





Qi




Usybid

I Ol

ADVANCED ARITHMETIC
ta(mnmmw

BY
ELMER A. LYMAN

PROFESSOR OF MATHEMATICS IN THE MICHIGAN STATE
ROBMAL COLLEGE, YPSILANTI, MICHIGAN

: £EXLs”

080610
NEW YORK ::« CINCINNATT .:. CHICAGO
AMERICAN BOOK COMPANY




PREFACE

THE need felt for an advanced ftext-book in arithmetic
that shall develop fundamental prineciples and at the same
time include the essentials of commercial practice is re-
sponsible for the appearance of this book. The author

Oupreicin 1900 == believes that mental training is an important feature in
CLATER e i the study of arithmetie, but that the study need lose none
ESTarD AT Sra mikrst Have) LONDOR of this training by the introduction of practical business
— methods. Consequently, throughout the work, the aim

LYNAY MDY AT has been not only to develop the principles of the subject,

both by means of demonstrations and exercises, but also
to employ such methods and short processes as are used
in the best eommercial practice, and to exclude cumber-

some methods and useless material.

The book is intended for pupils who have completed

the grammar school work in arithmetic, and contains
abundant material for a review and an advanced course.

The exercises have been selected largely from actual
business transactions. A few have been taken from
standard foreign works.

Brief historical notes are occasionally inserted in the
hope that they will ‘be of interest and value.

The author is indebted to several friends, who, after
careful reading of manuscript, or proof sheets, or both,
have offered valuable suggestions.

o0

E. A. LYMAN.
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ADVANCED ARITHMETIC

NOTATION AND NUMERATION

1. Our remote ancestors doubtless did their counting
by the aid of the ten fingers. Hence, in numeration it
became natural to divide numbers into groups of tens.
This accounts for the almost universal adoption of the
decimal scale of notation.

2. It is uncertain what the first number symbols were.
They were, probably, fingers held up, groups of pebbles,
notehes on a stick, etc. Quite early, however, groups of
strokes I, I, 11, 1L, ---, were used to represent numbers.

3. The earliest written symbols-of the Babylonians
were cuneiform or wedge-shaped symbols. The vertical
wedge (]) was used to represent unity, the horizontal
wedge (—) to represent ten, and the two together (=)
to represent one hundred. Other numbers were formed
from these symbols by writing them adjacent to each other.
Thus,

M=1+1+1=38,

] =10+ 10 +14+ 1 =22,
~— =10 x 100=1000,

"T—1=5x 100+ 10 + 2 = 512.

7




8 NOTATION AND NUMERATION

To form numbers less than 100 the symbols were placed
adjacent to each other and the numbers they represented
were added. To form numbers greater than 100 the sym-
bols representing the number of hundreds were placed
at the left of the symbol for one hundred and used as a
multiplier,

4. The Egyptians used Aieroglyphics, pictures of objects,
or animals that in some way suggested the idea of the
number. they wished to represent.  Thus, one was repre-
sented by a vertical staff (1), ten by a symbol shaped like
a horseshoe (0), one hundred by a short spiral (2.), one
hundred thousand by the picture of a frog, and one million
by the pieture of a man with ontstretched hands in the
attitude of astonishment. They placed the symbols adja-
cent to each other and added their values to form other
numbers. Thus, ¢o1=100+10+1=111. The Egyp-
tians had other symbdls also.

5. The Greeks used the letters of their alphabet for
number symbels, and to form other numbers eombined
their symbols much as the Babylonians did their wedge-
shaped symbols.

8. The Romans used letters for number symbols, as
follows :

1 5 10 50 100 500 1000
I h'% X L C D M

Numbers are represented by combinations of these sym-
bols according to the following principles :

(1) The repetition of a symbol repeats the value of the
nuniber represented by that symbol ; as, [1T=3, XX =20.

(2) The value of a number is diminished by placing
a symbol of less value defore one of greater value; as,

NOTATION AND NUMERATION 9

IV=4 XL=40, XC=90. The less number is sub-
tracted from the greater.

(3) The value of a number is tnereased by placing a

symbol of less value after one of greater value, as XI1=11,
CX =110. The less number is added to the greater
number.

(4) The value of a number is multiplied by 1000 by
pl;lcillg a bar over it, as C = 100,000, X = 10,000,

7. Among the ancients we do not find the character-
istie features of the Arabic, or Hindu system where each
symbol has two values, its intrinsic value and its local value,
i.e. the value due to the position it occupies. Thus, in the
number 513 the intrinsic value of the symbol 5 is five, its
local yalue is five Aundred. Written in Roman notation
513 = DXIII. In the Roman notation each symbol has
its intrinsie value only.

8. The ancients lacked also the symbol for zero, or the
absence of quantity. The mtroduction of this symbol
made place value possible.

9. With such cumbersome symbols of notation the an-
eients found arithmetical computation very difficult. In-
deed, their symbols were of little use except to record
numbers. The Roman symbols ate still used to number
the chapters of books, on clock faces, ete.

10. The Arabs brought the present system, including
the symbol for zero and plice value, to Europe soon after
the conquest of Spain.~ This is thé reason that the nu-
merals used to-day are called the Arabie numerals. The
Arabs, however, did not invent the system. They received
it and its figures from the Hindus.




NOTATION AND NUMERATION

11. The origin of each of the number symbols 4, 5, 6, 7,
9, and probably 8 is, according to Ball, the initial letter of
the corresponding numeral word in the Indo-Bactrian al-
phabet in use in the north of India about 150 B.c. 2 and 3
were formed by two and three parallel strokes written
cursively, and 1 by a single stroke. Just when the zero
was. infroduced is uncertain, but it probably appeared
about the close of the fifth century A.p. The Arabs
called the sign 0, sifr (sifra =empty). This became the
English eipher (Cajori, **History of Elementary Mathe-
matics’).

12. The Hindu system of notation is capable of unlimited
extension, but it is rarely necessary to use numbers greater
than billions.

13. In the development of any series of number sym
bols into a complete system, it is necessary to select some
number to serve as a base. In the Arabie, or Hindu system
ten is nsed as a base; i.e. numbers are written up to 10,
then to 20, then fo 30, and so on. In this system 9 digits
and 0 are necessary. If five is selected as the base, but
4 digits and 0 are necessary. If twelve is selected, 11
digits and 0 are necessary.

The following table shows the relations of numbers in
the scales of 10, 5;and 12, /(¢ and e are taken to represent
ten and eleven in the scale of 12.)

NOTATION AND NUMERATION

Fz. 1. Reduce 431, to the decimal scale.
Note. 431, means 431 in the scale of 5.

Solution, 4 represents 4 x 5 x 5= 100
3 represents 3 x & = 15
1 represents 1 = 1

- 431, — 116,

Er. 2. Reduce 4632, to the scale of 8.
Solution.

8 | 4632

0 = 579 units of the second order and none of the first order.
) 3= 72 units of the third order and 3 of the second order.

A

9 0= 9 nnits of the fourth order and none of the third order.
1= 1 unit of the fifth order and 1 of the fourth order.

- 4632, =110304

EXERCISE 1

1. What number symbols are needed for the scale of 27
of 87 of 62 of 11?7 Write 12 and 20 in the scale of 2.

2. Reduce 234, and 546, to the decimal scale.

3. Reduce T649,, to the scale of 4.

4. Compare the local values of the two 9's in 78,940,-
590,634. What is the use of the zero? Why is the num-
ber grouped into periods of three figures each? Read it.

5. If 4 is annexed to the right of 376, how is the value
of each of the digits 8, 7, 6 affected ? if 4 is annexed to

)

the left ? if 4 is inserted between 3 and 77

6. What is the local value of each figure in 76,3457?
What would be the local value of the next figure to the
right of 5? of the next figure to the right of this?

7. For what purpose is the decimal point used ?

8. Read 100.004 and 0.104 ; 0.0002 ; 0.0125 and 100.0025.




ADDITION

14. If the arrangement is left to the computer, numbers
to be added ghould be written in columns with units of
like order under one another.

15. In adding a column of given numbers, the computer
should think of results and not of the numbers.

He should not say three and two are five and oue are six 329
and four are ten and nine are nineteen, but simply five, SiX, 764
ten, nineteen, writing down the 8 as he mames the last num- 221

ber. The remaining columns should (be added as follows: 0642

three. ‘seven, nine, fifteen, sevenieen, writing down the 7;
nine, fifteen, seventeen, twenty-fonr, twenty-seven, "-\rit.ir-sg
down the 7; nine; eighteen, writing down the 18. Time in
looking for errors may be saved by writing the numbers to
be carried nndérneath the sum asin the exercise.

16. Checks. If the columns of fizures have been added
upward, check by adding downward. If the two results
agree, the work is probably correct.

Another good check for adding, often used by account-
ants, is to add beginning with the left-hand column.

16000 or 16

Thus, the sum of the thousands is 16 thou- 2600 26
sands, of the hundreds 26 hundreds, of the tens 160 16
16 tens, and of the units 19 uniis. 19 A-18

1877 1877
EXERCISE 2

1. What is meant by the order of a digit? Define
addend, sum.

ADDITION

2. Why should digits of like order be placed in the
same column? State the general principle involved.

3. Why should the columns be added from right to
left ? Could the columns be added from left to right and
a correct result be secured? What is the advantage in
beginning at the right ?

4. In the above exercise, why is 1 added (“carried™)
to the second column? 1 to the third column? 2 to the
fourth column ?

17. Accuracy and rapidity in computing should be re
guired from the first. Accuracy can be attained by acquir-
ing the habit of always checking results. Rapidity comes
with mueh practice.

18. The 45 simple combinations formed by adding con-
secutively each of the numbers less than 10 to itself and
to every other number less than 10 should be practiced till
the student can announce the sum at sight. These com-
binations should be arranged for practice in irregular order
gimilar to the following :

T 2 5 9 8 5
1 2 : 6

| O =
| = =

1

| 90 B
| =3

| S0 OO
| =1 =3

']
19. 'Rapid counting by ones, twos, threes, ete., up to nines
is very helpful in securing both accuracy and rapidity.
FEr. Begin with 4 and add 6's till the result equals 100.
Add rapidly, and say simply 4, 10, 16, 22, , 94, 100.




14 ADDITION

20. It is helpful also to know combinations, or groups
1 2 3 4 5 and
9 8 7 6 5

that form certain numbers. Thus,

8 4
3, etc., are groups that form 10, and
3

= 09 =1
(VN

| ok ek
| bt

©

are groups that form 20.

i SRR i~
oy O
I =1 00

IS0 00

21. Such groups should be carefully studied and prac-
ticed until the student readily his
work. ' He himself with other
groups. The nine-groups and ‘the eleven-groups are easy
to add, since adding /nine to any number diminishes the
units’ figure by one, and adding eleven increases the units’
and the tens'digits each by one.

recognizes them in

should also familiarize

EXERCISE 3

1. Begin with 8 and add T’s till the result is 50.
2. Begin with 3 and add 8's till the result is 67.

Form the following sums till the result exceeds 100:
with 3 and add T’s.
T and add 8’s.

and add 9’s.

3 and add 5’s.

3. Begin
with
with
with

and add 6's.

6 and add 3’s.

Begin with 5

Begin with

l

|

ADDITION

Add the following columns, beginning at the bottom,
and check the results by adding downward. Form such
groups as are convenient and add them asa single number.

In the first two exercises groups are indicated.

11. 12. 16.
5 25.4 5 .6R3
76.1 7642 26 2.125
34.1 3 ] 467
43.37 53.2124
67. 516
81.: 14.421
28.: 3249 32.144

1678 67.6797
2432 19.045
H3. 5469 54.091
91.5 8761 86.2459
85.4 2 y 9332  27.654
4.1 5467

98.346
22:22 1023 84.6211

-t
e

T

-] QO

5666

]
VR VT )

32.14

16.25

i,
h D
VD

R |
—
(=Y

~

7
9
1
4
5
2
4 2
9
2
8
7
4+
4

|
|
|
|

C
'O =4 pD 0

In commereial operations it is sometimes convenient to

add numbers written in a line across the page. If totals
are required at the right-hand side of the page, add from
left to right and check by adding from right to left.

Add:

23, 42, 31, 76, 94, 11, 13, 27, 83, 62, 93.

728, 936, 342, 529, 638, 577 654.
1421, 2752, 7846, 5526, 3425, 1166, 7531, 8642
46, 72, 88, 44, 39, 37, 93, 46, 64, 73, 47.

21. 1728, 3567, 2468, 5432, 4567, 2143, 9876, 6789.

17.
18. + 128, 328,
19.

20.




ADDITION

Find the sum of the following numbers by adding the
Check

columns and then adding the results horizontally.
by adding the rows horizontally and then adding the
columns of results.

22. 7642
3124
9372
793
531
927
7942
9527
6524
3171

26
13
98
21

8
7

Exércises for further practice in addition can be readily supplied
The student should be drilled till he'can add accu-
Accuracy, however, should never be sacrificed to

by the teacher.
rately and rapidly.
attain rapidity.
Expert accountants, by systems of grouping and much practice, §
acquire facility in adding two or even three columns of figures at &
Elaborate caléulating machines have also been invented, and
By means of these

time.

are much used in banks aud counting offices.
machines, columns of numbers can be tabulated and the sum printed

6241
4724
3628

864
642
426

8349
2136
7641
1234

126
45
765
43
196
555

by simply turning a lever-

5331
8246
2793

927

876

459

46

5
453

350 9
961 649
444 888

987
67
465
11
378
999

S =3 to o

452
11

86
43
5
24
36
2224

SUBTRACTION

99. Insubtraction it is important that the student should
be able to see at once what number added to the smaller
of two numbers of one figure each will produce the larger.
Thus. if the difference between 5 and 9 is desired, the
gtudent should at once think of 4, the number which
added to 5 produces 9.

23. Again, if the second number is the smaller, as in
T from 5, the student should think of 8, the number
which added to 7 produces 15, the next number greater
than 7 which ends in 5.

24. The complete process of subtraction is shown in the
following exercise:

7 and 7 are 14, carry 1. (Why carry 1?)
3 and 0 are 3.
6 and 9 are 15, carry L.

6 and 2 are 8.

8534
5627
2007

25. The student should think “What number added to
5627 will produce 85347  After a little practice, it is
annecessary to say more than 7 and 7, 3 and 0, 6 and 9,
6 and 2, writing down the underscored digit just as it is
named.

26. Check. To check, add the remainder and the sub-
trahend upward, since in working the exercise the numbers
were added downward.

17




18 SUBTRACTION l SUBTRACTION

27. The above method of subtraction is important not I EXERCISE 5
only because it can be performed rapidly, but because it | d o
is very useful in long division. It is also the method of § - N“"le_ "“-ll’.““.\' the Cmn[.lll_t):ruofus r,)f _the. fo;l]l:m:mg
“ making change ™ used in stores. numbers: 15, 64, 32, 12, 90, 33, 25, 0.25, 0.16, 125, 500,

’ 5000, 1250, 625.

28. There are two other methods of subtraction in o T & of chanwe a clerk must return if
common use. The processes are shown in the following - 1\;}1:\0 ! m‘ o ”‘.(' l.du'“_e oo n o i
e 2% he receives a five-dollar bill in payment 0{ v«w:h «31 (. e

(1) 643 = 800 + 40 +3 = 500 + 130 -+ 13 following amounts: $1.25, $3.75, $2.34, $3.67, $0.25,
156 =400 450 + 6 =400 + 50 + £0.88, $4.91, $1.85.
7= | | . 100+

6 from 13 ; 3. Name the amount of change returned if the clerk
om 13,75 5 from 13, 8; 4 from 5, 1.

receives a ten-dollar bill in payment of each of the follow-
(2), 643 = 600 4 40 3 3,600 + 140 + 13 ing amounts: $7.34, $3.42, $9.67. $5.25, $2.67, $6.45,
156 =400 + 50 + 6, 500+ 60+ 6 $4.87, $0.68, $3.34.

i-ST = '14_7)0. + -‘5()‘+—7

6 from 13,75 6 from 14, §; 5 from 6, 1. Deterniine in each of the following exereises what num-
ber added to the smaller nmnber will produce the larger.
EXERCISE 4 The student will notice that in some cases the subtrahend

1. Define the terms subtrahend, minuend, difference. is/ placed over the minuend. It is often convenient in

2. How should the terms be arranged in subtraction? | business to perform work in this way.
Where do'we begin to subtract? Why ? 4, 5. 6. 7. - 9.

3. Is the difference affected by adding the same number § 9 36 5 246 31 0280
to both subtrahend and minuend ? - Is this prineciple used 4 5 42 31 167 5 3455
in either (1) or (2)?

4. If a digit in the minuend is less than a digit of the 10. 11. 12. 13.
corresponding order in the subtrahend, explain how the 7621 238 96564327 4680215

subtraction is performed in both (1) and (2). 6042 526 6098715 9753142

29. Arithmetical Complement. The arithmetical com- = b Ltract 73854 f 100000 it i
. 5 < y 3 e Biate U S

plement of a number is the difference between the number 34, Shay #hal 1o (waptradt, oS0 txgm !
and the next higher power of 10. Thus, the arithmetical necessary only to-take 4 from 19-anteach of she Tomain:

= 2 < = -~ E: i Tionts £r 9,
complement of 642 is 358, since 358 + 642=1000. The ing:digits from
arithmetical complement of 0.34 is 0.66, since 0.66 + 0.34 15. Subtract 76495 from 100000, and 397.82 from 1000,
=1 as in Ex. 14,




SUBTRACTION

16. Show that to subtract 3642 from 5623 is the same
as to add the arithmetical complement of 3642 and sub-
tract 10000 from the sum.

17. From 8787 take the sum of 1236, 2278 and 3846

8757
1236
2273
8346
1902

18. From 53479 take the sum of 23, 1876 and 41258,

19. From 7654 take the sum of 8121, 126 and 2849,

20. From T64295 take the sum of 45635, 67843, 125960
and 213075.

21. A clerk receives a twenty-dollar bill in payment of
the following items: $2.25, $11.50, $0.13, $0.75. How
much change does he return ?

22. Find the value of 2674 4+ 1782 — 1236 4 8420 —4536
by adding the proper arithmetical complements and sub-
tracting the proper powers of ten,

6,9, 15 and 2; 17.
5, 12,15 and 0; 15.

4, 6, 8and9; 17.
4, 6, 7and 1; 8

30. To find the balance of an aceount.

Dr. First NATIONAL BANK, YPSILANTL, in acct. with Joas Ssmite

1904 1904
Aug. Balance 486 | '8 Aug.
Aug. To deposit 200 D § Aung.
Sept. 30 | To deposit 198 | 756 § Sept.
Oct. To deposit 773 Sept. & By check
Novy. To deposit | = | Oct. By check
Nov. 3 | By check
Nov, 25 | Balance

By check
By check
By check

Balance

SUBTERACTION

The preceding form represents the account of John Smith with the
First National Bauk from Aug. 3 till Nov. 25. ‘The items at the left
of the central divading line are the amounts that the bank owes Mr.
Smith. This side is called the debit side of the account. The items
at the right represent the amounts withdrawn by Mr. Smith. This
side is called the credit side of the account. The difference between
the sums of the credits and the debits is called the balance of the
account.

It is evident that the debit side of the above account is greater
than the credit side. Therefore, to balance the account, add the
debit side first, and then subtract the snm of the credit side from the
result, as in Ex. 17 above. The difference will be the balance, or the
amonnt left in the bank to the credit of Mr. Smith. The work can
be checked by adding the balance to the eredit column. The resulf
should equal the sum of the debit colummn.

EXERCISE 6

Find the balance of each of the following accounts:

1. 2. 3.
Dr. Cr. Dr. Cr. 2 Cr.

934 | 50 | 246 | 84 1250 | 00 || 527 235 | 67 || 564
108 | 34 { 125 | 00 888 | 80 |( 131 | 6 1000 [ 00l 75
500 | ( 450 | 00 210 | 60 || 927 | ¢ 750261 34
212 | 60| 55|30 1100 | 00 || 500 | ¢ 104 |69 || 100 | 00
351 o7 | 30 2681 | 50 || 075 | 2 566 | 66 | 1200 | 00
100 60 | 00 69 | 00 || 659 | 7/ 195 | 754 275 | 80
75 10| 46 || 50| 00 302 | 00 || 625 | 30
188 L | 259 | 00 i]

4. On May 1 R. F. Joy had a balance of $1376.24 to
his account in the bank. ' He deposited on May 1, $189;
June 27, $166; July 28, 3755 Aug. 5, $190.60; Aug. 10,
$192.22. He withdrew by check the following amounts:
June 1, $153; June 10, $300; July 3, £25; July 27,
$575.50. What was his balance Aug. 157




MULTIPLICATION

31. The multiplication  table should be so well known
that the factors will at once suggest the product. Thus,
T'x 6, or 6 x T, should at once suggest 42.

82. The student should also be able to see at once what
number added to the prodact of two numbers will produce
a given number.  Thus, the number added to 4 x9 to
produce 41 18 5, or 4 x 9 and 5 are 41.

It is a common practice in multiplication fo write the multiplier
first as 2 x 85 =810. In this case the sign (x) is read *times.”
If the multiplier is written after the multiplicand, as in 85 x 2 = 310,
the sign (X) is read “multiplied by.”" 'The multiplier is always an
abstract quantity (Why ?), but the multiplicand may be either abstract
or conerete.

33. The following examples show the complete process
of multiplication :

Fzr. 1. Multiply 2743 by 356.

Solution. In wultiplying one number by 2743 2743
another 1t is not necessary to begin with the 356 356
units’ digit of the multiplier. We may begin 16458 82929

with either the units’ digit or the digit of the 13715 13715
highest order. In fact, it is frequently of de- 8999 16458

x:i.nl-:'(l adyantage to l)egiq with tlie digit of | g=erng 978508
highest order, éspecially in multiplying deci-
mals; but care should be taken in placing the right-hand figure of
the first partial produect. Since 3 hundred times 3 units = 9 hnndred,
the 8 must be put in the third or hundreds® place, ete.

22

MULTIPLICATION

PBr. 2. Multiply 3.1416 by 26.34.

Solution. Tn beginning the multiplication we see that
26 x 0.0006 = 0.012, Hence the 2 is written in the thou- 3.1416
sandths’ place. The work is then completed asindicated 2“-3}_

in the annexed example. It will readily be seen that the §2.832
rest follows after pointing off the first partial product 188496
correctly. 04248

The advantage of beginning with the digit of the 125664
hizhest order is seen in approximations (see p. 59), m
where considerable work 18 thereby saved.

34. Check. Multiplication may be checked by using
the multiplicand as the multiplier and performing the
multiplication again. However, the check by “casting
out the nines” (p. 41), is more convenient.

EXERCISE 7
1. Define multiplier, multiplicand, produet.

2. Explain why multiplication is but an abridged method
of addition.

3. Can the multiplier ever be a concrete number?
Expl‘dill.

4, How should the terms be arranged in multiplication ?
Does it make any difference in what order we multiply by
the digits of the multiplier? Might we begin to multiply
with the 5 in Ez.'1 and with the 6 in Ez. 272

5. How is the order of the right-hand figure of each
partial product determined ?

6. How does the presence of a zero in the multiplier
affect the work ?

7. In multiplying 3.1416 by 26.34, can we tell at once
how many integral places there will be in the product?
Can we tell the number of decimal places?




22 MULTIPLICATION

8. How many decimal places will there be in each of
the following products: 21.34 x 5.97 98.65 x 76.43 ?
321.1 x 987.5437 1.438 x 42.845 7

35. “The following short methods are useful :
1. 7o multiply any number by 5, 25, 163, 33}, 125.

Since 5 = 12, to annex a cipher and divide by 2 is the same as to
multiply by 5. The student in & similar manner should explain short
processes of multiplying by 25, 163, 33§, 125. ’

2. To multiply any number by 9.
Since 9= 10 — 1, it is sufficient to annex a cipher to the number
and subtract the original number.
£z. Multiply 432 by 9.
432 x 10 = 4320
432 x 1 432
432 x 9 = 3888

8. To multiply any number by 11.

Since 11. = 10 +71, it is sufficient to annex a cipher to the number
and add the original number,

Ez._ Multiply 237 by 11.

237 x 10 = 2370
237 x 1= 237
237 x 11 = 2607
This result can readily be obtained by writing down the right-hand
figure first and then the sums of the first and second figures, the sec-
ond and third, etc., and finally the left-hand figure.

4. Do multiply any number by a number differing bt
little from some power of 10.
Annex as many ciphers to the number 4s there are ciphers in the

next higher power of 10, and subtract the product of the number
multiplied by the complement of the multiplier.

MULTIPLICATION

Fz. Multiply 835 by 996. 996 = 1000 — 4.

335 x 1000 = 335000 In practice written 335
835 x 4 = 1340 1340

335 x 996 = 333660 333660

5. To multiply any number by a number of two figures

ending with 1.
Multiply by the tens' figure of the multiplier, writing this product
under the number one place to the left.

Kr. Multiply 245 by T1.
245 x 1= 24
245 x 70 = 1715

245 x 71 = 17391
6. To multiply any number by a number between twelvs
and twenty.
Mulfiply by the units’ figure of the muitiplier, writing the product
under the number one place to the right.
Ez. Maultiply 427 by 183.
427 x 10 = 4270
427 x 3=1281
427 x 13 = 5551

1. To square a number ending in 5.

85% =3 X 400 + 25, 452 = 4 x 500 + 25, 55% = 5 x 600 + 25, ete.

8. 7o multiply by a number when the multiplier contains
digits which are factors of other parts of the multiplier.

FEz. Multiply 25631 by 74221.

Since 7 is a factor of 42 and 21, multiply by 7, placing 95631
the firstifigure /in; the partial product under 7. (Why ?) 74991
Then multiply this product by 8/(42 =6 % 7), placing T
the first figure under 2 in hundreds’ place. (Why?) ;0_(_',)00
Then multiply the first partial product by 3 (21=3x7), "':1‘3';’1
Placing the first figure under 1. (Why?) The sum of Eoyie
these partial products will be the product of the numbers. 1902358451
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EXERCISE 8
Name rapidly the products of the successive pairs of
digits in each of the following numbers :
1. T584937465T. 3. 67452367885.
a987654: 32345,

2. 265374867598, 4.

5. 'Tn each of the following groups of digits add rapidly
to the product-of the first two the sum of all that follow :
567, 432, 1654, 3456, 9753, 3579, 8642, 2468, 7896, 5436.
3467.

6. Multiply 1264 by 125; by 123;

7./ Multiply 76.26 by 16% ; by 33%.
3348 by 253 by 235 by 503 by 0.5.
by 11; by 17; by 41.

‘!\ 1%.

8. Multiply 2

9. Multiply 645 by 9;

10. M:]lﬁiply 8963 by 848.

110 ‘Malfiply 87439 by 4832.

iz Show. that to multiply & number by 625 is the same
as to multiply by 10000 and divide by 16.

13. Subtract 5 x 12631 from 87642.

The work should be done as follows:

5x1and 7, 12.

5 x 3 and 1 and 8,24,

12631 5 x 6 and 2 and 4, 36.

94487 5 x 2 and 3 and 4, 17.
5 x1and1land 28

87642

14. Subtract 3 x 2462 from 9126.

15. Subtract 6 x 42641 from T68345.

MULTIPLICATION

16. Subtract 2 x 86473

from 291872.
When the same number is fo be used as a multiplier several times.
- = T )
work may be saved by forming a table of its multiples. Thus
ples. 5y
D764 x 754 =
3136
4704
54388
3920
4518076

‘The partial produets in each case are
taken from the table.

17. Use the above table and multiply 5764, 74591, 84327,
23145, each by T84.

18. Form a table of multiples of 6387, and use it to find
the product. of T482, 3.1416, T42896, 342312, 67564534
BATROT, 65768798, 56024.85. each bv 6387. :

19. Multiply 2785 by 9998, and 1728 by 997.
20. Multiply 78436 by 25 x 125.

21. Multiply 32.622 by 0.0125.

22. Multiply 486.72 by 0.25 x 0.25.

23. Multiply 320.4 by 5 x 1.25.

Multiply 56763 by 163 x 33}.




DIVISION

36. In division the student should be able to see at
once how many times a given digit is contained in any
number of two digits with the remainder. Thus, 7 i’s
contained in 46, 6 times with a remainder 4. The st’udent
should think simply 6 and 4 over. ‘ e

Bz, 6)354279

059046 remainder 3.

The whole mental process should be 5 5
6 me O88 s 3 & and 5, 9

4 and 3, 6 and 3. A G0 md 3

Two interpretations arise from consic
of multiplication.

Thus, since 4 %X 86 = $94.
(1) 324 + 4 =386, separation into groups. 324 has been separated
nto 4 equal groups.

.(2) $24 - 86 =4, involving the idea of measuring, or being con-
tained in. |

$6 is contained in $24, 4 times

lering division as the inverse

37. The following examples show the complete process
of long division. I ("

346
4541)1571186
362 ists i
13623 It assists in determining the order
D08SK of the digits in the quotient to write
18164 them in their proper places above the
27246 dividend.

27248
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38. The work in long division may be very much
abridged by omifting the partial products and writing
down the remainders only. These remainders are ob-
tained by the method used in Ex. 13, p. 26.

Ez. Divide T764.23 by 2.132.

The y7ork will be simplified by multiplying both numbers by 1000
to avoid decimals. The first remainder, 1246, is obtained as follows :

3568
2132)764230 3x2, 6and 6, 12.
12463 3x 3, 9and 1, 10 and 4, 14.
18030 3x1, 8 and 1, 4 and 2, 6.
974 3x2 6andl, 7.

Then bring down 3 and proceed as before to form the other
remainders.

39. Check. Division may be checked by multiplying
the quotient by the divisor, the product plus the remainder
should equal the dividend. The check by *casting out
the nines™ (p. 42) may be used.

EXERCISE 9

1. Define dividend, divisor, quotient, remainder.

2. Explain the two interpretations arising from consider-
ing division as the inverse of multiplication. 5 x$10=§50.
Give the two interpretations as applied to this example.

3. How is the order of the right-hand figure in each
partial product determined ?

4. Explain why the sum of the partial products plus the
remainder, if any, must equal the dividend if the work is
correct.

5. Explain why the quotient is not affected by multi-
plying both dividend and divisor by the same number.
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40. If the

times, or if

1 1
a divisor several §

same number is used as
the number of
places, work may be saved by forming a table of multiples

of the divisor: - Thus: !
Ez. Diyide T86342 by 4147.
| 4147 189
2.1 8204 4147)786342
12441 37164

|- 16538 SH882

dividend contains a large

6 | 20735 2559 remainder.

37323

EXERCISE. 10
1. Divide 987262 49789 and 314125 each by 4147
2. Divide 896423, 76425, 9737894 each by 5280.
3. Divide 44.2778 by 63:342.

Find the value of:
32.36 = 8.9.
1.25=0.5 and 12.5+0.05.
144 +1.2 and 14.4 +12.
625 =25 and 62,5+ 2.5.
1125 =+ 50

and 11.2
5280 = 12.5 580 = 125.

5+ 9.5.

and
10. 750+ 2.5 = 0.5.

41. In addition to the checks on the fundamental pro-

cesses given above. it is well when possible to form the
habit of estimating results before beginning the solution of a
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problem. Thus, in multiplying 193 by 121 it is evident
that the result will be about 12 X 20 = 2490,

nt should form a rough
estimate of the result, the
A large error will be at once detected.

In using this check the stude
problem and com-

’

then solve
pare results.
EXERCISE 11

Solve the following,

then the correct result :

first giving approximate answers,

about 15 x 4).
594 + 1).

Multiply 15.8 x 345
39 (about <

Divide 594 by %
Divide 32.041 by 0.499 (about 32.041 4+ D).
How much will 21 horses cost at $145 each ?
Multiply 30.421 by 20.516.

At 121 ct. a dozen, how much will 6} doz. eggs
At 87} ct. a pound, how much will 11 Ib. of coffee

How many bushels of potatoes can be bought for
£5.25 at-35 ¢t a bushel ?
9. At $1.12} a barrel, how many barrels of salt can
be hought for $22.50 7
10. How far will a train travel in 12 hr. at the rate of
45 mi.
11. How much will 83 T. of coal cost at 3

an hour?
$7.25 a ton?

12. The neb cost of printing a certain book is 49 ct. a

copy. How much will an edition of 2500 cost ?
13. At the rate of 40 mi. an hour, how long will it

take a train to run 285 mi. ?




FACTORS AND MULTIPLES

42. A factor or divisor of a number is any integral
number that will exactly divide it.

43. A number that is divisible by 2 is called an even
number, and one that is not divisible by 2 an odd number.

Thus, 24 and 58 are even numbers, while 17 and 83 are odd numbers.

44 A number that has no factors except itself and
unity is called a prime number.

Thus, 1, 2,3, 5, 7, ete., are prime numbers,

45. Write down all’ of the odd mumbers less than 100
and greater than 3. Beginning with 3 reject every third
number ; beginning with 5 reject every fifth number;
beginning with T reject every seventh number. The
numbers  remaining will be all of the prime numbers
between 3. and 100. (Why ?)

46. This method of distinguishing prime numbers is called the
Sieve of Eratosthenes, from the name of its inventor, Eratosthenes
(276-196 B.c.). He wrote the numbers on a parchment andcut ont
the composite numbers, thus forming a sieve

47. A number that has other factors besides itself and
unity is called a composite number.

48. Numbers are said to be prime to each other when no
number greater than 1 will exactly divide each of them.
Are numbers that are prime to each other necessarily
prime numbers ?
82
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49. An integral number that will exactly divide two or
more numbers is called a common divisor, or a common
factor of these numbers.

Thus, 2 and 3 are common divisors of 12 and 18,

50. The greatest common factor of two or more num-
bers is called the greatest common divisor (g.c.d.) of the
numbers.

Thus, 6 is the g.c. d. of 12 and 18.

51. A common multiple of two or more numbers is a
number that is exactly divisible by each of them.

Thus, 12, 18, 24, and 48 are common multiples of 3 and 8, whiie 12
18 the least common multiple (l.c.m.) of 3 and 6.

52. It is of considerable importance in certain arith-
metical operations, particnlarly in cancellation, to be able
readily to detect small faetors of numbers. In proving
the tests of divisibility by such factors, the two following
priniciples are important.

1. A factor of a number 13 a factor of any of its
multiples.

Proof. Every multiple of a number contains that number an exact
number of times; therefore, it contains every factor of the number.

Thus, 5 is a factor -of 25, and hence of 3 x 25, or 75,

2. A factor of any two numbers 18 a factor of the sum or
difference of any two multiples of the numbers.

Proof. Any fastor of two numbers is a factor of any of their mul-
tiples by Principle 1. Therefore, as each multiple is made up of parts
each equal to the given factor, their sum or difference will be madta up
of parts equal to the given factor, or will be a multiple of the given
factor.

Thus, 8 is a factor of 12 and of 15, and hence of § x 12 + 2 x 15,
or 80. 3 is also a factor of 5 x 12 —~ 2 x 15, or 80.
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53. Tests of Divisibility. 1. _Any number is divisible by
2 3f the nuwmber represented by its last right-hand diget H
divisible by 2.

Provf.
10°s as are represented by the number exclusiyve of its last digit plus the
last digit.
multiple of 10, is divisible by 2

Any number.may be considered as made up of as many

Then, since 10 is divisi by 2, the first part, which is a
TFherefore, if the second part, or the
nwinber [ représented by the last digit, is divisible by 2, the whole
number is. !

Thus, 634 =63 % 10+ 4 is/divisible by 2 since 4 is

2. Any number is divisible by 4.if the number represented
by the last two, digits i3 divisible by 4.

Proofi Any number may be considered as made up of as many
100’5 ag are represented by the number exclusive of its last two digits
plus the number represented by the last two digits.  Then, since 100 i3

divisible by 4, the first part, which is a miuiltiple of 100, is divisiblae

by 4. Therefore, if _the nuniber represented by the'last two digits is

divisible by 4, the wholenumber is.

