both terms of the fract ion -¡\, is the fraction increased 
or diminished, and how much ? 

98. Same question, if 6 be subtracted from both terms of same fraction. 
99. T h e r e a re 3 numbers, the least of which is 7 f r . T h e second is 3f 

t imes as large as t h e first, and t h e th i rd 3f t imes as large as the second. 
F ind their sum. 

100. A man sold j of his f a rm to one neighbor and A o f i l t o another. 
T h e r e remained 90 acres. How many acres in t h e farm a t the beginning? 

101. If 3J ya rds of si lk cost $10i , what will § of 8§ yards cost at the 
s a m e ra te? 

102. If a man saw | of 45 cords of wood in a day, how many cords will 
lie saw in 5 | days? 

103. If a man walk 28} miles in one day, how many days will h e requi re 
to walk 177$ miles? 

104. F i n d t h e cost of 85 yards of carpet when 3J ya rds cost $ 1 0 | . 
105. If | of a ton of coal cost $6, how many tons can be bought for $67i ? 
106. If 4 be subtracted from both terms of the fract ion i f , is its value 

increased or diminished, and how m u c h ? 
107. A horse and cow were bought for $160, and the cow cost \ as mjich 

as the horse. F i n d the cost of each. 
108. T h e sum of f and f of a certain number is 388f . F i n d t h e number . 

F i n d t h e difference between f and | of it. 
109. I f a man can d o a piece of work in 12 days and a boy can do it in 

18 days, wha t pa r t can the man do in one d a y ? I n 5 days? W h a t par t 
t a n the boy do in one d a y ? In 8 days? W h a t par t can they both do in 
one d a y ? In 4 days? H o w many days will they require to do i t all, 
working toge ther? 

110. If a m a n can mow a field in 15 days and liis son can do i t in 27 
days, answer the same seven questions about them. 

111. Mr. A . can dig a cer tain d i tch in 6 days, Mr. B. in 10 days, and 
Mr . C. in 15 days. F i n d t h e number of days required by each pa i r of men 
working together. Also the number required by a l l th ree together. 

112. One pipe, X , can empty a cistern in 8 houre ; Y , in 9 hou r s ; Z, in 
12 hours. T h e cistern is ful l and all pipes a re open, how long will be 
required for them to empty t h e cistern ? 



C H A P T E R X . 

DECIMAL FRACTIONS. 

140. Def in i t ions .—If any integral uni t (as one apple) be 
divided into 10 equal parts , each of these par ts is called one-
ten th . If one-tenth be divided into 10 equal parts , each of 
these par t s is called one-hundredth . Similarly, f rom one-
hundred th we form one- thousandth , etc. A set of fractional 
un i t s so obtained is called a set of decimal units. 

A d e c i m a l fraction, a decimal, is a fraction whose denomi-
nator is 10, or 100, or 1000, or some other power of 10. 

A m i x e d d e c i m a l is a n u m b e r composed par t ly of integers 
and par t lv of decimals. 

141. A d v a n t a g e in t h e U s e of D e c i m a l F r a c t i o n s . N o t a -
t ion.—Since each decimal un i t is one-tenth as great as the 
decimal un i t which precedes it, a set of decimal fractions can 
be expressed in a simplified way similar to t h a t used in 
expressing integral numbers in t he decimal scale. Th i s is 
done by the use of wha t is called t h e decimal point, and let-
ing the position of each figure to t he r ight of t he decimal 
point de termine t h e size of t he decimal un i t which this 
figure represents. 

Thus , instead of 29 yds. + ft yds. + ftns y d s - + rsxns Yds- + 
yds., we write 29.3745 yds. 

T h u s t h e labor of wri t ing t h e denominators of t h e var ious fract ions is 
saved, since t h e denominator of each decimal figure is determined by the 
decimal po in t and the n u m b e r of figures between the decimal point and the 
figure considered. 

Thus , in t h e above i l lustration, t h e un i t represented by t h e figure 4, o r 
thousandths, is de te rmined by the decimal point and the two figures 3 and . 
in tervening between t h e decimal point and t h e 4. 

138 

I t should be observed tha t the source of th is advantage lies in the fact 
that each figure is put to several uses. Thus , 3 not only expresses t h e num-
ber of tenths , bu t it also helps to de termine the decimal denominat ion or 
local value of 7, 4, and 5, and hence serves four purposes at once. 

Th i s economy in represent ing fractions leads to o ther advantages in oper-
at ing with the fractions af ter they a re expressed in t h e decimal notation. 

142. I l l u s t r a t i o n s of D e c i m a l F r a c t i o n s . — T h e most 
familiar i l lustrat ion of decimal fractions is found in the 
money used in t he United States. The p r imary uni t , one 
dollar, is divided into ten equal par ts called dimes, each d ime 
is divided into ten equal par ts called cents, and each cent into 
ten equal par ts called mills. Thus , 12 dollars, 8 dimes, 
G cents, and 5 mills can be briefly expressed by the aid of the 
decimal notat ion as $12,865. 

T h e ease and rapidi ty with which calculat ions can be made when money 
is expressed on a decimal scale will be appreciated by t h e s tudent when h e 
comes to reckon with money expressed in some other way, as, for instance, 
by pounds, shill ings, and pence, as in English money. 

So great are t h e advantages of subdividing a uni t by the decimal method 
t ha t th i s method is being appl ied more and more widely wherever possible. 
Thus , engineers divide the uni t of length, t h e foot, not in to inches, but in to 
tenths and hundred ths . Ast ronomers f requent ly divide t h e year decimal ly , 
indicating, for instance, Apr i l 1, 1879, by 1879.25. T h e y also sometimes 
divide a degree of longi tude decimally, instead of into degrees and minutes, 
using, for instance, 324.5° for 324° 30 ' . T h e Un i t ed States Treasury De-
par tment uses ten ths of a foot, pound, etc., instead of t h e o rd inary fract ions. 

143. Me t r i c S y s t e m . — A n entire system of weights and 
measures, based on decimal divisions of the fundamenta l 
units , has been devised and is in use in all civilized countries 
except Great Bri tain and the United States. 

A uni t of length is taken, called the meter, which is divided into tenths 
called decimeters; each decimeter is subdivided into ten equal par ts called 
centimeters, etc. Similar ly t h e uni t of weight, the gram, is divided by the 
decimal svstem, as also a re t h e uni ts of area and volume, the are and the 
stere.- Tliis system of decimal uni ts will doubtless come, in time, to be used 
by t h e entire civilized world. See page 326. 



144. N o t a t i o n a n d N u m e r a t i o n of Dec imal s .—The posi-
t ional system of expressing fractions by t he aid of t he deci-
mal poin t has been explained in Art. 15. The following table 
will enable the pupi l to give readily the decimal un i t which 
each figure in a decimal represents. 

O r p f . R OF 
Unit. 

Number. 

Place. 

Integers. Decimals. 

145. R e a d i n g Dec imal s .—The most convenient way of 
reading decimals is to express each decimal n u m b e r in terms 
of the smallest decimal un i t and read the n u m b e r of such 
units. 

T h u s , t o read 0.37, ins tead of r e a d i n g t h r e e t e n t h s a n d seven h u n d r e d t h s , 
we express t h e t e n t h s as t h i r t y h u n d r e d t h s , a n d read t h e e n t i r e dec imal 
f ract ion as 37 h u n d r e d t h s . S imi l a r l y , t h e dec imal f ract ion expressed in the 
above t ab l e ( A r t 144 ) , v i z . : 0 .465,783,105, is read 4 6 5 mi l l ions 783 t h o u -
s a n d s 105 bil l iontl is . H e n c e , in genera l , read the decimal as if it were a whole 
number, and give it the name of the last decimal place. 

I n reading whole numbers never use " and ," b u t in reading a 
mixed decimal put " and " in place of the decimal point. 

T h u s , 462 reads " fou r h u n d r e d s ix ty - two . " 
4.062 reads " fou r and s i x ty - two t h o u s a n d t h s . " 

146. W r i t i n g Decimals .—Similar ly , to express in figures 
a decimal which is given in general language, express the 
numerator in figures, and then fix the decimal point so that the 
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name of the. last figure shall express the denomination of the given 
decimal. 

Ex. 1. Express in figures " four h u n d r e d sixty-two thou-
sandths ." 

We wri te 462 and p lace t h e dec ima l p o i n t i m m e d i a t e l y to t h e lef t of t h e 
4, s ince 2 m u s t c o m e in t h e t h i r d o r t h o u s a n d t h s place, a n d ob ta in .462, 
Result. 

Observe tha t fou r h u n d r e d and s ix ty- two thousand ths would be wr i t t en 
400.062. 

E X E R C I S E 5 2 . 

E x p r e s s correct ly as dec ima l f rac t ions . 

1. For ty-s ix h u n d r e d t h s . 
2. T e n a n d s ix teen h u n d r e d t h s . 
S. Seven a n d fifty-one thousand ths . 

T h i r t y - s i x mi l l ion ths . 
5. Two h u n d r e d twelve hund red - thousand ths . 
6. F i v e and five mi l l ion ths . 
7. Seventy-f ive a n d for ty- two t en - thousand ths . 
8. Seven h u n d r e d s i x t housand ths . 
9. Seven h u n d r e d a n d s ix thousand ths . 

10. O n e t housand five h u n d r e d and one t en th . 
11. F o u r h u n d r e d a n d fou r h u n d r e d one t h o u s a n d t h s 
12. T w o h u n d r e d for ty-one a n d four h u n d r e d twelve mi l l ionth». 
IS. E i g h t y - n i n e a n d n ine ty - e igh t hundred-n i i l l ion ths . 
14- O n e thousand a n d o n e thousand th . 
15. T h r e e thousand a n d t h r e e mi l l ion ths . 
16. S ix t een ten-mi l l ion ths . 
17- Thi tWCT; irA*; ^mm-
18. Bjtbi 7A; 71^; 45^^; 9A; 
R e a d t h e fol lowing dec imal f r ac t ions : 

19. 0 . 7 8 ; 1 . 0 7 1 ; 20.05 ; 275.572 ; 0 .4758. 
20. 0 .705; 0 .0102 ; 100 .0301; 51.0007 ; 0.003001. 
21. 300.001; . 301 ; 6175.0214; 5001.005001. 

147. P r i m a r y P r o c e s s e s w i t h Decimals .—Tht . simplicity 
of the decimal system of fractions is such tha t certain ele-
menta ry methods of operating with them arise immediately 
from the notation. 
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« 1 4 2 DECIMAL FRACTIONS. 

1. Shifting the decimal point one place to the rigid increases the 
value of the decimal tenfold; shifting it two places to the right in-
creases its value one hundredfold, etc. 

Thus , 0.063 = 10 x .0063. 
Fo r by moving the decimal point one place to the right, each figure in tlie 

\ decimal is made to express a number ten t imes as great as it did a t first. 

2. Shifting the decimal point one place to the left decreases the 4 value of the decimal to one-tenth of what it was ; two places, to one-
i hundredth, etc. 

Thus , .0055 = 0.055 - 10. 

- ' r ^ T ) S. Any number of zeroes may be annexed to the right of a deci-
- ~*mal without changing its value. 

Thus, 0.3 = 0.30 - 0.300, etc. 

OPERATIONS WITH DECIMALS. 
' 148. I . Addit ion of Decimals .—If the number s to be 
"added be so arranged t h a t their decimal points shall be in 

' t h e same column, all the decimal uni ts of the same order, as 
t i l t h s , hundredths , etc., will be in the same column, and may 

! added by columns. 
E x . Add $5.69, $100,257, $37,015. 

O P E R A T I O N . E X P L A N A T I O N . 
5 5 gr Ar rang ing t h e numbers so tha t t h e decimal points 

100.257 a r e in the same column, we begin a t the right hand, or 
37.015 thousandths, column to add. 7 thousandths + 5 thou-

$142,962, Sum. ^ ¿ ^ g m a k e j g thousandths, o r 1 hundred th and 2 
thousandths. Sett ing down the 2 thousandths, we carry 1 to the hundred ths 
column, and cont inue the work, " c a r r y i n g " wherever necessary, jus t as in 
the case of the addition of integers in t h e decimal system. 

Hence, in general, to add decimals, write the numbers so that 
• the decimal points shall be in the same column; begin with the right-

hand column and add; place a decimal point between the units 
and tenths of the result. 

Hence , in the addition of decimal fract ions we a re saved the labor of 
reducing fract ions to fract ions having a common denominator , which is 
j iecessary in t h e addition of common fractions. 

OPERATIONS WITH DECIMALS. 143 

A d d : 
1. 

$27.05 
123.74 

6.735 
2.045 

38.7 

E X E R C I S E 5 3 -

2. 

5.571 inches. 
93.428 inches. 

.96 inch. 

.407 inch. 
8.14 inches. 

S. 
1.0071 square yards. 

.0382 square yard. 
5.917 square yards. 

41.0328 square yards. 
17.51 square yards. 

4. $57.13 + $7.15 + $0.61 + $70.09. 
5. $125.74 4- $307.06 + $51,075 + $6,305. 
6. 8.08 + 1.001 + 101.0101 + 3040.1304 + 0.1345. 
7. 270.01 + 31.0031 + 0.0073 + 25 + 43.0106 4- 4.008. 
8. 27.35 mi. + 4.701 mi. 4- 34.375 mi. + 8.0704 mi. 
9. 7.9324 + 79.324 + .079324 4- 7932.4 + 0.79324. 

149. I I . T h e s u b t r a c t i o n of d e c i m a l s is similar in method 
to the addi t ion of decimals ; t ha t is, write the subtrahend under 
the minuend, so that the decimal points shall be in the same column ; 
begin at the right hand to subtract. 

Ex. At six o'clock the mercury in a certain barometer 
stood a t 39.3 inches; a t 10 o'clock the mercury in t he same 
barometer stood at 39.215 inches. H o w m a n y inches had it 
fa l len? 

39.300 inches. 
39.215 inches. 

.085 inch Difference. 

1. 
From $7.35 
take 3.21 

F rom 
take 

5. 
51.7 

4.52 

E X E R C I S E 5-4. 

2. 

$18,196 
4.75 

6. 
301.04 
79.5281 

8. 

71.44 inches 65.03 
38.67 inches 47.903 

7. 8. 

19.4003 3.41 
9.876 2.5807 



9. 0.54 - 0.37. 
10. 1.28 - 1.1. 
11. 9.53 - 7.99. 
12. 3.01 - 2.714. 

IS. 0.185 - 0.0917. 
U . 0.042 - 0.0318. 
15. 70.07 - 6.408. 
16. 301.5 - 30.105. 

17. 1. - 0.1. 
18. 0.01 - 0.003. 
19. 10 - .001. 
20. 2 - 0.010203. 

21. F ind the difference between $75.08 and $87.85. 
22. W h a t is t he difference between 3.141592 and 3.142857 ? 
28. F rom an account of $175.43, a m a n drew $46.95. H o w 

much r ema ined? 
24. Upon three days a gent leman deposited in a bank 

$27.54, $35.97, and $71.16, a n d on the four th day withdrew 
$49.73. H o w m u c h remained ? 

25. F i n d t he difference between six h u n d r e d twenty-eight 
thousandths , and four h u n d r e d and s ixty-nine thousandths . 

150. I I I . Mul t ip l i ca t ion of D e c i m a l s . — T o obtain a 
method of mul t ip ly ing one decimal n u m b e r by another , we 
shall t ake an example a n d work it first by the method of 
common fractions. 

Ex . Mul t ip ly 3.372 by 2.28. 
Express ing t he decimal fractions as common fractions, we 

have, 
- 7 9 V 2 2 8 = 3 3 7 2 X ^ = 3 3 7 2 X 2 2 8 = 7 6 8 8 1 0 

' x 1 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
— 7.68816, Product. 

Hence, the number of decimal places in the product is equal to 
the number of zeroes in the two denominators, that is, to the number 
of decimal places in the multiplier and multiplicand taken together. 

Hence, t he above mult ipl icat ion might have been per-
formed as follows: 

7.68816^iVodud. 
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Or, in general, multiply as in whole numbers ; point off as many 
decimal places from the right in the product as there are decimal 
places in both multiplier and multiplicand taken together, prefixing 
zeroes to the product if necessary. 

Ex . Mult iply 3.0125 by .00104. 
3.0125 

- " " 120500 
30125 

.003133, Product. 

I t is to be observed t ha t as compared with the mult ipl icat ion of common 
fractions, in t h e mult ipl icat ion of decimals t h e mult ipl icat ion of the tyro 
denominators is abbreviated into a mere placing of the decimal point in the 
p roduc t 

E X E R C I S E 5 5 . 

1. 2. 8. 4-
Multiply 8.3 3.5 7.6 10.4 

5. L2 .05 0 1 5 

6. Mult iply each of the following by 4 : 
1.5; 2.4; 12; 63.5; 23.14; 75.007. 

7. Mult iply each of the following b y 3.6: 
2.5; 13; .07; 1.05; 4.005; 1.0008. 

8. Mult iply each of the following by 2.05: 
0.32; 0.036; 10.08; 200.04 ; 35.1; 71.09. 

9 2 X 0.2. 11. 1 X .01. IS. 100.1 X 1.001. 
10. 20 X .02. 12. 100 X.001 . 3.003 X . 0 3 ^ 3 . 
15. 5 X .4 X 30 X 1.8. IS. 5.3 X 2.01 X 0.46. 
16 1.1 X 4 X 5.5 X .02. 19. 27.5 X 1.6 X .014. 
77. 0.24 X 25 X .004 X 10. 20. 5.8 X .025 X 1.003. 
21. F ind t he value of 76.235 acres of l and a t $51.24 an 

acre. 
22. F ind the cost of 128.4 ya rds of cloth a t $2,125 a yard. 
23. F ind the weight of 26.735 cubic yards of earth if one 

cubic yard weighs 0.76 of a ton. 
10 

5. 
.88 

.7 



24. 61.038 tons of hay are worth how m u c h at $20.25 a ton? 
25. W h a t is the s implest method of mul t ip ly ing by 10? 

By 100? By 1000? 
26. W h a t is t he simplest way of mul t ip ly ing by 0.1 ? By 

.01 ? By .001 ? 

151. IV. Div i s ion of D e c i m a l s may be performed directly, 
b u t it is of advantage first to mul t ip ly t he divisor and divi-
dend by such a n u m b e r (10,100, 1000, etc.) as will remove 
the decimal poin t from the divisor. This will leave the value 
of the quot ien t unchanged (See A, Art. 112). The mult ipl i -
cations required are performed by shift ing decimal points 
(See Art. 147). 

Ex . 1. Divide .0221 b y .013. 
I f we mul t ip ly both divisor and div idend by 1000, tha t is, shif t the deci-

mal point th ree places to the r igh t in each of them, the value of t h e quotient 
will be unchanged and the divisor will be an integer. Hence, we have 

O P E R A T I O N . 
13)22.1(1.7, Quotient. 

13 
91 
91 

Since 22.1 real ly d iv ide 221 tenths by 13; hence, the quotient is 17 
tenths, or 1.7. Hence , it is necessary in each case to mark off as many decimal 
places in t h e quot ient as t he r e are decimal places in the d iv idend ,or , in general, 
move the decimal point in both divisor and dividend as many place* 
to the right as there are decimal places in the divisor; divide as 
with integers; mark off as many decimal places from the right in 
the (fuotient as there are decimal places in the dividend. 

Ex. 2. Div ide .004551 by 1.5. 
E X P L A N A T I O N ' . 

As the divisor, 1.5, contains one deci-
mal place, we move the decimal point 
one place to the r igh t in both divisor 
and dividend. T h i s will leave the value 
of the quotient unchanged. Hence, the 
quotient of .045510 by 15, or .003034, 
is the required quotient . 

O P E R A T I O N . 
15).045510(.003034, Quotient. 

45 
51 
4 5 

60 
60 

152. Abbreviated Cases .—The s tudent may state 
self the abbreviated ways of dividing a n u m b e r by 
1000, etc. ; also by .1, .01, etc. 

If the divisor be a whole n u m b e r ending in one 
zeroes, as, for instance, in dividing 16.45 by 7000, i t 
convenient to divide first by 1000 by shif t ing the 
point in t he dividend three places to the left, and then 
by 7, t ha t being the remaining factor of the divisor. 

7).01645 
.00235, Quotient. 

for bini-
lo, 100, 

or more 
is more 
decimal 
dividing 
Thus , 

Divide : 
1. 7.5 by 3. 
2. .075 by 5. 
3. 3.24 by 18. 
4. 25.6 by 32. 
5. .0121 by 11. 
6. .0513 by 27. 
7. 4.185 by 15. 
8. 2.4 by .3. 

25. 16.8 by .021. 
26. .945 by 1.35. 
27. 46.5 by .015. 
28. 70.8 by .004. 
29. 10.11 by .01011. 
30. .228 by 120. 
81. 700 by 6.25. 
32, .7 by 625. 
S3. 1.405 by 2810. 
34. 4.64 by .145. 

E X E R C I S E 5 6 . 

9. 24 by .8. 
10. .27 by .9. 
11. 3.6 by 1.2. 
12. .42 by .14. 
13. .063 by .07. 
14. .084 by .12. 
15. .096 by .008. 
16. .007 by .025. 

17. .4 by 4. 
18. 5 by .5. 
19. .06 by 6. 
20. 4.5 by 50. 
21. 10 by .01. 
22. .01 by 100. 
28. 25 by .05. 
24. .02 by .005. 

85. 1.2915 by .041. 
36. 30.622 by 12.2., 
37. .203412 by 2.01. 
38. 63817.2 by .311. 
39. 14.17 by .325. 
40. 87.098 by 4.07. 
41. 20.202 by .025. 
42. 30030.3 by .0375. 
43. .00123 by .075. 
44- -0456 by .0076. 

Divide correctly to four decimal places: 
45. 7.101 by 19. | 47. 101.5 by 30.7. 
46. 31.76 by 23. 48. .0077 by .058. 

T h e pupil should be required to solve an indefinite number of th is k ind 
of examples. 



RELATION OF DECIMAL FRACTIONS TO COMMON 
FRACTIONS. 

153. I. To r e d u c e a dec ima l fraction to an equivalent 
common fraction, it is evidently sufficient to write the decimal 
fraction as a common fraction and reduce it to its lowest terms. 

Ex. 1. Express .75 as a common fraction. 

•75 - ft5® = b Result. 

Ex . Reduce .56^ to a common fraction. 

5 6 1 = §§£ J Ä = ? 2 5 = ^ £ 4 100 100 400 16 

Or , -56J = .5625 - flflfr = ft-

E X E R C I S E 5 7 . 

Reduce each decimal to its equivalent common fraction in 
its lowest terms : 

1. .8. 
8. .25. 
3. .32. 
4. .125. 
5. .275. 
6. .375. 
7. .025. 

8. .075. 
9. .625. 

10. .875. 
11. .925. 
M. .006. 
IS. .015. 
U : -33£. 

15. ,66| 
16. . 1 2 | 

17. .624-
18. .06Ï 
•19. , 16 | 
20. .14? 
21. .08^ 

22. 1.4. 
28. 2.52. 
24. 5.08. 
25. 6.4124. 
26. 10.11375. 
27. 7.00064. 
28. 1.0875. 

154. I I . T o r e d u c e a c o m m o n fraction t o a dec ima l we 
m a y regard the numerator of the common fraction as an integer, 
and divide it by the denominator. 

Ex. 1. Reduce f to the form of a decimal fraction. 

O P E R A T I O N . 

8)7.000 
.875, Result. 

E X P L A N A T I O N . 

7 uni ts = 7000 thousandths of a u n i t ; henc t , 
J of 7000 thousandths is 875 thousandths, or .875. 

Ex. 2. Express \ as a decimal fraction. 
O P E R A T I O N . E X P L A N A T I O N * . 

3)2 0000 I n th is case, no mat te r how far we continue the 
6666 division t h e quotient will not terminate. As i t 

or 6667 — Result ^ c o n v e n ' e n t t 0 terminate t h e quotient a t some 
place, as t h e four th , and as the n e s t figure is 6, 

or more than half of a un i t in t h e four th place, we wri te 7— as the last 
figure in the quotient, g iv ing .6667 as the quotient . 

In general , a decimal which copt inues to repeat the same figure, or set of 
figures, is called an infinite, or repeating, decimal. If, af ter reducing a fraction 
to its lowest terms, the denominator contains any factor beside 2 or 5 (which 
a re the only exac t divisors of 10, beside 10 and 1), the division of t h e n u m -
erator by t h e denominator of a common fraction will produce an infinite 
decimal. Since i t has been shown, however (Ar t . 78), tha t all figures beyond 
the sixth and seventh places vanish in to insignificance for all practical pu r -
poses, it is sufficient ordinar i ly to let t h e division te rmina te at the s ix th or 
seventh place. If the remainder is less than a half , we reject it and annex 
a plus s ign ; if equal to or greater than a half , we increase the last figure 
of t h e quotient by 1 and annex a minus sign. 

155. I I I . C o m p a r a t i v e v a l u e of dec ima l a n d c o m m o n 
fractions. 

On comparing decimal and common fractipns, it will be observed t ha t it 
is sometimes more advantageous to use one, sometimes the other . In 
general , decimal fractions have a s impler notat ion, since the i r denwftiinators 
a re indicated by a decimal point merely. Th i s leads to special advantages 
in adding, subtracting, mul t ip ly ing , and d iv id ing fractions, which have 
already been pointed out. On t h e other hand , in par t icular instances a 
common fraction is s impler than a decimal fraction, t hus 1 is s impler than 
0.125, and than 0.142857142. 

In general , we may say t ha t as a system for s tandard use the decimal sys-
tem of fractions is superior, but t ha t it is advantageous to supplement it by 
the use of common fractions in certain special cases. Hence , t h e tendency in 
practical l ife is to use systems of decimals (as t h e met r ic system) wherever 
possible, using common fractions in a supplementary way. 

E X E R C I S E 5 8 . 

Reduce each common fraction to an equivalent dec imal : 

1. h i b h b h i i - - B . H , M-
2. H , H i u , m > m , m 



1 / 
150 DECIMAL FRACTIONS. 

Find correctly to five decimal places the value ofs 
5 . b h b A , j § rb A , i i V , m-

ft, T51F' ooV) lihii s M t T ' H f > T T ¿ 0 0-

What decimal fraction is, 
5. 20 of 80? Of 50? Of 140? 
6. 16 of 48? Of 40? Of 200? 
7. 24 of 36? Of 60? Of 192? 
8. 36 of 54? Of 96? Of 64? 

E X E R C I S E 5 9 . 

Pe r fo rm t h e operations indicated : 
1. 2.5 + I f + 4.07 + 3¡sJff. 
2. 5.06 - 4.001 + -f t ~ 0 9 + 3 0 2 l + i -
5 . .0001 + lsxfW - & + 1 - 0 3 1 - -07 | . 
4. 5.4 + .051 - .0054 - 5 . 0 0 | + 7.125. 

¿J F r o m six hundred and seven thousandths t ake six hundred seven 

thousandths . 

6. Subtrac t n ine hundred forty and seventy-six mil l ionth* from ten hun-

dred twenty and e ight tenths. 
7. Mul t ip ly 7.0032 by 5 / 6 . 
8. Mul t ip ly .00075 by 1 .03 | . 

Divide 

11. .7644 by .0052. 
12. .00169 by 2.6. 
IS. 2890 by .085. 
U . .002 by 500. 
15. 501 by .0003. 

9. Mult iply 2.10007 by .1072. 
10. Mul t ip ly 12.35 by .0051-

16. 5 by .00025. 
17. .0001 by 1000. 
18. 1000 by .00001. 
19. 7.3 by 8000. 
20. 40.1 "by .00125. 

21. I f t h e divisor is 4.153, t h e remainder .02375, and the quot ient 4.25, 

what is the d iv idend ? 
22. If | of a bushel of corn be worth $ of a bushel of wheat, and wheal 

be worth $1.40 a bushel, how many bushels of corn can be bought for $27 ? 
23. -iV of H of 56 t imes wha t number equals 50.4? 

APPLICATIONS OF THE DECIMAL SYSTEM. 
156. Decimal Systems of Money.—Owing to the advan-

tages which arise from the decimal method of representing 
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units and parts of a unit, decimal systems of money have 
come to be used in all civilized countries except Great Britain. 
Thus, in France, the f ranc is divided into 100 equal parts 
called cen t imes ; in Germany, the m a r k is divided into 100 
equal parts, called pfennige, etc. 

T h i s general adoption of decimal systems of money is due to the f a c t . 
t h a t money and its uni ts a re used more often and reckoned with more ex- ' 
tensivfcly than any o the r system of units, as, for instance, those of length, 
weight, etc. Hence , t h e aggregate of economies which result f rom the use 
of a decimal scale for uni ts of money is grea ter than i t would be in the case 
of any other class of units as those of length, weight, etc. 

157. Uni ted S t a t e s Money.—The primary unit in the 
system of money in use in the United States is the dollar. 
The other units used in connection with the dollar, and their 
relation to each other, are shown in the following table: 

10 mills = 1 cent. 
10 cents = 1 dime. 
10 dimes = 1 dollar or SI. 
10 dollars = 1 eagle. 

By means of the decimal system, all the other units of 
United States money may be expressed as dollars or fractions of 
a dollar. Thus, 7 eagles, 8 dollars, 4 dimes, 5 cents, and 3 mills 
are most conveniently written as $78,453. Such sums are, 
however, most conveniently read in terms of two units, dollars 
and cents. Mills are used only for purposes of computation 
if in any result the number of mills is less than 5, it is rejected; 
if it is 5 or more than 5, it is reckoned as 1 cent. 

Thus, $78,453 is read as 78 dollars, 45 cents, 3 mills; or 
rejecting the mills, 78 dollars, 45 cents. 

158. Al iquot Pa r t s of a Dollar.—Operations with United 
States money are often much facilitated by remembering the 
number of units which form aliquot parts of a dollar (See 
Art. 74). 



Tlius, cents = ft of SI-
cents = ft of SI. 

12£ cents = £ of SI. 
16f cents = | o f $ l . 

The student may supply the remaining aliquot parts of SI. 

Ex. What is the cost pf 18 pounds of sugar at cents a 
pound ? 

18 X cents = 18 X $ft = $f. 
= $1,125. 
= $1.13, Result. 

E X E R C I S E 6 0 . 

Add—-
1. $27,315 + $15.05 + $70,145 + $48.76. 
2. Thirteen dollars and thirty-two cents, seven dollars and 

nineteen cents, forty dollars and ninety-six cents. 
3. Twelve dollars and eighty cents, seventy-five cents, 

eight dollars and three cents, fifty dollars and ten cents. 
J,. Eleveu dollars and seven cents, six cents, nineteen dol-

lars, sixty dollars and nine cents. 
5. From $100 take $30.25. 
6. Take $25.08 from $30.41. 
7. A man gave $50 in payment of three items of $10.76, 

$16.13 and $21.05. How much was due him in return? 
8. A farmer bought 65f acres of land at $51.50 an acre. 

W h a t was the amount paid ? 
9. What will 5f yards of carpet cost at $1.75 per yard? 

At $2.05 per yard ? 
10. At 12£ cents a line, what will it cost to insert in a news-

paper an advertisement of 17 lines? Of 45 lines? 
11. How many chairs at $2.25 each can be bought with 

$29.25? With $83.25? 
12. How many acres of land worth $71.30 an acre can be 

bought with $2032.05? 

IS. With pads worth 12 cents each, a boy gets all he can for 
$4.92. How many did he buy ? 

H . A certain kind of stock is worth S271- a share. How 
many shares can be bought for $1347.50? 

15. A man paid $26.25 for 5 tons of coal. What would 
17f tons cost at the same rate ? 

16. There are 272J square feet in a square rod. What will 
be the cost of 2 0 | square rods of land at 41 cents a square 
foot? 

17. A dealer bought 3 barrels each containing 31.5 gallons 
of oil at the rate of 45 J- cents a gallon. He sold it at 51 \ 
cents a gallon. How much was his gain? (Solve this 
problem by two methods.) 

18. A miller filled 125 barrels of flour at a cost of $7.75 
each. He then sold 90 of them for $8.30 each, and the 
remainder at $6.35 each. Wha t was his total gain ? 

19. A farmer spent on a crop of grain $55.40 for seed, 
SI.75 each, for 20 days of labor, and $62.35 for rent. How 
much would he gain if the crop yielded 625.30 bushels which 
sold for 84 cents apiece ? 

Solve by the method of aliquot parts of $1. 

20. 27 lbs. X $0.25. 
21. 48 lbs. X SO.371. 
22. 70 oz. X $0.33|. 
28. 66 oz. X $0.60. 
24. 94 ft. X $0.66f. 
25. 68 bu. X S0.87£. 
26. 95 qt. X $0,121. 
27. 83 gal. X $0.75. 
es. 77 in. X $0.66f. 

2D. 80 lbs. X $0.66f. 
80. 54 lbs. X $0.16f. 
81. 77 pt, X $0.37£. 
82. 46 pk. X $0.33£. 
S3. 48 bu. X $0.25. 
84. 61 lbs. X SO. 121. 
85. 47 gal. X S0.20. 
36. 38 rolls X S.16|. 
37. 91 ft. X $0.75. 

159. Business F o r m s in t h e Use of U. S. Money, Ac-
counts, Bills, Etc.—By the aid of certain abbreviations, and 
by systematic methods of arranging items, the advantages 



which arise from the use of a decimal system of money are 
fur ther increased. 

E x . J a m e s Smi th bought of Mitchell, Fletcher & Co., 17 
pounds of coffee a t 38 cents a pound ; 75 pounds of sugar at 
4-i. cents a pound ; 20 pounds of oatmeal at 4 cents a pound ; 
and 4 pounds of tea a t 80 cents a pound. W h a t is the entire 
•cost of h i s purchases ? 

If the purchases be arranged as a bill, it is m u c h easier to 
inspect t h e m a t a glance, to verify each i tem, to m a k e cor-
rections where necessary, and to determine of whom the pur-
chase was made, by whom, whether i t is receipted, etc. T h us, 

J A M E S S M I T H , 

Philadelphia, May 8, 1901. 

B O U G H T O F M I T C H E L L , F L E T C H E R & C o . 

17 lbs. coffee 
75 '/ sugar 
20 " oatmeal 

4 " tea 

3 8 / 
4 * / 
4 / 

80/ 

$6 46 
3 38 

80 
3 20 

$13 84 

160. B u s i n e s s T e r m s a n d A b b r e v i a t i o n s . — P r i c e is t he 
value of 1 un i t of q u a n t i t y ; cos t is the value of t he entire 
n u m b e r of un i t s used or bought . Thus , t he price of 1 pound 
of coffee is 38 cents : t he cost of 17 pounds is $6.46. 

A bi l l is a writ ten s ta tement showing the price, quant i ty , 
and cost of each i tem, and the aggregate cost of all t he items. 

How is a bill r e c e i p t e d ? W h a t is a deb to r ? A c r e d i t o r ? 
Let the s tuden t determine t he meaning of the following 

abbreviat ions used in connection with bills and accounts : 
@ Cr. Dr. Pay ' t 
<yc Bal. Per R e e d 

No. or # E. and O. E. 

E X E R C I S E 6 1 . 

Find the a m o u n t of each of the following bi l ls : 

To 6 lbs. nails @ b \ ? 
•> 12 ft. zinc % 7 i f 
a 15 doz. screws to 4§£-
n 40 squares t in @ 1 7 / 

8 

To 8 i yds. r ibbon (d) 3 2 | / 
a 15 a flannel (a) 6 5 / 
a a s « calico (a) 7 | / 
« 16 » cloth @ $1.10" 

$ 

To 10 doz. eggs @ 1 8 / 
/» 30 lbs. sugar to 5 £ / 
a 5 a tea to 7 6 / 
a 18£ a cheese (a) 1 6 / 
a | a pepper (a) 3 0 / 

$ 

To 7 bushels potatoes (c p 6 3 / S 
« 8 qts. beans (c % m ? 
» 1 5 a tomatoes (c 
n 25 gal. oil ii-h 9 £ / 
ii 11 loaves bread Q 9 8 / 

b. 
37 yds. Brussels carpet (a $1.65 
14 n Axmins ter » @ 2.85 
41 £ a Ingrain filling (a) .75 

9 small rugs to 2.75 
45 step pads (3) .21 \ 

$ 



0. Philadelphia, Sept. 18, 1900. 
M R S . F L E T C H E R E D W A R D S , 

BOUGHT OF F I N L E Y A C K E R & C o . 

26 jugs sy rup @ 3 0 / 
7 lbs. coffee @ 2 8 / 
9 •• rice @ 9 | / 

45 « oatmeal (a) 4 £ / 
30 bu . potatoes @ 4 8 / 

S 

New York City, Dec. 5, 1900. 
MRS. M A R I O N RUTEEDGE, 

BOUGHT OF J O H N W A N A M A K E R . 

61 yds. mus l in @ 11£ / 
55 " table linen (a) $1.25 
23 « silk (<-$ 1-15 
10 » lining @ 2 3 / 
31 „ carpet @ SI.50 

S 

S. M R . THOMAS D . KEYSF.R, 
BOUGHT OF MESSRS. R . L . M Y E R S & C o . 

76 algebras @ $1.25 
68 g rammars @ 1.40 
83 readers @ 1.35 
95 Bibles % -90 
57 ar i thmetics @ .85 

S 

161. A r t i c l e s B o u g h t a n d So ld b y t h e H u n d r e d or Thou-
sand .—Some of t he advantages which come f rom the use of 
t he decimal scale are obtained by selling articles b y t he h u n -
dred (or C) , or thousand (or M). 

Ex. 1. m a t will be t he cost of 3760 shingles at $7 a thou-
sand (or §7 per M). 

The n u m b e r of thousands is determined by moving the 
decimal poin t of 3760 three places to the left, giving 3.76 
thousands in the above example. 

I f one thousand sh ingles cost $7, t h e cost of 3.76 thousands will lie 3.76 
t imes $7, o r $26.32, Cost. 

Similarly, the n u m b e r of tons in a given n u m b e r of pounds 
m a y be obtained by moving the decimal point three places 
to the left and dividing by 2. 

Ex . 2. F i n d the cost of 13567 pounds of coal at S6 a ton. 

13567 p o u n d s s M M L tons. 

3 
If 1 ton cost t h e cost of - 1 3 ; f f i 7 tons $ 1 3 ; f " x (! $40,701, Cost. 

* f-

E X E R C I S E 6 2 . 

1. F ind the cost of 55260 cubic feet of gas at SI.40 per M. 
Find the cost of 75490 bricks a t S8.25 a thousand. 

S. A coal dealer supplies a t insmith with 7565 pounds of 
coal a t S5.75 a ton, and the t insmi th roofs t he coal-dealer's 
house with 156 pounds of t in a t $14.15 a C. Which owes the 
other, and how m u c h ? 

4. W h a t will it cost to set the type of a book containing 
560 pages of 1115 ems each, a t 60 cents per thousand e m s ? 

5. Required the cost of 83410 pounds of coal a t S5.38 a ton, 
and 47380 shingles a t $5.55 a thousand. 

6. I borrowed $7500 for a year, a t the rate of $4.50 per 
hundred . W h a t m u s t I pay for t he l oan? 

7. I lent $31500 for a year a t the rate of $5.25 per hundred . 
W h a t do I receive for t he loan ? 

162. F u r t h e r U s e of B a s e lOO in P e r c e n t a g e , I n t e r e s t , 
Etc .—So great are the advantages of the decimal base in 
business and other computa t ions and comparisons tha t the 
use of th is base is developed into special subjects called Per-
centage, Interest, etc. 



C H A P T E R X I . 

C O M P O U N D N U M B E R S . 

163. U s e of D i f f e r e n t U n i t s fo r t h e s a m e k i n d of Q u a n -
t i t y . — I n measur ing a great variety of distances, i t is a n 
advantage to have different un i t s of distance, some large, 
some small . Thus , we measure t he dimensions of a window 
pane in inches, t he length of a man ' s j u m p i n feet, the dis-
tance between two cities, as between New York and Philadel-
phia, in miles. Similarly, in weighing objects, it is convenient 
to h a v e different un i t s of weight. I t would be inconvenient , 
if no t impossible, to weigh gold by t he ton, a n d coal by t he 
ounce. 

164 M e a s u r e m e n t m a y be defined as t h e process of finding 
how m a n y t imes a given quan t i ty contains another given 
object or quant i ty of the same kind, taken as a uni t . 

Thus , to measure a ihass of sugar, is to find how m a n y 
t imes a cer tain mass of sugar, called a pound , m u s t be repeated 
iu order to m a k e u p the given mass. 

Hence it is evident that , in measur ing large objects, it is 
convenient to have large u n i t s ; in measur ing small objects, it 
is convenient to h a v e small units . 

165 C o m p o u n d N u m b e r s . — I n measur ing a quan t i ty it is 
often useful to use two or more uni t s of different sizes, bu t 
of the same general class. Thus , in measur ing t he distance 
which an athlete j u m p s , we first measure the n u m b e r of leet 
in t he jump, t h e n the n u m b e r of inches, if any , m the 
remainder of t he j u m p , obta ining 19 feet 7 inches say, as the 

entire iump. , . , 
Similarly, t he length of a man ' s life is expressed in terms 
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of several uni ts of t ime, as 59 years 8 mon ths and 12 days, 
for instance. 

A c o m p o u n d n u m b e r is a n u m b e r expressed in terms of 
several un i t s of the same class. Exs . 19 feet 7 inches ; 59 
years 8 mon ths 12 days. 

A s i m p l e n u m b e r is a n u m b e r expressed in terms of a 
single uni t , as 138 inches. 

166. R e l a t i v e V a l u e of C o m p o u n d N u m b e r s a n d S i m p l e 
N u m b e r s . R e d u c t i o n s . — W h e n a given magni tude is ex-
pressed as a compound n u m b e r i t is often easier to form a 
definite conception of it than when it is expressed as a s imple 
number . Thus , i t is m u c h easier to form a definite concep-
tion of 19 feet 7 inches, t h a n of 235 inches ; similarly, of 59 
years 8 mon ths 12 days, t h a n of 217S7 days. 

On the o ther hand, if a magni tude 1* expressed as a s imple number , it 
is much easier to operate with it, t h a t is, to mult iply, divide, etc. Thus , if 
it be required to find the a rea of a room tha t is 14 feet 8 inches long and 12 
feet 3 inches wide, i t is best to reduce the length and breadth of the room 
e i ther to feet or to inches, before mul t ip ly ing them. 

R e d u c t i o n d e s c e n d i n g is the process of reducing a number 
expressed in several un i t s t o an equivalent n u m b e r expressed 
in a single small unit , as reducing 19 feet 7 inches to 235 
inches. 

R e d u c t i o n a s c e n d i n g is t he process of reducing a s imple 
n u m b e r to an equivalent n u m b e r expressed in terms of higher 
units , as reducing 21787 days to 59 years 8 mon ths 12 days. 

These processes will be i l lustrated in connection with each 
table of un i t s given in th is chapter . 

167. The d i f fe ren t c lasses of u n i t s in common use are 
those of : 

1. W e i g h t . If- V o l u m e f a n d c a p a c i t y ) . 
,<?. L e n g t h . 5. Va lue . 
8. Area . 6- T ime . 

7. A n g u l a r m a g n i t u d e ( l ong i tude ) . 
8. M i s c e l l a n e o u s un i t s . 



E X E R C I S E 6 3 . 

ORAL. 
I . W h a t un i t would na tu ra l ly be used in weighing h a y ? T e a ? F lour 1 

A rock? G i n g e r ? Coffee? 
5 W h a t un i t of length would be used in measur ing the distance between 

two houses on same s t reet? Between t h e floor and ceil ing of a room? Be-
tween the walls of a room ? Dis tance around your wais t? ^ our he igh t 

5. W h a t un i t of length is use«} in measur ing the length of a rai l road I 
Of a flag-pole? Of a roll of ca rpe t? Of a man ' s a r m ? 

A W h a t unit of a rea is employed in measuring l and? P las t e r ing? 
5. W h a t un i t of capacity is used in the measurement of mi lk ? Molasses r 

Potatoes? S t rawberr ies? Beans? Apples? 
6 W h a t un i t in measur ing i l luminat ing gas? 7. W h a t un i t of money is used in paying for a horse? A newspaper . 

A f a r m ? A penci l? 
8. W h a t un i t s of t ime a re used in expressing your age ? T h e age of the 

w o r l d ' Of a baby? I n s ta t ing t ime of an ecl ipse? 

9. W h a t un i t is first used in measur ing the length of a board ? I n com-

ple t ing the measurement? . . . „ 1 
10. W h a t combination of un i t s is used in expressing the t ime required 

t o run a mi le? T o run a hundred ya rds? W h a t unite,,in h i r i ng a l a b o u r 
I I . In paying a bill of $28.75, wha t combination of uni ts i s used (b.lls 

a n d c o i n 9 ) ? WEIGHT. 
168 I Avo irdupois w e i g h t is used in weighing all ordi-

nary objects, the exceptions being the precious metals, jewels, 
and drugs when retailed. 

The p r imary u n i t in avoirdupois weight is p o u n d avoi r -
dupois , which is determined by the weight of a certain p.ece 
of metal kep t in the government archives (see Art. 1,1). 

A V O I R D U P O I S W E I G H T . 

16 drams (dr.) = 1 ounce (o?..). ^ 

16 oz. = 1 pound (lb.). 
100 lbs. — 1 hundred-weight (cwt,). 

20 cwt. = 1 t«n (T.). 
T h e pound avoi rdupois is also regarded as made u p of ,(K>0 
The long ton, or 2240 pounds, is used in weighing objects in t h e Uni ted 

States Custom Houses, and in wholesale transactions m coal and .ron. 
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Ex. 1. How many oz. in 7 T. 8 cwt. 63 lb. 14 oz. ? 

SOLUTION. 

7 T . = 20 cwt . x 7 = 140 cwt . 

140 cwt . + 8 cwt . = 148 cwt. 

148 cwt . = 100 lb. x 148 = 14800 lb. 
14800 lb. + 6 3 lb. = 14863 lb. 

14863 lb. = 16 oz. x 14863 = 237808 oz. 
237808 oz. + 14 oz. = 237822 oz. , Result. 

Thi s is an example of reduction descending, or of r educ ing a c o m p o u n d 
n u m b e r to an equiva len t s imple n u m b e r in t e r m s of t h e lowest un i t in t h e 
•nven compound n u m b e r . 

In general, t o reduce a compound number by reduction 
descending, in the given compound number take the number of 
highest denomination; multiply it by the number of units of the 
next lower kind which equal one of the higher units, and add to 
the product the given number of units of the second kind; proceed 
similarly till all the units have been reduced to the lotcest unit. 

Ex. 2. How many tons, hundred-weight, and pounds in 
9382 pounds of coal? 

SoLrTION. 

9382 lb . = — cwt . = 93 cwt . + 82 lb. 
100 

93 cwt . = | | T . = 4 T. + 13 cwt . 

4 T. + 1 3 cwt , + 82 lb.. Result. 

Tliis is an example of reduction ascending, or of conver t ing a s imple 
n u m b e r in to a c o m p o u n d n u m b e r con ta in ing h igher denomina t ions . 

I n general, in reduction ascending, divide the given number 
by the number of units of the same kind tohich equals a unit of the 
next highest kind, ami set aside the remainder; divide the quotient 
in a like manner and so proceed till no further division is possible 

11 



^ , E X E R C I S E 6 4 . 

Reduce : 
1. 3 t. 13 cwt. 70 lbs. 10 oz. to ounces. 
2. 5 t. 80 lbs. to pounds. 
3. 6 t. 1 cwt. 15 oz. to ounces. 
4. 15 cwt. 75 lbs. 11 oz. to ounces. 
5. 45 t. 17 cwt. 90 lbs. to pounds. 

"cl 120650 oz. to h igher denominations. 
7. 236949 oz. to h igher denominations. 
8. 13280 lbs. to higher denominations. 
9. 332805 oz. to higher denominations. 

10. 289135 oz. to higher denominations. 
Change : 
11. 70 t. 48 cwt. 60 lbs. 6 oz. to ounces. 
12. 30854 oz. to higher denominations. 
13. H o w m a n y firkins of but ter each weighing 31 lbs. 4 oz. 

will be required to weigh a t o n ? 
14• If there are 9 oz. of i ron in a m a n ' s blood, how many 

men would supp ly iron enough to m a k e a 27-lb. ball ? 
15. A cook uses 7 pounds 8 ounces of flour a t every baking. 

I Iow m a n y bakings can she get ou t of 3 cwt. 30 lbs. of flour? 
1G. The average weight of each book in a l ibrary is 2 lbs. 

5 oz. W h a t would be the entire weight of the 8560 volumes? 

E X E R C I S E 6 5 . 

O R A L . 

1. H o w m a n y ounces in 5 p o u n d s ? I n l O i p o u n d s ? 
2. H o w m a n y tons in 1000 p o u n d s ? In 60000 lbs .? 
S. How m a n y pounds in 6 tons? I n 15 tons? In 80 ounces? 
4- If but ter sells for 2 cents an ounce, what will be tlie pr ice p e r pound? 
5. When flour is wor th 2 cents per pound, what will 2 hundred-weight 

cost? W h a t wil l 8 ounces cost? 
6. H o w m a n y pounds in J t o n ? In f t o n ? In f hundred-we igh t? In 

1J hund red -we igh t ? In 40 ounces? I n 100 ounces? 

169. I I . T r o y w e i g h t is used in weighing gold, silver, and 
jewels. 

The p r i m a r y un i t is a.-pound Troy, or 5760 grams'. 

TROY WEIGHT. 
24 grains (gr.) = 1 pennyweight (pwt. or dwt.). 
20 pwt. = 1 ounce (oz.). 
12 oz. = Impound (lb.). 

Diamonds aud other jewels are also weifehed in terms of another unit, 
the carol. The carat = 31 grains. (The term carat is also used in another 
sense, viz.: to express the parts of gold contained by a given metal alloy. 
In this sense one carat means one twenty-fourth part. Gold 18 carats line 
contains 18 parts of pure gold and 6 parts of some other metal.) 

E X E R C I S E 6 6 . 
Reduce to grains : 

1. 3 oz. 4 pwt. 20 gr. 
2. 7 oz. 15 pwt. 18 gr. 
S. 5 lb. .8 oz. 10 pwt. 9 gr. 

4. 8 lb. 9 oz. 12 gr. 
5. S lb. 5 pwt. 22 gr. 
6. 12 lb. 6 oz. 18 pwt. 

Reduce to h igher denomina t ions : 
7. 15136 gr. I 9. 954 pwt. i 11. 46474 gr. 
8. 5117 gr. I 10. 31701 gr. | 12. 27009 gr. 

IS. If a silver medal weigh 6 oz. 18 pwt., w h a t will be 
the weight of 5 such meda l s? How m a n y will it take to 
weigh 6 lbs. 3 oz. IS pwt. ? 

170. I I I . A p o t h e c a r i e s ' W e i g h t is used in mix ing and 
selling drugs and medicines a t retail ( these being purchased 
by druggists a t wholesale by avoirdupois weight). 

The p r imary uni t is the same as in Troy weight (5760 
grains), b u t it is divided somewhat differently. 

A P O T H E C A R I E S ' W E I G H T . 

20 grains (gr.) = 1 scruple Q ) . 
3 scruples = 1 d ram (3). 
8 d rams = 1 ounce (3). 

12 ounces = 1 pound (lb.). 



E X E R C I S E 6 7 . 

Reduce to g r a in s : 
t 5 s 3 3 2 9 8 gr. 
2. 3 IKS 3 6 3 10 gr. 
3. 2 lb. 5 5 1 9 15 gr. 
Change to h igher denomina t ions : 

4. 6 3 I 9 16 gr. 
5. 5 lb. 10 § 5 3 2 9 . 
6. 10 lb. 3 3 12 gr. 

7. 5148 gr. 
8. 1691 gr. 

0. 8665 gr. 
10. 875 9 . 

11. 23897 gr. 
12. 40370 gr. 

171. Re la t ion of t h e Di f fe ren t S y s t e m s of U n i t s of 
W e i g h t . — I n the Uni ted States t he fundamenta l un i t of 
weight is t he weight of a certain piece of brass in the custody 
of t he United States Mint. 

This is t he Troy ( and apothecaries ') pound , and is regarded 
as made u p of 5760 grains. F r o m th is the avoirdupois pound 
is derived by taking the weight of 7000 grains. Hence, the 
only un i t in common to avoirdupois weight and Troy weight 
is the grain. I n Troy weight a n d apothecaries ' weight t he 
pound, ounce, a n d grain are the same, b u t the other uni ts are 
different. 

In Grea t Br i ta in t h e s tandard of weight is the weight of a certain piece 
of p la t inum kept in t h e E x c h e q u e r Office. Th i s weight is called the I m -
per ia l I 'ound . T h e Troy pound is der ived f r o m it. 

E X E R C I S E 6 8 . 

1. How m a n y grains in an ounce avoi rdupois? Ounce 
T r o y ? Ounce apothecar ies '? 

2. How m a n y grains in a d r a m apothecaries '? Dram 
avoirdupois ? 

8. W h i c h is heavier, and how m u c h , a pound avoirdupois 
or a pound Troy ? An ounce avoirdupois or an ounce Troy ? 

4. W h a t is the gain in buy ing drugs b y avoirdupois and 
selling t h e m a t t he same rate apothecaries ' weight ? Buying 
gold by avoirdupois a n d selling by Troy weigh t? 

5. H o w m a n y avoirdupois pounds in 175 Troy p o u n d s ? 

MEASURES OF LENGTH. 
172. I. L o n g Measure.—The pr imary un i t of length in 

t he United States and Great Britain is the yard. This is the 
distance between two marks on a bar of metal kep t in the 
Exchequer Office of Great Britain. 

F r o m the ya rd are derived the following uni t s of l eng th : 

L O N G M E A S U R E . 

12 inches (in.) = 1 foot (ft.). 
3 ft. = 1 yard (yd.), 

yd . ) = l r o d ( r d ) . 
o r 16^ ft. J 

320 rds. = 1 mile (mi.). 
R o d s a r e also called poles or perches. 
A furlong = 40 rods ; hence, 8 furlongs 1 mile. 
Civil engineers often d iv ide the foot into tenths instead of inches. 
Ex. 1. Reduce 5 mi. 208 rd. 2 yd. 1 f t . 

S O L U T I O N . 

5 mi. ' = 320 rd. x 5 = 1000 rd . 
1000 rd . + 208 rd . = 1808 r d . 

1808 rd. = 5} y d . x 1808 = 0044 y d . 
9944 yd . + 2 yd . = 9946 yd . 

9946 y d . = 3 f t . x 9946 = 29838 f t . 

29838 f t . + 1 f t . = 29839 f t , Result. 

Ex. 2. Reduce 29839 feet to higher denominations. 

S O L U T I O N - . 

29839 f t . = yd . = 9946 yd . + 1 f t . 

9946 yd . = 2 r d . = 1808 rd. 4- 4 half yd. (o r 2 y d . ) . 

1808 rd . = mi. = 5 mi. + 208 n l . 
320 

6 mi . 208 rd. 2 yd . 1 f t . , Result. 



Divid ing 9946 yards by is the same as dividing it by -M-. This , in 
effect, consists in reducing 9946 yards to 19892 half yards, and d iv id ing by 
11. T h i s gives 1808 rods with 4 half yards, or 2 yards, as a remainder . 

173. I I . Surveyors ' linear measure is used by surveyors 
in measuring the dimensions of tracts of land. In it the units 
are chosen with a view to determining the area of the tract 
measured, in an advantageous way. See Art. 177. 

S U R V E Y O R S ' L I N E A R M E A S U R E . 

7.92 inches = 1 link (li.). 
lOOli. = 1 chain (ch.). 
80 ch. = 1 mile. 

Hence, 1 ch. = 4 rds. = 66 ft. = 792 in. 

E X E R C I S E 6 9 . 

Reduce to feet: 
1. 44 rds. 3 yds. 2 ft, I 3. 3 mi. 250 rds. 4 yds. 1 ft. 
2. 2 mi. 125 rds. 5 yds. I 4- 4 mi. 3 yds. 2 ft. 

Reduce to inches: 
5. 36 rds. 4 yds. 2 ft. 10 in.l 7. 2 mi. 170 rds. 5 yds. 6 in. 
6. 3 rds. 3 yds. 1 ft. 7 in. I 8. 3 mi. 240 rds. 1 ft. 8 in. 

Reduce to higher denominations: 
9. 214 in. I 11. 14198 ft. 1 IS. 278222 in. 

10. 1710 in. I 12. 380341 in. I 14. 504009 in. 

Reduce to l inks: 
15. 45 rds. | 16. 3 miles. | 17. 1 yd. 3.6 in. 

18. How many rails 30 feet long will be required to build 7 
miles of railroad (single track) ? 

19. What is the cost of building 30 miles 250 rods of road 
at S2.25 a yard? 

20. How many panels of fence, each 2 yds. 1 ft. 6 in., will be 
required along the sides of a lane 1 mi. 202 rd3. 4 yds. long? 

21. Along the side of a room mark off 1 ft., 3 ft., 8 ft., 1 yd., 
3 yds., 1 rd., 3 yds. 2 ft., 2 yds. 1 ft. 8 in. 

E X E R C I S E 7 0 . 

O R A L . 

1. H o w many inches in 6 f t . ? In 7J ft. ? In 1 yd. ? 
2. How many feet in 5 yds. ? I n 2 rds. ? I n a mile ? In 60 in. ? 
S. How many feet in 125 in. ? In 3 i yds. ? I n 1 rd. 2 yds. ? 
4 . W h a t part of a foot is 3 in . ? 4 in. ? 6 iu. ? 8 in. ? 9 in. ? 10 in. ? 
5. W h a t par t of a yard is 9 in .? 12 in. ? 18 i n . ? 24 in .? 27 i n . ? 
6. W h a t part of a mi le is 40 rds. ? 80 rds. ? 200 rds. ? 2S0 rds. ? 
7. How many chains a re there in 400 rds. ? In 110 rds. ? 
8. H o w many inches a re there in 50 l inks? I n 80 li. ? I n 6 l i . ? 

MEASURES OF SURFACE. 

174. A surface has two dimensions, length and breadth. 
In measuring surfaces, or square measure, the primary unit is 
a flat square, each of whose sides is 1 yard. I t is sometimes 
more convenient to use other units of surface, as a square, 
each of whose sides is 1 inch, or 1 foot. These units may 
be regarded as derived from the primary unit, the square 
yard. 

A surface is measured by determining the number of times 
the unit of surface must be used to make up the given 
surface. 

175. The a r e a of a surface is the number of times the unit 
of surface is contained in the given surface. 

Thus, if a rectangle be 7 inches long and 5 inches wide, it 
contains 35 square inches, and its area is said to be 35 square 
inches. 

I t is evident t ha t in a rectangle, whose sides contain an exact number of 
l inear units, the number of uni ts in t h e a rea will equal the n u m b e r of l inear 
uni ts in one dimension mult ipl ied by t h e number of l inear uni ts in t h e 
other dimension (see F igure , p. 53). Fo r in such a rectangle t h e entire 
number of small un i t squares is equal to t h e n u m b e r of t h e m in each row 



mult ip l ied by the n u m b e r of rows, wh ich equals the n u m b e r of l iuear uni t s 
i n the length mul t ip l ied by the n u m b e r in t h e b read th . 

Hence, to find the area of a rectangle, multiply the length by 
the breadth. 

176. I. Surface or square measure. 
- - X ]>2. x s 

S Q U A R E M E A S U R E . 

144 square inches (sq. in.) — 1 square foot (sq. ft.). 
9 sq. ft. — 1 square ya rd (sq. yd.). 

3 0 | sq. yds. = 1 square rod (sq. rd.). 
160 sq. rds. = 1 Acre (A.). 
640 A. = 1 square mile. 

177. I I . I n S u r v e y o r s ' s q u a r e m e a s u r e the p r imary unit 
of surface is the square chain, t ha t is, a square piece of land, 
each side of which is 1 chain, or 66 feet. 

/ A = ij : 
S U R V E Y O R S ' S Q U A R E M E A S U R E . 

16 sq. rds. - 1 sq. eli. 
10 sq. eli. 1 acre. 

Hence, 1 acre = 10 sq. eli. ==160 sq. rds . 

T h e advan tage in us ing surveyor ' s measure in measur ing land l ies in t h e 
fact that , a f t e r t he n u m b e r of square cha ins in a piece of land have been 
de termined , t h e number of acres can be determined by simply dividing the 
number of square chains by 10; t h a t is, by moving t h e dec imal po in t one 
place to the left . 

E X E R C I S E 7 1 . 
uce : 

1. 6 sq. rds. 4 sq. yds. 5 sq. ft. to sq. ft . 
2. 2 A. 56 sq. rds. 10 sq. yds. to sq. ft. 
3. 3 A. 24 sq. yds. 7 sq. ft. to sq. ft. 
4. 8 sq. yds. 3 sq. ft, 100 sq. in. to sq. in. 

. 3 sq. rds. 16 sq. yds. 25 sq. in. to sq. in. 
6. 4 A. 3 sq. yds. 4 sq. ft. to sq. in. 

MEASURES OF VOLUME AND CAPACITY. 1 6 9 

Reduce to higher denominat ions : Q As*" 

7] 17188 sq. yd. 9. 944720 sq. in. i 11. 117804 sq. ft. 
S. 16567 sq. ft. | 10. 39725 sq. in. I 12. 3657930 sq.in. 

13. H o w ^ a a n y sq. ch. in one sq. mi. ? I n 800 sq. rds. ? 
14. Change*fe000 sq. ch. to higher denominations. 
15. Draw upon the blackboard a sq. ft, and subdivide it 

into sq. in. H o w m a n y are there? 
16. Draw a sq. yd. and subdivide it in to sq. ft . How 

many ? 

E X E R C I S E 7 2 . 

ORAL. 

1. H o w many square feet i n 3 sq. yds. ? I n 5} sq. yds. ? In 2 sq. rds. ? 
2. H o w m a n y square inches in 4 sq. f t ? I n 2 J sq. f t . ? I n 1 sq. y a r d ? 
S. I Iow m a n y acres in 2 sq. mi les? I n 800 sq. rds .? 
4. W h a t is t h e difference between a square foot and a square ya rd ? 
5. W h a t is mean t by 6 in . s q u a r e ? 10 f t , squa re? 3 yards s q u a r e ? 
6. W h a t is t h e difference between 3 sq. f* and 3 feet squa re? Between 

6 sq. yds. and 6 ya rds square ? 
7. H o w many square inches in t h e lid of a box 1 f t . 3 in. s q u a r e ? I n 

imother, 1 ft . 4 in . square? In ano ther § ft . square? 

M E A S U R E S O F V O L U M E A N D C A P A C I T Y . 

178. A so l id has three d imensions: length, breadth , and 
thickness. 

A c u b e is a solid bounded by six equal squares. 
The p r i m a r y u n i t of v o l u m e is a cube, each of whose 

edges is 1 yard , and is called a cub ic y a r d . 
I t is sometimes more convenient to use o ther derived uni ts 

of volume, as 1 cubic inch, or 1 cubic foot. 
A solid is measured by determining how m a n y t imes the 

unit of volume m u s t be t aken to m a k e u p the given solid. 
The c u b i c con ten t s , or volume, of a solid is the n u m b e r 

of t imes the un i t of volume is contained in the given solid. 



I t is ev iden t t h a t in a box-shaped, or rec tangular , solid, each of whose 
edges contains an exact n u m b e r of l inea r units, t h e n u m b e r of un i t s of 
vo lume may be readi ly obta ined f rom t h e n u m b e r of l inear un i t s in t h e 

edges. Thus , if we h a v e such a solid whose 
edges a re 3, 4, and 5 inches, and the solid be 
d iv ided in to smal l un i t cubes, each edge of 
wh ich is 1 inch, each layer will contain 4 x 5 

j cubic i nches ; and as t h e r e a re 3 layers t h e 
L ^ J r \ e n t i r e solid will contain 3 x 4 x 5 (or 60) 

cubic inches. 
Hence , i n order to de t e rmine t h e volume 

of a rectangular solid, instead of cu t t ing t h e 
solid up into l i t t le cubes, and count ing them, 
we subst i tute t h e less labor of m a k i n g l inear 
measurements of the th ree edges, and tak ing 

the product of the length by the breadth by the thickness. 

179. I . Cub i c M e a s u r e in general. 

C U B I C M E A S U R E . 

1728 cubic inches (Al. in.) = 1 cubic foot (cu. ft.). 
27 cu. ft. = 1 cubic yard (cu. yd.). 

ISO. I I . W o o d M e a s u r e . — I n measur ing wood the cord 
is t he p r imary un i t 
used. A cord is a 
pile of wood 8 feet 
long, 4 feet wide, and 
4 feet high. A cord 
foot is t ha t par t of a 
cord which is 1 foot 
long. 

W O O D M E A S U R E . 

16 cubic feet = 1 cord foot. 
8 cord feet = 1 cord. 

Or 128 cubic feet = 1 cord. 

_ , E X E R C I S E 7 3 . 
Reduce: 
1. 2 cu. yds. 5 cu. ft. 200 cu. in. to cu. in. 
2. 5 cu. yds. 20 cu. ft. to cu. ft. 
8. 7 cd. 4 cd. ft. to cu. ft. 
J f . 3 cd. 5 cd. ft. 10 cu. ft. to cu. ft. . 
Reduce to higher denomina t ions : 
5. 166413 cu. in. | 6. 2046 cu. ft. | 7. 3455 cu. ft. 
8. How m a n y cubic yards in a cord? How m a n y cords 

in 432 cu. yds. ? 
9. Measure the edges of a crayon box and compute its 

volume. 
10. How m a n y cords in a pile of wood whose dimensions 

are 6, 10 and 32 feet? 

E X E R C I S E 74. 

ORAL. 
1. H o w m a n y cu. in . in half a cubic foot? In J cu. ft. ? I n 2 cu. ft.? 
i . H o w many cu. ft. in J cu. yd .? I n 3 cu. yds. ? In 2? cu. yds .? 
S. How m a n y cu. f t . in i co rd? I n } cord? In | co rd? 
4- W h a t is t he vo lume of a box whose dimensions a re 3, 5 and 0 inches ? 

Of another 4, 6 and 7 feet ? 
5. W h a t is t he vo lume of a 3-in. c u b e ? Of a 4-ft . c u b e ? 
6. W h a t is t he difference between a 5-in. cube and 5 cu. in.? Between 

a 2-ft . cube a n d 2 cu. f t . ? 

181. M e a s u r e o f C a p a c i t y . — F o r fluids a n d loose objects, 
as grain, fruit', etc., it is found convenient to use other uni ts 
of volume or capacity, as the pint , gallon, bushel, etc., each 
of which, however, can be expressed as a certain n u m b e r of 
cubic inches. 

I n deal ing with such mater ia ls it is usual ly not convenient 
to m a k e l inear measurements , and a given mater ia l is meas-
ured directly by count ing t he n u m b e r of t imes it will fill a 
uni t vessel. Wherever possible, however, the method of linear 
measurements and of computa t ions from these is to be pre-
ferred. 



182. I. In Dry Measure the fundamental unit is the 
bushel, which contains 2150.42 cu. in. 

D R Y M E A S U R E . 

2 pints (pt.) = 1 quart (qt.). 
8 qts. = 1 peck (pk.). 
4 pks. = 1 bushel (bu.). 

183. II . In Liquid Measure the fundamental unit is the 
gallon, containing 231 cu. in. 

L I Q U I D M E A S U R E . 