Thus; 85648 = 856 % 100 + 48 isdivisible by 4 since 48 is.

B
3. | Any number is divisible by 5 if the last digit is 0 or. 5.
The proof, which is similar to the proof of 1, is left for the student.

Naote. 038 divisible by any namber, and the quotient is always 0.

4. Any number is divizible by 8 if the number represented
/rf ]"// 3.

by its last three digits is di

The proof is left for the student.

O.  Any number iz divisible by 95 the sum of its digits 18
divisible by 9.

Proof. Since 10=9+ 1, any number of 10’s = the same number
of s+ the same number of units; sinee 100 =99 + 1, any number
of 100’s = the same number of 99’s + the same number of units: since
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1000 = 989 + 1, any number of 1000’s = the same number of 999s
4+ the same nnmber of units; ete. Therefore, any number is made up
of a multiple of 9 + the sum of its digits, and hence is divisible by 9
if the sum of its digits is divisible by 9.

Thus, 7362 =7 x 1000+ 3 x 100 + 6 x 10 +2

=799+ 1)+ 309+ 1) +6(0+1)+2

—7 % 999 &+ <O T+3+6-4+2

=l T i

< 99+ 6
— a multiple of 9+ the sum of the digits.

Therefore, the number is divisible by 9 since 7 +3+6+2=18 18

divisible by 9.

6. Any number is divisible by 3 if the sum of its digits is
divisible by 3.

The proof, which is similar to the proof of Prineiple 5, is left for the

student.

7. Anyeven number i3 divisible by 6 if the sum of its digits
18 divisible by 3.

The proof-is left for the student

8. Any number is divisible by 11 if the difference between
the sumg of the odd and even orders of digits, counting from
units, 18 divisible by 11.

Proof. Since 10=11 — 1, any number of 10’s = the same number
of 11's — the same number of nnits; since 100=909+ 1, any number of
100's = the same number of 99's + the same number of units; since
1000 = 1001 — 1, any numben of 1000’s = thé same number of 1001’s
— the same number ¢f units; ete. Therefore, any number is made
up of a multiple of 11 + the sum of the digits of odd order — the sum
of the digits of even order, and hence is divisible by 11 if the sum of
the digits of odd order — the sum of the digits of éven orderis divis-

ible by 11.
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Thus, 753348 =7 x 100000 +5 x 10000 + 3 x 1000 4+ 3 x 100+4x10+6
=7(100001 —1) +5(9999+1)+3(1001—1)
+3(99+1) +4(11-1) +6
=7 % 100001 +5x 9999 +3 x 1001 +3 x99 +4x 11
—74+5—348—4+86

=a multiple of 11 4 the sum of the digits of odd order
— the sum of the digits of even order.
Therefore, thenumber is divisible by.11 since 5 +3 + 6—(T+3+4)=0
is divisible by 11.
9. The test for divisibility by T is too complicated to be
useful.
EXERCISE 12
1. Write three numbers of at least four figures each
that are divisible by 4.
2. Write three numbers of six figures each that are
diyisible by 9.
3. Is 3523862257 divisible by 11? by 82
4. Withont actual division, determine what numbers
less than 19 (except 7, 13, 14, 17) will divide 586080.
5. Explain short methods of division by 6, 25, 163,
334, 125.
6. Divide
7.

3710 by 5; by 25; by 125; by 12}
Divide 2530 by 0.5; by 0.025; by 1.25.

8. Prove that to divide by 625 is the same as to mul-
tiply by 16 and divide by 10000.

9. State and prave a test for divisibility by 12; by
15; by 18.

10. If 7647 is divided by 2 or 5, how will the remainder

differ from the remainder arising from dividing 7 by 2 or

5? Explain.

[
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11. If 26727 is divided by 4 or 25, how will the remain-
der differ from the remainder arising from dividing 27 by
4 or 256? Explain.
12, Explain how you can find the remainder arising from
dividing 26727 by 8 or 125 in the shortest possible way.

54. Relative Weight of Symbols of Operation. In the
use of the symbols of operation (4, —, x, +), it is impor-
tant that the student should know that the numbers con-
nected by the signs x and -+ must first be operated upon
and then those connected by + and — ; for the signs of
multiplication and division connect factors, while the signs
of addition and subtraction conneect terms. Factors must
be combined into simple terms before-the terms can be
added or subtracted.

Thus, 5+2x3—-15+54+4=12, the terms 2x 3 and 15+ 5 being
simplified before they are combined by addition and subtraction.

85. The ancients had no convenient symbols of operation. Addi-
tion was generally indicated by placing the numbers to be added adja-
eent to each other. Other operations were written out in words. The

‘symbols + and — were probably first used by Widman inhisarithmetic

published in Leipzig in 1489, He used them to mark excess or defi-
ciency, but they soon came into use as symbols of operation. X as a
symbol of multiplication was nsed by Oughtred in 1831. The dot ()
for multiplication was used by Harriot in 1831. The Arabs indicated
division in the form of a fraction quite early. -=asa symbol of divi-
sion was used by Rahn in his algebra in 1659.
duced the symbol = for equality in 1557.
division by Leibnitz and Clairaut. In 1631 Harriot used > and <
for greater than and less than.
in 1526.

Robert Recorde intro-
: was used to indicate

Rudolff used / to denote square root
96. Greatest Common Divisor. In many cases the g.c.d.

of two or more numbers may readily be found by factoring,
as in the following example:
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7z. Find the g.c.d. of 3795, T095, 30030.
3795 =3 x 5 x 11 x 23,
:T('l!).'w =3 x5 %11 x 43,
80030 =2x3 x5 x 11 x 91,
and since the g.c.d. is the product of all of the priine factors that are
common to the three numbers, 1618 3 x 5 11 = 165.

57./ Euclid, a‘ famous Greek geometer, who lived about 300 B.c,,
gave the method of finding the g.e.d. hy division. This method is
useful if the prime factors of the numbers cannot be readily found.

F. \ Find the gic.d. of 377 and 1479.

1479

1131 The g.c.d. cannot be greater than 377, and since

g

394 3 l
348 | 1 348
29 | 12/| 348

877 1s noti a factor of 1479, it is not the g, c.d. of the
two numbers.

Diyide 1479 by 377. Then, since the g.¢.d. is a common factor of
877 and 1479, it is a factor of 1470 —3x 377, or 348 (Principle 2, p. 33).
Therefore, the gc. d. is not greater than 348. If 34873s a factor of
377 and 1479, it is the g. ¢. d. soughts
But 348 isnot a factor of 377. Therefore, it is not the g. c. d. sought.
Divide 377 by 848. Then, since the g.c.d. is a factor of 377 and
348, it is a factor of 377 348, or 29 (Principle 2, p. 33).
Therefore, the g. c. d. is not greater than 29, and if 29 is a factor of
348, 377, and 1479, it is the g.c.d. sought. (Why?)
99 is a factor of 348. Therefore, it is a factor of 377 and of 1479.
(Why?)
Therefore, 29 is the g- c.d. sought.

58. Least Common Multiple. In many cases the 1. ¢. m.
of two or more numbers may readily be found by factoring,
as in the following example.

Fz. Find the 1. c.m. of 414, 408, 3830.

114 =2 x 3 x 3 x 23,
408=2x2x2x3x17,
3330=2x3x3x5x37,
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The 1. ¢. m. must contain all of the prime factors of 414, 408, 3330,
and each factor must oceur as often in the L. c.m. as in any one of the
numbers. 'Thus, 3 must ocenr twice in the L ¢.m., 2 must occur three
times, and 23, 17, 5, 37 must each occur once.

Therefore, the Le.m.=2X2x2 x3 X3x 5% 23 x 17 x 87 =
5208120,

59. When the numbers cannot readily be factored, the
g. c. d. may be used in finding the l. ¢. m.

Since the g. ¢. d. of two numbers contains all of the fac-
tors that are common to the numbers, if the numbers are
divided by the g.ec. d., the guotients will contain all the
: The 1. ¢. m. is therefore the

1bers.

factors that are not common.
product of the quotients and the g. c. d. of the n
Pz Find the l.eom. of 14482 and. 32721.

The g.c. d. of 14482 and 32721 is 13.
14482 + 13 =1114. .~ the Lc.m. of the two numbers is

1114 x 32721 = 36451194,

EXERCISE 13

1. Find the L ¢. m, and g. c. d. of 384, 2112, 2496,

2. Find the 1. c. m. of 3, 5, 9, 12, 14, 16, 96, 128.

3. Tind the c.c.d. and L c.m. of 1836, 1482, 1938,
8398, 11704, 101080, 138945.

4. Prove that the produect of the g.c.d. and 1 e, m.
of two numbers is equal to the product of the numbers.

5. What is the lencth of the longest tape measure that
can be used to measure exactly two distances of 2916 ft.
and 3582 ft. respectively ?

6. Find the number of miles in the radius of the earth,
having given that it is the least number that is divisible

by 2, 8, 4, 5, 6, 8, 9, 10, 11, 12.




ASTING OUT NINES

60. The check on arithmetical operations by casting
out the nines was used by the Arabs. It is a very n;nflrl
cheek, but fails to detecti snch errors as the zuldi/t‘i.un .oif 9
the interchange of digits, and all errors not affecting tl;(:
sum of the digits. (Why ?) - »

The remainder arising f widi
: xer arising from dividing any. nwmber by 9.is

Zhe same as that arising from dividing the sum of its digits
Y 9. & ‘ b

T{lus. the remainder arising by dividing 75234 by 9'is 3. the same
asarises by dividing 7 +5+2 +38 +4by 9 . g

The stadent shounld adapt t} of Pring: :
Pzl dapt the proof of Principle 5, p. 34, to this

61. The most convenient method is to add the digits

dropping or *casting out” the. 9. as often as the sum
amounts to that number.

Thus, to d.f-.u.’rminc the remainder arising from dividing 645738 by
a, say 10 (reject 9), 1, 6,13 (l’?jﬁl‘.! 9), 4,7, 15 (reject 9), 6. 3

) i ) There-
fore, § is the remainder. n

After a little practice the st i i
i $ . student will easily
group the 9’s. In the above, 6 and 3, 4 and 5, counld be dropped and

”

the excess in 7 and 8 is seen to be 6 at once.

62. Check on Addition by casting out the 9’s.
Fz. Add 56342, 64723, 57849, 23454 and check the
work by casting out the 9’s. ’
40

202368 = 9 ¥ 22484 + 12 rem.

CASTING OUT NINES

Since each number is a multiple of § plus some remainder, the
pumbers can be written as indicated
56342 =9 x 6260 4+ 2rem. jp the annexed solution.
64723 =9 x 7191 4+ 4 rem.
57849 —9 x 6427 + 6 rem. But 12 =9 +3.

23454 —9 x 2606 + 0 rem. v 202868 =9 x 22484 + 9+ 8

s &

=0 x 22485 + 3.

Thus, the excess of 9’s is 8 and the excess in the sum of the ex:
cesses, 2, 4, 6, and 0, is 3, therefore the work is probably correct.

63. The proof may be made general by writing the numbers in
the form 9z +r. This can be done since all
numbers are multiples of 9 plus a remainder.
Hence, by expressing the numbers in this form
and adding we have for the snm a multiple of 9
plus the sum of the remainders. Therefore, the
excess of the 9s in the sum is equal lo the excess 1n
the sum of the exrcesses.

9z +r
9z +¢
92 41"

Bz +2 +2 + )
+rdr )

84. Check on Multiplication by casting out the 9’s.

Since any two numbers may be written in the form 9z +r and
9z -+, multiplying 9z +7 by 92+ 7,
we have 81zZ + 9(z'r +2r’)+ /. From
this it is evident that the excess of 9's in
Qzr 11’ the produet arises from the excess in rr'.

8lzz + 92r Therefore, the excess of 9's in any product is
8l o + 9(Zr+ar)+ 1 equal to the ezcess in the product found by
multiplying the excesses of the factors together,

8z +r
9z + 7

Ez. Multiply 8764 by 456 and check by casting out

o
the O's. 8764 % 456 = 1716384,
The excess of 9's in 8764 is 2; the excess in 456 is 6; the excess in
the product of the excesses is 3 (2x 6=12; 12 — 9 = 3); the excess
in 1716384, the product of the numbers, is 3. Therefore, the work is
probably correct.

080610
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65. Check on Division by casting out the 9’s.

Division being the inverse of multiplication, the dividend
18 equal to the product of the divisor and quotient plus the
remainder. Therefore, the excess of 9s in the dividend is
equal’to . the ezeess of 98 in the remainder plus the excess
. the product found by mulliplying the excess of 98 in the
divisor by the excess of 9°s-in the quotient.

Er. Divide 74563 by 428 and check by casting out
the 9s. rArRh

74563 = 428 = 174 + 2

or 74568 =174 % 428 4+ 91

The excess'of 9's'in 74563 s 7; in 174, 3: in 428.5: in 91, 1. Since
7y the excess of 9'sAn 74563 = the excessin 8 x 5 + 1, or 16, which is

the product of the excesses in 174 and 428 plus the exc¢ess in 91, the
work is probably eorrect.

EXERCISE 14
1. State and prove the check on subtraction by casting
out the 9's. 7 i

2. Determine without adding whether 89770 is the
sum of 37634 and 52146,

3. Add 74632, 41236, 897321 and 124762, and check
by casting out the 9’s.

4. Multiply 76428 by 5937, and eheck by casting out
the 9’s. .

5. Determine without multiplying whether 2718895 is
the product of 3785 and 721.
_ 6. Show by casting out 9's' that | 18149 divided by
56 = 8245

7. Show that results may ailso be checked by casting
out 3’s; by casting out 11’s,

MISCELLANEOUS EXERCISE

8. Is 734657 divisible by 92 by 3? by 117
o. Perform the following operations and check :
01728 x 762 ; 849631 = 24635 1T x 3.1416; T8.54 = 3.1416.
10. Does the proof for casting out the 9’s hold as well
for 4, 6, 8, etc.? May we check by casting out the 8's?
Explain.
MISCELLANEQUS EXERCISE 15

1. What is the principle by which the ten symbols, 1,
2. .3.4, 5, 6,7, 8,9, 0, are used to represent any number ?

iy

2. Why is the value of a number unaltered by annexing

zeros to the right of a decimal ?

3, How is the value of each of the digits in the number
396 affected by annexing a number, as 4, to the right of
it Z to the left of it:?

4. How is the value of each of the digifts of 7642
affected if & is inserted between 6 and 47?

5. Write 4 numbers of 4 places each that are divisible
by (@) 4, () 2 and 5, (¢) 6, (d) 8, (e) 9, (f) 11, (g) 16,
(‘lc")"l:?, () 18,°C7) 18, (k) 3,7 50, (m) 125, (=), both
6 and 9, 7('_’_0) both 8 and-3, ( p) both 30 and 20.

6. Determine the prime factors of the following num-
bers : (a) 3426, (b) 8912, (¢) 6600, (d) 6534, (e) 136125,
(f) 330330, (g) 570240.

7. [Mr. Long’s cash balance in the bank on Feb. 20 is
£765.75.  He tlynpnsits. Feb. 21, £150; Feb. 25, $350.253
Feb. 26, $97.50; and withdraws, Feb. 23, $200; Feb. 24,
£123.40 and $112.50; Feb. 28, $321.75. What is his
balance March 17
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8. Form a table of multiples of the multiplier and
multiply 7642, 93856, 24245, 6420246, each by 463.

9. Form a table of multiples of the divisor and use it
in dividing 86420, 97531, 876123, 64208, each by 765.

10. Use a short method to multiply 8426 by 16%; by
331 ; by 945; by 432,

1. Find, without dividing, the remainder when 374265
is divided by 3 ; by 93 by 11.

12. Evaluate 45 4 32 x 25 — 800 = 125 + 180 x 354.

13. Determine by ecasting out. the 9's whether the
following are correct : (a) 786 x 648 = 509328 3 ()
24486 =192 = 127 4 102 rem. = (e¢) 415372 =+ 267 =
1655 + 187 rem.; (d) 16734 x 3081 — 52557454,

14. Perform each of the operations indicated in Ex. 13.

15. Subtract from 784236 the sam of 7834, 5286, 23462
and 345679.

16. What are the arithmetical complements of 12000,
1728, .3.429, 86, 0.1, 1257

17. Light travels at the rate of 186000 mi. per second.

Find the distance of the sun from the earth if it takes a
ray of light from the sun 8 min. 2 see. to reach the earth.

18. A canunon is 2 mi. distant from an observer. How
long after it is fired does it take the sound to reach the
observer if sound travels 1090 ft. per second ?

19. Replace the zeros in, the number 760530091 by
digits so that the number will be divisible by both 9 and 11.

20. Show that every even number may be written in
the form 27 and every odd number in the form 2+ 1
where n represents any integer.

MISCELLANEOUS EXERCISE

21. Show that the product of two consecutive numbers
must be even and the sum odd.

22. Show that all numbers under and including 15 are
factors of 360360,

23. Find, without dividing, the remainder after 364257
has been divided by 3 ; by 9; by 11.

24. Evaluate 10 + 144 x 25 — 2130 = 15+ 5 x 3.

25. Write 4 numbers of 5 places each that are divisible
by both 9 and 11.

26. Write 4 numbers of 6 places each that are divisible
by both 3 and 6.

27. Write 4 numbers of 4 places each that are divisible
by 4, 5, 6.

28. BEvaluate 47 x 68 4 68 x 53.

29. Evaluate 346 x 396.84 — 146 x 396.84.

30. Evaluate 27 x 3.1416 — 41 x 3.1416 4 49 x 8.1416
+ 65 x 3.1416.

31. If lemons are 20 ct. a dozen and oranges are 25 ct.,
how many oranges are worth as much as 12} doz. lemons?

32. A farmer received 6 1b. of coffee in exchange for
9 doz. eggs at 12} ct. a dozen. . How much was the coffee
worth per pound ?

33. Two piles of the same kind of shot weigh respectiyel_y
1081 1b. and 598 1b. What is the greatest possible weight
of each shot ?
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66. Historically the fraction is very old. A manuscript on arithme-
tic.entitled ¢ Directions for obtaininga Knowledge of All Dark Things,”
written by-Ahmes, an Egyptian priest. about 1700 B.C., begins with
fractions. In this manuscript all fractions are reduced to fractions
with unity as the numerator: Thus, the first exercise is § = § + /5.

67. While the Egyptians reduced allfractions to those with con-
stant numerators, the Babylonians used them with a constant de-
nominator of 60. Only the numerator was writteny with-a special
mark to denote the denominator, This method of writing fractions
lacked only the symbol for zero and jthe substitution of the base 10
for 60 to become the modern decimal fraction. Sexagesimal frac-

tions.are still used in the measurement of angles and tine.

68. The Romans nsed duodecimal fractions exclusively. They
liad ‘special names and symbols for %, 7. -+ th #p ¥ ete. To
the Romans, fractions were concrete things. They neveradvanced
beyond expressing them in ferms of uncia (), silicus (% uneia),
scrupulum (; uncia), ete., all subdivisions of the as, a copper coin
weighing one pound.

69. The sexagesimal and duodecimal fractions prepared the way for
the decimal fraction, which/‘appeared in the latter partiof the sixteenth
century. In 1585 Simon Stevin of Bruges published a work in which

"

he nsed the notations 74’ 6 o T0) 4@ 6@ 5@ 9@ for 7.4659.
During the early stage of ifs development the decimal fraction was
written'in various other forms, among which are found the ‘follow-
L IITII IV 1 23.3 4

ing: 7465 9, 746359, T/4659, 159, 7.4659. The decimal
point was first used, in 1612, by Pitiscus in his trigonometrical tables;
but the decimal fraction was not generally used befcre the beginning
of the eighteenth eentury.

46
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70. The primary conception of a fraction is one or several

Thus, the fraction 4 indicates

of the equal parts of a unit. ;

that 4 of the 5 equal parts of a unit are taken.

71. The term naming the number of parts into which
the unit is divided is called the denominator.
numbering the parts is called the numerator.

The term

72. A proper fraction is less than unity ; an improper
fraction is equal to or greater than unity.

73. A number consisting of an integer and a fraction is
called a mixed number.

74. Qur conception of a fraction must, however, be
enlarged as we proceed, and be made to inelude such ex-
'y Y < Q
: 2:5. " 3 % - ;
pressions as ——, —-, 3.14159 ete.

.20 — |
general conception of a fraction is that it is an indicated
operation in division where the numerator represents the

The more

dividend and the denominator the divisor.

75. Decimal fractions are included in the above defini-
tion, as 0.5 means & or 3. Using the decimal point (0.5)
is simply another way of writing .

76. General Principles.
dividing the denominator of a fraction by a number multi-
plies the fraction by that number.

Multiplying the numerator or

Let  be any fraction where 7 repreésents the number of parts into
which unity is divided, and 5 the number of these parts taken.

(])3x5

X
— 3 x 2, since there are three times as many of the 7
7

parts of unity as before.
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2) 2=
@

= 3 x _‘_’ since dividing the denominator by 3 divides by

3 the number of equal parts into which unity is divided and there-
fore the fraction is 3 times as large as before.

7. Dividing the nawmerator or multiplying the denomina-
tor of a fraction by a number divides the fraction by that
number.

747 . PREEY
=4, since dividing the numerator by 4 divides by 4

™ 9 9
the number of parts taken without changing the value of the parts.
oy 4 T
& 9x4 9

plies by 4 the number of parts into which unity is divided and there-
fore the fraction is } as large as before;

<4, since multiplying the denominator by 4 multi-

78. Multiplying or dividing both numerator and de-
nominator of a fraction by the same number does not change
the value of the fraction:

(ay 2%

DX &

5 both/ multiplies and divides the value of the fraction by 5. The
value of the fraction theérefore remains unchanged.

oy 2+ 5

ST
both divides and multiplies the value of the fraction by 5.
of the fraction therefore remains unchanged.

Multiplyivg both numerator and denominator by

Dividing both numerator and denominator by 5

The value

79. A mized number may be reduced to an improper frac-
tion and an improper fraction may be reduced to a mizved
number or an integer.
H5x4+3

4
5 x 4 4+ 3 = the number of 4ths in 53, .. §
Reversing the process,

Thus, 5§ = Since 5 x 4 = the number of 4ths in 5 and

::‘:-‘.

1.):‘23-‘-4:5-4—3:5%.

FRACTIONS

80. When the numerator and denominator of a fraction
are prime to each other, the fraction is said to be in its low-

est terms.

Ez. Express 4% in its lowest terms.

2 _3x14_3
5

70 b5x 14

81. Two or more fractions may be reduced to equivalent
fractions having a common denominator.

Ez. 1. Reduce %, §, 1, to equivalent fractions having a
common denominator.

The L ¢. m. of 4, 9, 12, is 36.

39\ %

4% 36

x4 20

9x4 36

. 41, 43, % are fractions having a comimon
denominator, equivalent to §, §, 4 Since 36 is
the L. c. m. of 4, 8, 12, it is called the least common
denominator.

82. Sometimes, instead of finding the l.c.m., it is more
gonyenient to take as the common denominator the product
of all the denominators and multiply each numerator by
the product of all the denominators except its own.

Ex. 2. Reduce §, } and # to fractions having a common
denominator.
Since the common denominator is 4 x 6 x 3,
4 i3 contained in it 6 x 3 times and the first
numerator will be 3 x 6 x 8, 6 is contained in
the common denominator 4 x 3 times and the
second numerator will be 1 x4 x 3, 3 is contained
in the common denominator 4 x 6 times and the
third numerator will be 2 x 4 x 6.
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83. Addition and Subtraction of Fractions. Since only
the same kinds of units, or the same parts of units, can b.e;
added to or subtracted from one another, it is necessary
to reduce fractions to a common denominator before I»ex:-
forming the operations of addition or subtraction.

Bz, 1. Add iy, 5 and gy

The L. c.m. of 12; 86 and 84s 252.

Add 2%, 1% and 3

3y 5 212 'S . O
23+ 184313 =24+1 %5 . | 3 T
&+ 154 33} 14 - Aot P = T

After a little practice the student should be able to
ahhrew"i;uv«‘ the work very mueh. ' #2. 1 might be worked
briefly, thus: V

o
B
12

Fz. /2, thus:

108 + 80 + 39

23+ 15+ 314 =6+ 144

Fzr. 3. From 225 subtract 1813.

84. Multiplication of Fractions. - The produet of  two
numbers may be found by performing the same operation on
one of them as is performed on umty to produce the other.

Thus; in 8 x 4 = 12, unity is taken three times to produce the mul-
tiplier 3, hence 4 is taken three times to produce the product 12,
Again, in § X 3 = 1§, unity is divided into 3 parts and 2 of them are

FRACTIONS 51

7
taken to produce the multiplier §, hence, ¢ is divided into 3 parts, each

of which is 3 2 (Why?), and 2 of them are taken to produce the
. S J

x
product ‘i—'j-_‘—j = .1:—?
When the multiplier is a common fraction, the sign (X) ghould be
read “of.” Thus § x $5 means { of $5.
Ez. 1. Multiply 3§ by 2}.
1 1
23 21 _ Bx2I_1

3G P
42 69 42xgy 6
5 '3

85. The student should use cancellation whenever possible.
He should never multiply or divide until all possible factors
have been removed by cancellation:

Note.  Although a Enowledge of the principles of multiplication
and division of decimals has been assnmed in examples given before,
it is well to review these prineiples at this point to mak re that
they are thoroughly understood.

Fz. 2. Maltiply 0.234 by 0.16.

234 16
1000~ 100
_ 284 x 18

1000 x 100

Solution. 0.284 x 016 =

=34 _ 003744,
100000
The number of decimal places in the product is the same as the
number of zeros in the denominator of the product, that is, it equals
the number of decimal places in the multiplicand plus the number i1
The decimal point in (0.03744) simply provides a

the mulfiplier:
It is better. however, to determine

convenient way of writing 33445,
the position of the decimal point before beginning the multiplication.
This can be done by coonsidering only the last figure at the right of
the multiplier and multiplicand. Thus, we see that 0.004 % 0.06 =
0.00024. Hence, the order of the product will be hundred thousandths

o,

%
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86. The following simple truths, or axioms, are fre-
quently used in arithmetic.

(1) Numbers that are equal to the same number are equal
to each other.

Thus, if z =5 and y = 5, then z = y.

(2) If equals are added to equals, the sums are equal.
Thas, if

z=50,z+3=0+3.

(3) If equals are subtracted from equals, the remainders
are equal.
Thus, if

z=4,thenz —-2=4 -2,

(4) If equals are multiplied by equals, the products are
equal.

Thus, if g — 3, then z = 6.

(5) If equals are divided by equals, the quotients are
equal.

Thas, if

3z =106, then z = 2,

87. Division of Fractions. Division may be regarded as
the inverse of multiplication. The problem is, therefore,
to find one of two factors when the product and the other
factor are given.

Thus,

Again,

3x4=12, .12 -3 =4 and 12 +-4=38. Axiom 5.

pxi=4 ~H-i=hand{+i=§

To divide one fraction by another.

Solution. Let 1# = § = ¢ (a quotient).

Then $§ = § x ¢ (multiplying both members of the equation by §),
and 3§ x § = ¢ (multiplying both members of the eqaation by §).

~. the quotient is obtained by multiplying the dividend by the reciprocal
of the divisor.

FRACTIONS

If a number of factors are connected by the signs x and -, the
pperations are to be performed from left to right.

Thusg, 8 x3+4x2+6=2.

The operation indicated by the word “of ” following a fraction is
to be performed before the operations indicated by x and =.

Thus, § +4x §of 6 =3 — §+3Fof §=10}.

Observe that the operations § of 6 and § of % are performed first,
followed by multiplication and division from left to right, and finally
by addition and subtraction.

i

88. A fraction of the form g is called a complex frac-

tion and may be considered as equivalent to §-+% and
treated as a problem in division. In general, however, a
complex fraction may be more readily simplified by multi-
plying both terms by the l. . m. of the denominators of

the two fractions in the numerator and denominator.

§ 63 x% St
Fz. 2. Divide 38.272 by 7.36. 5.2

7.36)38.272

36.80
BEE X A =% X o =52 1.479
1.47

Solution. 38272 + 7.36 = 3% + 1§

= ¥ X 438

The number of decimal places in the quotient will equal the num-
ber of zeros in the denominator of the last product. This will be the
game as the number of zeros in the denominator of the diyidend minus
the number of zeros in the denominator of the divisor, or, what is the
same thing, the number of decimal places in the dividend minus the
number of decimal places in the divisor.

If the number of decimal places in the dividend is less than the
number of decimal places in the divisor, we may anuex zeros to the
dividend till the number of decimal places is the same in both divi-
dend and divisor. The quotient up to this pointin the division will
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be an integer, and, in case if i3 necessary to carry the division farther,
more zeros may be annexed fo the dividend. The remaining figures
of the gunotient will be decimals.
Fz. 3. Divide 52.36 by 3.764.
13.9
3.164)52.360/0
37.64
14.720
112292
3.4280
3.3876

404

EXERCISE 18
1. Change § to 9ths; 5; to 168ths.
2. Reduce to lowest terms each of the following frac-
tions: %, 1, v 1L3E
3. Explain the reduction of 7 to an improper fraction.
Explain the reduction of Jl'fil’\'s& to a mixed number.

)
5
3

Simplify

Add lhﬁ;! '1].’{2'2.”11 and 35

fi take 1
.\hl“ipl) ._)}‘ —4 by ’ of 5’;

From 757

Find the value of 3 of -

Find the value of 53

Find the value of =L

FRACTIONS

13. By what must § be multiplied to produce 3% ?

14. What number divided by 3& of § will give 4} as a
guotient ?
‘- . ‘1, 3 5 ()t 1 3
15. Simplify: 2— —§x%

o |
1§ of 1§+4 x4

16. What fraction added to the sum of 1, }, and 5.25
will make 6.427
2—2« i

17. Sim )lifv: 2 0
PR 5+ 0.5 0of (1— )

18. How is the value of a proper fraction affected by
adding the same number to both numerator and denomi-
nator? How is the value of an improper fraction affected ?

19. A merchant bought a stock of goods for 8 2475.50
and sold 1 of it at an advance of } of the cost, } of it at an
advauce of } of the cost, and the remainder at a loss of -110
of the cost. Did he gain or lose and how much ?

20. A ship is worth 390,000 and a person who owns %
of it sells } of his share. What is the value of the part
he has left ?

21. If 1is added to both numerator and denominator of
2, by how much is ifs value diminished ?

22. If 1 is added to both numerator and denominator
of 3, by how much is its value increased ?

89. Cancellation. Much time may be saved in solving
problems by writing down a complete statement of the
condition given and then canceling common factors if any
are present. | The student should do this at every stage in
the solution of a problem, always factoring and canceling
whenever possible, and never multiplying or dividing till all
possible factors have been removed by cancellation.
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Fz. 1. If f; of a business block is worth $6252 66,
what is the value of 33 of it?

Solution. 5 is worth $6252.66.
o 13 worth 1 of $6252.66.
= the whole is worth 3% of §6252.66.
*» 43 is worth §} of 4% of $6252.66.

347.37
11 5 104211
— 11 X 28 x $8252.88
15 % § = $19105.85.
3

Ez. 2. How much must be paid for 59,400 lb. of coal at
$4 per ton of 2000 1b, ?

Statement. 59400 % 84 _
o0 — = $118:80.

EXERCISE 17
Find the value of :
27 x 72 x 80
36 x 45 x 30
144 % 1728 x 999
96'x 270 x 33

1820 x 432 x 660
" 4400 x 297 x 288
4. 1760 x 9 x125
55 x 360
5. How much must be paid for shipping 1200 bbl. of
apples at $35 per hundred barrels ?

6. How many bushels of potatoes at 50 ct. a bushel
will pay for 500 Ib. of sugar at 4 ct. a pound ?

7. A merchant bought 12 earloads of apples of 212 bbl.
each, 3 bu. in each barrel at 45 ct. per bushel. He paid
for them in cloth at 25 ct. per yard. How many bales
of 500 yd. did he deliver?

8. How many bushels of potatoes at 55 ct. per bushel
must be given in exchange for 22 sacks of corn, each con-
taining 2 bu., at 60 ct. a bushel ?

APPROXIMATE RESULTS

APPROXIMATE RESULTS

80. In scientific investigations exact results are rarely

possible, since the numbers used are obtained by observa-

tion or by experiments in which, however fine the instru-
ment, the results are only approximate, and there is a
degree of accuracy beyond which it is impossible to go.

91. On the other hand, the approximate value of such
incommensurable quantities as V2 =1414+, == 3.14159+
can be obtained to any required degree of accuracy. The
value of o has been computed to TOT7 decimal places, but
no such accuracy is necessary or desirable. The student
ghould always bear in mind that it s a waste of time to
carry out results to @ greater degree of accuracy than the
data on whick they are founded. :

92. It is frequently necessary to determine the value of
a decimal fraction correct to a definite number of decimal
places. The value of 3§ =0.95833+ correet to four deci-
mal places is 0.9583.  0.958 and 0.96 are the values correct

to three and two places. The real value of this fraction
correet to four places lies between 0.9583 and 0.9584.
0.9583 is 0.00003+ less than the true value, while 0.9584
is 0.00006+ greater. Therefore 0.9583 is nearer the cor-
rect value, and is said to be the value correct to four deci-
mal places. Similarly, 0.96 is the value correct to two
places.

93. If 5 is the first rejected digit, the result will appar-
ently be equally correct whether the last digit is increased
by unity or left unchanged. The value of 0.4235 correct
to three places may be either 0.423 or 0.424. However,
as the 5 itself is usually an approximation, it can readily
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be determined which course to pursue by noticing whether
the 5 is in excess or defect of the correct value. 0.23649
correct to four places is 0.2365, but correct to three places
0.236 is nearer the true value than 0.237.

94. Addition. Er. Add 0.234673, 0.322135, 0.114342,

0.563217, each fraction being correct to six decimal places.

Solution. It is clear that the Jast digit in this som is
not correct, since each of the four numbers added may be 0.234673
either greater or less than the correct value by a fraction 0.322135
less than 0.0000005. Hence, the total error in the sum 0114342
cannot be greater than 0.000002. | The required sum must 0.563217
therefore lie between 1.234369 and 1.234365, and in either 1934367
case the resnlt correct to five places is 1.23437.

95. The next to the last digit in the sum may be incor-
recty as shown in the following example :

Fz. Add 0.131242, 0.276171,0.113225, 0.342247, each
fraction being correct to six decimal places.

, 0.131242
Solution. | In this case the sum lies between 0.862887 gorgi71

and 0.8625883. Hence, it is uncertain whether 0.86289 or 113995
0.86288 is the value correct to five places. 0.8629 is, how- 0.349247

ever, the value correct to four places. T
862885

96. The third digit from the last may be left in doubt,
as in the following example:

Er. Add 5.866314, 3.715918, 0.568286, 4.342233, each

fraction being correct to six plaees.
! 5.866314
Solution. Here the true value of the sum lies between g 715918

14.492753 and 14.492749. Hence, it is uncertain whether g sggogg
the value correct to four places is 14.4928 or 14.4927. The 4340933

value correct to three places is 14.403. _—
14.492751

APPROXIMATE RESULTS

97. Subtraction. Ez. Subtract 0.238647 from 0.329528,
each fraction being correct to six decimal places.

Solution. Sinee each fraction cannot differ from the 0.329528
true value by a fraction as large as 0.0000005, the differ- 0.2 38647
ence caniiot be greater or less than the correct value by a  (.090551
fraction as large as 0.000001. Hence, the difference must
lie between 0.090882 and 0.090880, and the value correct to five places
is 0.090583.

98. Cases will arise where the second and third digits
from the last are in doubt, as in addition. The student
should determine how far the result may be relied upon
in the following examples:

(1) Subtract 0.371492 from 0.76423T7.
(2) Subtract 0.11132 from 0.23597.
(3) Subtract 15.93133 from 43.71288.

99. Multiplication. From thé examples in addition
given above the student will nofice that it will be suffi-
cient inmost cases to carry out the partial products
¢orrect to two places more than the required result.

Er. Find the square of 3.14159 correct to four decimal
places.
Solution. The multiplication in full and the contracted form are

as follows: 314150 3.14159

314159 3.14159

042477 9.42477
314159 S314159
1256636 125664
00314159 3142
001570795 1571
2827431 283

81 9.8696

After pointing off the first partial product we proceed as indicated
in the above contracted form until the multiplication by 3 and 1 are
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completed. Multiplication by 4 would give a figure in the seventh
place. Instead of writing down the figures we add the nearest 10 to
the next column. Thus, 4 times 9, 36, add 4 to the next column since
3.6 = 4 approximately. 4 times 5, 20 and 4, 24. 4 times 1, 4 and 2,
6, ete.

In multiplying by the next 1 it is not necessary to take the 9 in the
multiplicand into account.  So, alse, in multiplying by the 5, the 5
and 9 in the multiplicand may both be ignored. And so on until the
multiplication is completed.

100. Division. Fz. Divide 9376245 by 8724 correct to
the units’ place.

Solution, The division in full and the contracted form are as
follows :
2517 2517
8724)9876245 8724)9376245
7448 7448
19282 19282
18620 18620
6624 662
3724 372
20005 200
26068
2037 30

The first two digits in the quotient are 2 and 5 and the second re-
mainder is 662. It is not necessary to bring down any more figures
to have a result correct to units since tens divided by thousands will
give handredths. | The divisor may also be contracted at this stage'of
the work. Thus, cutting off the 4, 372 is contained once i the second
remainder, 662. Cutting off the 2, 37 is contained 7 times in the next
remainder, 280. This gives the units’ fignre of the quotient.

2517
It will be noticed that the next figure of the quo- 3724)0876245

tient Ais g:_rrea-ter than 0.5, therefore the result correct 19982
to units is 2518. 662

The work may be further abridged by omitting the 290
partial products and writing down the remainders only. 80

APPROXIMATE RESULTS

101. Ez. Divide 62473 by 419.6789.* 0.1488500
Solution. First shift the decimal point 4196789)624730.0

four places in each so as to have an integral 20505110
divisor, and then work as follows: The 1 37*7954
and 4 are obtained without abbreviating 30‘()5’.?:.’,
and the 8, 8, 5, 9, 0 by cutting off 9, 8, 7, 24780
8, 9 in succession from the divisor. 3796
19
Er. Divide 0.0167 by 423.74.*
0.00003941
42374)1.67000
39878
1741 -
: o Viagy:
4 2
“E.r},‘,p '{&'
EXERCISE 18
1. Divide 100 by 3.14159 correct to 0.01.
2. Find the quotient of 67459633 divided by 4327 cor-
rect to five significant figures.
3. Determine without dividing by what number less
than 13, 339295680 is exactly divisible.

# From Langley’s ** Treatise
on Computation,” p. 68.

Determine by casting out the 9's whether the following
are correct:

959 x 959 =919681. 5. 954 x 954 x 954 = 968’2500;64
33920568 = 729 =42829, 7. 1019 x 1019=103632
6234751 +— 43265 = 14.41+ a remainder 2645.
Find the sum of 23.45617, 937.34212, 42.31759,
5382.23346, 141.423798 correct to two decimal places.
10. Subtract 987.642 from 993.624 correct to tenths.
11. Find the product of 32.4736 x 24.7955 correct to
five significant figures.

12. Divide 47632 by 8}.  13. Multiply 23793 by 124.




MEASURES

102. Measures of Weight. It is curious to note swhat an important
part the grain of wheat or barley has played in the establishment of
a unit of weight, both among the ancients and the more modern
Europeans. In England, as early a8 1206, we find the pennyweight
definied as the weight of * 32 wheat eorns\in the midst of the ear”;
again about 1600, a5 24 barley corus, dry and taken out of the middle
of the ear:™ Still'laterthe artificial grain (4 pwt. Troy) is defined as
“one grain and a half of round dyy wheat.™ | The Greeks made four
grains of barley equivalenf tothé keration or carob seed. From this
is derived the caraf, fhe nm:;n‘.ur»- by which.diamonds and pearls are
weighed. ‘The'drain of barley and the carat' have been used by all

European canufries as the basis of existing weights.

103. Great inconvenience was long experienced from this lack of
uniformity, so that Parliament in 1824 passed an act adopting the
Imperial Pound Troy as the standard of weight. [t was also enacted
that of the 5760, grains contained in the pound Troy, the pound avoir-
dupois shonld contain 7000. The intermational kilogram is now the
fundamental standard of weight in _the [United States. The pound
avoirdupois is defined as o Kilogram (see § 139). The onnee, grain,

ete., are subdiyisions of the pound.
104. Avorrpurois WEIGHT

16 drams (dr.)= 1 ounce (0z.)
16 ounces = 1 pound (1b.)
100 ponnds =1 bundredweight (cwt.)

2000 pounds 1ton (T.)

112 Ib. =1 long ewt. and 2240 1b. =1 long ton are used in the
customhbouse and in weighing coal and iron at the mines.

The ¢ in ewt.s8tands for the Latin word centum, a hundred.

Lb. i5 a contraction of the Latin word litra, pound.

Pound is from the Latin word pondus, a weight.

Ounce i8 from the Latin word uncia, a twelfth part.

Dram is from the Latin word drackma, a handful.

02
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105. Troy WrigaT
24 grains (gr.) =1 pennyweight (pwt.)
20 pennyweights = 1 ounce Troy
12 ounces Troy = 1 pound Troy

This weight is used for the precious metals and jewels. The ounce
fTroy and pound Troy must be carefully distinguished from the ounce
and pound avoirdupois. The grain, however, is the same throughout.

437.5 grains = 1 ounce avoirdupois 480 grains = 1 ounce Troy

7000 grains 5 1 pound avoirdupois 5760 grains = 1 pound Troy

106. Arornecaries’ \VEiGHT
20 grains = 1 scruple (se. or D)
3 scruples = 1 dram (dr..or.3)
8 drams = 1 ounce (0z. or %)

12 sunces 1 pound

5760 gramns = 1 pound

This table is used in compounding drugs and medicines. Scruple
is from the Latin word serupulum, a small weight.

Of the above measures of weight, avoirdupois is the most generally
used.

107. Measures of Length. The ancients usnally derived their units
of length from some part of the human body. Thus, we find the
Jathom (the distance of the outstretched hands), the cubit (the length
ot the forearm), and later the ell (the distance from the elbow to the
end of ‘the finger), the foof (the lengthiof the human ‘foot), the span
(the distance between the ends of the thumb and little finger when
outstretched), the paim (the width of the hand), the digit (the breadth
of the finger). The Roman foot was subdivided into four palms,
and the palm into four digits. | The division into.inches or uncie (a
twelfth part) applied not only to the foot but to anything.

108. For longer measures there was still less uniformity. We
find the Hebrew’s kalf~day’s journey; the Chinese lik, the distance a
man's voice can be heard upon a clear plain ; the Greek stadium, prob-
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ably derived from the length of the race course; the Roman puce of
five feet; the jurlong, the length of a furrow. The mille passus, a
thousand paces, is the origin of the moderu mile.

109. In 1374 the inch is defined in English law as the length of
#three barley corns, round and dry.” Later, other arbitrary measures
of length were adopted by the government. The international meter
is now the fundamental standard of length in the United States. The
yard is defined as 3§99 of a meter (see § 129). The foot and inch are
subdivisions of this standard yard.

*
110. Common MEASURES OF LENGTH
12 inches (in.) =1 foot (ft.)
3 feet 1 yard (yd.)
5} yards or 16} feet = 1 rod (rd.)
820 rods or 5280 feet = 1/ mile (mi.)
The furlong, equal to 40 rods, is seldom used.
The, fathom, equal to6 feet,’and the knot or geographical mile,
equal to ome minnte of the equatorial circumference of the earth
(6080 feet), are sometimes used.

111. Svrvevors® Measures oF LENGTH
7.92 inches =1 link (li.)
100 links =1 chain (ch.)=(4 rd.)

80 chains = 1 mile

112. MEASURES OF SURFACES
144 square inches (sq. in.) =1 square foot (8q. ft.)
9 square feet = 1 square yard (sq. yd.)
30} square yards = l'square rod (sq. rd.)
160 square rods _ =1 acre (A.)
640 acres = 1 square mile (sq. ini.)
1 square mile =1 section.

36 sections =1 township (twp.)

MEASURES

113. MeasurEs or Souips
1728 cubic inches (cu. in.) =1 cubie foot (ecn. ft.)
27 cubic feet =1 cubic yard (cu. yd.)
The cord, equal to 128 cubic feet, is a rectangular solid 8 feet long,
4 feet wide, and 4 feet high. The common use of the word is how-
ever, & pile of wood 8 feet long and 4 feet high, the width of the pile
varying with the length of the stick.

1 eubic yard load

243 cubic feet 1 perch

114. Measures of Money. Originally, among primitive people,
buying and selling was carried on by barter, or the actual exchange
of commodities.” The inconveniences arising from transactions of
this kind brought about the adoption of a medium of exchange, or
money. Money, usyally consisting of gold and silyer, was used at a
very early period in the world’s history. Gold and silver seem at first
to have been exchianged for commodities by weight. Business trans-

actions were then still further simplified by the introduction of coins
and paper money. Finally, as in the case of weights and measures,
governments adopted definite standards of money value.

115. Uxitep States MonNey
10 mills =1 cent (ct.)
10 conts =1 dime (d.)

10 dimes =1 dollar (8)
10 dollars = 1 eagle (E.)

116. Excrisa Mosey
12 pence (4.)=1 shilling (s.) =80.243%
20 shillings (=1 pound (£) =3$4.8865

117. Frexca Money
10 centimes = 1 decime
10 decimes =1 franc=20.193
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118. Germanx MoneY

100 pfennigs = 1 mark (M.)=$0.238

119. Messures or NuMBER
12 wnits =1 dozen (doz.)
12 dozen =1 gross (gro.)
12 gross = 1 great gross (gt. gro.)
Also 24 sheets of paper = 1 quire

20 gquires = 1 ream

120. Liquip MEasURE

4 gills (gi.)=1 pint (pt.)
2 pints =1 quart (qt.)
4 quarts =1 grallon (gal)=231 cu. in.

31} gallons =1 barrel (bbl.)

121. Dry MEASURE

2 pints | =1\ quazt
8 quarts = 1 peck (pk.)
4 pecks — 1 bushel (bu.)=2150.42 cu. in.
The Winchester bushel is the standard measure for dry substances.
It is a cylindrical vessel 18} in. in diameter and 8 in. deep, containing
2150.42 cu. in.
Before the adoption of this and other standards by the English
government there was even a greater variety of measures of capacity
than of length and weight.

122. Reduction of Compound Numbers. Quantities like
5 mi. 10 rd. 7 yd. 2 ft. and 3 1b. 5 oz. are called com-
pound numbers, because they are expressed in several
denominations.

MEASURES

Fz. 1. Reduce 25 yd. 2 ft. 11 in. to inches.

or 36 yd. =900 in.
2 ft. = 24 in.

11 in. = 11 in.

. 25 yd. 2 ft. 11 in. = 835 in.

oo
Lo

|

Solution, 1 yd.=3 ft.

w20 yd. =25 x 3 it =75 it.
D+ 2.=77 ft. 1ft.=12 in.

. 77 6. =77 x 12 1n. = 924 in.
924 in. +11 in.= 935 in.

-3
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935

Nore. The explanation shows that 25 and 77 are the multipliers and 3 ft.
and 12 in. the multiplicands; but to shorten the operation, 3 and 12, regarded
as abstract numbers, may be used as multipliers, since the product of 25 x 3 =
the product of 3 X 25.

Ez. 2. Reduce 1436 pt. to bushels, pecks, ete.

Solution. Since there are 2 pt. in 1 qf,, 2|1438 no. of pt.
in 1436 pt. there are as many quarts as 8| 718 no. of qt.
2 pt. are contained times in 1436 pt,or 4| '89 no.of pk.+8 gt
718 qt. 272 no. of bu.+1 I)k.
Since there are 8 qt. in 1 pk., in 718 gt
there are as many pecks as 8 qt. are contained times in 718 qts or
89 pk. 6 gt.
Since there are 4 pk. in 1 bu., in 89 pk. there are as many bushels
as 4 pk. are contained times in 89 pk., or 22 bu. 1 pk.
<. 1436 pt.=22'bu. 1 pk. 6 qt.

EXERCISE 19
Reduce 8 A. 5 sq. rd. 12 sq. yd. to square yards.
Reduce 11000 sq. rd. to acres.
Reduce 2 gt. gro. 5 gro. to dozens.
teduce 972 sheets to reams.

teduce 20 cu. yd. to cubic inches.

Reduce 1000 oz. to pounds and ounces (avoirdupois).

IR, e A R Bewy
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Reduce 12 1b. 5 0z. 11 pwt. 20 gr. to grains.
Reduce 113 T. T ewt. 11 Ib. to pounds.
Reduce 147630561 1b: to tons.
Reduce 5 sq. yd. 3 sq. ft. 91 sq. in. to square inches.
Reduce 46218385 sq. in. to acres.
Reduce 5 bu. 7 pk. 3 gqt. to quarts.
Reduce 34372 pt. to pecks.
14. Reduce 21 yd. to a decimal of a mile.
15. Reduce 2 pk. 8 gt- 1 pt. to a decimal of a bushel.
16. Reduce 0.0125 A.+ 0.25 sq. rd. to square feet.
17. Reduce 0.01 of a cubie yard to cubic inches.
18. Reduce 43629145 in. to miles.
19. Reduce % of a peck to pints.
20. Reduce 2 qt. 1 pt. to a fraction of a peck.

21. Reduce 1 mi. 11 ch. to feet.

123. Addition and Subtraction of Compound Numbers.
Compound addition and subtraction is the addition and
subtraction of compound numbers of the same kind. The
processes differ very little from the corresponding pro-
cesses in the addition and subtraction of abstract numbers.

Br. 1. Add 4 1b. T oz (Av:); 3 1b. 40z 12/1b: 10 oz,

9 1b. 5 oz. 41b." 7 oz.

Solution. The work is as fo]ll“w_q-_ 3 ‘!»
B, 15, 19, 260z. = 1 Ib. !(_) 0Z 12 l(-’

1, 10, 22, 25, 29 Ib. 9 5

' 291b. 10 oz.

MEASURES

Fp. 2. From 41 1b. 4 oz. (Av.) subtract 29 1b. 8 oz.

The work is as follows: 1. 4oz
1 1b., or 16 oz.+4 0z.=20 oz. 29 8

8 and 12 are 20

o
1 and 29 and 11 are 41. Sl 0

124 Multiplication of Compound Numbers.
Fz. Multiply 5 yd. 2 ft. by 7.

4 ft.—=4 yd. 2 ft. 5 yd. 2 ft

7
30 yd. 2 it

125. Division of Compound Numbers. Compound divi-
sion is of two kinds. The first is the converse of multi-
plication.. In this case the quotient is a compound
number of the same kind as the dividend. In the second
case the dividend and divisor are both compound numbers
of the same kind, and the quotient is an abstract number.

126. The two cases arise from the fact that division may
be regarded as the operation of finding one of two factors
when the other factor and the product are given.

Thus; 39 yd. 2 ft. is the productof 7 and 5 yd. 2 ft
39 yd. 2 ft. _ - 38 yd. 2 ft. 9 ik ¥ '3
. 29yd-21t -“d_' %5 yd. 2 ft., or ‘t yd. 246 _ 119 :t = 7, the divi-
7 5 yd. 2 it. 17 ft.
dend and divisor being reduced fo the same denomination before
dividing.

Fz. 1. Divide 29 mi. 2 yd. 2 ft. by 8.

Solution. 29 mi. = 8=3 mi. + a remainder of § mi.
5'mi. = 8800 yd. and 8800 yd. 42 yd.= 8802 yd.
8802 yd. = 8 = 1100 yd. + a remainder of 2 yd.
2 yd.=6 ft., and 6 ft. + 2 ft. =8 ft.
§ft. -8=1ft.

< 29 mi. 2 yd. 2 ft. -+ 8=3 mi. 1100 yd. 1 {t.
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Ez. 2. Divide 139 1b. 8 oz. (Av.) by 4 1b. 8 oz

Solution. 139 1b. 8 oz. = 2232 oz.
4 1b. 8 0z. =72 oz.
2932 oz. + 72 0z.=81.

127. Check. Compound addition and subtraction may
be checked in the same way as addition and subtraction
of simple numbers. Multiplication may be checked by
division, and division by multiplication.

EXERCISE 20

How many inchesare there in 1-mi. 3 ch.?

. Add 14 1b. 8 ez., 5 1b. T 0z., 31 1b. 11 oz.

From 17 cu. yd. 11 cu. in, subtract 5 cu. yd.5 cu. ft.

From 11 bu. 1 pk. subtract 4 bu. 5 qt.
Multiply 80 A.11 sq. rd. by 10.
6. Divide 159 A. 29.5 sq. rd. by 2.
7. How many bags containing 2 bu. 1 pk. each can be
filled from a bin of wheat containing 256 bu. 2 pk.?
8. How many revolutions will a bicycle wheel T ft.
4 in. in circumference make in traveling 25 mi. ?

9. How many times can a bushel measure be filled
from a bin 8 ft. square and 6 ft. deep? Will there be a
remainder ?

10. How many gallons of water will a tank 4 ft. T in.

by 2 ft. 11 in. by 1 ft. 3 in. contain ?

11. How many times is 7 ft. 6 in. contained in 195 mi.
280 rd.?

METRIC SYSTEM OF WEIGHTS AND MEASURES T1

32. How much coal is there in three carloads of 38 T.
8 ewt. 41 1b., 29 T. T ewt. 5 1b., 32T, 1T ewt. 70 1b. ?

13. What must be the length of a shed T ft. high and
9 ft. wide to contain 50 cd. of 16 in. wood ?

14. If a ton of coal occupies 36 cu. ft., what must be
the depth of a bin 6 ft. wide by T} ft. long in order that
it may contain 10 T.?

15. Divide 320 rd. 4 yd. by 10 rd. 2 yd.
16. How many feet are there in § of a mile ?
17. Reduce 17 pt. to a decimal of a gallon.

18. How many steps does a man take in walking a milse
if he advances 2 ft. 10 in. each step ?

19. The pound avoirdupois contains 7000 gr. Find
the greatest weight that will measure beth a pound Troy
and a pound avoirdupois. Find the least weight that
can be expressed without fractions in both pounds Troy
and pounds ayoirdupois.

20. A cubic foot of water weighs 1000 oz. avoirdupois.
Find the number of grains Troy in a cubic inch of water.

METRIC SYSTEM OF WEIGHTS AND MEASURES

128. Late in the eighteenth century France invented the metrie
system of weights and measures, but it was not made obligatory until
1837. Previous to this time there existed in France the same lack of
uniformity in forming multiples and” submultiples of the units of
measure ‘as exists in onr system at the present time. The metric
system is now in use in most civilized countries except the United
States and England. It was legalized by Congress in the United
States in 1866, but has not been generally adopted. In scientific
work the system is quite generally used in all countries.
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129. The unit of length is the meter. This is the
fundamental unit, because from it every other unit of
measure or weight is derived; hence the
name metric system. The meter is theo-
retically one ten-millionth part of the
distance of the pele from the equator.

Though an error has since been dis-
covered in the measnrement of the dis-
tance, the meter has not been changed,
and a rod of platinum 39.37 inches in

9

length, deposited in the archives at
Paris; is jcalled the standard meter.

8

7

130. The unit of capacity is called
the liter. It-is a cube whose edge is
0.1 of a meter.

6
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131. The unit of weight is the gram.
The gram is the weight of a ecube of
distilled ' water at maximum density,
whose edge is 0.01 of a meter.

5

eters, half centimeters and millimeters,

]]III]HH‘HH]

1 DecrmeTER OF THE METER RULe

Divided into cer

132. The above units of measure,
together with the following prefixes,
should be: carefully memorized, because
from them the whole metric system can
be built up.

133. The Latin prefixes, deci, centi,
milli, denote respeetively 0.1, 0,01, 0.001
of the unit. The Greek prefix micro is
ased to denote 0.000001 of a unit. Thus, decimeter
means 0.1 of a meter, and centigram means 0.01 of a
gram.

METRIC SYSTEM OF WEIGHTS AND MEASURES T3

134. The Greek prefixes, deca, hecto, kilo, myria, denote
respectively 10, 100, 1000, 10000 times the unit. Thus,
kilometer means 1000 meters, and hectoliter means 100
liters.

135. In general, nothing beyond practice in arithmetical
operations would be gained in reducing from the metrie
system to our system. Occasionally, however, such reduc-
tions are necessary, hence, a few of the common equivalents
are given in the tables.

136. Mgeasvres oF LeNGTH

10 millimeters (mm) — 1 centimeter

10 centimeters (¢ — 1 decimeter

10 decimeters ¢» — 1 meter = 39.37 in.
10 meters (=) = 1 decameter
10 decameters (Pm) — ] hectometer
10 hectometers ™= 1 kilometer

10 kilometers (Xm) — 1 myriamoter (d=)

137. SQUARE MEASURE
100 square millimefers (™ = 1 square centimeter
100 square centimeters ™' = 1 square decimeter
100 square decimeters (9m0 /= ] square meter
100 square meters (™% = 1 square decameter

100 square hectometers(H=") — ] squdare kilometer Km?)

This table may be extended by squaring’ eacti mnit of length for

the corresponding unit of square measure. The denominations given

in the table are the only ones in common use.

In measuring land, the square decameter is called the are, the
square hectometer, the hectare = 2.47 acres, and the square meter, the
centare.
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138. Cusic MEASURE

1000 cubic millimeters (mm%) — ] cubic centimeter

1000 cubic centimeters (=) — 1 cubiec decimeter

1000 cubic decimeters 1% — 1 cubie meter ()

This table may be extended by eubing each unit of length for the

corresponding unit of enibic measure.  The denominations given in

the table are the only ones in common use.

The cubic meter is used in measuring wood, and is called the stere.

139. Measvres or WEIGHT

10 milligrams (=)
10 centigrams s
10 decigrams 48
10 grams ®

10 decagrams (P8
10 hectograms (He)

10 kilograms ®&

10 myriagrams (M8 -

10 quintals (@

The metric ton or tonneau is
distilled water = 220462 pounds.

= 1 eenfigram

= 1 decigram

1 gram
decagram
hectogram
kilogram = 2.2 Ib.
myriagram
quintal
tonnean (T

weight of one cubic meter of

140. Measures oF CAPACITY

10 milliliters (=9
10 centiliters (<)
10 deciliters @
10 liters @

10 decaliters®»

10 hectoliters D

— 1 centaliter

— 1 deciliter

= 1 liter = 1 gf. nearly

= 1 decaliter

= 1 hectoliter = 2.837 bu.

= 1 kiloliter ®#D

METRIC SYSTEM OF WEIGHTS AND MEASURES T8

EXERCISE 21

1. What is the weight of a liter of water? Give the
result in grams.

2. What is the weight of a cubic centimeter of water?
of a cubic meter?

3. What is the weight of 15™ of water?

4. Find the sum of 21.14®, 321! and 1.25%. Give
the result in liters.

5. Find in hectares and ares the area of a field 450™
long and 200™ wide.

6. If gold is 19.36 times as heavy as water, find in kilo-
grams the weight of a bar of gold 10 long, 30™™ wide
and 25™® thick.

7. How many square millimeters are there in a squazre
centimeter? in two meters square?

8. Reduce 240064™™ to kilometers, ete.

9. Reduce 3463% to hectares, etc.

10. If 1552 7% of beef cost 26 francs 871 centimes, find
the cost per kilogram.

11. How many sacks will be necessary to hold 1245%
62 of wheat if each sack holds 19120'?

12. What decimal of a decagram is 6% 4%?

13. How much wheat is contained in 1396 sacks, each
of which contains 1% 3517

14. If the distance from the equator to the pole is 1000
myriameters, how many meters are there in a degree ?

15. What will be the price of 475 5* 65 of land at
89.76 francs per are ?
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16. Mercuryis 18.598 times as heavy as water. Find the
weight of 567.859°™ of mercury.

17. If a man steps 80°™ at each step, how many steps
will he take in walking 1052

18. Olive oil is 0.914 as heavy as water. Find the cost
of a hectoliter at 3 francs a kilogram.

19. A piece of land 1236 meters square sold for 240
francs per hectare. How much did the land bring?

20. A person bought § of a piece of land containing 2%
15% at 45 francs an are; he sold % of what he bought for
5000 francs. How much did he gain ?

21. A spring furnishes &' of water-in 2 min. How
long will it take the spring to fill a vessel holding 323
liters ?

22. Three fountains furnish 33', 2% and T§' of water
each minute respectively. ~ The three together fill a tank
in 2 hr. and 43 min. - How many hectoliters of water does
the tank contain ?

23. If 8* of land are bought for 19200 francs and sold
for 25.20 francs per square meter, how much is gained by
the transaction ?

24. If sea water is 1.026 times as heavy as distilled
water and olive oil is 0.914 as heavy, how much more than
an equal volume of olive oil will a hectoliter of sea water
weigh ?

141. Measures of Angles and Time. The sexagesimal division of
numbers is undoubtedly of Babylonian origin. -The Babylonian
priests in their astronomical work reckoned the year as 360 days.
. They supposed the sun to revolve around the earth once each year
and hence divided the circumference of the circle into 860 parts, each
of which represented the apparent daily path of the sun. They

MEASURES OF ANGLES AND TIME (i

probably knew the construction of the regular hexagon by applying
the radius to the circumference six times. It was then natural to
take one of the 60 parts thus cut off as a unit and to further subdivide
this unit into 60 equal parts, and so on, according to their method of
sexagesimal fractions. This is the origin of our degree, minute and
second. The names minutes and seconds are' taken from the Latin
partes minutee prime and partes minule secundee.

142. The principal measures of time are the day and the year. The
day is the average time in which the earth revolves on its axis. The
division of the day into 24 hours, of the honr into 60 minutes, and
of the minute into 60 seconds is probably due to the Babylonians.
The solar year is the time in which the earth travels once around the
sun. It contains 365.2426 days.

143. In B.c. 46 Julius Casar reformed the calendar and decreed
that thare should be three successive years of 365 days followed by a
year of 866 days to account for the difference of 0.2426 of a day
between the year of 365 daysand the solar year. The difference be-
tween four years of 3685 days and four years of 3652426 days is only
0.9704 of a day, so that if a whole day is added every fourth year there is
added 0.0206 of a day toomuch. Tn 1582 Pope Gregory XIII corrected
this by striking 10 days from the year,— ealling Oct. 5th Oct. 15th, —
and he decrsed that three leap years were to be omitted in every four
hundred years. Everyyear whose number is divisible by fourisa leap
year unless it is a year ending a century, as 1900, when it is a leap
yearonly if divisible by 400. 1800, 1900, 2100, are not leap years, buf
1600, 2000, 2400, are. The Gregorian calendar was adopted at once
in Roman. Catholic countries and in England in 1752. At the same
time in England the beginning of the year was changed from
March 25 to Jan. 1. Russia and some otheér countries still use the
Julian calendar. Since 1582 they have had three more leap years
(1700, 1800 and 1900) than countries using the Gregorian calendar,
and hence are now 13 days behind other countries. What we call
Jan. 23 is Jan. 10 with them.

144. Dates given according to the Julian calendar are called Old
Style (O.8S.) and dates according to the Gregorian calendar are called
New Style (N.S.)
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145. Longitude is distance easf or west of the prime
meridian. 'The meridian of the Royal Observatory at
Greenwich, England, is the prime meridian gem-x.-ully
adopted, and longitude is reckoned east or west 180° from

that meridian. .
Since the earth makes one complete revolution on its

axis in 24 hours, each place in its surface passes through
360° in that time. Hence:

880° of longitude correspond to 24 hr. of fime.

1° of longitude corresponds'to yiy of 24 hr., or % hr., or 4 min.
1° of longitude corresponds to gy of 4 min., or 4 sec.

1" of longitude corresponds to #; of 4 sec., or gy sec.

And

24 hr, of time correspond to 360° of longitude.

1 br. of time corresponds to 4 of 360°, or 15%

1 min. of time corresponds to g of 15° or 15/,

1 sec. of time corresponds to g of 15/, or 15"

T A———————
iy H L e LA L A

Ez. 1. The difference in time between two places is
2 hr. 25 min. 18 sec. What is the difference in longitude?

Solution. 2 % 15% = 30°,
95 x 15" = 375' = 6° 15/,
13 x 151 =195" =3"16",
30° + 6° 15' + 3 15" = 36° 18' 15".
Cheak by reducing 36° 18" 15” to hours, minutes, seconds, as in the

following example.
78
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Ez. 2. The difference in longitude of two places is
46° 32" 45". 'What is the difference in time?
Solution, 48 X & hr. =3 hr. 4 min.
82 x 4 sec. = 128 sec. = 2 min. 8 sec.
45 x & sec. = 3 sec.
3 hr. 4 min. + 2 min. 8 sec. + 3 sec. =3 hr. 6 min. 11 see.

Check by reducing 8 hr. 6 min. 11 sec. to degrees,
minutes and seconds as in Hz. 1.

EXERCISE 22

1. In what direction does the sun appear to move as the
earth revolves on its axis?

2. How many degrees pass under the sun’s rays in 5 hr.?

3. When it is noon at Chicago, what timeis itat a place
15% 15’ east of Chicago ? 45° 30/ 45! west ?

4. What is the difference in longitude between two
places, the difference in time being 1 hr. 4 min. ?

5. A person travels from Detroit until his watch is -
45 min. fast. In what direction and through how many
degrees has he traveled ?

6. What is the difference in time between two places
whose longitudes are 75% and 60° ?

7. When it is 9 A.m. local time at Washington, it is
8 hr. T min. 4 sec. at St. Louis; the longitude of Washing-
ton being 77°1" W., what is the longitude of St. Louis ?

146. International Date Line. Suppose that two men, sta rting from
the prime meridian on Monday noon, travel the one eastward and the
other westward, each traveling just as fas' as the earth rotates. The
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man who goes west as fast as the earth turns east keo.p's exactly
beneath the sun all the time ; and it seems to him to be .sl,x.ll Monday
noon when he reaches his starting point again twenvt‘y-tr)ur hours
later. He has lost a day.in his reckoning by traveling westward
g d the earth,

dmlll;:(,l tty:vlh(f:‘muu travels eastward oyer the earth as fast as the earth
iteelf turns eastward, and/ therefore he moves away from t}w sun
twice as fast as the prime meridian‘does.. After 1\\(-1\-}‘ hoéurs Lm.\‘«l
héreaches the meridian of 180° but twelve hours rotation l'm.\' carried
this meridian beneath thesun, and so the tmv«.-l-:r rt‘;.suht's it at noon.
In twenty-four hours the man reaches his starfing point on the prime

[ ,‘7/?-« )

NOO/
-r/, 7
’TE Meridian &

meridian, but twenty-four hours’ rotation has l:;rou_zhb this mnri@mn
beneath the sun again, so the traveler rt‘-(u‘hvs’xt on the second noon
after his start: he therefore supposes it to be W ednesday noon, lhnfuzl;
really it is but twenty-four hours after Monday noon. He has gainec

i i y traveling eastws around the earth. To
a dav in his reckoning by traveling eastw ard around the es a
' usually add a day to their

correct such errors in their dates, navigators ad 23 5
reckoning when they sail westward across the meridian of 180, ang
subtract 1 dav when they cross it to the eastward. The line where the

adjustment is made, corresponding in general with the meridian of

i 5 i i line.
1802, is called the international date line. " .
The map represents the earth when it is noon Feb. 1 at Greenwich.
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& is, therefore, one hour earlier in the day for each 15° west of
Greenwich and one hour later in the day for each 15° east of Green-
wich. Hence 180° west of Greenwich it is midnight of Jan. 31, and
180° east of Greenwich it is miduight of Feb. 1.

When it is 6 a.ar. Feb. 1 at Greenwich, at 90° W, it is midnight of
Jan. 31, and at 90° E. it i5s noon of Feb. 1; at 180° W. it is 6 p.w.
Jan. 31 and at 180“ E. it is 6 p.m. Feb. 1. In this case it is Jan. 81
in all longitudes from 90° W. westward to the date line, and Feb. 1
in all longitudes from 90° W. eastward to the date line.

When it is midnight of Jan. 31 at Greenwich, at 90° W. it is 6 p.m.
Jan. 31 and at 90 E. it is 6 A.x. Feb. 1; at 180° W. it is noon Jan. 31
and at 180° E. it is noon Feb. 1. Tn this case it is Jan. 31 in all
longitudes from Greenwich westward to the date line, and Feb. 1 in
all longitudes from Greenwich eastward to the date line.

When it is 6 par. Jan 31.at Greenwich, at 90° WL it is noon Jan. 31,
and at 90° E. it is midnight Jan. 31; at 180° W. it is 6 a.m. Jan. 31,
and at 180° E. it is 6 A Feb. 1. In this case it is Jan. 31 in all
longitudes from 90° E. westward to the date line, and Feb. 1 in all
longitudes from 90° E. eastward to the date line.

1. When it is noon February 1 at Greenwich, what
date is it at Paris? at New York City? at San
Francisco ?

2. Imagine the midnight line of Jan. 31 as a dark line
moving westward parallel to the meridian. Eyerywhere
on this line it is midnight. Behind this line it is Feb. 1;
in front, Jan. 31. On what part of the earth’s surface
is it Feb. 1, and on what part Jan. 31 when this im-

aginary midnight line has reached the prime meridian?
90° E.? 140° E.?

3. What date will be in front of this line when it
reaches 180°? What date will be behind it?
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4. After crossing the 180th meridian and passing on
to 175° E., what date is before the line and what date
behind 1t?

5. What change must be made in the calendar of a

: : S-S N
ghip crossing this line going westward ? Going east
ward ?

147. Table of longitudes for use in solving problems:

Ann Arbor, Mich. (83°48748” W. London. . . . 0° 5 38" E.
Albany, N.Y. . 73244/ 48" W, Lisbon . 9° 11" 10”7 'W.
Boston| . . -4 \7197 8730"W, Melbourne . 144° 58’ 42" E.
Berlin . . . 130937437 E. New Orleans. . 90° 828" W.
Brussels . . _ 4099 9" E. New York. . . 74° 0" 3"W.
Chicago . . 87036’ 42" W. Paris . + . . 2°20015"E.
Cincinnati . . . 84°28.-0' W./ Peking.,/ . . .116° 26' 0’ E.
Cambridge, Eng. 0° 541 E. = Rome 12°277 14" E.
Cape Town. - - 18928'45" E. ' San Francisco . 122°26715" W.
Calcutta. -/ ./ + 88°19 \2” E.~ St Lomis . . . 90° 127117 'W.
Detroit . - - « 83° & 77 W. Sydney . . . . 151°11 0 E.
Dublin . . . . 8 230’W. Tokyo . . . -139° 42! 30" E.
Honolula . 167°52 0" W. Washington . . 77° 1 Ww.

EXERCISE 23

1. Determine the time and date at Ann Arbor, Berlin,
Cape Town and Peking when it is midnight May 15 at
Greenwich.

2. When it is noon March 1 at Rome, what time and
date is it at San Francisco? at Sydney? at Detroit ?
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3. If a man were to travel westward around the earth
in 121 da., in how many days would he actually make the
trip by the local time of the places he passes through?
In how many days would he make the trip traveling east-
ward ?

4. When it is noon Sunday, Jan. 31, on the 90th me-
ridian west, what part of the world has Sunday? What
is the day and date on the other part?