4 gills (gi.) = 1 pint (pt.). 
2 pts. = 1 quart (qt,). 
4 qts. = 1 gallon (gal.). 

31 £ gals. = 1 barrel (bbl.). 
G3 gals. = 1 hogshead (hhd.). 

Barre l s and hogsheads in common use often vary grea t ly f rom thes t anda rd 

size. 

184. I I I . Apothecaries' Fluid Measure. 
60 minims, o r d rops = 1 fluid d r a m ( f ^ l . 

8 fluid d r a m s = 1 fluid ounce (f 5 ) . 
16 fluid ounces = 1 p in t (O). 

8 fluid p in ts = 1 ga l lon (Cong.) . 
A common glass or t eacup contains 8 fluid ounces. 
W h a t is cal led a tablespoonful contains about h a fluid ounce. 
W h a t is called a leaspoonful contains about § a fluid ounce. 

E X E R C I S E 7 5 . 

Reduce to p in ts : 
1. 5 bu. 3 pks. 6 qts. I 8. 2 bbl. 23 gal. 1 pt, 

3 bbls. 2 gal. 3 qt. 1 pt. | 4- 10 bu. 2 pk. 6 qt, 1 pt. 
Reduce to quarts: 

5. 8 bu. 2 pk. 5 qt. | 6. 3 hhd . 18 gal. 3 qt. 
Reduce to higher denominations: 

7 894 "i I 9. 712 qt. l.-m. I H- 3291 gi. 
8. 233 pt. d.-m. I 10. 315) pt. «L-m. I 12. 1629 pt. d.-m. 

13. How many cu. in. in a standard barrel ? In 5 bushels? 
14. How many cu. ft. in 12 bushels? 
15. How many cu. in. in a dry qt. ? In a liquid qt. ? 
16. How many gallons have the same capacity as one 

bushel ? 
17. What will be the cost of 5 gal. 3 qt. 1 pt. of vinegar at 

4 cents a pt. ? 
IS. Wha t will 10 bu. 3 pk. 6 qt. of grain cost at 3 cents a qt.? 
19. How much milk at a cent a gill must be given in ex-

change for 2 bu. 1 pk. 5 qt. of grass seed at 10 cents a pt. ? 
E X E R C I S E 7 6 . 

ORAL. 
H o w many : 
1. P in t s in a ga l lon? I n a p e c k ? In a bushe l ? 
2. Quar t s in a bushel ? In a barrel ? In 4 gal. 3 qt .? 
S. Gal lons in 36 qts. ? In 48 qts. ? In 3 bbl . ? 
i . Bushels in 12 pk .? I n 64 qt . ? In 64 pk. ? 
5. W h a t pa r t of a gallon is a qt . ? A pt.? A gill ? 
6. W h a t pa r t of a bushel is a pk.? A qt.? 4 q t s . ? 24 qts .? 
7. W h i c h is greater , a d ry p in t o r a l iquid p i n t ? 

M E A S U R E S O F V A L U E . 

185. Units of money are unit quantities of the precious 
metals, as gold and silver, which are used to measure the 
values of things. 

Coin is the actual metal itself as weighed, shaped, and 
stamped by the government to form single units or combina-
tions of units of value. 

Paper m o n e y consists of engraved and printed promises 
to pay a certain number of units of coin to the bearer. 

Cur rency is a general name for both coin and paper money. 
186. I. In Uni ted S t a t e s money the primary unit is the^ 

gold dollar. 
10 mills 1 cent (ct. or / ) . 
10 cents = 1 dime (d.). 
10 dimes 1 dollar ($). 
10 dollars 1 eagle. 



T h e coins in use in t h e Un i t ed States a re as follows: 
Bronze: t he cent-
Nickel: t he five-cent piece. 
Silver: t h e d ime, qua r t e r dol lar , half dol lar , and dol lar . 
Gold : t h e dol lar , quar te r eagle, ha l f eagle, eagle, and double eagle. 

187. I I . I n English money the fundamental unit is 1 
pound, whose value in United States money is $4.8665. 

4 farthings (far.) = 1 penny (d.). 
12 pence = 1 shilling (s.). 
20 shillings = 1 pound (£) . 
21 shillings = 1 guinea (G.). 

T h e coins used in G r e a t Br i t a in a re as fol lows: 

Copper : penny , ha l f -penny , f a r th ing . 

Silver: t h r e e pence, six pence, sh i l l ing , florin (2 s . ) , double floral ( 4 s.l, 
half-crown (24 s.), crown (5 s.). 

Gold: half-sovereign (10 s . ) , sovereign (20 s.). 

8 d. 3 far. 
7 d. 3 for. 

11. 8493 far. 
12. 9614 far. 
IS. 15987 far. 

18. £5.8. 
19. £3.45. 

23. $47.6917. 

E X E R C I S E 7 7 . ^ 

Reduce to farthings: 
1 6 s. 9 d. 2 far. I ' 8. £16.15 s. 
2. £10 7 s. 3 d. 1 far. I 4- £73 13 s. 

Reduce to higher denominations : 
5. 728 cents. 8. 608 d. 
6. 3452 cents. 9. 755 far. 
7. 605 far. 10. 3573 far. 

Find the value in U. S. money of: 
U . £13. I 16. £10 6 s. 
15. 15 s. I 17. £65 18 s. 6 d. I 

Find the value in English money of: 
20. $486.65. | 21. $116,796. | 22. $583.98. | 

E X E R C I S E 7 8 . 

O R A L . 

1 H o w manv cents in $ 1 ? In ? In I f ? I n 
3. W h a t p a r t of a dol lar is 10 cts. ? 20 cts. ? 33* cts. 

cts.? 66§ cts.? 6 0 c t s . ? 

I n $ 5 ? I n $ 6 ? 
? 37 J cts. ? 50 

S. H o w m a n y shi l l ings in 36 d. ? I n £ 5 1 In 8 gu ineas ? 
4. H o w many fa r th ings in 8 d . ' l I n 1 s h i l l i n g ? In £ 1 ? In 3 c r o w n s ? 
5. W h a t par t of a pound is a crown ? Of $5 is 50 cents ? 
6. H o w many pence in 3 s. 3 d. ? I n a pound? 

188. I I I . I n French money the unit is the franc, the value 
of which in U. S. money is $0,193. 

100 centimes (c.) = 1 franc (f.). 
I n Belgium and Switzerland the uni t of money is also t h e f ranc. I n 

I ta ly i t is t he l i r a , in Spa in the p e s e t a , each of which ha s t h e same value 
as the f ranc. 

189. IV. In German money the unit is the mark, the 
value of which in U. S. money is $0,238. 

100 pfennige (pf.) = 1 mark (m.). 

In A u s t r i a t h e uni t of money is t he c r o w n , the va lue of which ¡9 
$0,203. 

E X E R C I S E 7 9 . 

Reduce to dollars: 
1. 200 francs. 
2. 155 marks. 

3. 60 francs 45 centimes. 
J,. 92.65 marks. 

Change to French money and to German money: 
5. $75. | 6. $123.45. | 7. $976.80. 

S. A pair of gloves cost 12 francs in Paris. How much was 
that in U. S. money? 

9. A book sold for 32 marks in Berlin". Wha t was its 
equivalent in American money ? 

MEASURES OP TIME. 
190. The primary unit of time is the mean solar day. 

This is the average or mean interval between two successive 
passages of the sun across the same meridian. It is cus-
tomary to make the day at any place begin at midnight. 

Anothe r na tu ra l un i t of t ime is t he solai• year, o r t he t ime it takes t h e 
earth to make a s ingle revolut ion about the sun. 



T A B L E O F T I M E . 

60 seconds (sec.) = 1 minu te (mill.). 
60 minutes = 1 hour (h.). 
24 hours = 1 day (da.). 

365 days •'= 1 common year (yr.). 
366 days = 1 leap year. 
100 years = 1 century (cen.). 

7 days m a k e one week ; 4 weeks m a k e one mon th for many 
purposes. 30 days = 1 m o n t h for cer tain purposes. 

191. The c a l e n d a r . The solar year is divided into twelve 
m o n t h s called calendar months . The names of these mon ths 
with the n u m b e r of days in each are as fol lows: 

Days. 
1. J a n u a r y ( J a n . ) 31 

F e b r u a r y ( F e b . ) . - . 28 o r 29 
5 . - M a r c h ( M a r . ) 31 
^ A p r i l ( A p r . ) 3 0 
5*- M a y 31 
6. J u n e 30 

D a y s . 

7. J u l y 31 
S. A u g u s t (Aug . ) 31 
9. S e p t e m b e r ( S e p t ) 30 

10. Oc tober ( O c t ) 31 
11. N o v e m b e r (Nov . ) 30 
12. December (Dec . ) 31 

T h e c a l e n d a r y e a r begins wi th J a n u a r y 1. T h e c a l e n d a r y e a r is also 
d iv ided in to 4 seasons of t h r e e m o n t h s each . 

T h e fo l lowing lines, if commi t t ed to memory , will e n a b l e t h e pup i l t o 
recall readily t h e n u m b e r of days in each ca l enda r m o n t h : 

T h i r t y days h a t h Sep tember , 
Apr i l , J u n e , a n d N o v e m b e r . 
Al l t h e rest h a v e t l i i r ty-one . 
E x c e p t t h e second m o n t h alone. 
T o w h i c h we twen ty -e igh t assign, 
T i l l l e a p y e a r g ives i t twenty-n ine . 

T h e e x p l a n a t i o n of t h e fact t h a t F e b r u a r y somet imes h a s 2 8 d a y s a n d 
somet imes 29 d a y s is a s fo l lows : T h e e x a c t l eng th of t h e solar y e a r is 365 
dvs. 5 hrs . 4 8 m i n . a n d 48 sec., which is a l i t t l e less t h a n 365J days . I t is 
conven ien t to h a v e each c a l e n d a r y e a r con ta in an e x a c t n u m b e r of days. 
'Plus end is ob t a ined by h a v i n g t h r e e y e a r s in succession each con ta in ing 
305 d a y s (ca l led common yea r s ) , fol lowed by a f o u r t h y e a r con ta in ing 360 
days (cal led a l eap yea r ) . S ince , however , t h e t r u e or so la r y e a r is a l i t t le 
less t h a n 365* days , i t is necessary to omi t 3 l e a p y e a r s in every 400 years . 

in o rde r to keep an e x a c t cor respondence between t h e ave rage c a l e n d a r yea r 
and t h e solar year- T h i s is done by r e g a r d i n g only those century years 
which are divisible by four hundred as leap years. 

T h u s t h e y e a r s 1700, 1800, 1900 a r e not l e a p yea r s , b u t 2000 is a l eap 

year . 

E X E R C I S E 8 0 . 

Reduce to m i n u t e s : 
1. 4 da. 17 hr. 50 min . I 8. 2 yr. 175 da. 18 hr. 40 min. 
2. 1 yr. 250 da. 6 hr. 30 min. I 4- 5 yr. 60 da. 9 hr. 51 min. 

Reduce to seconds: 
5. 220 da. 25 min . 45 sec. | 6. 315 da. 21 hr. 38 sec. 

Reduce to higher denomina t ions : 
7. 57330 sec. I 9. 64240 hr. 11. 1052348 min. 
8. 93324 min. | 10. 128140 sec. i 12. 86215 hrs. 

13. How m a n y seconds in 4 wk. 5 da. 17 hr. 30 sec. ? 
14. How m a n y hours in 41 wk. 6 da. 21 h r . ? 

How m a n y days f r o m : 
19. Aug. 16 to Feb. 20? 
20. Mar. 7 to Jan . 17? 
21. Apr. 14 to Oct! 18? 

15. May 1 to J u l y 18? 
IG. J u n e 2 to Dec. 15? 
17. Ju ly 19 to Dec. 25? 
18 Nov. 21 to Feb. 14? 22. Apr. 23 to Feb. 25? 

¿3. Which has the least n u m b e r of days, the spring months , 
tr.e summer months , or t he fall m o n t h s ? 

E X E R C I S E 8 1 . 

O R A L . 

I H o w m a n y days in 6 weeks? I n 96 h o u r s ? I n 3 y e a r s ? 
Si. How m a n y h o u r s in 3 d a y s ? In 480 m i n u t e s ? I n 2 weeks? 
S. W h i c h has t h e g r e a t e r n u m b e r of days , s u m m e r or win te r o f 1WH? 
4. W h i c h of t h e fo l lowing y e a r s a r e l e a p years , a n d w h y ? 

1775, 1805, 1826, 1836, 1866, 1884, 1S9S, 3000. 
1600, 2001, 1640, 1920, 1970, 1954, 1900, 3456. 

5. W h a t improvemen t s could you suggest in t h e d i s t r ibu t ion of days in 
the c a l e n d a r ? 

12 



6. W h y is t h e e x t r a day in leap yea r added to Feb rua ry a n d not to some 
o ther mon th ? 

7. H o w long is t h e day when the sun rises at 7 a. m . and sets a t 4 p. m . T 
H o w long, when it rises a t 4 a. m. and sets at 7 p. m. ? 

8. W h a t ins tant is t he exac t midd le of t h e week? Of J u l y ? Of N o -
vember ? 

C I R C U L A R A N D A N G U L A R M E A S U R E . L O N G I T U D E . 

192. A c i rc le is a plane figure bounded by a curved line, 
every point of which is equidis tant from a point wi thin called 
the c e n t e r . 

C The c i r cumfe rence is t he l ine which 

©bounds the circle. A q u a d r a n t is one 
p of the four equal par ts in to which a 

circumference is divided. Thus , if BQ 
B is one-fourth of the circumference 

ACBD, it is called a q u a d r a n t The 
angle BOC is t h e n a r ight angle. Each 

D quad ran t is subdivided into 90 equal 
par ts called d e g r e e s . 

An a n g l e is the a m o u n t of opening between two lines 
which meet, as COP, or POB. 

T A B L E O F C I R C U L A R M E A S U R E . 

. 60 seconds (") = 1 m i n u t e ( ') . 
60 minutes = 1 degree (°) . 

360 degrees = 1 circumference (c.). 

The angle a t t he center of a circle is regarded as containing 
the same n u m b e r of degrees as the par t of the circumference 
(arc) corresponding to it. Thus , if the arc PB contains 13°, 
the angle POB is also spoken of as an angle of 13°. Hence, 
a r ight angle, which corresponds to a quadrant , contains 90°. 

193. L o n g i t u d e . — E a c h great circle on t he surface of the 
ear th, as, for instance, the equator,.is divided into 360 degrees. 
A degree of the earth 's equator is called a degree of longitude. 
fi'ff of a degree of longi tude is called a geographical uni t or knot. 

Longitude is measured east or west from a fixed point or 
meridian (usual ly the mer id ian of Greenwich). 

E X E R C I S E 8 2 . 
Reduce to seconds : 

1. 35° 17' 25". I 3. 205° 10' 40". 

2. 150° 50". | J,. 330° 3' 6". 
Reduce to higher denominat ions : 
5. 21026". | 6. 270040". | 7. 398234". 
8. W h a t part of t he circumference is 30°? 45°? 60°? 

90°? 120°? 150°? 225°? 300°? 330°? 
9. W h a t par t of a semi-circumference is 30° ? 60° ? 45° ? 

90°? 120°? 135°? 150°? 
j0. Between two cities the longi tude is 3° 47' 15". H o w 

many seconds are they a p a r t ? 
11. If the earth 's equator contains 24902.302 miles, how 

many miles in a degree? I n 1"? 
12. How m a n y miles in one geographical mile (1' on 

equator) ? 
ORAL. 

7. H o w many minu te s in 5° ? In 80° ? I n 3 6 0 " ? 
2. W h a t is t he difference between a q u a d r a n t and a r i g h t a n g l e ? H o w 

many degrees in 3 r i g h t ang les? In f rt. angles ? In § r t a n g l e ? In § rt.^ 
angle? In } rt. a n g l e ? I n f r t angles? 

^ M I S C E L L A N E O U S U N I T S . 

1 9 4 . I . L e n g t h s . 

4 
4 inches =- 1 hand . 
9 inches = 1 span. 
3 feet = 1 pace. 

1 9 5 . n . N u m b e r s i n G e n e r a l . 
12 units = 1 dozen (doz.). 
12 dozen = 1 gross. 
12 gross = 1 grea t gross. 
20 units = 1 score. 

6 feet - 1 fathom. 
~fl20 fa thoms = 1 cable length. 

I I I . S h e e t s o f P a p e r . 

24 sheets = 1 qu i re . 
20 quires = 1 ream. 

2 reams 1 bundle . 
5 bundles 1 bale. 



180 COMPOUND NUMBERS. 

196. Capacity determined by Weight.—it i s of ten more con-
venient to de te rmine the n u m b e r of bushels, o r barrels, in a la rge quant i ty 
of mater ia l by weight t han by d i rec t measurement . 

Some of the dif ferent equiva len ts vary in different states, bu t t he follow-
ing are represen ta t ive : 

1 bush, of bar ley = 48 lbs. 
1 bush, of oats = 32 lbs. 

bush, of coarse salt = 56 lbs. 
bbl. of flour = 196 lbs. 

1 bbl. of po rk o r beef = 200 lhs. 
1 cental of gra in = 100 lbs. 

."vl bush, of wheat 60 lbs. 
bush, of potatoes = 60 lbs. 

1 bush, of beans = 60 lbs. 
1 bush, of clover-seed = 60 lbs. 
1 bush, of shel led corn - 56 lbs. 
1 bush, of rye = 56 lbs. 

Vì 

E X E R C I S E 8 3 . 

1. How many fathoms in a mile ? How many paces ? 
2. How many feet in 16 hands? In 5 spans? In 6 

fathoms ? 
3. For what, and by whom, are the following units used • 

hand, span, fathom, dozen, score, quire, league? 
J,. How many pounds does a peck of wheat weigh ? A 

peck of oats ? Of corn ? A quart of oats ? 4 quarts of 
wheat ? 

5. How many units in 1 great gross? How many dozens 
in 9 scores ? 

6. Bought eggs at 45 cents a score and sold them at 30 cents 
a dozen. W h a t is the gain on a great gross ? 

7. A box of pencils contains £ gross. How many pencils 
in a score of boxes ? In 5 dozen boxes ? 

8. How many sheets of paper in 1 ream? In one bundle? 
9. Reduce 17904 sheets to higher denominations. 

10. A dealer bought a bale of paper @ 30 cents a quire and 
sold it by the sheet so as to make $52. Find the rate of sale 
per sheet. 

11. How many bushels of wheat worth U cents per pound 
would equal in value 27 bbl.- flour @ cents a pound ? 

12. W h a t part of the weight of a bushel of corn is the 
weight of a bushel of oats ? 

13. Which is heaviest, 7 bu. barley, 5£ bu. wheat, 10 bu. 
oats, or 5$ bu. rye? What is the combined value of the lot 
at a cent and a half a pound ? 

OPERATIONS WITH COMPOUND NUMBERS. 
197. I. Reduction Ascending and Descending.—These 

processes have been considered in connection with the indi-
vidual tables, but they may be conveniently renewed in con-
nection with the following exercise of miscellaneous examples. 

E X E R C I S E 8 4 
R E V I E W . 

R e d u c e : 
l.~% c w t 46 lb. 12 oz. to ounces. 
SX 7 vr. 261 da . 19 h r . 51 m i n . to minutes. 
«J 2 nii. 100 rds. 4 yds. 2 ft, 8 in. to inches. 
4} 8° 4 4 ' 1 9 " to seconds. 

s | 3 A . 7 5 sq. rds. 14 sq. yds. 7 sq. f t . to square feet. 
6 / 2 ba. 3 bun. 1 r . 17 qu. 15 sh . to sheets. 
7. 7 t 19 cwt. 56 lb. to pounds. 
8. 43 da . 15 lir. 14 min . 55 sec. to seconds. 
9. 25 bu. 3 pk. 6 q t 1 pt. to pints . 

10. 7 bbl. 14 gal . 3 qt . 1 pt. to p ints . 
77.~T"cu."yd. 18 cu. f t 560 cu. in. to cubic inches. 
IS. 5 A . 104 sq. rd . 26 sq. yd. to square ya rds . 
IS. 135 rd . 3 yd. 1 ft. 11 in. to inches. 
14. 7 lb. 9 oz. 15 pwt . 10 g r . to grains . 
15. 1 mi . 141 rd . 5 yd. 2 ft. 9 in. to inches. 
16. 9 lb. 7 g 5 3 2 9 16 gr . to grains. 

/ 

J-

Change to higher denominations : angf 
• \17. 17058 ft. 

18. 16501J sq. yds. 
19. 254020 oz. A v. 
80. 565 pts. d--m. 
SI. 1334380 sec. 
SS. 2441 pts. l .-m. 

2.9. I l o w many pills of 2 gr . each can be made f rom 2 lb . 6 3 3 3 2 9 

of q u i n i n e ? 

SS. 44456 gr . A p . 
54. 175036 cu. in. 
2 5 ^ 2 3 9 7 2 8 " . 
26. 51764 gr . T . 
27. 60855 in. 
55. 399971 sq. f t 



50. H o w many t imes will a wagon-wheel 12 ft. 10 in. in circumference, 
revolve in going 4 mi. 50 rds. ? 

51. How long, working 8 hrs. a day, will it r equi re to count $ 1000000 a t 
t h e ra te of $50 a m i n u t e ? 

52. How many half-gill ink wells can be filled f rom 7 gal lons of ink ? 
53. If the income f rom a store averages 5 cents a minute , what will it 

amount to dur ing t h e th ree summer m o n t h s ? 
S.'/. Sound t ravels about 1100 feet per second. How far away was a flash 

of l igh tn ing when the sound of the t h u n d e r reached m e 6f sec. la ter than 
I saw the flash ? 

35. A f a rm 230 rds. long and 180 rds. wide is worth a cent per. sq. yd. 
W h a t is i ts total va lue? 

36. F r o m 3 T . 18 cwt. of gra in a dealer sells sacks containing 16 lbs. 
4 oz. H o w many such sacks will there be? 

37. If t h e grain in t h e last example were oats, and the sacks contained 
1 bushel 2 pecks 4 qua r t s each, how many would t he re be? 

198. II- I n t he a d d i t i o n of c o m p o u n d n u m b e r s it is 
necessary to set similar units in the same column; add each 
column, beginning at the right; simplify the mm of each column 
by reduction ascending. 

E x . 1 . A d d : mos. das. hrs. min. 
5 12 15 22 
6 5 17 48 
3 18 16 17 

6 0 8 
3 13 1 35 

EXPLANATION.—The sum of the minutes is 95, which reduces to 1 houi 
and 35 minutes . W e set down the 35 min. and add 1 h r . with t h e hrs. 
column. T h e sum of the hours is 49, which reduces to 2 das. and 1 hr. 
We set down the 1 h r . and car ry t h e 2 das. to t h e column of das. Proceed-
ing in l ike manner , t h e en t i re sum is 1 yr . 3 mos. 13 das. 1 hr . 35 min. 

E x . 2 . A d d : 

Th i s process is t h e same as in E x . 1, 
except t h a t the £ yd. obtained as par t of 
the sum of the yds- co lumn is reduced 
to 1 ft. 6 in. and added with t h e ft. and 

mi. rds. yds. ft. in. 
4 120 3 2 2 

12 18 1 1 6 
5 212 2 2 8 

22 31 2* 0 4 
( è = ) 1 6 

22 31 2 1 10 

E X E R C I S E 8 5 . 
A d d : 

1- 5 cwt. 81 lbs. 14 oz. 
9 cwt. 70 lbs. 8 oz. 
4 cwt. 97 lbs. 12 oz. 

2. 7 yr . 123 da. 9 hr . 17 min . 40 sea 
3 yr. 96 da. 13 hr. 44 min . 53 sec. 
5 yr. 215 da. 21 hr . 52 min . 28 sec. 

5. 
lb. oz. pwt. gr. lb. S 5 9 gr. bu. pk. qt. p t 
15 10 18 14 3 7 5 2 15 7 3 5 1 
9 4 13 21 4 10 6 1 17 4 2 6 0 

23 9 7 6 11 9 4 2 8 10 3 7 1 
1 11 15 22 7 0 3 0 19 15 0 4 0 

6. 7. 8. 
bbl. gal. q t pt . g»- £ s. d. far. cu. yd. cu. ft. cu. in. 

5 27 3 1 2 5 10 6 1 7 20 1115 
4 19 1 0 3 3 15 11 3 3 19 1076 

16 21 2 1 0 7 14 8 2 10 13 263 
20 5 0 1 2 9 5 9 0 17 26 709 

9. 10. 
mi. rd. yd . f t in. A. sq. rd . sq. yd. sq. f t sq. in. 
10 255 4 1 10 5 145 26 6 109 
33 163 3 2 7 3 108 30 7 128 
28 75 0 0 9 7 95 17 3 105 
17 239 5 2 5 4 82 21 S 96 
22 190 4 1 6 10 150 11 7 117 

lì. 7 T. 5 cwt. 63 lb. 4 oz. ; 10 T. 16 cwt. 90 lb. 13 oz. ; 17 T. 
B cwt. 48 lb. 9 oz. ; 8 T. 14 c w t 56 lb. 10 oz. 

12. 8 mi . 156 rd. 4 yd. 2 f t 6 in. ; 7 mi. 97 rd . 3 yd . 10 in. ; 
5 mi. 2 yd. 1 ft. 9 in. ; 2 9 6 r d . 4 yd. 2 f t ; 3 m i . 4 yd. 2 f t 8 in. 

IS. 5 yr. 153 da. 9 min . 59 sec. ; 24 yr. 260 da. 8 hr . 45 sec. ; 
270 da. 15 hr . 58 min . ; 13 yr. 21 hr . 43 min . 28 sec. ; 60 da. 
55 min. 

l i 23° 14' 15"; 68° 23' 44"; 13° 46' 35"; 9° 1' 7". 
A. 30 sq. yd. 5 sq. ft. 112 sq. in. ; 9 A. 80 sq. rd. 7 sq. f t 



3S sq. in . ; 31 A. 136 sq. rd. 8 sq. ft. 100 sq. in . ; 75 sq. rd. 47 
sq. in. 

16. 7 lb. 9 5 7 3 2 9 16 gr.; 3 lb. 5 3 9 gr . ; 8 S 3 3 1 9 ; 30 
lb. 1 1 I 1 d 11 gr-

199. I I I . S u b t r a c t i o n of compound n u m b e r s . 
Ex . From 5 mi. 32 rds. 4 yds. 2 ft. 

Subtract 3 mi. 125 rds. 5 yds. 1 ft. 
O P E R A T I O N . 

mi. rds. yds. ft. 
5 32 4 2 
3 125 5 1 

1 226 4 i 
. ( 1 - 1 1 6 in. 

226 4 2 6 in. 

E X P L A N A T I O N . 

We wr i te s imi lar uni ts in t h e same column, 
and begin wi th t h e r igh t -hand column. 1 ft. 
f rom 2 ft. leaves 1 f t . ; 5 yds. is m o r e than 4 
yds. ; hence, i t is necessary to borrow 1 rd. (or 
5 i yds.) f rom 32 rds. Add ing bb yds. to 4 yds., 
we get 9J yds. ; 5 yds. subtracted f rom 9£ yds. 

leaves 4J yds. Similar ly , we borrow 1 mile , o r 320 rds., f rom 5 miles, and 
add i t to 3*1 rds., and then subtract 125 rds. f rom 351 rds., g iv ing 226 rds. 
as a remainder . Hence , we obtain, 1 mi. 226 rds. 4 i yds. 1 f t as t h e differ-
ence ; i t is necessary, however, to reduce £ yd . t o 1 ft. 6 in. to get t h e result 
in t h e most convenient shape, which gives as a final resul t 

1 mi. 226 rds. 4 yds. 2 ft. 6 in. 

200. Difference b e t w e e n T w o Da tes .—In finding the in-
terval of t ime between two dates, 30 days are usually reckoned 
as 1 month, and 12 months as 1 year. If hours are included, 
the reckoning is made to begin at 12 o'clock midnight. 

Ex. How many years, months, and days between Oct. 19, 
1895, and J u n e 6, 1898? 

yrs. mos. das. 
1898 6 6 
1895 10 19 

17, Result. 

V > 
Subtract : 

1. 
bbl. gal. qt. pt. 

9 24 2 1 
1 19 3 0 

E X E R C I S E 8 6 . 

T. cwt. lb. oz. 
8 11 47 10 
4 15 50 8 

lb . 5 3 d gr-
5 8 5 2 7 
2 10 6 0 15 

4-
cu. yd. cu. ft. cu. in. 

55 
41 

14 
23 

328 
1518 

<0 
.48° 
39° 

6. 

19' 
41' 

7" 
32" 

mi. 
38 
26 

\ 
rd. 
I l l 
244 

yd. 
3 
4 

ft. 
2 
2 

in. 
5 
8 

A. sq. rd. sq. yd. sq. ft. sq. in. 
75 
38 

108 
150 

21 
6 

46 
125 

1 8 0 ° 
76° 

9. 

V 
34' 

ö " 
48" 

<1 
180° 
125° 

10. 
O 

(Y 0 " 

39' 46" 

mi. 
120 

89 

rd. yd. 
251 0 
300 4 

ft. in. 
2 0 
2 9 

^ r - From 7 bbl. 9 gal. 1 q t take 3 bbl. 25 gal. 1 pt . 2 gi. 
13. From 99 mi. 4 yd. 6 in. take 30mi. 166 rd. 5 yd. 2 ft. 10 in. 

From 83 A. 115 sq. rd. take 76 A. 139 sq. rd. 25 sq. yd. 
218 sq. in. 

15. F rom 17 T. take 3 T. 16 cwt. 49 lb. 15 oz. 
-^=3». From 360° take 315° 46' 50". 

y 17. From the sum of 9 mi. 4 yd. 2 ft. 8 in. and 18 mi. 130 rd. 
1 ft. 10 in. take 25 mi. 275 rd. 5 yd. 2 ft. 11 ita. 

TS. From the difference between 5 A. a i d 85 sq. rd. 19 
sq. yd. 108 sq. in. take the sum of 1 A. 99 s^ . rd. 130 sq. in . 
and 2 A. 83 sq. rd. 19 sq. yd. 8 sq. ft. 116 sq. i n . \ 

Find the difference in years, months, and days between the 
following pairs of dates. 

# . \ F e b . 18—Nov. 30. | s0. Mch. 25—Dec. 5. 

87. Ad 

21. J u n e 8, 1875—Oct. 15, 1879. 
22. Feb. 22, 1732—Dec. 14, 1799. 
23. Dec. 14, 1834—Jan. 13, 1858. 
24. Dec. 5, 1870—June 23, 1897. 

Oct 12, 1887—Aug. 9,1892. 
26. Apr. 30, 1817—Feb. 2, 1903. 

Add to Aug. 25, 1900, 7 yrs. 4 mo. 15 da. 



28. W h e n was a m a n born who died Oct. 18, 1875, aged 
92 yrs. 11 mo. 26 da .? 

29. A m a n was born Jan . 23, 1810, and lived 71 yrs. 3 mo. 
24 da. W h a t was t h e da te of his dea th ? 

30. Mr. Smi th was born Nov. 8, 1850, and his son, J a n . 17, 
1877. On w h a t day is the son half as old as h i s f a the r? 
How old was each J a n . 1 ,1901 ? 

201. I I I . Mul t i p l i ca t i on of c o m p o u n d n u m b e r s . 

Ex . If one lot is 5 rds. 2 yds. 2 ft. wide, how wide are 7 
lo ts? 

O P E R A T I O N . E X P L A N A T I O N . 
W e write the mul t ip l ie r under t h e lowest 

un i t of the mul t ip l icand. 7 t imes 2 ft. a re 
14 ft., o r 4 yds. and 2 f t . W e set down the 
2 f t and reserve t h e 4 yds. to be added to the 
n e x t product . 

7 t imes 2 yds. gives 14 y d s . ; 14 yds. + 4 yds. = 18 yds., or 3 rds. and l i 
yds. W e set down I f yds. and add 3 rds. to t h e product of 5 rds. by 7, 
obtaining 35 rds. + 3 rds., o r 38 rds. Hence , t h e product in i ts first form is 
38 rds. U yds. 2 f t Reduc ing J yd. to 1 f t . 6 in., t h i s result simplifies in to 
38 rds. 2 yds. 0 ft. 6 in. 

rds. yds. f t 
5 2 2 

7 
38 l è 2 

( è = ) 1 6 
38 2 0 6 

E X E R C I S E 8 7 . 

Mult iply : 
1. £ 8 15 s. 9 d. 3 far. by 6. 
2. 11 T. 13 cwt. 95 lb. 12 oz. by 5. 
8. 5 bbl. 25 gal. 3 qt. 1 pt. 2 gi. by 3. 
4. 15 yr. 247 da. 19 hr. 25 min . 40 sec. by 8. 
5. 27 lb. 8 5 5 3 1 B 9 gr. by 13. 
6. 12 mi. 45 rd . 3 yd . 2 ft. 8 in. by 10. 
7. 9 mi. 156 rd. 2 ft. 10 in. by 15. 
8. 8 A. 125 sq. rd. 26 sq. yd. 7 sq. ft. 131 sq. in. by 9. 
9. 12 A. 130 sq. rd. 18 sq. yd. 5 sq. ft. 88 sq. in. by 7. 

10. 7° 17' 45" b y 15. | 11. 82 bu. 3 pk. 7 qt. 1 pt. by 13. 

12. If a dealer cart 27 T. 5 cwt. 85 lb. of coal one day , how 
much will he cart in 3 weeks ? 

IS. If a farmer plow 3 A. 107 sq. rd. 3 sq. yd . 5 sq. ft. in 
one day, how much will h e plow in 8 days ? 

14. A certaiif coil of wire contains 280 rds. 4 yd . 1 ft. 3 in., 
how inuch will 25 such coils contain ? 

202. IV. The d iv i s ion of c o m p o u n d n u m b e r s may be of 
two k i n d s : 

(1) The division of a compound n u m b e r by an abstract 
number, t ha t is, into a n u m b e r of equal par ts ; 

(2) The division of one compound n u m b e r by another 
compound number. 

Ex . 1. Divide 52 gal. 3 qt. 1 p t by 9. 
S O L U T I O N . EX-M^AJLATION. 

W e wri te t h e divisor to t h e left and d iv ide the 
gal. q t p t 

h ighes t denominat ion first. 9 is contained in 52 gals. 
5 t imes, with a remainder of 7 gal . W e set down the 
5 and convert the 7 gals, in to quar ts , g iv ing 28 qts, 

28 qts. + 3 qts. = 31 qts. 9 is contained in 31 qts. 3 times, with a remain-
de r of 4 qts. W e set down t h e 3 and convert 4 qts. in to 8 pts. 8 pts. + 1 
p t = 9 pts. 9 is contained in 9 pts., once. Hence, the quot ient is 5 gals. 
S qts. 1 p t 

E x . 2. D iv ide 56 lbs. 9 oz. 12 pwt. by 9 lbs. 5 oz. 12 p w t Reducing each compound n u m b e r to t h e same lowest denomination. 

56 lb. 9 oz. 12 pwt. = 13632 pwt. 
9 lb. 5 oz. 12 pwt. = 2272 p w t 

2272)13632(6, Quotient 
13632 

E X E R C I S E 8 8 . 
Divide : 
V . 69 bu . 3 pk. 5 q t 1 p t by 5. 

14 yr. 128 da. 20 hr. 34 min. 44 sec. by 4. 
Is. 59T .4 cwt .93lb . 10oz. by6 . | 4- 228gal. 1 q t 1 g i .by 15. 

I J . 43 mi. 11 rd. 3 yd . 2 ft. 2 in. by 8. 
J7e. 90 mi. 186 rd. 4 yd. 1 ft. 9 in. by 11. 



7. 33 A. 116 sq. rd. 13 sq. yd. 6 sq. ft. 107 sq. in. by 7. 
8. 53 A. 115 sq. rd. 8 sq. yd. 8 sq. ft. 108 sq. in. by 9. 
9. 84 lb. 1 5 6 3 2 9 11 gr. by 13. 

10. From a bin of grain containing 325 bu. 3 pk. 7 qt., how 
many sacks may be filled, each holding 1 bu. 3 pk. 5 qt. ? 

11. From a lot of wine amounting to 16 bbl. 2 gal. 1 qt., 
bottles containing 3 qt, 1 pt. 2 gi. are filled. How many are 
there? 

12. If a lumberman get out 3 cd. 7 cu. ft. 712 cu. in. ot 
wood a day, how many days will he require to prepare 55 cd. 
5 cu. ft. 720 cu. in. ? 

13. A farm containing 92 A. 50 sq. rd. 7^ sq. yd. is divided 
into house lots, each having an area of 20 sq. rd. 15 sq. yd. 5 
sq. ft. How many will there be ? 

U . A lad walks 2 mi. 275 rd. 4 yd. an hour, how long will it 
take him to walk 22 mi. 285 rd. 4 yd. H ft. ? 

15 How many prescriptions, each weighing 1 3 2 B 10 gr., 
can a druggist make from 7 lb. 3 s 7 3 2 B 8 gr. of quinine? 

16. If a nugget weighs 1 lb. 1 oz. 1 pwt. 1 gr., how many 
similar nuggets will be required to weigh 522 lbs. 1 oz. ? 

APPLICATION TO LONGITUDE AND TIME. 
203. Relat ion of Long i tude a n d Time.—The earth revolves 

on its axis from West to East once in every 24 hours. As a 
result the sun appears to go round the earth from East to 
West in the same time. Hence, if we take a station on the 
earth at a given place, at all places east of that place any 
particular t ime, as noon, is earlier, since the sun arrives there 
earlier; at all places to the west time is later, since the sun 
arrives there later. _ 

Since the sun passes over 360° of longitude in 24 hours, in 
1 hour it passes over ft of 360°, or 15° of longitude. I n 1 
minute of time it passes over ft of 15° or IS of longitude; 
in 1 second of time it passes over ft of 15', or 15 ' of longitude. 

Stating these relations as a table: 
15° of longitude = 1 hour of time. 
15' of longitude = 1 minute of time. 
15" of longitude = 1 second of time. 

By means of this table, if we know the difference of longi-
tude between two places, we may determine this difference in 
t ime; and, vice versa, if we know their difference in time, we 
may determine their difference in longitude. 

I n an old, well-settled count ry , of which maps h a v e been made , t h e 
fo rmer relation is l ikely to be of use to the traveler , s ince h e can obtain. t he 
difference in longi tude between two p l a c e s f r o m a m a p o r table, and then 
compute the difference in t ime. On the o ther hand, in exp lo r ing a new 
country the difference in t ime between places is known by the aid of chro-
nometers, and i t is necessary to de te rmine t h e difference in long i tude in 
o rder to m a k e a m a p of t h e count ry , to de te rmine distances in mi les between 
places, etc. 

E X E R C I S E 8 9 . 

ORAL. 

1. On wha t and f rom wha t is la t i tude r eckoned? 
2. O n wha t and f rom what is longi tude reckoned ? 

5. W h a t is t he greatest la t i tude a p lace may h a v e ? W h e r e is tha t 

place ? 
4. W h a t is t he greatest longi tude a place may h a v e ? 
5 W h a t is t h e least la t i tude a place may h a v e ? W h e r e are such places? 
6. W h a t is t he least longi tude a place may h a v e ? W h e r e a re such 

p laces? - . j o 
7. W h a t po in t on the e a r t h ha s ne i ther l a t i tude nor longi tude7 

W h a t class of men use l a t i tude and longi tude the mos t? I o r what 
d o t h e v u s e i t ? . , 

.9. " W h a t difference in long i tude corresponds to a difference in . t ime of 
3 hours? Of 5 hours? Of 2 hrs . 3 min .? Of 40 n u n . ? Of 50 min. ? 
Of 1 h r . 1 0 min .? Of 30 sec.? Of 10 min. 40 sec.? . , . 

JO. W h a t difference in t ime corresponds to a difference in l o n g i t u d e of 
30°? Of 60°? Of 4 5 ' ? Of 1° 3 0 ' ? Of 2° 3 0 ' ? Of 4° 3 0 ' ? Of , 0 ? 
Of 135° ? 

11. I n wh ich direct ion is t he ea r th revolving on i ts ax i s? W h i c h direc-

t ion does t h e sun appea r to be mov ing? R . O 12. W h e n i t i s noon a t Chicago, is i t morn ing or af ternoon a t Boston. 



At Denver? A t New Y o r k ? At O m a h a ? A t San Francisco? At Lon-
don? A t P a r i s ? A t Wash ing ton , D. ( ' .? At Galveston ? A t St . Louis? 
At Montreal ? A t H a v a n a ? At your home? 

13. A r r a n g e t h e places of E x a m p l e 12 in a column, put t ing t h e city at 
which the sun rises first a t the top and the ci ty a t which the sun rises last 
a t the bottom, and the rest in order between. 

201. I . Given t h e difference in t ime of t w o places t o 
de te rmine the i r difference in longi tude. 

Ex . The difference of t ime between Boston and Washington 
is 23 min. 47 sec. Wha t is the difference of longitude? 

S O L U T I O N . 

23 min . d i f fe rence in t ime corresponds t o l ^ x 23, 
or 5° 45 ' d i f fe rence in longi tude. 

47 sec. d i f ference in t ime corresponds to 15" x 47, 
or 11' 4 5 " di f ference in longi tude. 

Add ing , 5° 45 ' 
11' 4 5 " 

5° 56' 4 5 " , Difference in longitude. 

205. II. G iven t h e d i f f e rence in l o n g i t u d e of t w o 
p laces , t o d e t e r m i n e t h e d i f f e rence of t i m e . 

Ex. The difference in longitude between New York aud San 
Francisco is 48° 23' 45". Find the difference in time. 

S O L U T I O N . 

48 
48° di f ference in longi tude cor responds t o - - h r . , 

o r 3 h r . 12 min . difference in t ime . 2 3 
23 ' d i f ference in longi tude co r re sponds t o y ^ m i n . , 

o r 1 min . 32 sec. d i f fe rence in t ime. 45 
4 5 " d i f fe rence in longi tude cor responds t o — sec . , 

o r 3 sec. difference in t ime . 
A d d i n g 3 h r . 12 m i n . , 1 min . 32 sec. , a n d 3 sec. , 

we ob ta in 3 h r . 13 min . 35 sec. , Difference in time. 

If two places a r e b o t h in eas t longi tude , or b o t h in wes t longi tude , sub-
t r a c t in o r d e r to get the i r d i f fe rence of longi tude ; if one is in east , the 
o t h e r in wes t longi tude, a d d the i r longi tudes in o rde r t o ge t the difference 
in longi tude . 

E X E R C I S E 9 0 . 

Determine the difference of longitude, having given the 
difference of time, as follows: 

1. 1 hr. 25 min. 10 sec. I 3. 7 hr. 55 min. 49 sec. 
2. 5 hr. 0 min. 42 sec. | 4- 9 hr. 31 min. 59 sec. 

Find the difference of time between two places when the 
difference of longitude is as follows: 

5. 43° 10'. I 7. 12° 7' 45". d. 77° 40' 15". I 8. 69° 33' 30." 

The difference of t ime between New York and Paris is 
5 hr. 5 min. 20 sec. Wha t is the difference of longitude ? 
At which city is i t noon first? 

10. The difference of t ime between Canton, China, and 
Cincinnati is 10 hr. 49 min. 52 sec. Wha t is the difference 
of longitude? 

11. The difference of longitude between two cities is 42° 
8' 30", what is the difference in t ime? When it is noon at the 
Western city, what is the t ime at the Eastern ? When it is 
10 A. M. at the Eastern city, what t ime is it a t the Western? 

12. When it is noon at the western of two points, whose 
difference of longitude is 75° 4' 45", what is the timp at the 
other? When it is 6.30 p. M. at the Eastern city, what is the 

,, t i m e at the other ? 
13; When it is 12 o'clock at San Francisco it is 2 hr. 

58 min. 2 ^ sec. p. M. at Rochester. W h a t is the difference of 
- I faf t i tude ? 
- : fuL A ship's chronometer set at Greenwich points to 8 hr. 

I 14 min. 56 sec. P. M. when the sun is on the meridian. Wha t 
is the longitude of the ship ? 

15. Longitude of Galveston is 94° 46' 34" W. and of Mobile 
88° 1' 19" W. When it is 10 A. M. at Mobile, what t ime is 

it at Galveston? 
16. When it is noon at San Francisco (long. 122° 26' 45" W.) 



1 9 2 COMPOUND NUMBERS. 

it is 3 lir. 9 mill. 7 sec. P.M. a t Philadelphia. What is the 
longitude of Phi ladelphia? 

[NOTE.—Firs t find d i f ference of l o n g i t u d e . ] 
17. Chicago is in long. 87° 3 7 30" W. and Calcutta is 88° 

23' 15" E. At 7 P. M. in Chicago what is the t ime in Calcutta? 
A U A . M. in Calcutta, what is the t ime in Chicago? 
' ' W h e n it is 8 hr. 12 min. 48 sec. A. M. at Jerusalem (long. 
35° 32' E.) i t is 6 A. m. at Paris. F ind long, of Paris. 
S ® . When it is noon at Rome (long. 12° 27' 15" E.) i t is 
7 hr. 20 min. 59 sec. r . M. in Manila Bay. W h a t is the longi-
tude of Manila Bay ? 

: The longitude of St., Joseph is 109° 41' 44" W. and of 
f Canton is 113° 14' 1" E. W h a t is {heir difference of longi-

t u d ? Of t ime? 
' f i h The difference of t ime between St. Paul (long. 93° 5' W.) 
and Havana is 42 min. 45 sec. Wha t is Havana 's longitude ? 

/ 1 & The differenceof t ime between Boston (long. 71° 3' 30" W.) 
^ and Stockholm is 5 hr. 56 min. 28 see. F ind long, of Stockholm. 

206. S t a n d a r d Time.—Since 15° of longitude correspond 
to 1 hour of time, i t has been found convenient to divide the 
territory of a country into belts 15° wide, t he t ime in each 
belt being determined by a meridian approximately central 
in the belt. Time determined in this way is called Standard 
or Railway time. The standard meridians in the United 
States and Canada are the 75th, 90th, 105th, and 120th (west 
from Greenwich), and the corresponding belts are said to have 
Eastern, Central, Mountain, and Pacific time. Standard t ime 
in the eastern par t of a belt may thus be as much as a half 
hour ahead of t rue local t ime ; and in the western part of a 
belt may be a half hour behind. Travelers in passing from 
one belt to another must change their t ime by one hour. 
The boundaries of belts have been made somewhat irregular, 
owing to the configuration of the country, local conveniences, 
etc. On the opposite page is a map showing the standard time 
belts in the United States. 



COMMON FRACTIONS AND DENOMINATE NUMBERS. 
207. I . To reduce a fraction of a denominate u n i t t o 

lower units . 
Ex. 1. Reduce § mile to lower units. 

S O L U T I O N . 

i of a mi . = § x 320 rods. = 213J rds. 
J of a rd. = i X -V yds. = I f yds. 
f of a yd. = | x 3 ft. = 2i ft . 
i of a ft. •= 6 in. 

Hence , we have 213 rds. 1 yd. 2 ft. 6 in., Result. 
O r the work may be expressed as an example in division. 

O P E R A T I O N . 

mi. rd. yd. ft. in. 
312 0 0 0 0 

0 213 1 2 6, Result. 

208. I I . To express a denominate number as a fraction 
of a higher unit. 

Ex. 1. Express 2 ft. 8 in. as the fraction of a yard. 

S O L U T I O N . 

2 f t S in. = 32 in. = yd. 5 yd . , Result 

Or we may proceed as follows: 

8 in. § ft-

2§ ft. - yd. | yd., Remit. 
O 

209. I t is sometimes required to express the fraction of 
one uni t a s t he fraction of a lower or high* r uni t . 

Ex. 1. Reduce yd. to a fraction of an inch. 
, l 5 of 1 yd. = * 3 * 1 2 o f 1 & i n ' R e m U -

Ex. 2. Reduce f of a pint to a fraction of a gallon. 
§ pt . - | x | x } o f a g a f c i gal., Result. 

E X E R C I S E 9 1 . 

Reduce to lower denominations : 
1. I mi. 5. ft yr. 
2. I t. 6. Q degree. 
8. | lb. T. 7. ft sq. rd. 
4. m- 8- & bbl. 

, 13. ftlm day to min. 
. H- TAT bu-

15. Y^si's scl- S(l- 'n-

0. lb. Ap. 
10. ^ cu. yd. 
11. | | bu. 
12. | | acre. 

16. -nàhns mi- to in 

17. zMv y - to hr. 
1 8 . j ^ t ; bbl. to pt. 

l• 

4 hr. 30 min. to the fraction of a day. 
3 pk. 4 qt, 1 pt. to the fraction of a bushel. 

X Ì 8 oz. 13 pwt. 8 gr. to lb. 
•Ì>248 rd. 4 yd. 2 ft. 8 in. to mi. 

47 sq. rd. 12 sq. yd. 2 sq. ft. 132 sq. in. to A. 
2 qt, 1 pt. 2 gi. to gallons. 

25. 6 da. 17 hr. 16 min. 48 sec. to weeks. 
26. 6 cwt. 43 lb. 9f oz. to ton. 
Add : 

27. $ mi. ^ rd. f ft. | 
28. § yr. f da. % hr. 

Find the difference between : 
31. tf A. and £ sq. rd. 

I 
U 

29. £ lb. £ oz. \ pwt, 
80. \ k . \ sq. rd. i f sq. yd. 

| 82. 4 mi. and rd. 

DECIMAL FRACTIONS AND DENOMINATE NUMBERS. 
210. I. To reduce the decimal of a denominate unit to 

lower units. 
The method of this reduction is best shown by an example. 

Ex. Express 0.425 gal. as quarts and pints. 
S O L U T I O N . 

0.425 gal. = 4 q t . X 0.425 = 1.7 q t . 
0.7 q t . = 2 p t . X 0.7 = 1.4 p t . 

1 q t , 1.4 p t . , Result. 



211. I I . To e x p r e s s a d e n o m i n a t e n u m b e r a s t h e 
d e c i m a l of a h i g h e r un i t . 

Ex. Express 5 mo. 12 da. as the decimal of a year. 

S O L U T I O N . 

12 da" = lö m o ' = 0 - 4 m a 

5.4 m o . = H y r . = 0 .45 y r . , Result. 

E X E R C I S E 9 2 . 
Reduce to integral values in lower denominations: 

1. .875 wk. 5. .842 mi. 9. .375 cu yd. 
J .925 lb. T. 6. .423 A. 2ft .046 nn 
3. .8324 T. 7. .576 lb. Ap. 11. .45 bbl. 
4. -575 bu. 8. .0813 yr. 12. .175 A. 

13. Find the value of 2.1365 months. 
14. Wha t is the sum of .14 mi. and .26 rd. ? 
15. W h a t is the difference between .35 yr. and .48 mo.? 
Reduce to the decimal of the next higher uni t : 

16. 7' 50". 
17. 204 rd. 4 yd . 2 ft. 
18. 16 cwt. 55 lb. 5 oz. 

19. 3 oz. 8 pwt. 12 gr. 
20. 3 da. 22 h. 4 min. 48 sec. 
21. 2 pk. 4 qt. I f pt. 

E X E R C I S E 9 3 . 

G E N E R A L . ORAL. 
1. W h a t wiU a rod of w i r e cost a t a cent a n i n c h ? 

Bought a peck of nu t s a t 10 e t a p t F i n d t h e cost 

™ A J E T P a ! î - 1 8 C t 3 d 0 Z " f O F 8 0 1 1 1 6 <**» a n d ' h e m a t 35 et. a 
r i " Z a ' h i m d r e d ? 8 R ^ * * ~ * " « 

F r t ? 0 ° ; ^ ?
P i Q t b O U l C S ^ 1 , 6 fiUed f r ° m 2 5 ^ i - o f wine? 

5. I bought calico at ha l f a cent an inch, and sold i t at 6 ya rds for a dol-
lar . D i d I gain o r lose? H o w much on a y a r d ? 

6. A grocer buys tomatoes a t 25 ct. a bushel and retails t h e m a t t he ra te 
of 2 qts. for 5 cents. H o w much does h e gain on a bushel ? 

7 . How many dozen in 7 score and 10? 
8. How m a n y square inches on a surface 3 inches squa re? On one 8 in. 

squa re? 2 f t - s q u a r e ? 
9. H o w many cubic inches in a 4-in. cube? In a 6-in. c u b e ? I n a 1-f t . 

c u b e ? I n half a cubic foot? 
10'. A dea ler buys a half dozen saws a t §30 a score, and sells t h e m so as 

to ga in 50 cents apiece. W h a t is t h e sell ing pr ice of each ? 
11. H o w m a n y feet in 17 f a t h o m s ? 28 f a t h o m s ? 
12. H o w m a n y hands a re equal to 6 f t ? T o 7 J f t ? 
IS. W h i c h are the nex t 3 l eap yea r s? H o w do you tell t he leap yea r s? 

W i l l 1926 be a leap y e a r ? 
14. W h a t was t h e first day in t h e 18th c e n t u r y ? T h e last d a y ? W h i c h 

century were you born i n ? In which century is Dec., 1900? H o w many 
leap years in the 20th c e n t u r y ? 

15. W h a t is t h e greates t difference of longi tude two places can h a v e ? 
W h a t is t he longi tude of you r nearest c i t y? Its l a t i t ude? 

16. W h i c h is heavier , a pound of gold o r a pound of meat ? A n ounce 
of which of these is t he h e a v i e r ? 

17. H o w would yon find the n u m b e r of cu. in. in a barrel conta in ing 31J 
gal lons? In 10 bushels? 

18. H o w would you find the n u m b e r of gal lons tha t a bin, conta ining 100 
bushels, will h o l d ? ^ 

19. W h i c h is t h e g rea te r quant i ty , 6 dozen dozen or ha l f a dozen dozen ? 

E X E R C I S E 9 4 . 

G E N E R A L R E V I E W . 
1. F r o m I A. t ake 75 sq. rd . 27 sq. yd. 5 sq. i t 7 5 sq. in. 
2. Reduce 25 da. 16 h r . 50 min. to t h e decimal of a week. 
8. Add .07 year , J? day , and J h r . 
4. W h a t would 8 gal . 2 q t 1 p t of wine cost at $6 a ga l lon? 

I f a cubic foot of water weigh 62.5 lbs., how m a n y cu. yds. in a ton 
of wa te r? H o w many ounces does a cu. in. of water weigh ? 

H o w m a n y steps, of 28 in. each, must a man take in walk ing 7 mi. 
120 rds .? ( 

7. If a man walk 64 mi . 256 rds. in 20 hr . 15 min. , how long will h e 
requi re to walk 31 mi. 64 rds .? 

8. H o w far will t he same gen t leman walk in 6 hrs. 4 5 min. a t t he same 
ra te? 



mt A baker pays $4.90 for a barre l of flour. H e bakes it into 2-lb. loaves 
which h e sells a t 7 cents each. W h a t is his gain ? 

JOy) W h e n it is 15 inin. af ter 10 A. M. a t a certain city, what is the t ime 
at a-western city if t h e longi tude is 4S° 7 ' 3 0 " g rea te r? 

Qj). At an observatory the sun is seen to have passed through 12° 5 1 ' 4 5 " 
s ince noon. W h a t t ime is it ? 

12. A dozen spoons, each weighing 1 oz. 8 pwt. 20 gr. , were sold at $1.50 
an oz. W h a t was t h e total pr ice ? 

IS. If I buy a 5-gal. can of oil for 45 cents and spill 2 pints, what do I 
really pay for each gallon t ha t I use ? 

& L A wholesale grocer bought 2 T . 12 cwt. 60 lbs. cheese for $313.50, 
and]re ta i led it a t § ct. an oz. F i n d his gain . 

. ' Q ) . F r o m a farm containing 80 A. 60 sq. rd. was sold a portion contain-
ing 38 A. 156 sq. rd., a t $62.80 an acre, and the balance at $74.40. W h a t 
was the total selling pr ice? 

•Hq) W h a t par t of 4 gal . 3 qt . is 2 q t 1 p t 2 g i . ? 
1% W h a t decimal of a rod is 1 ft. 7 f in .? 
x s . F i n d I of 5 bu. 2 pk. 6 qt . 1 pt . 

H o w long is i t between ha l f -pas t n ine P. M. of J a n . 17, 1834, and 
quar te r before four A. M. of the following 4th of M a r c h ? (Answer in days, 
hours, and minutes.) 

20. I f an express t ra in travel 45 mi. an hour , how many feet does it 
move over each second? 

21. If the d iameter of a circle is 1 mile , t h e circumference is 3.141592 
mi. Exp re s s th is decimal in integers of lower units. 

22. W h i c h is t h e middle day of t h e year 1901 ? 
23. I f a family use 6 gas burners every evening of the winter months for 

4 hours of each evening, and each bu rne r consumes 18 ft. an hour , what will 
the i r gas bi l l be a t $1.30 per thousand? 

24. How m a n y parcels, each weighing 3 lbs. 7 oz., can be made u p from 
.924 T. ? 

25. If 6 horses ea t 19 bu. 2} pk . of oats in 11 days, how long will 25 bu. 
2 pk . 3 q t supply 13 horses? 

26. T a k e f rom 180° t h e sum of 71° 4 ' 4 6 " and 23° 5 5 ' 3 9 " . 
27. F i n d the va lue of 1 2 | cwt. + 3 9 | lb. + 7f oz. 
28. I f 3 lbs. of wheat m a k e 2 lbs. of flour, how many barre ls of flour can 

be m a d e f rom 343 bu. of whea t? 
29. Reduce £1 .0735 and .3764 mi. to integral values. 
30. Change 11 oz. 18 pwt. 15 gr. to the decimal of a pound. 
SI. How many square feet in the surface of a box a yard long, 8 inches 

wide, and 18 inches deep? 

S2. A s t ream 25 yards wide and 25 feet deep flows 3 miles an hour . Find 
the number of cubic feet of water which passes a certain point in a minute. 

33. How many revolutions will a wheel 9 feet 4 inches in c i rcumference 
make in passing a field 54 rods 4 yards 2 feet 4 inches long? 

34. Change 51830.7125 hours to years, days, hours, minutes, and seconds, 
reckoning 365 days to a year. 

35. I f a laborer d ig a certain t rench in 39 days, 4 hours, 10 minutes, 
how long will it r equi re 8 laborers to dig a s imi lar t rench th ree t imes as 
long? 

56". A box 7 feet long, 4 feet 4 inches wide contains 3J cubic yards. H o w 
deep must i t be? 

37. A bin 12 feet 4 inches long and 6 feet 6 inches deep is to contain 100 
bushels of gra in . H o w wide mus t it be m a d e ? 

38. If a mi le of a certain wire weigh a ton, wha t is t h e weight in ounces 
of one foot of i t ? 

S9. Reduce 75 A. 95 sq. rd , 25 sq. yd. to the decimal of a square mile. 
40. Change 2.12345 years to uni ts of lower denominations. 
41. F rom t h e snm of 17° 3 1 ' 2 8 " and 41° 19 ' 2 2 " take t h e difference 

between 81° 1 8 ' 4 3 " and 63° 3 1 ' 5 2 " . 
43. A cel lar 20 yards long and 30 feet wide is to be dug. W h a t depth 

will make 520 cubic ya rds? 
43. W h e n a locomotive is t ravel ing 55 miles an hour , how many feet is 

it running each second ? 
44. If a train is runn ing 40 feet 4 inches each second, how long will it 

require to r u n 90 mi les? 
45. C h a n g e Iga rods, 3 yard*, 1 feat» 10 . ind ies t o the decimal of a mile. 
46. Some numbers occur several t imes in the different tables of com 

pound numbers. Collect a l l t h e t imes the number 12 occurs. Same for 8. 
Same for 60. S a m e for 3. Same for 24. Same for 16. 

47. Change 3297.147 yds. to mi. rd. yd. f t . and in. 
48. How many cubic feet in a box 4 f t . 3 in. wide , 4 f t . 6 in. long, and 

8 in. deep? 
49. F r o m 180° take one-half the sum of 46° 1 8 ' 3 9 " and 57° 1 2 ' 17" . 

Also take one-half thei r difference from 180°. 
50. T h e dis tance from the ear th to the sun is 93,000,000 miles. IIow 

long would i t take a boy who can run 11 ft. a second to traverse tha t dis-
-ance ? How long would i t take a locomotive running a mi le in 50 seconds ? 



C H A P T E R X I I . 

PRACTICAL MEASUREMENTS. 

212. Il lustrations.—The practical application of denomi-
nate numbers to a special kind of work is facilitated in many 
cases by the use of a special unit which is peculiar to that 
particular kind of work. For example, if it be required to 
determine how many shingles are necessary to cover a roof 
40 feet long and 30 feet wide, the computation is greatly sim-
plified by the knowledge of the fact that, on the average, a 
roof space of 100 square feet contains 1000 shingles. Thus, 
since the above roof contains 12 times 100 square feet, 12000 
shingles will be required to cover it. 

Similar ly , if it be required t o de termine how many br icks will be needed 
to build a wall 50 feet long, 30 feet h igh , and 3 bricks thick, t h e reckoning 
is greatly facilitated by t h e knowledge tha t a piece of wall 1 foot square and 
3 bricks th ick contains 21 bricks. Hence , to build the above wall will 
require 50 x 30 x 21 or 31500 bricks. 

213. General Methods.—It will be observed that computa-
tions of this kind consist in 

1st, the determination of the number of units of area or 
volume in a given object, from linear measurements (see Arts. 
175, 179). 

2d, the use of a special «unit in each kind of work applica-
ble to a unit of area or volume of the given material. In 
the numerical applications of these methods frequent oppor-
tunities occur to diminish the work by cancellation. All the 
operations to be performed should be grouped together, and 
all possible cancellations made, before the final reduction is 
made. 

I t should also be remembered tha t in computat ions based on measure-

200 

ments, it is not necessary to carry t h e work beyond the four th or lifth figure, 
since all ordinary measurements a re not accurate beyond these figures. 

APPLICATIONS RELATING TO AREAS. 
214. Rectangular Areas of Land.—In computing the area 

of a piece of land, the ordinary unit is the acre. In such 
computations it is convenient to remember that 

43560 sq. ft, = 1 acre. 
Hence, an acre is a square, each side of which is 208 + feet, 
or 70 — paces. 

Other units of area frequently used are: 
160 sq. rds. = 1 A. 

4840 sq. yds. — 1 A. 
640 A. = 1 sq- J»i-

Ex. 1. How many acres in a field 320 feet long and 213 
feet wide ? 

m. acres = ^ J ^ - i t t - WH 
W9 

363 

Ex. 2. How m a n y acres in a meadow which averages \ mile 
in width and is £ mile long? 

Area = £ x \ sq. mi. = J sq. mi. = i * 640 A. 80 acres. 

<>15 Townships and Sections.—In the eastern part of the 
United States, land, when settled, was divided according to 
the convenience or whim of the original settlers, and hence 
without any regular order or system. In the Western and 
Southern States most of the land was originally owned by the 
government, and has been divided according to a systematic 
plan, and disposed of in this form to settlers. 

I t is divided, first, into square townships, each side of each 
of which is 6 miles long ; hence, each township contains ¿b 
square miles. The sides of townships run east and west, and 
north and south. 



Each township is subdivided into 36 sec t ions , each contain-
ing 1 square mile, or 640 acres. The sections in a township 
are numbered according to a regular p lan from 1 to 36. 

6 5 4 3 2 1 

7 8 9 1 0 1 1 1 2 

1 8 1 7 1 6 1 5 1 4 1 3 

1 9 2 0 2 1 2 2 23- 2 4 

3 0 2 9 2 8 2 7 2 6 2 5 

3 1 3 2 3 3 3 4 3 5 3 6 

N. w. yt. 
160 ac res . V A * ' 

N . E . T F 
of 

N . E . J I N. w. yt. 
160 ac res . V A * ' 40 A. 

Sou th 
320 ac tes . 

TOWNSHIP. 1 S E C T I O N = 6 4 0 A C R E S . 

A section is subdivided into quarter-sections, each containing 160 acres. 
Quarter-sections a re subdivided in to half-quarter-sections and quar ter-

quarter-sections or lots. A lot therefore contains 40 acres. 

S. 4 9 5 y d . b y 220 f t . 
4. 84 f t . x 55 yd .* 

E X E R C I S E 9 5 . 

How m a n y acres in a field': 
1. 3600 f t . long and 121 f t . wide. 
2. 1815 yd. long and 256 ft. wide. 

F ind the areas of the following rectangular surfaces : 
5. 17 ft. long and 12 ft. wide in square yards. 
6. 8 yd. long and 5£ yd . wide in square rods. 
7. 140 rd. by 72 rd. in acres. 
8. 7 yd. 2 ft. by 3 yd. 1 ft. in square yards. 
9. 45 rd. 3 yd. 2 ft. X 30 rd. 3 yd . in square rods. 

10. 30 rd. 3 yd . 2 in. X 8 rd. 4 yd . in integral units . 
11. A road 13 mi. long and 3 rds. wide in acres. 
12. A ceiling 4 yd. 2 ft. X 3 yd . 1 ft. in square feet. 
18. H o w m a n y acres in three sections ? I n 5 sections ? I n 

\ sect ion? I n £ sect ion? I n section ? 
14. H o w m a n y rods of fence are necessary to enclose a 

section ? A half-sect ion? A quarter-sect ion? 
" The s ta tement of the dimensions of an object is often much abbreviated 

by the use of " by " or by the sign x , which is then read " by . " 

15. How m a n y square feet in the floor of a room 16 ft. 8 in. 
by 12 ft. 6 in. ? How m a n y sq. yds. in ceiling of same room ? 

1G. How m a n y sq. ft. on side of a barn 60 ft. 6 in. long by 
22 ft. 4 in. high ? 

216. C i r c u l a r A r e a s — I t is proved by geometrical methods 
tha t the area of a circle is determined with s u f f i c i e n t accuracy 
fur all practical purposes by t he formula (see Arts. 323, 32o), 

Area of a circle = 3.1416 X (square of radius of the circle). 
Ex. W h a t par t of an acre is grazed over by a cow tied by 

a tether 100 feet long? 

Area = 3.1416 X 100 X 100 sq. ft. = 31416 sq. f t 

_ A. == 0.721 4- acre, Area. 

E X E R C I S E 9 6 . 

F i n d the areas of t he following circles: 
1 Radius = 10 ft. 1 8. Radius = 8 yd . 2 ft. 
2. Diameter «=30 ft. I 4- Diameter = 78 rd. 3$ yd. 

H o w m a n y acres in each of the following circles: 
5 Radius = 180 rd. I 7. Diameter = 63* rd . 
G. Diameter = 125 rd. I Radius = 200 rd. 2£ yd. 

i>. A pond in t he shape of a circle has a rad ius of 25 rd. 5 
yd. H o w m a n y acres in its surface? 
" 10 How m a n y square inches on t he face of a com whose 
radius is 0.5 in. ? Another, whose rad ius is 1.5 m . ? 

017 i n p a v i n g , t he un i t of computat ion is t he s q u a r e y a r d . 
I n ' r oo f ing , flooring, etc., t he un i t is t he s q u a r e , which equals 
100 sq. ft. 

I n roofing with shingles, t h e average shingle is taken to be 18 in. long, 
4 in w ^ e , with 5 in. exposed to the weather. 1000 shingles, or a bundle, 
are allowed for shingl ing 1 square. 



E X E R C I S E 9 7 . 

W h a t will be the cost of : 
1. Shingling a roof 48 ft. X 23 f t 8 in. @ 88.45 per square? 