5. When it is 3 p.Mm. Feb. 5 on the 45th meridian east,
what part of the world has Feb. 5, and what is the date
on the other part?

- 9)
STANDARD TIME( - \_
L BELTS £
1

148. Standard Time. In order to secure uniform time
over considerable territory, in 1883 the railroad com-
panies of the United States decided to adopt standard
time. They divided the country into four time belts, each
of approximately 15° of longitude in width. The time in
the various belts will therefore differ by hours, while the
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minute and second hand of all timepieces will remain
the same. The correct time is distributed by telegraph
throughout the United States from the Naval Observa-
tory at Washington each day.

149. The Eastern time belt lies approximately T4° each
gide of the 76th meridian, and has throughout the local
time of the T5th meridian. Similarly; the Central, Moun-
tain and Pacific time belts lie approximately T4 each side
of the 90th, 105th and 120th meridians, and the time
throughout in each belt 1s determined by the local time
of the 90th, 105th and 120th meridians,

150. These divisions are not by any means equal or uni-
form, since the different railroads change their time at
the most convenient places. Cousequently, variations are
made from-the straight line to include such places. Thus,
while most roads change from Eastern to Central time at
Buffalo. the Canadian roads extend the Eastern belt much
farther west. :

151. Standard time has more recently been adopted by
most of the leading governments of the world. With
few exceptions the standard meridian chosen represents a
whole number of hours from the prime meridian through
Greenwich.

Great Britain, Belgium and Holland use the time of the meridian
through Greenwich. France uses the time of the meridian (2°20' E.)
through Paris. Cape Colony uses the time of the meridian 22° 30/ E.
Germany, Italy; Ausiria, Denmark, Norway and Sweden use the time
of the 15th meridian east. Roumania, Bulgaria and Natal use the
time of the 30th meridian east. Western Australia uses the time of
the 120th meridian east. Sounthern Australia and Japan use the time
of the 185th meridian east. New South Wales, Victoria, Queensland, and
Tasmania use the time of the 150th meridian east. New Zealand uses
the time of 170° 30’ E.
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EXERCISES 24

1. When it is T p.M. at Philadelphia, what time is it at
London? at Paris? at Berlin?

) 2. What is the difference in time between Boston and
Rome? Melbourne and Tokyo?

3. It i1s'7T A.m. March 1 at St. Louis.

What is the tin
and, date at Tokyo ? i

4. When it is 1.30 p.M. at Buffalo, what time is it at
Cleveland ?

5. What is the difference between the local and standard
time of Boston ? of Chicago? of St: Louis? of New York?

6. The local time of Detroit i3 £7.658 min. faster than
the standard time. Find the longitude of Detroit.

7. When it is noon loeal time at Boston, what is the
standard time at Ogden, Utah?




THE EQUATION

152. An equation is a statement of equality of two num-
bers or expressions. ‘Thus, 5= 3+ 2and 3 x5=15 are
equations.

153. The equation is one of the most powerful in-
struments used in mathematics and can be used to
devided advantage in the solution of many arithmetical
problems,

154, The book written by the Egyptian priest Ahmes, and re
ferred to elsewhiere, is one of the yery oldest records of the extent of
mathematical knowledge among the ancients. In this book we find
a very close relation between arithmetic and algebra. A number of
problems are given leading to the simple equation. Here the unknown
quantity is'called Aau or heap,” and the equation i8 given in the fol-
Jowing form: heap its §;its 4, its 1, its whole, gives 33, or §2 £z
+3z+z=33. (Cajori, « History of Elementary Mathematics,”
p- 23.)

Fx. 1. Find a number such that, if 30 is subtracted,
# of the original number will remain.

The given relation may be expressed as follows:

The number diminished by 30 equals § of the number.

From this relation we are to find the number.

Let z = the number.

Then z — 80 = the number diminished by 30, and 3z =1 of the
number.

. z — 80 = 3 x is the equation expressing the relation between the
number given in the conditions of the problem and the letter repre
senting the number to be found.

88
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Solution. Sinee we wish to obtain an equation with z alone on the
left side and only numerical quantities on the right side, we proceed
as follows:

Subtracting §z from both sides of the equation, we have
z—30—3z=3z— 175 Axiom 3.
or }z—30=0.
Adding 30 to both sides of the equatior, we have
3z — 30 + 30 = 30, Axiom 2.
or §z = 30.
Multiplying both terms by 8, we have
z=90.

.. 90 is the required number.
To cheek the result, substitute 90 for the unknown number in the
problem.
This gives us
90 — 30 = § of 90,
60 = 60.
.. x = 90 is the correct result.

Bz 2. The sum of two numbers is 20 and their differ-
ence is 4.  What are the numbers ?

Solution. lLet z — the larger number.
Then 1z — 4 = the smaller number.
o 24+ x—4=20.
2z =24,
z — 12 = the larger number.
Check. 12 — 4 = 8 = the smaller number.

124+8=20. 12-8=4
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EXERCISE 25

1. The sum of two numbers is 31 and their difference
is 11. What are the numbers?

2. Phe difference of two numbers is 60, and if both
numbers are increased by 5 the greater becomes four times
as large as the smaller. W hat are the numbers ?

3. Find two iumbers such that their difference is 95

and the smaller divided by the greateris $.

4. After ‘spending % of his money a‘man pays bills of
%25, $40 and %14, and finds that he has $132 left. How
much money had he at first ?

o | b .
W5 "WHind a mumber such that its half, third and fourth

pzu‘les shall exceed its fifth part by 106.

J
"6 A father wishes to divide $28,000 among his two
&onsoand a daugchter so that the elder son shall receive
§wice as much as the younger, and the younger son twice

« as much as the daughter. Find the share of each.

POWERS AND ROOTS

155. Archimedes (287-212 B.c.) in his measurements of the circle
computed the approximate value of a number of square roots, but
nothing is known of his method. A little later, Heron of Alexandria
also used the approximation Va®+ b=a + Qi{) , e.g. V85 = V9T 4
=9 + v )

156. The Hindus included powers and roots among the funda-
mental processes of arithmetic. As early as 476 A.p. they used the
formule (a + b)*=a* + 2ab + b? and (a +b)*=a®+3a% + 3 ab* + ®
in the extraction of square and cube root, and they separated numbers
into periods of two and three figures each.

157. The Arabs also extracted roots by the formula for (a + )™
They introduced a radical sign by placing the initial letter of the
word jird (root) over the number.

158. The power of a number is the product that arises
by multiplying the number by itself any number of times.
The second power is called the square of the number and
the number itself is called the square root of its second
power. The third power is called the cube of the number,
and the number itself is called the cube root of its third
power. Thus, 4 is the square of 2, and 2 is the square root
of 4. 125 is the cube of 5, and 5 is the cube root of 125.

159. Since the square rootof a number is one of the two
equal factors of a perfect second power, numbers that are
not exact squares have no square roots. However, they
are treated as having approximate square roots. These
approximate square roots can be found to any required

89
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degree of accuracy. Thus, the square root of 91 correct
to 0.1 is 9.5, and correct to 0.01 is 9.54.

160. According to the definition, only abstract numbers
have square roots.

161. The square, the cube, fourth power, ete., of 2 are
expressed by 22, 2% 24 ete. The small figure which de-
notes the power is called the exponent.

162. The square root, is denoted by the symbol /, the
cube root by ¥/, the fourth root by /, etc.
163. The following resunlts are important :
1511
102= 100,
1002 =10000,
10002 = 1000000.

The squares of all numbers between 1 and 10 lie be-
tween 1 and 100, the-squares of all numbers between 10
and 100 lie between 100 and 10000, ete. Hence, the square
of a number of one digit is a number of one or two digits,
the square of a number of two digits is a number of three
or four digits, etc. It will be noticed that the addition of
a digit to a number adds two digits to the square.

164. 13=1,
102 =1000,
1008 = 1000000, ete.

It will be noticed in this case that the addition of a digit
to a number adds three digits to its cube.
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0.12 = 0.01,
0.012 = 0.0001,
0.0012 = 0.000001, ete.
Hence, the square of a de

cimal number contains twice as
many digits as the number itself.

166. 0.13 = 0.001,
0.013 = 0.000001,
0.0013 = 0.000000001, ete.

Hence, the cube of a decimal number contains three times
as many digits as the number itself.

167. Laws of exponents:
Sinece A= B2
then 22 % 98 — D¢ D &

This may be written in the form

92 w 93

Or, in general, am x a" — gm+n, I

Also,
(EH =(2x2x2)(2x2x2)(2x2x 2)(2x 2 x 2)= 233+ — o1,

This may be written in the form

(28)% = 28x4 — 913,

Or, in general, (am)n = amx»,

D hr Oy ik
Also, 95 . 98 o= X =X
20X

X=X = 9xin=93

This may be written in the form

D5 . 98 _ O48-3 _ 92
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Or, in general, am = a"=amn.
92
2 — 92— % (Principle III), and >

Also, since

Or, since 22 x 20=2%0—_23 (Principle I),and 2 x 1

3 o
Or, in general, a=1.

5 o
= 21225} (Principle 111), and = =3

9
50, Since =
Also, sin ba

! 1
2% 5 2=+ =2 (Principle 1), and 2%x -

Or, since

Or, in general,

TLat is, any number with a negative exponent is equal to the recip
i 3 D ) 1 2 "y 1w $
rocal of the same number with a numerically eqnal positive exponent.

2% % 0t JoPHE o1 o,

Also, (2H2=2, sincs (2))?

2% V2 (extracting the squaré root of both members of the

equation (‘_’5)" =2):
And
Or, in general,

m
(a”)"=a™, or

98
(2]
Ez. Show that —
32

10-1=0.1; 1072=0.01; 1075
Show that 8t=4: 278

EXERCISE 26

1. How many figures are there in the square of a num-

ber of 3 figures ? of 4 figures?

B S 9 in Q939
2. How many figures are there in 3137 in 3237
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3. How many figures are there in the cube of & num-
ber of 2 figures ? of 3 figures?
4. How many figures are there in 8027 in 3987
5. How many figures are there in the fourth power of
a number of 3 figures? in the fifth power of a number of 2
ficares ?
6. How many figures are there in the cube of a num-
ber of 5 ficures ?
7. How many figures are there in the cube of a num-
ber of 4 figures ?
8. How many figures are there in V59292 in
V1038361 ?
9. How many figures are there in V0.04? in V.36 ?
10. How many figures are there in 37.217 in
V4.8841 ?
- . 3 BT D
1. How many figares are there in v 1030301 ?
. . 3 OO0 o -
12. How many figures are there in < 10793861 2
13. Show by multiplication that (a+5 P=a®+2ab+ B8,
and by use of this formula square 32 and 65.

a E

14. , Show by multiplication that (@ +6)°=0a®+ 3 a% -
$ab?+#* and by use of the formula eube 41 and 98,

15. Square 234, first considering it as 230 + 4 and then
as 200 + 34.

16. Show that no number ending in' 2, 3,)7 or 8 can be
a perfect square.

17. Prove that the cube of a number may end in any

digits.
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168. Square Root. The square root can often be de-
termined by inspection if the number can readily be sepa-
rated into prime factors. Thus:

32400 =24 x 3* x 5%

. ¢ 32 x H=180.

Ezr. By separating into prime factors find the square
root 0f (@) 64,1(5) 17424, (o) T056, (d) 99225, (¢) 680625,
(1) 2800625, (g) 11025, (k) 81, (2)1764, (5) 9801.

169. Since 432=(4043)2=4024+2x 40 x 3 + 3= 1849,
by X‘t\'(:rsing the process we can find V1849,
4080+ 2 x40 x 3 + 3* Lﬂ_{::
10°

2 x40 +.3

170. In the:above we notice that 40 is the square root of the first
part. Aftér subtraeting40? the remainder is 2 x 40 x 3 + 3% The
trial divisor, 2 %40, is contained in the remainder 3 times. By adding
3 to 2 x40 the complete divisor, 2 x 40+ 4, is formed. Thecomplete
divisor is-contained exactly 3 times in the remainder. By thisdivision

the 3, the second figure of the root, is found.

171. The above is equivalent to the following :

i 3
1849

402 = 1600

9 % 40 + 3 249

= 83

Separating 1849 into periods of two figures each (why ?) we find
that 1600 is the greatest square in 1800. = 4.is therefore the first figure
in the root. Subtracting 1600 and using 2 x 40 as the trial divisor,
the next figure in the root is found to be 3. Completing the divisor
by adding the 3, it is found to be exactly contained in the remainder.
If the number contains more than two periods, the process is repeated.
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172. The whole process of extracting the square root of a
number is contained in the formula (a+b)=at+2ab+ 12
I'he process of extracting the cube root

S : : is contained in
a+b)P=a%+3a% + 3 ab? 8
) a*+3ah +2ab*+ b5 In general, the process

f’f extracting any root can be derived from the correspond-
ing power of (a-+b).
- .
Ez. Extract the square root of 4529.29
The a of the formula will always represent, the part of the root
already found and the b the next figure.
: 67 3
(a + 0¥ =a% + 2ak 3 52 $529.20
: S600

i"..’!l,'_ff;

(Ca+2)b =12 x 7 889.

40.29

(:i‘,‘_“ b = 134.3 x 0.3 4029
In practice the work may be arranged as followss
67 3
452920
36
929,
1029
40.29

EXERCISE 27
1. In extractine the square root, why should the
number bé separated into periods of two fieures each ?
2. Where do you begin to separate into periods ?

3. Separate each of the following into periods: 312

4.162, 0.0125, 30000.4. -
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4. Will the division by 2a always give the next figure
of the root?

5. Why is 2a called the trial divisor?

6. Whyis 2 a + b called the complete divisor ?

7. In Llnv above example explain how 2a can equal
both 120 and 134.

8. Explain how 2ab+ 4 can equal both 889 and 40.29.

9. Show how square root may be checked by casting
ont the 9's.

10. Extract the square root of each of the {nllnfs-'in.).:.
using ‘the formula: (@) 2916, (&) 5.3361, ( (‘)- v:;..q;‘],
(d) Mu.un::T;’l, Ce) 163216, (f) 289444, (g) 0.597529,
(k) 103.4289, (2) 978121,

il. Extract the square root of 144.00.

12. By first reducing to a decimal, extract the square
root of 3; 11, & 31, 64

13. By first making the denominator a perfect square,
extraet t‘hc square root of 3, &, 4T, 5.

2 f2 10 3162+ _ o ga5,
== l“: hence \,’—_— =\NgGz=—% = ).632+,
5 256 o 20 o

- e .
14. Which of the two methods given in Ex. 12'and 13
is to be preferred ?

15. Extraet to 0.01 the square root of 16, 1.6, 0.016.

173. Cube Root. B
Since 37%=(30 + 7)*=30% + 3 x 30% x 7 + 3 x 80 x 73+ 7 = 50653,
by reversing the process we can find V50853,
] S0P+ 8% 0¥ T+3xX30xT>+T3(B0+T
308 W - 1.®
SxB08+8x30xT+T3xB803xT+3x30xT2+7*
3800 x 7 +83x30x T2+ 7’5

D st Or S
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174. In the preceding we notice that 3

0 is the cube reot of the first
part.

After sublr;\l:tin_:_; 30% the remainder is 8 x 302 % T4+3x80x7247s
The trial divisor, 3 x 802 is cont

ained in the remainder 7 times.
By adding 3 x30x 7+

7% the complete divisor is formed. This
complete divisor is contained 7 times in the remainder. By this
division the 7, the second figure in the root, is found.

175. The above is equivalent to the following :

3 7
H0653
27000

23653
3x3024+3%x30x7+72

7O T = 23653

Separating 50653 into periods of three figures each (Why?) we
find that 27000 is the greatest cube in 50000. The first figure of the
root is therefore 3. 1 using 8 x 302 as the trial
root (since 8, when the trial divisor is
completed, proves to be too large) is found to be 7. Completing the
divisor by adding 3 x 30 x 7 + 7%, it is'found to be contained exactly
7 times in the remainder. -

If the number contains more than two
periods, the process is to be repeated.

Subtracting 27000 an
divisor, the next figure in the

Fz. Extract the cube root of 362467.097.

A8 in extracting the square root of a number., the q of the formula
will always represent the part of the root already found and the & the
vext figure.

1.8
(@+5)*=a*+3a% +3ab%+* 362467.097
a® = 343000
3 a® = 14700 19467.097
(l — 1
(Ba*+-8 ab+ %) = 14011

14911
3 a?=15128 4556.007
b= 0.3
(3a*+ 3 ab + b%) = 15186.99 4556.007
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In practice the work may be arranged as follows:
7 1. 38
862467.097
843
14700 19467.
14911 14911.
15123 4556.097
15186.99 4556.007

EXERCISE 28

L. Separate each of the following numbers into periods:
2500, 2.5) 3046.2971, 0.0125, 486521.3.

2. In extracting the cube root of 208527857, does
the division by 3 a? give the second' figure of the root
correctly ? \\:h_\' is 3 a2 called the trial divisor? Why is
3 a* + 8 ab 4 B? called the complete divisor?

3. In the above example explain how 3 a® can equal
both 14700 and 15123.. Explain how 3 a*+ 3 ab+ & can
equal both 14911 and 15186.99.

4. Show how cube root may be checked by castiug
out the 9’s.

5. Extract the cube root of each of the following,
using the formula: (a) 472729139, (&) 278.445077.

() 1054.977832, (d) 19683, (&) 205379, (f) 25158.767.

6. Extract the cube root of }#i}, 1§, 13%43-

7. By reducing to a decimal, extract the cube root of
%, 4 g%‘\ 162, 33}.

8. By first making the denominator a perfect cube,
extract the cube root of 44

9. Find correct to 0.01 the cube root of 12.5, 125, 1.2

25.

MENSURATION

176. Certain measurements have been in very common use in the

development of arithmetical knowledge from the earliest times.

177. The Babylonians and Egyptians used a great varisty of
geometrical figures in decorating their walls and in tile floors. The
sense perception of these geometrical figures led to their actual

measurement and finally to abstract geometrical reasoning.
A 5 5

178. The Greeks credited the Egyptians with the invention of
geometry and gave as its origin the measurement of plots of land

Herodotus says that the Egyptian king, Sesostris (about 1400 B.¢.)
divided Egypt into equal rectangular plots of ground, and that the
annual overflow of the Nile either washed away portions of the plot
or obliterated the boundaries, making new measarenents necessary.
These measurements gave rise to the study of geometry (from ge,
earth, and metron, to measure).

179. Ahroes, in his arithmetical work, calculates the contents of
barus and the area of iquares, rectangles, isosceles triangles, isosceles
trapezoids and eireles.  There is no clew to his methed of calculating
volumes. Tn finding the area of the isosceles triangle he multiplies a
side by half of the base, giving the area of & triangle whose sides are
10 and base 4 as 20 instead of 19.6, the result cbtained by. multiply-
ing the altitude by half of the base. /For the mreasof the.isosceles
trapezoid he multiplies.a side by half the sum of the parallel bases,
instead of finding the altitude and multiplying that by balf the sum
of the two parallel sides. He finds the area of the cirele by subtracts
ing from the diameter } of its length and squaring the remaindem
This leads to the fairly eorrect value of 8.1804 forr.

180. The Egyptians are also credited with knowing that in special
cases the square on the hypotenuse of a right triangle is equal to the
sum of the squares of the other two sides. They were careful to
locate their temples and other public buildings on north and south,
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In practice the work may be arranged as follows:
7 1. 38
862467.097
843
14700 19467.
14911 14911.
15123 4556.097
15186.99 4556.007

EXERCISE 28

L. Separate each of the following numbers into periods:
2500, 2.5) 3046.2971, 0.0125, 486521.3.

2. In extracting the cube root of 208527857, does
the division by 3 a? give the second' figure of the root
correctly ? \\:h_\' is 3 a2 called the trial divisor? Why is
3 a* + 8 ab 4 B? called the complete divisor?

3. In the above example explain how 3 a® can equal
both 14700 and 15123.. Explain how 3 a*+ 3 ab+ & can
equal both 14911 and 15186.99.

4. Show how cube root may be checked by castiug
out the 9’s.

5. Extract the cube root of each of the following,
using the formula: (a) 472729139, (&) 278.445077.

() 1054.977832, (d) 19683, (&) 205379, (f) 25158.767.

6. Extract the cube root of }#i}, 1§, 13%43-

7. By reducing to a decimal, extract the cube root of
%, 4 g%‘\ 162, 33}.

8. By first making the denominator a perfect cube,
extract the cube root of 44

9. Find correct to 0.01 the cube root of 12.5, 125, 1.2

25.
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176. Certain measurements have been in very common use in the

development of arithmetical knowledge from the earliest times.

177. The Babylonians and Egyptians used a great varisty of
geometrical figures in decorating their walls and in tile floors. The
sense perception of these geometrical figures led to their actual

measurement and finally to abstract geometrical reasoning.
A 5 5

178. The Greeks credited the Egyptians with the invention of
geometry and gave as its origin the measurement of plots of land

Herodotus says that the Egyptian king, Sesostris (about 1400 B.¢.)
divided Egypt into equal rectangular plots of ground, and that the
annual overflow of the Nile either washed away portions of the plot
or obliterated the boundaries, making new measarenents necessary.
These measurements gave rise to the study of geometry (from ge,
earth, and metron, to measure).

179. Ahroes, in his arithmetical work, calculates the contents of
barus and the area of iquares, rectangles, isosceles triangles, isosceles
trapezoids and eireles.  There is no clew to his methed of calculating
volumes. Tn finding the area of the isosceles triangle he multiplies a
side by half of the base, giving the area of & triangle whose sides are
10 and base 4 as 20 instead of 19.6, the result cbtained by. multiply-
ing the altitude by half of the base. /For the mreasof the.isosceles
trapezoid he multiplies.a side by half the sum of the parallel bases,
instead of finding the altitude and multiplying that by balf the sum
of the two parallel sides. He finds the area of the cirele by subtracts
ing from the diameter } of its length and squaring the remaindem
This leads to the fairly eorrect value of 8.1804 forr.

180. The Egyptians are also credited with knowing that in special
cases the square on the hypotenuse of a right triangle is equal to the
sum of the squares of the other two sides. They were careful to
locate their temples and other public buildings on north and south,
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and east and west lines. The north and south line they determined
by means of the stars. The east and west line was determined at
right angles to the other, probably by stretching around three pegs,
driven into the ground, a rope measured into three parts which bore
the same relation to each-other-as the numbers 3, 4 and 5. Since

32 + 42 = 5%, this gave the thiree sides of a right triangle.

181. The ancient Babylonians knéw something of rudimentary
geometrical menpsnrements, especially of the circle. They also ob-
tained a fairly corréct value of =

182. It was the Greeks who made geometry @ science and gave

ragid denonstrations of geowetrical theorems.

183. The importance of certain measurements gives
mensuration a prominent place in arithmetie to-day. The
rules and formulae of the present chapter-will be developed

without the aid of formal demonstration.

184. The Rectangle. I1f the
unit of measure ¢V XNis 1 sq.
in.; then the strip CYMD con-
tains 5 x 1/ 8q. ins="5 sq.\ in.,
and the whole area contained in
the three strips will be 3 x5
8q. in., or 15 sq. in.
185. The dimensions of a rectangle are its base and alti-

tude, and. the area i3 equal to the product of the base and

altitude. That i3, the number of square units in the area 18

equal to the product of the numbers that represent the base

and altitude. If we denote the area 1-_‘. A. the number of
units in the base by &, und the numbers of units in the alti=
tude by a, then A=ab and any one of the three quantities,
A, b, a, can be determined when the other two are given.

Thus, if the area of a rectangle is 54 sq.in. and the altitude is 61in.,

the base can be determined from 85 =54, or b= 9 in.
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186. If the dimensions of a rectangle are equal, the
figure is a square and the area is equal to the second
power of a number denoting the length of its side, or
A=a?% For this reason the second power of a number is
called its square.

187. The Parallelogram. Any parallelogram has the
same area as a rectangle with the same base and altitude,
as can be shown by dividing the parallelogram ABCD
into two parts, M and N, and
placing them as in A'B'C'D,
thus forming a rectangle with the /

I‘\
%% M b

same base and - altitude as the DP——
given parallelogram. Therefore,

the area of a parallelogram is equal

to the product of its base and alti-

tude, or A = ab. D

188. The Triangle. Since the line AB divides the
parallelogram into two equal triangles with the same base
and altitude as the parallelogram, the
area of the triangle is equal to one
half of the area of the parallelogram.

But the area of the parallelogram is
equal to the product of its base and
altitude.. Therefore, the jarea of the triangle is one half
the product of itz base and altitude, ov A =1 ab. '
Thus, the area of a triangle with base 6 in. and altitude 5 in.

of 6 X 5s8q.in.= 15 3q. in.

189. The Trapezoid. The
line A B divides the trapezoid
into two triangles whose bases

are the upper and lower

bases of the trapezoid and whose common altitude is the




MENSURATION

altitude of the trapezoid. The areas of the triangles are
respectively 4 ab; and } ab, and since t}.m m'vu.nf (}lt.’
trapezoid equals the sum of the m_'uus‘nt the lrumgles,
therefore the area of the trapezoid s }ab; + 4 ab, =
1 a(b, +0;), or the area of a trapezoid is N{fl(l/ to one }l/l(;
z_gf' the product of its altitude and the sum of the upper anc
lower bases, or A =14 a(b;+b,).

Thus, the area of a trapezoid whose bases arve 20 ft. and 1’7 ft. and
whose altitude is 6 ft. 15 ] of 6 X (20 + 17) sq.ft. = 111 sq. L.

190. The Right Triangle. The Hindu mathematician
Bhaskara (born 1114 A.p.) arranged the ligl?r(r 80 t-h;n the
square on the hypetenuse contained four rlghl_lrmng]«s.
leaving in the middle a small square whose side equals

G

the difference between the sides of the ri_‘;h(»(ri:mgl'u. In
a second ficure the small square and the right triangles
were ;n'r;m.'.,:ml in a different way so as to make up the
gquares .on the two sides. “hil:&k:ll"n.ﬁ proof Cnnsn.j'tm;
simply in drawing the figure and \\'rlt.mg the one wort
“ H-*];«»M." From these figures it is evident tl.mt the area
of the square constructed on the hypotenuse will r:luzzl' the
E;nm of the areas of the squares :‘unxrruut('frl on the two xndcal.’
In general, if the sides of the right triangle are a and
and the 1‘1\'!\(11“1['156' is e, a4+ 2 = 2.

Thus, the hypotenuse of the right triangle whose sides are 5 and
12 18 V25 + 143 =13,
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This theorem is known by the name of the

Pythagorean theorem,
because it is supposed to have be

en first proved by the Greek mathe-
matician Pythagoras, abount 500 B.c.

191. If either side and the hypotenuse of a right tri-
angle are known, the other side can be found from the
equation a®- 4% = o2

Thus, if one side is 8 and the hypotenuse is 5, the other side is

V25 —0=4
EXERCISE 29

1. The two sides of a right triangle are 6 in. and 8 in.
Find the length of the hypotenuse.

2. Find the area of an isosceles triangles if the equal
sides are each 10 ft. and the basa is 4 {t.

3. Find the area of an isosceles trapezoid, if the bases
are 10 ft. and 18 ft. and the equal sides are 8 ft.

4. What is the area in hectares, etc.. of a field in the
form of a trapezoid of which the bases are 475m

and
980™ and the altitude iz 1270= 2

6. Show that the altitude of an equilateral triangle,

po . - - a —
each of whose sides is a. is =

-~

v3 h

-

6. The hypetenuse of a right triangle with equal’sides
is 10 ft. Find the length of the two equal fdés. 4 “&¢
! & .

7. The diagonal of a square field is 80 rd® How rang,
o . . i !
acres does the field contain ? 3

8. Find ecorrect fo square centimeters the area of an
equilateral triangle each side of which is 1™ in length.

192. The Circle. If the circumference (¢) and the
diameter (d) of a number of circles are carefully meas-
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ured, and if the quotient 3 is taken in each case, the

quotients will be found to have nearly the same value.
If absolutely correct measurements could be made, the
quotient in each case would be the same and equal to
3.14159+, i.e. the ratio of the eircumference of a circle
to its diameter is the same for all circles. The ratio is
deénoted by the Greek letter ar (pi). The value of =
found in geometry is 3.14159+. In common practice w
is. taken as 8.1416. The value of 7 cannot be exactly
expressed by any number, but can be found correct to
any desired number of decimal places.

193. Since f-l=7r and d=2», where ¥ stands for the

: x e
radius of the circle, then ¢=md=27r, and d=— and
T
e - : . g
oy Hence, if the radius, diameter or circumference
P ;
of a circle is known, the other parts can be found.

Thus, the cireumference of a circle whose radins is 10 in. is
2 x 3.1416 x 10 in. = 62.882 in.

EXERCISE 30

3. Find the circumference of a circle whose diameter
is 20 in.

2. Find the radius of a ecirecle whose circumference is
250 ft.

3. If the length of a degree of the earth’s meridian is
69.1 mi., what is the diameter of the earth ?

4. If the radins of a circle is 8 in., what is the length
of an are of 15°20'?
/8. The diameter of a circle is 10 ft. How many de-
grees are there in an arc 16 ft. long Byl

S~
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. 194. The Area of a Circle. The circle may be divided
into a number of equal figures that are essentially tri
angles. The sum of the bases of
these triangles is the circumference
of the circle, and the altitudes are
radii of the circle. Treating these
figures as triangles, their areas will
be }exr. Therefore, since e=27r,
A=} of 2mr xr=mr2% Itis proved in geometry that this
result is exactly correet.

The area of a circle whose radius is 5 ft. is 3.1418 x 5 x 5 8q. ft. =
78.54 aq. ft.

EXERCISE 31
1. Find the areaof a circle whose radius is 10 in.

2. Kind the area of a circle whose cireumference 18
25 ft.

3. Find the radins of a eirele whose area is 100 sq. ft.

4. Themareas of two circles are 60 sq. ft. and 100 sq. ft
Find the number of degrees in an arc of the first that is
equal in length to an arc of 45° in the second.

5. Find the side of a square that is equal to a circle
whose circumference is 50 in. longer than its diameter

185. The Volume of a Rectangular Parallelopiped.  If
the unit of measure a is 1 cu. in..
then the column AB is 4 ecu. in..
and the whole section ABCD will
contain 3 of these columns; or 3 x4
cu. in. Sinece there are five of these
sections in the parallelopiped, the
enfire volume (V) is 5 x3 x4 on.

., or 60 cu. in. Therefore, the vol-
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ume of a rectangular parallelopiped i3 equai to the products
of its three dimensions. That is, the number of cubie units
in the volwume 8 equal to the product of the three numbers

that represent its dimensions.

196. If the dimensionsof the rectangular parallelopiped
are’ a. b and ¢, it can|be shown in the same way that
V=abe. ~Any of these fonr quantities, V. a, b, ¢, can be
determined' when the othér three arve known.

Ezx. 1If the volume of a rectangular parallelopiped is 36 cu. in. and
two of the dimensions are 6 in. and 2 in, the third dimension is
ﬁ::; i 3. .3 im is the other dimeénsion.

197. If the dimensions of a rectangular parallelopiped
are equal, the figure is a cube and the yolume is equal to
the third power of the number denoting the length of its
edge (a), or ¥=a® For this reason the third power of a
number is ealled its cube.

198. It is proved in_geometry that any parallelopiped
has the same volume as a rectangular parallelopiped with
the same base and altitude.

EXERCISE 32

1. Find the volume of a cube 3 in. on an edge.

2. Rind the yolume of a, rectangular parallelopiped
whose edges are 3*8, 5" and 11°,

3. The volume of a rectangular parallelopiped is 100
cu. in. The area of one end is 20 8q. in. Find the length.

4. How many cubic feet of air are there in a room
12 ft. 6 in. long, 10 ft. 8 in. wide and 9 ft. high?

5. Find the weight of a rectangular block of stone at
135 1b. per cubic foot, if the length of the block is 9% ft.
and the other dimensions are 2 ft. and 5 ft.

MENSURATION

6. If a cubic foot of water weighs 1000 oz., find the
edge of a cubical tank that will hold 2 T.

7. Show why the statement that the volume of a rec-
tangular parallelopiped is equal to the product of its three
dimensions is the same as the statement that its volume is
equal to the product of its altitude and the area of its base.

189. The Volume of a Prism. A rectangular
parallelopiped can be divided into two equal
triangular prisms with the same altitude and
half the base. Hence, the volume of the
prism is half the volume of the parallelopiped.
3ut the base of the parallelopiped is twice

the base of the prismy, therefore; the volume of
a triangular prism 18 equal to the produet of
ug altitude and the area of its base.

200. Since any prism can be divided into
triangular prisms, as in the figure, it follows

that the volume of any prism 18 equal to the

product of its altitude and the area_of its
base. :

201. The Volume of a Cylinder. The
eylinder may be diyvided into a number of
solids that are- essentially prisms, as indi-
cated in the figure. The sum of the bases
of these prisms is the base of the evlinder
and the altitude of the prisms is the \satae
as the altitude of the cylinder. ~ There-
fore, the volume of a cylinder i8 the product
of its altitude and the area of its base.
V=a xmrs
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EXERCISE 88

1. Find the volume of a prism with square ends, each
side measuring 1 ft. 8 in., and the height being 12 ft.

2. Find the volume of a prism whose ends are equilateral
triangles, each side measuring 11.in. and the height being
20/in.

3. Find the volume of a c¢ylinder if the diameter of its
base is 20 in. and the altitude is 30 in.

4. How many cubic yards of earth must be removed in
digging a well 45 ft. deep and 3 ft. in diameter?

5. A cubic foot of copper is to be drawn into a wire {4
of an inch in diameter.  Find the length of the wire.

6. How many reévolutions of a roller 34 ft. in length and
2 ft. in diameter will be required in rolling a lawn § of an
acre in extent.

7. Show how to find the surface of a ecylinder by divid-
ing it into figures that are essentially parallelograms.
Show how to find the surface of a prism.

202. The Volume of a Pyramid. Let AB be a cube and
F the middle point of the cube, then by connecting & with
B, C, D and F a pyramid with a square
base is formed. It is eyident that by
drawing lines from # to each of the ver-
tices, the cube will consist of six such
pyramids. Hence, the volume of the
pyramid is-} of the volume of the cube.

The volume of the cube is the product of

its altitude and the area of its base BCDE. Therefore,
the volume of the pyramid is } of the product of the alti-
tude of the cube and the area of its base. But the base

MENSURATION

of the pyramid is the base of the cube and its altitude
is § of the altitude of the cube, kence, the volume of the
pyramid is one third of the product of itz altitude and the
area of its base. In geometry this is proved true of any
pyramid.

Ez. If the altitude of a pyramid iz 45, and a side of its square
basg’is 60", its volume is § of 45 x (60%)=® = 54000=8,

/ 203. The Volume of a Cone. The cone
may be divided into a number of equal fig-

ures that are essentially pyramids as indi-
cated in the figure. The sum of the bases
of these pyramids is the base of the cone.
and their altitudes are the same as the alti-
tude of the cone. Therefore, the volume of
a cone 18 equal to one third of the product of
its cltitude and the area of its base.

Ex. If the altitude of a cone i8 10 ft. and the radius of its base
4 ft., its volume is § of 10 x 3.1416 x 42 cu. ft. = 167.55 cu. {t.

EXERCISE 34

1. Show that the pyramid with a square base can be
divided intotwo equal pyramids with trinngular bases and
the same altitude as the original pyramid, and hence show
yhow any pyramid may be similarly divided.

2. Find the volume of a cone if the diameter of the base
i8 16 in. and the altitude is 12 in. Find the volume if
the diameter of the base is 16 in. and the slant height 1s
12 in. .

3. Show how to find the surface of a cone by dividing
it into figures that are essentially triangles. Show how to
find the surface of a pyramid.
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4. Find the volume of a pyramid if the area of its base
is 4 sq. ft. and its altitude is 2 ft. Find the volume if
the base is 2 feet square and the slant height iy 2 ft.

5. How mueh canvas is necessary for a conical tent 8 ft.
high, if the diameter of the base is 8 ft. ?

6. The radius of a eylinder is'8 ft. and its altitude is 10 ft.
Hind the altitude of a cone with the same base and volume.

204. The Surface of a Sphere. The surface of a sphere
is proved in geéometry to be equal to the
area of 4 great circles or 4 77% r heing the
radius of the sphere. / This can be shown
by winding a firm ¢ord to cover a hemi-
sphereg and a great eivcle as indicated in the
figure. It will be found that twice as much
cord is used to cover the hemisphere as the
great circle, therefore; to cover the whole
sphere 4 times as much would be required.

Ez. A sphere with'a radius of 6 ind has a surface of 4 > 81416 x

62 sq. in, =452.30+ /s

205. The Volume of a Sphere. The sphere may be
divided into a number of fig-
ures that are essentially pyra-
mids, as indicatedan the i'lg)lh.'.
The sum of the bases of these
pyramids is the surface of the
sphere and the altitude of each
pyramid is its radins, Therefore, the volume of all these
pyramids is equal to 17 x 4772 =4 7

Ez. The volume of a sphere whose radius is 8 in. is § X 3.1416
% 3% cu. in. = 113.1 eu. in.
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206. Board Measure. In measuring lamber the board
foot is used. It is a board 1 ft. long, 1 ft. wide and 1 in.
or less thick. Lumber more than 1 in. thick is measured
by the number of square feet of boards 1 in. thick to
which 1t is equal. '

Thus, a board 10 ft. long, 1 ft. wide and 11 in. thick,
contains 15 board feet. y

Lumber is usnally sold |l»\' the 1000 board feet, A quo-
tation of $17 per M, means & 17 per 1000 board feet.

EXERCISE 35

1. Find the cost of 12 boards 16 ft. ]'-ll;:. 6 in. wide,
and 1 inch thick at $18 per M.

2. How many board feet are there in

2. : a4 stick of timber
16 ft: by 16 in. by 10 in.?

3. How much is a stick of timber 15 ft. by 2 ft. by 1 fi
4 in. worth at $22 per M ? ; /

4. How many board feet are nsed in laying the flooring

1. < N E ] - =

of two rooms, each 32 ft. by 20 ft., allowing, 1
R 3

. : for waste
m sawing and in tongue and groove.

6. What is the cost of 25 21.in. planks 16 ft.

: N ]un-_:‘ I»\'
1 ft. wide at $22.50 per M ? “

6. What'is the cost of 15 Joists 12 ft. by 10 in. by 4 n.
at $23 per M? : ]

207. Wood Measure.  The unit of wood measure 1s the
cord. " The cord is a pile of ‘wood 8 ft. by 4 ft. by 4 ft.

A pile of wood 1 ft. by 4 ft. by 4 ft, is called a cord foot.

A cord of stove wood is 8 ft. long by 4 ft. hich. The
length of stove wood is usually 16 in, :




> -
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EXERCISE 36

3 . . 20 }
1. Find the number of cords of wood in a [)llt' 32 ft. b.\
4 ft. by 4 .ft. .
2. At $5:75 per cord;-how much will a pile of wood
52 ft. by 4 ft. 1»_‘,' 4 {t. cost?
3. How much will a pile of stove wood 94 ft. long 4 ft.
Sy N
Righ be worth at $2.75 per cord !
208. Carpeting. A yard of carpet refers to the running
I 1 ? : : od b 4 AT .o e
measurements regardless of the width.~The cheaper grades
of carpet are usually 1 yd. wide, and the more expensive,
- | : re $ z ars 3 . LT 3 3,
such as Brussels, Wilton, ete., are § of a yard mdf |
In carpeting, it is usnally necessary to allow for some
waste in matching the figures in patterns. Dealers cuum‘
In computing the cost of

this waste in their charges. . .
carpets, dealers charge the same for a fractional width as

for a whole one. WV L

Carpets may often be laid with lw.s:\- \\':LNU,‘. one wa:\ o
the room than the other; hence, it l.\‘-.\‘hllli?tllll(’s l)(,:.\t‘- t.(;
compute the cost with the ilx'i;.’\' running “m},l 1;\ ays, \tx;(
by comparison determine which involves the smaller ‘waste.

EXERCISE 37 :
1. How many yards of Brussels carpet § nf_:x-}‘n.rd \Avxde
will be required to caover, the floor «.»1_' a roofn 15 n._h_\‘ l-% ft.
6 in., the waste in matching being4 1n. to v:x(:h strip \-X(,,t_l'pt'
the first? Which will be the more economical way to lay
the carpet ? :
2. How much will it cost toeover the same room with
Brussels carpet if 4 border § -‘nf a yard wide 18 ;1?‘{:&1.' tltw;
carpet and border being $1.25 per yard, Zmd-: 6 '“r:;;
being 4 in. to each strip of carpet except the first, an

£ mer ¢
of a yard of border at each corner !
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8. How much will it cost to cover the same room with
ingrain carpet 1 yd. wide, at 671 ct. per

yard, the waste
being 6 in. to each strip except the first ?

4. At $1.12} per yard, how much will it cost to carpet
a flight of stairs of 14 steps, each step being 8 in. high
and 11 in. wide?

5. A room is 17 ft. by 14 ft. 9in. Will it be cheaper
to run the strips lengthwise or across the room? If the
room is covered with carpet § of a yard wide at $1.35 per
yard, how much will it cost? Allow 1 yd. for waste in
matahing.

204. Papering. Wall paper is sold in single rolls 8 yd.
long, or in double rells 16 yd. long.. It.is usually 18 in.
\Vi(](‘.-

There is considerable waste in cutting and mate

hing
paper.

Whole rolls may be returned to the dealer. but
part of a roll will not usually be taken back.

Paper for
border isusnally sold by the yard.

EXERCISE 38

1. How many rolls of paper and how many yd. of
border are used in papering the walls and ceiling of a
room 14 ft. by 13 ft. and 8 ft. high above the baseboard,
deducting I of a roll for each of 2 windows and. 2 doors,
the width of the border being ®I8 in., and 1 roll being
allowed for waste in matching ?

2. How much will it cost to paper the room mentioned

in Ex. 1 if the paper 18 12 ct. a roll and the border is 5 ct.
a8 yd.? The paper hanger works 8 hr. at 30 ct. an hr.

3. At 25 ct. per roll, how much will it cost to paper
the walls and ceiling of a room 18 ft. square and 9 ft.
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high above the baseboard, allowing 1 of a roll for each
of 2 doors and 3 windows, the border being 18 in. wide
and costing 12 et. a yd.? The paper hanger works 11 hr.
at 30 ct. an hr.-and. 11 rolls are allowed for waste in

matching.

910. Painting and Plastering. The square yard is the
unit of painting and plastering.

There is no uniform practice as to allowanees to be
made for openings made by windows, doors, etc., and the
baseboard. (To avoid complications, a definite written

contract should always/‘be drawn ups

EXERCISE 39

1. How much will it cost to plaster the walls and ceiling
of a room 15 ft. by 13 ft. 6 in., and_ 9ft. high, at 271 ct.
per square yard, deducting half of the area of 2 doors, each
T ft. by 3} ft., and 2 windows, each 6 ft. by 3% ft.%

2. How much will-it cost to paint the walls and eeiling
of the same room at 12} ct. per square yard, the same
allowance being made for openings?

3. At 20 ct. per square yard, how much will it cost to
paint a floor 18 ft. by 16 ft. 6 in.?

4. Allowing } of the surface of the sides for doors,
windows and baseboard,how much will it cost to plaster
the sides and ceiling of a room 22 ft. by 18 ft. and 9% ft.

high, at 22} ct. per square yard ?

B11. Roofing and Flooring. A square 10 ft. on a side;
o100 sq. ft., is the unit of roofing and flooring.

The average shingle is taken to be 16 in. long and 4 in.
wide. Shingles are usually laid about 4 in. to the weather.

MENSURATION

A]lnwmg for waste, about 1000 shingles are estimated as
needed for each square, but if the shingles are good, 850

to 900 are suffici There are. 250 shi .
are sufficient. There are 250 shingles in a bundle.

EXERCISE 40

S0 £ ) . .
1. -At. #8.60 per square, how much will it cost to shingle
a roof 50 ft. ll'\' 221 ft. on each side ? ;

2. How much will it cost to lay a hard-wood floor in a
room 30 ft. by 28 ft., if the labor, nails, etc. cost $22.50

lumber being $28 per M, and allowing 57 sq. ft. for waste ?

3. Allowing 900 shingles to the square, how many
bundles will be required to shingle a roof 70 ft. by 28 ft.
on each side? How much will the shingles cost at $3.75
per M7

4. At $12.50 per square, how much will the slate for a
roof 40 ft. by 24 ft. on each side cost ?

212. Stonework and Masonry. The cubic yard or the
perch is the unit of stonework, =
A perch of stone is a rectangular solid 16} ft. by 114 ft
by 1 ft., and therefore contains 249 cu. ft. ~ e
A common brick is 8 in. by 4 iu. by 2in.  Bricks are
usually estimated by the thousand, sometimes by the cubic

foot, 22 bricks laid in mortar being taken as a cubie foot.
There is no uniformity of practice in making allowances
for windows and other openings. There should be a defi-
nite written contract svith the builder covering this point.
The corners, however, are counted twice on account of the
extra work involved in building them. Tt is also gener-
ally eonsidered that the work aronnd openings ]s more
difficult, so that allowance is frequently m;uln:t bere,
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EXERCISE 41

1. If 60 ct. per cubic yard was paid for excavating a
cellar 30 ft. by 20.ft. by 7 ft., and $4.75 a perch was paid
for building the four stone walls, 18 in. thick and extend-
ing 2ft. above the level of the ground, what was the total
cost ?

2. Heow many bricks will be used in building the walls
of ‘@ fat-Foofed building 90 ft, by 60 ft. and 20 ft. high, if
fie walls are 18 in. thick and 500 cu. ft. are allowed for
openings ?

3. How much will it cost to build the walls described
in Ex. 2, if the bricks ave $8.50 per M, and the mortar and
brick-laying cost $3.50 per M ?

4. How many perch of stone will be needed for the
walls of a cellar 30 ft. by 221 ft. and 9 ft. deep from the
top of the wall, the wall being 18'in, thick ? How many
perch will ber needéd fora cross wall of the same' thick-
ness, allowing for half of a door 7 ft. by 4 ft.? How much

will the stone cost at $4.50 a perch ?

213. Contents of Cisterns, Tanks, etc. The gallon or the
barrel is the unit of measure for cisterns, tanks; ete.

The liquid gallon contains 231 cu. in. and the barrel
81X gal.

EXERCISE 42

1. How many gallons of water will a tank 10 ft. long,
3 ft. wide and 3 ft. deep contain? - How many barrels?

2. How many gallons of water will a cistern 10 ft. deep
and 10 ft. in diameter contain? How many barrels ?

3. How many barrels will a eylindrical tank 5 ft. high
and 3 ft. in diameter contain ?
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4. How many barrels of oil will a tank 40 ft. long and
6 ft. in diameter contain ?

A 5. Show that to find the approximate number of gallons
10 a cistern it is necessary only to multiply the number
of eubic feet by 74 and subtract from the Izl'tnlvl\'l A of
the product. Apply this method to_ea¢h of the ’uvly;".»\'c

eXercises.

6. How many gallons will a cask contain, the bung
- - . =
diameter being 21 in., the head diameter 20 in. and the
length 34 in. ?

. o -4 0 ) N .
Suggestion. The average or mean dinmetoris 24in. + 20 in,

214. Measuring Grain in the Bin, Corn in the Crib. etc.
I'heré are 2150.42 ca. in. in every bushel. stricken measure,

: SRy . . & :
and/2747.71 cu. in. in every bushel, heaped measure,

EXERCISE 43

1. How many bushels of wheat does a bin 8 fi. by T ft.
]0'\' 6 ft. contain ? 2

2. Show that multiplying by 0.8 will give the approxi-
v pro:

mate number of strieken bushels in any numberof euhbic
teeft, and diyiding by 0.8 will give the approximate number
of cubie feet in any number of stricken bushels.

3. Show that multiplying by 0.63 will give the approxi-
= - . -~ i o o a
mate number)of heaped \bashels in' any mumber of cubic

feet, and dividing by 0.63 will give the approximate nnm-
ber of cubic feet in any number of heaped bushels.

4. How deep must a bin 10 ft. by 8 ft. be to held 500
bushels of wheat ?
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5. A farmer builds a cornerib 20 ft. long, 10 ft. high,
8 ft. wide at the bottom and 12 ft. wide at the top. How
many heaped bushels of corn in the ear will the erib hold
when level full?: 1f the ridge of the roof is 3 ft. above
the top level, how many bushels will the crib hold when
filled to the ridge?

Suggestion. The average width of the crib is 12t + 88t _ 19 4.

)

6. How many stricken bushels of shelled corn are there
in the above crib if 3 half bushels of ears make one bushel

of shelled corn ?

915. Measuring Hay in the Mow or Stack. The only
correct way to measure hay is to weigh it. However, it
is sometimes eonvenient to be able to estimate the number
of tons in a mow Or stack, The results of such estima-
tions can beonly n]xpr«'-.\:im;xtely correct, as different kinds
of hay vary in weight. In wellsettled mows OF gtacks,
as nearly as can be estimated, 15 cu. yd. make one ton.
When hay is baled, 10 cu. yd. make a ton.

EXERCISE 44

1. Approximately how many tons of hay are there in a
mow 40 ft. by 22 ft. and 15 ft. deep ? s

2. Approximately how many tons of hay are there in'a
cireular stack 21 ft. high and averaging 80 ft. in circum-
ference ?

3. Approximately how many tons of hay are there in a
rick averaging 35 ft. long, 15 ft. wide and 20 ft. high?

216. Land Measure. The anit of land measure is the acre.
In the Eastern states, the land was divided, as convenient,
when settled, and the deseription of tracts of land refer to

MENSURATION

sm.'llx natural objects as near-by bowlders, ponds, established

roads, etc. But all states w 5 b o5e
; all states whose lands have bes :

uac) ok al e lands hs een surveyed

since 1802 are divided bv a s -

: ln(: 1802 are divided by a system of meridians and paral-

els into townships 6 miles square.

tains 36 square miles or sections

) - .

2 half sections or 4 quarter sections.

Each township con-
Each section contains

Pnbl?c lands are located with reference to a north and
.wuihl']uw called the principal meridian and an east and
west line calle 3 i i th 5

f 1e ¢ illed the base line. The north and south rows
of townships are called ranges

and these rows are numbered ' ’
from the principal meridian. i
The townships are numbered )

from the base lines .~ A township
is therefore designated by its
number and the number Qf its
range.

3

Thus, A is township 4 N.
ownship 4 N., Range ¢
W Whatis B? M2 S

I'he 36 sections of a township are numbered as in the

following-diagram.  The corners of ‘all sections are per

manently marked by stones, or otherwise.

ASECTION

ATOWNSHIP

s lio

sl

e A) SE
o

SLiSR IS}

m](’ ‘“Vigi s o T 8€C-
: S101S (11 sections ]l1l) l 00t .l S te
3 1 h3 f Sections, qnﬂl' er Sec

- t]nn C. S 1o < < .
8, ete s Al
are h ywn 1n the dl Agram

Thus, the N. F. 1 of N i
8, N. F. } of N.E. }, section 6, means t} 3
of the northeast quarter of section 6. ’ gl
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EXERCISE 45

1. How many acres are there in a section? In the
S. W. ] of S. W. 1, section 16? InS.}of N.E. }, section
362 Locate these sections.

2 What will be the cost of a quarter section of land at
$55 an aere ?

3. How many rods of fence are necessary to inclose a
quarter section?

4. How many acres are there in a township ?

5. The sections of a township are separated and the
township is separated from adjacent townships by a road
45 ft. wide, the section lines being in the middle of the road.
How many acres are there in the roads of the township ?

EXERCISE 46

1. The side of a squareis 100 ft. Find the length of
a diagonal.

2. One side of a right-angled triangle is 16 yd. and
the other side is $ of the hypotenuse; what is the length
of the hypotenuse ?

3. Find the volume of a pyramid whose base and faces
are all equilateral triangles with sides 10 in. long.

4, The largest pyramid in the world has a square base
with sides 764 ft. Its four faces are equilateral triangles.
Find the number of acres covered by its base, the number
of square yards in its four faces, and the height of the
pyramid.

5. A cistern 22 ft. long, 10 ft. wide and 8 ft. deep is
to be filled with water from a well 8 ft. in diameter and
40 ft. deep. If no water flows into the well while filling
the cistern, find how far the water in the well is lowered.

MENSURATION

-

‘ 6. T'wo persons start from the same place at the same
time. One walks due east at the rate of 3 mi. an hour,
and the other due south at the rate of 31 mi. an hour. In
how many hours will they be 30 mi. up;:rt ?

7. What is the circumference of the earth if its
diameter is 7916 mi. ?

8. Air being 0.00129206 as heavy as water, find in
kilograms the weight of the air in a room 23™ long, 16™
wide and 10™ high. b

9. A rectangular sheet of tin of uniform thickness is

.- om - x < D7 3 DEE ™ 3 X :
85°™ wide and 2.7™ long, and weighs 356%.  Find its thick-
ness if tin 1s 7.3 times as heavy as water.

10. A plate of iron weighs 277.54%8%, and is 137°® long
» 4 91 - £ . '
643™™ wide, 43.1™™ thick. How much heavier than water
is iron ¢

11. A tank is 27 long, 6" wide and. 8" deep. How
many liters of water will it contain, and how much will
the water weigh ?

12. Sulphuric acid is 1.84 times as heavy as water.
How many kilograms will a tank hold that is 2™ long, 75
wide and 50" deep ? -

13. A bloek of marble is 2 ft. long, 10 in. wide and

- . 3 y . . ke
8 in. thick. What is the edge of a cubical block of equal
volume 7

14. If 1 T. of hard coal occupies a space of 36 eu. ft
how many tons will a bi T £ de and
‘ y tons will a bin 10 ft. long, 7} ft. wide and
9 ft. deep hold ?

15. How much space will a car load (of hard coal con-
AR 25 iy i
sisting of 38 T. 14 ewt. 75 1b. oceupys if 'one ton occupies
86 cu. ft. ?

16. How long must a bin 20 ft. wide and 20 ft. deep be
to hold the above car load of coal ?
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17. Find correct to 0.001 the diagonal of a square whose
side is 10 in., and the diagonal of a cube whose edge is
10 in.

18. What will be the expense of painting the walls and
eeiling of a room whose height is10 ft. 4 in., length 16 ft.
6in. and width 12 ft. 3in., at 15 ct. per square yard ?

19. At 11 ct. per square foot. how much will it cost to
make a cement walk 5 f6. wide around a school yard in
the shape of a rectangle, 18 rd. by 26 rd. ?

20. Two corridors of a publie building intersect at right
angles near the center of the building.  If the corridors
are 160 ft. and 140 ft. long respectively, and 20 ft. wide,
how much will 1t cost to cover them with a hard-wood
floor at §24 per thousand feet?

21. At $18 per M, how much will it cost to cover the
floor of a barn 30-ft. long and 920 ft. wide with 2-inch
planks ?

22. How much will it cost to fence the school yard
mentioned in Ex. 19 with 1-inch boards, 6 in. wide; at
£17.50 per M; the fence to be 4 boards high and built
9 £t. inside the walk ?

%3, How many board feet are there in 150 rafters, 14 ft
Hong, 4 in. wide and 2 in. thick ?

24. How many bunches of shingles will be required to
shingle a barn with a roof 60 ft. long and rafters 18 ft.
long, the shingles being laid 4 in. to the weather with
a double row at the bottom ?

25. What is the value of a log that will cut 86 1-inch
boards, each 16 ft. long and 12 in. wide at 1% ct. per
square foot ?

MENSURATION 123

26. How. many board feet are there in a stick of timber
181 ft. long, 16 in. wide and 12 in. thick ?

27. How many bricks will be used in building the walls
of a building 120 ft. long, 60 ft. wide and l:; ft. hi(rh\
outside measurement, if the walls are 18 in. thick andbm;
allowance is made for doors and windows ?

28 How many cubic centimeters of lead are there in a
piece of lead pipe 1™ long, the outer diameter being 5™
and the thickness of the lead being 10™™? i :

29. A race track 30 ft. wide with semieircular ends is
constructed in a field 1050 ft. by 400 ft. Find the inside
and outside lengths of the track. Also find the area of
the track and the area of the field inside the track.

30. Find the volume and convex surface of a right cone
the diameter of the base being 16 in. and the altitude 18 in.

31. Find the volume and surface of a sphere whose
diameter 18 6 in.
32. Find the least possible loss of material in cutting a
Lo
cube out of a sphere of wood 9 in. in diameter.

33. Find the least possible loss of material in cutting a
sphere out of a cubical block of wood with edges 9 in.long.

32. Find the cost of making a road 200 yd.in length
and 24 ft. wide ; the soil being first excavated to the del]‘)t‘n
of 14 in., at a cost of 20 ct. per cubic yard; crushed stone
being then putin 8 in. deep at a cost of 40 ct. per cubie
yard, and gravel placed on top 6 in. thick at a cost of
45 ct. per cubic yard.

35. A map of Kansas is made on a scale of 1 in. to

100 mi. The map measures 4 in. by 2 in. Find the
area of the state.




GRAPHICAL REPRESENTATIONS

21%. Graphical methods of representing relations be-
tween different measurements are 80 extensively used in
many lines of work that it seems best to give a brief treat-
ment of the subject here., Such graphieal representations
as are given in the following exercises show relations pic-
torially in a much clearer manner than can be shown by a
mere statement of figures.

Ez. 1. Explain graphieally the relation between an inch
and a centimeter. The two lines drawn
accurately to scale represent graphically
the relation between the inch and the 1 am
centimeter. B

Ez. 2. Draw a line 1.5 in. long and find the number of
centimeters in it.

1 in.

Ez. 3. Explain graphieally the relation 1 Ib.
between the pound and the kilogram,
given 1%¢= 2.2 1b.

Ez. 4. Explain graphically the relation between a pint
and a liter, given 1' = 1.76 pt.

1¥s = 2.2 Ib.
—

Ez. 5. From a diagram find (@) the number of centi-
meters in 4 in., (3) the number of liters in & gallon, (¢) the
number of pounds in 5%

Er. 6. The values of manufactures produced in the
United States, Germany, France and Great Britain in
1860 were $1907000000, $1995000000, $ 2092000000,

124
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$2808000000 respectively, and in 1894 they were
£9498000000, $3357000000, $2900000000, $4263000000

respectively.
These facts may be represented graphically as follows:

MILLIONS OF DOLLARS
1807
1985
2003
2808

9408
33567
2800
4363

I'hese measurements, drawn accurately to a scale, show at a glance
the comparative growth in manufactures produced in the different
countries mentioned from 1860 to 1894.

2. 7. The areas of England and Michigan are 50839
and 58915 square miles respectively. The populations are
approximately 81000000 and 2421000. Represent graph-
ically the comparative sizes and the comparative density
in population of the two.

The square roots of the numbers representing the areas correct to
units’ place are 225 and 243 respectively. The ratio between these

England Michigan

two numbers reduces to 5 to 54. If some convenient unit of
measure be taken, and squares be constructed with sides equal to 5
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and 5.4 of these units, these squares will n-prf.tsent g'lta;{lxicailly the
comparative areas. The comparative (]e-xl~it}" in population ‘\nllAb:i
represented by the number of dots that appear in each square, ).( being
assumed that a dot represents 100000 in population. : Ihorel will then
be 310 dots in the square representing England and 24 in the square

representing Michigan.

Ez. 8. On a certain day between 6 A.M. and T P.M.
the thermometer registers as follows : 6 A.M., '_3(.)"; T AM,,
22.:5%; 8 A.m., 2775 9°A. M., 3575 10 AN, 2%.0°3 11 \\i
48°: 12 M., 52°; 1 p.M., 55%; 2 B, 60%5 3 f"“" 62°;
4 p.M., 60°; 5 P.m., 50°; 6 p.m., 4275 TP, 35° Illus-

i is variafion in temperature.
trate graphically this variation in I

Draw two straight lines perpendicular to each other. } Measure off
on the horizontal line OX equal spaces, each representing 1 l:u'., an;j
on the perpendicular line OY equal spaces, y-uc}: one r“pre.v‘lll(;;x.g- l()'.
The temperature at 6 A is shown at 0; at 7 A.m. at 4, a distance

TENMPERATIRR
J0° LY

p:&

L

20° £ i
g 10

06 7

B
i
8

- i §
< e 7

of 1 unit along OX and } of a unit above OX p:xm!]el to O ;:1t 8 A‘.‘M‘:
at B, a distance of 2 units along 0X and .7 of a unit al.wove 0X }»ara. f,l
to OY. In the same way points may be loeated ahnwmi,r the hcmp«-.‘m-
A continnous curve drawn through these points

2 ach hour. :
ture at each ho sl g

ig the temperature curve for the day from 6 A.m. to 7 pm. ;
shows at a glance the variation in temperature between the hours
~ S

given.
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Ez. 9. Two trains leave a certain place traveling in the
same direction, one at the rate of 20 mi. an hour, and the
other at the rate of 40 mi. an hour. If the second train
leaves 3 hr. after the first, when and where will it pass the

(—zljrst ?

Let each space along OX represent 20 mi., and each space along
OY represent 1 hr. At the end of the first honr the first train isat A :
at the end of the seeond
hour at B; and at the
end of the sixth hour
at P. At the end of
the fourth hour the sec-

]
Shr. Y|

ond train, which starts
from (7, 8 spaces above
O, since it starts 3 hr.
later, is at A’; at the
end of the fifth hour at
B'; and at the end of
the sixth hour at P.
The point P, where the . i 1 ! il

line OP and O'P cross, @& & 00 im

18 the place where the @ " ==

second train overtakes the first. If from P perpendiculars PX and
£Y are dropped upon OX and OY, then the distances OX and OY
will represent the space traveled and the time that has elapsed since
the starting of the first train till the second. one overtakesiite  OX
contains 6 distance spaces, and represents 120 mi., while O¥ contains
6 time spaces, and represents 6 hr,

EXERCISE 47

For convenience in constructing the graphical repre-
sentations required in the following exercises. the student
should provide himself with paper ruled in small squares.

1. Illustrate graphically the comparative areas and the
comparative density in population in the following cases:
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590884 63592
837837 12000
767268 13606004 -)
265730 3048710

(a) Alaska .

Greenland .
(b) Mexico .

Faxngl s I ek
(¢) United States (including foreign

i 3806279 84907156
R e 11391036 383165494

British Empire

2. On Jan. 1, 1904, the thermometer registered tl.u.-
t;ém.pn‘r'mm' at'1 A.M..and at each succeeding hour till

' "psil i : Havana, Cuba,
midnight, ‘at Ypsilanti, Michigan and ana,

r‘espet;ti\'ely as follows:
10

4
; ; ’ 202

D3 o0 240 240
g4° 640 63° :
1 2

1020
9690 16

T =y
Qo 20 3 9O 70
[

Illustrate each graphica.ll_y.

S a
3. The mean temperature for January (average for tl.l
‘ : ' ; & - s < O n‘ .~ ll
31 da. of the month) for the same hours and places.as 1

BEx. 2 was as follows:

1 © 3 4 b5 8 7 g 9 10 o (N'-o
1490 14.3° 142° 14.2° 14.1° 14.3° 14.2° 145° 15.8° 17.1° 18.1° 194

o asgo 71 0° 7310 T4.0°
86.7° 66:4° 66.0° 65.6° 65 66.6° 68.9° 71.0° 73.1° 74.0
87.2° 67.0° 66.7° 66.4° 66.0% 62.6 65.4° 66.6

1 2 3 4 5 6 7 8 9 10 11 M

ok =o =
90.4° 20.7° 20.6> 19.9° 18.8° 18.1° 17.5° 16.5° 16.0° 15.4° 14.5 16.6
20, 2b). 20 & =
747° T4.9° 75.0° TATC TA2° T2.9° 71.6° 70.6° 69.8° 69.0° 684° 67.9
(2.4° (297 9L » e

Illustrate graphically.
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4. Illustrate graphically, as in Ex. 9, the point where
and time at which the two trains given in the annexed
time-table pass each other.

Guixg East Goxg Wesr
AN, Miles AN,
10.00 284 Detroit 12.35
8.54 247 Ann Arbor 1.25
e T Ay, Jackson 171 s
6.10 164 Batile Creek 3.30
4.55 141 Kalamazoo 4.10
3.25 Ve gy AR} 5.28
3.15 L R 5.33
1.55 Michigan City 6.32
12.40 13 Kensington 7.30
12.00 0 Chicago 284 8.00
night A.M.

2.25

5. A cyclist starfs at 7 A.M. from a town and rides
2 hr. at the rate of 10 mi. an hour. He rests 1 hr. and
then returns at the rate of 9 mi. an hour. A second
cyclist leaves the same place at 8 A.Mm. and rides at the
rate of 6 mi. an hour. When and where will they meet ?

6. Two cyelists start from the same place at the same
time. The first rides for 2 hr. at the rate of 9 mi. an
hour, rests 15 min., and then continues at 6 mi. an hour.
The second one rides without stopping at the rate of 7 mi.
an hour. Where will the second eyelist overtake the first ?

7. The average yield of wheat per acre in the United
States for the years from 1893 to 1908 in bushels was as
follows: 11.4, 13.2, 13.7, 12.4, 18.4, 15.8, 12.3, 12.3, 15.0,
14.5,12.9. 'The highest Chicago eash price per bushel for
the same years given in cents was: 64.5. 638, 64_%. 934,
109, 70, 691, 75§ 793, 774, 87. Illustrate graphically,
putting the two curves in one figure.
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yield of corn per acre in the United
1893 to 1903 in hn\hels was as
5.3, 25.3, 16.7,
bushel

8. The average
States for the years 11()l!l
follows: 22.5, 19.4, 26.2
96.8. 26.5. The_ highest Chicago cash price per e
For t >h 454. _’)fi 2% 5‘1
graphically,

. 28.2,23.8, 24.8,

fm the same years given in cents wi 1.\; ‘
strate
J; 38; 313, l”% 'Hi. Hi 4 % Il ll.fri.
pumug the two curyes in one figure.

D
age summer ll‘nl\ tempere ature in Paris at

9. The aver .
in 1900 was as

the foot and top of the Eiffel tower
follows:
2 4

57.2° 55.4° 58.12.63.57 67.8° $9.8° 70.1° 69.8°-68°
It 684.4° 61.2° .60.7° 59.1°

6 8 10 N 2 4 6 8 10 Mt
62.1° 60.7° 58.9°
57.4° 55.7° 57.2° 58.1° 60.1° 63.5° 83.9° 64°

i ing > two curves in one
Illustrate graphically, putting the two curves 1n

RATIO AND PROPORTION

218. The ratio of one number to another of the same
kind is their quotient. The former number is called the
antecedent, and the latter the consequgnt.
the ratio therefore bear the same relation to each other as
the terms of a fraction.

The terms'of

Thus, the ratio of  to & may be

. S a \
written a : & (read the ratio of a to ), = or a+6. The

7]

a
forms a : b, and 5 are generally used. The ratio of 3 ft.

J

to 5 ft.is 3: 5. This may also-be expressed by £ or 0.6.
219. The ratio is always an abstract number, since it is
the relation of one number to another of the same kind.
$ 10, nor between
can be a ratio between 3 ft. and
Both
Thus,

There can be no ratio between 5 hr. and $
7 Ib. and 6 ft. But there
6 in., since the quantities are of the same kind.
terms must, however, be reduced to the same unit.
3 ft. = 36 in., and 36 in.: 6 in. = 38 — 6.

d ST 2 2
T'he ratio P called the inverse or reciprocal of the

ratio <
b
EXERCISE 48
1. How is the value of a ratio affected by multiplying
or dividing both terms by the same number ?

2. How is the wvalue affected by
dividing the antecedent? by
the consequent?

multiplying or
multiplying or dividing
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32 RATIO AND PROPORTION

Express the ratio of :

$15 to 50 cents.
1 to 373.

% to 16%.

3. 100 to 25.
s. 163 to100;
33% to 100.
Qmif em g0 50, 10. 12} to 100.
14 hr. 80 min. 8 sec. to a day.
9 mo. 107da®to a year.
What number has to 10 the ratio 2?2 to b the
0.37
14. If z:3=05, find z.
15. If z: 31 =2, find 2.
s RiratTRES 1o ) [ 9

36. Which ratio is the greater, {i or & ? }% or 3§ 7

17. The ratio of the ¢ircumference of a circle to its
diameter being 3.1416, find the diameter of a circle whose
cireumference is 125 ff. correct to inches. '

18. A/ map is drawn on the scale of 1in. to 75 mi. In
what ratio are the lengths diminished ? In what ratio is
the area diminished ?

A

16/ #/Two rooms are 14 ft. long, 12 ft. wide, and 12 ft.
long 430 ft. wide respectively. . What is the ratio of the

Aeost of carpeting them?

20. What is the ratio of a square field 20 rd, on a side
to one 25 rd. on a side ?
21. What is the ratio of the citeumferences of tiwo cir-

6les whose diameters are 2 in. and 4 in.? of two circum-
in.? of two

ferences whose diameters are 5 1n. and T
circumferences whose diameters are d and d&'? Hence in
ral the ratio of two ecircumferences is equal to what?

gene
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>
32 What is the ratio of the areas of two circles whose
radii are 3 in. and 5 in.? of the areas of two circi;li
“l'hoselm'.lii are 4 in. and 6 in.? of the areas of two (,ll-
cles whose radii are » and 7/ ? Hence in gene ; ati
of the areas of two circles is equal to \\';:;:Z('.' e e
23. What is the ratio of the volumes of two spheres
whose radii are 2 in. and 3 in.? of the volumes of tw—n
spheres whose radii are 5 in. and 6 in.? of the(\'nluuws
of two spheres whose radii are » and #'? Hence in ev{flxer';l
the ratio of the volumes of two spheres is equal tonwhat‘ ?

220. .Speciﬁc Gravity. The specifie gravity of a sub-
stance is the ratio of its weight to the weight of an equal
volume of some other substance taken-as a standard

221. Distilled water at its maximum density, 4° C., is
the standard of specific gravity for solids and liquids.

: ‘\‘ o cmd e » : .
222. Since 1™ of water weighs 1 gram, the same num-

ber that expresses the weight of ;

o ll.t expresses the \\‘t:‘l;\_{}lf; of any substance in grams
will also express its specific gravity. Thus, 1°° of water
weighs 1%; hence, 3-is-the speecifie gravity of 'water. 1
of lead weighs 11,35%;-hence, this being 11.35 times as
K anoaree S e © ocifl "

eavy as an :,q\ml volume of water, the specific gravity of
lead is 11.35.

SPECIFIC GRAVITIES OF SUBSTANCES

('nppfr - - 892 LTINS Throcn «nbievr eid 20
l‘mn (cast) 7.21 Anthracite Coal 1.30 Sulphuric Acid 1.841
Gold. . . 1928 Cork . =024 Milk V 1'{’)”
' £ . - ¥\ e = = «1UHZ
I/‘dl? 1 F1.85 Pive - . 065 Aleohol . 0.54
Platinum . 21.50 Qak. . . <0845 Ice L ﬂl\'l"

lock Salt . .2257

Sea Water . . 1.026

Mercury . 13.598 Beech = . . .0.852

1 cu. ft. of water weighs about 1000 oz., or 2.5 1b.
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Fr.1. A mass of cast iron weighs 3500 1b. How many
cubie feet does it contain ?

Since 1 cu. ft. of water weighs 62.51b., 1 cu. ft. of iron weighs
7.21 % 62.5 1b.

< —ﬁﬁo——_ — 7.77. the number of ¢ubic feet.