Paving a walk 640 ft, long and 8 ft. 3 in. wide @ 82.10 
per square yard ? 

S. Lining a surface 80 ft. 3 in. X 61 ft. 9 in. @ SI.35 per 
Sq. yd .? • 

4. T inning a roof 23 yd. 2 ft. 3 in. X 19 yd. 1 ft. 6 in. @ 
SI.10 a sq. y d . ? 

5. The shingles for a roof on a bui ld ing 80 feet long, if the 
rafters a re 36 ft., and shingles cost S7.25 per M. ? 

G. Paving a city street 3 miles long and 40 feet wide, a t 80 
cents per sq. yd. ? 

218. I n p la s t e r ing , pa in t i ng , etc., the un i t of computat ion 
is the s q u a r e y a r d . 

Custom varies as to t h e allowance to be m a d e for openings in a wall, made 
by doors, windows, etc. One rule is tha t no deduction be made for open-
ings in a room, aggregat ing less than 7 sq. yds., and t ha t for openings aggre-
gat ing more than 7 sq. yds. one-half the i r sum be deducted. 

E x . W-hat will it cost to plaster t h e walls and cell ing of a room 22 ft. 
long, 14 ft. wide, and 10 ft. high, a t $.33 a square yard , deduct ing half the 
area of 2 doors, each 7 x 3 ft. , and 5 windows, each 6 x 3 f t .? 

S O L U T I O N . 

T h e walls and ceiling may be conveniently indicated as fol lows: 

14' 

C E I L I N G 

•22 

14' 

14' 2 ? 

END S I D E END S I D E 

T h e walls ( that is, the ends and sides combined) make a rectangle 2 x 
2 2 + 2 X 1 1 feet, o r 72 feet long. 

Hence, a r e a of walls = 72 x 10 sq. f t . = 720 sq. f t 
a r e a of ceil ing = 22 x 14 sq. f t . = 308 sq. f t . 

Tota l a r e a = 1028 sq. f t . 
A r e a of doors = 2 x 7 x 3 sq. f t . = 42 sq. f t . 
A r e a of windows = 5 x 6 x 3 sq. f t , = 90 sq. f t . 

132 sq. f t . 
A r e a deduc ted = \ x 132 sq. f t . = 66 sq. f t . _ 2K3 s f . 

N e t a r e a = 962 sq. f t . 5 

.11 

Cost of p las ter ing = S ° - 3 3
< j

X < M 2 = §35.27, Cost. 

3 

E X E R C I S E 9 8 . 
/ 

W h a t will it cost t o : 
1. Paint the walls and ceiling of a room 30 ft. by 16 ft. by 

9 ft. high a t 8 c t a sq. yd. ? 
2. Plaster a room 24. f t X 20 ft. X 16 ft. a t 42 ct. a sq. yd., 

allowing half of 3 doors each 7 f t X 3^ ft., a n d 5 windows 
each 5 ft. X 3 £ f t ? 

S. Pa in t a room 40 f t X 31 ft, 6 in. X 9 ft. 6 in. a t 5 c t a sq. 
yd. for t he floor and 7 c t for the rest, allowing a deduct ion 
of 10 sq. yd. for windows and doors? 

4. Plaster the five rectangular faces of a church, whose in-
side dimensions are 60 yds. 2 ft, X 40 yds. 1 ft, 6 in. X 30 ft. 
a t 9 ct. per sq. yd., if ^ of the entire wall surface is deducted 
for openings? 

219. Ca rpe t ing .—To determine the n u m b e r of yards of 
carpet needed to carpet a room, i t is necessary to determine 
the number of strips which the room will require; and to multiply 
the number of strips by the length of each strip. 

T h e n u m b e r of s tr ips is determined by d iv id ing the wid th of the room 
(if the carpet r uns lengthwise), or the length of the room (if the carpet 
runs crosswise), by the width of a single s t r ip (usually 1 yd. or J yd . ) . A 
part of a s t r ip is regarded as a whole strip, t h e par t not needed being folded 
under. W h e n the carpet is figured, in order to match t h e figures, s tr ips of 
carpet mus t usually be taken a l i t t le longer than the l eng th of the room 
(and the unused ends folded under) . 



E x . H o w m a n y varda of ca rpe t , | yd. wide, will be r equ i r ed to cover a 
floor 26 fee t long a n d 17 feet wide, if t h e ca rpe t r u n s lengthwise a n d J of a 
ya rd is wasted in m a t c h i n g p a t t e r n s ? 

S O L U T I O N . 

No. of s t r i p s = h- | = 7$, o r 8. 
L e n g t h of a s t r i p = y d . + £ y d . = ^ y d . = 8 | y d . 

N o . y d s . = 8 x 8 | = 70$, Result. 

E X E R C I S E 9 9 . 

1. A room Sh X yards is to be carpeted by unfigured 
carpet a yard wide, and str ips are to r u n lengthwise. How 
m a n y yards will be required ? 

2. If carpet is f yd . wide, strips r u n lengthwise, a n d there 
is £ yd. wasted in match ing patterns, how m a n y yards m u s t 
be bought for a room 9 yd. long and 5 yd. wide? 

3. H o w m a n y yards of carpet, \ yd. wide, will be required 
for a room 17 yd . X 17 ft., if s tr ips r u n lengthwise? I f strips 
r u n crosswise? 

4. F i n d the cost of carpeting a room 19 ft. long and 14 ft. 
wide, with carpet £ yd . wide and costing SI.50 a yard , when 
the strips r u n crosswise and there is a waste of £ yd. in 
matching. 

5. A room 13 ft. X 10£ ft. is to be carpeted with carpet 
f yd. wide and worth $2.25 a yard. There will be waste of 

yd . in matching. Wil l i t be cheaper to r u n the strips 
lengthwise or across the room ? H o w m u c h cheaper? 

220. Pape r ing .—The un i t used for wall paper is t he roll, a 
roll being 8 yards long, 18 inches, or \ yard , wide. (The 
double roll, 16 yards long and 18 inches wide, is also used at 
t imes.) 

To determine t he n u m b e r of rolls of wall paper needed to 
cover t he walls of a given room, 

1st. Find the number of strips of paper by multiplying the num-
ber of yards in the distance around the room by 2 ; 

2d. Find the number of rolls by dividing the number of strips 
required by the number of strips which can be cut from a single 
roll. 

A p a r t of a s t r ip of wall to_ b e covered counts a s a who le s t r ip , a n d a p a r t 
of a rol l needed as a who le roll . ( B u t in cu t t i ng pape r , pa r t s l e f t ove r a r e 
rejected.) 

Owing to waste in m a t c h i n g pa t te rns , t u r n i n g corners , etc. , a n d ga in d u e 
to windows, doors , e tc . , t h e es t ima te of t h e n u m b e r of ro l l s r e q u i r e d c a n 
only be a p p r o x i m a t e . 

Borde r s used a t t h e top of t h e wall a re sold by t h e l i nea r ya rd . 

Ex. H o w m a n y rolls of paper are required to cover t h e 
walls of a room 24 ft. long, 18 ft. 6 in. wide, and 10 ft. h igh ? 

S O L U T I O N . 

T h e d is tance a r o u n d t h e room m a y be conven ien t ly r ep resen ted as fol lows : 

2V , 18' 6" 24' 6" 
l e n g t h w i d t h 

Hence , d i s t ance = 2 x 24 ft. + 2 x 18J f t = 8 5 ft. 
= 28£ yds. = 5 6 1 hal f -yds . 

N o . s t r ips = 57. 

N o . s t r ips cu t f r o m o n e rol l — ' = 2. 

N o . ro l l s = = 2 8 i , t h a t is 29, Result. 

E X E R C I S E 1 0 0 . 

1. H o w m a n y rolls of paper are required to pape r the walls 
of a room 15 ft. long, 11 ft. wide, and 9 ft. h i g h ? 

2. W h a t will be t he cost of the paper for the walls of a 
room 40 f t long, 32 ft. wide, and 11 f t high, at 45 cents a roll ? 

3. W h a t will it cost for paper in a room 21£ ft. long, 164 ft. 
wide, and 15 ft. high, a t 60 cents a roll, if t he ceiling paper 
runs crosswise? 

4. The walls of a room 28 ft. long, 25 ft. wide, and 15 ft, 
high are to be papered with paper selling a t 75 cents a ro l l ; 
there is a border of ft. width a t 4 cents a yd. , and a base-
board of 6 in. W h a t is total cost? 

[NOTE.—Strips need b e only 12 feet long . ] 



APPLICATIONS TO VOLUMES. 

221. B o a r d M e a s u r e . — I n measur ing boards a n d lumber , 
tbe un i t is t he b o a r d foot , which is a rectangular piece of 
wood 1 foot square a n d 1 inch thick. 

Large quant i t ies of lumber are sold in terms of t he h u n -
d red or t h o u s a n d , by which is m e a n t 100 board feet or 1000 
board feet. 

Boards less than 1 inch in thickness are est imated as if they 
were 1 inch thick. 

A cubic foot of lumber contains 12 board feet. Hence, 
the n u m b e r of board feet in a piece of lumber is 12 t imes the 
n u m b e r of cubic feet, and the n u m b e r of cubic feet is TV the 
n u m b e r of lumber fee t 

All s q u a r e lumber , as planks, joists, beams, etc., is est imated 
in board feet. 

R o u n d t imber, as masts, etc., is es t imated in cubic feet. To 
find t he n u m b e r of board feet in a given board or piece of 
lumber , multiply two of the dimensions in fret by the other dimen-
sion in inches. 

Ex . 1. H o w m a n y board feet in a p lank 1G feet long, 10 
inches wide, a n d 3 inches th i ck? 

T h e width = 10 inches = feet. 

4 

. • . No. board feet - 3 - 40, Tlesult. 

i 

Ex. 2. H o w m a n y feet in a board 14 feet long, 10 inches 
wide, and f inch thick ? 

Since I inch is taken as 1 inch, 

7 5 

No . board feet = * — — = " f , Result. 

03 

E X E R C I S E 101 . 

How m a n y board feet i n : 
1. A p iank 12 ft. long, 8 in. wide, and 2 in. thick ? J in. 

t h i ck? 
2. 5 beams 9 ft. long, 10 in. wide, and 4 in. thick ? 4 i in. 

t h i ck? 
3. 20 rafters 24 ft. long, 6 in. wide, and 4 in. thick ? 
4. 45 joists 18 ft. X 8 in. X 6 in. ? If 5$ in. thick ? If £ 

in. t h i ck? 
Wha t is the cost o f : 
5. lb boards 16 ft. X 9 in. X 1 in. @ S18 per M.? 
6. 12 posts 8 ft. X 5 in. X 6 in. @ 82.20 a hundred ? 
7. 85 joists 12 ft. X 11 in. X 4 in. @ 823 per M.? 
222. C a p a c i t y of Bins .—Instead of determining the n u m -

ber of bushels which a bin will contain by actual ly filling the 
bin and count ing t h e n u m b e r of bushels, i t is much more 
convenient to compute t he capacity of the b in in bushels f rom 
the linear dimensions of the bin. 

Since a bushel contains 2150.42 cubic inches, to find the 
capacity of a bin in bushels, divide the number of cubic inches in 
the volume of the bin by 2150.42. 

Ex. 1. H o w m a n y bushels will a bin 20 feet long, 8 feet 
wide, a n d 4 feet deep con ta in? 

„ , . . 20 x 8 x 4 x 1728 _ . . . „ g 
No . bushels = 2150^42 5 

Since 2150.42 cubic inches - 1} cubic feet near ly , in many cases a suffi-
ciently accurate computat ion of the number of bushels in a bin is obtained 
by d iv id ing t h e number of cubic feet in the bin by 1 J, that is, by mult iply-
ing it by S. Hence, the approximate number of bushels in a bin $ the num-
ber of cubic feel in the bin. 

Ex. 2. Approximate ly how many bnshels will a b in 15 X 
8 X 6 feet ho ld? 

3 
. , J ? x 8 x 6 x 4 _ c 7 f i A p p r o x . n o . bush. - ' 



Grain, seeds, and small frui ts are sold by s t r i c k e n m e a s -
irre. Coarser materials, as potatoes, corn in the 'ear, etc., are 
sold by h e a p e d m e a s u r e . 

The number of bushels by heaped measure = f the number by 
stricken measure. 

Ex . 3. H o w m a n y bushels of corn in the ear will a bin 
15 X 8 X 6 feet ho ld? . 

3 

No. bushels = * ? * 8 x 6 x 4 x 4 - 460i 
? x 5 5 

E X E R C I S E 1 0 2 . 

1. How m a n y cubic inches in a box 16 in. long, 10 in. wide, 
and 3 in. d e e p ? W h a t par t of a cu. ft. is t h a t ? 

2. Required the n u m b e r of cu. yds. in a wall 2 yd. 2 ft. 8 in. 
long, 1 yd. 1 ft. 6 in. wide, and 2 yd . 9 in. high. 

S. H o w m a n y bushels of oats can be p u t in a bin 15 X 7 X 
6 ft, ? (Accurate.) 

Jt. How m a n y bushe ls of wheat can be p u t into a b in 24 X 
16 X 10 ft. ? (Approximate . ) 

5. A b in 22 X 20 X 8 ft. is full of potatoes. About how 
m a n y bushe ls in i t ? 

G. A crib of corn is 60 X 15 X 6 ft. About how many 
bushels of corn in t he c r ib? 

7. A bin 6 X 7 X 8 ft. is | full of wheat. I t is bought by 
approx imate measurement a t 70 ct. a bushel, aud sold under 
accurate measurement at 90 ct. a bushel. Wha t was the 
ga in? 

223. C a p a c i t y of C is te rns .—It is convenient to be able to 
determine t he capaci ty of a cistern or tank, in gallons, from 
the l inear dimensions of the tank. 

Since a gallon contains 231 cu. in., to find the capacity of 
a cistern in gallons, divide the number of cubic inches which the 
cistern contains by 231. 

The capacity of a large cistern is also obtained sometimes 

in te rms of larger units, as the barrel (31 i gals.), or the 
hogshead (63 gals.). 

Ex. How many gallons will a t ank 22 X 10 X 6 ft. conta in? 

No. gals. = ^ 1 0 ^ * , 7 2 S ^ 98741-

n 
7 

E X E R C I S E 1 0 3 . 

How m a n y gallons in a cis tern: 
1. Containing 125 cu. f t ,? 
2. Containing 132 cu. yds. ? 
S. 12 X 11 X 8 ft, ? 

2 2 X 2 1 X 2 0 f t ? 
5. 8 X 7 X 6 yds. ? 
6. 90 X 14 X 10 ft. ? 

224. E x c a v a t i o n s and Embankments .— In moving earth 
the un i t is a cubic yard, or 27 cubic feet, called a load. 

Ex. W h a t is the cost of excavating a cellar 18 X 24 X 6 ft., 
at 10 cents a load? 

N o . l o a d s = 9 6 . 

9 
Cost = 9 6 x $ . 1 0 = $ 9 . 6 0 . 

225. S t o n e W o r k a n d M a s o n r y . — I n stone work and ma-
sonry t he usual un i t is t he perch, or 24£ cubic feet, 

A perch of stone is a rectangular pile 16£ feet long, H feet 
wide, and 1 foot deep, and conta ining, therefore ,24 | cubic feet. 

As used in a wall, the perch is regarded as consisting of 22 
cubic feet of stone, wi th 2f cubic feet allowed for mor tar and 
filling. 

Sometimes, however, masonry is estimated by the cubic 
foot, 

E X E R C I S E 1 0 4 . 

Find the number .of perches of masonry in these wal ls : 
1 75 X 3 X 2 ft I 5 . 55 yd. X 16 ft. X 4 ft, 
2. 12 X 11 X 44 ft. I -i. 60 y d X 15 ft. X 5 ft. 



PRA CTICA L MY.A S T TREUfËNTS. 

How m a n y cubic yards of earth in the following excava-
t ions : 

5. Cellar 30 X 20 X 7 ft. ? 
6. Tunne l 90 rd. 4 yd. X 12 yd. X 20 ft.? 
7. Find the cost of opening a railroad cut 90 yards long, 

averaging 40 ft. wide a n d 32 ft. deep, a t $1.25 a cu. yd. 
8. A wall 374 ft. long and 6 ft. square a t the end is to be 

bui l t a t 83.75 a perch of 22 cu. ft. F ind cost. 
9. A foundat ion 70 ft. long, 9 ft. deep, and 8 ft. wide is to 

be laid. For necessary excavations the charge is 60 cts. a 
load, a n d for bui ld ing the wall S4.50 a perch (24f cu. ft.). 
W h a t is t he ent i re cost? 

226. B r i c k w o r k . — I n brickwork the uni t is usually o n e 
t h o u s a n d b r icks , b u t sometimes t he cubic foot is used. 

The average size of bricks is 8 X 4 X 2 inches. 

In a bui lding, the corners, doors, and window-spaces a re deducted in esti-
ma t ing the n u m b e r of bricks, but not in es t imat ing labor. 

Ex . H o w m a n y common bricks will be required to bui ld a 
house 40 ft. long, 24 ft. wide, 18 ft. high, the walls being 13 in. 
thick, allowing 280 sq. ft. for doors and windows ? 

The following practical un i t s are also used : 
1. A square foot of wall, 1 br ick or 4 inches thick, contains 

7 common bricks. 
2. A square foot of wall, 2 bricks or 9 inches thick, con-

ta ins 14 bricks. 
8. A square foot of wall, 3 bricks or 13 inches thick, con-

ta ins 21 bricks. 
Hence, to find the n u m b e r of common bricks required for 

a wall, 
Multiply the number of square feet in the icall by 7, if the wall 

is 1 brick thick ; by 14, if it is 2 bricks thick; by 21, if it is 3 
bricks thick. 

APPLICATIONS TO VOLUMES. 2 1 3 

S O L U T I O N . 
E n t i r e d is tance a round the bui ld ing = 2 (40 + 24) f t . = 128 f t . 
E n t i r e a rea of wall = 128 x 18 sq. f t . = 2304 sq. f t . 
Deduc t ion fo r 4 co rne r s = J | x 18 x 4 sq. f t . = 78 sq. f t . 
Deduc t ion fo r windows, etc. = 280 sq. f t 

E n t i r e deduc t ion = 368 sq. f t . 
N e t a rea of walls = 2304 sq . f t . - 368 sq. f t . = 1946 sq. f t . 
No. br icks = 1946 x 21 = 40,866, Result. 

Bricks a re of ten of special shapes and sizes. Thus , Ph i l ade lph ia and 
Balt imore bricks are 8 } x 4J x 2f in.; Maine bricks are 74 x 3f x 2 | in.: 
Milwaukee bricks a re 8J x 4J x 2 | in.; Nor th R i v e r b r i c k s a r e 8 x 3.} x 2 J 
in., etc. To de te rmine t h e n u m b e r of bricks of a special kind required to 
make a wall, increase each of the three dimensions of the brick by J in. to allow 
for mortar, and divide the contents of the wait by the contents of 1 brick. 

In comput ing the number of bricks in a pavement , no change is m a d e in 
the dimensions of a brick, since no al lowance is made for mortar . 

E X E R C I S E 1 0 5 . 

1. How m a n y common bricks are required to bui ld a house 
36 X 32 ft., and 26 ft. high, t he wall to be 3 bricks thick, if an 
allowance of 150 sq. ft. is made for openings ? 

2. W h a t will they cost a t 816 a t h o u s a n d ? 
8. How m u c h will t he bricks for a house 40 X 36 ft., 32 ft, 

high, and walls 13 in. thick, cost at 818 per M. ? W h a t is the 
cost of laying t h e m a t 82.25 a sq. yd. ? 

(No allowance for corners or openings.) 

W h a t will be t he cost of the bricks and the laying of 
them, for a house 45 ft. sq., 28 ft. high, walls 3 bricks thick, 
after a deduct ion of 425 sq. ft. of surface for openings and 
corners, if bricks are worth S14 a thousand and laying them 
costs $2.75 per M. ? 

5. A pavement , 90 ft. long, 10£ ft. wide, is la id with Mil-
waukee bricks on the edge, 60 to a square yard . W h a t is t he 
cost, a t t he rate of 810 per M. for the bricks and 2 cts. a sq. ft. 
for t he labor? 

227. O t h e r U n i t s of W e i g h t o r V o l u m e . — I t is sometimes 



useful to determine the number of tons in a heap or bin of 
coal, from the linear dimensions of the heap or bin. 

F r o m 36 to 40 cu. ft . of o rd inary an th rac i t e coal make 1 ton. 
F r o m 36 to 4 5 cu. f t . of b i tuminous coal make 1 ton. 
Abou t 344 cu. ft . of L e h i g h whi te-ash coal (egg size) make 1 ton. 
About 35 cu. f t . of Schuy lk i l l white-ash coal (egg size) m a k e 1 ton. 
Abou t 36 cu. ft. of Schuylk i l l gray o r red-ash coal make 1 ton. 

Similarly, to determine the number of tons of a quantity 
of hay from its linear dimensions: 

A b o u t 500 cu. ft . of h a y loose or in loads = 1 ton. 
Abou t 400 cu. ft . of hay in a mow = 1 ton. 
About 270 cu. f t . of bay in a settled s tack = 1 ton. 

Coal is a t t imes sold in smal l quant i t ies by t h e bushel. A bushel 
weighs 72 lbs. and is about ton. 

E X E R C I S E 1 0 6 . 

1. A box 6 X 5 X 4 ft. is full of ordinary coal. Counting a 
ton to 38 cu. ft., how many tons are there in the box ? How 
many tons if i t were full of Lehigh white-ash coal ? 

2. "A mow of hay is 40 X 28 X 20 ft. How many tons of 
hay will i t contain? 

3. How many tons of bi tuminous coal in a t ra in of 42 cars 
averaging 36 X 7 X 5 ft, ? 

(Allow 40 cu. ft . to the ton.) 
J,. A former hauled 60 loads of hay, and they averaged 

18 X 9 X 10 ft. W h a t was its value at $18 a ton ? 
5. What advantage is there in determining the number of 

tons of hay or of coal by measurements of the dimensions ot 
the mows or bins ? I n what other ways might these weights 
be determined ? 

E X E R C I S E 1 0 7 . 

R E V I E W . 

1 F i n d the a rea of a c i rc le whose radius is 3 inches. Anothe r , whose 
rad ius is 7 inches. Rad ius is 8 feet. R a d i u s is 20 rods. R a d i u s is .15 inch. 

R a d i u s is J yard . 
f . F i n d in acres t h e area of a f a r m 1 m i l e 250 rods x 85 rods. 

S. W h i c h is t he la rger volume, 111 J gal lons or 12 bushe l s? 
4. H o w m a n y square inches in the en t i re ex te r io r surface of a box 10 

x 9 x 8 inches ? W h a t pa r t of a cubic yard will it contain ? 
5. Abou t a square lawn 40 rods op a s ide is laid a d r ive 3 ya rds wide. 

How m a n y square rods in the d r i v e ? 
6. A box is m a d e of 2-inch material , a n d the ou te r d imensions a re 

12 x 10 x 9 inches. How tnany cubic inches in t h e mater ia l of t h e box 
including t h e l i d ? H o w m a n y cubic inches will t he box con ta in? 

7. H o w many board feet in a load of 40 rafters, each 18 feet long and 
8 x 6 inches a t t he end ? 

8. A ra i l road passes th rough a farm, t ak ing a s t r ip 1 \ miles long and 66 
feet wide. W h a t is t he value of th i s land a t $80 an a c r e ? 

9. T o d ig a sewer 3 miles long, 8 feet deep, and 4 feet wide, t h e contract 
cal led for 80 cents p e r cubic ya rd . W h a t d id i t cost? 

10. How many bushels of grass seed will a bin 14 x 10 x 9 feet con-
tain ? H o w many bushels of potatoes? 

11. W h a t will i t cost to lay a wall 200 rods long and 5 x 8 feet on t h e 
end, at $2.60 a pe rch ( 2 2 cubic feet) ? 

12. W h a t will be the cost of ca rpe t ing a room 7 x 1 1 feet with ca rpe t 
| yard wide, worth $1.50 a ya rd , and p u t down crosswise? 

13. T h e walls of a room 16 feet x 13 feet, and 9 feet h igh, a re papered 
with paper wor th 60 cents a roll , and the cei l ing is pa in ted a t 30 cents a 
square yard . W h a t will i t cost ? 

A large par lor is 50 x 38 feet, and 14 feet high. 

/.',. W h a t will ca rpe t cost, I y a r d wide and wor th $2.50 a y a r d , if p u t 
down lengthwise and every s t r ip wastes J ya rd in ma tch ing? 

15.- W h a t will pape r ing its walls cost at 90 cents a roll, a l lowing \ of one 
end for windows and doors ? 

16. W h a t wil l pa in t ing the cei l ing cost at 18 cents a square y a r d ? 
17. W h a t is t h e area of the largest circle t h a t can be drawn in the 

ce i l ing? 
18. W h a t will it cost to roof a b a m whose ra f te r s a re 18 feet 6 inches 

long, and t h e ridge-pole 35 feet, a t $8 .40 per s q u a r e ? 
19. W h a t wil l it cost to floor a 3-story house, 60 x 42 feet, wi th 2-inch 

boards, at $34.60 p e r M. ? 
20. W h a t will i t cost to cement the floor a n d side w a l k of a cel lar 2 5 x 24 

feet, and 8 feet h igh, a t 48 cents a square y a r d ? 
21. W h a t is t h e cost of t he carpet , r u n n i n g crosswise, £ ya rd wide, and 

worth $1.60 a yard , on a room 23 x 22 feet, if t he re must be a waste of J 
yard for ma t ch ing? 



A bin occupying f of a cellar which is 20 x 18 x 11 feet is i fu l l 
of coal (ordinary anthraci te) . F i n d its approx imate va lue a t $5.25 a ton. 

23. H o w many gal lons will a cistern 7 feet cube contain ? 
24. W a t e r weighs 621 pounds to t h e cubic foot. W h a t will the water in 

a t ank containing 1000 gallons weigh ? 
25 A county in one season bui l t 17 miles of macadamized road 12 feet 

wide, at t h e ra te of 75 cents per squa re yard. W h a t was t h e total cost ? 
26. If a roll of pape r a mi le long will jus t cover 193f square yards, how 

wide is the p a p e r ? I t s width is w h a t decimal of i ts length ? 
27. W h a t will be t h e cost of the pal ings necessary to inclose a lawn 

36 x 41 yards, if they a re 2 inches wide, placed 2 inches apar t , and sell for 

$2.75 a h u n d r e d ? . 
28. How many bushels will a b in ho ld whose dimensions a r e 1.» x 11 ( 

x 8 j feet? How m a n y gal lons? 
29 A bin 15 x 8J x 6§ feet was ful l of apples, f rom which enough 

cider was pressed to fill a t a n k 9£ x 4* x 3 feet, f ful l . T h e apples were 
bought a t 36 cents a bushel (approximate ly) and t h e cider was sold a t 3o 
cents a gallon. Requi red t h e gain . 

30. H o w many square yards in a c i rcular flower-bed 56 feet across? 
31. A cer tain tank contains 1000 gallons. H o w many bushels would i t 

h o l d ? . - j r 
32 T h e r e a r e to be laid two cement walks, one on each s ide of a cer tain 

street 2 miles long. T h e walks a re to be 60 in. wide and to cost 40 els. a 
sn. y d . W h a t is the total cost? 33. A circular pond 28 yd. across, is sur rounded by a p a t h 1 ft. wide. 

W-hat is the area of t h e pa th ? 
34 My farm is 220 rd. long and 144 rd. wide. I t is ent irely surrounded 

with a four-wire fence. T h e wire cost me half a cent a foot and the posts, 
which a re 11 f t a p a r t cost 9 cents each. W h a t did the m a t e n a l cost? 

35 W h a t will be the cost of plas ter ing t h e walls and ceil ing of a room 
16 ft. 6 in. long x 11 ft. 4 in. wide x 10 ft. h igh ® 36 f a sq. yd., allowing 
15 sq. yd . for doors, e tc .? 

36. If a cubic foot of water weighs 62* lbs., what will a barrel of water 

weigh ? 37. H o w many gal lons of water required to weigh a t on? 
SS. If the d iameter of a pail is 6 in., how many square inches in the 

bottom and lid toge ther? 
39. T h e r e is an i ron cistern made of 3-in. metal plates, and without any 

top. I f the inner dimensions a re 8 f t . long, 5 ft. wide, and 10 ft. deep, how 
many cub ic feet of i ron in t h e mater ia l ? 

40. F i n d t h e weight of that i ron if i ron is 7 t imes as heavy as water. 

C H A P T E R X I I I . 

P E R C E N T A G E . 

228. I l lus t ra t ion .—A m a n has two investments, one of $800 
in real estate, which brings a re turn of S48 a y e a r ; and an-
other of $500 in railroad bonds, which brings in $35 a year. 
Which is the better inves tment ? 

The comparison of t he two investments is much facil i tated 
by determining the proceeds of a single h u n d r e d dollars in 
each case, and compar ing them. 

Thus , if $800 in real estate brings in $48 a year. 
$100 " " " $6 a year. 

If $500 in bonds br ings in $35 a year, 
$100 " " $7 a year. 

Since $7 per $100 invested is a better re turn than $6 per 
$100, the investment in bonds is relatively more profitable. 

220. V a l u e of 1 0 0 a s a B a s i s of Compar i son .—Thi s use 
of a s tandard base, as 100, in mak ing estimates, has two ad-
vantages : (1) it facilitates comparisons, as in the above exam-
ple; (2) it leads in t ime to an instinctive grasp of the various 
rates used with reference to one hundred . 

Thus , 6 per c e n t (6 out of every hundred) , 7 per cent., etc., 
come to have a sha rp and definite mean ing in t he mind, which 
mean ing rises ins tant ly when such words are used. 

230. Def in i t ions a n d S y m b o l s . — P e r c e n t a g e is t he proc-
ess of comput ing with reference to 100 as a base. 

P e r c e n t , ( f rom per, by, and centum, one h u n d r e d ) means 
by or on the hund red . Thus , when a merchan t gains 15 
per cent., be means tha t h e gains $15 for every $100 invested 

?17 



gjg. A bin occupying f of a cellar which is 20 x 18 x 11 feet is i f a l l 
of coal (ordinary anthraci te) . F i n d its approx imate va lue a t $5.25 a ton. 

23. H o w many gal lons will a cistern 7 feet cube contain ? 
24. W a t e r weighs 621 pounds to t h e cubic foot. W h a t will the water in 

a t ank containing 1000 gallons weigh ? 
25 A county in one season bui l t 17 miles of macadamized road 12 feet 

wide, at t h e ra te of 75 cents per squa re yard. W h a t was t h e total cost ? 
26. If a roll of pape r a mi le long will jus t cover 193f square yards, how 

wide is the p a p e r ? I t s width is w h a t decimal of i ts length ? 
27. W h a t will be t h e cost of the pal ings necessary to inclose a lawn 

36 x 41 yards, if they a re 2 inches wide, placed 2 inches apar t , and sell for 
$2.75 a h u n d r e d ? . 

28. How many bushels will a b in ho ld whose dimensions a r e 1.» x 11 ( 

x 8 j feet? How m a n y gal lons? 
29 A bin 15 x 8J x 6 | feet was ful l of apples, f rom which enough 

cider was pressed to fill a t a n k 9£ x 4* x 3 feet, f ful l . T h e apples were 
bought a t 36 cents a bushel (approximate ly) and t h e cider was sold a t 3o 
cents a gallon. Requi red t h e gain . 

30. H o w many square yards in a c i rcular flower-bed 56 feet across? 
SI . A cer tain tank contains 1000 gallons. H o w many bushels would i t 

h o l d ? . - j r 
32 T h e r e a r e to be laid two cement walks, one on each s ide of a cer tain 

street 2 miles long. T h e walks a re to be 60 in. wide and to cost 40 els. :t 
sq. y d . W h a t is the total cost? S3. A circular pond 28 yd. across, is sur rounded by a p a t h 1 ft. wide. 

W h a t is the area of t h e pa th ? 
54 My farm is 220 rd. long and 144 rd. wide. I t is ent . re ly surrounded 

with a four-wire fence. T h e wire cost me half a cent a foot and the posts, 
which a re 11 f t a p a r t cost 9 cents each. W h a t did the mater ia l cost? 

35 W h a t will be the cost of plas ter ing t h e walls and ceil ing of a room 
16 ft. 6 in. long x 11 f t 4 in. wide x 10 ft. h igh ® 36 f a sq. yd., allowing 
15 sq. yd . for doors, e tc .? 

36. If a cubic foot of water weighs 62* lbs., what will a barrel of water 

weigh ? 37. H o w many gal lons of water required to weigh a t on? 
SS. If the d iameter of a pail is 6 in., how many square inches in the 

bottom and lid toge ther? 
39. T h e r e is an i ron cistern made of 3-in. metal plates, and without any 

top. I f the inner dimensions a re 8 f t . long, 5 ft. wide, and 10 ft. deep, how 
many cub ic feet of i ron in t h e mater ia l ? 

40. F i n d t h e weight of that i ron if i ron is 7 t imes as heavy as water. 

C H A P T E R X I I I . 

P E R C E N T A G E . 

228. I l lus t ra t ion .—A m a n has two investments, one of $800 
in real estate, which brings a re turn of $48 a y e a r ; and an-
other of $500 in railroad bonds, which brings in $35 a year. 
Which is the better inves tment ? 

The comparison of t he two investments is much facil i tated 
by determining the proceeds of a single h u n d r e d dollars in 
each case, and compar ing t h e m . 

Thus , if $800 in real estate brings in $48 a year. 
$100 " " " S6 a year. 

If $500 in bonds br ings in $35 a year, 
$100 " " $7 a year. 

Since $7 per $100 invested is a better re turn than $6 per 
$100, the investment in bonds is relatively more profitable. 

220. V a l u e of 1 0 0 a s a B a s i s of Compar i son .—Thi s use 
of a s tandard base, as 100, in mak ing estimates, has two ad-
vantages : (1) it facilitates comparisons, as in the above exam-
ple; (2) it leads in t ime to an instinctive grasp of the various 
rates used with reference to one hundred . 

Thus , 6 per c e n t (6 out of every hundred) , 7 per cent., etc., 
come to have a sha rp and definite mean ing in t he mind, which 
mean ing rises ins tant ly when such words are used. 

230. Def in i t ions a n d S y m b o l s . — P e r c e n t a g e is t he proc-
ess of comput ing with reference to 100 as a base. 

P e r c e n t , ( f rom per, by, and centum, one h u n d r e d ) means 
by or on the hund red . Thus , when a merchan t gains 15 
per cent., be means tha t h e gains $15 for every $100 invested 

?17 



in goods. If a poultry-raiser lose 8 per cent, of his fowls, he 
means tha t he loses 8 fowls out of every hundred tha t he has. 

Hence, so m a n y per cent, means so m a n y hundred ths . 
The symbol , %, is used for t he words " per cent." Since per 

cent, means hundredths, per cent, m a y also be indicated by a 
common or decimal fraction, with 100 as a denominator . Thus , 

6 % = T | 5 = . 0 6 ; 3 0 % = t % = -30 = .3. 
The q u a n t i t i e s cons ide r ed in computa t ions in percentage 

are the base, rate, percentage, and the avumnt or difference. 
The b a s e is the n u m b e r of which a certain number of 

h u n d r e d t h s is taken. I t is denoted by the symbol , b. 
The r a t e is t he n u m b e r of h u n d r e d t h s which is taken (or 

the number of un i t s t aken with reference to every h u n d r e d 
uni ts in t he base). W h e n expressed decimally it is denoted 
by r. . 

The p e r c e n t a g e is t he n u m b e r obtained by t ak ing a certain 
per cent, of the base (or the n u m b e r of uni ts taken with ref-
erence to all t he h u n d r e d s in t he base). I t is denoted by the 
svmbo l ,p . 
' For example, if a farmer has 800 peach-trees and loses 5 

per cent, of them, he loses 5 out of every hundred , or 8 X 5 
i or 40) out of 8 hund red . 

. • . 800 = base. 
5 % = rate. 

40 = percentage. 

Pupils are l ikely to confuse the terms rate per cent, and percentage, be-
cause of their similarity in sound. In order to distinguish them, it may be 
helpful to remember tha t 

rate per cent, means the number by (on, or o f ) every single h u n d r e d ; 
percentage " " " out of all t he hundreds in the base. 

The a m o u n t is the s u m of the base and percentage. 
The d i f fe rence is the difference of the base and percentage. 
Proceeds is a general term for either amount or difference. 

231. I . Given t h e b a s e a n d ra te , t o find t h e p e r c e n t a g e 
(or p r o c e e d s ) . 

Ex. 1. A school of 250 pupi l s is 60% boys. H o w m a n y 
boys are there in the school? 

S O L U T I O N . 

T h e number of boys in each 100 pupils = 60. 
T h e number of hun<jreds of pupils -

Hence, the entire number of boys in the school 
; (No. of hundreds of pupils) x (No . boys in every hundred) 

- x 60 = 250 x f f o = 250 x .60 - 150. 
Abbreviated form of computation. 

250, Base. 
•60, Rate per cent. 

150.00, Percentages 

Hence, in general, to find the percentage, 
Multiply the base by the rate expressed decimally (or in sym-

bols, p = bXr). * 
Also, to obta in the proceeds, multiply the base by 1 plus the 

rate, or 1 minus the rate, expressed decimally. 
Ex. 2. The populat ion of a town, which contained 18000 

people, decreased 5 % in a year ; wha t was t he populat ion at 
the end of the yea r? 

O P E R A T I O N . 

18000, Base. 
.95, Final rate per cent. 

90000 
162000 

E X P L A N A T I O N . 

If a number be diminished by 
of itself, i t becomes 9o%, or 

.95 of itself. 95 % of 18000 is 17100. 

17100.00, Final population. 

Find : 
1. 3% of 800 boys. 
2. 25% of 40 days. 
8. 10% of 70 lbs. 
4. 18% of S420. 

50% of 90 bu. 

EXERCISE 108. 

6. 12% of 530 tons. 
7. 6% of 8325. 
8. 80% of 84500. 
9. 4 i % of 600 pupils. 

10. 7\% 0 f 80 days. 



11. Th i r ty per cent, of a drove of 240 horses were sold in 
one day . H o w m a n y were sold ? 

IB. I invested $675 for a year a t 6 % . W h a t a m o u n t was 

due me a t the end of the year ? 
13 Which is the greater, 9J-% of $750, or 2 , £ % of »240 
1 } h Smi th had 230 lambs and bough t 20% more. H o w 

m a n v had h e t h e n ? 
l l Mr. Cox lost 15% of h i s 640 tons of hay . H o w many 

tons did h e lose? How m a n y r e m a i n e d ? 
1 G . A city of 78000 inhabi tan ts gained 12% m three years. 

W h a t was its popula t ion after this ga in? 
17. A gentleman's salary of $3500 was increased 16%. 

W h a t is his present sa la ry? ^ 

18. A house formerly valued at $8500 decreases 8 % . U hat 

is the valuat ion now ? 
Find the percentage and the proceeds: 
19. S7000 gaining 11%. ' 15 ft- gaining 20% 
Ob. 950 pupi ls losing 16%. m 12* bu. decreasing 5%_ 
21 875 men gaining 24%. U- 240 trees increasing /*%. 

1. 3% Of 200. 
7% of 500. 

S. 8% of 40. 
/,. 20 % of 65. 

E X E R C I S E 1 0 9 . 

ORAL. 
5. 25% of 4. 
6. 30% of 5. 
7. 40% of 6. 
8. 25% of 90. 

9. 10% of 50. 
10. 18% of SO. 
11. 45% of 40. 
IS. 7 } % of $800. 

Of 75 examples , a boy did 4 0 % . How many did h e solve? 
U A m a n 60 years old has a son 35% of h i s age- H o w old » t h e son ? 
15. A certain sa lary of $2500 is to be increased 1 2 % . W h a t will i t then 

1 , e L My expenses last year were $1400, and this year will be 5% more. 

^ a t i h I t ^ o t f h a y
f i T d i s 3 0 % m o . than its width, which is , 3 0 r d , 

T h t p r ^ o f a car r iage was 8% U*s than that of a horse which cost 

$150. W h a t was the price of t h e carr iage ? 

19. Lost 5% of an investment of $8000 and then gained 30% of the 
remainder in speculation. W h a t had I then ? 

20. W h a t is 25% of 10? Of 2f ? Of 5}? Of 100? 

232. Spec ia l Cases.— When the rate -per cent, is an aliquot 
part of 100 (see Art. 74), t he process of comput ing t he per-
centage may often be abbreviated. 

Thus , 331% = h and if i t be required to find 33£% of a 
given number , we m a y subst i tu te the s impler process of taking 
^ of the number . Similarly, 

20% = i-= TV 
- A-

12}% = i-
16f% = b 

33}% 
37}% 

= i-
= b 
= I-= »• 

5 0 % 
62}% I-

87 J % - f . 

Ex. 1. A man owns 124% of a vessel valued a t $24000. 
W h a t is the value of his share ? 

12}% of $24000 = §24000 x J = S3000, Result. 

Care should also be exercised in deal ing with cases where 
the rate % is very small or very large, as \°Jo or 225%. 

Thus , i % is i of 1% = m = -W125 ; 22-5% = 2.2-5 when 
expressed decimally. 

Ex. 2. A broker bought $1200 worth of stocks and charged 
commission. W h a t was his commission ? 

$1200, Base. 
.00}, Rate. 

$1.50, Percentage or commission. 

E X E R C I S E 
F i n d : 

1. 25% of 44 books. 
2. 1 6 f % of 96 lambs. 
8. 33£% of 750 boys. 
4. 37-2% o f 6 4 0 P n u n d s -
5. 20% of 36 miles. 
6. 66f % of 450 days. 
7. 50% of 225 acres. 

110. 

8. 100% of 325 years. 
9. 120% of 290 "tons. 

10. 215% of 480 cities. 
11. of $800. 
12. f % of $68. 
13. | % of $720. 
14. | % of $3500. 



15 W h a t is the commission on a sale of $42000 a t ? 
16 A city had a populat ion of 8750 some years ago, b u t 

has now 240 per cent, of its number s at t h a t t ime. W h a t is 
i ts present populat ion ? 

17 A m a n weighs 270 per cent, of w h a t he did when as a 
boy he weighed 60 pounds . W h a t is his we igh t? 

18. A gent leman spent 2\% of an income of $2800 m 
books. H o w m a n y dollars was t h a t ? 

19 Mr Jones owned f of a farm worth $8000, b u t sold 3/ 
of his share. W h a t par t does h e still own, and wha t is i t . 
V < l m W h i c h is greater, 87^% of $250 or of $35000? 

E X E R C I S E 111. 

ORAL. 

5. 66§ % of 75. 
6. 37*% of 5J . 
7. \Jo of 600. 
8. 125% of 60. 

«33 I I To find what per cen t , o n e n u m b e r is of a n o t h e r 
(g iven t h e p e r c e n t a g e a n d t h e b a s e , t o find t h e ra te ) . 

Ex. 1. A house which cost $6000 rents for $540. W h a t per 
cent, of the cost is the rent ? 

SOLUTION. 

I f $6000, or 60 hundreds of dollars, b r i n g in $540, 
1 h u n d r e d dollars " " $ W or $9 

H e n c e , $540 is 9 % of $6000, or t he income f rom the ¡ " - ^ . s O ^ 
T h e s a ^ e ra te expressed decimal ly may be obtained by r ega rd ing $-540as 

a fractional pa r t of $6000 and reducing till t h e denomina to r of t h e fract .on 

is 100. 
Thus, = TSTS = 09. 
Hence, $540 is 9 % of $6000. 

Hence, in general, to obtain the rate per cent., divide the per-

centage by the base—in symbols, r = 

F i n d : 
1. 5 0 % of 90. 
2. 3 3 i % of 66. 
S. 75% of 52. 
J,. 87*% of 96. 

Sometimes the proceeds and base are given instead of the 
percentage. I n this case the percentage may be obtained by 
subtract ing the base f rom the proceeds. 

Ex. 2. A dealer bought a horse for $60 and sold i t for S75. 
W h a t was his gain per cent. ? 

O P E R A T I O N . . E X P L A N A T I O N . 

$60, B a s e ^ S ince t h e horse cost $60 and was sold for $75, t h e 
$15* Percentage. ga in was the difference between $75 and $60, or $15. 
60)15.00(.25, Rale. Hence , t h e prob lem reduces to liniHng what p e r cent. 

120 15 is of 60. 
300 
300 

E X E R C I S E 1 1 2 . 

ORAL. 

Expres s in per cent, with decimals : 

J. b b I, b I, I. b b b A. I. A . f 
b b h -A. b b Th , il TV» H, 

5. W h a t per cent, of 8 is 4 ? I s 2 ? I s l ? I s 5 ? 
4- W h a t per cent, of 12 is 6 ? Is 4 ? Is 8 ? I s 2 ? 
6. W h a t p e r cent, of 24 is 3 ? Is 6 ? 8 ? 9 ? 1 2 ? 15? 16? 
H. 12 is what per cent of 18? Of 24 ? Of 3 0 ? Of 48 ? 
7 . 15 is what per cent, of 2 5 ? 3 0 ? 3 5 ? 5 0 ? 7 5 ? 
8. 18 is what per cent, of 27 ? 4 2 ? 54 ? 4 8 ? 180? 

E X E R C I S E 1 1 3 . 

Find the rate per cent, when, 
1. Base is $45 and percentage is $0. 
2. Base is $240 and percentage is $84. 
8. Base is 428 bushels and percentage is 160i bushels. 

Base is 150 days and percentage is 12 days. 
5. Percentage is 23$ tons and base is 320 tons. 
6. Percentage is 3250 boys and base is 1400 boys. 
7. Percentage is $73.50 and base is 884. 
8. Percentage is $1.40 and base is $56. 



9. Cost is $236 and gain is $29.50. 
10. Gain is $0.98 and cost is $1.40. 
11. Gain and cost are each $75. 
12. Gain is £ cos t ; $ cost ; f cost, 
13. Cost is $2350 and gain is $173.90. 
U . Cost is $85 a n d loss is $6.80. 
15. Cost is $125 a n d loss is $22.50. 
16. Loss is $2.76 and cost is $7.36. 
17 Amoun t is $800 and base is $640. 
18 A m o u n t is $4397.61 and base is $4261.2d. 
19. A m o u n t is $4420 and percentage is « 2 0 . 
20. A m o u n t is $470.61 and percentage is $209.1b. 

21. Selling price is $120 and gain is $30. 
22 Selling price is $60 and cost is $48. 
23. Selling price is S10.83 and cost is $9,50. 
24 Selling price is $1462.50 and loss is $1037.50. 
25. Selling price $642.60 and cost is $765. 
26. Base is $900, percentage is $4,50. 
27. Amoun t is $7110, percentage is $47.40. 
28. Selling price is $136, cost is $134.98. 
29. Cost is $30, gain is 25 cts. 
50. Loss is 36 cents, selling price is $62.64. 
51. Cost is $180, loss is $1. 

W h a t per cent, of 

32. I is \ ? 
33. 3 is i ? 
34- f is 

38. 15 is 124? 
39. I0f is 9«? 
40. 21 i is 1TV? 

35. 31 is H ? 
36. 5 i is 3*? 
87. 8 | is 7 ? 

J,1 I „ a s c h o o l of 320 pupils , 176 are boys W h a t per cent. 
of the school is boys ? W h a t per cent, is gir ls? 

M From a farm containing 146 acres, t he owner sold 124.1 
acres. W h a t per cent, of the fa rm did he se l l? 

7,1 For threshing a crop of grain amoun t ing to^872 b u 
2 pk„ the thresher took 209 bu . I f pk. as h i s pay. W ha t per 
cent, of the crop d id he t a k e ? 

PERCENTAGE. 225 

44. Of a regiment number ing 980 men, 147 were sick and the 
rest able-bodied. W h a t per cent, of the regiment entered battle ? 

45. I f 271 men were killed in batt le and all of the sick 
recovered, what per cent, of the whole regiment (1000 men) 
would be able to enter another fight? 

46. A house which cost $3500 was sold for $4060. W h a t 
was the gain per cent. ? 

47. A pencil which cost 5 ct. sold for 6 ct. W h a t was 
t he gain per c e n t ? 

48. Which inves tment re turns the greater per cent., $40 in 
a bicycle which sold for $50, or 3 ct, in a newspaper which 
sold for 4 c t ? 

49. A m a n has $4500 with which to speculate. Will he do 
better buy ing cattle a t $10 and selling a t $18 a head, or buy-
ing railroad stock a t $75 and selling it at $132? W h a t will 
be his gain per c e n t in the better inves tment? 

234. I I I . To find a n u m b e r from a g i v e n pe r cent , of i t 
( g i v e n t h e r a t e a n d p e r c e n t a g e , t o find t h e b a s e ) . 

E x . 1. $30 is 12% of wha t n u m b e r of dol lars? 
S O L U T I O N . 

12 % of the required n u m b e r = $30. 
1 % of the required number = S f | . 

100% of the number , or the n u m b e r itself = x 100 = $250. 

Or, more briefly, ~ = §250, 
.12 

(since m X 100 = m X ~ = * f t X = ? ^ = $250.) 

Ex. 2. A house is sold for f 4 8 0 0 at a gain of 20%. W h a t 
was the cost of the house ? 

SptDTlOK. 
Making the cost of the house the base, 

120 % of the cost of the house = §4800. 
, , , $4800 

1 % of the cost of the house = —¿q" = -

100%, or the whole of the cost of the house = §40 x 100 = §4000. 
Or more briefly, cost of house = = §4000. _ 



Hence in general, to find the base, either proceed by analysis, 
that is, obtain I per cent, of the base by dividing the percentage by 
the per cent., and multiply the result by 100, in order to obtain 100 
per cent, of the base; or, divide the percentage by the rate, expressed 

decimally ( in symbols b ==?). 

The a m o u n t or difference being given to find t he base, divide 
the amount by 1 plus the rate; or, divide the difference by 1 minus 

. ( amount - ( H rate), 
the rate, i. e., base - j ¿^ence -*- (1 -rate). 

E X E R C I S E 114 . 

Find the base if i t is given t h a t : 
1. Percentage is $120 a n d rate is 6%. 
2. Percentage is 760 bu. and rate is 5 % . 
8. Percentage is 115 gal. and rate is 2 i % . 
4. Rate is 4 % a n d percentage is 550 da. 
5. Rate is 3£% and percentage is 8553. 
6. Rate is 23% a n d percentage is $27.83. 
7. Proceeds are $1086.40 and gain is 12%. 
S. Proceeds are 23 tons and loss is 20%. 
9. Rate of loss is 13% and proceeds are $453.27. 

10. Ciain is 18% and proceeds are $372.88. 
11. 140 is 8 % of wha t n u m b e r ? 
12. 169 is 3 o f wha t n u m b e r ? 
Of wha t number is 
18. 30, 5 % ? I 15. 725, 25% ? | 17.7,4%? 
U. 1 2 0 , 6 % ? 1 16. 486, 30% ? I IS. 1 7 , 5 % ? 
Find the quant i ty of w h i c h : 

19. 48 bu. is 20%. 
20. 75 da. is 25%. 
21. 145 tons is 5 % . 
22. 67 mi. is 40%. 
23. $73.35 is 15%. 
24. $1476 is 48%. 

25. 97 is m % . 
26. 123 is 6 6 | %. 
27. 429 is 3 7 | % . 
28. 45 is 3 \°/o. 
29. 19 is J %. 
SO. 31J is | % . 

34. 15% of itself is $ 11.04? 
35. 33£% of itself is $114.48? 
86. 8 f % of itself is 1.163403? 

40. 16|-% of itself is 76A ? 
41. 19% of itself is 6f m i . ? 
42. 88% of itself is 0.3? 

W h a t quant i ty increased b y : 
81. 9% of itself is $54.50? 
32. 27% of itself is $439.42? 
SS. 60% of itself is 12? 

W h a t quan t i ty d iminished b y : 

37. 25% of itself is 96? 
38. 30% of itself is 175 da. ? 
89. 28£% of itself is $167.31? 

F ind cost i f : 

43. Selling price is $50 and gain is 25%. 
44- Selling price is $308.14 and gain 8£%. 
45. Selling price is $7.14 and loss is 33£%. 
46. Selling price is $286.02 and loss is 9 | % . 
47. A city whose populat ion is now 74250, has gained 10% 

in a year. WTiat was its populat ion a year ago? 
48. If dur ing a year I spend 45% of my earnings, a n d have 

$1100 saved, wha t was m y income ? 
49. A boy weighing 90 lbs. gained 20% dur ing the last 

year. W h a t was his weight a year ago? W h a t will be his 
weight a year hence a t the same rate per cent, of growth ? 

50. A pencil which sold for 8 cents brought 60% gain. 
W h a t did it cost? 

51. A grocer sold a score of eggs for 55 cents, thereby gain-
ing 10%. W h a t did a dozen eggs cost h im ? 

52. A fa rmer lost 12% of his l ambs by death , and 23% b y 
theft , and there were 585 l ambs remaining. How m a n y had 
he a t first? 

53. A housekeeper wishes to use 1 2 4 | yards of musl in and 
knows i t will shr ink 2 i % . H o w m a n y yards should she 
b u y ? 

54. I sold 2 horses for $60 each ; on the one I gained 20%, 
and on the other I lost 20%. Did I gain or lose on t h e m 
both together? H o w m u c h ? 



55. The distance between two stops was 42f miles, or 7}% 
of the entire journey. W hat was the length of the journey? 

56. The gain was $39.60, or 20% of the cost. W h a t was 
the cost? 

57. The loss was $76.40, or 80% of the cost. W h a t was the 
cost? 

58. In a transaction a man gained 8%, but actually gained 
$1256. How much did he invest? 

E X E R C I S E 115 . 

ORAL. 

1. If percentage is $75 and ra te is 3 % , wha t is t he base? 
2. W h a t is t he base when ra te is 8 % , and percentage is 24 bu. ? 
3. $24 is 20% more t han wha t n u m b e r of dol la rs? 
Jf. 27 is 10% less t h a n what n u m b e r ? 
5. Ga in is $40, o r 5 % . W h a t was t h e cost? 
6. Loss was $30, or 15%. W h a t was the cos t? 
7. Se l l ing pr ice was $84, and loss was 3 0 % . W h a t was cost? 
8. Ga ined 20% when I sold for $60. W h a t was cost? 
9. A kni fe sell ing at 70 cents y ie lded 40% gain . F ind cost. 

10. If percen tage is 6 3 bu. a n d rate is 70%, find base. 
11. If proceeds are 525 tons and ra te is 5 % gain , find base. 
12. W h a t was the base if ra te was 16% and percentage $16? 

235. A lgeb ra i c T r e a t m e n t of Percentage .—If the student 
is familiar «with the first principles of algebra, the treatment 
of percentage may be simplified by their use. All three of 
its cases may be reduced to a single formula. 

Thus , since p = b r, if any two of the th ree quant i t ies , p, b, r, a r e 
known, t h e t h i r d may be found by subst i tu t ing for the two known quant i t ies 
and solving the resul t ing equat ion. 

E x . 1. W h a t per c e n t is 16 of 64 ? 

Here , p - 16. b = 64. 
Subs t i tu t ing for p and b in p^-br 

we obtain 16 64 r 
r = J i - .25, Rate. 

T h e above formula may also be made to cover cases w h e r e the proceeds 
occur instead of the percentage. 

I n such cases let p = proceeds, 
r = final rate, i. e., 1 + rate, or 1 — rate, 
6 = base. 

E x . 2. A proper ty is sold for $3360 a t a ga in of 12%. W h a t was its cost? 

Here , proceeds (or p) = $3360 , 
final rate (r) = 1.12. 

S u b s t i t u t i n g for p and r i n p = b r , $3360 = 1.12 r 

r = = $3000, Base. 1.12 

E X E R C I S E 1 1 6 . 

G E N E R A L R E V I E W . 

7. F ind 7 % of 1456 feet. Of $351.70. Of 9}. 
2. 24 is what p e r cent, of 36 ? Of 64 ? Of 480? Of IS ? 
8. 30 is what per c e n t of 5 0 ? Of 120? Of 2 4 ? Of 18? 
4. 42 is 6% of what n u m b e r ? 8 % of w h a t ? 2 1 % of w h a t ? 
5. 48 is 18% of w h a t ? 33}% of w h a t ? 120% of w h a t ? 
C. F ind 1014% of 64 acres. Of 7f miles. 

I n the following g r o u p of examples , two of these th ree quant i t ies are 
given, and the problem in each case consists in ascer ta ining the missing one. 

Base. Percentage. Rate. 
7 $236 $34.22 ? 

8. ? $12.41 21}%. 
9. 736 pounds. ? 2}%-

10. 5 8 | bushels. 8.76 bushels. ? 
11. ? $355 } % -
12. $460 ? H % -
IS. 4 2 7 | 534} ? 
14- ? 750.527 1051%. 
15. $896 j 9 6 f % . 

16• W h a t per cent, of an hour is a m inu t e? Of a peck is a q u a r t ? Of 
a week is a day ? Of a gallon is a q u a r t ? Of an inch is a foo t? Of a ya rd 
is a foot? Of a yard is an inch ? Of a day is an h o u r ? 

17. Out of an examina t ion of 9 problems, a boy solved 7 J correctly. 
W h a t should be his per cent, g r a d e ? 

18. A man owning f of a s h i p sold 33}% of h i s share for $9200. W h a t 
was the whole vessel worth ? 



19. A field was 48 x 35 rods, and t h e owner increased each dimension 
4 0 % of itself. By how many acres and what per cent, did he increase the 
field? 

50. A carpenter buil t a house at an expense of $5200, and sold it for 
$7098. W h a t was t h e gain % ? 

51. A wholesale grocer buys coffee a t 30 cents and sells it a t 36 cents a 
pound. T h e local grocer buys a t 36 and sells at 45 cents. W h a t per cent, 
does each m a k e ? W h a t per cent, would be the wholesale grocer ' s gain if 
h e sold direct ly to the consumer for 45 cents? 

S3. Owning 30% of an office building, a man sold 25% of his share and 
then valued t h e balance at $9000. W h a t was the ent i re bui lding worth a t 
this valuation ? 

23. W h a t per cent, of 8 bushels, 3 pecks, 4 quar ts is 4 bushels, 6.9 

quar t s? 
24. F ind the value of 80% of 60 acres, 125 square rods, 20 square yards 

a t $60 an acre. 
25. F i n d h % of 90. Of 200. Of 8756. Of 
26. F i n d jj % of 900. Of49SO. Of Of 1.6. 
27. W r i t e decimally, and as a common fraction ; ten per cent . ; four-

fifths per cent . ; one-half of one per cen t . ; one hundred twelve p e r c e n t . ; 
e igh t | ter cen t . ; three- tehths pe r cent. ; and eleven hundred ths per cent. 

28. W r i t e as per cen t . ; T
3

5 ; i ; ?V; H i 6 : iV 5 A". I I -
29. O n an examina t ion a boy got 460 credits out of a possible 500. W h a t 

should his g r a d e be, expressed in per cent. ? 
30. A watch was.sold for $190 a t a loss of 2 4 % . W h a t should it have 

l>een sold for to obtain a gain of 5% ? 
31. A speculator bought 500 shares of railroad stock a t $68 a share and 

sold i t a t $85 a share. W h a t was his ga in % ? 
32. I f a t e a c h e r s salary is $2400 and h e pays in a year , 15 % of it for 

board , 4% for room, 3% for clothes, 8% for incidentals, and gives his 
mo the r a quar te r of his salary, how much is lef t for saving? 

33. A man owned \ of a hotel and sold 1 2 i % of his share for $7540. 
A t the same rate, wha t is t h e value of the ho te l ? 

34. 707.84 is 12% more than what n u m b e r ? 
35. If the cost was f of the selling price, wha t is t h e ga in % ? P r o v e 

your answer in t h e case where the cost is $420. 
36. W h a t per cent, of t h e year 1904 are the Sundays? Of t h e year 1903? 

C H A P T E R X I V . 

A P P L I C A T I O N S O F P E R C E N T A G E . 
236. A p p l i c a t i o n s of P e r c e n t a g e . — T h e method of reckon-

ing with reference to 100 as a s tandard or base has so m a n y 
advantages t ha t it is widely used in many different depart-
ments of practical life. 

The computa t ions in these different appl icat ions are alike, 
in that , first, they all use 100 as a base, and , second, they are 
all concerned with the three quanti t ies, base, rate, and per-
centage. 

The various applications of percentage, however, differ from 
the general subject and from each other in t h a t (1) different 
special names are assigned to one or more of t he quant i t ies 
used ( thus t he percentage is sometimes called commission, or 
tax, or profit, etc.) ; or (2), t he base m a y be determined in some 
peculiar w a y ; or (3) certain special s tandard rates are used. 

In all cases, however, it will be found t h a t the three quan-
tities, base, rate, and percentage, appear in some form, a n d 
tha t two of them are given to find t he remaining one. 

PROFIT AND LOSS. 

237. The subject of P r o f i t a n d L o s s differs very slightly 
from the general subject of percentage. 

Profit or loss is the name given the percentage, p rof i t being 
the excess of money received over t ha t expended, and loss 
being the excess of money expended over t ha t received. 

The s tudent should carefully note tha t t he base is the money 
paid out or invested (not the money received). 

Ex . A m a n sold h i s horse for $60, which was a loss of 20%. 
W h a t did the horse cost h i m ? 



19. A field was 48 x 35 rods, and the owner increased each dimension 
40% of itself. By how many acres and what per cent, did he increase the 
field? 

50. A carpenter built a house at an expense of $5200, and sold it for 
$7098. What was the gain % ? 

51. A wholesale grocer buys coffee at 30 cents and sells it at 36 cents a 
pound. The local grocer buys at 36 and sells at 45 cents. What per cent, 
does each make? What per cent, would be the wholesale grocer's gain if 
he sold directly to the consumer for 45 cents? 

S3. Owning 30% of an office building, a man sold 25% of his share and 
then valued the balance at $9000. What was the entire building worth at 
this valuation ? 

What per cent, of 8 bushels, 3 peeks, 4 quarts is 4 bushels, 6.9 

quarts? 
24. Find the value of 80% of 60 acres, 125 square rods, 20 square yards 

at $60 an acre. 
25. Find h % of 90. Of 200. Of 8756. Of 
26. Find jj % of 900. Of49SO. Of ft. Of 1.6. 
27. Write decimally, and as a common fraction ; ten per cent.; four-

fifths per cent.; one-half of one per cent.; one hundred twelve percent.; 
eight |ter cent-; three-tenths per cent. ; and eleven hundredths per cent. 

28. Write as per cent.; T
3
5; i ; ?V; Hi 6 : iV 5 A". II-

29. On an examination a boy got 460 credits out of a possible 500. What 
should his grade be, expressed in per cent. ? 

30. A watch was.sold for $190 at a loss of 24%. What should it have 
l>een sold for to obtain a gain of 5% ? 

31. A speculator bought 500 shares of railroad stock at $68 a share and 
sold it at $85 a share. What was his gain % ? 

32. If a teacher's salary is $2400 and he pays in a year, 15 % of it for 
board, 4% for room, 3% for clothes, 8% for incidentals, and gives his 
mother a quarter of his salary, how much is left for saving? 

33. A man owned \ of a hotel and sold 12i% of his share for $7540. 
At the same rate, what is the value of the hotel? 

34. 707.84 is 12% more than what number? 
35. If the cost was f of the selling price, what is the gain % ? Prove 

your answer in the case where the cost is $420. 
36. What per cent, of the year 1904 are the Sundays? Of the year 1903? 

C H A P T E R X I V . 

A P P L I C A T I O N S O F P E R C E N T A G E . 

236. App l i ca t ions of Percentage .—The method of reckon-
ing with reference to 100 as a standard or base has so many 
advantages that it is widely used in many different depart-
ments of practical life. 

The computations in these different applications are alike, 
in that, first, they all use 100 as a base, and, second, they are 
all concerned with the three quantities, base, rate, and per-
centage. 

The various applications of percentage, however, differ from 
the general subject and from each other in tha t (1) different 
special names are assigned to one or more of the quantities 
used ( thus the percentage is sometimes called commission, or 
tax, or profit, etc.); or (2), the base may be determined in some 
peculiar way ; or (3) certain special standard rates are used. 

In all cases, however, it will be found t h a t the three quan-
tities, base, rate, and percentage, appear in some form, and 
that two of them are given to find the remaining one. 

PROFIT AND LOSS. 

237. The subject of Prof i t a n d Loss differs very slightly 
from the general subject of percentage. 

Profit or loss is the name given the percentage, profi t being 
the excess of money received over that expended, and loss 
being the excess of money expended over that received. 

The student should carefully note that the base is the money 
paid out or invested (not the money received). 

Ex. A man sold his horse for $60, which was a loss of 20%. 
What did the horse cost h i m ? 



S O L U T I O N . 

Making the cost of the horse the base, 
80% of the cost of the horse = $60, the selling price. 

. •. cost of horse = ^ = §75, Result. 

4 6 ( ' ^ 
E X E R C I S E 1 1 7 . 

1. Bought for §80 and sold for $100. Find the gain %. 
2. Sold for $40 and lost 20%. F ind cost. 
3. Gained $63 or 7%. Find cost and selling price. 
4- Lost 324% on an investment of $6200. Find the actual 

loss. 
5. Did I gain or lose by buying eggs at 18 ct. a doz. and 

selling at 32 ct. a score ? What per cent. ? 
6. W h o gained more money and who gained a greater per 

cent.—John, who bought for $60 and sold for $65, or James, 
who sold for $240 at a gain of 20% ? 

7. I sold a horse for $404.40 and gained 12£%. What 
would have been my per cent, of loss if I had sold h im for 
$252? 

8. Bought two farms for $4500 each, and sold the one for 
$6300 and the other at a loss of 37%. Did I gain or lose on 
the transaction pnd how much ? 

0. Bought two books for $4 each, and sold one at a gain of 
30% and the other at a loss of 90 cents. Did I gain or lose 
011 the transaction ? How much ? Wha t per cent. ? 

10. By selling cloth for $1.20 per yd., a salesman lost 20%. 
How should he have sold it to gain 20% ? 

11. I sold two watches for $84 each. On one I gained 40% 
and on the other I lost 40 %. Did I gain or lose on the 
whole? How m u c h ? Wha t % ? 

12. Carpet is bought at 75 ct. a yd. Expenses amount to 
20 cents additional on each yard. W h a t must be the selling 
price-that the dealer may realize an advance of 20% ? How 
must he mark the carpet so that he can allow a 5% reduction 
and still gain. 20% ? 

13. The farmer charges 10% profit on his wheat ; the miller, 
25% profit 011 his flour; the grocer, 20% gain. The consumer 
pays $5.28 per bbl. Wha t is the first cost to the farmer of the 
wheat in a barrel of flour? 

14- The actual cost of a certain piano is $200; the maker 
charges an advance of 60% ; the agent realizes a profit of 
25%, and the deliverer gains 5% for hauling. Wha t is the 
cost to final owner? 

E X E R C I S E 1 1 8 . 

ORAL. 

1. Can a man gain 125% ? Can he lose 125% ? 
2. How many per cent, is it possible to gain ? To lose ? 
3. What is always the divisor in determining the gain or loss per cent.? 
4 1 f I gain 200% 011 a purchase of §5, what is the selling price? 
5. What is the gain per centum if I buy at 40 ct. and sell at 60 ct.? 
6. What is the loss per centum if I buy at 60 ct. and sell at 40 ct.? 
7. If I lose a new 5-ct. pencil, what was my loss % ? 
S. If I find a dime, can you tell the gain per cent.? (We cannot, be-

cause to have gain % there must be cost, and here there was 110 cost.) 
!). If the gain is } the cost, what is the gain % ? 