T2 62.5

P 2. In France wood is sold by weight. How much
does 1 stere of beech wood weigh, allowing } for space
not filled ?

Since 1 of water weighs 1000 X8, 1 stere of beech wood weighs
0.852 % 1000 K& — 1 of 0.852 x 1000 Kg — HBR Es,

EXERCISE 49

1. What is the ratio of the weight of 1 stere“to 1 eord
of gakavood, allowing 1 for waste space ?
. 24 Allowing 3 for waste space, how many tons of coal
will & bin 9 ft.-long, 8 ft. wide and 8 ft. deep hold ?

3. What is-the weight of a cubi¢ decimeter of each of
the substances in the above table? of a cubic foot?

4. A flask will hold 6 oz of water. How much aleohol
will it hold ? how much mercury ?

5. To what depth will a cubic foot of cork sink in sea
water ? in alcohol?

6. How much does a piece of copper 20°m Tong, 155"
wide and 5™ thick weigh?

7. If 1 1b. of rock salt is dissolved in 1 cu. ft. of water
without increasing its volume, what will be the specilic
gravity of the solution ? )

8. How much does a boat weigh that displaces 7000

- ew. ft. of water?
9. If a boat is l'd}liil’l(‘ of displacing 3000 cu. ft., what

weicht will be required to sink it ?
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223. Proportion. A proportion is an equality of ratios
and is expressed in the following way :

a_¢
b a4
a: b=

a:b::

224. The method of solving problems by proportion is
often called the Rule of Three, since problems which give

three quantities so related that two of them sustain the

same ratio to each other as the third to the quantity
required, can readily be solved by proportion. -
225. Thus. if any three of the four terms of a proportion
are known, the other one can be found.
2on5
If =% then, z— 31" — 21
3% T
9]

: 28
| - ‘ 5
Check by putting 21 for z, then =2 —=2_ or ]—'—»’
i 3 7 5
) -

5 .| -)
15 T

226. The first and last terms of a proportion are called
the extremes, and the second and third terms the

means.

™ :
227. In any proportion the product of the means s

/’l[][l-'l
to the produet of the extremes.

a 4 - -
If A A then by clearing ‘of fractions ad = de. This

proves the propesition, since @ and 4 are the extremes, and
b and'e the means.

228. Jf 1 1b. of sngar costs 4 ot/ 2'1b.
and' 4 ct. : 8 ct.=11b: 2 1b.
would cost 12 et.. ete.

will cost 8 et.
At the same rate 3 1bh.
The ratio of costs in each case is
equal to the ratio of the weights. The cost of sugar is
said to be directly proportional to its weight. n
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Br. The Washington monument is : 555 ft. high. What

is the height of a post that casts a shadow 1 ft. 9 in. when

the monument casts a shadow 192 ft. 6 in.”?

Solution by proporfion.
Let the height of the post.

Then

= 5.04 f

Solution by unitary analysis.

A shadow 192 ft. 6.in. long is cast by a monument 555 ftohigh.

<. a/shadow 1 ft. long will be cast by a post ]7,)) ft. high.

N g 2 JiD X B9d ¢

s 'a shadow 'l ft. 9 (in. long will be cast by a post 1.75 O f
3 192.5

high; or 5.04 ft. high.

999 1§ 1 man ean do a certain piece of work in 6 days,
9 men working at the same rate will do the work in 3

-
days, 3 men will do it in-2 days, etc. 2 men do the work

in 1 the time that 1 man will do 1
Hence, as the number of men increases, the time
If 2 men do the work in 3

3 men in § the time,

etc.

diminishes in the same ratio.

days, 3 men will dovit in 2 0f 3 days, or :.’. days. 'There-

fore the ratio of the nnmlwr of men, %, is equal fo the
corresponding ratio of time inverted. Hence, the number
of men is said to be inversely proportional to the time.

Er. The crew and passengers of'a ste amship consisted
of 1500 persons. The ship had sufficient provisions to
Iast 12 weeks when the survivors of a wreck were taken
on board. The provisions were then consamed in 10

weeks: how many were taken on board?

RATIO AND PROPORTION

Solution by proportion.
Let z equal the total number on board.

Then z _12
1500~ 10°
or =150 %12 g
10 = 1800,

and 1800 — 1500 = 300, the number taken on board.

Solution by unitary analysis.

There are provisions for 12 weeks for 1500 persons

*. there are provisions for 1 week for 12 x 1500 Persons
-. there are provisions for 10 weeks for L
persons.

< 1800 — 1500 =800, the numbertaken on board.

persons or 1800

EXERCISE 50

State which of the following are direetly proportional
and which are inversely proportional :

1. The price of bread, the price of flonr.

‘ 2. ‘l he number of “workmen, the amount of work done
in a given time.

3.. I'he number of workmen; the time required to do
a given amount of work. .

4. 'The height of the thermometer, the temperature

‘5. J}.m velocity of a train, the time required to go a
given distance. 3

6. The number of horses bought for a siven sum. the
price per horse. i i)

7. The price of freight, the distance carried.

8. The area of a cirecle, t il fits di
area of a cirele, the length of its diameter.

§ e 5

ey
T

e
-

e

Taw w8 9L

e ——
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9. In how many ways can the terms of the proportion
9:3==8:12 be arranged without destroying the proportion?

10. The assessed value of a certain town is FT7500000,
and bonds for $6000 are issned. What part of this does
a person worth $10000 pay?

11. A shadow cast by a post 6 ft. high is 9 ft. 3 in.
How long is the shadow cast by a church steeple 150 ft-
high?

12. A merchant fails for $12,300 and his property is
worth $5720. How much will he pay a creditor whom
he owes $25007

13. A clock is set at moon on Monday; at 6 P.M. on
Wednesday it is 2-minutes and 20 seconds ‘too: slow.
Supposing the loss of time to be constant, what is the cor
fect time when the clock strikes 12 on Sunday noon?

14. There are two kinds of thermometers used in this
country, Fahrenheit, used to register temperature, and
Centigrade; used largely in scientific work. The freezing
point of water is 82° and 0° respectively, while the boiling
point is 212° and 100° respectively. 68° Fahrenheit cor-
responds to what temperature Centigrade and 54° Centi-
grade to what temperature Fahrenheit ?

15. There is another kind  of ,thermometer known as
Yéaumur, the freezing and boiling points being 0% and 80
respectively. Express in Réaumur scale 70° on each of
the other two.

16. The boiling. point of alcohol is 78° Centigrade;
what is the boiling point of alcohol.on' each of ‘the other
two?

17. A grain of gold can be beaten into a leaf of 56
sq. in. How many of these leaves will make an inch in

height if 1 cu. ft. of gold weighs 1215 1b.7

RATIO AND PROPORTION
18. Divide 60 info two parts proportional to 2 and 3.
19. Divide 90 into parts proportional to 2, 3 and 4
‘ 20. Two men start in bosiness with a capital of $7500
One of them furnishes $4000 and the other £3500 At
the end of a year the profits are $3250. How much is
each man’s share? \

21.

: A man starts in business with a capital of $5000
and in 8 months admits a partner with a capital of

)

1 £4500.
At the end of the year the profits amount to £3750
How much is each man’s share ?

' 2)2. A piece of work was to have been done by 10 men
in 20 days, but_at the end of two days 3 men Iu‘fl» How
long did it take the remaining 7 men to complete the
work 2

23. If the interest 95 te XTI R - 4
interest on 325 is $72.50 in a given time,

how much is the interest on £850 for the same time?
2¢. Two cog wheels work together; one has 36 cogs
” ) ' )
and the other 14. How many revolutions does the smaller
ox]e . T ‘g 3 . > . A O 7
make while the larger one makes 28 revolutions?




METHOD OF ATTACK

930. In solying any arithmetical problem the student
will find the following suggestions useful :

(1) The first essential is a thorough understanding of
ghe proper relations between the conditions given. This
requires some form of analysis leading to a complete state-
ment of the conditions.

(2) The solution should involve no unnecessary work.
Cancellation and other convenient short methods should
be used if possible.

(3) Al arithmetical work should be carefully checked.
The student.must realize that accuracy is of the highest
importance and that to secure accuracy his work must
always be checked. Any arithmetical work that has an
error in it is-valueless. The check also gives the student
4 means of knowing for himself whether he has a correct
sesult or not.  He hasno need of answers to his problems.

Er. 1. If the time of the beat of a pendulum varies
as the square root of its length, and the length of a pendu-
lum that beats seconds is 39.2 in., find the length of a
pendulum that beats 50 times a minute.

Solution: The 'given pendulum beats, 60 times per minute, the
required pendalum beats 50 times per minute.

Since the longer the pendulum the more slowly it beats, the re-
quired pendulum is longer than the given one.

Therefore, the square root of the lengths of the pendulums are
in the ratio £§, or §.

140
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Let I = the length of the required pendulum.

_ 6 x68x302 x4
100

in. = 56.448 in.

‘heck e3 wr by ehs 3 f.
’ Che (;l\. either by changing the order of the factors and performing
o) 1aty - 3 3 F -
the multiplication again, or by casting out the nines.

Ez. 2. The greatest possible sphere is cut from a cube,
one of whose edges is 3 ft. Find the

portion of the cube
cut away.

Solution. The volume of the cubeis 8% cu: ft:

The wolume of the sphere is § = x (#)? cu. ft.

Th.nrefnn‘ the portion cutiaway is 38 cu. ft. — $r x (3)% cu. ft

Without performing the operations indicated the student nu'n by
cancellation and combination of terms write the result thus, .

ef g\, __ o3 6—=38.1416 .
3 ( ))tu. =3 (-’—2—’>cu. ft.=9x 1.4292 eu. ft. = 12.8628 cu. ft.

Check as before.

: Fz. 3. Find the area of a square field whose
8 50 rods.

diagonal

o -
Solution.. Let z = one side of the square field.

Then 22 = 507,

2 r2 = 502

. £ 3 3 oP
. 22 or the s fie 1ar AP
or the area of the field in square rods, == sq. rd. =71} acres.

Check each step in the work

- =
Fz. 4. Find the area of the cirele which is equal
area to two circles whose radii are 5

in
in. and 7 in.




142 METHOD OF ATTAGK

Solution. Let r = the radius of the required cirele. » S
1 . e —a Xt a X TP =a(D+ 7
Then its area 10 square mches — a7 T X 4w X
— o x T4, or 23248 sq. in.
Check each step in the wor ‘ ) e
Here. instead-of niultiplying = by 25 and then by 49 ‘u‘. I_ .hlt]l;lb
o - : . 1 5 ar 1 1 ne = i)
ti qults, time is saved by adding 25 and 49 and multiplying 7 by
12 resuats \ - D Od ) s

the sun, 74

931. The foot pound is used as a nnit of .\\'()rk. l.]ili
anit is defined as the amount of work l'vqmrm.l .t,u ;,n t:l
come the resistance of one pound t}nw)n‘.‘(_jh a s[)_(tte“o(r (:h:
foot. The rate of work is ;_;cnex:;tlly defined by ‘1;1.?11‘{:,“ 2
term horse power. An c'ngin‘u of one ?mrm- }'u,»)\\ ‘:_?u:(m,ﬂ,_
33000 foot pounds of work in one lllllll.lt(f,‘l.f,.'l.r i U_“c
come a resistance of 33000 pounds through a space o

foot in one minute.

] i s <t
Ez. 5. What horse power is an engine exe rting ]th(
TN s o o 10ur

draws a train with a uniform speed of 40 miles an

3.7,
against a resistance of 1000 pounds?

™ e . .
DOlUiLon. 18 UL Q VYOI done 1 one hour 1is 1( ~
Solu The amonnt f wWo k. dc 1 00 10
X 95280 foaot poun is:

B = — 00
I'he amoun of work done in one mmute 18 { 11

60
; 2 16
rounds. = ~S3
F . 1000 < 49 % 3280
Therefore, the rate of doing work is — 80 x 33099

<
5]

horse power

| 2D X 2%
= 3

Check each step.

16 horsa power = 1063 horse power.

)~

939. The student will notice that in o.:wh of ﬂ.lﬁ ;ﬁ)u\".i‘.
sxercises. first, the relations between the given f:u/u_i!,u:’x;*f :1::
carefully established ; and second, a «-unz_},‘lrhz x)fa‘ 'Iu.« ‘s
f]l".‘{‘e‘ I'u;u?if{«')us is written out and the work shortened as7 .

. ofove the processes
- = G . srwise, before the process
el by cancellation o7 other 2
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of multiplication and division are used.

indicated at each step, thus doing a large amount
necessary work.
tions the student will see where the mnne essary work ean
be avoided.

As indicated in Art. 41, it is a good plan, whenever pos-

sible, to estimate the result mentally and to compare this

rough estimate with the result found by solving the prob-
lem. This will prevent large errors and such €ITOrsS as
arise from misplacing the decimal point.

EXERCISE b5z
1. Find the area bounded by 6 equal coins whose
centers are at the vertices of a regular hexagon, the diam-
eter of ‘each coin being 2,88,

2. A crescent is bounded by a semi-cireumference of a
eircle whose radius is 15 inches, and by the arc of another
circumference whose center is on the first arc produced.
Find the area and perimeter of the creseent.

3. A horse is tied with a 50 ft. rope
of a barn 30 ft. by 40 ft.
pver.

to. one corner
Find the area he can graze

4. A well 30 ft. deep and 4 ft. in diameter is
dug. If a cubic foot of earth weighs 72 1b., how
work is to be done?

to be
much

5. A horse drawing a wagon along a level road at the
rate of 2

mi. an hour does 29216 foot pounds of work
in 3 min.

What pull in pounds does he exert in drawing
the wagon?

Frequently stu-
dents in solying such problems will perform the 0]

erations

of un-
By carefully studying these model solu-

12T Y T

. ———
3 T
T e e )

:?%??}

H
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6. A uniform heavy bar, 12 ft. long and weighing 80
Ib., rests on 2 props in the same horizontal plane, so that
2 ft. project over one of the props; find the distance be-
tween the props so that the pressure on oneé may be double
that on-the ather; also'find the pressures.

7. It is proved in geomefry that, similar volumes are
to each other as the cubes of their like dimensions. If
a cubical bin whose edge is 4 ft. holds 52 bu. of wheat,
how many bushels will a bin 6 ft. on an edge hold ?

8. The temperature remaining the same, the space oc-
cupied by a gas varies inversely as the pressure. At a con-
stant temperature a mass of air occupies 25 cu. ft. under
a pressure of’ 10 1b. to the square inch; what space will
it occupy under a pressure of 26 1b. to the square inch?

9. A cubic foot of water weighs 1000 oz., and the
pressure of the air is 336 oz. per square inch; find the
pressure On & square foot at a depth of 10 ft. below

the surface of a pond.

10. If the specific gravity of mercury is 13.598 and
the weight of a cubie inch of water is.252.6 grains, find
the pressure of air per square inich ‘in ‘pounds when the
mercury in the barometer stands at 30.5 in.

11. An iceberg (specific gravity 0.925) floats in sea
water (specific gravity 1.025). Find the ratio of the part
out of water to the part immersed.

12. A piece of lead placed in a eylindrical yessel, the
radius of whose base is 1.2%" causes the' liquid in " the
vessel to rise 3. What is the volume of the piece of
lead. and how much does it weigh if lead is 11.35 times

as heayy as water?

MISCELLANEOUS EXERCISE

MISCELLANEOUS EXERCISE 52
Express the ratio of :
A cubic decimeter to a liter.
A cubie centimeter to a cubie millimeter.
A cubic decimeter to a cubic meter.
A kilogram to a centigram.
A meter to a yard.
A quart to a liter.
A kilogram to a pound.

\ milligram to a kilogram.

A kilogram to 40 grams.

-
o

A kilometer to 200 centimeters
Find the value of :

11, (ﬁﬂ —.Lbf-l) x 3. _‘) -
2) X 6.
12,
2) x4,

15.

(26 + 13) X7
215155 31
5x8—17Tx2

17. Xz
1V —14 19.

20. What is 3 decimal fraction(?
21. ow 18 the its’ 1
How is the units place distinguished ?

22,

‘L i"i[ i\' £ ;5 ] 4 one ace h’
iv vhe l‘]l!' v ll”k‘ ol I l 9] €
- ¢ : < a digit me ] i f

‘ . = J ¢ pPlac .
ll‘\]l( of nmts ! ll”'h‘(' l'lil‘:.‘(,‘h‘ 1o lh(' I‘i L }Il ’
LYMAN’S ADV, AR, —10 : A
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23. What is the importance of the symbol 0 in the deci-
mal scale of notation?

24, If a decimal fraction is multiplied by a digitin units’
place, do the place values of the dicits in the product dif-
£ from the place valpe of the digits in the multiplicand ?
If the decimal fraction is multiplied by the same digit
re a difference in the place value of the

two

orders lower, is the
digits in the product?

25. If a decimal fraction is divided by a digit in units’
lace values of the digits in the quotient dif-

place, do the }
itsin the dividend?

fer from the place values of the dig
1f the decimal fraction is divided by the same dizit three
orders higher, what is the difference in the place values of
the digits in the quotient?

26. What is a divisor of a number 2 a common divisor

of two or more numbers? the
?

greatest common divisor of

{wo or more numbers
ple of a number? a common multi-

27. W hat is'a.multi
2 the least common multiple

ple ('lf two Oor more ll“l]\h(?]'s
of two or more numbers?

28. What is a prime number ? What is a prime factor of
a number? When are two numbers prime o each other?

29, What is the shortest pieca of rope that can be cut
exactly into pieces 12,15 or 20 ft. Jong ?

30. Find the 1. ¢. m. of the first five odd numbers, also
of the first six even numbers.

31. Find the g.c.d. of 125, 340 .and 735.

31+ 55+ 1+ 93.
) e g L 7 LT AN

33. Evaluate 1+t +359—6 5 ,P;.

32. Evaluate

E o

D oatnate 4.5 39 w 55 — 2
34. Evaluat -1'is+dx.).9 .)XA_;.%.
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! A cubic foot of water weighs 1000 oz. How many
ons, ete rater ar 1 30 f - t
» ete., of water are there in a ecanal 30 ft. wide. 8 ft.
deep and 10 mi. Jong ? . Fh
36. How many
- any feet per seconc g
3 Her & nd are equs i
- I l are equal to 40 mi. an
37. Find the s :
Find the square root of 0.4; the eube root of 0.27
n : ) .S
38. If ralk 7.25 j .

e I walk 7.25% in 1 hr., how far shall I oo in 6 hr

and 20 min. at the same rate ? il e
39. W $ I C 1 i

How many cubic centimeters of air are there in

room 93™ long, 61™ wi 3.15 ‘ ( - 2

1 93" long, 61™ wide and 3.15™ high ?
oh?
40. What is the ;
at i » area of a cube that Lias

N ¥ oabin Y at has the same vo

as a box 2 f6. 6 in. by 2 ft. 3 in. by 2 ft. ? e
41. How many cubie ' “

- OW many cubie meters of water pass under a bridge
( a ¥ 2 r . ! 3 : ) ‘ : X
2l minute when the river is 20™ wide, 4™ deep : 5

rupning 35™ per hour ? ‘ k=

42. Write three m i
/ rite three numbers of four ficures each that :
divisible by both 8 and 3. : e

\ y £ . ‘ - > = l tl £ ”
. 1T€ namoers “[ X £ < < <
43 ‘ t(} l} ree S13 f gures each tha re
dl\ l.\'ll’llf.‘ l)\ l)”th 9 d“(l l l‘ :

] : Replace the zeros in 205006 so that the numb
~ We iy : - = “ l 4
e divisible by both 9 and 11 oy

45. What is the cost
What is the cost per hour of lighting a/room with

40 burners, each  capsuming 2V cu. i
g/ =y eu..im. of gas/per second,

t'hU ll'i('(‘ of ¢ Y -
2 i oas bel = 5 o
I gas being $1.25 per thousand cubie feet; ?
46. \ l'l)]l" 1186 3 <~ L ‘
er used in rolling a lawn is 63 ft. in circum
\ -

ference 93 3 3

el _ﬂnn_i 23 £t wide. \ If the roller'makes 10 revolution

mecrossing the law X : 12
OsSIng thelawn onee and must pass back and forth 12

times to cover the whole lawn, find the area of the 1
are: 1e lawn.

47. Find the st F 3
sumof 1 4 1 g . 4 .
3 L4+ 2 A correct to - o
mal phu;us. 8 Tag T 3¢ correct to four deci-

e e s b= -
(ot
.

= e
Sy Tringae

Ttine Craowme-z secsare
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4g. Find each of the following products correct to five
gignificant figures: i s
) (a) 20.361 x40.482. (b)) 1.5674 x 75.429.
(¢) 824.T63 % 45/ (d) 103.64 x 0.033.
(e) 0.423 x 0.00765.

f ing quotients set to 0.01:
49, Find each of the following quotients correct to U

567 = 21.268; (¢) 0.4+ 0.719;

22 + 3.14163 (§) 42.« .2 ()
i (d) 237, 64214735 (o) 2% 9.97.

i o and
50. Find the costof carpeting a room 12 ft. 3 in. long an

27 le at ‘*1 12 a yard.
10 ft. 9 in. wide with carpet Zi in. wic

51. Find the cost of 8 T. 1450 1b. of coal at &

52.

53, Divide 8350 by 25 and multiply the re sult by 121.

Find the value of: i
s4. 0.0001 x0.0001; 6.74 X 21.023.

s5. 1.1 % 0.011; 7.6:x 0.76.

56. 2:5% 256% 250, 2.5 5 % 0.25 x 0.025.

57. 0.002 % 3.01; 0.0005 x 0.01 x 5000000.

s8. 15.625+25; 0.1562 5+ 2.5,

59: 8= 0.002; 50 0.25.

60. 9.065 = 0.049; 0.005+0.01.

61. 0.00128 + 8.19Z; 1708.4592 + 0.00024.

Find correct to 4 decimal p‘:\CcS: |
0.13%138 + 0.1 {25876 + 2.060606 + 0 008964
62. 0.138138 + 0.1425¢ .
096 331 = 0.374.
= 7.4 21525 — 2';’“’7'})“”)' 65. “...J{! = U.9 '3
. 66. 0.0404 = 7692,

Q

64. n_:‘;:-;é % l),.y’:%.

®7.25 a ton.

2. Multiply 7644 by 8331 and divide the result by 163.
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67. If the length of Jupiter’s day is 9 hr. 56 min., how
many more days has Jupiter thun the earth in one year?

68. If $500 can be counted in one minute , how long g will
it take to count $1000000 ?

69. What is the difference between the daily ineome
of a man whose salary is $1200 a year and of one whose
salary is $1600 ?

70. Counting 12 hr. a day, how long would it take to
count a billion at the rate of 750 a minute ?

71. How many days old was a person Oct. 5, 1904, who
was born July 27, 1861 ?

72. The ancient Roman mile is 0.917 of the English
mile. = Express the diameter of the earth (7926 English
miles) in Roman miles.

73. The diameter of a fly wheel is found by measunre-
ment to be 20.12 in. Find its circumference.

74. The specific gravity of copper is 8.92; of gold,
19.26 ; of lead, 11.85. Find the we ight of a lump of each
equal in bulk to a liter.of water.

75. The diameter of the earth is 7926 mi. The sun’s
diameter is 111.454 times the earth’s diameter. Find the
sun’s diameter correct to miles;

76. A lump of iron containing 12 cu. ft. is‘drawn out
into a rod 50 ft. long. What is the diameter of the rod ?

77. The true length of the year is 865.2426 da. What
error isymade by rcaleuls ating the yyear'as865 da., and add-

ing a day every leap year, omitting three leap years in
four centuries ?

78. The edge of a cube is 12 in. What is the edge of a
cube three times its volume ?
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150 MISCELLANEOUS EXERCISE
79. How many miles an hour does a person Xf'all;: wha
rakes two steps a second and 1900 steps to the mile?

80. Expressin words 0.12071 and 12000.00071.

g1. How many steps 0.8 of a meter long will a person
take in walking 10%=?2

i ins inute in 10 hr. is correct
82, A clock which gains one minute in e
on Monday noon. What is the correct time when 1t 10
cates Monday noon/of the next week ?
ars depend npon measurements and
therefore cannot be expressed with absolute accuracy the ¥ndex nota-
t"o;l is frequently used.  Thus, the wave length of blue light, deter-
S <y L) o : ) 5
1'1 d by the physicist to be 0.000451m would unsually be writien
mined by the ph : y be rige
4.31 % 10~-4m=. The distance from the sun to the w_\rth is :lvl«.nnm;vl
l.w the astronomer to be approximately 93000000 m. In index nota-

tion it would be written 9.3 X 107 mid.

In scientific work, when numb

83. Express the following in the index notation :

0.0000025; 365000000005 sypayross 41100000

84. Express in the common nofation 1.1 x10-8; 3.6 x108;
4.321 x 10-8; 5 x 10~*; 5 x 105,

gs. From 3542, subtract 2131,.

g6. Find the sum of 34.6,,, 121.514, and 25.11;, and
express it in the decimal netations
525 1b. per cubic foot, find the

g7. If brass weighs < subic Lo i
weioht of a eircular brass plate 21 in. In diameter
3 in. thick. ;

gs. If a cubic foot of gold/ may be made to cover uni-
32000000 sq. in., find the thickness of the gold:

and

formly 4

go. If a gallon of water econtains 231 cu. m., and. a

‘ r weighs 1000 0z., how much does a pint
>

cubic foot of wate : 4
How many gallons will weigh a ton ?

of water weigh ?

MISCELLANEOUS EXERCISE 151

90. Four circles edch 1 ft. in diameter are so placed that
two of them touch two of the others, and the remaining
two both touch three of the others; find the area of the
figure whose angles are at the four centers.

91. What (standard) time is it in Boston when it is
4.30 p.M. in San Francisco?

92. A ship’s clock is corrected at 1 o'clock each day.
If the ship passes over 10° 30/ each day, what change must
be made in the clock (a) if the ship is sailing from W.
to E.; (&) from E. to W.?

93. Find the remainders (without dividing) after 471321
has been divided by all of the numbers (except 7) from 2
to 12 inclusive:

94. Show withont dividing that 133056 is divisible by
792.

95. A ship’s cloek is corrected every day at 1 p.a.; how
much must it be put back or forward at 1, if the ship has
passed over 11° of longitude from east to west?

96. When it is noon (standard time) Wednesday, Dec. T,
at Chicago, what time and date is it at Rome ? at Tokyo?
97. A meter is defined as 1 x 10-7 of the distance from

the pole to the equator. Find the circumference of the
earth in kilometers.

98. Find the circumference of the earth in miles if the
meter is equal to 39.37 in.

99. If 1 cu. ft. of water weighs 1000 oz., and platinum
is 20.387 times as heavy as water, how many feet of
platinum wire g5lo5 of an inch in diameter would weigh
a grain ?

SESLIOTTUA UNIVEURSITARM
"ALEONSQ REXES"

-

4 T

-
=

:‘I:K‘a -

TENE Tu Wd SR ey

—




PERCENTAGE
233. p = 0.50,= 507, = 50 per cent,

and 4 s —10.33F = 3319, = 331 per cent.

These are different ways of denoting the same fractional
part. In business operations ib is customary o express
fractions in hundredths, but 'in stating problems the
denominator 100 is emitted and the per cent symbol; %,
or the expression per cent is used. Percentage is there-
fore only an application of/the decimal frac tion and not
a separate department of arithmetic.

934 The word percéntage is derived from the Latin
per centum, meaning by the hundredths.

935. The number denoting how many hund‘redths are
taken is called the rate per cent. Thus, if 5% of a number
is to be taken, 5 is called the rate per cent, and 5% the rate.

936. The following examples illustrate several closely
related operations frequently used in business transactions.

Fr.1. What is 89, of 87507

Solution. 8%, of 8750 = 0.08 of 3750 =360.

Fz. 2. 12 is what per cent of 240 ?

Solution. Let z %, — the rate.

Then z %, of 240 = 12,

2= = =005=5%
102

PERCENTAGE

Fz. 3. 20 is 6% of what number ?
Solution. Let z = the number.

Then 6 % of r= ‘.}(r,

. a0
—— = 333}
0 06 $

EXERCISE 53

1. Ex pr(*&s the fullu\\m.; fractions in per cens, also
as decimals: 1, %, %, & 4 1, 13, 12

b
)

2
B B
2

2. 3 is what per cent of 4? 8 is what per cent of 41
18 is what per cent of 27 ? 25 is what per cent of 2002
7 is what per cent of 27?

3.. The population of a town is T200. What is the
population five years later if it has increased 7¢ in that
time ?

A town of 11750 inhabitants decreases 129 fgn
years. What is its population after this loss ?

5. Express the following as decimals: 19, 334%,
0.59%, 1259,.

6. What is 19, of 7567 19 of 100? 0.49, of 7

uf jj ?

7. \\ rite as per cent 14, 23, 1, 0.004, 10, 2, 0.25, 2.5,
0.16%.

8. The attendance in a certain school increased in one
year from 318 to 425; find the rate per cent of increase.

9. In a certain school there are 291 boys and 315 girls.
What percentage of the attendance is boys and what per-
centage is girls?

10. In a certain town the total school enrollment is 962 :
of this 156 are in the high school. What percentage of
the whole enrollment is in the high school ?
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11. If 0.89 of those living at the age of 24 die within
a year, how many out of 6625 persons of this age die
during that period?

12. At the age of 15, 735 out of 96285 die within a
year. What is the rate per cent of deaths?

13. At the age of 25, T18 out of 89032 die within one
year. Is the death rate higher or lower than at the age

of 157

14. A manowns a farm worth $7500.  His annual taxes
are £68.50.  How much must he make in order to clear
6% from his farm each year?

15. A house depreciates in value each year at the rate
of 5% of its value at the beginning 'of the year; and its
value at the end of three years is $42253 find the original
value.

16. A man sold two horses for $200 each; on the pur-
chase price of one he made 20%, and on the other he lost
25%- Did he gain or lose and how much ?

17. The wholesale grocer buys cofiee at 25 ct. per
pound and sells it at 30 ct. The retail grocer buys it
at 80 ct. and sells it at 374 et. What per cent does each
make ?

18. If a person spends 60% of his'income and saves
% 1000, what is his income ?

19. Which inyestment returns the larger per cent, flour
costing #1.98 per hundred poounds and sold for $2.10, or
sugar costing 31 et. a pound and sold for 4§ ct. 2

20. A man owning a # interest in a store sold % of his

interest. What per cent of his share did he sell, and what
per cent of the store did he still own ?

PERCENTAGE : 155

21. A merchant sold out his stock of goods at a discount
of 109 of the cost and realized $14756.34. How much
did his goods cost him ?

22. A house rents for $300 a year, which represents 6%
of its value. How much is it worth ?

23. In 1880 the population of the United States was
50152866, in 1890 it was 63069756, and in 1900 it was
75994575, During which decade was the per cent of in-

crease greater and how much ?

2¢. What is the difference, in square yards, between %

of an acre and 9% of an acre ?

25. The population of a city is 14558, and is 359% more
than' it was 10 yr. ago. =~ What was the population
then ?

26. On Nov. 1, 1897, the amount of money in circulation
in the United States was: gold (including gold certifi-
cates), £576000000; silver (including silyer certificates),
$496000000; paper, $634000000. Nov. 1, 1902, the cor-
responding amounts were $967000000, §623000000 and
$736000000. What was the per cent of increase in each
case during the 5 yr., and what was the total per cent of

increase 2 |

27. The following tables show the total receipts and
disbursements of fhree of the largest lifé insnrance com-
panies in the United States for the year 1902:

]

. Ot DISBURSS-
DEaTe Cratus \ THER DISBUESE

Paxss MENTS

1073636984 183485217 259617938 | 3168541538
156329328 163663466 185702274

o > - 5 » - ! e
330651136 54403289 80450793 89056722
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Find the per cent of the total income remaining in the

hands of each company at the end of the year. Find the

per cent of expense to income and of death claims #o

ineome in each case.

28. -In 1890 the total foreign population in the United
States was 9249547, of whom 2784894 were born in Ger-
many and 1871509, in Ireland: 'The population of the
United States in 1890 being 63069756, what per cent of
the population was born in Germany, and what per cent
i Ireland ?

29. In 1890 the total number of negroes in the United
States was 7470000 which was 11.89, of the total popula-
tion at that time. Determine the population correct to
thousands.

30. In 1898 the total value of the exports from the
United States was $1231482330. the total value of im-
ports was £616049654. By what per cent did the value
pf the exports exceed the value of the imports ?

COMMERCIAL DISCOUNTS

23%7. Manufacturers, publishers and wholesale dealers
have a fixed price list for their products. Their customers
are allowed certain disconnts from their list price, deter-
mined by the current market value. Thus, a book may
be published at $1.50 with a discount of 20% to dralers:.
‘The $1.50 is the list price and 20% is the discount. The
list price less the discount ($1.50—20% of $1.50=§1.20)
is the net price, or cost.

238. To avoid the inconvenience and expense of issuing a new
catalogue whenever the markef values change, business houses gen-
erally print a new trade price hList giving new disconnts, without
issuing a new catalogue. The discount is changed either by increas-
ing or diminishing the single rate of discount already allowed, aceord-
ing as the cost of production is diminished or increased. If the
discount is-to be increased, the changa is genérally made by quoting
a further discount. Thus, in a catalogue of electrical goods a 32
candle power lamp is quoted at $1.20. In trade price list A, accom-
panying the catalogue, a discount of 509 is allowed on small orders.
In ‘trade price list B;issued later on account of a change in the cost
of production, a disconnt of 50% and 15%, is allowed. A dealer'buy-
ing 10 lamps according to trade price list A wounld pay 10 x $1.20
— 509 of 10 x £1.20 = $86, while according to trade price list B he
would pay 86 — 15% of $6 = $5.10.

The discount is frequently inereased in caseof large orders. Thus,
in the above trade price list; a discount of 509, 15 allowed on all orders
for less than 25 iamps, a discount of 509% and 209 is allowed on all
orders for 25 to 100 lamps, and a discount of 509, 209 and 10% on
orders for 100 or over.

167
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239. Bills are generally made out pafyuhlo in 30? .60' 011'
90 days, subject to a certain discount tnr» cash, or 1% [}ld».lil
before due. Business houses usually print mll‘lhmr n.‘
heads their terms of discount for v’:afh. e.g. ** lo:‘”.ls{_ ¢'>.)
days, or 29, discount for cash.” «Terms: net 90 days,
nr.i;'»% in 10 days.”

Er. 1. On March 12, 1903, E. C. Horner & (-'n‘. Emught
of “James Bros., Chicago, 50 plows, li-sl'wl at $6.50, less
259, and 109. Terms: 90 days, 39, in 10 days.

Bill Rendered
Cuicaco, Iur,, March 12, 1903,
E. C. Horxer & Co. Yy
Bought of Jaxmes BRros.
Terms: 90 days; 3% 10 days.

| 50 Plows @ $6.50 || $325
Discounts; 269 | 81
243
]
Discount, 10%

If Horner & Co. avail themselves of cash payment, they will dmhmtj
3% of é"l!).t}?:-ét‘»..’ﬁ. and send the remainder, $212.79, ‘“~]'1hjm;
B:yi If the bill is not paid till the 90 days expire, they will sen
$219.37.

Fr. 2. Find the eost of a bill of goods amounting ta
ik . ¥
£75 less 20%, 5% and 2% for cash.

Solution. Let z=the cost

Then 2= 0,98 % 0.95 x 0.80.0f $ 75 = $55.86.

Analysis. $75 is the list price.

[ 51 2t ¢ ' a
Tt 275 — 209, of 375=0.80 of 875 18 the amonnt left after thf
1en $10 —20% ol 7o = . Sk Sl
first. discount And 0.80 of 875 — 5% of 0.80 of 375=0.95 % (), 0 < :
rst 4disc e An > i ¢ Se Sk
275 is the amount left after the second discount. And 0.95 x
$70 18 F: {

COMMERCIAL DISCOUNTS 159

B75—29% of 0.95x 0.80 of 875—0.08
amouut left after the third discount.