JO. If the selling price is £ the cost, what is the loss % ? 
11. If the cost is g the selling price, what is the gain % ? 
12. If the selling price is twice the gain, what is the gain per cent.? 
13. If the selling price is three times the cost, what is the gain per cent? 
14- If the cost is double the selling price, what is the loss % ? 
15. Sold for § what cost L What was the gain % ? 
16. Does a merchant gain or lose by buying coal by the long ton and sell-

ing it by the short ton, at the same price per ton ? How would you find the 
per cent. ? 

17. A farmer planted a peck of corn and raised 250 bushels. How would 
you find the gain % ? 

TRADE DISCOUNTS. 

238. The subject of t r a d e d i scoun t s has the peculiarities 
t h a t the percentage is termed d i scount , and that frequently 
several discounts are applied in succession. 

239, Commerc ia l Discounts .—It is the custom of manu-



facturera and various dealers in merchandise to have a fixed 
or catalogue price for goods, and to make deductions from 
this, called discounts. Thus, a manufacturer may allow a 
discount of 25%, owing to the fact that goods are produced 
more cheaply than when the catalogue was issued, and a fur-
ther discount of 5% for payment of the bill within a certain 
time. 

The catalogues of goods and prices issued by business houses, are fre-
quently expensive, and when the prices of goods change, owing to cheap-
ened proî sses of production, it is more economical to print off a brief list 
of discminis than to issue a new catalogue. 

The catalogue price is called the l is t p r i ce ; the price after 
the discount has been deducted is called the n e t price. 

240. Success ive Discounts .—In making several successive 
discounts deduct the first discount from the list price, then compute 
the next discount on the remainder and deduct it from the remain-
der, and so proceed till all the discounts have been made. 

Ex. A bill of $250 for steam heating apparatus was subject 
to a discount of 60% and 20%, with 2% off for cash. Wha t 
sum is needed to pay the bill ? 

S O L U T I O N . 

Since after fi0% is deducted 40% is left, 
and " 20% " 80% of the remainder is left, 
and " 2% " 98% of the second remainder is left, 

the sum required = $250 x .40 x .80 x .98 = $78.40. 

E X E R C I S E 119 . 

1. A librarian purchases a list of books amounting to 
$123.80, but is allowed 30% deduction and a 4% discount 
for cash. Find actual amount due. 

From an assessment upon $8500 of value the owner 
obtained three successive reductions of 8%, 15%, and 10%. 
How large was the final valuation? 

3, For damages on a large purchase of dry goods, amount-

ing to $1800, a merchant discounted 5%, then on special sale 
7%, and on cash payment 2%. Wha t was final bil l? 

If. Which is the greater discount on a bill of $15600, and 
how much—a discount of 40% and then 8%, or one of 48% ? 

5. What single discount on a bill of $5000 is equivalent to 
the two discounts of 15% and 20% ? 

G. Find net cash amount of a bill of $675, subject to t he 
three discounts, 20%, 16%, and 5%. Change the order of 
discounts in this example and ascertain whether or not there 
is change in the final amount of the same bill. 

7. Prove that it is immaterial in what order several succes-
sive discounts on the same bill are made. 

COMMISSION AND BROKERAGE. 

241. A g e n t s a n d Commissions.—Goods are frequently 
bought or sold through an agent, the advantages being tha t 
an agent may be in a more favorable place in which to b u y 
or sell goods, and also that an agent by making a specialty of 
a certain line of goods may be able to buy or sell to greater 
advantage. 

Thus, a farmer may receive a higher price for potatoes by selling them 
through an agent in a city, than by selling them himself in his own neighbor-
hood. 

An agent who buys or sells general merchandise is called a 
commiss ion m e r c h a n t . Goods sent to him to be sold are 
called a cons ignment , the person sending them being called 
a consignor, and the person receiving them being called a 
consignee. 

An agent at a distance is sometimes called a correspondent; 
the person employing a correspondent is called a principal. 

242. Commiss ion is the percentage paid a person who buj 'a 
or sells goods or collects money for another person. 

The base of a commission is the amount of money paid 
out or received for goods by the agent. 



Ex. 1. An agent sold $3500 worth of goods for a commission 
of 5 %. What was his commission ? 

$3500 x .05 = $175, Commission. 

Ex. 2. A gentleman sent an agent $257.50 to expend in 
buying hay at $20 a ton. The agent charged 3% commission. 
How many tons of hay did he buy ? 

OPERATION. E X P L A N A T I O N ^ 

1 031S267 50CS250 S ince $257.50 includes both the cost of the hay 
206 ° ' and commission, $257.50 is 103% of the cost of 

the hay. Hence, the cost of the hay = $257.50 : 
515 103 = $250. 

0 If 1 ton of hay costs $20, the number of tons 
= 12 J, No. of tons. which can be bought for $250 is $250 •-:- 20, or 12} 

tons. 
243. Brokerage.—A b r o k e r is an agent who buys or sells 

stocks, bonds, bills of exchange, real estate, etc. 
A commission merchant receives and sells goods in his own name, sending 

the net proceeds to the consignor. A broker does not handle the goods, 
and they are sent directly from the owner to the buyer. Since he is thus 
saved the labor of handling the goods, he is paid a less percentage for his 
work. 

Brokerage is the commission charged by a broker. In the 
sale of stocks and bonds, brokerage is reckoned not on the 
selling price, bu t on the face or par value of the stocks. I t is 
usually or 12£ cents on a share of $100. 

Ex. A broker sold 36 shares of N. Y. Central stock. What 
was his brokerage ? 

SOLUTION. 
Since the par value of 1 share = $100, 

" " " " 36 " = $3600. 
$3600 x ,00£ = $4.50, Brokerage. 

E X E R C I S E 1 2 0 . 

1. A commission merchant sold a car of lime for $80 and 
received 3% commission. Wha t was his commission? How 
much did he remit to his employer? 

3. I sold a lot of real estate for Mr. Jones for $12500 on 
3¿% commission. Wha t amount should be sent h im ? 

3. An agent sold 560 baskets of peaches at 90 cents a 
basket and charged S25.20 for doing it. W h a t was his rate 
of commission ? 

4. After selling a property worth $8528, the agent sent to 
the former owner $8229.52. W h a t rate of commission did he 
charge ? 

5 A merchant charged 4% for selling a consignment of 
beef and received $93.40 commission. Wha t was the selling 
price of the beef? 

6. After selling a load of grain, for doing which the agent 
retained he remitted $2691 to his employer. Required 
the selling price of the grain. 

7. A real estate agent sold a house on 3% commission 
and sent the owner $7229.41. What commission did he 
retain ? 

8. If $2388.33 includes commission at 2% and the amount 
invested in wool, how much was invested? 

0. I sent my agent $216.84 to invest in peaches, after de-
ducting 4% commission. How many baskets at 75 cts. each 
will he purchase for m e ? 

10. Wrhat is the brokerage on a sale of 75 shares of railroad 
stock (par value" S100) at ? At ? 

U . Par value of P. R. R. stock is $50. W h a t will be the 
total cost of 48 shares at S72, including ? 

12. Suppose in Ex. 11, shares were selling at $63, what 
would be the total cost ? 

13. W h a t is the total cost of 28 shares of D. L. & W. stock 
at $124, counting brokerage at ? 

H . A speculator sold through his broker 90 shares of C. R. R. 
of N. J . at $112,}. Wha t were the proceeds, brokerage \ %? 

15. I sent draf t on Drexel & Co. for $4631.25 to pay for 
stock at 92£ (par $100) and their commission at How 
many shares could they buy ? 



TAXES. 
244. Revenue .—Var ious governments , as the federal, state, 

county, city governments , 'need money in order to pay their 
general expenses, and also do the special work delegated to 
them, such as main ta in ing schools, bui lding roads, caring for 
the insane, etc. 

The different governments collect their revenues in different 
ways. State a n d local governments generally collect their 
revenue as taxes. 

245. T a x e s . — A t a x is money assessed on proper ty or per-
sons by t he government for publ ic purposes. 

A property t ax is a t ax assessed on property. 
Property is of two kinds, real estate and personal properly, lieal estate 

is property not easily moved, as lands, buildings, etc. 
Personal property is movable property, as money, stocks, bonds, house-

hold goods, cattle, etc. 

A pol l t a x is a fixed sum, as SI, or S2, assessed on each 
voter in a communi ty wi thout regard to the a m o u n t of 
property h e owns. 

246. T h e m e t h o d of a s s e s s i n g t a x e s in a state, for in-
stance, is usual ly as follows: A representative body, the state 
legislature, determines by means of appropriat ion bills, the 
amoun t of money to be expended. T h e amoun t of taxable 
property in the state is determined by local officers called 
assessors, elected by the people in a township or borough or 
city, the reports of t he assessors being s u m m e d u p by a state 
official called the Audi tor of Publ ic Accounts. The audi tor 
divides the total a m o u n t of money to be collected by the 
number of dollars of taxable property, and t h u s determines 
the a m o u n t of t a x on one dollar. Hence, a tax is a certain per 
cent, of the property assessed. 

Thus, if a state desires to expend $1,200,000, and the amount of property 
in the state is $800,000,000, the tax rate will be $1,200,000 -H $800,000,000, 
or .0015. 

The same general method is followed in assessing city, borough, and 
county taxes. 

The different rates of taxes of each government are sent to an official, 
who calculates the amount of each kind of tax to be paid by each person, 
corporation, or piece ot property, and tabulates the results in a book. The 
book is given to a collector, who collects each tax and returns it to the 
proper (county, city, or state) treasurer. 

It is the custom in many localities to assess property for not more than 
I or § of its real value. After property has been assessed, the owner may 
appear before the proper official and make claim for such reductions or cor-
rections as he thinks he is entitled toi 

If taxes are not paid when due, a certain per cent, is usually added to 
them as a fine. 

Taxes are often stated as so m a n y mills on a dollar. 

Ex. W h a t will be t he county t ax of Samuel Smith , t he rate 
being mills on a dollar, and h i s proper ty b e i n " valued at 
S3500. 

The tax on $1 = .0025. 
Hence, tax on $3500 = $3500 x .0025 = $8.75, Tax. 

247. C o m p u t a t i o n of T a x e s b y U s e of a Table . The 
computat ion of t he taxes of a commun i ty is greatly facilitated 
by the preparat ion and use of a table l ike the following, which 
gives t he t ax on various sums a t the rate of 3 mil ls on a 
dollar. 

Prop. Tax. Prop. Tax. Prop. Tax. Prop. Tax. 

.03 10 .30 100 $3.00 1000 $30 

.06 2 0 .60 200 6.00 2000 60 

.09 30 .90 300 9.00 3000 90 

.12 40 1.20 400 12.00 4000 120 

.15 5 0 1.50 500 15.00 5000 150 

.18 60 1.80 600 18.00 6000 180 

.21 7 0 2.10 7 0 0 21.00 7000 210 

.24 80 2.40 800 24.00 8000 240 

.27 90 2.70 900 27.00 9000 270 

Prop. 

10,000 
20,000 
30,000 
40,000 
50,000 
60,000 
70,000 
80.000 
90,000 

Tax. 

$300 
600 
900 

1200 
1500 
1800 
2100 
2400 
2700 

In this table, the columns headed " Prop." give the number of tens of 
dollars, not number of dollars of property tax 



Ex. Compute by use of the table the tax on a property 
assessed at §5680: 

S O L U T I O N . 

Tax on $5000 $15.00 
" " 600 = 1.80 
" " 80 = _ .24 

$17.04, Tax. 

E X E R C I S E 1 2 1 . 

1. W h a t will be R's t ax on a farm valued at S45Q0 if the 
rate is .007 ? If it is .0102 ? If it is .012 ? 

2. Mr. Smith owns a house assessed at $12000 and the tax 
rate is .021. W h a t will his total tax be, including a poll at 
$1.50? 

3. By the table find tax on the following amounts : $4175; 
$8925 ; $10328; $27030; S50409 ; $66666 a t rate .003. 

If my tax is $132.30 and my property is assessed at 
87350, what is the rate ? 

5. I pay a poll t ax of $1.25 and a total t ax of $395.25; my 
property is assessed at $15760. Wha t is the ra te? 

G. One year a gentleman paid $372.60 when the rate of 
taxation was 1 | % . What was the value of his property ? 

7. A tax of 830500 is to be assessed on a town; the real 
estate is valued at $3500000, and there are 500 polls taxed at 
$1.50 each. Wha t will be the rate ? 

S. The real estate in a certain town is valued at $857400 
and a tax of $13718.40 is to be assessed. Wha t will A have 
to pay, his property being worth $14700? 

9. Do you detect any similarity between the subject of 
taxes and of percentage? Any difference? 

10. Find by use of the table the tax on amounts of Ex. 3 
if the rate were 2 mills on the dollar instead of 3. 

CUSTOMS OR DUTIES. 

218. R e v e n u e s of t h e General Government .—The general 
government of the United States obtains its revenue from two 

principal sources: (1) D u t i e s (sometimes called tariff, or 
customs) which are a tax imposed on goods imported into 
the country from foreign countries; 

(2) In t e rna l r evenue , that is, taxes charged on certain 
articles manufactured within the country, as spirituous liquors, 
articles made from tobacco, etc. Of all these, certain duties 
only are collected by the use of percentage. 

249. Duties are of t w o kinds, ad valorem and specific. 
An a d va lo rem duty is a certain percentage assessed on the 

value which imported goods have in the country from which 
they come. Thus, imported silk ribbons pay a duty of 40% ; 
brushes, 40% ; manufactured glass, 45%. 

A specific duty is duty assessed on goods according to 
their weight or bulk without respect to their value. Thus, 
imported pig iron pays a duty of $4 a ton ; iron ore 40 cents 
a ton. 

Sometimes goods are subject to both an ad valorem and a 
specific duty. For example, preserved fruits, when imported, 
pay a duty of 1 cent a pound, and also 35% ad valorem. 

Goods are said to be on the free list when no duty is charged 
on them. 

•" Ad valorem duties are more just if honestly paid, but they present 
greater chance for fraud by undervaluation. 

Hence, at present, most ü. S. duties are specific. 
Duties are collected at certain cities, called Ports of Entry, which are 

determined by law. Each port of entry has a building called a Custom 
House, where duties are collected under the oversight of 'a government 
official called the Collector of the Port. 

A duty is computed on the cost of the goods at the port 
from which they are shipped. This cost includes both the 
cost price and all charges up to the final shipment. An in-
voice specifying the goods purchased, their cost, etc., is sent 
to the person or firm importing the goods, and is to be pre-
sented by them at the custom house where the goods are 
received. 
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Merchandise of certain kinds, imported but not intended for immediate 
consumption, may be placed in bonded warehouses provided by the United 
States, and remain there not longer than three years, the owner being at 
liberty to withdraw it at any time upon payment of the duties and charges. 

Ex. W h a t is the du ty on 375 yards of cloth at $2.75 a yard, 
the duty being 20% ad valorem? 

.55 . 
The duty = x 375 x ± = $.55 x 375 = $200.25, Duty. 

f> 

E X E R C I S E 1 2 2 . 

1. W h a t is the duty on 40 pairs lace curtains bought for 
$S.50 a pair, duty being 28% ? 

2. A jeweler receives from Switzerland a quant i ty of watch 
supplies, costing $2450, and charges amounting to $35. What 
will be the duty at 8% ad valorem? 

S. F ind the duty a t 15% on 80 boxes of candles, each 
weighing 100 lbs. and costing 8f cts. per pound. 

J,. A liquor dealer imports 150 dozen bottles of wine at $2.50 
a dozen, duty at 22%. Wha t do the bottles cost him, pro-
vided charges before landing are $16 and those after landing 
are $9.50? 

5. The du ty on an invoice of lace goods at 24% was $211.50. 
Wha t was the cost of the goods? W h a t was the total cost? 
Wha t must be the selling price to gain 20% ? 

6. A merchant imported dry goods valued at $7200, on 
which there was a duty of $1296. Wha t was the custom rate ? 

7. In the above example, provided the goods cost $3 a yard, 
what mus t he ask per yard for them, to gain 10% above all 
given costs? 

S. Compare and contrast this subject with the subject of 
percentage. 

INSURANCE. 

250. I n su rance is a system of business whereby a certain 
sum is payable in case of loss of property in a specified way, 
or in case of injury or death of a person. 

There are three principal kinds of insurance* 
(1) Fire Insurance. 
(2) Life Insurance. 
(3) Accident Insurance. 

Beside these, there are many special kinds of insurance, as marine tor 
nado, plate glass, employment insurance, etc. ' 

takhfg a T r f s k W r e r " W ^ * t h e ^ o r 

The insured or assured is the person protected, 

the f n s u r t r * ^ W r i t t e U C ° n t n i C t b e t w e e n t h e ^ n r e r and 
The p r emium is the amount paid for the insurance for a 

certain period of time, as one, three, or five years 
The r a t e of the insurance is either a certain per cent, to be 

charged on the face of the policy, or, what amounts to the 
same thing, a certain charge on every $100 or $1000 of the face 
of the policy. Thus, the rate of insurance on a building may 
be stated either as 1 | % , or as $1.50 on every $100 insured. 

Business buildings are usually insured for a single year, the policy being 
renewed annually ; dwellings and personal property for three vears. 

In case of loss the underwriter has the choice of replacing'the insured 
property or paying its value. Only the actual amount of the loss can be 
recovered. 

Ex. A. house is insured against fire for $4500 for 3 years 
Find the premium, the rate of insurance being 3£%. 

O P E R A T I O N . 
$4500 EXPLANATION. 

Since th'e rate of insurance is 3}%, the pre-
jJJg"^ mium wi» be $4500 x .035. or $157.50. 

$157,500, Premium. 

E X E R C I S E 1 2 3 . 

* ~ ~ J V h
t

a ? , T n S t ? e p a i d f o r i n s u r a n c e a property worth 
$7530, at 1$% ? At If % ? 

0 , 1 a v e s s e I w o r t h $12000 the owner had paid insurance 



3 years, at the rate of \ \ c / 0 annua l ly ; then the vessel wag 
wrecked. What was the total loss ? How much of it was not 
recovered by the insurance? 

S. A merchant whose stock of goods is worth $26000 gets 
them insured for i of their value, a t \°f0. Wha t premium 
does he p a y ? 
CO) A house cost me $6000. I wish to insure it, so that in 

¡T * tffle of fire I lose nothing. For what must it be insured at 
2% ? 

5. I pay $11.90 premium on insurance of S6S0. What is 
the ra te? 

*6. If it cost $82.05 to insure g of a store at 1 \c/0, what is 
whole value of the store? 
I insure my house in one company for $3500, at and 

my barn in another, for $2500, at W h a t rate do 1 pay 
on my entire insurance? 

8. A bank building insured for $75000, at 1$%, was de-
stroyed by fire after the payment of 4 annual premiums. 
What was the loss to the company? To the bankers? 

STOCKS AND BONDS. 

252. S t o c k Compan ie s a n d S tocks .—When a business 
enterprise, as the building and management of a railroad, is 
too large for the capital of a single person, it is customary for 
severa persons to combine their resources and organize a 
stock company, for the purpose of carrying on the enterprise. 
The money thus invested is called the s tock . 

The stock is divided into a number of equal sha res , each 
share being usually $100, but sometimes $50 or S25. 

The stock company, or corporation, lias a charter secured by an act of 
a state legislature, or issued by a state officer in accordance with a general 
law. The charter specifies the name and purpose of the company, the 
amount of.stock, the method in which the business is to be conducted, etc. 
A company is usually organized by electing a board of directors, each share 
of stock being allowed one vote. The board of directors elect officers, as 

president, secretary, treasurer, eta Sometimes, however, the officers are 
elected directly by the stockholders. 

Stock certificates are documents issued by a company, stating the num-
ber of shares of stock owned by each stockholder respectively. 

253. Dividends, Assessment s .—When the receipts of a 
company exceed its expenditures, it usually pays par t or all 
of the net gains to the stockholders as a dividend. A divi-
dend is paid out as a certain per cent, of the face or par value 
of the stock. 

When a company is losing money, it often makes an assess-
m e n t on its stockholders to cover a deficit or extraordinary 
expense. An assessment is also made as a certain per cent, 
of the par value of stock. 

254. Pa r , P remium, a n d Discount.—According as a com-
pany is paying large or small dividends, and the public has 
or has not confidence in it, the stock of the company may 
sell for more or less than its face value. 

The m a r k e t v a l u e of stock is that for which it will sell. 
When stock sells for more than its lace or par value, i t is said 
to be a b o v e par, or a t a p r e m i u m ; when for less, it is said 
to be b e l o w par , or a t a d iscount . 

255. S tocks , Bonds , etc.—Some companies issue stock of 
two k inds : (1) preferred, (2) common stock. I n dividing the 
gains of a company, the preferred stock receives a dividend 
first, u p to a certain amount, as 5%, after which the remain-
der of the net income of the company, if there be any, is 
apportioned to the common stock. About one-fifth of the 
railroad stock of the United States is preferred stock. 

A b o n d is a note issued by a company to the person from 
whom the company or corporation borrows money, and spe-
cifying the amount, time to run, and rate of interest 

Bonds issued by a company are secured by a mortgage on the property 
of the company ; those issued by a city, county, state, or national govern-
ment are simply promises to pay, without any such security. 



Bonds are either coupon or registered bonds. 
Coupon bonds have small .certificates of interest attached, which are 

cut off, as interest becomes due, and cashed at the proper place, as at a bank. 
Registered bonds have the name and address of the owner; and in-

terest, when due, is sent to the owner. Registered bonds must be indorsed 
in order to be sold. 

Bonds receive special names indicating the year when they are due, or 
number of years which they have to run, the rate of interest̂  etc. Thus, 
4's of 1907 are bonds which mature in the year 1907 and pay 4% interest. 

Ex. 1. If I buy 12 shares of New York Central R. R. stock 
at 120 and receive a semi-annual dividend of what is 
my annual income from the investment and what per cent, 
does the investment pay ? 

E X P L A N A T I O N . 

The par value of 12 shares at $100 a share is 
$1200. Since the dividend is paid on the par value, 
the semi-annual dividend on 12 shares will be 3A% 
of $1200 or $42. Hence, the annual income is 
$42 x 2, or $84. The cost of 12 shares at $120 
per share is $1440. 

In order to determine the per cent, paid by the 
investment, it is necessary to determine what jier 
cent $84 is of $1440. This is 5| %. 

E X E R C I S E 1 2 4 . 

1. I bought 25 shares of P. R. R. at 860 (par is $50) and 
received semi-annual dividends of 2£ %. W h a t is my annual 
income? Wha t per cent, do I receive on the investment? 

Which is the better investment, 9 shares of stock selling 
at 120 and yielding 7% on par value of 100, or 10 shares in 
stock selling at 108 and yielding 6% ? (Find the rate per 
cent, of each investment.) 

?>. Which brings the greater income, $6488 invested in 6% 
bonds selling at S i l l (par SI00), or in 7% bonds selling at $58 
(par $50)? W h a t is the per cent, in each? 

O P E R A T I O N . 
§12 

100 
$1200 

.035 
6000 

3600 
$42,000 

2 
$1440)$84.00( .05f 

7200 
1200 _ * 
1440 s 

4- What sum must be invested in 5% bonds at 105 to yield 
an annual income of $1200? 

5. What sum must be invested in 7% bonds at 121£ to 
yield an annual income of $3500? 

E X E R C I S E 1 2 5 . 

G E N E R A L R E V I E W . 
1. A merchant sells an overcoat for $50 and gains 25% over total cost. 

If he had previously paid $9 duty on the goods, what was their first cost ? 

2. If a single fare to the city is 60 cents what per cent, do I save by 
buying 100 tickets for $50? 

3. What amount must be invested in Illinois 6's at 112 to realize an 
annual income of $2100? 

4• At If % I insured my house by payment of $94.32 premium. What 
is the value of the house? 

5. A school-house is to be built at a cost of $17484.25. Collector's com-
mission is 3 % ; assessable property is valued at $721000. Find the rate 
of taxation. 

6. A jockey sold two horses for $75 each. On one he gained 20% and 
on the other he lost 20%. Did he gain or lose on the whole transaction ? 
How much ? What per cent. ? 

7. On one occasion the price of kerosene fell from 12 cents per gallon 
to 8 cents. What per cent, is the decline? Again it rose from 8 cents to 
12 cents. What |>er cent, was the advance? 

S. An importer sold a line of goods for $15048, therebv gaining 20% 
Previous to this, he had paid a duty of 10% on their cost. What was thè 
cost? 

.9. A man buys a house for $12000; pays $230 tax and 11% insurance 
each of 5 years. He then sold it at a gain of 10% above all cost an.l ex-
pense. What was the selling price? 

JO. Mr. B. bought stock at $12 premium ($50 par) and sold it at a loss 
of 20%. At what rate was it sold ? 

11. The first cost of an importer's stock of goods was $13200 ; duty was 
levied at 12%; insurance was computed upon this total value at 2} <fr. What 
would the gbods have to sell for, to return the owner 15 per cent, alwvé all 
cost? 

12. By selling 3% bonds at 102J and investing in stock at 137, a man 
doubles his income. What is the annual dividend ( % ) of the stock ? 

IS. If $7384.80 includes the price paid for a farm and the agent's com-
mission at 2%, find his commission. 



14. A coal dealer ordered through his agent 6000 tons coal at $3.30 a 
ton, paid 34% commission, $56.25 cartage, and $210.75 freight. He sells it 
at $3.98 a ton. What is his gain % ? 

15. I bought 60 shares Lehigh Valley at 32 and sold it at 60. My gain I 
invested in N. Y Central at 120. What was the income from this, under 
their 5V% dividends? 

16. Bought a lot of goods at 20% below market price and sold them at 
20% above market price. Find my gain per cent. 

17. A stationer sold paper at 16 cents a quire, having paid $2.50 a ream 
for it. Find his gain %. 

IS. I sold two houses for $5400 each, having gained 20% on one and 
lost 20% on the other. Did I gain or lose in the double transaction, and 
what % ? 

19. A drover bought 75 cows at $30 a head. Ten of them were killed by 
accident. He sells the rest so as to gaiu 10% on the transaction. At what 
price did he sell each cow ? 

20. A teacher spends 25% of her salary for board, 10% for clothes, 15% 
for books, 12i% for traveling expenses, and saves the balance, which is $450. 
What is her salary? 21. 1 lost 18%, or 5600, in the sale of a property. For what did I sell 
the property ? 

22. I sold a watch for $90, losing 25%. What is my per cent, gain <.n a 
second watch which I sell for $90, so as to profit as much on the one as I lose 
on the other? 

23. What number increased by 33}% of itself is 900? 
24. Mr. X. raised 496 bushels of wheat, which is 33}% more than i of 

Mr. Y.'s crop. How many bushels did Mr. Y. raise? 

25. A clerk spent 65% of his salary and saved $385. How much did 

he spend ? 
26. If a man spends $45.75, which is 60% of his money,how much remains? 
27. Which gives the larger percentage return, a $2400 investment yield-

ing $112, or an $8400 investment yielding $378 ? 
28. Who makes the greater per cent, the lad who buys chestnuts at $1.28 

a bushel and sells them at 5 cents a quart, or the broker who buys bonds at 
S144 and sells them at $168 ? 

29. What per cent, is gained by buying coal by the long ton*(2240 lbs.) 
and selling it at the ordinary ton, $5 a ton in each case? 

SO. What is the difference between the single discount of 35% on a bill 
of $640 and three successive discounts of 20%, 10%, and 5% ? 

31. If I pay $37.50 for insurance on my house at 1} per cent, what is the 

amount of insurance? 

32. A grocer mixes two kinds of tea which cost him 36 cents and 60 cents 
per pound. He sells the mixture at 56 cents a pound. What is his per 
cent, profit? 

S3. Bought $128 worth of apples at 80 cents a bushel. Part were dam-
aged, and I sold the rest at an advance of 30%, receiving $137.28. How 
many bushels were worthless? What was my |>er cent, profit withal? 

34. I sold a horse for $150 and with the money bought another. On the 
first of these horses I gained 20%, and when the second was sold I lost 20% 
On the whole transaction, did I gain or lose ? How much ? What per cent ? 

35. In a cubic foot of water there are 889 ounces of oxygen and 111 ounces 
of hydrogen. What per ceut of water is oxygen (by weight) ? What per 
cent, is hydrogen ? AVhat per cent of the oxygen is the hydi-ogen ? 

36. A merchant by selling a pound of butter gains the cost of an ounce. 
Find his gain %. 

37. The volume of a gallon is what % of a cubic foot? 
88. The population of a certain city is 84000, and that of the state in 

which the city is, 189000. What per cent, of the entire population of the 
state is that of the city? 

39. A merchant bought goods for $1200 and then sold } of them at a loss 
of 25%. For what must he sell the remainder to gain 20% on the whole? 

40. An agent received $40,625 for selling a house worth $1625. AVhat 
can you find ? Do so. 

41- An agent sold 1470 bushels of oats at 60 cents a bushel and charged 
$26.46 for doing it What may be found ? Find it. 

42. For what sum is a house insured if the premium is $17.50 and the 
rate *%? 

43. Out of a possible 72 points in an examination, A got 27 points and 
I> got 58}. Find their percentages of grade. 

44• A merchant wishes to mark some goods which cost §1.20 a yard, M> 
that he may reduce them 20% from marked price, and still gain 10%. At 
what price must they be marked? 

45. What single discount is equivalent to the successive discounts of 
20% and 10%? 

46. What is 16f% of 116|? 
47. 212£ is what per cent, of 916|? 
48. A desk was sold for $60, at a gain of 20%. What would have been 

the loss % had it been sold for $40 ? 
49. My house, worth $6400, was insured for J of its value at |%. It was 

destroyed after the second premium had been paid. What was my actual 
loss? The company's? 

60. Write as a rate per cent J; ft; Vsi r H J f i 



il I I 

51. Write as a common fraction and as a decimal: -J %; ; "1%; 
340%; 40%; 4%; 14?%; 625%. 

52. A horse worth $150 was bought for $25 less and sold for $25 more 
than his real value. What % was gained? 

58. At $5 a ton, how many tons of coal can be bought with $8526, after 
paying commission of 1}% ? 

54- Which is a greater per cent, change, when sugar drops from 6 to 5 
cents a pound, or when it advances from 5 to 6 cents? Why? 

55. If the cost is § of the selling price, find the gain %. 
56. If the selling price is f of the cost, find the loss %. 
57. Bought 320 shares of a certain stock (par $10) when 3i% below par, 

and sold them when If % above par. Find my gain in dollars and in per 
cent. 

58. Bought 500 shares of railroad stock at 28J and sold it at 45$. Allow-
ing i% commission on both purchase and sale, what was my gain? 

50. Sold 400 shares of United States Steel preferred, at 981. With the 
proceeds I bought 1000 shares of Southern Railway at 31 f. Allowing J % 
commission in each transaction, how much money remained unemployed ? 

60. Mr. A. sold 800 Reading bonds (4%) at 96| and bought Erie at 51. 
How many shares did he buy, allowing commission on bonds at \ % and on 
stock at J % ? 

61. I sent my broker $10000, asking him to buy some Southern Pacific 
R. R, stock under 45 and sell it over 60. He bought all he could with 
my remittance at 42$ and sold it at 601. Compute the number of shares 
purchased; his total commission at £ % ; and my profit. 

62. In a certain school there arc 288 boys and 162 girls. What |ier 
cent, of the school is boys? Girls? 

63. Into 80 gallons of alcohol are mixed 40 gallons of water. What per 
cent, of the mixture is water? 

64. To bake a certain kind of bread 9 measures of rye meal are mixed 
with 13 measures of corn meal. What per cent- of the bread is rye? 

65. After a reduction of 8% a man's wages were $22.54. What were 
they before the reduction ? 

66. What amount of insurance may I procure on my house by paying 
$35 if the rate is f % ? 

67. Twenty per cent of the selling price of my horse was $36. What 
was my profit if I gained 20% ? 

68. In a certain city there are 73000 white, and 25000 black citizens. 
What per cent of the entire population is colored ? 

69. Sold two horses for $210 each. On one I gained 20% and on the 
other I gained $20. Find my total gain. Also gain per centum. 

C H A P T E R X V . 

INTEREST. 

256. Interest .—If a business man does not have money 
enough of his own to carry on a certain enterprise, he may 
be enabled to proceed, by borrowing money from another 
person. In such cases it is customary to pay a certain sum 
( per annum) in return for the use of the borrowed money. 

As money paid for the use of a house is called rent, and 
money paid for the use of a horse is called hire, so money 
paid for the use of money is called interest . 

Interest is usually reckoned as a certain annual per cent, 
of the money borrowed. 

257. In t e r e s t and Time.—The length of time for which 
borrowed money is used varies greatly according to the needs 
of the borrower. The t ime may be only a few days, or it 
may be a number of years, or. of years, months, and days. 

Hence, interest differs from percentage in general, in that 
the element of time is to be carefully considered in connection 
with every problem. 

258. The quan t i t i e s considered in interest are the principal, 
rale, interest, time, amount. 

The pr incipal is the sum of money on which interest is 
paid. 

The r a t e is the per cent, of the principal paid for the use 
of the principal for one year. 

The in te res t is the sum of money paid for the use of the 
principal for the entire time. 

The a m o u n t is the sum obtained by adding the interest to 
the principal. 

259. Legal interest is interest determined according to a 
251 
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51. Write as a common fraction and as a decimal: -J %; ¡"a %; 71%; 
340%; 40%; 4%; 14?%; 625%. 

52. A horse worth $150 was bought for $25 less and sold for $25 more 
than his real value. What % was gained? 

58. At $5 a ton, how many tons of coal can be bought with $8526, after 
paying commission of 1 £% ? 

54- Which is a greater per cent, change, when sugar drops from 6 to 5 
cents a pound, or when it advances from 5 to 6 cents? Why? 

55. If the cost is § of the selling price, find the gain %. 
56. If the selling price is f of the cost, find the loss %. 
57. Bought 320 shares of a certain stock (par $10) when 31% below par, 

and sold them when If % above par. Find my gain in dollars and in per 
cent. 

58. Bought 500 shares of railroad stock at 281 and sold it at 45$. Allow-
ing i% commission on both purchase and sale, what was my gain? 

50. Sold 400 shares of United States Steel preferred, at 981. With the 
proceeds I bought 1000 shares of Southern Railway at 311. Allowing J % 
commission in each transaction, how much money remained unemployed ? 

60. Mr. A. sold 800 Reading bonds (4%) at 96| and bought Erie at 51. 
How many shares did he buy, allowing commission on bonds at }% and on 
stock at J % ? 

61. I sent my broker $10000, asking him to buy some Southern Pacific 
R. R. stock under 45 and sell it over 60. He bought all he could with 
my remittance at 42$ and sold it at 601. Compute the number of shares 
purchased; his total commission at £ % ; and my profit. 

62. In a certain school there arc 288 boys and 162 girls. What |ier 
cent, of the school is boys? Girls? 

63. Into 80 gallons of alcohol are mixed 40 gallons of water. What per 
cent, of the mixture is water? 

64. To bake a certain kind of bread 9 measures of rye meal are mixed 
with 13 measures of corn meal. What per cent- of the bread is rye? 

65. After a reduction of 8% a man's wages were $2254. What were 
they before the reduction ? 

66. What amount of insurance may I procure on my house by paying 
$35 if the rate is f % ? 

67. Twenty per cent of the selling price of my horse was $36. What 
was my profit if I gained 20% ? 

68. In a certain city there are 73000 white, and 25000 black citizens. 
What per cent of the entire population is colored ? 

69. Sold two horses for $210 each. On one I gained 20% and on the 
other I gained $20. Find my total gain. Also gain per centum. 

C H A P T E R X V . 

INTEREST. 

256. Interest .—If a business man <locs not have money 
enough of his own to carry on a certain enterprise, he may 
be enabled to proceed, by borrowing money from another 
person. In such cases it is customary to pay a certain sum 
( per annum) in return for the use of the borrowed money. 

As money paid for the use of a house is called rent, and 
money paid for the use of a horse is called hire, so money 
paid for the use of money is called interest . 

Interest is usually reckoned as a certain annual per cent, 
of the money borrowed. 

257. In t e r e s t and Time.—The length of time for which 
borrowed money is used varies greatly according to the needs 
of the borrower. The t ime may be only a few days, or it 
may be a number of years, or. of years, months, and days. 

Hence, interest differs from percentage in general, in that 
the element of time is to be carefully considered in connection 
with every problem. 

258. The quan t i t i e s considered in interest are the principal, 
rale, interest, time, amount. 

The pr incipal is the sum of money on which interest is 
paid. 

The r a t e is the per cent, of the principal paid for the use 
of the principal for one year. 

The in te res t is the sum of money paid for the use of the 
principal for the entire time. 

The a m o u n t is the sum obtained by adding the interest to 
the principal. 

259. Legal interest is interest determined according to a 
251 



rate fixed by law. In business transactions, when no rate is 
specified, the legal rate is understood. 

U s u r y is interest at a rate higher than that fixed by law. 
The exaction of usury is punishable by law. 

Different states and nations have different legal rates of 
interest, according to their financial needs. 

In 1900 the legal rate was 6% in all the states, with the following excep-
tions : 5% in La. and 111.; 7% in Ariz., Cal., Ga., Idaho, Minn., Neb., 
Isev., N. Dak., Okla., S. C., S. Dak., and Wash.; 8% in Ala, Colo., Fla. 
Ore., Utah, Wyo.; 10% in Mont. 

In many of the states the law allows a higher rate than the legal one to 
be used by mutual agreement. 

260. M e t h o d s of C o m p u t i n g Interest .—Persons who have 
many problems in interest to compute (as, for instance, 
bankers) do so by the use of tables. Other methods, how-
ever, are needed for persons to whom tables are not accessi-
ble, and to give mastery of other problems related to interest. 
Of the many methods by which interest can be computed, three 
principal ones (beside the use of tables) will be considered 
here, another being presented later in connection with the 
subject of discount. 

I . W H E N T H E T I M E I S A N E X A C T N U M B E R O F Y E A R S 

OR M O N T H S . 

261. Method.—When the period of time for which in-
terest is to be computed is an exact number of years, or 
years and months, find the interest for one year and multiply 
this by the number of years. 

Ex. Wha t is the interest on 8350 for 2 years 3 months, at 5%? 
O P E R A T I O N . 

2 yr. 3 mo. = 2} yr. E X P L A N A T I O N . 

$3o0 Since 3 mo. = } yr., the entire 
— time is 2J yr. Since 5% of $350 $17.50,̂  Interest for 1 year i s § 1 7 50) t h e interest fnr j vr. is 

9-Q0 * $17.50. Hence, the interest for 
' 437̂  2\ yr. is 2J times $17.50, or $39.38. 

$39.38. Interest for 2 yr. 3 mo. 

E X E R C I S E 1 2 6 . 

Find the interest of 

1. $340 for 4 yr. 6 mo. at 5%. 
2. $275 for 3 yr. 8 mo. at 6%. 
S. $515 for 5 yr. 4 mo. at 4 | % . 
4. $108.50 for 6 yr. at 3%. 
5. $214.61 for 8 yr. 6 mo. at 5%. 
6. $2075 for 10 yr. 2 mo. at 6%. 
7. S489.30 for 2 yr. 5 mo. at 7%. 
8. $307.15 for 9 mo. at 2\<?0. 
9. $2560.60 for 7 yr. 11 mo. a t 

10. $1971.40 for 10 mo. at 
11. $7327.50 for 3 yr. 8 mo. at 6%. 
12. $956.70 for 5 yr. 6 mo. at 

E X E R C I S E 1 2 7 . 

O R A L . 

What is the interest of 

1. $3 for 4 yr. at 6% ? At 2% ? At 5% 7 
2. $8 fori yr. 6 mo. at 5% ? At 3% 7 
5. $9 for 2 yr. 4 mo. at 3% ? At4%? 
4- $10 for 3 yr 3 mo. at 4% ? At 6% ? 
6. $15 for 5 yr. 8 mo. at 2% ? At 5% ? 
6. $100 for 6 yr. 9 mo. at 5% ? At 6% ? 

I I . S i x P E R C E N T . M E T H O D . 

262. The s ix pe r cent , m e t h o d of finding interest consists 
«*>sentially in finding 

(1) the interest on $1 for the given time at 6%, 
(2) the interest on the entire principal for the given time at 

6%, 
(3) the interest on the entire principal at any other desired 

rate. 



The interest on SI for the required time at 6% is readily 
obtained by the use of the following: 

Interest on §1 for 1 year $0.06. 
« " $1 " 1 mo. f = .005. 
u « $1 « 6 da. = .001. 
a " SI " 1 da. = .000£. 

Hence, in computing interest according to this method, 
each month is considered as containing 30 days, and 1 year 
as containing 360 days. 

Ex . 1. F ind the interest on $312 for 2 yF. 7 mo. 15 da. at 

SOLUTION. 

Interest on $1 for 2 yr. = $0.06 x 2 = §0.12. 
" $1 " 7 mo. = SO.005 x 7 = .035. 
" $1 " 15 da. = S0.000Ì x 15 = .0025. 

" " $1 " 2 yr. 7 mo. 15 da. = . 1575. 

Interest on $312 " " " " - $312 x .1575. 
$312 
.1575 
1560 

2184 
1560 
312 

$49.1400, Interest. 

Ex. 2. Find interest on $312 for 2 yr. 7 mo. 15 da. at 5 %. 
S O L U T I O N . 

By Ex. 1, the interest on $312 for the given time at 6% = $49.14. 
Hence, " " " " " " " 1% - 8.19. 

«' " " " " " " 5% = $40.95. 

Ex. 3. Find the interest on $317.25 from Apr. 1, 1892, to 
Nov. 19, 1896, at 4£%. 

SOLUTION. 

From Apr. 1, '92, to Nov. 19, '96, is 4 yr. 7 mo. 18 da. 
Interest on $1 for 4 yr. 7 mo. 18 da. at 6% = $0,278. 

Interest on $317.25 for 4 yr. 7 mo. 18 da. at 6 % = $0,278 x 317.25 = $88.20. 
" "$317.25 " " " " " 1}% = $22.05. 
" "$317.25." " " " " 4}% = $66.15, Result. 

Hence, in general, obtain the interest on $1 for the given thne 
by multiply ing the number of years by .06, the numbed of months 
by .005, and the numljer of days by ,000£, and taking the sum of 
the results; multiply the number of dollars in the 'principal b>, 
the interest on $1 ; this will give the interest at 6% ; to obtain the 
interest at any other rale, add or subtract such a fractional part of 
this interest as the rate exceeds or falls below G%,or find the interest 
at 1% and multiply it by the required rate. 

The first part of this method, sometimes stated in other ways, as reduce 
the years ta meng take the number of months as cents, one-third the number of 
days as mills, and multiply the* sum by half the principal ; or multiply dollars 
by days and divide by 6000. ^ 

E X E R C I S E 1 2 8 . 

Find the interest, by the 6% method, Of: 
1. $260 for 2 yr. 8 mo. 24 da. at 6%. 
§ $450 for 4 yr. 6 mo. 15 da. at 4%. 
8. $846 for 7 yr. 10 mo. 12 da. at 5%. 
4. $2350 for 5 yr. 9 mo. 6 da. at 3%. 
5. $246.70 for 6 yr. 1 mo. 20 da. at 4 f % . 
6. $93.45 for 3 yr. 11 mo. 3 da. at 7%. 
7. $928,50 for 8 yr. 3 mo. 25 da. at 8%. 

81250.40 for 10 yr. 10 da. at 3i%. 
9. $760 from Ju ly 4, 1875, to Feb. 22, 1890, at 4% 

10. $45,50 from Oct. 19, 1890, to Mar. 11, 1S99, at 5% 
11. $325.60 from Nov. 8, 1888, to J u n e 23, 1897, at 3%. 
12-. $50.60 from Dec. 25, 1789, to May 1, 1801, at 6%. 
15. $2500 from Aug. 17, 1903, to Nov. 8, 1930, at 5%. 
14- $3280 from J u l y 4, 1776, to Jan . 3, 1850, at A\%. 
lo. S7650 from Sept. 10, 1888, to Oct. 1, 1900, at 7% 
16. $372 from Oct. 12, 1492, to to-day a t 5%. 
17. $9800 for 8 yr. 3 mo. 26 da. at 34-%. 
18. $7384.80 for 9 yr. 2 mo. 10 da. at 51%. 
19. $12.75 for 7 yr. 18 da. at 6£%. 
-O. 8-5.64 for 3 yr. 8 mo. 20 da." at 34%. 



H I . E X A C T I N T E R E S T . 

263. E x a c t in te res t is interest obtained by taking one 
year as equal to 365 days. 

The U. S. Government computes interest by the exact 
method, as do also an increasing number of business men. 

Ex. F ind the exact interest on $652 from Apr. 1, 1895, to 
Sept. 13,1897, at 7%. 

S O L U T I O N . 

From Apr. 1, '95, to Apr. 1, '97, is 2 years. 
From Apr. 1, '97, to Sep. 13, '97, is 165 days. 

165 days = | f | 7r- = ?! of a year. 
Interest on $652 at 7% for 1 year - $45.64. 
Interest on $652 at 7% for 2?J years = $45.64 x 2if = $111.91, Interest. 

E X E R C I S E 1 2 9 . 

Find the exact interest of: 
1. $400 for 146 days at 7%. 
2. $325 for 3 yr. 219 da. at 4%. 
S. $75.50 for 2 yr. 100 da. at 5%. 
Jt. $136.40 for 4 yr. 150 da. at 
5. $350 from Jan. 10, 1890, to Dec. 1, 1894, at 5%. 
6. $425 from May 16, 1887, to Jan. 4, 1895, at 6%. 
7. $170 from Feb. 20, 1900, to Oct. 16, 1906, at 6%. 
S. S90.50 from Ju ly 7, 1891, to Mar. 3, 1899, at 4%. 
9. Find the difference between the exact interest and the 

interest determined by the 6% method, on $7000 from Mar. 
11 to Sept. 10, at 6%. 

10. Find the difference between the exact interest and the. 
interest found by the 6% method, on $4500 from Nov. 16, 
1889, to J u n e 23, 1897, at 5%. 

11. Find the difference between the twc interests of 
$5678000 from Jan. 10 to Ju ly 10 of same yr., at 7%. 

12. When the t ime is less than a year and in days, what 
will always be the ratio between these two interests ? 

I V . I N T E R E S T T A B L E S . 

264. I f in te res t t a b l e s are available, the most convenient 
way of computing interest is by their use. In some cases 
the tables are formed regarding a year as 360 days ; other 
tables give exact interest. In either case the exact number 
of days is reckoned between two dates in computing any 
problem in interest. 

A part of a page from an interest table is inserted below. 
I t gives the exact interest on various sums from $10 to $150 
at 1, 5, 6, 7% for 60 and 61 days. 

60 days 61 days 

Dolls. 7 e 5 7 6 5 1 

10 
20 
30 
40 
50 

.1151 

.2301 

.3452 

.4603 

.5753 

.0986 

.1973 

.2959 

.3945 

.4931 

.0822 

.1644 

.2466 

.3288 

.4110 

.0164 

.0329 

.0493 

.0658 

.0822 

.1170 

.2340 

.3510 

.4679 

.5849 

.1003 

.2005 

.3008 

.4011 

.5014 

.0836 

.1671 

.2507 

.3342 

.4178 

.0167 

.0334 

.0501 

.0668 

.0836 

60 
70 
80 
90 

100 

.6904 

.8055 

.9205 
1.0356 
1.1507 

.5918 

.6904 

.7890 

.8877 

.9863 

.4931 

.5753 

.6575 

.7397 

.8219 

.0986 
.1151 
.1315 
.1479 
.1644 

.7019 

.8189 

.9359 
1.0529 
1.1699 

.6016 

.7019 

.8022 

.9025 
1.0027 

.5014 

.5849 

.6685 

.7520 

.8356 

.1003 

.1170 

.1337 

.1504 

.1671 

110 
120 
130 
140 
150 

1.2657 
1.3808 
1.4959 
1.6109 
1.7260 

1.0849 
1.1836 
1.2822 
1.3808 
1.4794 

.9041 

.9863 
1.0685 
1.1507 
1.2329 

.1808 

.1973 

.2137 

.2301 

.2466 

1.2868 
1.4038 
1.5208 
1.6378 
1.7548 

2.1030 
1.2033 
1.3035 
1.4038 
1.5041 

.9192 
1.0027 
1.0863 
1.1699 
1.2534 

.1838 

.2005 

.2173 

.2340 

.2507 

Etc. 

Ex. Find exact interest on $146.50 at 5% for 60 days by 
the use of tables. 
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S O L U T I O N . 

Interest on $140 for 60 days at 5% = $1.1507 
» " 6 (= JV of $60) for 60 days at 5% = .0493 

" .50 ( = Tbs of $50) for 60 days at 5% = .0041 
$1.2041, 

or $1.20, Interest 

PROBLEMS IN INTEREST. 

Any three of the five quantities considered in interest, the 
principal, rate, interest, time, amount, being given, the other two 
may be found. The case when the principal, rate, and time 
are given, to find the interest (and amount) has already been 
considered. 

265. I . Given the pr incipal , in te res t (or amount), and t ime, 
to find the r a t e pe r cent . The method is best shown by an 
example. 

Ex. 1. At what rate per cent, will $360 produce $66 interest 
in 3 yr. 8 m o ? 

S O L U T I O N . 

Interest on $360 for 1 yr. at 1 % = $3.60. 
" $360 " 3 yr. 8 mo. at 1% = §3.60 x 3f = $13.20.' 

If the given principal produces $13.20 interest in the given time at 1 
it will take as many per cent, to produce $66 as $13.20 is contained times 
in $66. 

Rate required - - ¿ f ^ = 5, Rale. 

Ex. 2. At what rate per cent, will $120 amount to $144 in 
5 years? 

The interest = amount - principal = $144 - $120 = $24. Proceeding 
as in Ex. 1. 

$120 
•01 

$1.20 
5 

$6.00)$24.00(4, Rate. 
24.00 

Hence, in general, divide the given interest by the interest on 
the principal for the given time at one per cent. 

It is useful also to state this rule briefly, thus : 

rate interest (principal x .01 x lime), 

or using symbols, r = —-—, 

where r denotes the rate per cent, expressed decimally. 

E X E R C I S E 1 3 0 . 
Find the rate if: 

1. Interest on $420 for 3 y r. 6 mo. is $73.50. 
2. Interest on $56 for 4 yr. 3 mo. is $9.52. 
8. Interest on $760 for 2 yr. 8 mo. is $121.60. 

Interest on $840 for 5 yr. 3 mo. 15 da. is $311.15. 
5. Interest on $900 for 2 yr. 4 mo. 20 da. is $96.75. 
6. Interest on $45 for 3 yr. 9 mo. 24 da. is $10.305. 
7. Interest on $370 for 6 y r. 6 mo. 6 da. is $72.335. 
8. Interest on $49.50 for 1 yr. 4 mo. 10 da. is $2.695. 
9. Interest on $1780 for 6 mo. 25 da. is $55.748. 

10. Interest on $100 for 16 yrl 8 mo. is $100. 
11. Amount of $360 in 3 yr. 10 mo. is $415.20. 
12. Amount of $3700 in 2 yr. 7 mo. is $4225.71. 
18. Amount of $75 in 6 yr. 11 mo. 10 da. is $93.23. 

266. I I . Given the pr incipal , i n t e r e s t (or amount), and ra te , 
to find the t i m e . 

Ex. In what t ime will the interest on $424 be $37.10 at 
2 £ % ? 

S O L U T I O N . 

Interest on $424 at for 1 year = $10.60. 
Hence, it will take as many years to produce $37.10 interest as $10.60 is 

contained times in $37.10. 

. •. Number of years = = 3J. Time = 3 yr. 6 mo. 

Hence, in general, divide the given interest by the interest of the 
principal at the given rate for one year ; 

or time = interest -s- (principal x rate expressed decimally), 

er using symbols, t - ——• 



E X E R C I S E 131. 
Find the t ime i f : 

1. Interest on $75 at 6% is $15.75. 
2. Interest on $240 at 5% is $63. 
3. Interest on $475 at 4% is $33.25. 
It. Interest on $76.80 at 4 | % is $9.792. 
5. Interest on $570 at 7% is $332.50. 
6. Interest on $65 at 6% is $12.51£. 
7. Interest on $820 at 3% is $140.77. 
8. Interest on $980 at is $259.54. 
9. Amount of $420.75 at 4% is $475.915. 

10. Amount of $31250 at 5% is $35625. 
11. Amount of $8.25 at 6% is $13.134. 
12. Amount of $2460 at is $3224.82. 

267. I I I . Given the i n t e r e s t (or amount), t ime, and ra te , 
to find the principal. 

Ex. 1. Wha t principal will produce $33.75 interest in 
2 yr. 3 mo. at 6% ? 

S O L U T I O N . 

Interest on $1 for 2} yr. at 6% = $0.135. 
If one dollar produces $0.135 interest in the given time, it will take as 

many dollars to produce $33.75 interest as $0.135 is contained times in 
$33.75, or 

| j ~ f = 250. . •. Principal = $250. 

Hence, in general, divide the given interest (or amount) by the 
interest on (or amount o f ) $1 for the given time and rate, 

or principal = interest (time x rate expressed decimally), or p = ~—• 
r x t 

It is to be noted that if the amount be given instead of the interest, it is 
necessary to divide the given amount by the amount of $1 for the given time and 
rate. 

Ex. 2. W h a t principal will amount to $263.50 in 4 years 
at 6 % ? 

S O L U T I O N . 

Amount of $1 at 6% in 4 years = $1.24. 
It will take as many dollars to amount to $263.50 as $1.24 is contained 

times in $263.50, or 

= 212.50. . •. Principal = $212.50. 

E X E R C I S E 1 3 2 . 
What principal will : 

1. Produce $156.40 interest in 5 yr. 8 mo. at 6% ? 
2. Produce $30.38 interest in 7 yr. 9 mo. at 5% ? 
3. Produce $7.15 interest in 3 yr. 3 mo. at 4% ? 
4. Produce $36.72 interest in 2 yr. 10 mo. at 4 ? 
5. Produce $83.72 interest in 6 yr. 8 mo. 15 da. at ? 
6. Produce $5.49£ interest in 4 yr. 4 mo. 10 da. at 5% ? 
7. Amount to $99.22 in 3 yr. 6 mo. at 6% ? 
8. Amount to $195.09 in 5 yr. 9 mo. 20 da. at 5% ? 
9. Amount to $121.98 in 4 yr. 8 mo. 24 da. at 6% ? 

10. Amount to $327.384 in 7 yr. 4 mo. 12 da. at 7% ? 
268. The p r e s e n t w o r t h of a sum payable at a future t ime 

(without interest) is such a sum, as being p u t at interest, will 
amount to the given sum in the given time. 

The t r u e d i s coun t is the difference between the sum pay-
able at a future t ime and its present worth. 

Hence, in determining the present worth of a sum due at a 
certain future date, we have given the amount, time, and rate, to 
find the principal (see Art. 267). 

E X E R C I S E 1 3 3 . 

Find the present value and t rue discount upon : 
1. A debt of $378.75 due in 3 mo. without interest, but 

money being worth 4%. 
2. A debt of $4377.80 due in 6 mo. 15 da. without interest, 

but the usual rate being 6%. 
8. A debt of $8255 due in 1 yr. 8 mo. without interest, when 

the regular interest is at 3^%. 



I owe yon SI492 payable in 8 mo. 20 da., not bearing 
interest. Wha t sum ought you accept now if interest is 
reckoned at 5% ? 

269. Genera l A lgebra ic Method .—For students who are 
familiar with the elements of algebra, all the problems in 
interest m a y be combined as the treatment of a single simple 
equation. 

Thus, let p = principal,r = rate per cent, expressed decimally. 
i — interest, t = time expressed in years. 

Then by the definition of interest, Art. 256 and by Art. 261, 
i = pr I I. 

Any three of the four quantities, i, p, r, t, being given, the remaining 
quantity is found by solving equation I. 

Thus, divide I by p x t, r = — . . . . II. 
pt 

" I > x r , ( = - i . . . III. 
pr 

" I " r x i , p = i - IV. 
rt 

Also letting a = amount, 
o = p + p r i = p(l + ri) 

E X E R C I S E 1 3 4 . 

G E N E R A L R E V I E W . 

1. At what rate will $705.60 yield $170.52 interest in 4 yr. 10 mo.? 
2. What principal will produce $14.30 interest in 3yr. 8 mo. at 4% ? 
8. In what time will $72.50 amount to $113.64| at 6% ? 
4. If the rate is 4£%,the time 4 yr. 3 mo.,and the amount $123.89, find 

the principal. 
5. If the principal is $318, the rate 5%, and the amount $422.675, find 

the time. 
6. If the interest of $441 is $95.67} in 5 yr. 11 mo., find the rate. 
7. What is the present worth of $800, payable in 9 mo., money being 

worth 6% ? 7% ? 5% ? 
8. In 4 yr. 8 mo. a note I hold will be worth $385.60. What ought I 

accept now, if money is worth 5% ? 

9. In what time will a sum of money double itself at simple interest, the 
rate being 4% ? 5% ? 6%? 7%? 8%1 

10. In what time will $126.50 yield $6.66 interest at 4% ? 
11. At what rate will $562 yield $160.86 in 3 yr. 6 mo. 28 da.? 
12. What principal will give $207.71 interest in 1 yr. 6 mo. 17 da. at 5% ? 
IS. What is the interest on $963.45 from April 10,1883, to July 4, 1895, 

at 2è% ? 
14. At what rate will $250 gain $35 in 2 yr. 9 mo. 18 da.? 
15. Find the amount of $392.10 for 6 yr. 9 mo. 15 da. at 3}%. 
16. On an investment of $5620 I receive $1803 in 2 yr. 3 mo. 15 da. 

What is the rate? 
17. In what time will $2275 amount to $2673.12| at 5% ? 
18. What principal will in 5 yr. 8 mo. 15 da., at h%, give $287.70? 
19. At 6%, what sum of money will amount to $666 in 6 yr. 6 mo. 6 da.? 
20. In what time will $500 produce $50 interest at ? 



C H A P T E R X V I . 

A P P L I C A T I O N S O F I N T E R E S T . 

PROMISSORY NOTES. 

270. P r o m i s s o r y Notes .—If a person borrows money of 
another person, or buys goods on credit ( that is, without pay-
ing for them immediately), he usually gives a note, or written 
promise to pay the given sum of money at a given date in the 
future (or on demand), with or without interest, as the case 
may be. 

This written promise is called a promissory note . A 
promissory note given by one person to another is usually 
of the following form: 

$350. P H I L A D E L P H I A , P A . , Oct. 12, 1900. 
Thirty days after date, I promise to pay James Scudder, or 

order, three hundred and fifty dollars, value received, with interest 
at six per cent. 

W I L L I A M H E Y W O O D . 

From the general form as here given, notes may vary by the omission 
of the words " or order," or by the omission of the time clause (" thirty day3 
after date"), or by the substitution of a definite date, as "on Nov. 12," for the 
jtime clause ; or by the omission of the interest clause (" with interest at six 
per cent."); or by the insertion of clauses not given in the above form, as 
"without defalcation," or of a clause specifying the bank where the note is 
payable ; or by being signed by several persons. 

The essential parts of the note are the date, the promise t o 
pay , person t o w h o m , a m o u n t , the words " v a l u e received," 
and s igna ture . 

If the words "value received" are omitted, the holder of the note may 
be required to prove that the value of the note had been received by him. 

264 

271. Definitions.—The m a k e r of a note is the person who 
signs the note, as William Heywood in the note of Art. 270. 

The payee is the person to whom the note is made pay-
able, as James Scudder in the above note. 

The face (or principal) is the sum promised to be paid. 
The face of the note is written in the body of the note in words, not fig-

ures, to avoid fraud or error. The number of cents, however, is usually 
expressed in figures, as the hundredths of a dollar. 

272. M a t u r i t y of No te s .—In some states, as New York, 
New Jersey, Pennsylvania, and Illinois, a note matures, that 
is, is legally due, at the end of the t ime specified in the note. 
Thus, the above note (Art. 270) is due 30 days after Oct. 12, 
1900, that is, on Nov. 11, 1900. 

In other states, as California, Tennessee, etc., a note is due 
three days af ter the t ime specified in the note. These three 
days are called d a y s of gTace. Thus, if the above note had 
been given in Knoxville instead of Philadelphia, it would 
have been due Nov. 14, instead of Nov. 11. 

Days of grace were formerly allowed in all states, hut their use is gradu-
ally being abolished by law. 

When the t ime of a note is specified in months, calendar 
months are used. Thus, if a three-months note Ls given on 
June 5, it falls due on Sept. 5 (or Sept. 8, if days of grace are 
allowed). If, however, a note for 90 days is given on J u n e 5, 
it falls due on Sept. 3 (or Sept. 6). 

If a note falls due on a Sunday or a legal holiday, it 
matures on the nearest business day preceding, except in Penn-
sylvania, where it falls due on the first business day following. 

It is becoming customary to specify in the note the day on which the note 
becomes due, instead of stating the number of days or months which the 
note is to run. 

If no time for which the note is to run is specified in the 
note, the note is payable at any time on which the holder of 
the note may choose to call for its payment, tha t is, it is due 
on demand. 



273. In t e r e s t on Notes .—If a note contain the words 
" with interest," interest is computed on the note from the 
date at which the note is given. Thus, interest on the above 
note (Art. 270) is computed beginning with Oct. 12. 

If, however, the words " with interest " are omitted, interest 
is computed from the day on which the note becomes d u e ; 
thus, if, in the above note, the words " with interest at 6% " 
were omitted, interest would be computed beginning with 
Nov. 11. 

Interest on notes is usually computed for the exact number 
of days (even when the note runs for a certain number of 
months), allowing either 360 or 365 days to the year. 

Since notes are usually given for 30, 60, or 90 days, i t is 
generally convenient to find the interest a t 6% for 60 days 
(which interest equals 1"Jo of the principal), and for such 
parts of 60 days as are needed, to take their sum and then 
obtain the interest at any other rate if such rate is used. 
This, in effect, constitutes still another method of computing 
interest than those given in Chapter XV., and is called the 
T w o M o n t h s Method . 

Ex. Find the amount due on the following note a t maturity. 

$860.42. T R E N T O N , N. J., May 12, 1898. 
Three months after date, I prom ise to pay Stephen Blake, Eight 

Hundred Sixty - f f t Dollars, value received, with interest at 5%. 
J A M E S E V A N S . 

S O L U T I O N . 

The note is due 3 roo. after May 12, that is, on Aug. 12. 
From May 12 to Aug. 12, the number of days is as follows: 

May, 19 days. Int. on $ 860.42 for 60 da. at 6% > = $8.604 
June, 30 " <1 a « go « = 4.302 
July, 31 " u u it 2 " " = .2868 
Aug., 12 « a « « 92 « " - 13.193 
Total, 92 " it u u u tt 2 ^ J = 2.199 

u ti U ti It g jj » = 10.99 
860.42 

Amount due Aug. 12 = $871.41, Result. 

E X E R C I S E 1 3 5 . 

Find the date of matur i ty and the amount due then, on 
each of the following notes : 

1. $860. A L B A N Y , N . Y . , April 7, 1901. 
Four months after date, I promise to pay Bradley Goold, Three 

Hundred Sixty Dollars, with interest, at 5%, for value received. 
J O N A T H A N S C U D D E R . 

2. $985. P R I N C E T O N , N . J . , Dec..5, 1892. 
On demand, we, or either of us, promise to pay, with interest at 

4h%,to Charles R. Watson, Nine Hundred Thirty-five Dollars, 
without defalcation. H O R A C E D A Y , 

{Paid, 8 mo. from date.) E A R N E S T F. K E I G W I N . 

8. $700. P H I L A D E L P H I A , Oct. 8, 1897. 
Ninety days after dale, I promise to pay William Black, Seven 

Hundred Dollars, with interest at for value received. 
E L L E R Y F R A N K L I N . 

4. $520.60. C H I C A G O , I I I . , Dec. 14, 1899. 
Six months after date, I promise to pay Sherman Thatcher, 

Five Hundred Twenty Dollars and with interest, at 6%, for 
value received. B E N J A M I N C A R R O L L . 

5. $1400. T R E N T O N , N . J . , March 8, 1878. 
On July 1, 1898, I promise to pay Robert Dolliver, or ol der? 

Fourteen Hundred Dollars, with interest at six per centum, for 
value received. R O G E R S O M E R V I L L E . 

6. $250. A L B A N Y , N . Y . , Feb. 1, 1875. 
On the 21st of January, 1899, I promise to pay Dwight Ogden, 

Two Hundred Fifty Dollars, with interest at five per centum, 
F . I . S H E L L . 

7. A 90-day note for $2800, with interest at was paid 
at maturi ty. Wha t amount was due? 



8. A 3-month note for $6750 at 4 f % was paid when d u e 
Wha t amount was due ? 

9. Wri te a 60-day note with your teacher as payee and 
yourself as maker, for $100, interest a t 5%. Then compute 
its value when due. 

10. Write a 6-month promissory note for $1670, bearing 
interest at 4^%, with Horace Mansfield as maker and John 
Douglass payee. Then compute its value at maturi ty. 

11. Write a demand note for $3250, at with yourself 
as payee and Richard Smith as maker. Compute its value 
6 vr. 7 mo. 8 da. from date. 

12. Wha t is due on a promissory note for $6840.90 at 4%, 
23 yr. 11 mo. 23 da. after da te? Write such a note, giving its 
date and its date when due. 

Some other facts relating to the use of promissory notes are of value, 
though they do not directly affect arithmetical computations. Among them 
are the following: 

274. Transfer of Notes.—If a note be written in a certain form, it 
may be sold or transferred by the payee or holder to another person. Such 
a note is said to be negotiable. 

In order to be negotiable, a note must be made payable to the "order 
of " the payee, or to the " bearer." (Details in the form of notes, and in 
methods of computing interest on notes, vary in different states and 
localities. The pupil should question a local banker and discover the 
forms and methods necessary in his state, or customary in his locality.) 

In order to transfer a note, the payee or holder must write his name 
across the back of the note. If only the signature be written, the indorse-
ment is said to be "general indorsement" or "indorsement in blank"; if 
the words "please pay to the order of" a specified person, are written with 
the signature underneath, the indorsement is said to be "special." 

If a note is made payable to "bearer" merely, it may be transferred 
without indorsement. 

275. Failure to Pay a Note.—If the maker of a note fails to pay 
the note when it becomes due (or, if the note be payable on demand, when 
it is presented for payment), every indorser of the note becomes liable for 
the payment of the entire note (If an indorser has written the words " with-

out recourse" above his name, he is not liable. Several indorsers may have 
an agreement to share the amount of the note between them.) 

In case of the failure of the maker of a note to pay the note, the usual 
method of the holder is to collect the amount cf the note from the last in-
dorser, who collects it in like manner from the preceding indorser, etc., up 
to the first liable indorser. The holder, however, may, if he chooses, collect 
the amount of the note from any liable indorser, such collection, however, 
releasing all indorsers subsequent to the one from whom collection is made, 
though prior indorsers are still liable. 

A protest is a written notice sent by a notary public at the request of 
the holder of a note to the indorsers of the note, that the note has not been 
paid when due. 

If a protest is not sent to an indorser on the day on which the note 
matures, the -ndorser is released by law, unless the words " waiving demand 
and notice" have been written above the indorsees signature. If the 
notice has been properly made out and mailed by the notary, the law 
assumes tha«. a protest has been made. 

276. Kinds of Notes.—In what has been said, reference has been 
made to different kinds of notes, which may be termed time note, 
demand note, negotiable note, and non-negotiable note. The 
pupil may give formal definitions of these. Beside these are other kinds 
of notes, as follows : 

A joint note is a note signed by two or more persons, each of whom 
is liable for his share of the amount of the note. 

A joint and several note is a note signed by several persons, each 
of whom is liable, not only for his share of the note, but also for the entire 
note if the other signers fail to pay. Instead of "I promise," the note 
reads "we, or either of us, promise " to pay, etc. 

Banfc bills or notes are promissory notes issued by banks and pay-
able on demand. 

PARTIAL PAYMENTS. 

277. Par t i a l P a y m e n t s . — I t is frequently convenient for 
the maker of a note, instead of paying the note all a t one 
time, to make par t i a l p a y m e n t s on it, as money comes into 
his possession, till the entire note is paid. 

278. Indorsements .—The partial payments made are 
written on the back of the note and called indorsements. Each 



indorsement specifies the a m o u n t paid and the date of pay-
ment , with t he signature of the holder of the note, and is thus , 
in effect, a receipt for each a m o u n t pa id on the note. 

Several kinds of indorsements occur in business, but all have reference 
to a writing of some sort on the back of a business paper, the word indorse-
ment being obtained from the Latin word "dorsum," meaning "back." 

279. U n i t e d S t a t e s R u l e for the settlement of a note on which 
•partial payments have been made. The Supreme Court of the 

United States, reasoning t h a t interest shall no t be reckoned 
on interest nor on any payment , has fixed the following rule 
for allowing for par t ia l p a y m e n t s which have been m a d e in 
the set t lement of a note. The same rule has been adopted 
by most of the State Governments , the chief exceptions being 
New Hampsh i re , Vermont , and Connecticut. 

Find the amount of the principal until the time of the first pay-
ment ; if the payment exceeds the interest due, subtract the payment 
from the amount and me the remainder as a new principal; i f , 
however, the payment is less than the accrued interest, find the 
amount of the principal to the elate of that payment at which, the 
sum of the payments exceeds the interest to date ; subtract the sum 
of the payments from the anwunt and use the remainder as a new 
principal; proceed in like manner till the amount due on the day 
of settlement is determined. 

It is seldom that a payment less than the accrued interest is made ; when 
such a payment occurs, it is usually easy to determine that it is less than the 
accrued interest by a simple mental trial. 

The time between dates in partial payments is usually found by sub-
tracting months and days, and not by determining the exact number of 
days between dates. 

Ex . F i n d the a m o u n t due on the following note on Jan . 1, 
1898. 

$800. N E W Y O R K , Jan. 1, '96. 
Two years from date, I promise to pay James White, or order, 

Eight Hundred Dollars, for value received, with interest. 
SAMUEL H I L L M A N . 

Indorsed with the following payments , Apr. 1, '96, 810; 
Jan . 1, '97, $100; Apr. 10, '97, $200. 

S O L U T I O N . 

As the interest on $800 for 3 months is $12, the first payment is less than 
the interest to date. Hence, we have 

Interest on $800 from Jan. 1, '96, to Jan. 1, '97, = $48 
Principal, = 800 
Amount, = 848 
Sum of payments to Jan. 1, '97, = 110 
Remainder for new principal, — 738 
Interest on $738 from Jan. 1, '97, to Apr. 10, ' 97, = 12.17 
Amount, = 750.17 
Payment Apr. 10, '97, = 200 
New principal, = 550.17 
Interest from April 10, '97, to Jan. 1, '98, - _ 23.93 
Amount due on Jan. 1, '98, = $574.10, Result 

E X E R C I S E 1 3 6 . 

1. $ 6 0 0 . HARRISBURG, P A . , November 1, 1888. 
Three years after date, I promise to pay George Morris, Six 

Hundred Dollars, with interest at 5%. 
THEODORE JOHNSON. 

The following endorsements were m a d e : J a n . 1, 1889, $60; 
J u l y 1, 1890, $100; Dec. 10, 1890, $220. 

W h a t remained due a t matur i ty ? 
2. W h a t is due J u l y 1, 1899, on a note for $2100, dated 

Jan . 1, 1897, with interest a t 4%, on which are the following, 
payments endorsed : 

Sept. 1, 1897, $450; Aug. 1, 1898, $620; Feb. 1, 1899,8500? 

8. A note for $2400 dated J u l y 15,1880, drawing interest at 
5%, bears following endorsements : 

Dec 20, 1880, $740; Mar. 30, 1881, S250; J u n e 18, 1882, 
$600. W h a t is due Dec. 1, 1882? 

It. H o w m u c h is due Jan . 1, 1900, on a G% note for $1500, 
dated Oct. 20, 1897, and endorsed as follows : 

Dec. 30, 1897, $450; J u l y 9, 1898, $25; Nov. 7, 1899, $600? 



5. How much remains due Oct. 15, 1888, on a 5% note for 
$3600, dated J u n e 23, 1885, and endorsed as follows: 

Oct. 9, 1885, $100; Jan. 7, 1886, $200; Aug. 20, 1887, $300; 
Jan . 31, 1888, $1500? 

280. Merchan t s ' Rule .—When a note is settled within a 
year of the date at which it is given, merchants frequently 
use the following rule to determine the amount due when 
partial payments have been made. 

Find the amount of the principal to the dale of settlement; find 
the amount of each payment from the time it was made to the date 
of settlement; take the sum of the amounts of the payments, and 
subtract it from the amount of the principal; the remainder will 
be the balance due. 

Since the periods of time are short in these notes, interest is usually cal-
culated for the exact number of days. The method of exact interest is used 
in the following problems: 

Ex. Find the amount due on Dec. 31, 1897, on a note for 
$300, interest a t 1%, dated Feb. 15, 1897, on which the fol-
lowing payments have been m a d e : Mar. 25, $75; J u n e 1, 
$37.50; Oct. 10, $50. 

S O L U T I O N . 

Amount of $300 from Feb. 15 to Dec. 31 (319 da.) = $318.35 
75 " Mar. 25 " (281 da.) = $79.04 
37.50 " June 1 " (213 da.) = 39.03 

" 50 " Oct. 10 " (82 da.) = 50.79 
168.86 

Balance due Dec. 31, '97, $149.49 

E X E R C I S E 1 3 7 . 

1. A note for S790 at 6%, dated Jan . 15, 1891, bears two 
indorsements: J u l y 1, $400; Nov. 19, $60. Wha t is due Dec. 
31, 1891 ? 

Find the amount due Dec. 15, 1898, on a 5% note for 
$2500, dated Mar. 12, 1898, and indorsed as follows: May 17, 
$800; Aug. 10, $350; Nov. 1, $90. 

3. Find the amount due Nov. 30, 1894, on a 4% note of 
$1500, dated Feb. 6, 1894, and indorsed as follows: Apr. 25, 
$350; J u n e 6, $240; Aug. 7, $120; and Nov. 1, $400. 

BANK DISCOUNT. 

281. B a n k Discount .—The holder of a promissory note 
may need money immediately. If either the maker of the 
note or an indorser of i t be of good financial standing, he can 
usually obtain money on the note by taking it to a bank and 
selling it (" putt ing it in bank "). H e indorses the note by 
writing his name on the back, deposits the note in the bank, 
and in return the bank pays him the sum due at the maturi ty 
of the note, less the interest on this sum from the date at 
which the note is deposited at the bank to the date of 
maturity. 

The sum paid out by the bank is called the proceeds or 
avails. 

The sum deducted from the amount due at maturi ty is 
called the b a n k discount . Hence, the bank discount on a 
note is the simple interest from the date at which the note is dis-
counted to the date of maturity computed on the amount of the note 
at the dale of maturity. 

282. K i n d s of N o t e s Discounted.—(1) A merchant who 
sells goods on time frequently receives a note promising to 
pay for t he goods at the end of one, two, or three months, or 
of a certain number of days. Such a note may or may not bear 
interest H e obtains money by indorsing it and depositing 
it in a bank. In this case the money is paid to the indorser. 

Such notes are frequently discounted on a date later than 
the date on which the note was given, called the date of 
discount. 

(2) A person desiring money may make out a note payable 
to a friend, sign it himself, and get his friend to indorse. He 
takes it to the bank himself and secures the money on it. In 
this case the money is paid to the maker of the no te ; the note 
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does not bear interest, and the note is discounted on the date 
on which it is made. 

(3) A person desiring money m a y make out a note payable 
to a bank , sign i t himself , take i t to the bank , a n d obtain the 
money, depositing property of value, as stocks, bonds, etc., 
called " collateral," to secure the paymen t of the note. Such 
a note needs no indor semen t 

Banks reckon time by months or days, according as one or the other is 
specified in the note, and compute discount by the use of tables, which 
usually count 360 days in a year, 30 days in a month. 

In Pennsylvania, Delaware, Maryland, Mississippi, and the District of 
Columbia, discount is reckoned on the day of discount, as well as the day of 
payment. Thus, a 60 days note in Pennsylvania is discounted for 61 days; 
in Mississippi (where days of grace are allowed) for 64 days. 

E x . 1. W h a t are the proceeds on a note for $500 for 60 days 
(with grace) discounted a t a bank a t 6% ? 

S O L U T I O N . 

The note has 63 days to run. 
ao 

Interest on $1 for 63 da. = • - $ .0105 
t> x 1U00 

Interest on $500 for 63 da. = $500 x .0105 = $5.25 
$500 - $5.25 = $494.75, Proceeds. 

Ex. 2. F ind the proceeds of the following note : 
$650. P H I L A D E L P H I A , P A . , Jan. 6, '98. 

Ninety days after date, I •promise to pay to the order of Anthony 
Fisher, Six Hundred and Fifty Dollars, value received, with interest. 

Discounted at 5%, Jan. 26, '98. R O B E R T A L L E N . 

S O L U T I O N . 

The note is an interest-bearing note, hence it is necessary first to find its 
amount at maturity. It is to be observed that the note is given in Pennsylva-
nia, and that therefore there are no days of grace, and that discount is 
computed on the day of discount as well as the day of maturity 

Interest on $650 for 90 da. at = $8.13 
Amount of note when.due (Apr. 6), = 658.13 
From Jan. 26 to Apr. 6 (inclusive), = 71 da. 
Discount on $65S.13 at 5 fo for 71 da., 6.49 

$658.13 - $6.49 = $651.64, Proceeds. 

In the following examples it is important that the pupil, before working 
an example, observe carefully : 

1. Whether the time to run is days or months ; 
2. Whether the note bears interest or not; 
3. The date when the note is discounted; 
4. The State in which the note is given, and therefore whether days of 

grace are allowed, and whether the date of discount is included in the time. 

E X E R C I S E 1 3 8 . 

1. F ind the proceeds of a note for $1200 on 90 days, dis-
counted a t 7%. At 8%. 

2. F i n d the bank discount on a note for $870, due in 90 
days, a t 6 °/o. F i n d same with 3 days of grace. 

8. A note for $800, due in 60 days, was discounted a t the 
bank at 7%. F ind proceeds. 

4. A 6-mo. note for $650, dated J u n e 1, was discounted 
Ju ly 15, at 6%. F i n d discount a n d proceeds. 

5. A 3-mo. note for $1400, dated Ju ly 15, was discounted 
Aug. 10, at h \ % . F i n d the proceeds. 

6. A 90-dav note for $5000, -with interest a t 6%, dated May 
4, was discounted J u n e 8 at 8%. F i n d t h e proceeds. 

I n each of the following, determine the day of matur i ty , 
t ime to run , discount, and proceeds: 

7 . $1600. TRENTON, N . J . , June 1, 1895. 
Three months after date, I promise to pay George Williams, Six-

teen Hundred Dollars, for value received. 
Discounted at 6%, July 15. WASHINGTON NORRIS. 

8. $2000. BALTIMORE, M B . , Feb. 20, 1897. 
Ninety days after date, I promise to pay Jacob Warren, Tim 

Thousand Dollars, with interest at 6%. 
Discounted at 7<f0, April 1. A N D R E W F L E M I N G . 

9. $870. P H I L A D E L P H I A , July 10,1896. 
On the 10th of January next, I promise to pay John Wana-

maker, Eight Hundred Seventy Dollars, with interest at 5%. 
Discounted Oct. 1, at 6%<f0. F R E D E R I C TOWNSEND. 



10. A note for $1200, bearing interest a t dated Oct 
25, 1896, due Feb. 28, 1897, and discounted Dec. 1, at 7%. 

11. A 90-day note given Dec. 16, 1895, for $1800, bearing 
interest a t 3%, was discounted Dec. 30 at 6% (with 3 days 
of grace). 

12. W h a t is the difference between the t rue discount and 
the bank discount on $500 for 3 yr. 6 mo. at 5% ? 

13. F ind the proceeds of a note dated Oct. 15, 1896, for 
$460.30, payable in 9 months, bearing interest at 6%, and dis-
counted February 25,1897, at 7%. 

U . A note for $2300, dated Ju ly 30, 1899, and payable in 
90 days, with interest a t 5%, was discounted September 23, 
a t 7%. Find proceeds. 

283. P roceeds t o b e a Cer ta in Sum.—If a person wishes 
to obtain a certain sum, as $200 on a 3 mos. note at 6%, from 
a bank, it will be necessary to determine the face of the note 
tha t will yield that sum. 

Thus, on a note for $1 the bank would pay in the above 
case $1 — .015, or $0.985. Hence, to obtain $200, the face of 
the note mus t be as many dollars as $0.985 is contained times 
in $200, or $203.05. 

The student m a y verify this result by obtaining the pro-
ceeds of $203.05 for 3 mo. at 6%. 

Hence, in general, 
Divide the given proceeds by the proceeds of $1 for the given lime 

and rate. 
E X E R C I S E 1 3 9 . 

Find the face of the note which, 
1. Is to run 60 days, and when discounted at 6% to realize 

$891. 
2. Is to run 6 months, and when discounted at 7% realizes 

$3493.30. 
3. When discounted at the bank for 4 mo. 9 da. at 8% will 

give $72850. 

4- I owe a man $800 and wish to pay him by a 6-mo. note. 
What sum must the note demand so that when discounted at 
the bank at 8%, the debt is exactly paid ? 

5. Let the student verify all of these results by employing 
the principles of the few preceding exercises. 

C O M P O U N D I N T E R E S T . 

284. C o m p o u n d In te res t .—If interest is not paid when 
it becomes due, under some circumstances interest on the 
unpaid interest, as well as on the principal, is computed for 
the next period of time, and so on. Such interest is called 
c o m p o u n d in t e re s t . 

Ex. Compute the compound interest on $400 for 3 years at 
5%. 

SOLUTION. 
Principal, = $400, (1st principal) 
Interest for the first yea»-, = 20 
Amount at end of first year, = 420, (2d principal) 

.05 
Interest for second year, = 21.00 

420 
Amount at end of 2d year, = 441.00, (3d principal) 

.05 
Interest for 3d year, = 22.05 

441 
Amount at end of 3d year, = 463.05 

400 
$63.05, Compound Interest. 

If the above example had called for the compound interest on $400 for 
S yr. 2 mo. 15 da., instead of 3 years merely, we would find the compound 
amount for 3 years as above, or $463.05, then find the simple interest on 
this sum for 2 mo. and 15 da., or $4.82, and add this to the compound 
interest, giving $67.87 as the compound interest for 3 yr. 2 mo. 15 da. 

Savings banks usually compute interest on deposits in this 
way, adding the interest to the principal at the end of a stated 
period, as six months. Compound interest is not, however, 
allowed by law on ordinary debts. 



When the annual rate of interest is 5%, for instance, and the interest is 
compounded semi-annually, the compound interest is obtained by computing 
the interest for twice as many periods of time as there are years, at half the 
annual rate, 21%. 

Thus, to find the compound interest on $500 for 4 years at 7%, find the 
compound interest on $500 at 3\% for 8 periods of time. 

In computing compound interest, it is often useful to use tables giving the 
amount of $1 for various rates for different periods of time. 

E X E R C I S E 1 4 0 . 

Find the compound interest o f : 
1. $250 for 4 yr. a t 5 % . 
2. $1800 for 6 yr. a t 4 % . Also f ind amount . 
3. $900 for 3 yr. at 6% compounded semi-annually. 
4. $680 for 4 yr. a t 5 % compounded semi-annually. 
5. $1600 for 5 yr. a t 4}%. 
6. $600 for 3 yr. 4 mo. at 5%. Also find amount . 
7. $3000 for 4 yr. 6 mo. at 4%. 
8. $2500 for 5 yr. 3 mo. a t 6 % . F i n d a m o u n t too. 
9. W h a t is the difference between s imple and compound 

interest on $1500 for 6 yr. at 5% ? 
10. W h a t sum a t 4 % compound interest will a m o u n t to 

$1000 in 4 yr. ? I n 5 yr. ? I n 3 yr. 9 mo. ? 

ANNUAL INTEREST. 

285. A n n u a l i n t e r e s t is s imple interest on t he principal , 
together with s imple interest on each unpa id ins ta l lment of 
interest. 

I n some States, if a note or bond contains the words " with 
interest payab le annua l ly , " s imple interest can be collected 
on each u n p a i d year 's interest from the date a t which it 
becomes d u e to the date of sett lement, i. e., annua l interest 
can be collected. 

Ex . F i n d the annua l interest on a note for $500 for 4 years 
at 6%. 

S O L U T I O N . 

Interest on $500 for 1 year at 6% — $30 
$500 " 4 " 6% = $120 
$30 " 3 + 2 + 1 (or 6) years = $10.80 

$120 + $10.80 - $130.80, Annual Interest. 

E X E R C I S E 141 . 

Find the annua l interest and a m o u n t of : 
1. $700 a t o% for 3 yr. 
2. $1200 a t 4% for 5 yr . 
3. $90 a t 3 f o r 4 yr. 
4. $125 at 6 % for 3 yr. 6 mo. 
5. S750 a t 4% for 4 yr. 4 mo. 
6. F ind the difference between annua l interest and com-

pound interest of $360 a t 5 % for 5 yr. 
7. F ind the simple, t he exact, the compound, and the 

annual interest on $4800 a t 5% for 6 yr. 6 mo. 

EXCHANGE. 

286. E x c h a n g e is a system of business whereby payments 
are m a d e a t a distance by means of draf ts or bills of ex-
change, which largely cancel each other, and hence call for 
little actual t ransmission of money. 

I l l u s t r a t i on .—James Smi th , of Chattanooga, owes Daniel 
Compton, of New York City, $250. To send the money in 
the mai l would involve risk of loss; to send it by express 
would be expensive. A direct check on a Chattanooga bank 
migh t be expensive for Compton to collect. Hence, Smi th 
goes to a bank in Chattanooga ( the Farmers ' ) , which has 
money on deposit in a New York bank ( the Chemical) and 
buys a draf t , or order, in which the Fa rmers ' Bank directs t he 
Chemical Bank to pay the required sum to Daniel Compton, 
t h u s : 



F A R M E R S ' B A N K , 
$250. CHATTANOOGA, T E N N . , Jan. 25, 1900. 

At sight, pay to the order of Daniel Compton, two hundred and 
fifty dollars, value received. 

THOMAS FORSYTH, 
To the CHEMICAL N A T I O N A L B A N K , Cashier. 

N E W Y O R K , N . Y . 

287. A dra f t is a written order in which one party directs 
another to pay a specified sum to a third party. 

The m a k e r or d r a w e r is the person who signs the draft . 
The d r a w e e is the person directed to pay the sum. 
The p a y e e is the person to whom the money is to be paid. 
I n the above draft , the maker is Thomas Forsy th ; the 

drawee is the Chemical National B a n k ; and the payee is 
Daniel Compton. 

288. Pa r , P r e m i u m , Discount .—If, in buying a draft, a 
person has to pay the exact face of the draft, exchange is said 
to be a t p a r ; if more than the face, exchange is said to be a t 
a p r e m i u m ; if less than the face, exchange is said to be a t a 
discount . 

Premium and discount of exchange (apart from paying for the 
labor involved in the exchange) arise from the fact that the banks of 
one large money-center, as San Francisco, may owe the banks of another 
large center, as Chicago, a considerable sum, as $1,000,000. Hence, the 
San Francisco banks must either be at a considerable expense in sending 
this money to Chicago, or must pay interest on it. In this case, a person 
in San Francisco, buying a draft on Chicago, would have to pay a consider-
able premium, since his draft would increase the balance at Chicago against 
San Francisco. On the other hand, a person at Chicago, buying a draft on 
San Francisco for a large amount, might get the draft at a discount, since 
it would diminish the balance against San Francisco and the cost of trans-
mitting the same. 

289. S igh t a n d Time Draf ts .—A sight draft is one which 
is to be paid immediately on presentation. 

A t i m e d r a f t is one payable after a specified time. 

A time draft is to be presented immediately to the drawee, and, if he 
agrees to pay it, he writes the word " accepted" across the face, with the 
date and his signature. This is called an acceptance, is equivalent to a 
promise to pay, and, in effect, makes the draft a promissory note. 

I t is evident that, since a time draft is not payable until 
its maturi ty, its value, apart from the cost of exchange, is the 
face value, less the bank discount on i t up to the t ime of 
maturi ty. 

Ex. 1. Find the cost of a draf t on New York for $500 at %% 
premium. 

S O L U T I O N . 

Premium = } % of $500 - $500 x .005 = $2,50 
Face of draft = $500 

Cost of draft = $502.50, Result. 

Ex. 2. Wha t must be paid in Boston for a draft on St. 
Louis, at 80 days, for 81200, exchange being at \c/o p r emium? 

S O L U T I O N . 

Discount on $1200 for 33 days = $6.60 
Proceeds of $1200 = $1200 - $6.60 = 1193.40 
Premium on $1200 at = 3.00 
Cost of draft = $1193.40 + 3.00 = $1196.40, Result. 

E X E R C I S E 1 4 2 . 

Find the cost of a draf t for : 
1. 8900 at \°/o premium. I 8. 87600 at \ % premium. 
2. S2500 at discount I 4- 8100000 at discount. 

5* $570, payable in 30 days, exchange being at pre-
mium, and interest a t 6%. 

6. §3000, payable in 60 days, exchange being at dis-
count, and interest a t 5%. 

7. $2-100, given by a Boston merchant to a Chicago manu-
facturer, payable in 6 0 days, exchange at \°/o premium. 

8. What is the difference between a check and a dra f t? 
Between a negotiable note and a dra f t? 

* Allow no days of grace in solution of these examples. 



9. How large a sight draft can be bought for $2500, 
exchange being at f % premium? 

10. W h a t will be the cost of a draft for SI680, payable in 
60 days after sight, exchange being \°J0 premium, and interest 
being at 6 % ? 

11. Find face of a draft on New York, at 90 days' sight, 
bought for §450, exchange being l \ % premium, and interest 
at 5%. 

290. Fo re ign e x c h a n g e is exchange between different 
countries. 

Exchange between two places in the same country is called d o m e s t i c 
exchange . 

I n foreign exchange, a draft is usually called a bill of ex-
change . Usually three bills, forming a s e t of exchange , are 
drawn. To prevent loss or delay, each is sent by a different 
route. Each specifies tha t when it is paid the other two of 
the set become void. 

Foreign exchange is based on the par of exchange, or the 
legal value of the currency of one country in terms of that 
of another. For instance, the par value of a pound sterling 
is $4.8665. 

Ex. W h a t is the cost in Philadelphia of a bill of exchange 
on London for £250, when exchange is at $4,875 for the 
pound sterling? 

OPERATION. 

$4,875 
250 

243750 
9750 

$1218.75, Cost. 

E X E R C I S E 1 4 3 . 

1. W h a t is the cost of a bill of exchange on London for 
£2250 at $4.87 a pound sterling? 

2. W h a t is the cost in New York of a bill of exchange on 
London for £6300 at $4,865 to a pound sterling? 

3. Wha t is the face of a bill of exchange on London that 
was purchased for $13406.25, exchange being quoted at $4,875 
to a pound sterling ? 

It. When exchange is quoted at 5.18f francs to $1, what 
will be the face of a bill of exchange on Paris that is bought 
for $2300? 

5. When exchange on London is quoted at 4.85, what will 
be the face of a draft tha t can be bought for $7779.40 ? 

6. Wha t will a bill of exchange on Liverpool for £135 
15s. 6d. cost, exchange being at 4.86 ? 

7. Find the cost of a bill of exchange on Antwerp for 
14176.75 francs, exchange at 5.17^. 

8. Find cost of bill of exchange on Berlin for 7648 marks, 
exchange at 2 3 / . 

9. How much must be paid in Boston for a bill of 
exchange on Hamburg for 1330 marks, exchange at 2 3 J / ? 

10. How large a bill of exchange can be bought on Paris 
for $8000, exchange being at 5.21 ? 

11. How large a bill of exchange can be bought on Berlin 
for $8000, exchange at 2 4 £ / ? 

E Q U A T I O N O F P A Y M E N T S . 

291. Example .—Wil l i am Smith owes Stephen Day the 
following sums: 

$500 payable in 4 mo. 
300 " " 8 mo. 
400 « « 9 mo. 

I t will be a useful exercise for the pupil to determine the 
date when in equity the entire debt of $1200 can be paid as a 
single payment. 

E X E R C I S E 1 4 4 . 

1. m a n owes three accounts to the same person, $750 
due in 8 ir.os., $560 due in 5 mos., and $600 due in 6 mos. 
When can the entire amount be paid in one sum ? 



2. On Jan. 1st, X. gives Y. four notes as follows: 1st for 
8700 due in 9 mos., 2d for 8850 due in 6 mos., 3d for $400 
due in 4 mos., and 4th for $600 due in 7 mos. On what date 
will a single payment equitably cancel all notes ? 

S. W h a t is the average date for paying three notes, due, 
1st, March 20, $500 ; 2d, April 25, $600 ; 3d, J u n e 3, $400? 

J/. Four notes for $750 each are due respectively Aug. 1, 
Oct. 8, Nov. 20, and Dec. 5. W h a t is the average date° of 
maturi ty ? 

5. F ind the equated time of paying $430 due in 8 mos • 
$350 due in 9 mos.; $1000 due in 6 mos. 

6. Find the equated time of paying following bills: $60 
due in 30 days ; $100 due in 60 days ; $360 due in 90 days ; 
and $250 due in 30 days. They all bear date Oct. 17. 

7• 0 f a debt, is due in 7 mos., \ in 6 mos., and the rest 
in a year. F ind the equated time that one payment ought to 
pay it all. 

8. Three bills are due as follows: Aug. 5, $365, Oct. 10, 
$470, Dec. 14, $930. Find the average time of payment. 

9. Three notes are due as follows : 1st for $320, J u n e 1st; 
2d for $480, Aug. 20; 3d for $.520, Oct. 30. I wish to substi-
tute one note for $1320. Wha t should be its day of maturi ty ? 

10. A man bought a house for $6400 on 8 months ' credit. 
He paid $2000 at t ime of purchase; when should the balance 
be due ? 

11. A m a n owes $500 due in 8 mos., $900 due in 6 mos., 
and $1200 due in a year. After 5 months he pays $1000. 
When in equity should the remainder be due? 

12. A man owes $12000 due in 9 months. If he pays $6800 
in 5 months and $2700 in 2 months more, when ought the 
balance be paid ? 

18. A certain debt is to be paid £ down, £ in 8 months, and 
\ in 9 months, and the balance in a year. If the payments 
are all made in one, when is i t equitably due ? 

C H A P T E R X V I I . 

R A T I O A N D P R O P O R T I O N . P A R T N E R S H I P . 

R A T I O . 

292. Rat io.—If the quotient of one number divided by 
another occurs in a problem, it is often of advantage not to 
perform the division immediately, but to indicate the division 
for the t ime being. Thus, in Ex. 2 of Art. 95, the quotient 
of 200 divided by 9 being indicated for the t ime being, it 
was not found necessary to perform the division at all, since 
9 ultimately was canceled by a factor of the multiplier, 54. 

A r a t i o is the indicated quotient of one number divided by 
another number of the same kind. 

293. The t e r m s of a ratio are the quantities whose quotient 
is indicated. The first of these (the indicated dividend) is 
called the a n t e c e d e n t ; the second (the indicated divisor) is 
called the consequent . 

Thus, in the ratio 12 to 8, 12 is the antecedent, 8 the con-
sequent. 

294. Symbols .—A ratio is usually indicated by the sign, : , 
between the numbers compared. This sign is probably an 
abbreviation of -5-, the sign of division. 

Thus, the ratio of 12 to 8 is denoted by 12: 8 ; it may also 
be indicated in the fractional form, 

295. A c o m p o u n d ra t io is the product of two simple ratios. 
2 5 2 X 5 Thus, - X - i or — is a compound ratio. 

3 i 3 X 7 

I t may also be expressed thus j | ; | ' 



2. On Jan. 1st, X. gives Y. four notes as follows: 1st for 
$700 due in 9 mos., 2d for §850 due in 6 mos., 3d for §400 
due in 4 mos., and 4th for §600 due in 7 mos. On what date 
will a single payment equitably cancel all notes ? 

3. W h a t is the average date for paying three notes, due, 
1st, March 20, §500 ; 2d, April 25, §600 ; 3d, J u n e 3, §400? 

Four notes for §750 each are due respectively Aug. 1, 
Oct. 8, Nov. 20, and Dec. 5. W h a t is the average date of 
maturi ty ? 

5. F ind the equated time of paying §430 due in 8 mos • 
§350 due in 9 mos.; §1000 due in 6 mos. 

6. Find the equated time of paying following bills: §60 
due in 30 days ; §100 due in 60 days ; §360 due in 90 days ; 
and §250 due in 30 days. They all bear date Oct. 17. 

7• 0 f a debt, is due in 7 mos., \ in 6 mos., and the rest 
in a year. F ind the equated time that one payment ought to 
pay it all. 

8. Three bills are due as follows: Aug. 5, §365, Oct. 10, 
§470, Dec. 14, §930. Find the average time of payment. 

9. Three notes are due as follows : 1st for §320, J u n e 1st; 
2d for §480, Aug. 20; 3d for §.520, Oct. 30. I wish to substi-
tute one note for §1320. Wha t should be its day of maturi ty ? 

10. A man bought a house for §6400 on 8 months ' credit. 
He paid §2000 at t ime of purchase; when should the balance 
be due ? 

11. A m a n owes §500 due in 8 mos., §900 due in 6 mos., 
and §1200 due in a year. After 5 months he pays §1000. 
When in equity should the remainder be due? 

12. A man owes §12000 due in 9 months. If he pays §6800 
in 5 months and §2700 in 2 months more, when ought the 
balance be paid ? 

18. A certain debt is to be paid £ down, £ in 8 months, and 
\ in 9 months, and the balance in a year. If the payments 
are all made in one, when is i t equitably due ? 

C H A P T E R X V I I . 

R A T I O A N D P R O P O R T I O N . P A R T N E R S H I P . 

R A T I O . 

292. Rat io.—If the quotient of one number divided by 
another occurs in a problem, it is often of advantage not to 
perform the division immediately, but to indicate the division 
for the t ime being. Thus, in Ex. 2 of Art. 95, the quotient 
of 200 divided by 9 being indicated for the t ime being, it 
was not found necessary to perform the division at all, since 
9 ultimately was canceled by a factor of the multiplier, 54. 

A r a t i o is the indicated quotient of one number divided by 
another number of the same kind. 

293. The t e r m s of a ratio are the quantities whose quotient 
is indicated. The first of these (the indicated dividend) is 
called the a n t e c e d e n t ; the second (the indicated divisor) is 
called the consequent . 

Thus, in the ratio 12 to 8, 12 is the antecedent, 8 the con-
sequent. 

294. Symbols .—A ratio is usually indicated by the sign, : , 
between the numbers compared. This sign is probably an 
abbreviation of -5-, the sign of division. 

Thus, the ratio of 12 to 8 is denoted by 12: 8 ; it may also 
be indicated in the fractional form, 

295. A c o m p o u n d ra t io is the product of two simple ratios. 
2 5 2 X 5 Thus, - X - i or — is a compound ratio. 

3 i 3 X 7 

I t may also be expressed thus j | ; | ' 



296. Proper t ies of Rat ios .—From the nature of quotients 
and fractions it is evident that— 

(1) if both antecedent and consequent of a ratio be multiplied or 
divided by the same number, the ratio is not changed in value; 

(2; the antecedent equals the product of the ratio by the conse-
quent; 

(3) the consequent equals the antecedent divided by the ratio. 

What is the ratio of: 
1. 12 to 42? 
2. 81 : 135? 
S. 9| to 14ft? 

E X E R C I S E 1 4 5 . 

4. 11| to 12* ? 
5. 3$ : 8}f ? 
6. 5J : 6|?? 

Find the value of the parenthesis in each : 

TT-

i-

7. 5.2 to 7.28? 
8. 1̂ .75 : 16.15? 
9. 3.422 : 3.76? 

10. 12 : 30 = (?). IS. 28 to (?) 
11. 18 : (?) = f. 14- (?) to 81 
12. (?) : 18 = £. 15. 42 : (?) = f 

19. If the consequent is 45 and the antecedent is 35, find the ratio. 
20. If the antecedent is 14f and the ratio is find the consequent. 

16. 7f : (?) = f 
17. (?) : 10A - « . 
18. 4.45 : (?) = A. 

PROPORTION. 

297. A propor t ion is an equality between ratios. 
By the use of proportion a problem is often solved more readily than by 

analysis (see Arts. 94, 95), but sometimes the reason for the steps used is not 
so evident. 

A proportion is indicated by placing the symbol, = , or, ::, 
between the two equal ratios. 

Thus, 2 : 3 = 8 : 12, is a proportion. 
I t may be read in several ways, as " 2 is to 3 as 8 is to 12;" 

or, " 2 over 3 equals 8 over 12," or, " the ratio of 2 to 3 equals 
the ratio of 8 to 12," etc. 

298. Terms.—Hence, a proportion contains four terms. 
The first and last terms are called the e x t r e m e s ; the second 
and third terms are called the means . 

If the two means are alike, each is called a mean proportional , and 
the last term is called a third proportional. 

Thus, in 2:4 = 4: 8, 4isa mean proportional, and 8 is a third propor-
tional. 

299. Proper t ies of a Propor t ion .—The fundamental prop-
erty of a proportion is that " the product of the means is equal 
to the product of the extremes." 

Thus, in the proportion in Art. 297, 3 x 8 = 2 x 12. 

This property is seen to be true for any proportion, since, 

if - and ~ are two equal ratios, and each be multiplied by b d, 
b d 

we have a X d and b X c equal. 
I t follows at once from the above property tha t either extreme 

equals the product of the means divided by the other extreme. 
What does either mean equal ? 

To obtain a method for solving problems by proportion, let 
us consider the following problem. 

Ex. 1. I f 12 books cost S20, what will 15 books cost? 
Solving by analysis, we have 

Cost of 1 book = $ff. 
Cost of 15 books = $f$ x 15. 

To show how this relation may be converted into a proportion we divide 
each of these equals by $20, and obtain 

cost of 15 books = IS 

$20 (or cost of 12 books) Ts" 
Taking the last ratio first, and writing the denominator first 

12 books : 15 books - $20 (cost of 12 books) : cost of 15 books 
or, 12:15 = $20: ( ). 

Hence, in general, write the required quantity as the last term 
of the -proportion; me the quantity with which it is compared as 
the third term ; write the ratio which is equal to the ratio of the 
3d and 4th terms as the first two terms ; solve by using the proper-
ties of a proportion. 

Ex. 2. If 20 acres of land produce 320 bushels of wheat, 
how many acres are needed to produce 400 bushels ? 



SOLUTION. 
20 acres is compared with the unknown number of acres. Hence, we have 

320 : 400 = 20 : ( ). 
25 

No. acres required = ^ggp ^ = 

w 

E X E R C I S E 1 4 6 . 
Supply the missing term in each proportion : 

1. 3 : 8 :: 6 : (?). 
2. 12 : 5 :: (?) : 40. 
3. 8 : ( ? ) : : 5 : 30. 
4- 16 : 24 : : (?) : 15. 
5. (?) : 11 : : 14 : 33. 

6. 3* : 4f : : 9f : (?). 
7. 41f : (?) : : 196J : 232^. 

12T
4

r : 1ÖJ. : : (?) : 9f. 
9. (?) : 9.75 : : 13.25 :10.4. 

10. 2.76 : 3.45 : : 2.28 : (?). 
11. If 75 acres of land cost $5090.40, what will 175 acres 

cost? 411 acres? 
12. If $5890.50 buys 85 acres, how many acres will $34650 

b u y ? $25410? 
13. If 7 horses require a pasture of 18 acres, how large a 

pasture will 300 horses require ? 
14. If a pole 12 feet high casts a shadow 5^ feet long, how 

long will be the shadow from a steeple 144 feet high at the 
same t ime? 

15. If the shadow from a chimney 4GA- feet high is 38 it. 9 
in., what is the height of the tree whose shadow is 111 ft. 
3 in .? 

16. If 3 | bu. of grain are used to sow 13f acres, how many 
bushels will be required to sow 100 acres? 

17. If $75 yields $35 interest, how much must be invested 
to yield $63 interest? 

18. If I pay $75.65 for the use of $425, what should be paid 
for the use of $545 for same t ime? 

19. If 12 men accomplish a certain task in 30 days, how 
many days will 45 men require? 

NOTE.—The pupil should observe that 45 men will not require as loug as 
12 men do. Hence, we invert the unknown ratio in the proportion. For 

this reason such proportions are called inverse proportions. The solution is 
arranged thus: 12 men : 45 men :: (? days) : 30 days. 

20. If 18 men dig a ditch in 35 days, how long would it 
take 21 men to do the same ? 14 men ? 

21. If 10 men lay a wall in 48 days, how many men will 
be needed to lay a similar wall in 30 days ? 

22. A man borrows $72 for 5 years, and lends $240 in return. 
How long ought he lend the latter sum to pay for the former 
loan ? 

28. I f $4500 is borrowed for a certain t ime at 5%, what sum 
must be loaned a t the same time, to compensate? 

24. If a man can do in 8 days as much work as his son 
does in 15 days, and the son's wages are $1.60 a day, what 
pay should the father receive per day ? 

25. Find a fourth proportional to 7, 17, and 21. 
26. Find the number which has to 6f the same ratio which 

l l f has to 3f . 
27. Find a third proportional to 3£ and 4f. 
28. Find the fourth proportional to 3.81, .056, and 1.67. 
29. By a certain pipe a certain cistern can be emptied in 5f 

hours. I n what t ime can another cistern 3£ times as large be 
emptied by a pipe carrying only £ as much water? 

COMPOUND PROPORTION. 

300. A compound propor t ion is an equality between a 
simple ratio and a compound ratio, or between two compound 
ratios. 

E x , { ^ t o H ^ i f i l . M l i e } -

Ex. 1. If 12 men can earn $180 in 5 days, how much can 
16 men earn in 9 days ? 

S O L U T I O N . 
$180 is compared with the required nnmber of dollars. The ratio which 

is equal to the ratio, $180 : required No. $, is 12 x 5 days' work : 16 x 9 
davB' work. Hence, 

19 



{ ' i i S ' l - i 1 8 * « > 
or( ) , " » * I6 x9 = 

12 x 5 

Sometimes the terms of ratio vary inversely, and must be 
used accordingly (for instance, the number of days required 
to do a given piece of work varies inversely as the number of 
workmen, tha t is, the greater the number of workmen the fewer 
the days). 

Ex. 2. I f 15 men can dig a ditch 180 rods long in 8 days, 
how many days will i t take 20 men to dig a ditch 300 rods 
long? 

SOLUTION. 

The final ratio is, 8 days: required No. days. 
The longer the ditch, the greater the number of days required, hence, 

180 : 300 is a part of the first ratio equal to the abo/e ratio ; but the greater 
the number of men the fewer the number of days, 20 : 15 is the other 
part of the first ratio. Hence, 

{l80:' 300 } = 8 : ( )• 

H e n C e ' ( ) = 8 20*x 180°° = 1 0 , ° f ^ 
If the first set of men had worked 8 hours a day, and the second set 12 

hours a day, how would this have aflected the solution ? 

E X E R C I S E 14-7 . 

1. If 15 men can earn §360 in 8 days, how much can 7 
men earn in 40 days ? 

2. Five clerks use 50 quires of paper in 16 days. At the 
same rate, how much paper will 9 clerks use in 15 days? 

8. I f 8 persons spend 8470 in 5 days, how much will 15 
persons spend in 16 days at same ra te? 

If a block of stone. 2 ft. X 3 ft. X 4 ft. weigh 1740 lbs., 
what will a block of like stone 3 X 5 X 7 ft. weigh ? 

5. I f 7 men working 8 hours a day can accomplish a task 

in 15 days, how many days of 6 hours will 10 men require 
for the same task ? 

6. If a cistern 17£ ft. long, 10£ ft. wide, and 13 ft. deep, 
hold 546 bbl., how m a n y barrels will a cistern hold that is 16 ft. 
long, 7 ft. wide, and 15 ft. deep ? 

7. If 22 men can cut 294 cords of wood in 7 days when 
they work 14 hours a day, how many days will i t take 5 men 
to cut 375 cords, working 10 hours a day ? 

8. If 25 men dig a ditch 396 feet long in 36 days of 7 
hours each, in how many days will 30 men dig a similar ditch 
990 feet long, if they work 9 hours a day ? 

9. If 90 men build a wall 2304 ft. long, 8 ft. wide, and 2£ 
ft. high in 45 days of hrs. each, how long a wall 7 ft. wide 
and 4 ft. high can 125 men build in 35 days of 9 hrs. each ? 

10. If a slab of marble 9 ft. long, 3. f t wide, and 4 in. thick 
weighs 1200 lbs., how much will another similar slab weigh 
which is 6 ft. long, 2 ft. wide, and 3 in. thick ? 

11. A certain bin 7 ft. X 2 j ft. and 2 ft. deep contains 28 
bushels of gra in ; what is the depth of a second b in 18 ft. X 
1 ft. 10£ in. which contains 120 bu. ? 

12. If 496 men, in 5 da. of 12 hr. 6 min. each, dig a trench 
of 5 degrees of hardness, 465 ft. long, 3 ft. 8 in. wide, and 4 f t 
8 in. deep, how many men will be required to dig a trench of 
8 degrees of hardness, 168f ft. long, 7 ft. 6 in. wide, and 2 | f t 
deep, in 22 da. of 9 hr. each ? 

P R O P O R T I O N A L P A R T S . 

301. P ropor t iona l Pa r t s .—I t may be required to divide 
a given number into parts which shall be proportional to a 
series of given numbers. We may do this either by the use of 
proportion, or by the use of fractions and fractional units. 

Ex. Three men working a mine agree to divide the profits 
in the proportion of 2, 3, and 4. They make 82700. Wha t 
is the share of each? 



S O L U T I O N . 

Since 2 + 3 + 4 = 9, we may regard the profits as forming 9 shares, of 
which the miners get 2, 3, and 4 shares respectively. 

9:2 = $2700 : share of 1st, $600. 
9:3 = $2700: " 2d, $900. 
9:4 = $2700: " 3d, $1200. 

Or, since $2700 is to be divided into 9 shares, 

1 share = £ of $2700 = $300. 
2 shares - $600. 

Etc. 

E X E R C I S E 1 4 8 . 

1. Divide 20000 into four parts proportional to 5, 7, 8, 12. 
2. Divide 6300 into four parts proportional to 3, 5, 11, 17. 
S. Divide 31800 into parts in the relation of 1 : 2 : 3. 

Divide 3864 into parts in the relation of 2 : 3 : 4 : 5. 
5. The weights of three casks aggregate a ton, bu t their 

individual weights are as 1 1 : 1 3 : 1 6 . Find the weight of 
each. 

6. A father divided his property of $46500 among three 
sons, in parts proportional to their ages, 17 yr., 20 yr., and 25 
yr. How much did each receive? 

7. Divide 210 into three parts, which shall be proportional 
to 4, and f . 

PARTNERSHIP. 

302. Par tnersh ip .—When two or more persons can carry 
on a business to better advantage together than singly, they 
often unite and form a partnership. 

Pa r tne r sh ip is the combination of two or more persons as 
a single firm to carry on business. 

The cap i ta l is the money invested by the different partners 
in the business. 

303. I n simple par tnersh ip all the partners invest their 
capital for the same length of time. 

In c o m p o u n d par tnersh ip the partners invest their capital 
for different lengths of time. 

Ex. 1. Three men, A, B, and C, are in business together, 
and gain $3600. A's capital is $2000; B's is $4000; and C's 
is $6000. What is each one's share of the profits? 

S O L U T I O N . 

Entire capital • $2000 + $4000 + $6000 = $12000. 

A's share of the capital = = {. 
B's " « « = 

Cs " " " = » r i-

nence, A's share of the gain = J of $3600 = $600. 
B's " " " = i of $3600 - $1200. 
Cs " " " = \ of $3600 - $1800. 

Ex. 2. A, B, and C form a partnership. A puts in $500 for 
8 months, B $600 for 9 months, and C $S00 for 12 months. 
They gain $3040. W h a t share of this belongs to each partner ? 

S O L U T I O N . 

$500 invested for 8 mo. is the same as $4000 for 1 mo. 
$600 " " 9 " " " " " $5400 " 1 " 
$800 " " 12 " " " " " $9600_"_1_" 

Entire capital = $19000 " 1 " 

Hence, A's share of the gain TW$s o r f? °f $3040 " S640-
B's " " " - <*• \ \ " " ^ S864-
Cs " " " = -rWfo or U " " •» $1536. 

E X E R C I S E 1 4 9 . 

1. Three men contract for a pasture, into which A puts 7 
horses, B puts 9, and C 13. Of the rent, which was $17.40, 
how much ought each p a y ? 

2. In to a partnership A places $3200, B $4100, and C $1700. 
How should a gain of $4500 be divided ? 

S. Three men gain $500 after investing $560, $640, and $800 
respectively. How do they share the profi t? 

| By a will a m a n leaves to his widow $12000, to a son 



$9000, and to a daughter $4000. But upon investigation the 
estate produced only $20000. How should it be divided 
equitably ? 

5. A firm lost in a year $3300. A's stock was $3200, B's 
was $7100, and C's was $6200. How is the loss to be dis-
tributed ? 

6. A, B, and C go into business with a capital of $12000. 
From the gain of one year A's share is $1250, B's is $1000, and 
C's is $750. W h a t was each man's capital ? 

7. Three persons enter partnership. A puts into it $1600 
for 3 mon ths ; B $800 for 5 m o n t h s ; and C $900 for 3 months. 
How should they jus t ly share the profits of $575 ? The losses 
of $1035? 

8. A pasture is rented by 3 persons for $760. A puts in 7 
cows for 5 mos.; B 8 cows for 3 mos.; and C 9 cows for 4 
mos. W h a t rent should each pay ? 

9. Three laborers contracted to dig a trench for $49.50. The 
first worked 8 days of 7 hours each ; the second 10 days of 8 
hours each ; and the third 14 days of 6 hours each. What 
should each receive ? 

10. A entered business with $5000, and in 3 mos. took in B 
with $4000. After 2 mos. more C entered the firm with 
$12000. At the end of the year they had gained $8100. How 
should i t be divided equitably ? 

C H A P T E R X V I I I . 

I N V O L U T I O N A N D E V O L U T I O N . 

I N V O L U T I O N . 

304. Definit ions.—The second power , or square , of a 
number is the number obtained by multiplying a given 
number by itself. 

Thus, 23* = 23 X 23 = 529. 
The th i rd power , or cube, of a number is the number ob-

tained by using the given number as a factor three times. 
Thus, 8 s = 8 X 8 X 8 512. . 

Let the pupil define f o u r t h power , fifth power , etc., of a 
number and give examples. 

Invo lu t ion is the process of computing any required power 
of a given number. 

305. Memoriz ing P o w e r s of S m a l l N u m b e r s . — I t is im-
portant that the pupil calculate and commit to memory the 
following powers: 

S q u a r e s of 1, 2, 3, 4 . . . . to 25. 
Cubes of 1, 2, 3, 4 . . . . to 12. 
F o u r t h p o w e r s of 1 ,2 , 3, 4, 5, 6. 
F i f t h p o w e r s of 1,2, 3, 4, 5. 
S ix th p o w e r s of 1, 2, 3, 4, 5. 
Seven th p o w e r s of 1, 2, 3-
Eighth , n inth , and t e n t h p o w e r s of 1, 2. 

306. Me thods of Involut ion.—The powers of numbers 
may be obtained either by (1) a c tua l mult ipl icat ion, or (2) 
by the u s e of tables, or (3) by use of l oga r i t hms (see Art. 86). 
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portant that the pupil calculate and commit to memory the 
following powers: 

S q u a r e s of 1, 2, 3, 4 . . . . to 25. 
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may be obtained either by (1) a c tua l mult ipl icat ion, or (2) 
by the u s e of tables, or (3) by use of l oga r i t hms (see Art. 86). 
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I t is also useful to be able to separate a number into parts 
(as tens + units), and form the product by multiplication of 
these parts. By this means properties of a power are discov-
ered, which can be used in the inverse process of finding the 
root of a number. See Arts.. 309 and 314. 

E X E R C I S E 1 5 0 . 

O R A L . • 

1. State rapidly the squares of all the numbers up to 20. 
2. What is the square of 18? 14? 17? 21? 19? 15? etc. 
3. What is the square of Î•? f? £? f ? |? }J? 
4- What is the square of .2? .3? .5? .8? .13? .18? 1.6? 
5. What is the square of 1.S ? 2.1? 2.5? 30? 50? 70? 600? 
G. What is the cube of 9? 8? 3? 7? 6? 5? 11? 
7. What is the cube of I? f ? J? §? -ft? 2\? 3Î ? 
S. What is the cube of .2? .3? .4? 20? 30? 1.2?" 
9. Tell the value of 8s, 12s, 2', 3«, 6s, 3s, 27, 5s, 4s, 4*, 5«, 2s, 38, 64, 5s, 

(lf)s, (5f)2, (2.2)', (.07)', (.012)». 

E X E R C I S E 1 5 1 . 
Find the value of : 

1. 26* . 
2. 28'. 
8. 113*. 
4. 512\ 
5. 205s. 
21. 33 X 4*. 
22. 43 X 2'. 
28. (1)' X 5s. 

6. 1.75'. 11. (1$)». 
7. 23.13. 12. ( 4 ) ' . 
8. 31 A\ 18. (5f) s . 
9. .038'. 14. (4J)S. 

10. .66s. 15. (74-V. 

24. 2 s X 3 4 - 6 î . 
25. 6s X 7 1 - 14s. 
26. (2.5)' X (3.5 f . 

16. 15'. 
17. 23'. 
18. (120\ 
19. (3. If)3 . 
20. (1.024-)3. 

27. 15s X 45'. 
28. 45s 15s. 
29. 7.22 X 7.5s. 

EVOLUTION. 

307. Definit ions.—The square roo t of a number is that 
number which, multiplied by itself, will produce the given 
number. Thus, 13 is the square root of 169, since 1 3 X 1 3 
= 169. 

The c u b e roo t of a number is that number which, used as 

a factor three times, will produce the given number. Thus, 8 
is the cube root of 512, since 8 X 8 X 8 = 512. 

Let the pupil define f o u r t h root , c u b e root , etc. 
The student should commit to memory the roots correspond-

ing to the powers mentioned in Art. 305. 
Evo lu t ion is the process of determining any required root 

of a given number. 

308. The m e t h o d s of de t e rmin ing t h e roo t s of numbers 
are (1) the use of tables , when a number has an exact root, 
or (2) the use of logar i thms, or (3) the d i rec t m e t h o d s given 
in the remainder of this chapter, which are independent of 
tables and logarithms. 

As stated in Art. 306, these methods are based on observing 
how the power of a number is formed when the number is 
dissected into parts (units and tens) and the product formed 
by the use of these parts. 

SQUARE ROOT. 

309. Squa r ing a N u m b e r b y Parts.—Since, for example, 
47 = 40 + 7, the square of 47 may be formed thus, 

4 0 + 7 
4 0 + 7 
40* + 40 x 7 

+ 40 x 7 + 7' 
40' + 2 x 4 0 x 7 + 7* = 1600 + 560 + 49 = 2209. 

Hence, if any number be separated into a number of tens + a number of 
units, its square will equal (the square of the tens) + (twice the tens x the 
unUs) + (square of the units), or, denoting the tens by t, and the units by u, 
(I + u)1 = f + 2 tu + u!. 

NOTE .—This method of squaring may also be applied to numbers con-
taining three or more figures, and the observed properties employed in 
extracting the roots of correspondingly large powers. 

Thus, 346 = 300 + 46, 
346s = 3001 + 2 x 300 x 46 + 461. 

Having found the first and second figures (3 and 4) of a square root by 



the use of the square in this form, we may then proceed to find the third 
figure of the root by the use of the square, as if it were in the form, 

346s = (340 + 6)2 

= 3402 + 2 x 340 x 6 + 6s. 

310. Periods.—Since in any given number, as 2209, whof<e 
square root is to be extracted, the square of the tens (1600) is 
not given explicitly, it must be determined indirectly, and its 
root then extracted. This is done by marking off the figures 
of the number whose root is to be extracted, into periods of 
two figures each, beginning at the decimal point, and then 
determining the largest square number represented in the first 
period of figures to the left. 

For the square of a number contains twice as many figures as the number 
itself, or twice as many less one. 

For since P = 1 
102 - 100 

1002 = 10000 
1000» 1000000 

eta 
it follows that if a number contains one figure, its square is either 1, or lies 
between 1 and 100, and hence contains one or two figures; if a number con-
tains two digits, its square is either 100, or lies between 100 and 10000, and 
hence contains three or four digits; similarly, if a number contains three 
digits, its square contains five or six digits, eta 

Hence, if any number be separated into periods of two 
figures each, beginning at the decimal point, the number of 

•periods thus formed will be the same as the number of figures in the 
square root, and the square root of the largest square number 
represented in the left-hand period gives the first figure of the 
root. 

311. E x t r a c t i o n of S q u a r e Root .—Ex. 1. Extract the 
square root of 2209. 

O P E R A T I O N . A B B R E V I A T E D F O R M . 

2209.140 + 7 
Tens squared (i1) = 40* = 1600 
2 x tens = 2 x 40 = 80 f609 
(2 x tens + units) x units = 87 x 7 | 609 

2209147 
16 

871 609 
| 609 

E X P L A N A T I O N . 

Since 2209 contains two periods of two figures each, the root must con-
tain two figures, a tens figure and a units figure. Since the largest square 
in 2200 is 1600, and the square root of 1600 is 40, the number of tens is 4. 
Subtracting the square of the tens, 1600, from 2209, the remainder, 609, 
must be 2 x tens x units + (units)1. Since (units)7 is much less than 2 x tens 
x units, much the largest part of 609 must be 2 x tens x units, and if 609 be 
divided by 2 x tens,-or 80, it will give the units figure or a slightly larger 
number. We obtain 7 as the approximate quotient, and, by trial, deter-
mine that it is the exact number of units, since 87 x 7 - 609. 

Ex. 2. Extract the square root of 119716. 

We have iT'JTli . 1346, Root. 
J 

64 297 
256 

68614116 
[4116 

By use of the Note to Art. 309, we determine that 3 is the number ol 
hundreds in the root, and that the number of units is 40 +. Having fo.ini 
the first and second figures by this means, we may then find the third figure 
by separating the given number, as in the latter part of the note, into tens 

plus units, thus 340 + units. 
Let the student write out a detailed explanation of the entire process of 

extracting the square root of 119716. 

312. Squa re Roo t of Dec imal Numbers .—If it be required 
to extract the square root of a decimal number, we may pro-
ceed thus, for example : 

1/.0225 = t A = -15, Root. 
I t is better, however, to pu t the work in a different form, by 

marking off the given number into periods of two figures each, 
beginning at the decimal point. Thus, we have, 

.0225 L±5, Root. J 

251125 
[125 



If necessary, annex a zero to complete the last period of 
figures to the right. In such cases, however, the root cannot 
be extracted exactly. 

Ex. Extract the square root of 0.369 to 4 decimal places. 

•369000001.6074 +, Boot. 
36 

1207 

12144 

9000 
8449 
55100 
48576 

313. Squa re R o o t of C o m m o n Frac t ions .—If the denomi-
nator of the fraction, whose square root is to be extracted, is 
a perfect square, extract the root of the numerator and of the 
denominator separately, and divide the one result by the 
other. 

E j c /289 = V m = 17 
»324 18* 

If the denominator is not a perfect square, reduce the frac-
tion to a decimal and extract the root of the decimal. 

E x . V I = # 3 6 6 6 6 6 6 6 + 

0.66666666 + 10.8164 +, Boot. 
64 

1611 

1626 

266 
161 
10566 
9756 

16324; 81066 
| 65296 

Hence, in general, to extract the square root of a number, 
Separate the number into periods of two figures each, beginning 

at the decimal point; 
Find the greatest square in the left-hand period, and set down its 

root as the first figure of the required root; 

Square this figure, subtract the result from the left-hand period, 
and to the remainder bring down the next period ; 

Double the root already found for a trial divisor, divide it into 
the remainder (omitting last figure of the remainder), and annex 
the quotient obtained, to the root and to the trial divisor. 

Multiply the complete divisor by the figure of the root last found, 
and subtract the result from the remainder ; 

Proceed in like manner till all the periods of figures have been 
used. 

E X E R C I S E 1 5 2 . 

Find the square root of: 
1. 676. 
2. 841. 
S. 961. 

IS. 64272289. 
U . 82646281. 

19. 61.7796. 
20. 6955.56. 
21. 0.822649. 

4- 1764. 
5. 3364. 
6. 4489. 

7. 6889. 
8. 18496. 
9. 173889. 

15. 96177249. 
16. 1228292209. 

10. 710649. 
11. 879844. 
12. 54804409. 

17. 2181637264. 
IS. 5416076836. 

22. 1.752976. 
23. 1419.7824. 
24. 0.50665924. 

Find the square root of each of the following to three 
decimal places: 

25. 11.67657241. 
26. 175351.5625. 
27. 25.81554481. 

28. 40. 
29. 8. 
80. 31. 
81. 17.2 

32. m . 
S3. O.9". 
34. 
35. ft. 

36. 5\. 
37. 3 f 
38. 246.01. 
39. 30^. 

E X E R C I S E 1 5 3 . 

ORAL. 

State the square root of each of the following: 
1. 256. 
2. 361. 
5. 400. 
4- 144. 
6. 289. 

6. 121. 
7. 324. 
8. 169. 
9. 529. 

10. 196. 

11. ¿ f t 
12- tâ-
lS- H-
14. 11 
15. 6J. 

40. 1ft. 
41. 2^ft. 
42. 36£. 
43. 100£. 

16. .09. 
17. 1.21. 
18. .0036. 
19. 2500. 
SO. .062J. 



CUBE ROOT. 

314. Cubing a N u m b e r b y Par t s .—In order to discover a 
method of extracting the cube root of a number, we separate 
a number, as 54, into its tens and units, 50 + 4, and form its 
cube as follows: 

5 0 + 4 
5 0 + 4 
502 + 50 x 4 

50 x 4 + 4* 
502 + 2 x 50 x 4 + 4J 

5 0 + 4 
50s + 2 x 50» x 4 + 50 x 4» 

50* x 4 + 2 x 50 x 4* + 43 

50s + 3 x 50* x 4 + 3 x 50 x 42 + 43 

= 125000 + 30000 + 2400 + 64 = 157464. 
Hence, if any number be separated into tens + units, its 

cube will be equal to 
(cube of the tens) + (three times the square of the tens limes the units) + (three 
times the tens times the square of the units) + (cube of the units), or in symbols 

(/ + u)s = t3 +'3 C u + 3 I v> + u5. 
NOTE.—This method may also be applied in cubing a number which 

contains three or more figures, and the observed properties employed in 
extracting the cube root of a correspondingly large number. See Art. 309, 
Note. 

315. Periods.—Since in any given number, as 157464, whose 
cube root is sought, the cube of the tens is not given explicitly, 
it must be determined indirectly, and its root then extracted. 
I t is determined by marking off the figures of the number 
whose root is sought into periods of three figures each, begin-
ning at the decimal point, and then determining the largest 
cube number represented in the first period of figures to the left. 

For the cube of a number contains three limes as many digits (less one or two) 
as the number itself. 

For since, 1? = 1 
103 = 1000 

1003 = 1000000 
1000 s = 1000000000 

it follows that if a number contains one figure, its cube is either 1, or lies 
between 1 and 1000, and hence contains one, two, or three digits; if a 
number contains two digits, its cube is either 1000, or lies between 1000 
and 1000000, and hence contains four, five, or six digits; similarly, if a 
number contains three digits, its cube contains seven, eight, or nine digits, etc. 

Hence, if we begin at the decimal point and mark off the 
digits of any number in periods of 3 figures each, the number 
of periods thus formed will be the same as the number of figures in 
the root. 

316. E x t r a c t i o n of cube roo t . . 
Ex. 1. Extract the cube root of 157464. 

O P E R A T I O N . 

157464! 50 + 4 
i5 = 505 = 125000 

3 0 = 3 x 50* = 7500 
3iu = 3 x 50 x 4 = 600 

= 41 = 16 
u x ( 3 i î + 3iu + uI) = 4x 8116 

32464 

32464 

A B B R E V I A T E D F O R M O F O P E R A T I O N . 

Í57464 j 54, Root. 
125 

42 = 

7500 32464 
600 
16 

8116 32464 

E X P L A N A T I O N . 

Since 157464 contains two periods of three figures each, the cube root 
must contain two figures, a tens figure and a units figure. Since the largest 
cube in 157,000 is 125,000, and the cube root of 125,000 is 50, the number 
of tens is 5. 

Subtracting the cube of the tens 125,000 from 157464, the remainder, 
32464, must be 3 x tens' x units + 8 x tens x unite1 + unite8, and since 3 x 
tens' x unite is much the largest part of the remainder, if the remainder be 
divided by 3 x tew?, or 7500, it will give the unite figure or a slightly larger 
number as the quotient. Dividing we obtain 4 as the approximate quotient, 
and on trial find that it is the exact number of units, since, 

C3 x 50* + 3 x 50 x 4 + 41) x 4 = 32464. 



3 0 4 INVOLUTION AND EVOLUTION. 

By use of the Note of Art. 314, the same method may be used in extract-
ing the cube root of a number of more than two periods. 

Ex. 2. Extract the cube root of 8,627,738.651. 
O P E R A T I O N . 

8627 738.6511 205.1, Root. 
8 

3 x (200)1 = 120000 627 738 
3 x (200 x 5) = 3000 

5J 25 
123025 615125 

3 x (2050)1 = 12607500 12613651 
x (2050 x 1) = 6150 

P = 1 
12613651 12613651 

Hence, in general, to extract the cube root of a number , 
Separate the number into periods of three figures each, beginning 

at the decimal point; 
Find the greatest cube in the left-hand period, and set down its 

cube root as the first figure of the required root; 
Cube this figure, and subtract the result from the left-hand period, 

and annex the next period of figures to the remainder; 
Take three times the square of the root already found as a trial 

divisor; divide the remainder by it, and set down the quotient as 
the next figure of the root; 

Complete the trial divisor by adding to it three times the product 
of the first figure of the root with zero annexed, multiplied by the 
last figure, and the square of the last figure; 

Multiply this complete divisor by the figure of the root last found, 
and subtract the result from the remainder ; 

Proceed in like manner till all the periods have been used. 

E X E R C I S E 1 5 4 . 

Find the cube root o f : 
1. 19683. 
2. 97336. 
3. 195112. 
4. 2 5 0 0 4 7 . 

5. 592704. 
6. 1906624. 
7. 31855013. 
8. 155720872. 

9. 119823157. 
10. 317214568. 
11. 371694959. 
12. 794022776. 

OTHER METHODS. 3 0 5 

IS. 114.084125. 
U . .270840023. 
15. 487443.403. 
16. 529.475129. 
17. .773620632. 

18. 5900304.943. 
19. 14.154926059. 
20. 28877.930432. 
21. 185.485563927. 
22. .494538357312. 

F ind the cube root to three decimal places : 
28. 6. 

24. 12. 
25. 29. 
26. 4 . 5 . 

27. 100. 
28. 19£. 
29. 80f. 
SO. 28. 

81. 64 | . 
32. 512.9. 
38. 51.29. 
34. 10A. 

E X E R C I S E 1 5 5 . 
ORAL. 

State the cube root of: 
1. 125; 64; 216; 729; 1000 ; 512; 1728. 

343; 27; 1331; ft; 3f; .008. 
S. .001; .064; .001728; 1.728; 8000; 27000. 
Perhaps no single mental aid to further mathematical study—excepting 

only the multiplication table—is of more constant benefit than a thorough 
familiarity with the perfect squares, cubes, and fourth powers of small num-
ber and'the corresponding roots of these powers. Therefore the pupil 
should pause here until they are most carefully fastened in memory. 

OTHER METHODS. 
317. Geometr ica l i l lustrat ion of square root. 
By Art. 309, 47» = (40 + 7)' = 401 + 2 x (40 x 7) + 7' = 2209. 
Expressing this geometrically, we have. 

to-

! 
4 0 X 7 7 X 7 

! i 
4 0 X 7 7 X 7 

1 6 0 0 O ë 
v 

S q u a r e U n i t s . X 
-a 

A 

40 



or 402 is represented by a square 40 units of length on a side; 
2 x (40 x 7) by two rectangular strips, each 40 units long and 7 wide; 

7s by a small square 7 units on a side. 

In extracting the square root of 2209, the square of the tens, 1600 square 
units, is first removed, leaving a surface of 609 square units. 

Much the largest part of this remaining surface is the two equal rect-
angles. Hence, dividing the area 609 by the combined length of these rect-
angles, 2 x 40 or 80, gives the width approximately, or 7. 

If this width is correct, the entire length of the three figures remaining 
after the large square (1600) is removed is 40 + 40 + 7, or 87. 

87 x 7 = 609, the remaining area, hence, 7 is the correct width, or the 
6econd figure of the root. 

318. Geometrical i l lustration of cube root. 
54» = (50 + 4)3 50s + 3 x (50s x 4) + 3 x (50 x 4!) + 4». 

Expressing this geometrically, we have, 

or, 50s is represented by a cube, each edge of which contains 50 linear units ; 
3 x (50s x 4) is represented by three rectangular solids, each 50 units 

long, 50 units wide, and 4 units thick : 

3 x (50 x 4s) by 3 other solids, each 50 units long, 4 units wide, and 4 
anits thick; 

3J by a small cube, each edge of which is 3 units. 
Hence, in extracting the cube root of 157,464, the cube of the tens, 

125,000 is first removed, leaving a volume of 32464 cubic units. Much the 
largest part of this is the 3 solids whose bases may be taken as 50 x 50 each, 
or 3 x 50 x 50, or 7500 in all. 

Hence, dividing the remaining volume, 32464, by 7500, gives the thick-
ness of them approximately as 4. 

If this thickness is correct, the sum of the bases of all the remaining 
solids (after the large cube, 125000, is removed) is 

3 x 50s + 3 x 50 x 4 + 4s, or 8116. 

But 8116 x 3 = 23877, the remaining volume. 
Hence, 4 is the correct thickness, or the second figure of the root. 