* 0.93 x 0.95 x 0.80 of $75 = $55.86 is the net price or cost.
Second Solution. 5)$ 75 = list price.
215 = 209 discount.

20)3 60

% diseount for cash,
= cost of the goods.

Fz. 3. What must be the list price of

realize $
10%?

Solution. Let z — the list price.

Then

goods in order to
243 after deducting discounts of 25%, 10% and

0.90 x 0.90 x 0.75 of z— 8243,

3 400

13 X 10009

IX I XT3
P2

£ 94 82
vr=—— 820 37 = 8400.
0.90 X 0.80 x 0.75 !

EXERCISE 54

1. Find the net amount of the bill to render in each of
the fulh_nving cases :

(a) 50 less 331%.

(&) $1250 less 25% and 15%.

(o) 25 less 20 %, 10% and 5%.
(@) $525 less 5%, 10% and 20%.
(e) £56060.75 less 50 #and 10%.

2. March 1, 1903, the Manhattan Electrical Supply Co.
sold George J. Fiske & Co. the following bill of goods,
60 da., 2% 10 da.: 2 :

2 electrical gongs at $17.22 each, less

10% and 10%; 2 hotel

annuneiators at $15 each, less 60%
Z spools of wire at T5 ct. each, less 20% and 10%. Find

the amount to be remitted if paid March 11, and write the
bill rendered.

Ly 2

:

9 b

x 0.95x0.80 of 875 is the

= .

AT




160 COMMERCIAL DISCOUNTS

3. A piano listed at %750 was sold at a discount of
40% and 10%. If the freight was $4.87 and drayage $3,
what was the net cost of the piano?

4. Find the net cost-of a piece of Rogers's statuary
listed at $ 65 and discounted at 35%, 20 %, 10% and 5%.

5. A merchant buys $ 1750 worth of goods at a discount
of 833% and 10%. | If he sells the goods at the list prices,
what is the rate of gain on the cost?

6. A ecar load of flour weighing 195 hundredweight
cost a grocer $1,85 a hundredweight: If he 1s allowed a
discount of 1% for cash and sells the flour for $2.10 a
hundredweight, how much does he make ?

7. Which is the greater, a discount of 10%, 10% and
10%. or a discount of 20%, 5% and 5%7

8. A merchant buys goods at a discount of 40% and
10% and sells-at a discount of 30% and 5%. Whatis Ir's
gain per cent?

9. A certain publishing house allows a discount of
163 % onall orders under $100, 163% and 10% on all orders
between %100 and $500, and 163%, 10% and 5% on all
orders above $500. If three dealers wish to send in orders
amounting to $ 60, $175 and $ 350 respectively, how much
will each one gain if they combine their orders ?

10. Which is the better discount for a buyer to take:

(a) :’»3%%, 10% and 5%, or 4”% ?

(b) 1”%. 1‘)‘}1 and J.iif, or ‘2.‘-)’}; ?

(c) 40% and 15‘/{3. or 40%, ]9‘/) and 5%?
(d) 50% and 15%, or 60%7

3i. How much above the cost must a book marked
82 be sold, if 10% is taken from the marked price and
a profit of 10% on the cost is still made?

COMMERCIAL DISCOUNTS

.12. One firm offers to sell $500 worth of galvanized
p.xpu at a (.il.\‘t'nnnt of 40%, 10% and 5%, and another firm
offers a discount of 334%, 20% and 10%.

e t i Which is the
er ra . o) . shat 11a 1FF >

. e of discount and what is the difference in
dollars ?

13. Office furniture amounting to $ 750 was inventoried

at the e
1e end of the first year at 25% below cost and at the

0’”'] ’Ji Ill“ .\f)('l’“‘l year at ]v);‘) Nf]()\\v ln\el]t&)l). \‘ ll(lt
was the l()S S 1n \(l]”{’ .)

14. If a grocer buys sugar at 3.42 ct. per pound and
5 c 1F - s . i
sells it at 4 ct., what is his gain per cent?

15. A dealer marked his 1 33

. 2 a 115 oy { ~ 1 > 1 ¢ 1 3
s doalor . is goods it 331 % above cost, but
.‘ at a certain-per cent discount-and still' made 15% on
the cost. What was the rate per cent of discount ?

16. What three equal rates of discount are equivalent
to a single rate of 27.1%%?
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MARKING - GOODS

] ark indicate the
240. Most merchants use a private mark to indicate tl
1 o f They usually select some
gost and selling price of goods. They usually selec 2
V phr-w‘;* containing 10 different letters and use 1

jord or : Sl
i letters are used to represent the 9 digits

as a key.
and 0. i | pelute
understood only by those who know the key.

These : : E )
In this way the cost and selling price will be

D X s cost and
I srally selected, one to mark the cost
wo different keys are generally select d

the other to mark the selling price. d
repeaters, are used to avoid the repetition e
8, ¢

One or more extra letters, called

f a ficure and to prevent
3 Thee is usually writien

ine anv olew to the private mark used.  “Fhecostis usuatly

giving any ©

&
¢ 1 ice below aline.
above and the selling pric belo

3 itting st 2) and
241. The words .-'r{ue'nurfz.ql (omitting the last 2)} l
. Ve 5, sinee s both
are adapted for use as keys, since they bo

A These words give the fol-

contain 10 different letters.
lowing keys:
1234
e g u t |
z 7171 poritance Repcatersrnnd -

- B ol thom
if hant pays $29.98 per dozen for hats, and sells the
"hug, if a merchs yays $20.4 °
Thus, T o
BT YO W, .
tor $3.50 each, he would mark them Siive

EXERCISE 556

” ar 3 WMo .S
i 7y i » cost of a dozen articles 1
. Explain why, if the cos ' BEble
T 10. the result will give the retail price of one
209, added.

162

di\"i(]ml ]')_‘,‘
article with a protit ol

MARKING GOODE 163

2. Explain why, to make a profit of 3319, the cost of
& dozen articles may be divided by 10 and } of the result
added.

3. Determine short methods of finding the retail price
of one article when the cost per dozen is given and the
dealer wishes to make a profit of 35%; 3719; 409 ; 509%;
609

4. A merchant buys shirts for $12.50 per dozen. For
what price must he sell them to make 209 ? 4097

5. A merchant retails neckties at 50 ct. and makes 509.
How much did they cost him per dozen ?

Using equinoctal and importance as keys, mark the cost
and selling price of the following articles:

6. Gloves costing $5 per dozen and selling for $6.50.
7. Hats costing $22.50 per dozen and selling at 209
gain.

8. Caps costing $7.50 per dozen and selling at 3319
grain.

9. Shoes costing $1.98 and selling at 25% gain.

10. Rubber boots costing $2.68 and selling at $3.75.
11. Make a key of the letters contained in the words

Cumberland and - Charleston spelled \backward, and mark
thie articles given in Ex. 6 to 10.

12. A merchant sold a bill of goods that cost $125:
asking price was 309 in advance of the cost.
a wholesale discount of 159 was allowed.
per cent gain ?

the
from which
What was the

13. An invoice of hats costing $112 is marked so as to
sell at 409 profit. Does the merchant gain or lose if the
hats are sold at 309 discount from the marked price ?
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COMMISSION AND BROKERAGE

242. Farmers, produce dealers, manufacturers and
others frequently find it more convenient to employ a
third person to dispose of their goods, instead of selling
direct to consumers. The person who' sells the goods is
called a commission merchant, an agent or a broker. The
pay received for such gervices is called commission or

brokerage.

243. Produce is usually shipped to a commission mer-
chant, and seld by him-in his ownname. The proceeds
less the commission, or the net proceeds, are sent to the
shipper or consignor.  If a commission werchant is buying
goods for a customer, he charges the cost plus the com-
mission. ~The amount of commission varies in different
lines of business.

244. A broker buys and sells witheut having possession
of the goods, and generally does not make contracts in his
OWIL name.

245. Commission, or brokerage, is usually computed ab
a certain per cent of the amonunt realized .on sales, or in-
vested for the customer. In buying and selling certain
kinds of merchandise, it is customary (0 pay 4 certain
price per unit of measurement or weight; as grain per
bushel, hay per ton, etc.
164

COMMISSION AND BROKERAGE

EXERCISE b8
What is the commission on:

1. $750.50 at 29, ? $350.45
) at 297 $350.45 at 109 ?

212368 at 14, ? & 27
368 at 370 - 5. 7 ;_)Hﬁ‘l at %’/0)

- $5250 at T395?
1e sale of 1000 bu. of grain at 1 ct

]

$75429.75 at 1952 6

kY : . a bushel ?
1e sale of 25 T. of hay at 50 ct. a ton?

Fhe sale of 40 head of cattle at 50 ct. a head ?
10. The sale of 1500 bales of cotton at 25 ct. a bale ?

11. Thea cala 5] v -~ & ot
Che sale of 22 horses @ $125 a head at 29,?

Finc 0 inve
it n.l the ‘m?uunt. to invest and the commission when the
ollowing remittances and rates of commission are civen s
are g :

12. 81030 at ¢ 3 )
) at 3%. 15. 36300 at 59.

6
13. $5025 at 19 51100
$5025 at 1. 16. 1100 at 109,.
2

28090 at 1 %
14. $8020 at 1%. 17. $2562 at 219,

nn.l the net proceeds and commission on each of the
following sales: y

18. 200 bbl. of apples @ $: 1

18. 200 . of apples @ $3, less freight $62.5 ;
mission 5%. 5 2
S 71.9. 5000, bu. of wheat @72 ct.; less $102.50 freight
$29 storage, 1% insurance and 2% commission

. -2(3.~ 500 bbl. of beef @ $19.50, less 48 ct. a barrel freicht
#1.90 storage and 2} 9% commission. "\

21. 1500 doz.eggs @ 22 ss 89.5
. - eggs (@) 22 ct., less $9.50 express
commission. S
22. 12 bales of cotton averaging 475 Ib. @ 91 ct. a
pouutl‘. less $42.50 freight, $1.25 a bale sturagé’ and 2
commission. s
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166 COMMISSION AND BROKERAGE

23. An agent charges $20 for advertising the sale of a
farm, and 3% commission. He sells the farm for $7500.
W hat are the net proceeds and the agent’s commission ?

24. A collector is given-a bill of $1350 to collect at 59
commission. He succeeds in collecting 85 ct. on the dollar.
How mueli is due his employer, and what is his commission ?

25. A miller orders his agent to buy him 2500 bu. of
wheat @ 80 ct. If the agent charges 3% commission, and
freicht and drayage charges are $95.79, what is the total
cost of the wheat?

B

26. A merchant sends his agent $1836 to buy an equal
number of yards of each of three grades of muslin at
3, 4 and 5 ct. a yard respectively, after deducting 2%
commission. How many yards of each kind does he get,

and what is the agent’s commission ¢

27. A-manifacturersold $20000 worth of goodsthrough
his agent at 2, commission, and instructed him to purchase
raw material with the proceeds at 1% commission. Find
the net proceeds of the sale, the amount invested in raw
material, and the agent’s entire commission.

28.. A dealer sent two. car loads of hay weighing 27T,
to his broker in New York, who sold it for $16 a ton, and
remittod B418:50. ¢ 1 the: dealer paid: $8.50 a ton,, the
freight cost 162 ct.’ a hundredweight, and storage was
%12.50. how much did he make, and what was the broker’s
ecommission per ton ¢

20. A hook agent sells, during July and Aungust 77
copies of ‘a certain book at 409 commission.  If he sells
20 copies in full leather binding @ $6.50, 25 copies in half
leather (ﬁ} $5.25, and 32 ('u}liv‘s in cloth.(@ $4, how much

does he make if his expenses average §1.25 a day?

INTEREST
246 Interest is money paid for the use of money.

247. The sum loaned is called the principal.

248. l.hc rate of interest is the rate per cent per annum
of the principal paid for the use of money

!a‘:’:x;t‘l‘]|.’::'::,:;:\,(_Il L‘l]‘.;::v‘;"vl‘ltl:‘) :;:::it’;:: th‘ rntu‘nf interest is fixed by
& ' - i termined is called the legal rate.
By special contract interest may be received at a higher rate than the
legal rate. The maximum contract rate is fixed by x:-.‘m in most ;1'm~<‘
Interestiin excess of the maximum contract rate is called uq|x} A "l'l ,:
penalty for usury is fixed by law in states where it is [r)rlni&d(‘fx.. :

249. The principal plus the interest is ealled the amount.

2530. The practical business problem of most frequent
o currence manterest is fo find the interest when the prin-
eipal, rate, and time are given.

: 251. In computing interest withont tables it is usually
the custom to reckon the, year as 860 da., the month n‘\~

{5 of a-year-and the day as =15 of a month or a5 of a year
(See, however, § 254.) A i .
3

# Er. Find the interest and amount of $720 for 2 vr
6 mo. 15 da. at 6%. s

Solution. 2 yr. 6 mo. 15 da. — 218 vr.
T'he interest for one year = 0.06 of $720.
= the interest for §3§ yr. — $15 x .8 72
he interest for $33 yr. = §3 x iy X 2720 = $109.80.

The amount is $720 + 2109.80 — £820.80
167
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INTEREST

EXERCISE 57

Find the interest and amount of :

1. $100 for 1 yr. 4 mo. at 6%.
$125 for 6/yr. 1 mo. 20 da. at T%.
$150 for 5 yr. 9 mo. 11 da. at 7%.
$60 for 4 yr. 11 mo: 10 da. at 6%.
$1000 for 5 mo. 10 da. at 7%.
$350 for 3 yr. 9 mo. at 7%.
$1500 for 2 mo. at 6%.
$25 for 1 yr. at 6%.
$1200 for 2 yr. 6 mo. at 5%.

$500 for 2 yr. 3 mo. 15.da. at 4%.

0 NS TR

=
o

252. ' A short method of computing interest at 6% is based
on the year of 12 mo: of 30 da. each. This method is
sometimes called the 6% method.

The interest.on 1 for 1 yr. at 69 = $0.06.

The interest on 1 for 1 mo. at 69 = 1’* of $0.06 =$0.005.

The interest on $1 for 1 da. at 6% = ¢ of $0.005 = $0.0003.

Fz. Find the interest on $250 for 2 yr. 4 mo. 12 da.
at 6%.
The interest on 81 for 2 yr. at 6% =2 x $0.06 — 20.12.
The interest on $1 for 4 mo. at 69, =4 x $0.005 =30.02.
The interest on 81 for 12 da. at 6% = 12 x 30.0004 = $0.002.
. the interest on $1 for 2 yr. 4 mo. 12 da. at'6% = 30.142.

. the interest on 3250 for 2. yr.4 mo. 12 da. =250 x $0.142=835.50.

253. To find the interest at 5%. subtract } of the interest
at 6% ; at 7%, add 1 of the interest at 6 %, ete.

SIMPLE INTEREST

EXERCISE 58

1. By the 6% method find the interest on $100 for
2 yr. 3 mo. 10 da. at 4% ; at 419, ; at 61 ; at T

A ! 3 3% ; ¢ i at Tda;: at
8% ; at 3} %. s

Find the interest on :
2. %325 for 1 yr. 2 mo. at 6%.
3. $450 for 2 yr. 3 mo. 14 da. at 53 %-
$315.75 for 2 mo. 15 da. at 8%.
$2000 for 30 da. at 6 %
$1156.50 for 3 mo. 10 da. at 71 9.
$387.50 for 6 mo. at 59.
$524.70 for 60 da. at 6.
$97.30 for 3 mo. 10 da. at 7 %.
10. $80.60 for 1 yr. 6 mo. 15 da. at 3%.
254. ExactInterest. To find the exact interest we must
take the exact number of days between dates and reckon
365 da. to a year. Exact interest is used by the United

States government, by somé banks, and fo some extent in
other business transactions.

Fz. Find the exaet interest on $2500 from April 10 to
Sept. 5at 5%

148 = the number of days from April 10 to Sept. 5.

~~ the interest on §2500 for 148 da. at 59 — o lw_ $50.68.
100 x 365

T o Wk Ao
B SR TR S —

o

1S
———




INTEREST
SIMPLE INTEREST

EXERCISE 59 :

? F
2L ‘ 8000 ’ 4000 ’ S GO T000 T

| |
5 rd 9.863119.726129.5 Q0 4590140 212F =

o-ab i % ' 9.8 : 1‘..‘_;:_ 29.589/80.452/49.31559.178/69.041] 78.904! 85 787

, } 10.02720.055 ‘i(vn,-zu.;l) 110/60.137/60.164/70.192! 80.219 90, 247

1at 6 ‘/;,. 10.192}20.384/30.575/40.767/50.959161.151171.949 :,.} X 2 .‘

10.356120.7 L088!41.425 ) b o -ood 91.726

-~ . - = -425/51.781 62.13 € > ‘ < .

3. $£10000 from March 10 till June 1 at 5%. 10,521 121 T P”\"' "’{“:'1” 03| 82.849) 93.205

=) U242, 082162.603 63, 12: } 84.164] 94 685

10.685121.7 n,‘.f)‘l‘: 74015441564 11074.795! 85.479] 06 ;M.
i 10,849 ~n] 699!32. 548143.307(64.247'65.006175. 915 86797 4,: '

11.01 2.027 ) 86,795 97.644

5. Find the amount of $375 at 6% ex 33.041/44.055/55,068 66.082/77.006| 8%.110/ 09.12
" oili vl 217708 - 99.123
Nov. 11, 1903, fill July 27, 1905. g ::J"‘ 534 (44, 712/65. 800/67.0058/78.947| 89.4251100.603
{ 342 i42 603

6. May 10, Find the 11.507

740/103.562
. | v 02.055{108. 562
amount due Sept. {11.671
=i : - {11.836
7. If £500 is loaned at 6 % on July 28, 1905, when

Find the exact interest on:
1. $575 fromJuly 5 to Sept.

2. %125 from Jan. 1 till Noy.

4. $375.30 from April 25 till Aug. 1 at 6 %.
xact interest from

34.027(45.370(56. 712 68.055/79.307

34.5621146.027/567.534 69.041!80. 548

35.014/46.685/58. 356/70.027/81.609

07(47.342/590. 71.014!82 849
00036000 48, 000160000172, 00K -

"*i)f:;ﬂ 193148, 65800, 822171 ::::(l”:‘l.

5.986/49.315/61.644/73.978186.301] 98.630 110.959

05987, ! 52 3.945(112.438

: 5.945/88. 6 2601113918

5.644158.466151.288 64 [ A'.'li'.3;89 2.576 5.397

1903, $500 is loaned at 6%.
1, 1905, exaet interest.

(S )

1T =1 =2

WD -

685/108.521
3000} 108.000

7.315]109.470

3.370{105.041
112.000

...v

12,164

2.329

(LN

will it amount fo $7207
8. What is the difference between the exact interest
and the common interest on 1000 from July 1 till Nov. 1

2.493

2.658

U0t o b

i I TS

) 0 =3

2.822

at 6% ? If the exact number of days between dates and
360 days to the year are taken, how much does the com-
mon interest differ from the exact interest ?

9. Show that the difference between the common inter-
est .md the exact ll]tl’h'\t for a fractional part of a year
-;..- of the latter.

1s 4 of the former and
10. 'Hence, show thatiexactinterest for a fractional part
of a year may be obtained by subtracting & part from the
common interest, and the common interest may be obtained
from the exact interest by adding ;% part of itseldf.
Exact interest is the fairest, but on account of its incon-

venience without tables is not generally used.

955. The following is a section of an interest table for

the year of 365 da. at 6%:

973139950 51. 945164 952

01890.

904 103

890(116.877

20.301139.4

60 {120
120 | 2490 3680
180 | 360 | 540
240 480 720
300 600 | 900
360 | 720 | 1080

i

1000 ‘ 2000 ( S000
|
|

180, |

»2.003165.
!

| 4000

240
480
720
960
1200
1440

OO0 T00 | & '

| sl

360 | 420 4 ‘

6500 720 840
900 { 1080 | 1260
1200 | 1440 | 1680
150011800 {2100
1800 | 2160 | 2520

. 904102, 055 105.2056]1 18.356

H000

510
1080
1620
2160
2700
3240

Fz. By the use of the

for 2 yr. 67 da. at 6%.

The interest on 84000

The interest on
The interest on

The interest on 84650 =

600
50

table find the

for 2 yr. for 67 da.
= $480 4 $44.08
— 72 4 6.61
- 6 + 0.55

$558 + 851.22 — 260920,

interest on $4650




INTEREST

EXERCISE 60
By the use of the table find the interest on:
1. $500 for 65 da.
$1000 for 60 da.
$5225 for 73 da.
$10575 for 1 yr. 60 da.
$1846 for 2 yr. 80 da.
75 da.
- 63 da.
$2120 from July 2 till Sept. 5.
9. $648.60 from Jan. 10 till March 15.
10. $1410 from May 1 till July 10.

256. Tn any problem in interest there are four elements
involved, the principal, the rate, the time and the interest.
When any three of these are given, the other can be found.
As indicated above; the ;’;1‘;L:;'l-ical business problem is to
find the interest when the principal, rate and the time are

given. However, the prineiples involved in the following
illustrative examples are frequently met with in business :

/z. 1. What principal will produce $72 interest in 1 yr.
6 mo. at 6% ?
Solution... Let

Then §x6%ofr=3

z = the principal.

SIMPLE INTEREST 173

Ez. 2. At what rate will $800 produce $72 interest in
2 yrs.?

Solution. Let z Y, = the rate.

Then z% x 2 of $800 = 872.

R 0 ]
L xY=—BT2 5. 4ig
0 o0 — - ] {1
2 x $800 399 1%

Fz. 3. In what time will $1600 produce $70 interest at
1% ?
Solution. Let r = the time.
Then z X 4Y of 1000 = $70.
370

0.04 x $1000

i

s Z=1yr., 0or 1 yr. 9 mo.

Ez. 4. What principal will amount to $1238 in 6 mo.
10da. at 6% ?

Solution, Let z = the principal.
Then Z + 6% x 123 of z = 81238 = the amount.

wr=__912880 . g10001

1 +0.06 x $58
EXERCISE 61

Find the rate at which :

3750 will produce $67.50 interest in 1 vr. 6 mo.

x.
2. $2000 will produce $105 interest in 9 mo.

Find the time in which :
3.  $250 will produce $25 interest at 5%.

4. $1200 will produce $90 interest at 6%.

— ke ———
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INTERESI

$850 will produce $106.25 at 5%.

S.
6.

$2000 will produce $105 at 7 %.

What prineipal will proeduce:
081 1 3 at 6% ?
7. $108 interest in 1 yr. 6 mo. at 6% ?
1 > p Taq?
8. $61.25 interest in 2 yr. 6 mo. at 7%’

9. $262.50 interest in 1 yr. 6 mo. at 5%?

What principal will amount to:
10. $575 in 2 yr. 6 mo. at 6%?
11, 31050 inl yr.at 5% ?
12. $1570 in 1 yr. 2 mo. at 4% ?

ith $25 invested 1 is business makes
13. A man with $25000 invested in his business

121 % profit annnally:

5 salary of $2000 per annum.
at 5% and works on a-salary of $2000 pe

16 change i i :h ?
he make or lose by the change and how muc

He sells out and invests the $25000
Does

14. A man invests 20000 in business and nmk.es &iti(_)UO
in one vear on his sales. If the total expenses of runnm:e,"
the business are $3500, what rate does he make on his
money ?

15. A house and lot costs $1800 and rents f'(?)r $16 lu
I Z a vear,

month. If taxes. insurance and repairs cost @

. otraont 2
what rate is earned on the investment :
16. Jan. 1,.1900, $450 are deposited in a savings bank
. Jan. 1, o
at 3%. Find the amount due July 3, 1900.

257. Compound Interest. In compound interest the

interest is added to the principal at the end of each

COMPOUND INTEREST

interest period. Then the amount becomes the new prin-
cipal for the next interest periodl.

Unless otherwise stated, interest is compounded annually, though
it may be compounded semiannually, quarterly, ete., by asresuent.

In most states n;n_unlu,olllni interest cannot be collected by law, but pay-
ment of it does not constitute usury.

»

Fz. Find the compound interest on $500 for 3 vr.
4 mo. 15 da. at 4.

Solution. $500 = principal first year.
0.04

20.00 = interest first year,
amount first year = principal second year.

20.80 = interest second year.
520
$540.50 = amount second year — prineipal third year.
0.04

- interest third year.

= amount third year = prineipal fourth year
Interest on $562.43 for 4 mo. 15 da. at 1o/ — 38.44.

$562.43 + $8.44 = 8570.87 = amount for 3 yr. 4 mo. 15da
o500

$70.57 = compound interest for 3 yr4d mo.15da

258. The chief use of compound interest is among large
investors, such as life insnrance companies, building and
lean associations, private banking ‘establishments, etc..
who wish to compute the income from reinvestment of
interest when due. For such work compound interest
tables are used.

.
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176 INTEREST

The following is a section of such a table:

| o 2 Pee Cxxt | 4 Pre CEsr
Perions| 1 Pze Cest 14 Prr Cext 2 Pxu Cesv 8 Pxx Cx2
"ERIODS 4 3 INT

1.0100000)
1.0201000
1.0303010
1.0406040
1.0510100
1.0615201

i
030000 040000
L0680900 081600
092727 .124864
1255609 .169859
. 169274 2166563
1940562 2656319
220874 .315032
206770 . 368560
304773 423312

015000 020000
040400
061208
082432
104081

030225 .
126162

1.
1
045678 1.
081364 1
077284 1
0093443 1
1008456 1

126403 1.171660

143390 1.195093

1

1

1

1

1

1

1

1

1

148686

1.0828567
1.0036852
1.1046221
1.1156683
1. 1268250
1.1380932
1.1494742
1.1609689
1.1726786
1.1843044
1.1961474
1.2081089
1.2201900

P N - R

160541
177949
195618
213652
231756
250232
268085
OR8020 100241
/807341 425246
326051 1.456811

348855 | \1.485047

—

530454
601032
865074
731676
800044
.604708 872981
.652848 947901

702433 | 2025817

243374

-
(=

208242

203007

-
w W

319479
345868

372786

=
=

bt et
<D O

bt b
o =1

1635008 106849
806111 | 2.191123

[y
©

1
1
1
1
1
1
1
]
1
518004 1.343910 480244
1
1
1
1
1
1
1
:
1

ot ko ek
PR ol e B e et
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Solution of the above example by meauns of t.l.w tables.

The amount of $1 for 3 yr. at 4% 153 l.lﬂ'ifh‘ s

The amount of 3500 will be 500X -?I.l'_’-i\‘*.h = Saf-_.it-l:.f g

The example may now be (‘om;vlr-h:l- by using the tables for s }_‘
interest for 4 mo. 15 da., or as on p. 179.

EXERCISE 62

3. Find the compound amount and the (mmpmmfl

; 6 at 49 ayvable semi-
interest of $2000 for' 8 yr. 6 mo. at 4% pay able sei
annually.

5 o 3 £ v
: - i if interest is 49 compounded semiannually
Note. Tt iaevident that if interest is 49 comj

i as 1 e rate 1s 2% conr
for 3 vr. 8 mo.. the amount is the same as if the rate 1s 2%
pounded annually for 7 yr.

ANNUAL INTEREST 177

2. What is the difference between the simple and com
pound interest on $750 for 2 yr. 7T mo. at 59, ?
3. Find t}

1e amount of $5000 compounded annually for
4 yr. at 49,.

4. Find the amount of £3500 compounded semiannually
for 5 yr. at 3%; at 4%; at 69%.

259. Annual Interest. If a note or other written agree-

ment contains the expression *“with annual inte

rest™ or
“with interest payable annually,”

the interest is due at
the end of each year, and if not then paid, will dr

aw simple
interest until paid. Such

a note or agreement is said to
bear annual interest. The same principle is applied when

the interest is payable semiannually, quarterly, ete.

As in'the case of compound interest, in most states annual interest
cannot be collected by law, but does not constitute usury.

&z, George Reed borrowed 1500 at

7 %, and agreed
to pay interest annually.

Having paid no interest, he
wishes to settle at the end of 3 yr. 3 mo. 20 da.. What
18 the amount due ?

The simple interest on $1500 for 3 yr- 3 mo. 20 da. at 79 = $347.08
Then, in addition to this, the simple interest on
$105at 7% for 2 yr- 3 ano. 20 da.
8105 at 79 for 1 yr- 3 mo. 20 da.
$105 at 79 for

$ 105 at 7% for 8 ¥r. 11 mo. = §928.79.

3 mo. 20 da.

Hence, principal borrowed
Simple interest -
Simple interest on interest not paid when due =

. total amount due at annual interest = $1s

L L R L S e -
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EXERCISE 63

1. What is the difference between the simple interest
and the annual interest in the preceding example ? How
long is it after the date on which the money is borrowed

before the annual interest begins to differ from the simple
interest ?

2. What is the difference between the compound in-
terest and the annual interest in the preceding example?
How long is it before the compound interest begins to
differ from the simple interest? from the annual interest?

3. Find what $2500 will amount-to in 4 yr. 10 mo.
18 da. at 594 simple interest and at 5% epmpound interest.

4. Sept. 1, 1896, a man borrows $500 at 69, interest,
payable annually. If nothing is paid until Dec. 1, 1901,

how much is due ?

5. Notes are sometimes given with interest. coupons
attached.  These conpons draw interest, frequently at a
higher rate than the note itself, if not paid when due. A
coupon note for $2200 is issued July 1, 1896, at 6% inter-
est: Nothing is paid until July 1, 1902.  Find the amount

at that date, the conpons bearing 7% if not paid when due.

260. Promissory Notes. A promissory note is a written
promise to pay to a certain person named in the note a

specified sum of money on demand, or at a specified time.

261. A promissory note is negotiable, 1.e.-can be trans-
ferred from one owner to another by indorsement when
it is made payable to the order of a definite person, or lo

bearer.

PROMISBORY NOTES 179

Th'e following is a common form of a negotiable
promissory note: '

£/ ‘T, Miieh., 7
S/000. Belioll, Wileh., Diareh 27, I904.

Sy a’wz/g after date I promise o pay to the

l!’lj!” 0/ '/7('1(' § e NE to WU ( L b 1
4 L'l/ AMEY O1E UStownear / , ] no 7
e LOURAN A —
"((.(L'\,( e,

value received, wilh (nlereal al 6%.

\ 0. 4 I)? e Lndaie Ariec
» . £, e 1 2 ony
[ S SONNROIL.

:\ndx:ew Johnson is the maker of this note Henry
James is the payee, and £1000 is the face. -

262. The above note would be non negotiable if the
words “the order of” were omitted. In that case the
note would be payable to Henry James only

263.‘ .If a note is sold by the payee, he must indorse it
by writing his name across the back.

264. There are three common forms of indorsement :

(1) In blank, the indorser
simply writing his name aeross
the back, thus making the note
payable to the bearer.

INDORSEMENT 18 BLANK
Nsinss Larks
& iy /J_l MLER.

NN~

: IxporsemMesT v Fooo
(2) In full, the indorser di- Sy Lo the orden u{

recting the payment to the Felblery and ffalek

order of a definite person. Nesinns 4
MFervy ,n(mj‘.;)
—r

Fh E - Fa R e ST
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QUALIFIED INDORSEMENT

0 4
Pais L s 2, OMLEL O
-;Y';\l:,l Lo Ul 0Ly Of

JLbley arnd ralef.

(8) Qualified, the ) indorser | Ziithout reeouras.

avoiding responsibility by wTit- femury James.

ing. the words *“without re- o et

221 7 s
UM houl reeoutat

course’’ oyer his name.

g ~
XAINER

285. By indorsing a nofe either in blank or in full, the
becomes' respousible for its payment 1t the maker
The indorsement in full will insure greater

payee
fails to pay it. ;
safety since in this case the note is made payable to a

definite person.

2668. . A note made payable to Henry James, oF bearer,

is also negatiable; but does not need indorsement.

267. The custom of allowing three days of grace in the

payment of a note has been abolished in many states and

is rarely used in others.
968. The note oun page 179 will mature March 27 + 60 days, or
t will mature March 27 + 63 days,

Mav 26, if no grace is allowed. » :
‘ In states where grace is allowed this

or May 20, if grace is allowed.
. : =52 - 1 £ ac DL 700 7

izindicated by writing in the note, “ Due May 26 /20.

969. Tn most states anote falling due on Sunday or a legal holiday

must be paid the preceding business day.

EXERCISE 64

1. Write a 30-day promissory note for $500, payable to

the order of James Black, bearing the legal rate of interest

in your state. By indorsement make the note payable to

Heﬁry Wood.

PARTIAL PAYMENTS 181

2. What is the maximum contract rate. of interest in

your state 7 What is the penalty for usury ?
3. Write a 60-day promissory note for

self as maker and Charles Jennings as payee, the note

bearing the date May 5, 1903. - -

: ;

Charles Jennings, or bearer

$1 00, with your-

I[f the note is payable to
- g s In what way may it be trans-
erred 7 If made payable ‘harles in

tarr ade pay able to Charles Jennings, or order,
in what way may it be transferred ?

4. Find the date of maturity of the

note required in
-~ o . - B
Ex. 3. Add days of grace if they are u

sed in your state.

5. Find the interest on the above note.

6. $250, YrsiwanTti, Mich.. April 11, 1965.

Ninety days after date I promise to pay to the
order of William Jordan two hundred fifty

no (e . i g :
rog dollars, value received, with interest at 59

2%.

L. M. DaAvis.

and

When is the above note due? What is the amount
at maturiby ? . Who-pays the note 2 Who receives the
money ?  Who receives the note when paid ?  What
indorsemeént is necessary if the note is sold

to -’nhn
Brown ?

270. Partial Payments. Frequently the maker of
note; not being able

a
: to pay the whole amount at one time:
makes :wvf-m] partial payments, which are indorsed on the
back of the note with the date of payment.

Ez. April 6, 1902, 1 man buys a farm for 87500, pay-

tng ¥oUUU in cash, and giving a note for the remainder at
677

%> with the privilege of paying all or part of it any time
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within 3 yr. The following payments are made and
indorsed on the note by the payee:

Qect. 1, 1903, $ 500
April 1;1904, & 50
Oect. 1,1904, $1000

W hat amount is due April 6, 1905 ?

Face of note
¥r
Oct. 1, 1903 =1903
April 6, 1802 = 1002 __i
1 5.25
=$1222:92
2722.92

= 9iNLO0
= $2222.92

The interest on 82500 for 1 yr- 5 mo. 25 da. at 6%
Amount due Oct. 1, 1503 .
Payment . 2 . -
Balance due = new prineipal
yr mo  da
Octo 1, 1904 =1904 © 10 1
Oct. 1,1903=19803 10 1
1

=2 13338

= D990 O {1, y at 69
The interest on $2222.92 for 1 yr. at 6% =3 a8

Amount due Oct. 1, 1904 . TG

Payment April 1, 1904 (less than interest due
April 1, viz. 866.69)

Payment Oct. 1, 1904

Balance due = new principal

— 50.00
= 1000.00
= $1306.30

yr. mo.
April 6, 1905 = 1905 1
Oct. 1, 1904 =1904 10
6

The interest on $1306.30 for 6 mo. 5 da. .

-, the amount due April 6, 1905, is .

PARTIAL PAYMENTS

CHECE DIFFERENCE BETWEEN DATES

PArTIAL DirFERKSO=8
yT. mo, da yr. mo, da

Date of settlement 1005 4 1 5 25

6
Date of note 1902 4 6 1

Difference in time = 3 6 5]

2 11 30=3yr

271. The above example is solved by the United States
Rule of Partial Payments, which is the legal method in
most states. By this method the amount of the note is
found to the time when the payment, or the sum of the
payments, equals or exceeds the interest due. From this
amount. the payment, or sum of the payments, is sub-
tracted. This operation is repeated to the time of the
next payment and 8o on.