319. F a c t o r i a l M e t h o d of E x t r a c t i n g R o o t s . — I f a n u m -
ber be separated in to its p r ime factors, and each of these factors 
occurs an even n u m b e r of times, the square root of the n u m b e r 
may be obtained b y mul t ip ly ing together all t he factorshalf the 
n u m b e r of t imes they each occur ; if each factor occurs three 
or a mul t ip le of three times, the cube root m a y be obtained by 
mul t ip ly ing together all t he factors one-third of the n u m b e r 
of t imes which each occurs, etc. 

Ex. Ex t r ac t t he square root of 324. 
Since 324 = 2 x 2 x 3 x 3 x 3 x 3 

= 2s x 3« 
1/323 = 2x3* = 18, Root. 

E X E R C I S E 1 5 6 . 

F i n d the cube root of t he following : 
1. 1 3 8 2 4 . 
2. 4 6 6 5 6 . 
8. 7 4 0 8 8 . 

4. 1 1 0 5 9 2 . 
5. 2 5 0 0 4 7 . 
6. 4 2 1 8 7 5 . 

7. 8 8 4 7 3 6 . 
8. 2 4 6 0 3 7 5 . 
9. 4 2 5 1 5 2 8 . 

320. H i g h e r R o o t s O b t a i n e d b y S u c c e s s i v e E x t r a c t i o n s . 
—From the meaning of an exponent it follows tha t the square 
of t he square of a n u m b e r gives the fourth power of the 
number . Hence, reversing the process, t he fourth root of a 



n u m b e r is the square root of the square root of the number . 
Similarly, t he sixth root of a number is t he square root of the 
cube root of the number . The eighth, ninth, tenth roots 
of a n u m b e r m a y be found by similar methods . 

Ex . Obtain s ix th root of 7,529,536. 
Extracting the cube root, we obtain 196. 
Extracting the square root of 196, we obtain 14 as the sixth root of the 

original number. 

E X E R C I S E 1 5 7 . 

Find the four th root of t he fol lowing: 
1. 331776. I S. 47458321. 
2. 4879681. | 4- 81450625. 

F i n d the s ix th root o f : 
7. 148035889. | 8. 2176782336. 

F i n d the s ix th root of t he following to 2 places of dec ima l s : 

9. 30. | 10. 55. | 11. 78. | 12. 101. 

Compute to 2 decimals the values of : 

18. 1^7 + V5. 

5. 1196883216. 
6. 11574317056. 

U. Vio- VI. 

15. Vld -

10- V V Ï1 - v l T 
i7.1X40 + vm 

i s . V y m - f i t : 

19. Vl + 1/2 + VS. 

30. VV5+ V6+17Ï: 

31. Vz vTO + 7 7 Î Ê 

Ext rac t to three decimal places: 
22. The square root of 7.0763; of .70763 ; and of 4.0763. 
23. The square root of .387 ; of .0387 ; and of .00765. 
24. The square root of .938 ; of .0938 ; and of .000765. 

Ex t r ac t to two decimal places : 
25. The cube root of 6.318 ; of .6318 ; of .075. 
26. The cube root of .07165 ; of .007165 ; of 19.0019. 
27. The s ix th root of 2.175 ; of .2175 ; of .025. 

C H A P T E R X I X . 

M E N S U R A T I O N . 

321. M e n s u r a t i o n is tha t branch of mathematics which 
treats of the measurement of lines, surfaces, a n d volumes. 

Since lines are measured more readily than any other k ind 
of geometrical magni tude , it will be found that, in problems of 
mensurat ion, certain lines are usual ly measured first, and , from 
the results obtained, t he lengths of other lines, or required areas, 
or volumes, are computed by principles de termined by geometry. 

It will not be possible to demonstrate fully these principles in the pres- . 
ent brief treatment of the subject; but, wherever possible, they will be so 
presented and illustrated, as to make their truth clear to the pupil and 
enable him to recall them readily. He should constantly remember, how-
ever, that the complete demonstration of the rules and formulas used in this 
chapter belongs to another branch of mathematics, the subject of Geometry. 

The l imitat ions in the degree of accuracy with which a line 
can be measured are discussed in Art. 78, which should be 
reviewed. 

I . M E N S U R A T I O N OF L I N E S . 

322. Def in i t ions .—A p l a n e s u r f a c e is a surface such tha t 
if any two points in it be taken and joined by a straight line, 
the line will be wholly in t he surface. 

c 

T R I A N G L E . « ' G M T T R I A N G L E . 

A t r i ang l e is a portion of a plane surface bounded by three 
straight lines, as t he figure A B C . 



n u m b e r is the square root of the square root of the number . 
Similarly, t he sixth root of a number is t he square root of the 
cube root of the number . The eighth, ninth, tenth roots 
of a n u m b e r m a y be found by similar methods . 

Ex . Obtain s ix th root of 7,529,536. 
Extracting the cube root, we obtain 196. 
Extracting the square root of 196, we obtain 14 as the sixth root of the 

original number. 

E X E R C I S E 1 5 7 . 

Find the four th root of t he fol lowing: 
1. 331776. I S. 47458321. 
2. 4879681. | 4- 81450625. 

F i n d the s ix th root o f : 
7. 148035889. | 8. 2176782336. 

F i n d the s ix th root of t he following to 2 places of dec ima l s : 

9. 30. | 10. 55. | U . 78. | 12. 101. 

Compute to 2 decimals the values of : 

13. 1^7 + V5. 

5. 1196883216. 
6. 11574317056. 

U. Vio- VI. 

15. Vld - V21. 

10- V VÏ1 - V I T 

i7. i^4o + vm 
i s . V y m - F I T : 

19. Vl + V2.+ V'S-

g g VV5+ V6 + V f . 

21- v z v W + ï ~ v s f . 

Ext rac t to three decimal places: 
22. The square root of 7.0763; of .70763 ; and of 4.0763. 
23. The square root of .387 ; of .0387 ; and of .00765. 
24. The square root of .938 ; of .0938 ; and of .000765. 

Ex t r ac t to two decimal places : 
25. The cube root of 6.318 ; of .6318 ; of .075. 
26. The cube root of .07165 ; of .007165 ; of 19.0019. 
27. The s ix th root of 2.175 ; of .2175 ; of .025. 

C H A P T E R X I X . 

M E N S U R A T I O N . 

321. M e n s u r a t i o n is tha t branch of mathematics which 
treats of the measurement of lines, surfaces, a n d volumes. 

Since lines are measured more readily than any other k ind 
of geometrical magni tude , it will be found that, in problems of 
mensurat ion, certain lines are usual ly measured first, and , from 
the results obtained, t he lengths of other lines, or required areas, 
or volumes, are computed by principles de termined by geometry. 

It will not be possible to demonstrate fully these principles in the pres- . 
ent brief treatment of the subject; but, wherever possible, they will be so 
presented and illustrated, as to make their truth clear to the pupil and 
enable him to recall them readily. He should constantly remember, how-
ever, that the complete demonstration of the rules and formulas used in this 
chapter belongs to another branch of mathematics, the subject of Geometry. 

The l imitat ions in the degree of accuracy with which a line 
can be measured are discussed in Art. 78, which should be 
reviewed. 

I . M E N S U R A T I O N OF L I N E S . 

322. Def in i t ions .—A p l a n e s u r f a c e is a surface such tha t 
if any two points in it be taken and joined by a straight line, 
the line will be wholly in t he surface. 

c 

TRIANGLE. «'GMT TRIANGLE. 

A t r i ang l e is a portion of a plane surface bounded by three 
straight lines, as t he figure A B C . 



The base of a triangle is the side upon which it is regarded 
as standing. 

The a l t i t u d e of a triangle is the perpendicular distance to 
the base from the vertex, or point where the other two sides 
meet. 

A r igh t t r i ang le is a triangle, one of whose angles is a right 
angle. 

The h y p o t e n u s e of a right triangle is the side opposite the 
right angle. 

Circle and c i rcumference are defined 
in Art. 192. 

A r ad iu s is a line drawn from the center 
of a circle to any point of the circumfer-
ence. 

Paral le l l ines are lines in a plane sur-
face which do not meet, however far they 
be produced. C I R C L E . 

323. F o r m u l a s for mensura t ion of lines. 
1. The square on the hypotenuse 

of a right triangle equals the sum 
of the squares on the other two sides, 
or, denoting the hypotenuse by h, and 
the other two sides by a and b 

A' = a» + 6», 
and a1 = h* — V, 

whence h = Va1 + b2 

a = VA4 - b\ 

Hence, given any two sides of a 
right triangle, the third side may be 
computed without the labor of meas-
uring it. 

Ex. Find the hypotenuse of a right triangle of which the 
two other sides are 50 ft. and 60 ft. 

V5T+W =' 78.102 + 
. •. Hypotenuse = 78.102 + ft. 

2. Circumference of a circle = diameter X 3.14 IG (approx.). 
5s sometimes used instead of 3.1416, though it is not quite so accurate). 

Hence, also, diameter = J???' = circj. x .3183 (approx.). 3.1416 

Let the pupil measure the diameter and circumference of a silver dollar, 
and show that the circf. - diam. x 3.1416 (approx.). Let bin. measure other 
circles, as a dinner plate, wagon-wheel, etc., similarly. 

E X E R C I S E 1 5 8 . 

I n the following examples a and b represent the legs of a 
right triangle, and c, the hypotenuse. 

1. Given a = 8, b = 15, find c. 
2. Given b = 35, c = 37, find a. 
3. Given c = 29, a = 21, find b. 
4. Given b = 28, o - 45, find c. 
5. Given a = 112, c = 113,'find b. 
6. Given c = 73, b = 55, find a. 
7. Given a = 24, b = 143, find c. 
8. Given b = 780, c = 901, find a. 
9. Given c = 1105, a = 561, find b. 

Find correctly to 3 decimal places, the remaining side, 
when: 

10. a = 5,b = 8. I 12. c = 43, a m 34. 
11. b = 2, c = 11- I IS. a = 92, b = 65. 

Find the circumference of each circle, when : 
14 Radius = 7. 16. Radius = 8*. i 18. Radius . = 74.6. 
15. Diameter = 46. 17. Diameter = 13| . 119. Diam. = 175.4. 

Find the diameter of the circle, when: 
20. Circumference = 40. 1 22. Circum. = 57.3. 
21. Circumference = 375. I 28. Circum. = 103.8. 
24. A ladder 25 ft. long stands against the side of a house, 

and with its foot 7 ft- from the wall. How high is the top of 
the ladder? 



25. A field 156 rds. long and 133 rds. wide is cut by a path 
running diagonally across it. Find the length of the path. 

26. A flag pole was broken 16 ft. from the ground, and the 
top struck 63 ft. f rom the foot of the pole. How long was the 
pole? 

27. Two rafters 20.5 ft. long meet at the ridge of a roof 4.5 
ft. above the level of the walls. How wide is the house? 

28. A ladder 65 ft. long stands in the street; if it fall on 
one side, i t touches a point on that house 16 ft. above the 
pavement ; but on the other side the point i t touches is 56 ft. 
above the pavement. How wide is the street? 

29. If t h e diameter of a pipe is in., what is its circumfer-
ence ? W h a t is t h e diameter of another pipe, whose circum-
ference is in. ? 

80. The diameter of the earth is about 7920 miles. How 
many miles is it around the earth ? 

81. A rope is wound spirally around a cylindrical mast 2 
ft. in diameter a n d 60 ft. high, the spires being 1 ft. apart. 
How long is the rope? 

I I . M E N S U R A T I O N O P P L A N E A R E A S . 

324. Definit ions.—Triangle and circle have already been 
defined. 

An equi la te ra l t r iangle is one which has all its sides 
equal. 

A quadr i l a te ra l is a portion of a plane bounded by four 
straight lines. 

A pa ra l l e logram is a quadrilateral whose opposite sides are 
parallel. 

A t rapezoid is a quadrilateral which has two and only two 
of its sides parallel. 

The a l t i t u d e of a parallelogram or trapezoid is the perpen-
dicular distance between parallel sides. 

A rec tangle is a parallelogram whose angles are right 
angles. 

MENSURATION. 

A square is a rectangle whose sides are equal. 

P A R A L L E L O G R A M . T R A P E Z O I D . 

A polygon is a portion of a plane surface bounded by 
straight lines. A polygon of three sides is called a t r i ang le ; 
of four sides, a quadr i l a t e ra l ; of five sides, a p e n t a g o n ; of 
six sides, a hexagon, etc. 

A regu la r po lygon is one in which the sides are all equal, 
and the angles are all equal. 

The per imeter of a polygon is the sum of the lengths of 
its sides. 

A un i t of a rea is a square, each side of which is a linear 
unit , as a square inch, or a square yard. 

The a rea of a p l ane figure is the number of square units 
which i t contains (see also Art. 175). 

325. F o r m u l a s for a r e a s of p lane figures. 
1. Area of a t r i ang le = \ base X altitude. 
2. " " para l le logram — base X altitude. 
S. " " t r a p e z o i d = \ sum of parallel sides X altitude. 
It. " " circle = radius squared X 3.1416. 
5. " " c i rcu lar r ing = (R1 — r5) X 3.1416, where R 

and r are the radii of the two circles. 
When the three sides of a triangle are given instead of the base and alti-

tude, 

6. Area of a t r i ang le = V s (s — a) (s — t>)(s — c), where a, 
b, c denote the three sides, and s = £ (a + b + c). 

7. Area of equi la tera l t r iangle = , where a denotes 

one of the sides. 



It should be clearly understood that when we speak of multiplying one 
line by another (as the base by the altitude), we mean that the number of 
linear units in one line is to be multiplied by the number of linear units in 
the other line. 

It has been shown (Art. 175) that the product of the number of linear 
units in the base of a rectangle by the number of linear units in the alti-
tude equals the number of units of area in the rectangle. Thus, 

7 in. x 5 in. = 35 sq. in. 
To obtain the area of a parallelo- E B F C 

gram, it is shown in geometry that the 
triangle FOB = triangle E A B, 

. •. area AB CD = area of rectangle 
A EFD = ADxDF=- base x altitude. 

To obtain the area of a triangle, it is 

shown that triangle A B C = triangle 

ADC. 
B F 

. •. area triangle A B C = i area A B CD. 
= i BCx A F. 
— J base x altitude. 

To obtain area of a trapezoid, A B D C, 
we take F, the middle point of C D, and 
draw E G parallel io A B, and produce 
A C to meet it at E, and prove triangle 

•EOF = triangle F G D (hence, CE = 
G D). 

. •. area A B CD = area A B G E (a parallelogram). 
= BGx PQ. 

I 
Q 

C E 

G D 

= J(XC+ BD) x PQ. 

In order to understand the formula for 
obtaining the area of a circle, it will be use-
ful to regard the circle as split up into parts 
as in the figure opposite; and then conceive 
the parts oab, obc, ocd, etc., as arranged in 
the figure on the next page. 

o n o o 

The smaller the parts into which the circle is divided, the more nearly 
will their bases, when taken thus, approximate to a straight line, and their 
areas taken together i rectangle RST U, whose base is the circumference 
of the circle and altitude its radius. 

. •. area of circle = A circumference x R 
= \ x 2 R x 3.1416 x R = R} x 3.1416. 

NOTE.—The student should carefully observe that the determination of 
wl the above areas is made by first measuring certain straight lines, and 
computing the area from the lengths obtained. This is much more expedi-
tious than any direct counting of the units of area, which is indeed often 
un possible. 

Ex. Find area of a triangle whose sides are 13, 14, 15. 
S O L U T I O N . 

Here a = 13, b = 14, c = 15. Hence, s = 21 
s - o - 8 
s - 6 - 7 
8 — 6 = 6 

.-.area - V21 x 8 x 1 x 6 - K7056 - 84. 

E X E R C I S E 1 5 9 . 
Find the area of : 
1. A rectangle 8 yards long and 11 ft. 8 in. wide. 
2. The walls and ceiling of a room 17 V X 1 6 | X feet. 
S. A parallelogram whose base is 30 yd. and alt. 20 ft. 
4. A straight rectangular street 7 mi. long and U rd. wide. 
5. A page 8f in. long and 4A in. wide. 
6. A triangle on base of 18 in. and a l t 15 in. 
7. A triangular field whose a l t is 40 yd. and base 45 rd. 
8. A trapezoid whose bases are 60 and 75 feet and alt. is 

15 yd. 



9. A trapezoid whose bases are 3 mi. and 400 rd. respec-
tively, and alti tude is 80 rd. 

10. A circle whose radius is 6 in. 
11. A circle whose diam. is 10 rds. 
12. A circle whose circumference is 80 ft. 
IS. A triangle whose sides are 9, 10, 17 in. 
1A- A triangle whose sides are 12, 17, 25 ft. 
15. A triangle whose sides are 13, 30, 37 yds. 
16. A triangle whose sides are 20, 37, 51 rds. 
17. A triangle whose sides are 25, 63, 74 mi. 
18. An equilateral triangle whose sides are each 5 in. 
19. An equilateral triangle whose sides are each 80 rds. 
20. A circular ring whose two diameters are 28 and 16 ft. 
21. A circular race-track is 3 rds. wide and placed around 

and just inside a field whose radius is 63 rds. F ind area of 
the track in acres. 

22. Wha t is the l and in a river-bed worth at §60 an acre, 
if the river increases from 6 to 60 rds. in width and is 20 
miles long? (Trapezoid.) 

23. A farm in shape of a triangle whose sides are 140, 143, 
157 rods was sold at §85 an acre. F ind the value of the farm. 

2If. A barn is 48 feet wide and 90 feet long. At the corner 
its height is 20 ft., but at the middle the height to the peak is 
38 ft. Find (a) the area of the end ; (6) the length of the 
rafters; and (c) the entire exterior surface of the barn. 

M . M E N S U R A T I O N O P T H E S U R F A C E S O F S O L I D F I G U R E S . 

326. Definitions.—A solid is that which has length, breadth, 
and thickness. 

A pr i sm is a solid bounded by two equal and parallel 
polygons called bases, and by parallelograms (which together 
form the l a t e r a l su r face ) . 

The a l t i t u d e of a prism is the perpendicular distance 
between the bases. 

Prisms are t r iangular , quadrangu la r , pen tagonal , etc., 

according as their bases are triangles, quadrilaterals, penta-
gons, etc. 

A regular p r i sm is one which has regular polygons for its 
bases. 

T R I A N G U L A R Q U A D R A N G U L A R P E N T A G O N A L C U B E . 
P R I S M . P R I S M . P R I S M . 

A r igh t p r i sm is one in which the other faces are perpen-
dicular to the bases. 

An ordinary box is a right rectangular prism. 
A c u b e is a prism bounded by squares. 
A p y r a m i d is a solid bounded by a polygon called the 

base, and by triangles meeting at a point called the vertex. 
The triangles which meet at the vertex taken together form 

the lateral surface. 
The a l t i t ude of a pyramid is the perpendicular distance 

from the vertex to the. base. 
A pyramid is t r i angu la r , quadrangu la r , pen tagona l , etc., 

according as the base is a triangle, quadri-
lateral, pentagon, etc. 

A regu la r p y r a m i d has a regular polygon 
for its base, and the triangles bounding the 
pyramid all equal. 

The slant height of a regular pyramid is 
the perpendicular distance from the vertex P Y R A M I D 

to one side of the base. 
A cyl inder is a solid formed by the revolution of a rectangle 

about one of its sides as an axis. Hence, a cylinder has two 
circles for bases. 



A cone is a solid formed by the revolution of a right tri-
angle about one of its sides as an . 
axis. Hence, a cone has a circle 
for its base. 

The alti tude of a cone is the per-
pendicular distance from the vertex 
to the base. The s l an t he igh t is 
the distance from the vertex to any 
point in the circumference of the 
F CYL INDER . CONE. 

base. 
The frustum of a py ramid is the portion of the pyramid 

intercepted between the base and a plane parallel to the base. 
The frustum of a cone is the portion of a cone intercepted 

between the base and a plane parallel to the base. 

FRUSTUM OF PYRAMID. FRUSTUM OF CONE. 

A sphere is a solid bounded by a curved surface, every 
point of which is 
equally distant from a 
point within called the 
center. 

The r ad iu s of a 
sphere is a line drawn 
from the center to any 
point of the surface. 
The d iamete r is a line 
passing through the center and terminated by the surface. 

327. F o r m u l a s for a r e a s of su r f aces of solids. 
1. Lateral surface of a r i gh t p r i sm — perimeter of base X 

altitude. 

2. Convex surface of a cyl inder — circf.of base X alt. = 2r. RII 
(where - = 3.1416, R = radius of base, H = altitude). 

3. Lateral surface of a r egu l a r p y r a m i d = £ perimeter of base 
X slant height. 

4. Convex surface of a cone = \ circf. of base X slant height =* 
n R L (where L = slant height). 

5. Lateral surface of f r u s t u m of regular p y r a m i d = 4 sum 
of perimeters of bases X slant height. 

6. Convex surface of frustum of cone == sum of circumferences 
of bases X slant height = - (R + r) L. 

7. Surface of a sphe re = 3.1416 X diameter squared. 
= - IJ\ or 4 7T R?. 

These formulas (except 7) are derived from those given in Art. 325. 
Thus the lateral surface of a right prism is composed of rectangles, all 
having the same altitude; that of a regular pyramid is ^ 
composed of equal triangles; that of a frustum of a reg-
ular pyramid of equal trapezoids. Also the convex sur- / \ 
face of a cylinder unrolled forms a rectangle; of a cone / \ 
forms a portion of a circle, called a sector, as in the Fig. / \ 
ABC, its area being \ B C x A C, which is determined / \ 
in the same way that the area of a circle is obtained ; B ^ ^ C 
the convex surface of a frustum of a cone equals the 
difference between two sectors. 

The student should read at this point the note to Art. 325. 

E X E R C I S E 1 6 0 . 

Find the area of the lateral surface of: 
1. A right prism 10 in. high on square base, 3 in. on a side. 
2. A right prism 8 ft. high, and on an octagonal base 9 in. 

on each side. 
S. A regular pyramid on a hexagonal base 5 in. on a side, 

and of slant height of 10 in. 
It. A regular pyramid on pentagonal base, 7 ft. on a side, 

and slant height = 19 yds. 5. A frustum of a triangular pyramid, each side of the 



lower base being 6 ft., and of the upper base being 5 ft., and 
with s lant he igh t of 8 ft. 

6. A cyl inder of revolution 7 ft. long, t he radius of whose 
base is 3 ft. 

7. A cone of revolut ion on base of rad ius 8 ft., a n d whose 
s lant height is 40 ft. 

8. A pipe 18 in. th rough and a mile long. 
9. A cone whose rad ius is 6 in. and slant height is a yard. 

10. The f ru s tum of a cone of revolution, if t he radii of the 
bases are 7 and 17 in. respectively, and the s lant height is 
20 in. 

11. F ind area of surface of a sphere whose radius is 3 ft. 
12. F ind area of surface of a sphere whose d iameter is 19 in. 
13. At 1 2 / a sq. ft., what is the cost of paint ing a pyrami-

dal spire, whose base is a hexagon of 9 ft. on a side a n d slant 
height is 90 ft, ? 

M- W h a t will i t cost to pa in t a cylindrical water-tower at 
2 0 / a sq. yd., if the diameter of t he tower is 10 ft. and its 
height is 80 ft. ? 

15. Compute t he cost of gilding a dome in the shape of a 
hemisphere , whose radius is 18 ft., at SI.75 a sq. yd. 

16. A post 40 ft. long, in the shape of the f rus tum of a cone, 
is 10 in. thick at one end and 18 in. a t the other. F ind its 
entire superficial area. 

I V . M E N S U R A T I O N O P S O L I D S . 

328. Def in i t ions .—Beside t he definit ions given in Art. 326, 
it should be recalled (see Arts. 178,179) t ha t a unit of volume is 
a cube, each edge of which is a linear uni t , as a cubic inch, 
or a cubic y a r d ; and tha t t he volume of a solid is the number 
of cubic uni t s which t he solid contains. T h u s t he volume 
of a room is the number of cubic feet which i t contains. 

329. F o r m u l a s fo r v o l u m e s of sol ids . 
1. Volume of a prism = area of base X altitude. 

MENS URA TION. 3 2 1 
• 

2. Volume of a r e c t a n g u l a r p r i sm = length X breadth X thick-
ness. 

3. Volume of a c u b e = cube of its edge. 
4. Volume of a cy l inder = area of base X altitude = ~RrH. 
5. Volume of a p y r a m i d | area of base X altitude. 
6. Volume of a c o n e = \ area of base X altitude = r.K'H. 
7. Volume of a frustum of p y r a m i d 

<= | altitude X (sum of areas of bases + square root of their product) 
= | II(B + b + VBF) (when II ----- alt., B, b = areas of bases). 

8. Volume of a f r u s t u m of c o n e - same as in 7. 
= \ H ~ ( i ? + r + Rr) where R and r are radii of bases. 
9. Volume of a s p h e r e £ surface X radius, 

It should be remarked again that the student needs to study solid geom-
etry, in order to understand fully the reasons for these formulas. 

It will be of service, however, to recall (see Art. 179) that in a rectangular 
prism the volume, or number of cubic units, 
is equal to the number of linear units in the 
three edges multiplied together. 

It is also to be observed that a rectangular 
prism may be conceived as divided into two 
equal triangular prisms with equal bases and 
the same altitude. Hence, the volume of 
each will equal half the volume of the 
rectangular prism, or the volume of a tri-
angular prism = base x alt. 

Any other prism may be split up into 
triangular prisms and its volume obtained by the same rule. 

A cylinder may be conceived as determined by a A 

prism with an infinite number of sides. 
Any triangular prism, as A B C I ) E E, may be 

separated into three equivalent pyramids, 
for B - D E F ^ F - A B C (or B - A C F) = B 
- A DF. D 

Volume of pyramid B - DEF = J prism A B 

CDEF. E 



The sphere may be regarded as an aggregate of very small pyramids 
with their common vertex at the center of the sphere, and the sum of their 
bases approximating to the surface of the sphere. Hence, the volume of 
the sum of the volumes of the pyramids will be determined by j the product 
of the surface of the sphere x its radius. 

The student should again read the note to Art, 325, and state how it 
applies to the mensuration of volumes. 

E X E R C I S E 1 6 1 . 

Find the volume o f : 
*. A prism on base of 10 sq. ft. and whose height is 12 ft. 
2. A rectangular prism whose dimensions are 8 X 9 X 10 ft. 
3. A room whose dimensions are 15 ft. 3 in. X 13 ft. 4 in. 

X 11 ft. 6 in. 
4. A 12-in. cube. A 13-ft. cube. 
5. A pyramid 9 ft. high whose base is 100 sq. ft. 
6. A pyramid whose alt. is 28 ft. and base is 60 sq. yds. 
7. A cylinder whose radius is 9 in. and alt. is 10 ft. 
8. A piece of wire i in. thick and 75 yds. long. 
9. A sphere of radius 5 in. One of radius 7 ft. 

10. A sphere whose diameter is 11 in. 
11. The frustum of a pyramid whose bases are 32 and 50 

sq. ft. and alt. is 9 ft. 
12. The f rus tum of a cone 6 ft. high, the radii of whose 

bases are 6 ft. and 8 ft. 
18. How many cubic feet of water in a cylindrical water-

tank 10 ft. in diameter and 80 ft. high ? How many gallons? 
lit. How many cu. in. in a glass shaped in the frustum of a 

cone in. high, if the diameters of the base and top are 2 
and 3 in. respectively ? 

15. How much larger is a 4-inch cube than a 4-in. sphere ? 
16. F rom a 7-ft. cube of granite the greatest possible sphere 

was cut out. How many cu. ft. of stone were removed ? What 
was the area of the surface of the sphere ? 

17. Supposing a drop of water to be a sphere having £ in. 
diameter. How many drops of rain in a cylindrical pail 20 

in. deep and 8 in. in diameter? How many such drops in a 
gallon ? 

18. I f a bushel-measure in form of a cylinder is 18 inches 
in diameter, how deep is i t? If it is 18 inches deep, what 
is its diameter ? 

19. In to a cylindrical water-tank 13 f t in diameter and 
standing on end, an iron globe 10 ft. in diameter is sunk. 
How far will the surface of the water rise? 

20. A heap of wheat in shape of a cone is 8 ft. deep and 
the diameter of the base is 15 feet. How many bushels in 
the heap ? 

21. A regular pyramid is 40 ft. high and stands on an equi-
lateral triangle for base whose sides are each 6 ft. Find its 
volume. Find its slant height and lateral area. 

V . L I N E S , A R E A S , A N D V O L U M E S O P S I M I L A R F I G U R E S . 

330. Defini t ions.—Similar su r f aces are those which have 
the same shape. Thus, any two squares are similar plane 
figures. 

Similar sol ids are solids which have the same shape. Thus, 
any two cubes, or two spheres, are similar. 

331. P rope r t i e s of Simi lar Figures .—In any two similar 
figures 

I. Any tico corresponding lines have the same ratio as any 
other two corresponding lines ; 

I I . The a r e a s of any two similar figures are to each other as the 
squares o f any two corresponding lines ; 

I I I . The v o l u m e s of any two similar solids are to each other 
as the c u b e s of any two corresponding lines. 

Let the pupil illustrate these principles by drawing two squares with 
edges 2 in. and 5 in. respectively, and comparing their areas; and by draw-
ing, or forming, two cubes with edges 2 in. and 5 in. respectively, and 
determining the number of cubic inches in each figure. 

It is to be observed that the comparison of surfaces and solids of the 
same shape is made to depend again on the measurement of straight lines 
and computations from them (see Art. 325, note). 



Ex. If a pipe 1 in. in diameter discharges 50 gal. in a 
minute, how much will a pipe 2 in. in diameter discharge? 

The quantity discharged by a pipe is in proportion to the area of the 
section of the pipe, and hence, in proportion to the square of its diameter. 
Hence, 

Is : 2» = 50 : ( ) 

or No. gals, required = o0 * 4 = 200. 

E X E R C I S E 1 6 2 . 

1. One of two similar triangles contains 135 sq. in. If its 
base is 15 in., what is the area of the other whose base is 18 
in.? 

2. Two sides of a polygon are 27 and 32 inches. I n a 
similar polygon the less of the two corresponding sides is 18 
in. What is the length of the o ther? 

8. A polygon whose base is 12 ft. contains 62 sq. ft. Wha t 
is the area of a similar polygon whose base is 42 ft. ? 

4. If the area of a circle, whose radius is 5 in., is 78.54 sq. 
in., find the area of a circle whose radius is 7 in. Prove your 
answer correct. 

5. If a cylinder whose alt. is 8 ft. has a convex surface of 
44 sq. ft., what is the convex surface of a similar cylinder 
whose a l t is 20 ft. ? 

6. The volume of a solid is 52 cu. in. and one side is 4 in. 
F ind the volume of a similar solid if a corresponding side is 
6 in. 

7. The volume of a solid is 400 cu. ft. and one side is 12 
ft. F ind the volume of a similar solid if the corresponding 
side is 21 ft. 

8. If the sides of two squares are as 2 : 3, what is the ratio 
of their areas ? If the edges of two cubes are as 3 : 5, what 
is the ratio of their volumes ? 

9. Two spheres have radii equal to 7 and 9 inches respec-
tively. Wha t is the ratio of their circumferences? Of the 
areas of their surfaces ? Of their volumes? 

10. A m a n whose coal-bin is of a certain size, builds another 
having each dimension twice as great. How much lumber 
would he require compared with the first bin ? How many 
times as much coal will i t hold ? 

11. The volumes of two similar solids are 297 cu. in. and 
704 cu. in. If the shortest side of the less is 3 in., what is the 
shortest side of the other ? 

12. The areas of two similar triangles are 324 and 1444 sq. 
ft. respectively. If the base of the greater is 14 ft., what is 
the base of the less ? 

13. If there are 300 yards in a 4-in. ball of yarn, how many 
yards will there be in a 6-in. bal l? In a 2-in. bal l? 

U . If it costs S250 to paint a certain house, how much will 
it cost to paint another, all of whose dimensions are double 
those of the first ? 

15. If the planet Jupi ter has 11 times the diameter of the 
sarth, how do their surfaces compare ? How do their volumes 
compare? 

16. How many rods in the radius of a circle twice as large 
as another which contains 160 sq. rds. ? 

17. Wha t is the ratio of the depths of similar quart and 
peck measures ? A peck and bushel measure ? 

18. If a grindstone 18 in. in diameter costs 84, what ought 
another cost having the same thickness but 24 in. in diameter ? 

19. If a 3-in. roll of butter is worth 60 cents, what is a 5-
in. roll worth ? 

20. If a person 5 ft. 6 in. tall ought to weigh 150 lbs., what 
should a person 6 ft. tall weigh ? 



C H A P T E R X X . 

M E T R I C S Y S T E M . 

332. The m e t r i c s y s t e m of weights and measures is a 
system based on a certain uni t of length called the meter, all 
other un i t s of the system being derived from the meter by 
use of the decimal scale. 

T h e m e t e r is the length of a certain p l a t i num bar kep t in 
the archives of the International Bureau of Weights and 
Measures a t Lèvres (approximately 39.37 inches). 

It «as intended to make the meter equal 1088*0001; part of the distance 
from earth's equator to its pole, but the relation is not exact, owing to a 
slight error in the original computation. 

333. D e r i v e d Uni t s .—Other uni ts are derived from the 
meter taken as t he fundamen ta l uni t , in two different ways : 

(1) By use of 10 as a mult ipl ier or divisor. 
The size of the units derived thus is indicated by the prefixes, d e k a - , 

hekto-, kilo-, m y r i a - , meaning 10, 100, 1000, 10000, respectively; 
and by deci-, centi-, m i l l i - , meaning ft, yjj, ^ f t g , respectively. 

It is to be observed that the decimal divisions of the unit are expressed 
by Latin prefixes ; the decimal multiples by Greek prefixes. 

(2) By taking a certain port ion of space or matter , deter-
mined by the metr ic un i t of length, a n d m a k i n g a new uni t 
of this portion of space or matter . 

T h u s the volume of 1 cubic decimeter = the liter ; 
the volume of 1 cubic meter = the stere; 
the weight of 1 cubic centimeter of water = the gram. 

These new uni ts , taken as p r imary units , may in turn be 
mult ipl ied or divided in the decimal scale; hence, we have 

326 

the various tables for metric weights and measures which are 
about to be given. 

In these tables, only those units printed in b l a c k l e t t e r s are much used 
in practice (just as in U. S. money only the dollar and cent are much used), 
the other units serving for computation, or other theoretic purposes merely. 

334. I . M e a s u r e s of L e n g t h . — T h e p r imary un i t of length, 
as has been said, is t he meter. 

TABLE OF 
10 m i l l i m e t e r s (mm.) -
10 centimeters 
10 decimeters 
10 meters 
10 dekameters 
10 hektometers 
10 kilometers 

LENGTH. 

1 c e n t i m e t e r (cm.). 
= 1 decimeter (dm.). 
= 1 m e t e r (in.). 
= 1 dekameter (Dm.). 
= 1 hektometer ( H m . ) . 
= 1 k i l o m e t e r (Km.). 
= 1 myriameter (Mm.). 

E X E R C I S E 1 6 3 . 
O R A L . 

How many: 
1. Meters in a kilometer? In a Dm.? In 5 Hm.? 
2. Centimeters in a meter? Inallm ? In 8 dm.? 
S. mm. in a cm.? In 3 m.? In 5 dm.? 
4. cm. in 800 mm. ? In 4 m.? In J m.? 
5. dm. in 25 m.? In 500 cm.? In 12 Dm.? 
6. m. in 300 cm.? In 8000 dm.? In 15 Ilm.? 
7. m. in 3.5 Dm.? In 3.5 dm.? In 7 cm ? 
8. cm. in 1.2 dm ? In 1.2 mm.? In 11m.? 
9. Hm. in 7 m. ? In 70 Km. ? In 77 cm. ? 

10. Km. in 300 Hm. ? In 56 Dm. ? In 8 m. ? 
11. The pupil may now state his own rule for changing 

metric quantities from one denomination to a higher, and his 
other rule for changing to a lower unit. A thorough mastery 
of this process by sufficient drill renders all the rest of metric 
system questions comparatively easy. 

335. I I . M e a s u r e s of Area .—The un i t of area is the 
s q u a r e m e t e r . 

1 Decimeter. 



TABLE OF SQUARE MEASURE. 

100 eq. mi l l imeters (sq. mm.) = 1 sq. cen t imeter (sq. cm.). 
100 sq. cm. = 1 Sq. decimeter (sq. dm.). 
100 sq. dm. = 1 sq. m e t e r (sq. m.). 
100 sq. m. = 1 sq. dekameter (sq. Dm.). 
100 sq. Dm. = 1 Sq. hektometer (sq. Hm.). 
100 sq. H m . = 1 sq. k i lomete r (sq. Km.) . 
100 sq. Km. = 1 sq. myriameter (sq. Mm.). 

330. I I I . M e a s u r e s of L a n d Surface .—The ratio, 100, 
between two successive units of square measure is 
too great for many practical purposes, as in meas-
uring land. Hence, a new unit, the are, is selected, 
which is increased or decreased with 10 as a scale. 

The unit of land measure is the a r e (pronounced Squa ,e 
, . „ . . . , 1 Centimeter air "), which equals 100 square meters. 

TABLE OF LAND MEASURE. 

10 centares (ca.) = 1 deciare (da.). 
10 deciares = 1 are ( a ) . 
10 ares = 1 dekare (Da.). 
10 dekares = 1 h e k t a r e (Ha.). 

E X E R C I S E 164 . . 

ORAL. 
How many : 
1. Sq. m. in a sq. Hm.? In a sq. Km. ? In an are? 
2. Sq. cm. in a sq. m. ? In a sq. dm. ? In 7 sq. m. ? 
S. Centares in an are? In a Da. ? In 15 a. ? 
4- Ares in 25 Ha. ? In 500 ca. ? In 7 ca.? 
5. Ares in J Ha. ? In 63 Da. ? In 63 da. ? 
6. Ha. in 3 a. ? In 303 a. ? In 36 ca.? 
7. Sq. dm. in 16 sq. m.? In 16 sq. cm. ? In 106 sq. cm.? 
8. Sq. m. in 2 sq. Dm.? In 22 sq. dm.? In 22 sq. cm.? 
9. Sq. m. in 5 a. ? In 75 a. ? In 83 Ha. ? 

10. a. in 15 Ha. ? In 35 ca. ? In 35 Da.? 
(To be continued by the teacher.) 

337. IV. Measures of Volume.—The cubic m e t e r is the 
unit of volume. 

TABLE OF CUBIC MEASURE. 

1000 cubic millimeters = 1 cubic cen t ime te r (cu. cm.). 
1000 cu. cm. = 1 cubic decimeter (cu. dm.). 
1000 cu. dm. = 1 cubic me te r (cu. m.). 
Let the student form a cubic centimeter by 

cutting out a piece of pasteboard of the shape 
indicated in the figure, cutting it half through 
at the dotted lines, then folding together in the 
shape of a cube and pasting with mucilage. 

338. V. Measures of W o o d , etc . 
—The ratio, 1000, between two suc-
cessive units in the above table is too 
great for many practical purposes, as 
in measuring xvood. Hence, a new 
unit, the stere, is taken, which is mul-
tiplied and divided according to the 
scale of 10. 

The uni t of wood measure is the s t e r e (pronounced " stair "), 
which equals one cubic meter. 

TABLE OF WOOD MEASURE. 

10 millisteres (ms.) = 1 cent is tere (cs.). 
10 centisteres = 1 decistere (ds.). 
10 decisteres = 1 s te re (s.). 

E X E R C I S E 1 6 5 . 

ORAL. 
H o w many: 
J. Cu. cm. inacu. m:? In 16 cn. dm.? In 38 cu. mm.? 
2. Cu. cm. in 6 cu. mm. ? In 3 cu. m. ? In 75 cn. dm. ? 
S. Cu. m. in 76 cu. dm. ? In 768 cu. cm. ? In 500 cu. mm. ? 



4- cs. in 1 stere? In 3 ds. ? In 35 ds. ? 
5. St. in 3 ds. ? In 75 cs. ? In 8 cs. ? In 800 ds. ? 
6. Cn. m. in 53 st.? In25ds.? In6cs.? 
7. St. in 14 cu. dm.? In 240 cu. cm.? In 240 cs.? 
8. Let the pupil construct a cu. dm. and a cu. cm. from pasteboard. Let 

him clearly see how the lengths of their edges compare; how the areas oi 
their faces compare; and how their volumes compare. 

339. VI. M e a s u r e s of Capaci ty .—The li ter (pronounced 
" l ee te r " ) is the uni t of capacity. I t equals a cubic deci-
meter ; tha t is, the volume of a cube whose edge is TV of a 
meter. 

TABLE OF CAPACITY. 

10 milliliters (ml.) = 1 centi l i ter (cl.). 
10 centiliters = 1 deciliter (dl.). 
10 deciliters = 1 li ter (1.). 
10 liters = 1 dekaliter (Dl.). 
10 dekaliters = 1 hek to l i t e r (HI.). 
10 hektoliters = 1 kiloliter (KL). 
10 kiloliters = 1 myrialiter (Ml.). 

E X E R C I S E 1 6 6 . 

ORAL. 
How many: 
1. Liters in a KI.? TnaHl.? In5Dl.? In75dL? 
2. Dl. in 7 Kl. ? In 40 HI. ? In 7 1. ? In 58 dl. ? 
S. Liters in a cubic meter? In 206 cu. cm.? 
4- cl. in 3 1. ? In 1 HI. ? In 55 ml. ? 
5. HI. in 25 Kl.? In 6 1.? In 44 DL? In 325cl.? 
6. dl. in 3 Dl.? In 15 1.? In 77 cl.? In 156 ml ? 
7. 1. in 30 cu. dm. ? In 6 cn. cm. ? In 45 cu. m.? 
8. Let the pupil construct a liter out of pasteboard. 

MO. VII . Measures of Weigh t .—The g r a m is the unit 
of weight. I t is the weight of a cubic centimeter of distilled 
water a t its greatest densi ty; that is, when at a temperature 
of 39.2°'Fahrenheit. 

TABLE OF 

10 milligrams (mg.) = 
10 centigrams = 
10 decigrams = 
10 grams = 
10 dekagrams -
10 hektograms = 
10 kilograms 
10 myriagrams 
10 quintals 

WEIGHT. 

1 cen t ig ram (eg.). 
: 1 decigram (dg.). 
= 1 g r a m (g.). 
= 1 dekagram (Dg.). 
- 1 hektogram (Hg.). 
- 1 k i log ram (Kg.). 

1 myriagram (Mg.). 
= 1 quintal. 
- 1 metric ton. 

E X E R C I S E 1 6 7 . 

ORAL. 
How many : 
1. Grams in a Kg.? In5Hg.? In87dg.? 

eg. in 4 g.? In 31 Dg.? In 7 mg.? In 70 g.? 
3. dg. inl5g.? In 17 Hg.? In36mg.? In 360 g.? 
4- Kg. in 50g.? In Jg.? In7Dg.? In4dg.? 
6. Grams in weight of 1 cu. m. of water? In 7 cu. dm. water? 
6. Kg. in 30 cu. m. water? In 16 cu. Km. of water? 
7- eg. in 1 cu. cm. of water? In 13 cu. dm. of water? 

NOTATION, NUMERATION, REDUCTION. 

341. The methods of no ta t ion and n u m e r a t i o n used in 
the metric system have been indicated in general already. 
With respect to no ta t ion it should be further remarked that 

(1) Of the abbreviations used, those for units larger than 
the primary units begin with capital let ters; the others with 
small letters. 

(2) The place occupied by each uni t with reference to the 
decimal point (when the scale is 10) should be fixed in mind. 
Thus, for the meter, 

Mm. K m . H m . Dm. m. dm. cm. mm. 
5 8 7 2 3 4 8 6 

(3) In writing a metric nuipber for which the scale is 100, 
the number of units of each denomination must occupy two 



places (by t he aid of zeroes if necessary) ; when the scale is 
1000, three places. Thus , 35 sq. K m . 8 sq. H m . 17 sq. m . is 
writ ten 35080017 sq. m. 

Wi th respect to n u m e r a t i o n or reading metric numbers , it 
should be remarked tha t a metr ic n u m b e r m a y be read in 
either of two w a y s : 

(1) By specifying each unit. 
Thus , 37.56 m. m a y be read as " 3 dekameters 7 meters 

5 decimeters 6 centimeters," or 
(2) By reading the entire number as an abstract number, and 

then affixing the name of the primary unit. According to this 
method the above number would read " thir ty-seven and fifty-
s ix h u n d r e d t h s meters ." 

342. Reduct ion .—A metric number is reduced to a lower 
denomination by moving the decimal point to the right, one place for 
each reduction of the unit when the scale is 10; two places when, 
the scale is 100 ; three places when the scale is 1000. 

Thus , 6.728 m. = 672.8 cm. 
A metric number is reduced to a higher denomination by moving 

the decimal point to the left, correspondingly to the above rule. 
Thus , 8596.2 m m . = 8.5962 m. 

It is often an advantage, instead of making a single direct reduction, to 
make two steps of the reduction, by 

(1) Converting the number of given units into primary units, and 
(2) Converting the number of primary units into required units. 

Ex. Convert 938765.23 dm. into kilometers. 

We first change decimeters into meters, and then convert meters into 
kilometers. 

Hence, 938765.23 dm. = 93876.523 m. = 93.876523 Km. 

E X E R C I S E 1 6 8 . 
Reduce 

1. 7.324 K m . to dm. To Dm. To cm. 
2. 36.08 Dg. to Kg. To eg. To dg. 
8. 712.45 sq. m. to sq. cm. To sq. H m . To H a . 

It. 503.217 dL to ml. To Dl. To Kl. 
5. 55.171 ca. to Ha . To a. To sq. Dm. 
6. .025 cu. m. to cu. cm. To 1. To dst. 
7. 5.3 st. to dst. To cu. dm. To st. 
8. 12.345 Km. to Dm. To dm. To m m . 
9. 3267.1 eg. to Dg. To Kg. To mg. 

10. 106.73 dl. to ml. To Dl. To Kl. 
11. 8.3 cu. cm. to cu. m. J o 1. To cu. m m . 
12. 46.71 Dl. to cu. m. To cu. cm. To dl. 
13. 500.7 Hg . to mg. To dg. To Kg. 
H . 375.5 a. to Ha . To ca. To sq. Dm. 
15. 40 Ha . to a. To sq. m. To ca. To sq. Dm. 
16. 345.75 m. to cm. To H m . To K m . To m m . 
17. 863200 sq. cm. to sq. m. To H a . To sq. Dm. 
18. 385 1. to cl. To cu. m. To cu. K m . 
19. How m a n y Kgs. in the weight of 75 1. of water? Of 1 

cu. m. of water ? Of 170 cu. mm. of water ? Of 35 cu. cm. 
of water? Of 11 Kl. of wate r? 

20. How m a n y 1. of water are needed to weigh 75 Kg.? 
To weigh 5000 K g . ? To weigh 30 g . ? To weigh 58.7 eg.? 
To weigh 138.75 Dg. ? 

21. Change 42.3 HI . to dl. To cu. cm. To cu. m. F ind 
its weight (if water) in g. I n Kg. 

• 

O P E R A T I O N S W I T H METRIC NUMBERS. 

343. Addi t ion .—Metr ic number s m a y be added in the 
same way as any other decimal numbers . I t is necessary 
in all cases to reduce to the same denominat ion the metric 
numbers which are to be added. 

E x . Add 37 cm., 36.26489 Hm. , 3 K m . 
We reduce to meters all the numbers to be added. 

37 cm. = 0.37 m. 
36.26489 Hm. = 3626.489 m. 

3 Km. 3000. m. 
6626.859 m., Sum. 



344. Subtract ion. 
Ex . Subtract 387.92 eg. from 5.827 Dg. 
Reducing both numbers to grams and subtracting. 

5.827 Dg. = 58.27 g. 
387.92 eg. = 3.8792 g. 

54.3908 g., Difference. 

345 . M u l t i p l i c a t i o n . 
Ex . F ind the area of a rectangular field which is 0.5 K m . 

long a n d 27.8 m. wide. 
0.5 Km. = 500 m. 

Area = 27.8 x 500 sq. m. = 13900.0 sq. m. 
= 1.39 Ha., Area. 

3 4 6 . D i v i s i o n . 

Ex . 1. Divide 21.856 Dm. by 3.2 cm. 
21.856 Dm. = 218.56 m. 

3.2 cm. = .032 m. 
218.56 + .032 = 6830, Quotient. 

E x . 2. H o w h igh m u s t a box be in order t h a t i t m a y hold 
30 liters, if it is 50 cm. long a n d 2 dm. wide? 

Since 11. = 1 cu. dm., 
30 1. = 30 cu. dm. = volume of the box. 

Since 50 cm. = 5 dm., 
the area of base of the box = 5 x 2 sq. dm. = 10 sq. dm. 

HeigBt of the box = volume, area of base 
= 30 -=- 10 = 3. 

. •. Height = 3 dm. 

E X E R C I S E 1 6 9 . 
A d d : 

1. 3.6 m. + 45 cm. + .06 K m . + 3.2 Dm. 
2. 7 a. + 120 ca. + .08 H a . 
3. 9 cu. d m . + 300 cu. m m . + 50.6 cu. m . 
4. 4.81 dg. + 325.1 mg. + 14.78 Dg. + 1.31 Kg. 
5. 43 cl. + 7.1 HI. + 305 ml. + 2.5 Kl . + 27.8 1. 
6. 75.38 H a . + 438.1 a. + 9587 ca. 
7. 9.03 m. + 903 m m . + 9030 cm. + 90.3 Dm. + 0.903 K m . 

8. 307.5 dg. + 48.091 g. + 385.61 mg. + 7 Kg. + 9.9 Dg. 
9. 17 cu. dm. + 385 cu. cm. + 4128 cu. mm. + 30.9 cu. m. 

10. 14 1. + 1.403 Kl. + 378.12 cl. + 99 HI. + 14 dl. 
11. 77 cu. cm. + 32.31. -I- 9.5 dl. + 307.5 cu. d m . -i- 4 Dl. 
12. 38 sq. Dm. + 19.3 Ha . + 1435 sq. m. + 281.5 a. 
Sub t rac t : 
13. 7.3 cm. from .08 K m . I 15. 5.7 sq. dm. from .09 H a 
14. .46 HI. from 8769.1 cl. I 16. 3.57 g. f rom 2.538 Kg-
17. W h a t is the difference between 7 H m . 5 Dm. 3 m. 4 cm. 

and 8 K m . 3 H m . 4 dm. 2 m m . ? 
18. W h a t is the difference between 8 Kl. 5 L 7 dl. 4 ml. 

and 7 HI. 2 Dl. 1 1. 5 cl.? 
19. From 57.3128 Kl . take 4875.625 cu. cm. 
Mul t ip ly : 
20. 3 Dm. 5 m. 4 cm. by 5. 
21. 7 Kg. 3 Hg. 2 Dg. 7 dg. 8 eg. by 35. 
22. F ind the total length of 19 poles, each 7 m. 4 cm. 3 m m . 

long. 
23. F ind the entire weight of 40 casks, each weighing 4 Kg. 

7Dg.5g. 

24. F i n d the total area of 32 fields, each containing 36 Ha. 
8 a. 

25. F ind t he entire capacity of 16 cans, each containing 
4.037 HI. Change result to cu. meters. 

F ind the area of a surface: 
26. 3.02 m. X 25 cm. I 28. 3.6 m m . X 7.5 H m . 
27. 94.5 K m . X 6.8 m. I 29. 8.8 dm. X 2.4 Dm. 

Divide: 
80. 1800 dl. by 90 Dl. I 82. 3.8 cu. m. by 1.9 cu. mm. 
31. 540 Ha . by 6 a. 83. 77 sq. m m . by 5 sq. Dm. 

34. 17 K m . 4 Dm. 5 m. 6 cm. 5 mm. by 5. 
85. 130 Ha . 9 a. 4 ca. by 8. 
36. 28 Kg. 9 Hg. 4 dg. 3 mg. by 25. 



37. A field containing 56 Ha. is 35 Dm. long. Find its 
width. If i t had been 26 Dm. 5 cm. long, find its width. 

38. How many cu. m. in a box 30.6 dm. X 204 cm. X 0.5 
Dm.? 

89. How many liters in a box 3 m. X 8 dm. X 5 cm. ? 
40. A tank 12 m. X 75.8 dm. X 1.05 Dm. is full of water. 

Find its weight in Kg. 
41. A vat is 4 m. X 36 dm. X 250 cm. F ind its capacity 

in Kl. Find in Kg. the weight of water.it will contain. 
4 A box 15 dm. long and 80 cm. wide contains a cu. m. 

How deep is it ? 
43. A room is 5.2 m. long, 4.5 m. wide, 3.2 m. high. Find 

cost of plastering it at 42 cents per sq. m. Find No. of Kl. of 
air in the room. 

44- A bin 7.4 m. X 3.6 m. X 2.5 m. will contain how many 
HI. of grain ? How many steres of wood ? 

45. Wha t cost a pile of wood 12.3 m. long, 5.2 m. wide, and 
a Dm. high, at 83.50 a stere? 

46. A celiar is 12.4 m. X 9.6 m. X 8.5 m. How many cu. 
m. of earth were removed in digging it ? How many steres 
of wood might be piled in it ? How many liters of water 
would it contain ? What does this volume of water weigh in 
ki lograms? How many HI. of corn would the cellar hold? 

47. How many liters in a cube whose edges are all 20 cm.? 
48. A tank contains 9600 Kg. of water. I t is 32 m. long 

and 1.2 m. deep. How wide is i t ? 
49. A bar of metal is 3 m. X 2.8 m. X 1.5 m. and weighs 

4.5 times as much as an equal volume of water. Find the 
weight of this bar (Kg.). 

A certain vat is 14 m. X 10.8 m. X 9.5 m. 
50. Find its capacity in steres. In liters. In III. 
51. Find the weight of water it will contain. 
52. Find the weight of tar it will contain, if tar is 1.8 as 

heavy as water. 
53. Find the value of wheat it will hold at S2.40 a HI. 

54. Find the total area of its 6 faces in ares. 
55. Find the edge of a cubical cistern of same contents. 
56. If a piece of ore weighs 45 Kg., and of this 675 g. are 

silver, what per cent, of the ore is silver ? 
57. I f a certain wine contains 12.8% alcohol, and 2.1% 

extract, the rest being water, what % is there of water ? How 
many Kg. of water are there in 501. of the wine ? How many 
cu. cm. of ext rac t? 

58. Divide 0.005 cu. dm. by 0.02, and express the quotient 
as a decimal of a cu. in. 

59. A bin which holds 70 HI. stands on a base 26 dm. X 2 
m. How high is i t? 

M E T R I C E Q U I V A L E N T S . 

347. Direct Equiva len ts .—The following table shows the 
relation between different important metric units and the 
units of weight and measure in common use in the United 
States and Great Britain. The table should be committed to 
memory, the equivalents printed in black letters being of 
especial importance. 

1 m e t e r 
1 k i lometer 
1 sq. meter 
1 h e k t a r e 
1 cu. meter 
1 stere 
1 l i ter 
1 l i ter 
1 liter 
1 hektoliter 
1 hektoliter 
1 gram 
1 k i log ram 
1 metric ton 

22 

3 9 . 3 7 in. = 1.1 yd . 
.6214 mile 
1.196 sq. yd. 
2.471 ac res 
1.308 cu. yd. 
.2759 cord 
1.057 l iquid q u a r t 
.9081 d ry q u a r t 
61.022 cu. in. 
2.8376 bushels 
26.417 gallons 
15.432 grains 
2 . 2 0 4 6 p o u n d s av. 
1.1023 ton 

(39f in. approx.) . 
( I mi . approx. ) . 
( H s q . yd. approx.). 
(24 A. approx . ) . 
(1$ cu. yd. approx.). 
( f t cd. approx.). 
(1-rV 1- q t . approx. ) . 
( f t d . q t . approx. ) . 
(61 cu. in. approx.). 
(2f bush, approx.). 
( 2 6 | gal. approx.). 
(15f gr. approx.). 
( 2 Ì lb. av . approx. ) . 
( l f t T. approx.). 



348. The inverse equivalents , showing the value of units 
in use in the United States and Great Britain in terms of 
the metric units, are also often useful. 

1 yd. = .9144 m. (A m-). 
1 mi. = 1.609 Km. (If Km.). 
1 sq. yd. = .8361 sq. m. (1 sq. m.). 
1 acre = .4047 Ha. (1 Ha.). 
1 cu. yd. = .7645 cu. m. (1 cu. m.). 
1 cord = 3.624 st. (3f st). 
1 liquid qt. — .9463 1. (if io-
1 dry qt. = 1.101 1. di I-)-
1 buah. = .3524 HI. (A HI.). 
1 grain .0648 g. g-)-
1 lb. av. .4536 Kg. (rr Kg.). 
ì ton - .9072 T. (rr t-)-

Ex. 1. Reduce 30 m. to feet, 
30 m. = 39.37 in. x 30 

30 x 39.37 
12 

ft. = ft. = 98.425 ft. 

Ex. 2. Find the area in liektares and also in acres of a field 
50 Dm. long and 175 m. wide. 

50 Dm. = 500 m. 
Area = 175 x 500 sq. m. = 87500 sq. m. 

= 8.75 Ha. (since 10000 sq. m. = 1 Ha.) 
= 2.471 A. x 8.75 
= 21.62125 A., Result. 

E X E R C f S E 1 7 0 . 
Change : 

1. 5 mi. to Km. 
2. 13 bu. to HI. 
8. 56 A. to Ha . 
4- 45 gal. to 1. 
5. 20 cd. to st. 
6. 13 cu. yd. to eu. m. 
7. 60 lb. to Kg. 

8. 50 HI. to bu. 
9. 25 Hm. to rds. 

10. 30 m. to ft. 
U . 32 st. to cd. 
12. 425 a. to A. 
13. 126 1. to gal. 
U . 325 1. to pk. 

15. 100 Kg. to cwt. 
16. 40 eu. m. to bu. 
17. 9 Kl. to bu. 
18. 72 rd. to Hm. 
19. 25 lb. to g. 
20. 5 eu. m. to cu. ft. 
21. 95 a. to sq. rd. 
22. 

23. 7 1. to pk. 
24. 109 eu. cm. to cu. in. 
25. 40 sq. m. to sq. ft. 
26. 30 gal. to dl. 
27. 4 a. to sq. yd. 
28. 16 mm. to in. 
29. 85 ml. to pts. (oats). 
SO. 43 pt. to cl. (milk). 

36. 
37. 
88. 

89. 
40. 

8 t to Kg. 

81. 2 mi. 45 rd. to K m . 
82. 4 bu. 3 pk. 3 qt. to HI. 
83. 3 gal. 2 q t 1 pt. to 1. 
34. 40 A. 100 sq. rd. 6 sq. yd. to Ha. 
35. 3 T. 15 cwt. 40 lb. to Kg. 

7.53 Ha. to acres and lower denominations. 
18.32 HI. to bushels and lower denominations. 
7528 Kg. to tons and lower denominations. 
87.538 1. to gal. and lower denominations. 
24.25 Km. to miles and lower denominations. 

Find the weight of : 
41. 17 1. of water in pounds. 
42. 28 Kl. of water in tons. 
43. 6 cu. m. of water in tons. 
44. 1000 gal. of water in Kg. 
45. 25 cu. yd. of water in Hg. 
46. 1 cu. in. of water in g. 

47. How many cu. yds. in a room 3 Dm. X 25 m. X 120 dm. 
48. How many tons of water will a cistern 26 m. X 20 m. 

X 155 dm. contain ? 
49. A box contains 35.2 1., and its lid is 0.44 m. X 25 cm. 

What is its height in inches ? 
50. A vat is 4.5 m. long and 18 cm. deep. I t will hold 

605.88 lbs. of water. Wha t is its width in decimeters ? 
51. If I buy 360 bu. of wheat at S.95 a bushel, and sell it 

at $2.95 a hektoliter, how much do I gain? 



52. A bin is 19 ft. X 12 €t. X 5 ft. How many HI. will it 
contain ? 

53. How many acres in a field 75 m. long and 64 m. wide? 
5^. Atmospheric pressure is about 1 Kg. per sq. cm. How 

many pounds is that to the square foot? 
55. From the da tum that a liter of water weighs a Kg., 

compute the weight of a cubic foot of water in pounds. 
56. If a train travels 50 miles an hour, how many meters 

is i t moving each second ? 
57. Change your height and weight to equivalent metric 

units. 
58. How many Kg. will a standard bbl. of water weigh ? 
59. A cubic inch of a certain material weighs oz. How 

many Kg. in the weight of a block of it 11 yds. X 25 ft. X 16 ft. ? 
60. The circumference of a wheel is 4 m. 5 mm. How 

many revolutions will it make in 20 miles ? 
61. Explain how to construct the table of inverse equiva-

lents (§ 348) from the table of direct equivalents (§ 347). By 
the use of only one table, what two rules will enable one to 
make any changes whatever from either system to the o ther? 

62. The inside measurements of a cubical vessel are each 23 
inches. How many liters of water will it contain ? What 
will this water weigh in pounds ? 

63. How many quarts of milk will a box 3 dm. X 24 cm. 
X 15 cm. contain ? How many quarts of corn ? 

64. Bought a farm of 220 acres at 860 an acre. For what 
must I sell it per Ha. to gain 20% ? 

65. Bought 560 bushels of grain at 81.70 per HI. and sold 
it at 90 cents per bushel. What was my total gain and my 
gain % ? 

66. How many gallons in a tank 4.6 m. X 3 m. X 25 dm. ? 
67. A road 84 Km. long is 12 m. wide. W h a t is the land 

worth at 815 an acre ? 
68. Bought wood at 84.40 a cord and sold it at 81.50 a stere. 

Did I gain or lose ? Wha t % ? 

69. The scale of a map is 1 to 80000. The distance between 
two cities on the map is 15 cm. How many miles between 
the cities ? 

70. On a map which is drawn on the scale of half an inch 
to the mile, 2 cities are 30 cm. apart. How many Km. are 
they really apart ? How many miles ? 

71. When milk sells for 8 cents a quart, what is a Kl. of it 
worth ? 

72. If a pound of butter is worth 5 qts. of milk, how many 
liters of milk should a Kg. of butter be worth ? 

78. If a sq. rod of land is worth a stere of wood, how many 
Ha. of the same land are worth 500 cords of the same wood ? 

74• A cistern is 6 m. X 54 dm. X 4.5 m. Determine 
(a) how many liters of water it will contain. 
(£») what they will weigh in tons. 
(c) how many gallons it will contain. 
(d) how many bushels it will contain. 
(e) how many steres of wood can be piled into it. 
( / ) how many ares in the sum of all its faces. 
(g) how many rods in the sum of all its edges. 

349. The specific g r a v i t y of a body is the ratio between 
the weight of the body and the weight of an equal bulk of 
water. 

Since a kilogram is the weight of a liter, or cubic decimeter, of water, 
the metric system affords peculiar advantages in dealing with problems 
relating to specific gravity. 

Ex. A bar of iron 5 dm. long, 4 cm. wide, and 10 mm. 
thick, has a specific gravity of 7.8. Find its weight in kilo-
grams and pounds. 

4 cm. = 0.4 dm., 10 mm. =0.1 dm. 
Volume of bar = 5 x 0.4 x 0.1 cu. dm. 

= 0.2 cu. dm. 

Weight of an equal volume of water = 0.2 Kg. 
" " the bar of iron = 0.2 Kg. x 7.8 = 1.66 Kg. "i 

= 1.56 lb. x 2.2046 = 3.439 lb. I 



E X E R C I S E 1 7 1 . 

1. A block of stone contains 50 cu. dm. Wha t is its 
weight (sp. gr. 6.6) ? Answer in Kg. and in lbs. 

2. An irregular stone (sp. gr. 6.5) weighs 11.7 Kg. How 
many cu. m. in its volume? How many cu. ft. ? 

3. The sp. gr. of lead is 11.3; how many tons of lead in a 
bar 4 m. X 3 m. X 2 m. ? 

4- How many cu. it. in the wood of a brush-heap (sp. gr. 
0.7), which weighs 27.3 Kg. ? 

5. Wha t is the weight of a granite shaft (sp. gr. 3.2) 8 m. 
X 75 dm. X 620 cm. ? (Answer in metric tons.) 

6. A bar of iron (sp. gr. 7.8) is 12 ft. X 3 ft. X 2 ft. Find 
its weight in Kg. 

7. A coil of gold wire (sp. gr. 19.3) weighs a ton. How 
many cu. dm. in the coil ? How many cu. in. ? 

8. A sheet of zinc weighs 300 Kg. (sp. gr. 7). How many 
cu. dm. in the zinc ? 

9. A bar of steel 35 m. long and 2.6 sq. dm. on the end, 
weighs how many pounds? (Sp. gr. 7.8.) 

10. If a bar of metal containing 86 cu. dm. weighs 1267.64 
lbs., what is its sp. gr. ? 

11. If a cubic meter of copper weighs 19580 lbs., find its 
sp. gr. 

12. I f a cubic meter of cork weighs 660 lbs., find its sp. gr. 
IS. A tank 8 m. X 6 m. X 45 dm. contains 178.2 tons of 

oil. Wha t is the sp. gr. of the oil ? 
14. A cubic yard of a certain substance weighs as much as 

a cubic meter of water. Wha t is its sp. gr. ? 
15. A liter of a certain liquid weighs as much as a gallon 

of water. Find its sp. gr. 
16. A cubic foot of ice weighs 27.84 Kg. Find its sp. gr. 
17. W h a t is the sp. gr. of silver, when 12 cu. dm. of silver 

weigh 277.2 lbs. ? 
18. Wha t is the sp. gr. of air when the air in a room 7.2 m. 

X 6.5 m. X 35 dm. weighs 212.94 Kg. ? 

19. State carefully and correctly a rule for each case: 
(a) given volume and sp. gr., to find weight. 
(£») given volume and weight, to find sp. gr. 
(c) given weight and sp. gr., to find volume. 

20. A vessel when empty weighs 2.5 Kg., and when full of 
mercury (sp. gr. 13.5) it weighs 121502.5 Kg. Find the 
capacity of the vessel. 

21. An empty vessel weighs 3.3 lbs., and when full of milk 
weighs 22.1078 lbs. How many liters will the vessel contain ? 
(Sp. gr. milk 1.03.) 

22. A vessel holding a Dl. weighs when empty 2.4 Kg., and 
when full of oil 22 lbs. Find sp. gr. of the oil. 

23. Find the weight in grams of a pint of sulphuric acid 
(sp. gr. = 1.8.) 

24. If a bar of copper (sp. gr. 8.9) is 1.2 m. X 0.4 cm. X 0.6 
mm., find its weight in ounces. In grams. 

25. If a bar is 3 dm. X 6.4 cm. X 55 mm., how many coins, 
each weighing 4.5 grams, can be made from it (sp. gr. — 12.3) ? 

26. If sulphuric acid has a sp. gr. of 1.84, how many liters 
are there in 14 Kg. of the acid? 

27. A tank 2.5 m. X 12.6 dm. X 75 cm. is £ full of tar (sp. 
gr. 2.5). Find in pounds the weight of the tar. 

28. A glass inkstand, in the form of a cube, 8 cm. on each 
edge, contains a dl. of ink. If glass is 3 times as heavy as 
water, what ought the empty inkstand weigh ? (Ans. in Kg.) 

29. A box 3.8 m. X 3.5 m. X 50 cm. contains a liquid 0.92 
times as heavy as water. Find the weight of the liquid when' 
the box is | full. F ind the total weight if the other part be 
filled with water. 

50. If 100 cu. in. of air weigh 31 g., find the sp. gr. of air. 
F ind also the weight in Kg. of a cubic meter of air. 

51. A Kg. of gold (sp. gr. 19.36) is beaten into sheets 0.01 
mm. thick. How many ares will it cover? 

32. If sea-water is 2.8% salt, and has a sp. gr. of 1.025, how 
many Kg. of salt can be obtained from 1000 cu. m. of sea-water ? 



88. A rectangular block of an alloy is 3.4 m. X 16 dm. X 
25 cm. If the sp. gr. of the alloy is 15, and the block con-
tains 6.12 Kg. of brass, what per cent, of i t is brass 

34. A rectangular vessel, 10 cm. wide and 3 cm. deep, con-
tains 3 Kg. of sea-water (sp. gr. 1.025). How long is the 
vessel ? 

35. A mixture is formed by diluting 1 1. of nitric acid with 
2 1. of water. If the sp. gr. of the acid is 1.5, what is the 
weight of the mix tu re? W h a t % of this weight is nitric acid? 

36. I t being given that a cu. in. equals 16.39 cu. cm., how 
many cu. in. of gold (sp. gr. 19.3) weigh 100 Kg. ? 

37. A tank containing a certain volume of liquid, which 
weighs .962 as much as an equal volume of water, is emptied 
at the rate of 25 1. per hour. At the end of 3 hours the tank 
contains 163.2 Kg. of the liquid. What was the weight in Kg. 
of the liquid in the tank at first? W h a t was its volume in 
gallons ? 

38. Wha t must be the height of a tank whose bottom is 1 
m. 2 dm. X 7 dm., and which holds 414.54 Kg. of oil (sp. gr. 
1.05)? 

89. If 20 cu. cm. of iron weigh as much as 144 cu. cm. ot 
water, what will be the weight in Kg. of an iron cube 21 cm. 
on each edge ? Of a cubic meter of iron ? 

40. A block of wood is 0.1 m. X 0.15 m. and weighs 3 Kg. 
F ind its 3d dimension (sp. gr. 0.8). 

C H A P T E R X X I . 

A R I T H M E T I C A L H I S T O R Y . 

HISTORY OP NUMERATION AND NOTATION. 

350. N u m b e r Groups.—Arithmetic begins with the mak-
ing of units into groups, and the dealing with number by 
some group method. The first grouping of units in almost 
all savage tribes is done by aid of the fingers, either of one 
hand or of both hands, or by use of all the fingers and the 
toes. Hence the first number groups were fives, tens, or 
twenties. 

For instance, one South African tribe uses three persons for numeration 
purposes, the first to count units on his fingers, the second to count tens, 

and the third hundreds. 
Five is the primary number group among tribes who do not count much 

bevond twenty, as thc*e in North Siberia, in New Hebrides. and the Es-
quimaux; twenty was the primary group among the I'h.enidans Basques 
Aztecs, and is so among mpst of the tribes of South Amenca, and some of 
those of North America. Ten is the usual base among pnm.Uve peoples in 
the rest of the world. However, the Maories of New /^land u^ elevcn ns 
a base (thus, for them, the symbols 13 would mean one 11 and 3 units, or 14) 

The Indo-European races seem to have used twelve as a base to a grea 
extent owing probablv to the fact that two, three, four, and six w.ll all 
divide it exactly. Twelve is in fact the best practical base but ten * now 
too well established to make possible a general change to twelve. 

The ancient Babylonians used sixty as a base, for a reason which w>U be 

given later. 

351 N u m b e r W o r d s . - O w i n g to the difficulty which 
savage peoples have in forming and using abstract language, 
the number words used by them do not always co ra spond to 
the groups formed by them by the aid of their fingers and 



33. A rectangular block of an alloy is 3.4 m. X 16 dm. X 
25 cm. If the sp. gr. of the alloy is 15, and the block con-
tains 6.12 Kg. of brass, what per cent, of i t is brass 

34. A rectangular vessel, 10 cm. wide and 3 cm. deep, con-
tains 3 Kg. of sea-water (sp. gr. 1.025). How long is the 
vessel ? 

35. A mixture is formed by diluting 1 1. of nitric acid with 
2 1. of water. If the sp. gr. of the acid is 1.5, what is the 
weight of the mix tu re? What % of this weight is nitric acid? 

36. I t being given that a cu. in. equals 16.39 cu. cm., how 
many cu. in. of gold (sp. gr. 19.3) weigh 100 Kg. ? 

37. A tank containing a certain volume of liquid, which 
weighs .962 as much as an equal volume of water, is emptied 
at the rate of 25 1. per hour. At the end of 3 hours the tank 
contains 163.2 Kg. of the liquid. What was the weight in Kg. 
of the liquid in the tank at first? W h a t was its volume in 
gallons ? 

38. Wha t must be the height of a tank whose bottom is 1 
m. 2 dm. X 7 dm., and which holds 414.54 Kg. of oil (sp. gr. 
1.05)? 

89. If 20 cu. cm. of iron weigh as much as 144 cu. cm. ot 
water, what will be the weight in Kg. of an iron cube 21 cm. 
on each edge ? Of a cubic meter of iron ? 

40. A block of wood is 0.1 m. X 0.15 m. and weighs 3 Kg. 
F ind its 3d dimension (sp. gr. 0.8). 

C H A P T E R X X I . 

A R I T H M E T I C A L H I S T O R Y . 

H I S T O R Y O P N U M E R A T I O N A N D N O T A T I O N . 

350. N u m b e r Groups.—Arithmetic begins wi th the mak-
ing of units into groups, and the dealing with number by 
some group method. The first grouping of units in almost 
all savage tribes is done by aid of the fingers, either of one 
hand or of both hands, or by use of all the fingers and the 
toes. Hence the first number groups were fives, tens, or 
twenties. 

For instance, one South African tribe uses three persons for numeration 
purposes, the first to count units on his fingers, the second to count tens, 

and the third hundreds. 
Five is the primary number group among tribes who do not connt much 

bevond twenty, as thc*e in North Siberia, in New Hebrides. and the Es-
quimaux; twenty was the primary group among the Ph.enicians Basques 
Aztecs, and is so among mpst of the tribes of South America, and some of 
those of North America. Ten is the usual base among primitive peoples in 
the rest of the world. However, the Maories of New /^land u^ eleven ns 
a base (thns, for them, the symbols 13 would mean one 11 and 3 units, or 14) 

The Indo-European races seem to have used twelve as a base to a grea 
extent owing probablv to the fact that two, three, four, and six w.ll all 
S S e it exactly. Twelve is in fact the best practical base but ten is now 
too well established to make possible a general change to twelve. 

The ancient Babylonians used sixty as a base, for a reason which will be 

given later. 

351 N u m b e r W o r d s . - O w i n g to the difficulty which 
savage peoples have in forming and using abstract language, 
the number words used by them do not always co ra spond to 
the groups formed by them by the aid of their fingers and 



toes. For language purposes they seem at first to use smaller 
groups of units. 

Not a few tribes have no number words beyond two ; they 
count " one, two, many ." Others have a binary system, in 
tha t for four they use " two-two " ; for six, " two-two-two," etc. 

The Campos of Peru count to three ; for four, they say " one 
and three " ; for five, " two and three." 

If a tribe has a number word for four, i t is almost sure to 
go one step fur ther and have a word for five, and thus reach 
a quinary system. Five is often expressed by the word for 
hand ; six as " hand one " ; seven as " hand two," etc. ; ten as 

both hands " ; twelve as " two on the foot " ; twenty as " thé 
whole man " ; sixty as " three men," etc. 

The number words "one, two, three," etc., no doubt originally bad 
similar concrete meanings, but these were early lost, as it was an advantage, 
when number words were much used, to have purely abstract terms for 
them. 

As civilization developed, primitive systems of numeration survived 
along with later systems, and mixed systems resulted. Thus in our use of 
" pair, brace, couple," the binary system survives along with our decimal 
system. In our use of score (as in " three score and ten," see also the French 
" quatre vingt " for eighty), the vigesimal system appears. 

352. N u m b e r Symbols .—The first number symbols were 
fingers held up, or pebbles laid aside, or scratches made on 
some object, as wood or stone. 

The Greeks, by using the separate joints of the fingers, could indicate 
numbers up to 10,000 on the hands. Proceeding from the little finger of 
the left hand through to the little finger of the right hand, the joints of the 
first three fingers denoted units ; those of the next two fingers denoted tens ; 
of the next two, hundreds ; and of the last three, thousands. The Chinese 
to-day, by using the two sides and the front of each finger-joint as symbols, 
exprèss 100,000 On the left hand alone. 

The following are illustrations of early written symbols used 
for numbers : 

1 2 4 5 10 100 

Assyrian r T Y 
Y W < T V 

Ear ly Egyp t i an ! I I n G 
Hie ra t i c Egyp t i an 1 LI _ 1 A -J 

E a r l y Greek I II n A H 
Late Greek a P 8 £ i P 
Number symbols are combined in these early systems in additive or 

multiplicative ways (thus, Y Y for « two" is an example of the additive 

use of the symbol for one ; Y • of t h e multiplicative use of symbols). 

The Romans also use a subtractive principle in combining symbols, as in 

IV., IX., etc. 

The positional (or exponential) system of written symbols 
was used to some extent by the Babylonians, bu t was redis-
covered by the Hindoos, and the zero symbol invented, about 
400 A. v. The figures 1, 2 ,3 ,4 , etc., were originally the initial 
letters of the Hindoo words for the corresponding numeral 
adjectives, bu t the form of some of them has been much 
changed. Thus the symbol for 7 has had the following forms: 

^ ^ ; v 6 \ A 7 
The Semitic peoples write from right to left, the Chinese from top to bot-

tom, the Aryan peoples from left to right. Similarly, in writing numbers, 
each of these peoples as a rule follows its own order, putting the symbols tor 
the largest groups first 

353. Higher N u m b e r W o r d s — T h e Hindoos used a sepa-
rate name for each order of units ; thus, they read 52965378196 
as " 5 kharva, 2 padwa, 9 vyarbada," etc. This system re-
quired the use of an unnecessarily large set of number words. 

In modern times, the I tal ians grouped the digits into 
periods, sometimes of six, sometimes of three figures. The 
number given above would at one t ime have been read by 
them thus, " 52 thousand thousand thousand, 965 thousand 
thousand, 378 thousand, 196." 



The word million was invented by the Italians in the four-
teenth century, and words billion, trillion, etc., by the French 
about the year 1500. 

At that time figures were generally separated into periods of six figures 
each, hence, billion meant one million million, trillion meant one million 
billion, etc. These words continue to have these values in England, Ger-
many, and the north of Europe generally. About the year 1750 it became 
the custom in France to divide figures into periods of three figures each ; 
hence billion came to mean one thousand million, trillion one thousand 
billion, etc., which is the meaning now assigned to these words in the United 
States, France, and the south of Europe generally. 

HISTORY OP ARITHMETICAL OPERATIONS. 

354. F i n g e r Reckoning.—The ancient Greeks, for example, 
had methods of performing addition, subtraction, etc., by a 
finger symbolism. The precise methods employed are not 
now understood, but there is a possibility tha t they may yet 
be worked out by a study of Greek monuments and literature. 
Finger reckoning was also much used in the Middle Ages in 
the monastic work of calculating the date of Easter, etc. 

355. Abacus .—The method of counting by tens early led 
to the invention of the abacus. 

This instrument had many different forms among different peoples, as 
the Egyptians, Chinese, Greeks, and Romans. The typical form is a rec-
tangular frame containing parallel wires, on each of which are 9 buttons or 
counters. The counters on the wire to the extreme right (or left) represent 
units ; those on the next wire represent tens, etc. 

Let the teacher show the class an abacus, and how addition and subtrac-
tion are performed on it. Multiplication is performed by successive addi-
tions, and division by successive subtractions. Thus, to multiply 37 by 64, 
37 x 64 = (30 + 7) (60 + 4) = 30 x 60 + 30 x 4 + 7 x 60 + 7 x 4 

= 1800 + 120 + 420 + 28. 
Frequently a flat board covered with dust was used as an abacus. Lanes 
or columns were marked out in the dust, and in these pebbles were used as 
counters. Sometimes grooves were cut in a metallic plate, and movable 
buttons used in the grooves. Abacus reckoning was modified into reckon-
ing with marks on horizontal lines, called counters. This was used in 

England as late as the seventeenth century, and Shakespeare makes allusions 
to it* 

Addition and subtraction, and even multiplication can be 
performed rapidly with the abacus, but its use has the serious 
disadvantage that no record is kept of the steps of the work. 

356. Add i t i on a n d Sub t rac t ion .—The Hindoos performed 
their arithmetical work upon a small board, on which they 
made large marks by a cane or brush. To save space, they 
erased a figure as soon as it had done its service. Hence, 
their methods of operation differed in some respects from 
those employed at present. The Hindoos usually performed 
addition and subtraction from left to right, and set the result 
above the numbers added or subtracted instead 634, Sum. 
of below. Thus, to add 376 and 258, they would 376 
arrange the work as at the right, and say " 3 and 258 
2 = 5, set down 5 above 3 ; 7 and 5 = 12, erase 5 and put 
6 in its place, set down 2 ; 8 and 6 = 14, erase 2 and put 3 in 
its place, and set down 4 above 6." 

The Arabs followed the same methods, 37 
except tha t they crossed out figures and <l$8, Difference. 
wrote others above them, instead of eras- 653 
ing them. Thus, to subtract 275 from 275 
653, they proceeded in the manner indicated at the right. 

The present method of subtracting from right to left and 
setting results below came into use in Europe after the year 
1 2 0 0 A. 0 . 

357. Mult ipl icat ion was performed by the Hindoos in 
several different ways, of which the following two 7 
are the most representative. Ex. Multiply 157 by 62. 6 
The multiplier is written below and the product 9£3 
above the multiplicand. Thus, 6 X 1 = 6, set down 0P£4 
6 above 1 ; 6 X 5 = 30, erase 6 and put 9 in its place; 157 
set down 0 above 5 ; 6 X 7 = 42, etc. 62 

* Othello, act I., scene 1, line 31, " counter-caster." Cymb., V., 4, 167. 
As You Like It, H., 7, 63. 



The Hindoos erased figures so that the result of their work 
157 would appear thus: g,, 

The Arabs crossed out figures, leaving the work as given above. 

The Hindoos also used 
' a diagonal method of 

multiplication. The mul-
tiplication of 157 by 62 6 

by this method is here 
given: 2 

The method of multi-
plication commonly used 9 ? 3 4 
at present is found in Pacioli (1494 A. D.), but i t had been 
occasionally used long before. 

A kind of multiplication called complementary multiplication, or slug-
gard's rule, was much used in the Middle Ages. In working with it the 
multiplication table was not needed beyond 5x5, but the method was tedious 
in operation. The principle on which it was based is as follows: If a and b 
represent digits, then, 

a x 6 = (10 - a) (10 - b) + 10 (a + b - 10). 
For example, 7 x 6 = 3 x 4 + 10 (13 - 10) = 12 + 30 = 42. 

358. Division.—In all ancient mathematics we find no idea 
of a quotient. Division is performed by successive subtrac-
tions. After the Hindoos devised our present system of nota-
tion, they performed division by writing the divisor below the 
dividend, and setting down and erasing remainders above. 

Ex. Divide 8479 by 36. 

36 is contained in 84 twice; 2 x 3 = 6, 6 from 8 leaves 2, 
which set down above 8; 2 x 6 = 12, erase 2 and set down 1 
above it, 2 from 4 leaves 2, which set down above 4, etc. 

The quotient is 235, with remainder 19. 
As the Hindoos erased figures instead of scratching them, 

the result of their work would appear as follows: 

This " s c r a t c h " or " g a l l e y " method continued to be the 
favorite method of division in Europe till about the year 
1 7 0 0 . 

1 
6 

3 
0 

4 
2 

1 
2 

1 
0 

1 
4 

I i 
m 
84791235 
36 

19 
8479 
36 

235 

Our present method is given by Pacioli (1494), and is called 
by h im the method " g i v i n g " (i.e., bringing down one more 
figure after each subtraction), but.be prefers the other method. 

359. Fac to r s . Primes.—The Greeks classified numbers in 
a great variety of ways; for example, as triangular, perfect, 
defective, excessive, etc. 

The distinction of odd and even is due to Pythogoras (550 
B. c.). Euclid discusses the properties of prime numbers (300 
B. c.). Eratosthenes (200 B. c.) invented the method of deter-
mining primes, called the " sieve." 

The Hindoos discovered the short way of determining 
whether a number is divisible by 3 or 9. They used this 
property of numbers in a method of verifying operations, 
called "cast ing out the nines," which is still used to some 
extent. 

H I S T O R Y O P F R A C T I O N S . 

360. F r a c t i o n s presented great difficulties to early peoples. 
An early Egyptian MS. (dating 1500 B. c.) shows that the 
Egyptians used only those fractions which have ufiity for a 
numerator. 

This MS. gives tables by which other fractions can be reduced to these 
unit fractions. Thus, ^ = ^ + Fractions were written by writing 
only the denominator with a dot or special mark over it. By this method, 
even the addition of fractions was extremely complex. 

The Babylonians used only those fractions which have 60 
for a denominator (called sexagesimal fractions). 

These fractions were expressed by writing the numerator a little to the 
right of its ordinary position, and omitting the denominator. The use of 
sexagesimal fractions survives in our present system of dividing a degree 
into 60 minutes, etc. 

The Greeks used both the unit fractions of the Egyptians, 
and fractions of any numerator or denominator. 

They indicated unit fractions by writing only the denominator with an 
accent, thus, pi6' means x f t . If the numerator was not unity, they wrote 



it with an accent, and the denominator twice, with a double accent Thus, 
16' *.y" icy" means 

The Romans used only those fractions which have 12 for a 
denominator (called duodecimal fractions), and a few others 
derived from them, as ft, ft, ft, 

The addition and subtraction of such fractions present no difficulty, but 
multiplication and division are extremely complex. 

The Hindoos used fractions in general, writing the numer-
ator above the denominator, with no line between. Thus, § 
means f , and 2 means 5 | . 

Methods of obtaining the L. C. D. of fractions are given by 
Tartaglia (1556 A. D.). 

The method of dividing by a fraction by inverting the 
divisor and multiplying, is given by Stilel (1544). 

361. Dec imal Fractions.—Several close approaches were 
made to decimal fractions before they were finally invented. 
Thus, in the Middle Ages, the square root of 3 was extracted 
by annexing six zeroes to the 3, extracting the square root of 
3000000, and writing the last three figures of the root over 
1000, thus 1 Twff 5 hu t the par t of the root -f^nr w a s once 
converted into sexagesimal fractions. 

Rudollf (1525) divided a number by 1000 by marking off 
the last three figures with a comma. 

Stevinus (Belgium, 1548-1620) was the inventor of decimal 
fractions. As he had no decimal point, however, his notation 

0 1 2 3 

was clumsy. Thus he expressed 3.912 either as 3912, or 
3(0)9,ol(2)2(S), and read it " 3 and 9 primes 1 sekonde 2 terzes." 
etc. 

Later 3.912 was written 3 912. 
The decimal point was first used by Pitiscns (Germany, 1612). 
Decimal fractions a t first were used in a very limited way, 

as in the calculation of interest. They did not come into 
general use till after the adoption of the metric system (1799). 

HISTORY OF COMPOUND QUANTITIES. 

362. The earliest u n i t s of l eng th were taken from con-
venient parts of the human body, as the digit (a finger breadth) , 
palm, span, fool, cubit, ell, the fathom ( the extended arms). 
These units were convenient, being always at hand, but were 
not uniform enough when transactions were required to be 
exact. Later, the length of some natural object, as a grain of 
barley, became the unit of length. Finally, the length of 
some piece of meted, kept in the government archives, was used 
as a standard. 

In very early times (in Egypt, Assyria, Canaan) two principal units of 
length, the digit and the cubit, were used. 

The foot first came into general use in Greece and Rome, and from Rome 
it spread all over Europe. The Romans divided the foot into 12 "unciae" 
or inches. 

In the year 1324, English law first defined the length of 3 barley-corns 
as equal to 1 inch, 12 inches = 1 foot, eta 

363. Of un i t s of weight , the pound or libra originated in 
Rome, and from Rome was handed down to the various 
European peoples. 

The Romans divided the libra into 12 unciae or ounces (thus the words 
ounce and inch each mean one-twelfth). The Greeks at times also divided 
the pound into 16 parts. 

In the Middle Ages it became customary for merchants to make their 
profits in many cases, not merely by buying goods at one price and selling 
them at another, but by buying goods according to one kind of a pound (or 
other measure) and selling them by another, just as coal is now often bought 
by the long ton and sold by the short ton. In this way many different kinds 
of pound (and of other measures) arose, each trade or guild often having its 
own. Thus, the Troy pound was one used at a famous fair at the city of 
Troves in France. Many changes and customs also arose which are now 
difficult to trace. 

In the year 1266 English law fixed the weight of 32 barley corns as equal 
to 1 pennyweight, 20 pennyweights = 1 oz., 12 oz. «= 1 lb. 

364. Of un i t s of c a p a c i t y a bushel (diminutive of box) 
measure was kept in the town hall at Winchester, the ancient 
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Saxon capital of England. This was the standard bushel in 
England till the year 1826, when the Imperial bushel of 
2218.192 cu. in. was adopted by law. The Winchester bushel, 
however, continues to be standard in the United States. 

365. Of u n i t s of v a l u e the libra, or pound of silver, was 
used in the Roman empire. From it are derived the pound 
of Great Britain, the livre of France, the lira of Italy, etc. 

These were all originally of the same value, about $15, but the currency 
of each country was debased by the government at diflerent times, till in 
England the unit now has but | its original value, in France, -!

5, etc. 
Sterling means easterling, referring to the coinage of the Hanseatic League, 
to the east of Great Britain. 

366. I n units of t ime, the Babylonians divided the day 
into 24 hours, the hour into 60 minutes, and the minute into 
60 seconds. The month is determined approximately by the 
t ime it takes the moon to go round the earth, 29£ days. 

The Babylonians divided the circle into 360 degrees for convenience in 
astronomical work, since 360 in a close approximation to the number of days 
in the year, and then divided the circumference into 6 equal parts of 60 
degrees each, because they knew that a radius applied as a chord 6 times 
exactly completes a circumference. Hence, probably arose the whole system 
of sexagesimal notation. 

367. The m e t r i c s y s t e m was adopted in France in 1799. 
The theory of the system is that the meter is i ooo'ggotr 
of a quadrant of the earth's circumference through Paris, 
though owing to an error in the calculation it is actually a 
very small fraction less. Hence, the meter as used mus t be 
taken as the distance between two marks on a bar of p la t inum 
kept in Paris. 

The liter, gram, and other units are derived from the meter 
in the manner described in Chapter XX. 

The metric system has been adopted in all countries of the 
civilized world except Great Britain and the United States. 
I t is used in such countries as Mexico, Hayt i , Congo Free 
State, etc. 

HISTORY OF OTHER. TOPICS AND PROCESSES. 

368. Pe rcen tage and In te res t were used among the 
Romans, bu t these took their modern form among the Italians 
(especially a t Florence, where bookkeeping by double entry 
was also invented). 

Many mistakes in computing discount were made, and tht, 
method of true discount was not established till about the 
year 1700. 

E q u a t i o n or" P a y m e n t s is treated by Tartaglia (1556). 
E x c h a n g e was developed to its present form among the 

Dutch. 

369. P ropor t ion , or the Rule of Three, till early in the 
nineteenth century, was used to include almost all the opera-
tions of arithmetic except the fundamental ones, and that in 
a very mechanical and superficial way. At one time eleven 
different kinds of proportion were used. During the nine-
teenth century an intelligent method of analysis has gradually 
taken the place of the mechanical " Rule of Three." 

P a r t n e r s h i p problems occur in Ahmes ' treatise (Egypt , 
1500 B. c.). 

370. I nvo lu t i on and E v o l u t i o n were performed by the 
Hindoos much as a t present. 

For other details of the history of arithmetic, the student is referred to 
Cajori'c History of Elementary Mathematics, and to Fink'c Brief History 
of Mathematics (translated by Bern an _nd Smith). 



E X E R C I S E 1 7 2 . 

A MISCELLANEOUS EXERCISE. 

1. Find, to 3 decimal places, the number of gallons in a busheL 
2. Divide twelve per cent, of four hundred sixty by two-thirds of seven 

: nd two-tenths. 
5. Reduce 2.4637 years to lower denominations. 
4. What is the value of: 

37 x 42 + 86-<738 - 528 -4) + 19x17-1300. 
6. Change f acre to lower denominations. 
6. Compute: .01 of \ x 200x .08f-.035. 
7. Subtract the sum of 9f, 8£, from the sum of 7 f t , 8 ft, 10ft. 
8. Reduce 75 rd. 3 yd. 1 ft 5 in. to inches. 
9. Find 23% of $295. 

10. Compute the interest of $270 at 4% for 3 yr. 15 days. 
11. What will 3J acres of land cost, if 7$ acres cosf$655i? 
12. Find the loss per cent, when a horse which sold for $225 cost $325. 
IS. Find the H. C. F. and L. C. M. of 473, 516, 559. 
14. At J dollar each, how many books can be purchased with $17J? 
15. If a man can mow a lawn in 6 days and his boy can do it in 9 days, 

hov, many days will they both require to do it, working together? 
16. Change the following fractions to other equivalent fractions having 

72 for their denominator: 
B. A. I. fl, H, and ff 

17. If 9 be added to both terms of the fraction j|, will the value of the 
fraction be increased or diminished ? 

18. If the divisor is f, the quotient f, and the remainner J, what was the 
dividend? 

19. How many bushels of corn at $5 a bushel will pay for j barrel of 
flour at $6$ a barrel ? 

20. A carpenter worked 23J days and paid $ of his earnings for board 
and other expenses. If he saved $53J in this time, what was his daily 
wage ? 

21. A and B can spade a garden in 5 days, but B alone could do it in 
7 days. How long would A require? 

22. Reduce 5 wk. 3 da. 11 hr. 16 min. to minutes. 
23. Find the actual gain if a selling price of $1320 was a gain of 10%. 
24. Add 8J, 10*, 12§, 5J1, 17f. 
25. Simplify (2|xllf)-(§ of 18fxlf). 
26. Find the least whole number that is exactly divisible by A\, 3£, 4§. 

27. A certain ore contains 8J% of metal. How much metal will be 
obtained from 75 tons of ore? 

2S. A man lost 10% in selling a carriage for $234. What should be 
have sold it for to gain 10% ? 

29. What is the difference between the V̂ lO.Ol and the 1/10.01 expressed 
in 3 decimal places? 

SO. Reduce 5.1735 mi. to lower denominations. 
31. If {i of one line is -{; of another, which line is the greater? 
32. After I sold g of my apple crop to one man and $ of the remainder 

to another there were 186 barrels left How many barrels were there in 
the crop? 

53. If a man can repair g of a bridge in 10 days and his brother can 
repair 5 of it in 6 days, how long would it require them both to repair the 
entire bridge, working together? 

54. If the circumference of a wheel is 3 yd. 11 in., how many revolutions 
will it make in going a mile? 

35. A man spent i, f of his money and had $2613 left. How many 
dollars did he spend altogether? 

86. Of the earth's surface 39.87J % lies in the Torrid Zone, and 25.91i% 
lies in the Temperate Zones. What part lies in each Frigid Zone? 

37. A tank's inside dimensions are 3 ft. 4 in. by 2 ft 6 in. by 1 ft. 10 in. 
IIow many gallons of water will it contain ? 

38. How many bushels of grain will it hold? 
39. Reduce 8 mi. 5 yd. 4 in. to inches. 
40. Find the interest of $916.50 for 4 yr. 6 mo. 24 da. at 4%. 
41. Write a list of the prime numbers between 200 and 300. 
42. A merchant marks goods 20% above cost and sells them 12J% below 

marking price. What is his per cent, of gain ? 
4S. Two cities have longitude 90° 15' 16" W. and 30° 20' 14" E. 

respectively. What is their difference in time? 
44. If a man buys stock at 40% discount and every three months 

receives a dividend of 2% on the par value of the stock, what annual rate 
of interest does he receive on his investment? 

45. What sum of money put at interest for 7 yr. 6 mo. 12 da. at 3J% 
will gain $1392.16 interest? 

46. The expenses of a town for a year are $7324 and the balance in 
treasury is $696. There are 6862 polls to be assessed at $0.25 each, and 
taxable property amounting to $1965000. Besides the town tax there is a 
county tax of 1J mills and a state tax of J mill on every dollar of taxable 
property. Mr. A. pays for 2 polls and has property worth $28970. Find 
his total tax. 



47. How many rails will be required to fence a field 5456 yd. long and 
40ol3 yd. wide, provided the fences are all straight, all 6 rails high, and 
the rails of equal length, and the longest that can be used without cutting 
any? 6 

48. What is the smallest sum of money with which I can purchase either 
chairs at $8 each, or desks at $24, or tables at $52, or couches at $72? 

49. A farmer planted f acre on Monday, f acre on Tuesday, f acre on 
\V ednesday, \ acre on Thursday, & acre on Friday, and the rest of his 
2-acre lot on Saturday. Find on which day he planted the most ground 
and on which day the least 

50. A owned f of a store and sold § of his share to B, who sold 5 of 
what he bought to C. C, in turn, sold f of his purchase to D. What part 
of the entire store did each then own ? 

51. Jf I paid $40 an acre for some land, how much must I ask for it, 
that I may abate 25% from my asking price and still gain 30% on the cost ? 

52. Divide i - x ($)' of 4L bv (?)2*8? 
f of (2})*x (2*)* ' i? of (l;)3x (3|)s" 

53. The front wheel of a wagon was 11 ft. in circumference and the rear 
wheel was 13 ft. A screw in the tire of each was uppermost when the 
wagon started, and when it stopped the same screws were uppermost again 
for the 633d time. How many miles had the vehicle traveled? 

54- A real estate agent sold 5| acres at $138f each; 12| acres at $118i 
each ; and 20JJ acres at $123.60 each. Find the number of acres sold, the 
aggregate price, and the average price per acre. 

55. If I buy a lot and it increases in value each year at the rate of 50% 
over the value of the previous year for 5 years and then is worth $9000 
how much did it cost? 

56. What is the value of 

i6}x(I)' + § of | | + \ 18£- 14J + & (I)* x 1j\? 
57. A farmer having a triangular piece of land, the sides of which are 

481 ft., 1144 ft., and 1469 ft., wishes to enclose it with a fence having panels 
of the greatest possible uniform length, m a t will be the length of each 
panel ? 

58. What number is that from which if llf be subtracted, f of the 
remainder is HOf? 

59. A woman at her death left her son $11640, which was J of f of her 
wealth. He at his death left f of his portion to his daughter." What part 
of her grandmother's estate did the daughter receive? (Compute this frac-
tional part two distinct ways.) 

60. An agent wishing to sell a house and lot asked 40% more than it 
cost. But he finally sold it for 20% less than his asking price, thereby 

gaining $4896. How much did the house and lot cost? What was his 
asking price ? What was the selling price ?, 

61. Reduce 3 lb. 8 oz. 19 pwt. 6 gr. to grains. 

62. Which is the greater, V50 or V"346"? 
63. Divide 38 mi. 100 rd. 5 yd. 2 ft by 6. 
64. A man bought wood for $287 f and coal for $3841 and oil for $76/,. 

He sold the wood for $327j and the coal for $375i and the oil for $88 
How much did he gain on all ? 

65. A merchant bought 3 hhd. of molasses, each containing 63 gal., at 
40 f- a gal. and paid $6.75 for freight and cartage. Allowing 4% for waste 
and 5% of sales for bad debts and 2% of the remainder for collecting, 
what must he charge per gallon in order to make 27% on the entire cost? 

66. Find the G. C. D. of 2538, 4089, 4324. 
67. If cloth yd. wide require 83 yd. in length for a suit of ckjthes, 

how many yd. in length will cloth § yd. wide require for same suit? 
68. Reduce 207958 in. to higher denominations. 

Collect: 0 7 of 4 5 * 6 8 + 3 9 x 5 7 * 
0.17 of 4.2 x 9 0.64 of 1.9x13 

70. Of a certain ore 6% is iron and 45% is rock, the rest being con-
glomerate. In a car of ore weighing 20 tons, how much is iron and how 
much rock ? 

71. Compute the compound interest on $2560 for 3yr. 5 mo. 10 da. at 3%. 
72. Find the G. C. D. of 2680, 1541, 2211. 
73. A man owning 80% of a store sold 3 of his share for $6781|; what 

was the value of the entire store at same rate ? 
74. Change 16 wk. 5 da. 9 hr. 40 min. 20 sec. to seconds. 
75. A square field contains 3 acres. Find the length of each side in 

rods. 
76. What is the edge of a cubical box that will just contain a bushel? 

Of another that will exactly contain a gallon? 
77. If | lb. of sugar be worth } lb. of butter, and butter be worth $f 

per pound, how many pounds of sugar will $75 buy? 
78. I gained 33J% in selling a gray horse, and with the money bought 

a black horse which I sold for $120, losing 20%. On the two horses did I 
gain or lose? What per cent ? 

79. A can do a piece of work in 15 days; A and B together can do it 
in 10 days; A and C can do it in 6 days. How many days will B and C 
require, working together? 



ANSWEKS. 

1. 76 men. 
8. 97 mi. 
3. 559 br. 
4. 978 boys. 
5. §8778. 
6. 74799. 
7. 988899. 

986936. 
9. 978889. 

70. 91 men. 
11. 142 pens. 
IS. 123 pages. 
IS. 135 balls. 
14. 1185 books. 
15. a 11923. 
16. 121291. 
17. 1041400. 

1. 605 bu. 
167A. 

S. $4305. 
4. 2600. 
5. 1640 A. 

Exercise 4. 

18. 1293154. 
19. 920901. 
SO. 155554. 
81. 952 ft. 
22. 1781 lines. 
S3. 1653 rd. 
24. 1469 mk. 
25. §146991. 
36. 130755. 
27. 1620506. 
28. 1657686. 
S9. 199379. 
50. 267411. 
51. 2364. 
52. 2727. 
SS. 26182. 
S4- 22545. 

Exercise 6. 

6. $1130. 
7. $10363. 
8. 2619 mi. 

17. 53011. 
18. 75686. 

S5. 288231. 
36. 359012. 
87. 278954. 
S8. 388149. 
39. 3722639581. 
40. 37319766110& 
41. 40814. 
42. 841011. 
43. 53140. 
44. 1352375. 
45. 98553. 
46. 80459. 
47. 96604. 
48. 88500. 
49. 92338. 
50. 91606. 

19. $149174. 
20. 265780 sq. mi. 
81. 3784219. 
22. 4457114. 

Exercise 7. 

1. 42 men. 6. 104 men. 11. 34. 16. 115. 81. 557. 
2. 222 boys. 7. 502 boys. 12. 15. 17. 579. 22. 93. 
3. 220 balls. 8. 413 balls. IS. 18. 18. 168. 23. 3234. 
4- 11 mi. 9. 413 mi. 14- 69. 19. 176. 24. 859. 
5. 504. 10. 203. 15. 182. 20. 392. 26. 5149. 



26. 13028. S3. 24468929016658. 
27. 18308. 53. 3808473092159. 
28. 19590. S4_ 11910410694969481. 
29. 3750667. S5. 219571835427077356. 
SO. 131062348. 36. 4197533343580235802. 
31. 1099077733354. 

Exercise 8. 

2. §11 . 
3. §153. 
4- 805 yd. 
5. 1395 bu. 
6. Lost §19. 
7. §1142. 
8. 42494 bu. 
9. 508 yr. 

10. §8. 
11. 2554 men. 
12. §7381. 
IS. §9160. 
14- 83 yr. ; 

157 yr. 

15. 5714. 
16. §9. 
17. §614555. 
18. §614. 
19. §546. 
20. §5958. 
21. 10. 
22. 28, 
23. 6 6 . 
24. 21. 
25. 26. 
26. 95. 
27. 252. 
28. 199. 

29. 19. 
50. 151. 
51. 377. 
32. 4479. 
33. 50. 
84- 72. 
35. 73. 
S6. 134051. 
37. 167307. 
38. 198. 
S9. 7545. 
40. 3882. 
¿1. 1941. 

1058a 
43. 26. 

17. 
45. 119. 
46. 85. 
•¿7. 27. 
48. 522. 

289. 
50. 1773. 
57. 1125. 
52. 527. 
55. 7191. 
54. 46704 

20. 19. 
21. 43. 
22. 19. 
23. 28. 
24. 52. 
25. 12. 
26. 17. 
27. 58. 
28. 42. 
29. 74. 
30. 25. 

3i. 62. 
3£. 40. 
33. 133. 
34- 72. 
35. 68. 
36. 3. 
37. 3. 
33. 25. 
3f- 38. 
40. 45. 
•i-T. 2. 

Exercise 9. 

42. 0. 
43. 4. 
44• 100. 
45. 62. 
46. 53. 
47. 10. 
48. 4. 
49. 28. 
50. 20. 
51. 14. 
52. 32. 

53. 51. 
54- 60. 
55. 49. 
56. 3. 
57. 52. 
53. 22. 
59. 34. 
60. 30. 
67. 10. 
32. 37. 
63. 81. 

/. 72 hr. 
120 hr. 
168 hr. 
216 hr. 

Exercise 10. 

2. 224 1b. 
5041b. 
3361b. 

3. 264 ft. 
462 ft. 

' 528 f t 

4. 784 1b. 
980 lb. 
1764 lb. 

5. 1095 da. 
1825 da. 
2555 da. 

6. §2900, 
§4350, 
§5800. 

7. 1792 boys. 
8. 3512 girls. 
9. 4296 ft 

10. 8645 men. 
11. §16818. 

12. §54024. 
IS. §35334. 
14. 296149 yd. . 
15. 54078 ft 
16. 117648 in. 
17. 13112 min. 
18. 248808 rd. 
19. 8274. 
20. 15036. 
21. 233945. 
22. 472182. 
23. 376012. 
24. 54537. 
25. 36536. 

26. 34227. 
27. 43225. 
28. 121383. 
29. 2806032. 
SO. 2585160. 
31. 5259186. 
32. 723765442616. 
S3. §70. 
34. 94 ct. 
35. §500. 
36. §1575. 
37. §215. 
38. §9085. 

Exercise 11. 

1. §1200. 14- 469476. 27. 272916080. 39. §96950. 
2. §2075. 15. 241152. 28. 234262788. 40. 748000 yd., 
3. 3168 boys. . 16. 565785. 29. 66988960. 1267200 yd. 
4. 5888 pens. 17. 1603550. SO. 170421097. 41- 63360 in., 
5. 21170 da. 18. 32005260. 31. 181000512. 1584000 in. 
6. §25929. 19. 28597105. 32. 214307272. 42. 353685 da. 
7. §42364. 20. 15312780. S3. 137606352. 43. 25612 lines. 
3. 46125 ft. 21. 28804616. 34- 273922943. 44- 358568 wds. 
9. 127484 da. 22. 88564080. 35. 416312090. 45. 4032 mi. 

10. 86140 da. 23. 156530435. 36. 362630048. 46. The latter; 
11. §247000. 24. 203058102. 38. 8760 hr., 8939. 
12. §344634. 25. 87831900. 52560 hr., 47. 3489863. 
13. 238150. 26. 576267915. 657000 hr. 

Exercise 12. 

1. 15480000. 
2. 148396. 
3. 6676950. 
4. 5640. 
5. §64855. 
6. 124 mi. 
7. 3960 mi. 
8. 47600 ap's. 

10. 2623 ; 
10492 trees. 

11. 252 pages. 
12. Mr. Dash 

owes Mr. 
Blank §24. 

IS. 2812992 lb. 
14. 6 mi. 
15. §15555. 
16. §2450. 
17. The latter. 
18. 25578. 

19. §1110, §740, 
§1850. 

20. §40460. 
21. §1429. 
22. §28470. 
23. If selling 

price ex-
ceeds cost 

24. 
26. 

27. 

If cost ex-
ceeds sell-
ing price. 

§2888. 
Last is great-
est ; second 
is least 
88; 932. 



Exercise 14. 

SI. 142 in. 42. 3357. 53. 47784. 63. 508097. 
32. 295 ft. 43. 7329. 54- 43219. 64- 807904. 
33. 238 da. 44- 9524. 55. 892787. 65. 2088099 
34. 296 men. 45. 2857. 56. 62159. 66. 1908207. 
35. 159 T. 46. 65277. 57. 31421. 67. 9504203. 
36. 369 men. 47. 37672. 5S. 45367. 68. 760055. 
37. 86 da. 48. 15432. 59. 41235. 69. 507804. 
38. 275 pk. 49. 72469. 60. 57384. 70. 809516. 
39. 157 yd. 50. 87893. 61. Q. = 404508 , 71. Q.=2804701. 
40. 129 ft. 51. 61731. R. = 2. U. = l. 
41. 7562. 52. 82787. 62. 8090795. 72. 12013908. 
73. 2496, 18901, 79. 4762, 1011558; 85. 5456. 

447039, 209048. Q. = 175780, 86. 77513. 
74. 868 ; R. = 3; 87. 479201 

Q. =102850, 
R. = 2 ; 
1505293, 2057613. 

75. 35069, 84055, 
150621, 1024609. 

76. 50368, 708602, 
4300213, 1667003. 

77. 7507, 435)080, 

2890103. 
80. 65044, 338201, 

423947, 8750151. 
81. 2638 ; 112483; 

Q. = 6569273, 
R. = 1; 
Q. = 7791495, 
R. = 1. 

88. 3256, 4071, 370543, 
924608. 

89. 2357, 50813, 74032, 
3901506. 

90. §1239. 
91. 286 wk. 
92. 788 bbl. 
93. 780 wk. 

18922594, 1251027. 82 51626. 94. 5280 ft. 
78. 13393, 640261, 83. 53380. 95. 4075 bu. 

742084, 1975308. 84. 6374. 96. 3899 sq. yd. 
97. 12936. 108. Q. = 60086, 115. Q = 445, 122. Q. = 153, 
98. 715540. R. =1. R = 70. R. = 570. 
99. 2227. 109. Q. = 62411, 116. Q = 1371, 123. Q. = 738, 

100. 40275. R. = 4. R = 66. R. = 184. 
101. 5468. 110. Q. = 1675, 117. Q = 267, 124. Q. = 70, 
102. 342. R. = 8. R = 50. R. = 793. 
103. 22009. 111. Q. = 16048, 118. Q = 4881. 125. Q. = 430, 
104. 421G5. R. = 3. li = 150. R. = 650. 
105. Q. = 3926, 112. Q. = 4937, 119. Q = 3255, 126. 306. 

R. = 7. R. = 10. R = 80. 127. 3934. 
106. Q. = 2418, 11S. Q. = 2255, 120. Q. = 239, 128. 1766. 

R. = 1. R. = 20. R. = 70. 129. 86306. 
107. Q.=202405, 114. Q- = 21034. 121. Q. = 3592, 130. 181961. 

R.=3. R. = 10. R. = 300. 

V 

Exercise 15. 

1. 23. 33. 56. 63. 5298, 6309. 89. 14 yd. 
2. 36. S4. 37. 64. 7035, 8704. 90. 12 T. 
S. 17. 35. 29. 65. 78. 91. 234 oxen. 
4. 28. 36. 173. 66. 93. 92. §36. 
5. 47. 37. Q. = 2140, 67. 27. 93. 2723. 
6. 28 ft. R. = 9. 68. 63. 94. 6175. 
7. 46 T. 38. 327. 69. 308. 95. 9268. 
8. 49 min. S9. 463. 70. 530. 96. Q. = 2304, 
9. 84 hr. 40. 514. 71. Q. = 313, R. = 1862. 

10. 64 pages. 41. 623. R. = 14. 97. Q. = 6507, 
11. 85. 42. 528. 72. Q. = 140, R. = 1444. 
12. 116. 43. Q. = 546, R. = 238. 98. Q. = 9506, 
13. Q. = 75, R. = 35. 73. Q. = 80, R. = 4822. 

R. = 16. 44• 846. R. = 13. 99. 10960. 
14. 178. 45. 503. 74- Q. = 68, 100. 5804. 
15. 256. 46. 605- R. = 828. 101. 9603. 
16. 327. 47. 807. 75. Q. = 4875, 102. 4007. 
17. 361. 48. 504. R. = 1611. 103. 6009. 
18. 426. 49. 407. 76. Q. = 1672, 104- 8007. 
19. 659. 50. 609. R. = 5813. 105. Q. = 43662, 
20. 748. 51. 804. 77. 89 ; 132 da. R. = 2575. 
21. 205. 52. 1234. 78. 68 ; 190 bu. 106. 73048. 
22. 307. 53. 3124. 79. 83 sq. in. 107. Q.=790136, 
23. 409. 54- 5205. 80. 205 bbl. R.=64304. 
24. 507. 55. 6032. 81. 2054 yr. 290 108. 60441783. 
25. 601. 56. 6507. da. 109. 4000901. 
26. 1032. 57. Q. = 7037, 82. 125000 da. 110. 49. 
27. Q. = 2043, R. = 399. 83. 500 sec. 111. 65. 

R. = 32. 5S. 8106. 84• 7208 sh. 112. 1. 
28. 4028. 59. 9027. 85. §235. 113. 32. 
29. 5304. 60. 4213, 5608. 86. 80 ch. 114. 32. 
30. 7009. 61. 3255, 7016. 87. 907. 115. 146. 
SI. 16. 62. 3631, 7803. 88. 4307. 116. 95. 
32. 18. 

Exercise 16. 

1. 37. 7. 209. 13. 399. 19. Q. = 9, 
2. 62. 8. 356. 14. 427. R. =31. 
S. 85. 9. 418. 15. 473. 20. Q. = 19, 
4. 94. 10. 538. 16. 737. R. = 15. 
5. 131. 11. 627. 17. 813. 21. Q. = 12, 
6. 246. 12. 818. 18. '863. R. = 23. 



Q. = 17, 25. Q = 29, 28. Q. = 2, 31. Q. = 20, 
R. = 47. R = 113. R. = 96. R. = 163. 
Q. = 8, 26. Q = 32, 29. Q. = 21, 32. Q. = 16, 
R. = 7. R = 73. R. = 95. R. = 233. 
Q-= 25, 27. Q = 24, 30. Q. = 18, 83. Q. = 13, 
R. = 71. R = 143. R. = 233. R. = 169. 

Exercise 17. 

1. 11167, 11628 votes. 4- 30 and 60; 
2. John, 78; 15 and 75. 

William, 39 ; 8. 360girls; 
George, 13. 120 boys, 

S. 80, 20. 12 teachers. 

1. 8900. 
2. 15900. 
S. 12100. 
4. 19425. 
5. 12150. 
6. 36625. 
7. 28000. 
8. 59150. 
9. 55200. 

Exercise 13. 

10. 73000. 
11. 243000. 
12. 557250. 
13. 754. 
14. 1152. 
15. 1554. 
16. 3233. 
17. 3354. 
18. 6460. 

9. 11 and 121 ; 
6 and 126. 

10. A, 600 ; B, 300 ; 
C, 150 ; D, 50. 

11. 27629 and 28700 
votes. 

19. 7469. 
20. 29008. 
21. 42912. 
22. 72324. 
23. 314370. 
24. 713852. 
25. 1761237. 
26. 2375460. 
27. 3474545. 

28. 106900. 
29. 193500. 
80. 698000. 
31. 13740000. 
32. 14400000. 
33. 33180000. 
34- 64070000. 
35. 15650000. 

Exercise 19. 

1. 3045. 12. 95/^. 23. 966gf. 34- 913. 
2. 3575. 13. I40|lf. 24- 467ĝ . 85. 950§f 
S. 2667. 14- 65!}. 25. 211f§. 36. 1007«. 
4- 19154. 13. 390 A;. 26. 644|?. 37. 147J||. 
5. 858. 16. 108^. 27. 829|f. 38. 187,%. 
6. 1260. 17. 34. 28. 593^. 39. 256$|$. 
7. 10872. 18. 48. 29. 663§J. 40. 311800. 
8. 5264. 19. 56. 30. 745ifr. 41. 444400. 
9. 10280. 20. 72$f. 31. 314. . 42. 345000. 

10. 9512. 21. 90 32. 436|f. 43. 3017000. 
11. 454&. 22. 121$}. 38. 894^. 

Exercise 2 0 . 

1. §5060. 3. §15690; §3186. 5. §8568. 
S. §2000; §150. 4- 12 hr. ; 640 mi. : 6. 27981. 

10 Tir. 

7. Q. = 3485, 8. 1005415082. 10. 42953119. 12. 1763. 
R. = 424. 9. 696772. 11. 12. 13. 21. 

Exercise 22. 

1. 3. 10. 5. 19. 4. 26. Q. = 3, 
2. 4. 11. 3. 20. 2. R. = 24480. 
3. 2. 12. 6. 21. 102. 27. Q. = 4, 
4- 8. 13. 2. 22. 2$. R. = 9744. 
5. 4. 14- 16. 23. 3. 28. Q. = 2, 
6. 8f. 15. 3. 24- Q- : = 13 * R. = 199584. 
7. 15. 16. 8. R. : = 280. 29. Q. = 1, 
8. 6. 17. 13?. 25. Q . : = 1, R. = 424536. 
9. 18. 18. 27. R. : = 12600. 

Exercise 2 3 . 

1. 70)»; §2.25. 7. §341. 13. §900. 19. 18 yd. 
2. 56)». 8. 17649 1b. 14- §216. 20. 32 bu. 
3. §3.78. 9. 34000 qt. 15. 49 men. 21. 9 firkins. 
4- §1411. 10. §3250. 16. 54 da. 22. 4 rolls. 
5. §575. 11. §20. 17. 300 ft. 23. 45 baies. 
6. 304 1b. 12. §60. 18. 301b. 

Exercfse 2 4 . 

1. 6. 6. 3. 11. 12. 16. 32. 21. 10. 
2. 12. 7. 24. 12. 18. 17. 4. 22. 24. 
8. 15. 8. 42. 13. 24. 18. 54. 23. 18. 
4- 18. 9. 6. 14- 27. 19. 8. 24. 48. 
5. 16. 10. 8. 15. 30. 20. 14. 

Exercise 2 5 . 

1. 5. 6. 9. 11. 15. 16. 7. 21. 15. 
2. 4. 7. 11. 12. 21. 17. 11. 22. 13. 
3. 6. 8. 12. 13. 27. 18. 16. 23. 36. 
4- 8. 9. 17. 14- 31. 19. 17. 24. 29. 
5. 9. 10. 13. 15. 57. 20. 8. 25. 37. 

Exercise 2 6 . 

1. 24. 7. 30. 13. 840. 19. 540. 25. 1800. 
2. 45. 8. 144. 14. 5040. 20. 2376. 26. 5040. 
3. 50. 9. 630. 15. 3780. 21. 604. 27. 4620. 
4- 90. 10. 360. 16. 2310. 22. 360. 28. 24570. 
5. 168. 11. 2592. 17. 4004. 23. 600. 29. 198450. 
6. 140. 12. 1680. 18. 4620. 24. 3696. 30. 39270. 



1. 7656! 
2. 1632Û 
5. 7084. 

4. 13650. 
5. 16200. 
6. 20800. 

Exercise 27. 

7. 201348. 
8. 686880. 
9. 13680. 

10. 4480. 
11. 1980. 
12. 11340. 

Exercise 28. 

1. 12. 7. 6 and 6048. 13. 3 ft. 19. L. C. M. = 
2. 900. 8. 8 and 480. 14. 6 yd. the product 
3. 2. 9. 42 and 3780. 15. 60 qt. of the two 
4.2100. 10. 21 and 65520. 16. 120 ft, numbers. 
5. 17. 11. 3 aud 39780. 17. 11 ft. 20. An indefinite 
6. 39442. 12. 7 and 767340. 18. 13 bu. number. 

21. 20. 
Exercise 31. 

1. ¥ in. 8. ¥yr . 15. MÄ4. 21. 27. 
2. ¥ ft- 9. if§i. 22. 28. 
3. Y mi. 10. W- 17. if*. 23. 29. 
4- ¥ rd. 11. Sfl. 18. 5fï. 24. 30. W -
6. H yd- 12. w - 19. W- 25. 31. 
6. W gal- 13. m HP- 26. I S ^ C L I . 32. 
7. Wqt- 14-

Exercise 32. 

1. 6} qt. 7. 20| ft. 25. 53^- 19. 101?. 25. 60^. 
2. 7| mi. 8. $29 ft 14. 32ft. 20. ISA- 26. 102H-
3. 18f in. 9. 15. 26§?. 21. 15|f. 27. 
4- 24i da. 10. S 58ft- 16. 18,Y 22. 25§|. 28. 
5. 23? wk. 11. §35 J|. 27. 14Jf. 23. 36g*. 
6. 19f gal. 12. §68^. 25. 21 Jf. 24. 48IÎ-

Exercise 33. 

2. f 10. f • 19- H- 27. f- 35. f 
f- 11. f m A- 28. II- 36. 

5. 1- 12. f- 22. i*. 29. 1- 37. A-
i- 13. H- 30. f i 38. 1-

5. f 14. 25. ü . 52. 1, f 89. A-
6. i . 15. A- ^ H- 32. ?yr- 40. a-
7. #• 16. A- 33. M ton. 41. fè-
8. A- 17. A- 26. Ü. 34. 1 mi 42. ii-
9. ft. 18- ft 

Exercise 34. 

i- A. 14. A' ié- 27. 28, > m 
A> A- 15. H. A- 28. f 

3- M, 16. m, m . ift- 29. f 
A. A- 17. 18. A- 30. 

5- M, if- 18. il, 1?, H- 31. ft. 
e- H, H- 19. A, ft> if- 32. ft. 

fft, M- 20. m , itî- 33. ft. 
8. ill, Hb 21. A*A AA> T̂AV- 34. M H ; H and n 

22. AA, AA, AA- 35. Yes. 
10- A» A- A- 23. A®» Ai» Ht- 36. Yes. 
n . i, 1, 24- m ÏA, m- 57. H-

lb A, A- 25. 2ft, I f t , 4A- 38. Yes; no ; yes. 
13. H, if, f|. 26. m 6A, 'H-

Exercise 35. 

i- H- 5. m . 9. lif. 15. 17. 3MS-
1A- 6. 1«. 20. 2A- 14- lfî- 15. 

5. 1A- 7. 1 f t . 22. lHè- 15. 4tJ5. 19. H-
H- 8. 1*. 2̂ . 2|. 16. 4}H- 20. 4AA-

Exercise 36. 

2. 5. 5. i?. 11. i- 14. iA-
it- 6. H- s- H- 1̂ - AA- 15. iè-

3- A- 7. m 20. if. 25. 2. 16. m-
if-

Exercise 37. 

2. 6J. 5. m- 5. 12}. 22. 15ff 14- M
 

CC
 

X 

7A- 6. 12 u- 9. lof 12. 2\ft. 15. 32 m . 
5. 12|. 7. m- 10. 24 ft. 13. 26AV- 16. 25iH. 

m-
Exercise 38. 

1. b 7. Ä- 25. H- 19- Aî- 25. ^Af-
2. ft 5. rbf 24- H- m A* 26. 1AA-
8- ft- 9. As- 15. m- 27. Hîî-
4- ft 10. H- 16. Vt- 28. 
5. Ü- 11. A- 17. «• 23. i f f 29. AA-
e- Hi- 12. m - 18. i f t . Ai- 30. lli*' 



1. 
A-

3. 1«. 
4- 2A-
5. 

A 
7- A-

1- « 
H 

5. M 
4- If 
5. 2$ 

2. 2?. ' 
8 . 

S. 7$. 
4- li-
5. 2?. 
6. 6 f . 
7. 11J. f 

1. 57. 
2. 87. 
3. 33. 

129. 
5. 224. 
6. 15g. 
7. 
3. 219$. 
9. 586|. 

2. $33$. 
2. $ 115$, 
S. $15$. 

$87$. 
5. #360. 

Exercise 39. 

iA- 20. Si-
25. 1&. 22. li-
26- A- 22. lî-
27. 3 |f. 23. 3A-
18. 2&. 24. li-
29- H> 25. lì-

3. A-
9. A-

20. ^ 
11. 1$. 
12. 1TV 
¿3. 25V 

3. 6. 
7. 2$$. 
3. 2jV 
9. | . 

9. f. 
10. si-
11. S-

A-
23. 
2* M-
23. i-
16. i-

Exercise 41. 

10. 7$$-
11. 6$$. 
12. H}. 
13. SA-

14- 5$$. 
15. 4$. 
16. 2&. 
27. 7$. 

8$. 
27. 
28. 
29. 16TVs-
30. 2?$. 
si. 4H|. 

18. 11$. 
19. A-
20. 92$ ft. 
21. $38 A-

33. i-
5-#. 21 §. 
35. m 
36. U-
37. 12/ft. 
33. 35?. 
39. f. 

Exercise 42. 

27. f 25. 50$. 
23. i. 26. 62$. 
29. i. 27. A-
20. T<ft. 23. A-
22. A- 29. 
22. Ili- 30. i?. 
23. ÎOJ. 32. A. 
24. in. 52. f. 

Exercise 43. 

20. 944$. 29. 8i. 27. 175 sq. ft. 
11. 672A- 20. 18$. 23. 299$ sq. f t ' 
22. 11. 22. 62. 29. 627i sq. ft. 
23. 6$. 22. 14$. 30. 527i sq. ft 
24- 49. 23. 132. 32. 820 sq. ft 
25. 18. 4i. 52. 276 sq. ft. 
16. 302. 25. 202$ sq. ft. 33. 345A sq- ft 
17. 469i. 26. 202J sq. ft. 360î sq. ft 
23. 949. 

Exercise 45. 

6. $1.55$. 22. $6330$. 26. 702 ft 
7. S 821 g. 22. 164isq. ft. 27. H-
3. $30. 23. 2508| sq. ft 23. «. 
9. $277i. 14. i, f 29. m yd-

20. $ 1668$. 25. f. 

ANSWERS. 

Exercise 46. 

t- A- 9. A- 27. 1$. 25. 42$. 33 6$. 
2. A- 10. rh- 18. 1$. 26. 76$. 34- f 
s- A- H- TAÎ- 29. 1}. 27. 67$. 55. A 

TVS- «s». 20. if 23. 41A 36. 
5. îA- 25. 6. 21. 1 29. 4f 37. 8J$. 
6. A- 2* $. 22. 21 A- 30. 11$. 33. 2$i$. 

,1* 25. If 23. 16$. 32. 4$. 39. 3$$$. 

A- 26. $f. S* 36$f 32. 8$. 

Exercise 47. 

2. $. 
2. i. 

20. A- 29. 8A- 28. f 37. 3$. 2. $. 
2. i. 11. 2A- 20. AA 29. A- 33. 18$. 
S. f 22. 7$. 22. 3|$. 30. 6i. 39. 2$. 
.4. 4. 23. 28. 22. |. 32 f . 40. 18. 
5. 2$. 24. 2A- 23. $. 32. 3VA- 41. If 
6. 2A- 25. 1. * * 33. 3AÎ- 42. 
7. ff. 16. A- 25. A- 34- ». 43. 6f 
3. "¡i. 27. 8. 26. f 35. 2A-

If 23. A- 27. $$. 56. 3?. 

Exercise 48. 

i- A- 5. AT. sis- 23. 18. . 17. 1. 
2. A- 6. j i j . 10. $$. 2̂ . 18. 23. Ili. 
S- rk- 7. A- 11.2$. 25. 37i. 29. 440. 

4- A- 3. A- 22. 2§. 26. If 20. 12$. 

Exercise 49. 

2. 22? ; 9AJ" 4- 5AT. 7. 6831$ lb. 20. 8$ rolla. 
2. $40$. 5. $201$. 8. 2438$ cu. in. 11. 11$$ L 
3. 50$ yd. 6. 24$ lb. 9. 325$ in. 

Exercise 50. 

2. 546 p. 7. $96i. 23. 29. 30 m. ; 
2. $8550. 8. 214$ co. in. 14. $ 165. 20. 497 A. ; 
3. $100977. 9. 23? c. 25. 48 m. 213 A, 
f . 5300 ml 20. 466A b. 26. 80 A. 22. 372 p. 
5. $30i. 22. $83A 27. 360 p. 22. $12600. 
6. $41$. 22. 62$ lb. 18. 112 ft. 



Exercise 51. 

1. Latter; $. SO. 2JÎ. 53- Iffîf. 36. 490$ A. 
2. Latter; A- 32. 12$. 59. ¿Vi- 13?-
3. li$. 32. 9. 60. ft. 33. §2401$$. 
£ 38$. 33. 22$. 62. 7$$. 39. 100|$ qt. 
5. 23$f 34- 13$. 62. 1$. 90. §74 per yd. 
3. 62ft5. 35. 4. 63. 1$$. 92. §45937$. 
7. 26$f. 36. 316. 64- 2ft. 92. ft. 
3. 37. 224. 65. 3ft. 93. Iff 
9. 19i$|. 33. IB- 66. l f ä . 94- 1ft. 

20. 2f|. 39. U- 67. 3|§. 95. 6?. 
U. 1ft. 40- 2ft. 63. 4$$. 96. §6$. 
12. f. 41. 1ft. 69. ft. 97. Increased; 
13. l - f f i . 1ft. 70. §1620. ftV 
U. OA 14 f. 72. Iff. 93. Dim'd; $$. 
is. m- 44- A 72. 9$. 99. 138$$. 
16. lftV 43. ft. 73. 4ft 100. 528 A. 

1 7 . ftft- 46. ft. 74. 78$$. 202. §15$$. 
IS. lf$$. 47. $. • 75. 7$. 202. 17ft c. 
is. em- 43. $$. 76. $$ ; §32$. 203. Oft« da. 
so. m i 49. ft. 77. ft. 204. §27$$. 
SI. 3f$$. 50. 1$. 78. 262. 105. 9f T. 
22. 4$. 51. }$. 79. 75. 206. Dim'd; /ft. 
23. 9ft. 52. $$. 80. 60 boys. 207. §90; §70. 
2J,. 3 ft. 53. $. 32. 90 w. balls. 203. 265 ; 35$. 
25. 1ft. 54. ft. 32. 625 sheep. 209. Last, 7$ da. 
26. 24,%. 55. 3$. 33. 3$ mi. an hr. 220. 9ft da. 
27. 3$. 56. ft. 34- 650 T. 222. Last, 3 da. 

28. 6$. 57. 7$. 35. 90 A. 222. 3ft hr. 
29. 4$. 

Exercise 53. 

2. §198.27. 4. §134.98. 7. 373.039. 
2. 108.506 in. 5. §490.18. 3. 74.4964 ml. 
3. 65.5051 sq. yd. 3. 3150.356. 9. 8020.528964. 

Exercise 54. 

1. §4.14. 6. 221.5119. 22. 1.54. 26. 271.395. 22. §12.77. 
2. §13.446. 7. 9.5243. 22. .296. 27. .9. 22. .001265. 
3. 32.77 in. 3. .8293. 23. .0933. 23. .007. 23. 8128.48. 
4- 17.127. 9. .17. 24. .0102. 29. 9.999. S^a §84i94, 
5. 47.18. 20. .18. 25. 63.662. 20. 1.989797. 25. 309.441. 

Exercise 55. 

l . 41.5. 9. .4. 23. 100.2001. 27. .24. 22. §3906.28. 
2. 4.2. 20. .4. 24. .09018009. 23. 4.90038 22. 272.85. 
3. .38. 22. .01. 25. 108. 19. .616. 23. 20.3186. 
4- 1.56. 22. .1. 26. .484. 20. .145435 24. §1236.02. 
5. .616. 

Exercise 56. 

1. 2.5. 22. 3. 22. 1000. 32. 112. 40. 21.4. 
2. .015. 22. 3. 22. .0001. 32. .00112. 42. 808.08. 
3. .18. 23. .9. 23. 500. 33. .0005. 42. 800808. 
4- .8. 24. .7. 24. 4. 34- 32. 43. .0164. 
5. .0011. 25. 12. 25. 800. 35. 31.5. 44- 6. 
6. .0019. 26. .28. 26. .7. 36. 2.51. 45. .3737+. 
7. .279. 27. .1. 27. 3100. 37. .1012. 46. 1.3808+. 
8. 8. 23. 10. 23. 17700. 33. 205200. 47. 3.3061 +. 
9. 30. 29. .01. 29. 1000. 39. 43.6. 48. .1327 4-. 

10. .3. 20. .09. 30. .0019. 

Exercise 57. 

i . f- 5. 9- 23. 27. $. 22. ft. 25. m a -
2. i- 6. f- 20. $. 24. $. 23. ft. 22. If. 26. 10J&. 
3. ft- 7. ft- 22. f$. ¿5. $. 29. $. 23. 2$$- 27. 7jftv 
4- 3. ft- 22. 26. $. 20. J. 24. 5ft. 28. 1ft. 

Exercise 58. 

2. .5. 2. .85. 3. .16666$. 4- .23333$. 
.25. 1.45. .28571$. .0225. 
.75. 1.3125 .55555$. .01833$. 
.8. 4.72. .63636ft. .00385?. 
.125. .234375. .61538ft. .OO4114. 
.625. .484375. .88235ft. 1.98684 ft. 
.4375. 1.703125. .21052$!. •02736 ft. 
.6875. 3.337a . 1.06666$. 5. .25 ; .4 ; .14?. 
.32. 1.8875. 3.26666$. 6. .33$ ; .4 ; .08. 
.84. 5.47619ft. 7. .66$; .4;.125. 
.59375. 

5.47619ft. 
3. .66| ! -375 ; 

.96875. .5625. 
Exercise 59. 

2. 11.205. 4- 7.5691 $. 7. 35.27862. 20. .06586$. 
2. 4.7665. 5. 599.4. 8. .0007781$. 22. 147. 
3 1.8057. 6. 80.799924. 9. .225127504. 22. .00065. 



xiv ANSWERS. 

IS. 34000. 
14. .000004. 
15. 1670000. 

1. $161.27. 
2. $61.47. 
S. $71.68. 
4. $90.22. 
5. $69.75. 
6. $5.33. 
7. $2.06. 
8. $3386.12*. 
9. $9.91 J. 

10. $2.12*. 

1. $8.73. 
2. $32.96. 

1. $77.36. 
2. $622.79. 

16. 20000. 
17. .0000001. 
18. 100000000. 

19. .0009125. 
20. 32080. 
21. 17.674. 

Exercise 60. 

11. 13 ch. 
12. 28.5 A. 
IS. 41 p. 
14. 49 sh. 
15. $91.35. 
16. $253.19J. 
17. $5.43|. 
18. $.50. 
19. $372.50. 

20. $6.75. 
21. $18. 
22. $23.33. 
2S. $39.60. 
24- $62.67. 
25. $59.50. 
26. $11.88. 
27. $62.25. 
28. $51.33. 

Exercise 61. 

3. $10.435. 
4- $9.03. 

5. S 169.20. 
6. $27.04. 

Exercise 62. 

8. Dealer owes 
32*?. 

4. $374.64. 
5. $487.33. 

Exercise 64. 

22. 30 bu. 
2S. 3 ft. 

29. $53.33. 
SO. $9. 
81. $28.88. 
82. $15.33. 
S3. $12. 
34- $7.63. 
85. $9.40. 
36. $6.33. 
37. $68.25. 

7. $151.02. 
8. $436.20. 

6. $337.50. 
7. $1653.76. 

1. 117930 oz. 
2. 10080 lb. 
3. 193615 oz. 
4. 25211 oz. 
5. 91790 lb. 
6. 3 T. 15 cwt. 40 lb. 10 oz. 
7. 7 T. 8 cwt. 9 lb. 5 oz. 
8. 6 T. 12 cwt. 80 lb. 

9. 10 T. 8 cwt. 5 oz. 
10. 9 T. 70 lb. 15 oz. 
11. 2317766 oz. 
12. 19 cwt. 28 lb. 6 oz. 
IS. 64 f. 
14. 48 men. 
15. 44 b. 
16. 9 T. 17 cwt. 95 lb. 

Exercise 66. 

1. 1556 gr. 
2. 3738 gr. 
3. 32889 gr. 
4. 50,412 gr. 
5. 46,222 gr. 
6. 3018 pwt. 
7. 2 lb. 7 oz. 10 pwt. 16 gr. 

8. 10 oz. 13 pwt. 5 gr. 
9. 3 lb. 11 oz. 14 pwt. 

10. 5 lb. 6 oz. 21 gr. 
11. 8 lb. 16 pwt. 10 gr. 
12. 4 lb. 8 oz. 5 pwt. 9 gr. 
13. 2 lb. 10 oz. 10 pwt.; 11 medals. 

ANSWERS. XV 

" Y 

1. 2628 gr. 
2. 21490 gr. 
3. 11865 gr. 
4. 2916 gr. 

1. 737 ft. 
2. 12637 i ft. 
3. 19978 ft 
4. 21131 f t 
5. 7306 in. 
6. 721 in. 
7. 160566 in. 
8. 237620 in. 

Exercise 67. 

5. 33940 gr. 
6. 57792 gr. 
7. 10 5 53 2 9 8 gr. 
8. 3 5 4 3 11 gr. 

Exercise 69. 

9. 5 yd. 2 ft. 10 in. 
10. 8 rd. 3 yd. 1 ft. 6 in. 
11. 2 mi. 220 rd. 2 yd. 

2 ft. 
12. 6 mi. 5 yd. 1 in. 
13. 4 mi. 125 rd. 2 ft 

8 in. 

1. 1674J sq. ft. 
2. 102456 sq. f t 
3. 130903 sq. ft. 
4. 10900 sq. in. 
5. 138373 sq. in. 
6. 25095024 sq. in. 
7. 3A.88sq.rd.6sq.yd. 

1. 102152 cu. in. 
2. 155 cu. ft. 
3. 960 cu. ft 
4. 474 cu. f t 

1. 380 pt 
2. 779 pt 
3. 689 pt 
4. 685 pt 
5. 277 qt. 
6. 831 qt 

9. 1 lb. 6 3 1 3 5 gr. 
10. 3 lb. 3 3 2 3. 
11. 4 lb. 1 3 6 3 17 gr. 
12. 7 lb. 2 3 10 gr. 

14. 7 mi. 305 rd. 2 yd. 
2 ft. 3 in. 

15. 1125 1. 
16. 240001. 
17. 5 1. 
18. 2464 rails. 
19. $121893.75. 
20. 2300 panels. 

11. 2 A. 112 sq. rd. 21 
sq. yd. 3 sq ft. 

12. 93 sq. rd. 9 sq. yd. 
2 sq. ft. 6 sq. in. 

IS. 6400 sq. ch. ; 50 sq. 
ch. 

14. 2 sq. mi. 220 A. 

7. 27 gal. 3 qt. 1 pt 2 gì. 1S. 7276* cu. in 

Exercise 71. 

8. 60 sq. rd. 25 sq. yd. 
7 sq. ft 

9. 24 sq. rd. 2 sq. yd. 
8 sq. ft 80 sq. in. 

10. 30 sq. yd. 5 sq. ft 
125 sq. in. 

Exercise 73. 

5. 3 cu. yd. 15 cu. ft 7. 127 cu. yd. 26 cu. 
525 cu. in. ft. 

6. 75 cu. yd. 21 cu. ft. 8. 4 cu. yd. 20 cu. ft ; 
91* cords. 

Exercise 75. 
14. 14.93 cu. ft 
15. 67.2 cu. in. ; 57} cu. 

.in. 
16. 9.31 nearly. 
17. $1.88. 
18. $10.50. 
19. 48 gal. 1 pt 

8. 3 bu. 2 pk. 4 qt. 1 pt 
9. 5 bbl. 20 gal. 2 qt 

10. 4 bu. 3 pk. 7 qt. 1 pt. 
11. 3 bbl. 8 gal. 1 qt. 

3 gi-
12. 25 bu. 1 pk. 6 qt 1 pt 

1. 326 far. 
S. 9949 far. 

Exercise 77. 
S. 16115 far. 
4. 70735 far. 

5. $7 ; 28 f. 
6. $34; 52 .̂ 



7. 12s. 7d. 1 far. 
8. £2 10s. Sd. 
9. 15s. 8 d. 3 far. 

10. £3 14s. Sd. 1 far. 
11. £8 16s. lid. 1 far. 
12. £ 10 3d. 2 far. 

IS. £16 13s. 3 far. 
14. §63.26. 
15. §3.65. 
16. §50.12. 
17. §320.82. 
18. §28.23. 

19. §16.79. 
20. £ 1 0 0 . 
21. £24. 
22. £ 1 2 0 . 
2S. §9.80. 

1. §38.60. 
2. §36.89. 
S. §11.67. 
4. §22.05. 

Exercise 79. 

5. 388.6 fr., or 315.13 7. 5061.14 fr., or 4104.2 
mk. mk. 

6. 639.63 fr., or 618.7 8. §2.32. 
mk. 9. §7.62. 

Exercise 80. 

1. 6830 mill. 
2. 885990 min. 
3. 1304320 min. 
4. 2714991 min. 
5. 19009545 sec. 
6. 27291638 sec. 
7. 15 hr. 55 min. 30 sec. 
8. 64 da. 19 hr. 24 min. 

9. 7 yr. 121 da. 16 hr. 
10. 1 da. 11 hr. 35 min. 

40 sec. 
11. 2 yr. 19 hr. 8 min. 
12. 9 yr. 307 da. 7 hr. 
13. 2912430 sec. 
14- 7053 hr. 
15. 78 da. 

16. 196 da. 
17. 159 da. 
18. 85 da. 
19. 188 da. 
20. 316 da. 
21. 187 da. 
22. 308 da. 
23. Fall. 

1. 127045". 
2. 540050". 
3. 738640". 

Exercise 82. 

4. 1188186". 
5. 5° 50' 26". 
6. 75° 40". 

7. 110° 37' 14". 
10. 13635". 

11. 69.173 mi. 
12. 1.153 mi. 

1. 880 fathoms. 
2. 5} ft.; 3} ft. 
5. 1728 u.; 15 doz. 
6. §4.32. 

Exercise 83. 

7. 1440 p.; 4320 p. 11. 147 bun. 
8. 480 s. ; 960 s. 12. i. 
9. 3 ba. 3 bun. 1 r. 6 q. IS. Barley; §19.71. 

10. 2*/». 

1. 8748 oz. 
2. 4056231 min. 
5. 146896fin. 
4. 31459". 
5. 151231} sq. ft. 
6. 13383 sh. 

Exercise 84. 

7. 15956 lb. 
8. 3770095 sec. 
9. 1661 pt 

10. 1883 pt. 
11. 171632 cu. in. 
12. 27372 sq. yd. 

13. 26861 In. 
14. 45010 gr. 
15. 91491 in. 
16. 55556* gr. 
17. 3 mi. 73 rd. 4 yd. 

1 f t 6 in. 

18. 3 A. 65 sq. rd. 15 sqf 24- 3 cu. yd. 20 cu. f t 29. 7310 p. 
yd. 508 cu. in. SO. 1710 times. 

19. 7 T. 18 cwt 76 lb. 25. 66° 35' 28". 31. 41 da. 5J hr. 
4 oz. 26. 8 lb. 11 oz. 16 pwt. 32. 448. 

20. 8bu.3pk.2qt 1 pt. 20 gr. S3. §6624. 
21. 15 da. 10 hr. 39 min. 27. 307 rd. 1 yd. 2 ft. 9 34. 1 mi. 130 rd. 

40 sec. in. 35. §12523*. 
22. 9 bbl. 21 gal. 2 qt. 28. 146 sq. rd. 27 sq. yd. S6. 480 sacks. 

1 pt. 6 sq. ft. 37. 150 sacks. 
23. 7 lb. 8 § 4 3 2 3 16 

gr. 
Exercise 85. 

1. 20 cwt. 50 lb. 2 oz. 10. 32 A. 103 sq. rd. 18 sq. yd. 1 sq. 
2. 16 yr. 70 da. 20 hr. 55 min. 1 sec. ft. 15 sq. in. 
5. "51 lb. 15 pwt 15 gr. 11. 44 T. 5 cwt 59 lb. 4 oz. 
4. 27 lb. 4 3 4 3 1 3 19 gr. 12. 24 mi. 232 rd. 3 yd. 2 ft. 3 in. 
5. 38 bu. 2 pk. 7 qt. IS. 44 yr. 14 da. 22 hr. 47 min. 12 sec. 
6. 47 bbl. 11 gal. 3 gi. 14. 114° 25' 41". 
7. £26 6s. lid. 2 far. 15. 42 A. 132 sq. rd. 2 sq. yd. 1 sq. 
8. 39 cu. yd. 25 cu. ft. 1435 cn. in. ft. 117 sq. in. 
9. 112 mi. 285 rd. 2 yd. 1 ft. 7 in. 16. 42 lb. 6 3 2 3 16 gr. 

Exercise 86, 

1. 8 bbl. 4 gal. 3 qt 1 pt 17./1 mi. 174 rd. 5 yd. 1 in. 
2. 3 T. 15 cwt 97 lb. 2 oz. 18/. 51_sq. rd. 21 sq. yd. 3 sq. ft. 6 
3. 2 lb. 9 3 7 3 1 3 12 gr. 7 "sq. in. 
4. 13 cu. yd. 17 cu. ft. 538 c<f. in. i9. 9 mo. 12 da. 
5. 8 gal. 2 qt. 1 pt. 1 gi. mo. 10 da. 
6. 8° 37' 85". 21. i yr. 4 mo. 7 da. 
7. 11 mi. 186 rd. 4 yd. 1 f t 3 in. 22- 67 yr. 9 mo. 22 da. 
8. 36 A. 118 sq. rd. 14 sq. yd. 6 sq. 23. 23 yr. 29 da. 

f t 65 sq. in. 24• 26 yr. 6 mo. 18 da. 
9. 103° 25' 17». 25. 4 yr. 9 mo. 27 da. 

10. 54° 20' 14". 26. 85 yr. 9 mo. 2 da. 
11. 30 mi. 270 rd. 1 yd. 9 in. 27. Jan. 10?7908. 
12. 3 bbl. 15 gal. 2 qt. 2 gi. 28. Oct. 22, 1782. 
IS. 68 mi. 153 rd. 3yd. 2 ft. 2 in. 29. May 17, 1881. 

A. 135 sq. rd. 5 sq. yd. 1 sq. ft. SO. Mar. 26, 1903 ; 
62 sq. in. 50 yr. 1 mo. 23 da. ; 

15. 13 T.*3 cwt 50 lb. 1 oz. 23 yr. 11 mo. 14 da. 
16. 44° 13' 10". 



Exercise 87. 

1. £52 14s. lOd. 2 far. 
2. 58 T. 9 cwt 78 lb. 12 oz. 
3. 17 bbl. 14 gal. 3 qt. 2 gi. 
4- 125 yr. 157 da. 11 hr. 25 min. 20 

sec. 
5. 360 lb. 4 3 7 3 17 gr. 
6. 121 mi. 136 rd. 5 yd. 2 ft. 8 in. 
7. 142 mi. 102 rd. 3 yd. 6 in. 

1. 
2. 

3. 
4-
5. 
6. 
7. 

1. 21° 17'30". 
2. 75° 10' 30". 
3. 118° 57'|15". 
4. 142° 59̂  45". 
5. 2 hr. 52 min. 40 sec. 
6. 6 hr. 10 min. 41 sec. 
7. 48 min. 31 sec. 
8. 4 hr. 38 min. 14 sec. 
9. 76° 20'. 

JO. 162° 28'. 
11. 2 hr. 48 min. 34 sec. ; 48 min. 

34 sec. past 2 P.M. ; 11 min. 
26 sec. past 7 A.M. 

8. 79 A. 12 sq. rd. 30 sq. yd. 1 sq. 
ft. 63 sq. in. 

9. 89 A. 114 sq. rd. 9 sq. yd. 3 sq. 
ft. 40 sq. in. 

10. 109° 26' 15". 
11. 1078 bu. 3 pk. 1 qt. 1 pt 
12. 491 T. 5 cwt. 30 lb. 
13. 29 A. 56 sq. rd. 28 sq. yd. 4 sq. ft. 
14. 21 mi. 300 rd. 1 ft. 3 in. 

12. 19 sec. past 5 P.M. ; 29 min. 41 
sec. past 1 P.M. 

13. 44°£S»50". 
14- T§3° 44''W. 
15. 32 min. 59 sec. past 9 A.M. 
16. 75° 10' W. 
17. 44 min. 3 sec. past 6 A.M. ; 15 

min. 57 sec. past 6 P.M. of 
day previous. 

18. 2° 20-. 
19. 122° 42' E. 
20. 137° 4' 15"; 9 hr. 8 min. 17 sec. 
21. 82° 23'45" W. 
22. 18° 3'30" E. 

Exercise 88. 

13 bu. 3 pk. 7 qt. 1 pt. 8. 5 A. 155 sq. rd. 8 sq. ft. 140 sq. in. 
3 yr. 214 da. 17 hr. 8 min. 9. 6 lb. 5 3 5 3 1 3 7 gr. 

41 sec. 10. 171. 
9 T. 17 cwt. 48 lb. 15 oz. 11. 540. 
15 gal. 1 pt. 3 gi. 12. 18. 
5 mi. 121 rd. 2 yd. 1 ft. 7 in. 13. 720. 
8 mi. 75 rd. 2 ft. 9 in. 14- 8 hr. 
4 A. 130 sq. rd. 27 sq. yd. 8 sq. 15. 384 nearly. 

ft. 5 sq. in. 16. 480. 

Exercise 90. 

Exercise 91. 

2. 280 rd. 
18 cwt. 33 lb. 5} oz. 

3. 10 oz. 13 pwt. 8 gr. 
4- 5s. lid. 1 far. 

6. 108 da. 3 hr. 33 min. 20 sec. 19. ftda. 
6. 20' 50". 20. $$bu. 
7. 5 sq. yd. 7 sq. ft. 135 sq. to. 21. H lb. 
8. 2 gal. 1 qt. 1$ gi. 22. $ mi. 
9. 8 3 6 3 1 3 4 gr. 23. A A. 

10. 26 cu. ft. 1080 cu. in. 24- BgaL 
11. 3 pk. 1 pt 25. ÎÎ wk-
12. 137 sq. rd. 28 sq. yd. 1 sq. f t 26. m T. 

68/5 sq. in. 27. 107 rd. 1 yd. 6 in. 
13. min. 28. 203 da. 9 hr. 56 min. 30 sec. 
14. ÄPt- 29. 5 oz. 2 pwt 22 gr. 
15. 28$ sq. in. 30. 106 sq. rd. 28 sq. yd. 6 sq. ft. 
16. 7$ in. 31. 58 sq. rd. 11 sq. yd. 5 sq. f t 88$ 
17. 25$ hr. sq. in. 
18. 6$ pt 32. 34 rd. 3 yd. 1 f t 8 in. 

Exercise 92. 

1. 6 da. 3 hr. 11. 14 gal. 1 pt 1.6 gl. 
2. 11 oz. 2 pwt. 12. 28 sq. rd. 
3. 16 cwt. 64 lb. 12.8 oz. IS. 2 mo. 4 da. 2 hr. 16 min. 48 sec. 
4- 2 pk. 2 qu. .8 pt 14. 45 rd. 11.88 in. 
5. 269 rd. 2 yd. 1 ft. 3.12 in. 15. 3 mo. 21 da. 14 lir. 24 min. 
6. 67 sq. rd. 20 sq. yd. 5 sq. f t 16. .1305°+. 

18.72 sq. in. 17. .6401 + mi. 
7. 6 3 7 3 17.76 gr. 18. .8276 + T. 
8. 29 da. 16 hr. 11 min. 16.8 sec. 19. .2854 lb. 
9. 10 cu. ft. 216 cu. in. 20. .0107 + yr. 

10. 14 rd. 3 yd. 2 ft. 10.56 in. 21. .65 bu. 

Exercise 94. 

1. 66 sq. rd. 9 sq. yd. 3 sq. ft. 13. » a * 
33 sq. in. 14- $317.70. 

2. 3.6716 w. 15. $ 5627.79. 
3. 26 da. 6 hr. 23 min. 42 sec. 16. U-
4. $51.75. 17. 0.1. 
5. 1 cu. yd. 5 cu. f t ; $$$ oz. 18. 4 bu. 3 pk. 7 qt. If pt 
6. 16688$ steps. 19. 46 da. 0 hr. 15 min. 
7. 9 hr. 45 min. 20. 66 ft 
8. 21 mi. 192 rd. 21. 3 mi. 45 rd. 1 yd. 2 ft. 1.2+ in. 
9. $1.96. 22. July 2. 

10. 2 min. 30 sec. past 7 A.M. 23. $50.54+. 
f f f T o T min. 27 sec. past noon. 24- 537$. 

12. $25.95. 25. 6$f$da. 



26. 84° 59' 35". 
27. 12 cwt. 84 lb. m oz. 
28. 70 bbl. 
29. 1st, £ 1 1 s. 5d. 2.56 far. 

2d, 120 rd. 2 yd. 1 ft. 4.704 in. 
SO. 0.994+ lb. 
31. 15 sq. ft. 
32. 495000 cu. ft. 
SS. 97. 
84. 5 yr. 334 da. 14 hr. 42 min. 

45 sec. 
35. 14 da. 16 hr. 33} min. 
36. 3& ft. 
37. 1.552+ ft. 
38. 6/, oz. 

S9. 0.118+ sq. mi. 
40. 2 yr. 45 da. 1 hr. 25 min. 19.2 

sec. 
41. 41° 3' 59". 
42. 7§ft 
43. 80$ ft. 
44- 3A hr. 
45. 0.58+ mi. 
47. 1 mi. 279 rd. 2 yd. 1 ft. 11.292 

in. 
48. 12}. 

f 128° 14' 32". 
^ 1 174° 33' 11». 

50. 1415.5+ yr.; 147.4 yr. 

Exercise 95. 

1. 10 A. 10. 1 A. 106 sq. rd. 20 sq. yd. 1 sq. 
2. 32 A. ft. 72 sq. in. 
3. 7* A. 11. 78 A. 
4• A A- 12. 140 sq. ft. 
5. 22$ sq. yd. IS. 1920 A. ; 3200 A.; 320 A.; 240 
6. 1A sq. rd. A. ; 336 A. 
7. 63 A. 14. 1280 rd.; 960 rd.; 640 rd. 
8. 25f sq. yd. 15. 23A sq. yd. 
9. 1394*f sq. rd. 16. 1351* sq. ft. 

Exercise 96. 
1. 314.16 sq. ft. 5. 636.174 A. 9. 13.18+A. 
2. 706.86 sq. f t 6. 76.7 A. (about). 10. .7854 sq. in.; 7.0686 
3. 235.97 sq. yd. 7. 19.7933 A. sq. in. 
4. 4860.404+ sq. rd. 8. 788.544+ A. 

Exercise 97. 

1. §95.99. 2. §1232. 8. §743.32. 4. §509.44. 5. §417.60. 6. §5632t. 

Exercise 98. 

1. §11.62$. 2. §84.35. 3. §26.67. 4. §385.02. 

Exercise 99. 
1. 68 yd. 2. 64* yd. 3. 119 yd.; 113* yd. 4. §66.38. 

5. Crosswise; §1.08. 

1. 18 rolls. 

1. 16; 8. 
2. 150; 168}. 

1. 480 cu. in.; 
2. 9} cu. yd. 

Exercise 100. 

2. §21.60. 3. §39.60. 4- §28.44. 

Exercise 101. 

S. 960. 5. S 16.20. 7. §86.02. 
4- 3240 ; 3240 ; 540. 6. § 5.28. 

Exercise 102. 

A cu. ft. 3. 506.24 bu. 5. 2252.8 bu. 7. § 36.56. 
4. 3072 bu. 6. 3456 bu. 

1. 93</r gal. 
2. 266604 gal. 

1. isap-
2. 24 p. 
3. 426$ p. 

Exercise 103. 

3. 7899$ gal. 
4. 69120 gal. 

Exercise 104. 

4. 545ft p. 
5. 155J cn. yd. 
6. 39920 cu. yd. 

5. 67863A gal. 
6. 94254ft gal. 

7. §16000. 
8. §2295. 
9. §1028.36. 

1. 68740 br. 
2. §1099.84. 

Exercise 105. 

3. §1838.59; 
§ 1216. 

4. Cost, § 1356.81 ; 
Laying, §266.52. 

5. §81.90. 

1. 3ft T.; 3**T. 

Exercise 106. 

2. 56 T. S. 1323 T. 4. §3499.20. 

1. 28.2744 sq. in., 
153.9384 sq. in., 
201.0624 sq. ft, 

1256.64 sq. rd., 
.070686 sq. in., 

1.76715 sq. yd. 
2. 302.8125 A . 
S. Former. 
4. 484 sq. In.; j-Ĵ  cu. 

yd. 

Exercise 107. 

5. 88 sq. rd., 14 sq. 
yd. 

6. 840 cu. in.; 240 cu. 
in. 

7. 2880 bd. ft. 
8. §960. 
9. §15018$. 

10. 1012.4 bu. seed; 
806.4 bu. po-
tatoes. 

11. §15600. 
12. §17.50. 
15. §18.93. 
14. §634|. 
16. §98.10. 
16. §38. 
17. 1134.12 sq. f t 
18. §108.78. 
19. §523.15. 
20. §73.81, 



21. $ 131.27. 28. 1175.21+ bu.; 34. $338.52. 
22. $ 273.55. 10940.26 gal. 35. $24.35. 
23. 2565ft gal. 29. $37.44. 36. 263.18 lb. 
24. 8355+ lb. SO. 273.67 sq. yd. 37. 239.37 gal. 
25. $89760. 31. 107.42 bu. 38. 56.55 cu. in. 
26. 3.96 in. ;. 0000625. 32. $ 4693.33$. S9. 79ft cu. ft. 
27. $38.12. S3. 1105.8432 sq. ft. 40. 34644$$ lb. 

Exercise 108. 

1. 24 boys. 7. $19.50. 13. Former. 19. f , 70. 
2. 10 days. 8. $3600. 14. 276 lambs. 20. 152 p. 
3. 7 lb. 9. 27 pupils. 15. 96 tons. 21. 210 m. 
4. $75.60. 10. 5$ days. 16. 87360 inh. 22. 3 ft. 
5. 45 bu. 11. 72 horses. 17. $4060. 23. $ bu. 
6. 63.6 tons. 12. $715.50. 18. $7820. 24. 18 tr. 

Exercise 13.0. 

1. 11 books. 6. 300 da. 11. S 4.00. 16. 21000. 
2. 16 lambs. 7. 112$ A. 12. $0.51. 17. 162 1b. 
3. 250 boys. 8. 325 yr. 13. $4.80. 18. $59.50. 
4- 240 lbs. 9. 348 T. 14. $30$. 19. ft ; worth $3333$. 
5. 7$ mi. 10. 1032 cities. 15. $52.50. 20. Equal. 

Exercise 113. 

1. 20% 18. 31% gain. 34. 30% 
2. 35%. 19. 10$% gain. 35. 36%. 
S. 37$% 20. 80% gain. 36. 66$%. 

4- 8% 21. 33$% gain. 37. 80% 
5. 7$%- 22. 25% gain. 88. 83$%. 
6. 232$%. 23. 14 % gain. 39. 87$% 
7. 87$%. 24- 41$% loss. 40. 5%. 
8. 2$%- 25. 16% loss. 41. 55% boys. 
9. 12 $ % gain. 26. V/o- 42. 85 %. 

10. 70% gain. 27. 0.67+ % 43. 24%. 
11. 100% gain. 28. 0.75+ % 44- 85%. 
12. 33$%; 75%; 62$%. 29. 0.8$ % 45. 72ft % 
IS. 7$% SO. 0.5?% 46. 16% gain. 

14- 8%- 31. 0.5f %. 47. 2 0 % gain. 
15. 18% 32. 60%. 48. Newsp., 33$%. 
16. 37$% 33. 66|%. 49. Cattle; 80%. 

Ì7- 25% gain. 

Exercise 114. 

1. $2000. 16. 1620. SI. $50. 45. $10.71. 
2. 15200 bu. 17. 175. 32. S 346. 46. $315. 
S. 4600 gal. 18. 340. S3. 7$. 47. 67500. 
4. 13750 da. 19. 240 bu. 34- $9.60. 48. $2000. 
5. $15800. 20. 300 da. 35. $85.86. 49. 751b.; 1081b. 
6. $121. 21. 2900 T. 36. 1.07325. 50. 5?. 
7. $970. 22. 167$ mi. 37. 128. 51. 30?. 
8. 28$ T. 23. $489. 38. 250 da. 62. 900 lambs. 
9. $521. 24. $3075. 39. $234. 53. 128 yd. 

10. $316. 25. 776. 40. 91$. 54. Lost $5.00. 
11. 1750. 26. 184$. 41. 8$ mi. 55. 568 mi. 
12. 5200. 27. 1144. 42. 2$- 56. $198. 
IS. 600. 28. 1285$. 43. $40. 57. $95.50. 
14. 2000. 29. 3800.' 44- $284. 58. $15700. 
15. 2900. SO. 8333$. 

Exercise 116. 

1. 101.92 ft.; $24.619; 0.65$. 18. $36800. 
66$%; 37$%; 5%; 133$% 19. Increased 10.08 A. or 96%. 

S. 60%; 25%; 125%; 166$%. 20. 36$% gain. 
4. 700; 525; 200. 21. 20%; 25%; 50% 
6. 266$ ; 144 ; 40. 22. $40000. 
6. 64.96 A. ; 7.511 ml. 23. 47$% 
7. 14$%. 24- $2917.70. 
8. $58.40. 25. .45; 1; 43.78; ^ 
9. 17.17$ lb. 26. 6; 33.2; 

10. 15% 29. 92% 
11. $71000. SO. $262.50. 
12. $5.75. SI. 25%. 
IS. 125% S2. $1080. 
14. 711.40. S3. $75400. 
15. $866.88. 34. 632. 
16. 1$%; 12$%; 14$%; 25%; 8$' 1; S5. 16$% gain. 

»3$%; 2$%; 4$% 36. 14.208%; 14.247% 
17. 83$% 

Exercise 117. 

1. 25%. 
2. $50. 
3. $900 cost. 
4- $2015. 

5. Gained < 
6. James; $40; 20%. 
7. 30% loss. 
8. Gained $135. 



9. Gained §.30; 3}%. 
10. §1.80. 
11. Lost §32; 16%. 

1. §83.19. 
2. §5982.30. 

1. §2.40; §77.60. 
2. $12062.50. 
S. 5%. 

5. $2335. 

12. §1.14; §1.20. 
18. §3.29. 
14. §420. 

Exercise 119. 

S. §1558.49. 
4. Latter; §499.20. 

Exercise 120. 

6. §2760. 
7. §223.59. 
8. §2341.50. 
9. 278 b. 

10. §18.75. 

5. 32%. 
6. $430.92. 

11. $3459. 
12. §3027. 
IS. §3475.50. 
14. §10102.50. 
15. 50 sh. 

Exercise 121. 

1. §31.50; §45.90; §54. 
2. $253.50. 
3. $12.53; $26.78; $30.98: 

§81.09; $15.12; $200. 
4. .018. 
5. .025. 

1. $72.80. 
2. $198.80. 

6. S 22356. 
7. .0085. 
8. §235.20. 

10. Take f of the results of ex-
ample 3. 

Exercise 122. 

8. $105. 
4. $486.52. 

5. $881.25; 
$1092.75 
§1311.30. 

6. 18%. 
7. $3.894. 

1. $112.95; $125.50. 
2. $12540; $540. 
S. $156. 

1. §62.50 ; 4*%. 
2. First, 5|%; 

Second, 5|%. 

1. §31. 
16$% 

S. §39200. 

Exercise 123. 

4. §6122.45. 
5. .0175. 
6. §9846. 

Exercise 124. 

8. First, 5$+ %; 
Second, 6 + %. 

Exercise 125. 

4. §5240. 
5. 2*%. 
6. Lost; §6.25; 4%. 

7. .00}*. 
8. -$69600 ; 

$5400. 

4. $25200. 
5. $60750. 

7. 33*%; 50%. 
8. $11400. 
9. $15345. 

10. $49.60. 34- Lost; $5; 4*. 52. 40% 
11. $17384.14. 35. 08/«%; 53. 1680 T. 
12. 8%. 12*-% 54- The advance; 20%. 
13. §144.80. 36. 61%- 55. 66$%-
14. 15T*3*- S7. l:3*% (about). 56. 40% 
15. $77. 38. 44|%- 57. §168; 
16. 50*. 39. §1140. 58. §8500. 
17. 28* 40. Com. was 2*%. 59. $7500. 
IS. Lost ; 4% 41. Coin, was 3 %. 60. 1504 shares and $8 
19. $38.08. 42. §2000. over. 
20. $1200. 43. 37i%; 81*%. 61. 233 sh.; $58.25; 
21. $2733*. 44. §1.65. §4077.50. 
22. 50%. 45. 28*. 62. 64% boys. 
23. 675. 46. 10$. 63. 33*%. 
24. 558 bn. 47. 23A%. 64- 40 *t%. 
25. $715. 48. 20% 65. §24.50. 
26. $30.50. 4 9 . §1664; §4736. 66. $5600. 
27. First; 4$% 50. 16$%; 70%; 43}%; 67. §30. 
28. Lad; 25%. 22*%; *%; 32*%; 68. 25.51%. 
29. 12% 166$% ; 450% 69. §55; 15+ % 
SO. 3§% or $21.76. 51. = .0075 ; 
31. $3000. t&O=-009; 
32. 16$%. ^ = •075. 
83. 28 bu.; 7}%. 3? = 3.4, etc. 

Exercise 126. 

1. $76.50. 
2. $60.50. 
3. §123.60. 

4. $19.53. 
5. $91.21. 
C. $1265.75. 

7. $82.77. 
8. $5.76. 
9. $709.50. 

10. $90.36. 
11. §1612.05. 
12. §236.78. 

Exercise 128. 

1. §42.64. 6. §25.68. 11. §84.25. 17. §2854.52. 
2. §81.75. 7. §617.97. 12. §34.46, 18. §3734.45. 
3. §332.76. 8. $438.86. 13. $3403.13. 19. §5.84. 
4. §406.55. 9. §444.85. 14- §10848.19. 20. §0.73. 
5. $68.15. 10. §19.10. 15. §6457.24. 

Exercise 129. 

17. 7. §6' 
». 8. $2-

S. $8.58. C. $194.78. 9. §1.74. 12. J$. 

1. $11.20. 4- §27.07. 7. $67.85. 10. $.63. 
2. $46.80. 5. $85.68. 8. $27.71. 11. $1633.40. 



1. 5% 5. 4$% 
4%. 6. 6 % 

3. 6%. 7. 3%. 
7%-

2. 3 yr. 6 mo. 
2. 5 yr. 3 mo. 
3. 1 yr. 9 mo. 
4. 2 yr. 10 mo. 

2. $460. 
2. § 78.40. 
3. $55. 

2. S 375; $3.75. 

2. 5%. 
§97.50. 

S. 9 yr. 5 mo. 15 da. 
4. §104. 
5. 6 yr. 7 mo. 
6. 3f %. 
7. $765.55. 

§760.09+. 
§771.08. 

2. Aug. 7, 1901 ; §366. 
Aug. 8, 1893; 

§968.05. 
3. Jan. 6. 1898 ; 

§ 706.13. 

2. $288.94. 
2. §682.71. 

Exercise 130. 

4 % . 
5J %. 

20. 6%. 

Exercise 131. 

5. 8 yr. 4 mo. 
6. 3 yr. 2 mo. 15 da. 
7. 5 yr. 8 mo. 20 da. 
3. 7 yr. 6 mo. 24 da. 

Exercise 132. 

Exercise 134. 

3. $312.65. 
9. 25 yr. 

20 yr. 
16§ yr. 
14? yr. 
12$ yr. 

20. 1 yr. 3 mo. 24 da. 
22. 8%. 
12. §2684.92. 

Exercise 135. 

4. Jnne 14, 1900 ; 
§536.22. 

5. §3106.37. 
6. $549.65. 
7. $2838.50. 

Exercise 136. 

3. $997.89. 
4. $566.22. 

22. 4%. 
12. 5>% 
23. 3$%. 

9. 3 yr. 3 mo. 10 da. 
20. 2 yr. 9 mo. 18 da. 
22. 9 yr. 10 mo. 12 da 
12. 5 yr. 7 mo. 25 da. 

13. §294.66. 
14- 5%. 
15. §491.96. 
16. 14%. 
27. 3 yr. 6 mo. 
23. §1008. 
19. §478.79. 
20. 2 yr. 10 mo. 9 da. 

3. §6830.16. 
0. 8100.83. 

20. §1707.58. 
22. $4430.74. 
22. §13402.84. 

5. $2015.52, 

§288. 7. §82. 9. §95. 
5. §416. 3. §151.20. 20. §216. 
C. §25.20. 

Exercise 133. 

2. §4240; §137.80. 3. §7800; §455. 4• §1440. 

2. $363. 

Exercise 137. 

2. §1325.35. 

Exercise 138. 

3. $422.1 

2. §1179; §1176. 
2. S lá.05 ; §13.49. 
3. §790.67. 
4. §14.73; §635.27. 
5. §1386.10. 
G. $5012.97. 
7. Sept. 1, 1895; 48 da.; §12.80; 

§ 1587.20. 

3. May 25, 1897 ; 54 da. ; §21.32 ; 
§2009.68. 

9. 3 mo. Oda.; §15.94; $875.81. 
20. 2mo.27da.; §20.61 ; §1197.84. 
22. Mar. 18, 1896 ; 79 da. ; §23.88; 

§1790.07. 
12. T. D. = §74.47 ; B. D. = $87.50. 
13. $467.92. 
14. $2312.90. 

1. $900. 

2. $53.88. 
2. $477.57. 
3. $174.65. 
4. $148.51. 

Exercise 139. 

2. $3620. 3. $75000. 4. $833.33. 

Exercise 140. 

5. $393.89. 
6. $106.16. 
7. $579.77. 
3. $895.75. 

9. §60.14. 
20. §854.80; 

§821.90 ; 
$ 863. 

2. $110.25; $810.25. 
2. $259.20; $1459.20. 
3. $13.26 ; $103.26. 

2. S 902.25. 
2. $2496.87. 
3. $7619. 
4. $99875. 

2. $10957.50. 
2. $30649.50. 
3. £2750. 
4. 11922.63 fr. 

Exercise 141. 

4. $28.28; $153.28. 
5. $138.80; $888.80. 
G. §.46. 

Exercise 142. 

5. §568.58. 
G. §2971.25. 
7. §2394. 

Exercise 143. 

5. £1604. 
G. §659.87. 
7. §2740.79. 

7. 1st = 2d = §15(50; 
$1793.27; §1776. 

9. §2490.66. 
20. §1671.60. 
22. $448.87+. 

3. §1759.04. 
9. §315.88. 

20. 41680 fr. 
22. 33160.62 mk. 



1. 6 nio. 15 da. (about). 
2. 6 mo. 23 da. 
S. April 24. 
4. Oct. 17. 
5. 7 mo. 3 da. 

Exercise 144. 

6. 62 da.; Dec. 18. 
7. 8 mo. 25 da. 
8. Nov. 1. 
9. Aug. 29. 

10. 11 mo. 20 da. 
11. 11 mo. 23 da. 
12. 22 mo. 2 da. 
13. 7 mo. 16 da. 

1. f 
2. I 
3. $$. 
4- 1?. 

5. b 
6. fi. 
7. 
& If. 

Exercise 145. 

». HB-
itf. 
11. 45. 
12. 3. 

Exercise 146. 

13. 77. 
36. 

2,5. 98. 
25. 17ft. 

27. 9J. 
IS. <h%. 
7.9. J. 
20. 22 ft. 

1. 16. 9. 12.42 ft. 16. 26$ bu. 23. §5000. 
2. 96. 10. 2.85. 17. §135. 24- §3. 
3. 48. 11. §11877.60. IS. §97.01. 25. 51. 
4- 10. 12. 500 A. 19. 8 da. 26. 24J. 
5. 4$. 18. 771? A. 20. 30 da. 27. 6$. 
6. 12i. 14. 63 ft. 21. 16 men. 28. .0245 + . 
7. 48}|. 15. 133» ft. 22. 11 yr. 29. 231 hr. 

11$. 
Exercise 147. 

1. §840. 4- 7612* lb. 7. 55 da. 10. 400 1b. 
». 84$ q. 5. 14 da. 8. 58$ da. 11. 4| ft. 
3. §2820. 6. 884 bbl. 9. 2133$ ft. 12. 108 men 

7. 3125, 4375, 5000, 7500. 
2. 525, 875, 1925, 2975. 
3. 5300, 10600, 15900. 
4. 552, 828, 1104, 1380. 

1. §4.20, §5.40, §7.80. 
2. §1600, §2050, §850. 
5. §140, §160, §200. 
4. §9600, §7200, §3200. 
5. §640, §1420, §1240. 

Exercise 148. 

5. 550, 650, 800. 
6. §12750, §15000, §18750. 
7. 54i|, 73ft, 82ft. 

Exercise 149. 

6. §5000, §4000, §3000. 
7. §240, §200, §135. 
8. §280, §192, §288. 
9. §12.60, §18, §18.90. 

10. §2700, §1620, §3780. 

Exercise 151. 

1. 676. 
2. 21952. 

3. 12769. 
4. 262144. 

5. 8615125. 
6. 3.0625. 

7. 12326.391. 
8. 985.96, 

9. .000054872. 15. 364*}$. 20. ' ¿VrfoV 25. 3$. 
10. .287496. 16. 50625. 21. 432. 26. 
11. 17. 279841. 22. 1024. 27. 6834375. 
12. 12}. 18. 24414.0625. 23. 31}. ft. 
13. 18lff. 19. 31 iff. 24. 18. 29. 21870. 

m 76fî. 
Exercise 152. 

1. 26. 10. 843. 19. 7.86. 28. 6.324. 36. 2.291. 
2. 29. 11. 938. 20. 83.4. 29. 2.828. 37. 1.825. 
S. 31. 12. 7403. 21. .907. SO. 5.567. 38. 15.684. 
4• 42. 13. 8017. 22. 1.324. 31. 4.147. 39. 5.479. 
5. 58. 14- 9091. 23. 37.68 32. 3.674. 40. 2.723. 
6. 67. 15. 9807. 24. .7118. 33. .948. 41. 5.1079. 
7. 83. 16. 35047. 25. 3.4171. 34. .866. 42. 6.013. 
S. 136. 17. 46708. 26. 418.75. 35. .836. 43. 10.005. 
9. 417. 18. 73594. 27. 5.0809. 

Exercise 154. 

1. 27. S. 538. 15. 78.7. 22. .7908. 29. 1.319. 
2. 46. 9. 493. 16. 8.09. 23. 1.817. 30. 3.036. 
S. 58. 10. 682. 17. .918. 24. 2.289. 31. 4.013." 
4. 63. 11. 719. IS. 180.7. 25. 3.072. 32. 8.004. 
5. 84. 12. 926. 19. 2.419. 26. 1.650. 33. 3.715. 
6. 124. IS. 4.85. 20. 30.68. 27. 4.6-11. ,34- 2.180. 
7. 317. 14. .647. 21. 5.703. 28. 2.683. 

Exercise 156. 

1. 24. S. 42. 5. 63. 7. 96. 9. 162. 
2. 36. 4. 48. 6. 75. 8. 135. 

Exercise 157. 

1. 24. 9. 1.76. 17. 2.56. 23. .622, 26. .41, 
2. 47. 10. 1.95. 18. 1.28. .196, .19, 
3. 83. 11. 2.06. 19. 1.96. .087. 2.66. 
4. 95. 12. 2.15. 20. 1.78. 24. .968, 27. 1.13, 
5. 186. 13. 2.09. 21. 6.96. .306, .77, 
6. 328. 14- 2.71. 22. 2.660, .027. JA. 
7. 23. 15. 4.03. .841, 25. 1.84, 
8. 36. 16. 1.03. 2.018. .85, 

.42. 



xxx an sir eus. 

Exercise 158. 

1, 17. o. 952. 27. 41.888. 25. 205 rd. 
S. 12. 10. 9.4339. 18. 468.7267. 26. 81 ft. 
S. 20. 11. 10.816. 19. 551.0366. 27. 40 ft, 
4. 53. 12. 26.324. 20. 12.732. 28. 96 ft. 
5 . 1 5 . 13. 112.645. 27.119.36. 29. 26.7036 in. 
6" "48 14. 43.9824. 22. 18.207. 80. 24881 mi. 
7. 145. 15. 144.5136. 23. 33.04. 31. 381.72 ft. 
5. 451. 16. 53.4072. 24. 24 ft. 

Exercise 159. 

2 280 sq. ft. 10. 113.0976 sq. in. Í9. 2771.2 sq. rd. 
852 sq. ft, 11. 78.54 sq. rd. 20. 414.691 sq. ft. 

3. 200 sq. yd. 12. 509.29 sq. ft. 21. 7.245 A. 
4 35 A. 13. 36 sq. in. 22. $79200. 
.5. 39 sq. in. 14- 90 sq. ft. 23. $45)08.75. 
6. 135 sq. in. 15. 180 sq. yd. 24. (a) 1392 sq. ft, 
7. 163/r sq. rd. 16. 306 sq. rd. (fc) 30 ft. 
S. 337$ sq. yd. 17. 756 sq. mi. (c) 11784 sq. ft. 
Ó. 340~A. 18. 10.82 sq. in. 

Exercise 160. 

1 l>0sq in. 7. 1005.3! sq. ft. 12. 1134.1176 sq. in. 
* 48gq ft. 8. 2764.608 sq. yd. 13. $291.60. 
3. 150 sq. in. 9. 4.7124 sq. ft, 14• $55.85. 
4. 9971 sq. ft. 10. 1507.968 sq. in. 15. $395.84. 
5. 132 sq. ft. 11. 113.0976 sq. ft. 16. 148.925 sq. ft. 
6. 131.95 sq. ft. 

Exercise 161. 

1 120 eu. ft, S. 530.145 eu. in. 16. 163.405 eu. ft. ; 
^ 720 eu. ft. 9. 523.6 eu. in. ; 153.938 sq. ft. 
3. 2338$ eu. ft. 1436.758 eu. ft. 17. 240000 drops 
/ 1728 eu. in. ; 10. 696.9116 eu. in. 18. 8.4o m. ; 12.32 in. 

2197 eu. in. H- 366 eu. ft. 19. 3.94 ft. 
5 300 eu ft '2. 929.914 eu. ft. 20. 378.675 bu. 
6. 186S eu. yd. 13. 47001.6 gai. 21. 207.84 eu. ft. ; 
7 17.6715 eu. ft, 14• 17.4097 eu. in. 40.037 ft. ; 

15. 30.4896 eu. in. 360.333 sq. ft. 

ANSWERS. xxxi 

Exercise 162. 

/ 194 4 so in. 9. 7:9; 49:81; 14- $1000. 
2 i l î in 343 : 729. 15. 1:121 ; 1 :1331. 
3. 759.5 sq. ft. 10. Fourtimesasmuch; 16. 10.09 rd. 
4. 153.94 sq. in. eigbt times as 17. 1:2 ; 1 : V4. 

5. 275 sq. ft. much" 1S-
6. 175.5 eu. in. 11- 4 in. 19. $2$ 
7. 2143.75 eu. ft. 12. 6$f ft. 20.194.74 1b. 
8. 4:9; 27:125. 13. 1012.5yd. ; 37.5yd. 

Exercise 168. 

I = 73240 dm. = 732.4 Dm. = 732400 cm. 
® - 3608 Kg. = 36080 cg. = 3608 dg. 
S Z 7124500 sq. en, = ¿T1245 sq. Hm. = .071245 «a. 
/ = 50321.7 ml. = 5.03217 »1. = .0503217 Kl. 
5 = .0055171 Ha. = .55171 a. = .55171 sq. Dm. 
6. = 25000 eu. cm. = 25 1. = .25 dst. 
7 = 53 dst. = 5300 eu. dm. = 5.3 st, 
8 = 1234 5 Dm. = 123450 dm. = 12345000 mm. 
9 = 3 2671 Dg. = .032671 Kg. = 32671 mg. 

10 = 10673 ml. = 1.0673 Dl. = -010673 Kl. 
II = 0000083 eu. m. = .0083 1. = 8300 eu. mm. 
1* = 4671 eu. m. = 467100 eu. cm. = 4671 dl. 
13. = 50070000 mg. = 500700 dg. = 50.07 Kg. 
14. = 3.755 Ha. = 37550 ca. = 375.5 sq. Dm. 
15. = 4000 a. = 400000 sq. m. = 400000 ca. = 4000 sqDm. 
16 = 34575 cm. = 3.4575 Hm. = .34575 Km. = 345750 mm. 
17 = 86.32 sq. m. = .008632 Ha. = .8632 sq. Dm. 
18 = 38500 cl. = .385 eu. m. = .000000000385 eu. Km. 
19. 1h Kg. ; 1000 Kg. ; 1.7 Kg. ; 3.5 Kg. ; 11000 Kg. 
20. 75 1. ; 5000 1. ; .03 1. ; .587 1. ; 1.3875 1. 
SI. --- 4230 dl. = 423000 eu. cm. = 423 eu. m. 

423000 g. = 423 Kg. 

Exercise 169. 

, „ . m ; - 7. 1906.233m. 
Í .. 7178.22661 g. 

50:6090003 eu. m. ? ^ S I T " 
4. 1458.6061 g. 10. 
.5. 3242.405 1. 1J• 380.827 1. 
6. 8071.97 a. 22. 226385 sq. m. 



IS. 79.927 m. 
14. 41.691 1. 
15. 899.943 sq. m. 
16. 2534.43 g. 
17. 7547.362 in. 
18. 7284.654 1. 
19. 57307.9243751. 
20. 175.2 m. 
21. 256227.3 g. 
22. 133.817 m. 
23. 163000 g. 
24- 1154.56 Ha. 
25. 64.592 III. = 6.4592 cu. m. 
26. .755 sq. in. 
27. 642600 sq. m. 
28. 2.7 sq. in. 
29. 21.12 sq. in. 
30. .2 . 
31. 9000. 
32. 2000000000. 
33. .000000154. 
34. 3409.013 m. 
35. 1626.13 a. 
36. 1156.01612 g. 
37. 1600 m. ; 2153.43+ m. 

38. 31.212 cu. m. 
39. 120 1. 
40. 955080 Kg. 
41. 36 Kl. ; 36000 Kg. 
42. | m. 
43. 74.88 Kl. 
44. 666 HI. = 66.6 st. 
45. §2238.60. 
46. 1011.84 cu. m. = 1011.84 St. = 

1011840 1.; 1011840 Kg.; 
10118.4 111. 

47. 8 1. 
48. }m. 
49. 56700 Kg. 
50. 1436.4 st. = 1436400 L = 1436.4 

Kl. 
51. 1436400 Kg. 
52. 2585520 Kg. 
53. §34473.60. 
54. 7.736 a. 
55. 11.28 m. 
56. 11%. 
57. 85.1 %; 42.55 Kg.; 1050 cu. cm. 
58. .00025 cu. m. 
59. 1.346 m. 

Exercise 170. 

[These reductions can be only approximate.] 

1. 8.045 Km. 9. 497.12 rd. 17. 255.38 bu. 25. 430.56 sq. ft. 
2 4.58 HI. 10. 98.425 ft. 18. 3.621 Hm. 26. 1135.56 dl. 
3. 22.66 Ha. 11. 8.83 cd. 19. 11340 g. 27. 478.4 sq. yd. 
4. 170.33 1. 12. 10.5 A. 20. 176.58 cu. ft. 28. .63 in. 
5. 72.48 St. IS- 33.296 gal. 21. 375.59 sq. rd. 29. .1541 pt. 
6. 9.938 cu. in. 14- 36.89 pk. 22. 7257.6 Kg. SO. 2034.54 cl. 
7. 27.22 Kg. 15. 2.205 cwt. 23. .7946 pk. 31. 3.44 Km. 
8 141.88 bu. 16. 1135.04 bu. 24. 6.653 cu. in. 32. 1.707 HI. 

33. 13.72 1. 39. 23 gal. 1 pt. .2 gi. 
34. 16.44 Ha. 40. 15 mi. 22 rd. 1.06 ft. 
35. 3420.14 Kg. 41- 37.48 lb. 
36. 18 A. 97 sq. rd. 1.8 sq. yd. 42. 30.864 T. 
37. 51 bu. 3 pk. 7.5 qt. 43. 6.614 T. 
38. 8 T. 5 cwt. 96 lb. 3.7 oz. 44- 3785.2 Kg. 

4S- 191125 Hg. 58. 119.234 Kg. 70. 38.016 Km.; 
46. 16.4 g. 59. 1616628 Kg. 23.623 mi. 
47. 11772 cu. yd. 60. 8040.2 rev. 71. §84.56. 
48. 8884.5 T. 62. 199.5 1. ; 403.9 lb. 72. 10.43 1. 
49. 12.6 in. 63. 11.416 qt. (milk) ; 73. 4.584 Ha. 
50. 3.39 dm. 9.81 qt. (com). 74. (a) 145800 1. 
51. §32.25. 64. § 106.84. (6) 160.72 T. 
52. 322.7 HI. 65. §162.52; 50+ %. (c) 38527.65 gal. 
5S. 1.186 A. 66. 9116.6 gal. (d) 4137.22 bu. 
54. 2048.07 lb. 67. §3736.15. (e) 145.8 st. 
55. 62.46 lb. 68. Gained; nearly 24%. (/) 1.674 a. 
56. 22.35 m. 69. 7.457 mi. (</) 12.68 rd. 

Exercise 171. 

1. 330 kg. = 727.52 lb. 14-
2. .0018 cu. m. = .06357 cu. ft, 15. 
3. 298.94 T. 16. 
4. 1.38 cu. ft. 17. 
5. 1190.4 m. tons. 18. 
6. 15901.86 Kg. 19. 
7. 47 cu. dm. = 2868.034 cu. iu. 
8. 42.86 cu. dm. 
9. 15648.25 lb. 

10. 6.7 (nearly). 
11. 8.88. 
12. .3 (nearly). 
IS. .75. 

20. 9 cu. m. 27. 8680.6 lb. 
21. 8.2831. 28. 1.236 Kg. 
22. .758. 29. 4588.5 Kg. 
23. 851.7 g. SO. .0019; 1.9 
24- 25.632 g. 31. .0516 a. 
25. 2886+ coins. 32. 28700 Kg. 
26. 7.6+ 1. 33. 

1.3. 
3.78. 
.98. 
10.48. 
.0013. 
(а) W't = sp. gr. x w't same 

volume water. 
(б) Sp. gr. = w't -=- w't same 

volume water, 
(c) W't same volume water = 

w't -4- sp. gr. 
Volume water can be found 

if its weight is known. 
34. 9.756 dm. 
35. 3.5 kg.; 42?%. 
36. 316.128 cu. in. 

Kg. 37. 235.35 Kg. 
3S. 4.7 m. 
39. 66.679 Kg.; 7200 Kg. 
40. 2.5 dm. 

Exercise 172. 

1. 9.309 gal. 5. 88 sq. rd. 26 sq. yd. 9. § 7.86*. 
2. 11.6. 8sq.it. 10. §32.86. 
3. 2 yr. 169 da. 6 hr. 6. 3.6. 11. §273*. 

43* sec. 7. 2/ft. 12. 30*8%. 
4. 57. 8. 14976. IS. 43 ; 78788. 



14- 20 books. 38. 12.276 bu. 61. 21582 gr. 
15. 3f da. S9. 507064 in. 62. The former. 
16. Si; M; ?!; 40. $ 167.41. 63. 6 mi. 123 rd. 2 yd 

H; H; H- 42. 6% 2 f t 4 in. 
17. Increased, ft*0. 48. 8 hr. 2 min. 22 sec. 64- $43ft&-
18. n- 44- 13$%. 65. 62 cents (nearly). 
19. 7f bu. 45. $ 5280. 66. 47. 
20. $4. 46. $ 130.87. 67. 19$ yd. 
21. 17$ da. 47. 31116 rails. 68. 3 mi. 90 rd. 1 yd. 
22. 55396 min. 48. $936. 1 f t 10 in. 
23. §120. 49. Most, Saturday ; 69. 5ft. 
24. 64$$. least, Thursday. 70. 1$ T.; 9 T. 
25. H?- 50. A,ft;B,ft;C,$$; 71. $274.68. 
26. 42. ». ft- 72. 67. 
27. 6 T. 7.5 cwt. 51. $69$. 73. $12715.50. 
28. $286. 52. If- 74, 10143620 sec. 
29. 1.008. 53. 17 mi. 616 ft. 75. 21.909 rd. 
SO. 5 mi. 55 rd. 2 yd. 54- 39$$ acres; 76. 12.9+ in. ; 

2 ft. 6.96 in. $4871$f. 6.14 in. (nearly). 
SI. The former. 55. $ 1185ft. 77. 666$ lb. 
32. 1984 bu. 56. m- 78. Gained ; $ 7.50 ; 
S3. 5$ da. 57. 13 feet, 6f*. 
S4- 532,Sft times. 68. 196$. 79. B, 30 da.; C, 10 da.; 
35. $18492. 59. ft- together, 7$ da. 
86. 17-10$%. 60. $40800; $57120; 
37. 114$ gal $45696. 

SCHOOL A L G E B R A S 
By FLETCHER DURELL, Ph. D., 

M A T H E M A T I C A L M A S T E R I N T H E L A W R E N C E V I L L E S C H O O L , 
AMD 

EDWARD R. ROBBINS, A.B., 
M A T H E M A T I C A L M A S T E R I N T H E W I L L I A M P E N H C H A R T E R S C H O O L . 

THESE books are remarkable, both for the originality in the develop-
ment of the subject and for the wonderful skill in preparing, adapting, 
Snd gradiug a large number of examples and review exercises. While 
seeking to develop the theory of tbe subject in a manner entirely new in 
school°algebras of to-day, the authors keep in close touch with the best 
current practices of teachers in other respects. 

A GRAMMAR SCHOOL ALGEBRA. 287 pages. Half leather. 
80 cents. 

This volume closes with the subject of Radicals. It is intended to 
contain only so much of the subject of Algebra as pupils in grammar 
schools are likely to study. 

A SCHOOL ALGEBRA. 372 pages. Half leather. $1.00. 
This volume covers the requirements of admission to the classical 

course of colleges, as agreed upon at the conference between the repre-
sentatives of leading collegss and preparatory schools. 

A SCHOOL ALGEBRA COMPLETE. 450 pages. Half leather. 
$1.25. 

This lK)ok contains, in addition to the subjects usually treated in a 
school Algebra, the more advanced subjects required for admission to 
universities and scientific schools, to wit: Permutations and Combina-
tions, Undetermined Coefficients, the Binominal Theorem, Continued 
Fractions, and logarithms. This Algebra also contains a chapter on the 
"History of Elementary Algebra," the first of its kind published in 
America. 

Points of Superiority Peculiar to the Durell and Robbins 
School Algebras. 

1. The general theorv, which makes evident to the pupil that new 
svmbols and processes are introduced, not arbitrarily but for the sake of 
the economy or new power which is gained by their use. This treatment 
of Algebra "is better adapted to the practical American spirit, and gives 
the study of the subject a larger educational value. 

2. Clear and simple presentation of first principles. Bright girls often 
vears read the first chapter; and with very little explanation on a few 
points of secondary importance, ihey understand the chapter clearly OR 
•irst reading. 

VXiV 
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3. Abundance of practice: (1) About 4000 problems and examples in 
the complete book—nearly 1000 more than in any other book of similar 
grade. Compare any chapter with corresponding chapter in other leading 
books. (2) Every exercise well graded; easy examples first; hardest 
examples last; work may be limited with any problem. (3) The prob-
lems are all sensible; no "catch," unusual, or bizarre examples, which 
have no place in a text-book. 

The Durell and Bobbins School Algebras are superior not only in the 
development of the theory and in the number and character of the exer-
cises—the main points to be considered in determining the strength of a 
text-book ou Algebra—but also in modern methods, new* treatment of 
subjects, systematic grouping of kindred processes, early introduction of 
substitution, emphasis placed upon verification of equations, concise defini-
tions, clear and specific explanations, tactful omissions of a number of 
answers, frequent reviews, superior typography. 

The success of these books is likely unprecedented. They have already 
secured for themselves, without any agency work except in Pennsylvania, 
adoption in the foremost schools in Pennsylvania, New Jersey, New York, 
Massachusetts, Maine, Ohio, Indiana, Illinois, Michigan, South Dakota, 
California, Texas, Oklahoma, Georgia, Tennessee, West Virginia, and 
Maryland. 

E x t r a c t s f r o m L e t t e r s b y S u p e r i n t e n d e n t s , P r i n c i p a l s , a n d T e a c h e r s 

o f S c h o o l s i n w h i c h t h e B o o k s a r e U s e d . 

W. F . S L A T O N , City Superintendent. 
Atlanta, tía.—The Dnre l l and Robbins 
Grammar Schoo l Algebra i s admirably 
Baited t o the advanced grades of gram-
mar s c h o o l s and t o t h e lower grades o f 
h igh schools . In m y j u d g m e n t , factor-
i n g c a n n o t b e better t a u g h t t h a n i t is 
done i n t h i s book. 

T H O M A S A . B L A C K F O R D , Com-
mandant of Cadets. Cheltenham Military 
Academy. Ogontz, Pa.—The authors of t h e 
Durel l and Robbjng School Algebra have 
certa in ly accompl i shed t h e i r purpose, t o 
s i m p l i f y principles and t o m a k e t h e m 
attract ive . I k n o w of n o book that I 
would s tronger r e c o m m e n d for adop-
t ion. 

G E O R G E G I L B E R T , Principal Ches-
ter Academy. Chester, P a . — I a m pleased 
wi th the book under the t e s t of the 
school -room. I t i s certa in ly g o t t e n np 
o n t h e right p lan I t m n s t be a favor i t e 
w i t h teachers . 

S I S T E R M . F L A R I A , Directress St. 
Peter's Academy. Columbia. Pa.—It i s t h e 
m o s t c o m p l e t e w o r k i n Algebra I h a v e 
y e t s e e n . 

D R . M . R . A L E X A N D E R , Principal 
Chambersburg Academy, Chambersburg. 
Pa.—The Dnre l l and Robbins School-
Algebra is a m o s t exce l l ent work, b o t h i n 
d e s i g n and execut ion . I a m sure It wi l l 
a t ta in great succes s . 

T H E N E W E N G L A N D J O U R N A L OF 
E D U C A T I O N , A. E. Wit is hip. Editor, 
Boston.—The Jjawrencevi l le School . Law-
rencevi l le , N . J . , i s o n e of the foremost 
secondary ins t i tut ions in the country , 
and Messrs . Myers & Co. h a v e m a d e " a 
great h i t , " i n t h e language of t h e hour, 
i n secur ing t h e mathemet i ea l spec ia l i s t s 
of that i n s t i t u t i o n for the preparation 
of s u c h a ser ies of b o o k s a s these prove 
t o be. T h e b o o k s are a t t r a c t i n g m u c h 
at tent ion . 

F. P . M A T Z , P h . D . , S c . D „ Irving 
Female College., Mechanicsbvrg, Pa.— 
Since t h e Schoo l Algebra h a s drawn 
heavi ly upon the exce l l en t works on 
Algebra by H a l l and K n i g h t , the book is 
the more highly to be c o m m e n d e d . 
T a k e n all in al l , there i s n o be t ter school 
Algebra publ ished than t h e one by Durel l 
and Robbins . [Dr. Matz h a s f o r a num-
ber o f years been ed i tor of t h e Mathe-
matical D e p a r t m e n t in the N e w E n g l a n d 
Journal of Education.] 

L . W. H O F F M A N , Principal Warwick 
Institute, Warwick. N. ¥.— I t s equa-
t ions , n o t e s o n special m e t h o d s , and t h e 
n u m b e r and variety o f the problems 
give t h e book an especia l ly pleas ing 
face , and w i l l d o m u c h to awake and 
reta in in teres t i n a c l a s s of boys . T h e 
evident idea w h i c h t h e authors h a v e 
k e p t before t h e m s e l v e s h a s b e e n t h a t 
of mas tery . 

C H A R L E S P . H A R P E R , Prineipa• 
Public High School, New Britain, Conn 

A first-class b inding: exce l lent 
type; careful ly chosen , progress ive 
graded problems; clearly s ta ted rules; 
easy exp lanat ions ; and a n abundance of 
varied e x a m p l e s , both for dai ly s tud ies 
and rev iews . 

P R O F . J O H N T . D U F F I E L D , Prince-
ton University.—I h a v e had s o m e occa-
s ion to examine the work , as i t h a s been 
used by m y g r a n d s o n s ince h e entered 
Lawrencevi l l e . I t g ives m e pleasure t o 
express m y h i g h e s t appreciat ion of i t s 
merits . I t s conc i se and accurate defini-
t ions . i t s t a c t f u l presentat ion of process-
es . i t s j u d i c i o u s se lect ion and arrange-
m e n t of examples , and i t s avoidance of 
superduous exp lanat ions , all s h o w it t o 
be the work of teachers of experience, 
of scholarship , and of good c o m m o n 
sense . I congratu la te t h e au thors on 
h a v i n g rendered a va luab le service t o 
mathemat ica l sc ience, and one t h a t wi l l 
reflect honor o n t h e i r i n s t i t u t i o n and 
I he ir a l m a mater . 

P R O F . I R A B . P E A V V , Department 
of Mathematics. State Normal School. 
Edinboro, Pa.—After hav ing tested the 
Dnrel l and R o b b i n s Comple te Schoo l 
Algebra i n a l l o f our c l a s s e s f o r o n e year, 

g ives m e p leasure to testify to i t s 
merits . T h e au thors have done w h a t so 
f e w are able to do—writ ten a book t h a t 
i s e m i n e n t l y pract ical , sc ienti f ic , attrac-
t ive . and s tr ic t ly up to date. 

P R O F . M A R T I N B A H L E R , Principal 
Orange Schools. Orange, N.J.— I a m us ing 
the Durell Algebra in my c lasses , and do 
not e x p e c t to nse any o t h e r for a long 
t i m e t o come . I t i s superior to any 
otlier book of the k i n d t h a t h a s come 
to m y not ice . 

W. M . S W I N G E L , P h . D. , Principal, 
llahway, N. J.—The pr inc ip les are s ta ted 
in a clear and forcible m a n n e r , and t h e 
application i s m a d e i n a way t o be eas i ly 
understood by the beginner. I t is o n e 
o f the bes t o f e l e m e n t a r y algebras . 

D. G. E S H B A C H , B . S . , Principal 
High School, Vineland, N.J.-l espec ia l ly 
commend the c lear and expl ic i t s tate-
m e n t s in introduc ing n e w subjec t s and 
t h e progress ive and accumulat ive ar-
rangement of t h e problems. I h a v e 
used the book i n f a c t o r i n g w i t h one 
c l a s s and in radicals w i t h another , and 
have secured exce l l ent results- I th ink 
y o u h a v e m a d e a hit. a n d predict a large 
s a l e for t h e book. 

W. W. R U P E R T , City Superintendent. 
Pottstoum, P a . — T h i s book is, indeed, an 
exce l lent one ; w r i t t e n , ev ident ly , by 
men who are both m a t h e m a t i c i a n s and 
first-class teachers . 

DR . R O B E R T J . A L E Y , Professor of 
Mathematics, Indiana University. Bloom-
ington. Ind.—The Dure l l and R o b b i n s 
Schoo l Algebra i s remarkable f o r i t s 
c learness , and for t h e a t trac t ive f o r m in 
which the various subjec t s are pre-
sented. F o r the s t u d e n t i t Is certa in ly 
a n i n t e r e s t i n g book, and f o r t h e teacher 
a sugges t i ve one . Dr. Durel l is a l s o 
author of " A N e w L i f e i n E d u c a t i o n , " 
o n e of the v e r y b e s t b o o k s o n pedagogy 
of recent years . ( I n t h e Inland Edu-
cator. May. 1S98.) 

P R O F . M A R K M O F F E T T , Superin-
tendent of Public Waveland, Ind.—Vie 
aro u s i n g the Dnrel l and Robbins 
Schoo l Algebra in the first year of o u r 
h igh school wi th marked success . I t 
c o n t a i n s a n admirable se lec t ion of prob-
lems , serv ing pup i l s o f t h a t grade b e s t 
of a l l books I have used, both In variety 
and number, w h i l e general pr inciples 
and o t h e r mat t er s have been d i scussed 
as fu l ly as c a n l>e understood w i t h o u t 
t h e teacher's direct ion. T h e au thors 
have had the rare good s e n s e o f stop-
ping w h e n enough d i scuss ion h a s been 
g iven . N o u n r e a s o n a b l e e labora t ions 
are to be found, w h i c h in s o m e b o o k s 
o f t e n d i shear ten t h e pupil. 

P R O F . H . R . H I G L E V , A . M . , De-
partment of Mathematics. State Normal 
School, East Stroudsburg, Pa — W e have 
used t h e Dure l l and R o b b i n s Schoo l Al -
gebra Comple te i n our c lasses during the 
pas t year, and expect t o use i t f o r years 
to come. T h e book Is Just w h a t the 
practical teacher should have . Our 
pupi l s were never s o wel l prepared as 
they have been s ince w e use t h i s book. 

T H E E D U C A T I O N A L F O R U M , The 
Auditorium, Chicago. Illinois—The sub-
jec t of algebra h a s in t h i s book I DureII 
and Robbins G r a m m a r Schoo l Algebra) 
l>een s impl i f ied, and t h e pract ical reason 
for each s t e p i s g i v e n in such a plain 
c o m m o n - s e n s e w a y t h a t a lgebra i s m a d e 
far more a t trac t ive than b y any prev ious 
text-book T h i s m e t h o d Is extremely 
pract ical , and adds mater ia l ly to t h e in-
terest of t h e pupil . 

W I L L I A M J . B O O N E, President of the 
College of Idaho. Caldwell, Idaho.—'The 
Durel l and Robbins Schoo l Algebra pre-
sents the subject in t h e l ivel iest , clear-
est , a n d m o s t forceful manner . I am 
acquainted wi th about t w o dozen texts 
on e l ementary algebra; but I cons ider 
Dure l l and R o b b i n s the bes t . 

P R O F . G. H . D O S C H , Department of 
Mathematics, Central Pennsylvania Col-
lege—We are u s i n g t h e Dnrel l and Rob-
bins Schoo l Algebra Complete . We are 
de l ighted wi th t h e resu l t s . It is au ex-
ce l lent work, clear, thorough, and up t o 
Uaw, 