272. It will be seen that three cases may arise under
this_rule :

(1) The payment may be exactly equal to the interest die. In
this case the payment simply cancels the interest, and the balance due
remains the same as the original prineipal.

(2) The payment may be greater than the interest due. In this
case the balance due is ‘diminished by the amount the payment
exceeds fhe interest due.

(3) The payment may be less than the interest dué. TIn this case
# the unpaid balance of the interest were added, the principal would
be increased, and the debtor would be paying more interest than if he
nad made no payment at all. Therefore, when the paymenf. is less
than the interest due, no change is made at that time in the principal ;
but the interest is reckoned o the date when the sum of the payments
does exceed the interest due, and then the sum of these payments is
subtracted.

273. The following method of solving problems in
partial payments, called The Merchants’ Rule, is used
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among many business men when the note runs for one
year or less:

Ez. Sept. 1, 1904, a merchant takes a note for $327.50
from a customer in payment for some goods. The note is
to run-for 1 yr. at 6%. ‘During the year the following
payments are made: Nov. 1, 1904, $75; April 1, 1905,
$100;  Aug. 1, 1905, $50. Find the amount due Sept. 1,
1905.

The amonnt of $327.50 for 1 yr. at 69 = $347.15
The amount of 375 for 10U mo. at 6% =3 18.75
The amount of $100 for 5 mo. at 6%, =102.50
The amountof $50 for’1 mo. at 6%, = 00.25 231.50
Balance due Septi 1, 1905 2115.65

274. By this method the amonnt| of the note is found from-the
date of the note to the time of settlement. . The amount of each
payment is also found from its date to the time of settlement. The
gom of the amounts of the payments is ‘then subtracted from the
amount of the principal.

275. Some states, eg. New Hampshire and Vermont,
have rules of their own for solving problems in partial
payments. In such states it is left for the teacher to
present: the rule.

EXERCISE 65

7

1. Which of the above methods is better for the debtor?
Which is/better for the creditor ?
2. $£395 CLEVELAND, Om10, May 15, 1896.
Three years after date I promise to pay W. W.
Johnson, or order, three hundred twenty-five dollars,
ralue received, with interest at 7%.
HENEY GEORGE.

Indorsements: May 15, 1897, $22.75; May 15, 1898,
)

$22.75; June 29, 1900, $100; June 12, 1902, $50. Find

paraa

the amount due June 12, 1904.
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3. Jan. 30, 1897, Arthur Ross borrowed $ 150; May 10
1897, $125; and Deec. 10, 1900, £100. all at G-f/;; iun:rvs(’
He paid Oct. 1, 1901, $100; and Deec. 10, 1‘.-“U:.'. *li)().
Find the amount due March 10, 1903, e

4. March 1, 1897, a2 man buys a farm for $6000. He
pays #3000 in cash and gives a note for the remainder at
6 %. He makes a payment of 500 on each of the follow-
ing dates: March 1, 1898 ; March 1, 1900 Sept. 1, 1900;
and March 1,1901. Find the amount due March 1, 1!'02;‘

5. $3500. YesiLanTi, Micu., Aug. 15, 1899,
Five years after date I promise to pay John
Robinson, or order, three thounsand five hundred
dollars, value received, with interest at 6%.
JAMES Rowe.
Indorsements: Nov. 5, 1902, £300: March 14 1904
= 200 - avy 3 & < 5 Y : ' h
£200; May 14, 1905, $2000. Find the amount due
Aug. 14, 1905.

6. A note for $5000, dated March 1, 1903, and payable
t.\vu years from date, with interest-at 5%, has on it t‘hc
following indorsements: April 1, 1‘.)1}:),"&;3(!0: June 1
1903, $500; Sept. 1, 1903, £200; and May 1, 1904 -%.'.'m'
Find the amount due Mareh 1, 1905. : B

7. Dec. 10, 1903, a merchant takes a/note for $260 to
run 1 yr.at 7%. During the year the following payments
are made: Feb. 1,1904, $50; June 21, 1904. £25- (A)v( 10

B 25; . 10,

1904, $100. Find the amount due Dee. 10, 1904.




BANKS AND BANKING

276. A bank is an institution that deals in money and
credit. Credit is a promise to pay mopey in the future.
The chief instruments of credit are checks, drafts, and
notes.

It is a mistake to say that banks deal only in money. Their most
profitable business is in erédit transactions. (Bauks, however, have a
capital of their own which serves as a guarautee fund. Neither do
all bank deposits represent money intrusted to banks by individuals.
Most of them represent credit loaned to individuals by banks.  Thus,
if a bank accepts a promissory note for $5000, it may give in return
a deposit credit for $5000 less the discount and will thereby add that
sum to its'deposits.

977. ‘There are several kinds of banks, among which
are national banks, organized under the 1 National Banking
Act of 1863 and the amendments that have been made
thereto : state banks, organized under the laws of the
state in which they are situated ; savings banks, and
private banks.

978. National banks are subject to rigorous supervision
by federal authorities. All banks organized under state
laws are subject to similar supervision by state authorities.

979. The chief funetions of banks are to receive deposits,
to lend money on promissory notes, bonds, and mertgages,
to discount merchants’ notes before they are due, and to
buy, sell, and collect drafts or bills of exchange. National

186
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banks also issue bank notes which circulate as

; a medium
of exchange.

‘ Savings banks and a few others allow
interest on deposits.

280. On opening an acecount with a bank, the customer
1s usually given a pass book in which the dates and
amounts of all deposits are entered on the credit side. 1If
the customer wishes to draw mone y from the bank, or to
pay a debt, he fills out a check similar to the following,

and the dates and amounts of all such checks are entered
on the debit side of his pass book :

KNo. New York,

Jrourth National Bank of Neto Pork

: 0. /47
Pay to Ralps M. or order $500.00

Flvs-bmndred, s Doll ars.

George E. Fox is the drawer or maker of this check, and Ralph
M. Brown is the payee

28l. As.in the case of promissory notes, checks may be
made payable to payee or order, or to payee or bearer.
The same rules of indorsement apply. When the deposi-

tor wishes to draw money at the b.mk the check is made
payable to self.
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282. Banks also issue certificates of deposit :

CerTIFICATE OF DEPOSIT

Ypsilanti, Mich.

__ha_ . deposited in the

First National Banh of Ppsilanti,
__Dollars,

payable to the order of .. i S
subject to the rules of z‘lu\ luml. on //u‘ return

of this Certificate, properly endorsed.

“Teller.

The money deposited on such a certificate is not subject
to check and can be withdrawn only upon the presentation

of the certificate properly indorsed.

EXERCISE 66

1. Write a check for $35.76 in each of the forms

indicated above, with yourself
Lyons as payee. If necessary, indorse the check

as drawer and - Robert
as when

presented for payment.

2. July 22, 1903, a man deposits $125 in a savings
bank. The bank pays 3% on money left on deposit 3
mo., and 331% if left 6 mo. or longer. Money must be
deposited the first of the month to draw interest for that
calendar month. If the money is drawn out Nov. 1 and
interest paid for full months, how mueh does the man

receive ? if drawn out Dec. 22? if drawn out March 1,

19047
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3. A man owns a certificate of deposit for $500 dated
Aung. 1, ]‘J{’I‘;. Feb. 1, 1904, he presents the certificate
fuul draws $200. What is the face of the new certificate
issued ? v

4. -Bhn\\' that the following statement of the resources
aund liabilities of a savings bank will balance.

RESOURCES

Loans and discounts . : x - $046,542.72
Bonds, mortgages and securities . ':)0-!)'1 '.1-'3:
Premiums paid on bonds * . 5 ' ]."; ""
Overdrafts . E - 5 . . e .'l'.)
Furniture and fixtures . . : ‘ 1]5:!:"::
Other real estate . . - ‘3'\",
Items in transit . : . . . 1;:31‘):”’
Due from banks in reserve cities . . 3'_'1-1‘1.1-):{‘14. Dot
Exchanges for clearing house . 1 20.742.41

U.S. and National bank currency - 70,470.00

Goldeoid . .0 . SO H. 68,200.00

Silver coin . - s 2 365.00

Nickels and cents . - : 83.28

LIABILITIES

Capital stock paid in : y £ 200,000.00
Surplus fund . ’ . .-361!)4)1).()11
Undivided profits, net . . . é . l‘)‘};ﬂib;ﬂ
Commercial deposits . 5 $609,991.33 i
Certificates of deposit . 94.897.63

Due to banks and bankers J 192,674.5

Certified checks . . 12,124.52

Cashier’s checka . = . 2

Savings deposits . .

Savings certificates | . 69,655. 31
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983. It his financial standing is high, a person may
borrow money from a bank by giving r his individual note.
The bank may, however, ask for security. In this case the
borrower must have-some responsible person indorse the
note, or He niust deposit collateral security in the form of
stocks, bonds; ete.

284. The following is'a common form of a bank note:

F2005 Detroit, Mich., Sskl. 6, 190%

Gtnee wmontbha-after date, S promise o pay
to the order of | o Sl NRNRRSRASETA S0 E B R

. Jhe 6’”unwn:.wu(5 Aallonal Bank —c=ceeee-

Fure hundred (H/ = S AT Dollars
at The Commere m/ \lzf/ b/m/‘ of Detroit, Mich.,
with interest-at 6 per cent per-amnuwm until due,
and seven per cent per annwm thereafter unitil paid.

YValwe received.
Jaeol- /f. Rowe.
/

If Mr. Rowe. wishes to borrow $200 he takes the aboyve note to

the bank and, if necessary, either furnishes an indorser or collateral
“rsecurity, such as: bonds; ete,, which he assigns to the bank. Ef the
bank -a;llhnl'iﬁv:i are satisfied, he/ receives $200 — $3 = 3197, the
interest for 3 mo. being deducted. This interest is called bank

discount. Days of grace are now rarely used by bankers.

985. Tn discounting notes; banks count forward by days
or months as stated in the note and usually reckon 360

aays

7 3 Qa 99
dated July 22 at 2 mo. will mature Sept. 22.

in the year. Thus, a note dated July 22 at 60 days
will matore July 22+ 60 days, or Sept. 20. A note

BANKS AND BANKING

EXERCISE 67

Each of the following notes is discounted on the date
of issue. Find the date of maturity and the discount.

Dare or Nors Trxe Facx Rare
Jan. 2, 1905 60 da. $1000 6
Aug. 14, 1905 3 mo. $525 59,
-Aug. 1, 1905 90 da. $387.50 6%
April 20, 1905 30 da. $500 6%
June 27, 1905 2 mo. $325 T%

286. Business men frequently take notes due at some
future date from their c¢ustomers, and in case money is
needed before the notes are due, sell them to a bank.
(Such a note-is shown on-page 179.). The seller must
giye satisfactory security. The bank pays the sum due
at maturity less the discount from the date of discount to
the date of maturity. The sum paid by the bank is called
the proceeds. These notes may or may not bear interest.
The following examples will illustrate both cases:

Fz.1. A note for $527.30, dated Aung. 31, 1904, due in
90 da., without interest, was discounted at the bank
Oct. 10, at 6%. Find the proceeds.

Solution. Face of note =$527.30

Discount for 50 da. = 4.39
Proceeds = $522.01

Fz. 2. A note for $378.50, dated Aug. 1, 1904, due in
4 mo. at 6%, was discounted at the bank Oct. 1, 1904,
at 6%. Find the proceeds.

Solution. Face of note

Interest for 4 mo. ;
Amount discounted = 8‘.Sf 07
Discount for 2 mo. =
Proceeds
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EXERCISE 68

Find the discount and proceeds of each of the following
non-interest bearing notes:
Date or RATE OF
DISOOUNT DISOOUNT

July 1 30 da. July 10 T%
April 10 1 2mo. May 1 69
Dec. 14 90 da. Jan. 2 69

Date Tius

515040 Aug. 12 60 da. ~\Sept.5 5%

&
$1250 Nov 3 mo. Dee. 1 6%

Find the discount and proceeds of each of the following
interest-bearing notes:
» R P
FAce Datx TiNE I-\ '_ s . Pzt
$1500 Aug. 10 90 da. 6% .\‘c[_:i,. 1 1%
'$97:80 Oct.2 “40da; (T% Nov.1. 6%

1

£152.20 Sept- 4 4 mo. 5% Oct. 200 (%

. 8750.50 Jan, 4 80 da. ~ 4% Feb. 1 T%

10. ‘£431.40 ' June 17 | 2 mo. 6% July 10 6%
11. A merchant?s bank account is overdrawn $2150.75,
and he presents to the bank the following notes, which are
discounted Dec. b at 69 and placed to his credit. What

is his balance?

- £ EATe OF
FACR DaTe Tive

InTRzESY
&500 Nov. 1% 60 da. 5%
31250.25 Sept. « 90 da. 49
ST27.40 Oct. 2 3 mo. no interest
12. For how much must I give my note at the baunk:
discounted at 69 and due in 60 da., to realize $15007
Suggestion. Find the proceeds of $1 discounted at 69 for 60 da.
and divide 21500 by the result.

EXCHANGE

287: The subject of exchange treats of methods of can-
eling indebtedness between distant places without the
actual transfer of money. This may be accomplished in
any one of the following ways:

(1) By Postal Money Order. Money orders may be sent
for any amount from 1 ct. to $100. The rates are:

For orders for sums not exceeding : : 3 cents.
If over 22.50 and not exceeding 5 cents,
If over $£5.00 and not exceeding - L 8 cents.
If over $10.00 and not exceeding _‘HIH 10 cents.
If over $20.00 and not exceeding $30.00 12 cents.
If over 330.00 and not exceeding $40.00 15 cents.
If over $40.00 and not excesding  $50.00 . 18 cents.
If over $50.00 and not exceeding $60.00 . 20 cents.

If over £60.00 and not exeeeding §75.00 . 25 cents.
If over $75.00 and not exeeeding $100.00 . +« + » 90cents

(2) By Express Money Order. The rates are the same
as for postal orders. The company is responsible for the
payment to wrong persons.

(3) By Telegraphic Money Order. In addition to the
recular telegraphic charge for a 15-word message between
the two places, telegraph companies make transfers of
money- between  their  offices subjeet to. the following
charges:

25 cents.
35 cents.
. 60 cents.

Over 875 and not execeeding "lﬂ' . . 85 cents

Add 20¢ for each $100 or fractional ]urt Unr-nl after the first
$100 up to and ineluding 3000,

LYMAN'S ADV, AR.—13 93

S

ot

For orders for sums not exceeding
Over 25 and not exceeding

~“I,r @w 9N
~1_gh
=]

o

Over 50 and not exceeding
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(4) By Check. A personal check on a home bank where
the sender has money deposited can be sent. This check,
when properly indorsed by the payee and presented at
his bank, will probably be cashed without charge. The
bank may charge a small fee, called exchange, for collecting.

(5) By Bank Draft. | The ordinary form of bank draft
is as follows:

@Central Savings Bank
1354 Detroit, Mich., Jeft. 6, 1905
100 /

Pay to-the order of James /F. Kaslle. -

One wuvidned) Mhialy—{tve and 1 Dollars.

To The Fourth National Bank )

of the City of New York. J - .
George M. Case
Cashisr.

The draft differs from the check in that it is drawn
by one bank on another, while the check is drawn by an
individualon a bank where he has money deposited.

288. Most banks keep money on deposit in some bank
called a correspondence bank, in a large commercial center
like: New York or Chicage.

If a customer of a local bank in the West wishes to pay a debt in
the East, he buys a draft, signed by the cashier of the local bank, and
drawn against the correspondence bank in New York City. This
draft will pass as cash at any bank. The above draft is drawn by the
Central Savings Bank of Détroit, and the correspondence bank is the
Fourth National Bank of the City of New York.

289. The following is another form of a draft, called
the commercial draft.

EXCHANGE 195

& S e - . -
® /0007w New York, (1 wg. /4, 1903.

At sight pay to the order of Fivst National Bank

One Thowwand and .. _ 1w Dollars.
Value received, and charde the same to the account of

; = -
Unmertean Book o,

Belnoll, Wit

Hawkes & Co. owa the American Book Co. $1000 past due. The
American Book Co. draws the above sight draft payable to the order
of fthe First National Bank of New York, and deposits it for collec-
tion. The First National Bank sends it to a Detroit bank to collect.
The Detroit bank demands payment of Hawkes & Co. If payment is
made, the money is remitted to New York. If payment is refused, the
draft is retorned to the New York bank, and the American Book Co.
is'notified. Some other means of eollecting must then be employed.

290. If the account against Hawkes & Co. were not due
for 60 days, the draft would read as follows:

no -~
& 10007% New York, Qug. 15, 1903.

At siacty days sisht pay to the order of Fivst National

/

Bank e Chongand and - 100 Dollars.
Valuwe received, and charge the same to the account of
To fonikea % Co. omeiiean Pook Co.

Betvolk, Hiieh.
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This draft is called a time draft and would be taken to Hawkes & Co.
as before, who, if they intended to pay it, would write across the face
i d ink : .
in red ink Accepted Aug. 21, 1508.

Hawlkes & Co.

After writing these words across the draft, Hawkes & Co. have
agreed to pay $1000, and the draft becomes the same as a promissory
note.

291. Fluctuations of Exchange. If the banks of San
Francisco-have sold drafts for a larger sum on the New
York banks than they have on deposit in New York, it
will be necessary to send money enough to New York to
balance the account. ~The money is usnally sent by ex-
press at some eéxpense, which must be borne by the pur-
chaser of the drafts. In this case a draft on'New York
wonld cost slightly in excess of its face. This excess is
called a premium. A draft sold at less than its face is said
to be sold at a discount.

Premiumsrand discounts-are usually quoted as a per cent of the
face of the draft. . Thus, a quotation of 2 % premium means that a
draft for $100 may be purchased for $100.10. Sometimes the quota-
tion is a certain amount per $1000. Thus, if New York exchange is
quoted at $1.50 preminm at New Orleans, a draft for $1000 will cost
$1001.50.

The above quotations refer to sight drafts. Time drafts are dis-
counted by banks in the same mauner as promissory notes.

New York City is the greatest finaneial ¢enter of the United States,
and so much business is transacted throngh the New York banks that
New York exchange is generally at a premiom. Consequently banks
are always willing to cash such checks at par value. People in New
York usually pay their indebtedness outside of the city by checks or
drafts on New York banks, which find a ready sale at any bank.

292. The Clearing House is an institution organized by
the banks of every large city to facilitate settlement of
claims against one another,

EXCHANGE

Clerks from each bank bring daily to the clearing house the
ehecks, ete., due them from all other associated banks, each bank being
represented by a separate package. Balaneces are struck between the
credits and debits of each bank against all others, and the manager
eartifies the amount which each bank owes to the associated banks or
is entitled to receive from them. The banks whose debits exceed
their credits pay in the balaunce to the clearing house, which issues
clearing house certificates to the banks whose credits exceed their
debits. In the New York Clearing House, which is the largest in
America, nearly sixty billion dollars of clearings were made in 1904,
with only three billions of dollars of balances paid in money.

EXERCISE 69
1. A quotation of $2.50 premium is equivalent to what
per cent ?
2. What is the eost in Kansas City of a draft on New
York for $67.50 at % premium ?

3. What is the cost in Galveston of a draft on New
York for $4380.50 at $2.50 premium ?

4. In Ex. 2 and Ex. 3 which city is owing the other
money?

5. Find the cost of a draft for $500 payable in 60 days
after sight, exchange being } 7, preminm, interest 6 9.

6. Find the cost of sending $67.50 by telegraphic money
order if a 15-word message costs 50 et.

7. How much would it cost to send the same amount

by postal money order ? by express money -order ?

8. A draft on New York for $10000 costs $9980 in
Chicago. Isexchange ata premium or a discount? What
2

is the rate of exchange The balance of trade is in favor

of which ecity ?
9. A merchant has a 60-day note for $1200 discounted
at the bank at 6 % and purchases a draft with the proceeds,
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exchange $1.00. He sends the draft to a credi"r-or to
apply on account. How much is placed to his credit?

10. A Chicago banker discounts a draft for $2500, pay-
able at St. Louis 60 days after sight. What are the pro-
ceeds, exchange at %% discount, interest 6% ?

FOREIGN EXCHANGE

293. Foreign exchange is the same in all essential fea-
fures as domestic ‘exchange, the difference being that
exchange takes place between cities in different countries.

994. A draft on a foreign country, usually called a bill
of exchange, is payable in the currency of the country on
which it is drawn.

995. Foreign bills of exchange are generally written in
duplicate, called a set of exchanges, and are of the follow-

ing form:

New York, (lwg. /9, 1903.
Exchange for £ 100.

Jen darg after sight of this first of exchange
(second. of same date and tenor unpaid) pay to the
arder of. -

ONE
and charse the same, withowt further advice, to

v & nds. 6. Ao
Srolhe 19 FENGE ©, JOX.
JFLOLRE
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The duplicate substitutes “ second of exchange ™ for “ first of ex-
change " and “ first of same date” for * second of same date,” in the
original. Either one being paid, the other becomes void.

296. The par of exchange between two countries is the
value of the monetary unit of one expressed in that of the
other. Thus, the gold in the English pouad is worth
$+.8665. Exchange on Paris and other countries using
the French monetary system is usually quoted at so many

francs to the dollar, sometimes at so many cents to the
franc. The par of exchange is about 5.18} francs to the
dollar, or 19.3 cents to the franc. Exchange on Germany

is quoted at so many cents on 4 marks. The par of ex-

change is 95.2; quoted in cents per mark it is 23.8.

EXERCISE 70

1. What is the cost of a draft on London for £150,
exchange $4.9257

2. What is the cost of a draft on Paris for 1200 franes,
exchange 5.207

3. In either Ex. 1 or 2 is the balance of trade in favor
of the United States?

4. A tourist purchased a letter of credit and drew £ 80
at London, 1500 francs at Paris, 750 marks at Berlin.
How much did the letter cost him if exchange is $ %
premium at London, 19, premium at Paris, and } % pre-
minm at Berlin?

5. What is the cost of a draft on Leipsic for 525 marks.
exchange 96? exchange 247

6. What is the cost of a draft on London for £75,
exchange $4.8577
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297. A corporation or stock company is an association of
individuals under the laws of a state for the purpose of
transacting: business as one person.  Large-scale produc-
tion is now usually conducted by corporations.

A corporation i3 managed by officers elected by a board of directors
who are chosen by the stockholders, each stockholder having as many
votes as he ownsshares of stock.. The capital stock is divided into a
certain number/of shares, the par value of which is determined by the
pumber of shares info which the stock 'is divided. Thus,a eapital
stock of 350000 may be divided into 500 shares of $100 each, or 2000
shares of 825 each, ete. Stockholders may own any number of shares
and parficipate in the profits aceording to the number of shares they
oWn.

298. If a company is prosperous and makes more than
its expenses, a dividend is paid to the stockholders. The
dividend is usually a certain per cent of the par value of
the stock, or sometimes so many dollars per share. If the
rate of dividend is higher than the current rate of interest,
there nsually will be a demand for<the stock rand: it will
sell at a premium. If the rate of dividend is lower, the
demand will be slight and the stock will sell at a discount.

299. Companies frequently issue two kinds of stock, preferred and
common. The holders of preferred stock are entitled to first share in

the net earnings of the corporation up to a certain amount, usually
from 5% to TY% of the par value. The holders of common stock are

entitled to a share, or all of what is left after the dividend on the
preferred stock is paid.
200
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Stock is sometimes issued to the stockholders of a corporation
withont a corresponding increase in the value of the property. Such
stock is called watered stock. A corporation may be prohibited by
its charter, or by law, from paying dividends in excess of a certain
amount. Thus, if a corporation with a capital stock of $100000
makes $16000 and wishes to pay this amount in dividends, but is
prohibited from payiug more than 8 %, watered stock, equal in amount
to the capitalization of the corporation, may be issued to the stock-
holders and an 8% dividend (= $16000) may be declared upen this
new basis.

300. Since it is difficult for individuals to buy and sell
stock personally, the business is usually transacted through
a stock broker, who charges a small per cent, called broker-
age (usually 1), of the par value of the stock bought or
sold. The stoek broker generally belongs to an organi-
zation called a stock exchange. The New York Stock
Exchange is the mest important in Amerieca.

301. Generally each stockholder is responsible only to the extent
of the par value of the stock he owns. In the ease of national banks,
however, a gtockholder is liable to the amount of the par value of his
stock in addition to the amount paid for the purchase of the stock.

302. Investors often buy stocks and hold them for the dividend
they yield. Speculators buy them to sell at a profit. Speculators
usually buy on a margin, that is, they pay only a part of the purchase
price and borrow the rest by depositing the certificate of stock as
collateral. ' A man who buys stock on a 20-point margin pays down
209% of the par value and borrows the rest: A “bull” is a buyer-of
stocks which he hopes to sell at a profit. He acts on the belief that
prices will go up. A “bear” is a seller of stocks which he does not
possess; but borrows on the belief that prices will go down. Thus, if
a stock is quoted at 50, a * bear,” thinking it will go down to 45, may
sell at 50, and deliver borrowed stock to the purchaser. I the stock
goes down fo 45, he will purchase it and return it to the owner, thus
realizing a profit of 5 points. This is ealled selling stocks “short.”
Beéars are said to be “short™ of stock and bulls “lon

5*
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303. When for any reason a stock eompany finds the
amount of money paid in by stockholders insufficient, it
generally borrows money and issues bonds, secured by a
mortgage on the property of the company. These bonds
are written agreements to pay a certain sum of money
within a statéd time and at a fixed rate of interest. Bonds
haye a prior ¢laim over any kind of stock.

304. National governments, states, counties, and ecities
often issue bonds, but without mortgages, the credit of
such organization being considered good.

Registered bonds are issued in the name of the owner, and are
made payable te him or his assignee. Interest, when due, is sent
direct to the owner.

Coupon bonds are payable to bearer, and have small interest coupons
attached, which are cutoff when due, and the amount of interest is
collécted either personally, or through a bank. ' There is a coupon for
each interest period.

Bonds are usunally named from the rate of interest they bear, or
from the date at which they are payable. Thus, Union Pacific 4's
means Union Pacific bonds bearing 49 interest. U.S. 4's reg. 1907
means United States registered bonds bearing 49, interest and due in
1907. Western Union 7’s coup. 1900 means Western Union coupon
bonds bearing 79, interest and due in 1900.

305. The following quotations show the prices paid for
stocks and bonds on a certain day. The daily newspaper
will furnish the best source for quotations.

SToCEs Boxops
U.S. New 4’s reg. - 1353
U.S. New 4’s conp. . 136}
U.S. 3'sreg. .| . 1074
U.S. 3%s conp. | . 108
National Biscuit Co. . : Atchison4s . . . 102
National Biscuit Co. pre- N.Y. Central 3}’s 103§

ferred . . . . . . .105%4 C.B.and Q. 4s . . . 93}
N.Y.Central < . . . 143 (C.R.Land P.4s. 105

Amalgamated Copper
A.T. and S. F. . . 3
A. T. and S. F. preferred
Canadian Paeific

s o =3
e I
L et i
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S8rooxs Boxps
Railway Steel Spring. .
Railway Steel Spring pre-

Southern Ry.5s . . . . 116
Detroit Gas Co. 5’s . . 1063
ferrad M AR e Chicago and Alton 3¥'s . T68%
U.SiSteals L LS ; Hocking Valley 44’s . . 1063
U.S. Steel preferred . . : 3.and O. 4. . . . : Mﬂ;
Wabash! S o 282 0L o2 US. Steel s . . . . 80
Wabash preferred . . .

Western Union preferred

306. Quotations are usually made at a certain per cent
of the par value of the stock or bond. Thus, the quota-
tion of 723 for Amalgamated Copper means 7239 of the
par value of one share. The purchaser must pay his broker
72§ + 1 =T72%, and the seller will receive from his broker
123 — 3 ="T2%

307. In the following examples the par value of a share
will be taken as $100 unless otherwise stated. Brokerage
at 1% must be taken into aceount in each case where not
otherwise stated.

Ez. 1. A person buys 100 shares of A. T. and S. F. as
quoted above, and sells 6 mo. later for 851, having received

a dividend of 2%. Does he gain or lose, and how much,
money being worth 69 per annum?

Solution. Each share costs 833 + § =833,
and is sold for 851 — } = 85.

- the gain on each share is 85 — 834 = 14, or $1.50.

<. the gain on 100 shares is 100 x £1.50 = 2150.

The dividend received = 29% of 10000 = $200.

-« the total gainis 150 + 8200 = 2350.
The amount invested is 100 x £531 = 28350.
The interest for 6 mo. is § of 689 of $8350 = $250.50.

o $350 — $250.50 = $99.50 = the net gain.
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Fz. 2. A man sells short 100 shares of Canadian Pacific
at 131 and three days later “covers™ (that is, buys the
stock) at 1288. What is his net profit?

Solution.~ Each share sold yields 131 —

Each share is bought for 128¢ 4- 1

Therefore the gain on each share is

Therefore the net gain on 100 sharesis 100 x $2 = $200.

EXERCISE 71

1. The ecapital stock of a company is $1000000, } of
which is preferred, entitled to a 7% dividend, and the rest
common. If £8475004s distributed in-dividends, what rate
of dividend is paid on the common stock ?

2, A person buys 302 shares of stock, par value $10, for
|

$7 a share, paying 5 ct. a share brokerace. 6 mo. later,

after having received a 5% dividend, he sells for $9.75 a

share:. Howmuch dees he make, money being worth 6% ?

3. If, in Ex. 1, $77500 is distributed in dividends, which
is-the better stoek to own; common or preferred ?

4. Which is the better property to own, ¥ 1000 stock in
a company at 6 %, or one of its $1000 bonds at 4 7; 2z

5. Which is the safer against loss by theft, a coupon
bond, or a registered bond ? Which is the more readily
transferred ?

6. Why are U.S. 4’s registered quoted at 1351, while

J.S. 4% ;-uu;mn are quotfed at 13612

How much will 50 shares of Amalgamated Copper

cost ?

8. How much will 75 Atchinson 4’s cost ?

9. How much will 100 shares of New York Centrai
cost ?
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10. How much will 100 New York Central 334 bonds
cost ?

11. Which should you prefer to own, the 100 shares of
stocks or the 100 bonds mentioned in Ex. 9 and 10?

12. What is the greatest mm"hvr of Canadian Pacifie
shares that can be purchased for $5000 ?

13. Which is the better investment, a 4% mortgage or
Southern 5’s as quoted ?

14. Which is the better investment, B and O. 4’s or
U.S. s as quoted ?

15. What sum must be invested in Atchison 4’s at 102%
to secure an annual income of $4120 ?

16. What rate of income will U.S. 8’s registered yield ?

17. If T pay $3762.50 for U.S. Steel preferred, how
many shares do I buy ?

18. How mu¢h must I pay for B. and O. 4’s to yield an
income of 59, on my investment? of 69 ?

19. What income will a man receive from an invest-
ment of $21625 in U.S. 3’s coup. ?

20. ‘What dividend' can a company declare on a capital
stock of $50000 whose net earnings are $7500 ?

21. A certain bank pays a semiannual dividend of 319
on its stock ; what is the annual dividend on 25 shares?

22. How much must I pay for 59 bonds that the
inyestment may yield 6% income? for 49, bonds? for
3% bonds?

23. A man owns 100 shares of Amalgamated Copper
stock. If the company declares a dividend of 59 payable
in stock, how much stock will he then own
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24. My broker, after selling for me 200 shares of
Wabash preferred, remitted o me $9975. At what
price did he sell the stock ?

25. How much must be invested in U.S. 3’s coup. to
bring an annual income of $500 ?

26. A bank with a eapital stock of § 150000, declares a
semiannual dividend of 3%.  What is the amount of the
dividend, and how much will a person receive who owns
25 shares ?

27. A gas company declares a 69 dividend and dis-
tributes §120000° among its stockholders. What is its
capital stoek ?

28. A cement company divides $ 80000 among its stock-
holders. What is the rate of dividend, the capital stock
being $1000000? How much is paid to a person'who owns
902 shares of $10 each?

29. A breker bought for a customer 500 shares of cop-
per stock, par value $ 25, at a total cost of $18015.63.
Find the market quotation and brokerage.

30. A man bought 200 shares of New York Central at
143. The market price declined till it reached 139 and
then rallied to 1411. Believing that another decline was
coming, he sold 500 shares (300 of them short) at 1411
The price continued to rally, however, and he covered by
buying 300 shares at 142}. What was the net loss on
the whole transaction, making no allowance for interest,
but allowing 3% brokerage for each sale and purchase?

INSURANCE

308. There are two general classes of insurance : in-
surance on the person in the form of life, endowment,
accident, and health insurance, and insurance on property
in the form of fire, marine, live stock, tornado. plate glass,
boiler insurance, insurance against bad debts, ete.

PROPERTY INSURANCE

309. The prineipal kinds of property insurance are fire
insurance, or insurance against loss by fire; marine insur-
ANCE, OF Insurance against loss of vessels at sea, or property
on board of vessels at sea; tornado insurance, or insurzm(;u
against loss by storms, ete.

310. The written agreement between the company and
the person insured is called the policy, and the sum to be
paid by the company in case of loss, the face of the policy.
The person insured is called the insured, and the amount
paid by the insured to the company for insurance, the
premium.

311. The premium is usually computed as a certain per
cent of the face of the poliey, or as a eertain sum on each
1.3100 of insurance. In either case it is called the rate of
insurance.

Ez. A house valued at $5000 is insured for $ of its
value at 1.1% per annum. What is the annual premium ?
207
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24. My broker, after selling for me 200 shares of
Wabash preferred, remitted o me $9975. At what
price did he sell the stock ?

25. How much must be invested in U.S. 3’s coup. to
bring an annual income of $500 ?

26. A bank with a eapital stock of § 150000, declares a
semiannual dividend of 3%.  What is the amount of the
dividend, and how much will a person receive who owns
25 shares ?

27. A gas company declares a 69 dividend and dis-
tributes §120000° among its stockholders. What is its
capital stoek ?

28. A cement company divides $ 80000 among its stock-
holders. What is the rate of dividend, the capital stock
being $1000000? How much is paid to a person'who owns
902 shares of $10 each?

29. A breker bought for a customer 500 shares of cop-
per stock, par value $ 25, at a total cost of $18015.63.
Find the market quotation and brokerage.

30. A man bought 200 shares of New York Central at
143. The market price declined till it reached 139 and
then rallied to 1411. Believing that another decline was
coming, he sold 500 shares (300 of them short) at 1411
The price continued to rally, however, and he covered by
buying 300 shares at 142}. What was the net loss on
the whole transaction, making no allowance for interest,
but allowing 3% brokerage for each sale and purchase?

INSURANCE

308. There are two general classes of insurance : in-
surance on the person in the form of life, endowment,
accident, and health insurance, and insurance on property
in the form of fire, marine, live stock, tornado. plate glass,
boiler insurance, insurance against bad debts, ete.

PROPERTY INSURANCE

309. The prineipal kinds of property insurance are fire
insurance, or insurance against loss by fire; marine insur-
ANCE, OF Insurance against loss of vessels at sea, or property
on board of vessels at sea; tornado insurance, or insurzm(;u
against loss by storms, ete.

310. The written agreement between the company and
the person insured is called the policy, and the sum to be
paid by the company in case of loss, the face of the policy.
The person insured is called the insured, and the amount
paid by the insured to the company for insurance, the
premium.

311. The premium is usually computed as a certain per
cent of the face of the poliey, or as a eertain sum on each
1.3100 of insurance. In either case it is called the rate of
insurance.

Ez. A house valued at $5000 is insured for $ of its
value at 1.1% per annum. What is the annual premium ?
207
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4

How mueh would the owner lose if the house were burned
after seven premiums had been paid? How much would

?.

the company lose?
Solution. Valuation of house is  of $5000 = $4000.
Premium =1.19 of $4000 = $44.

Lose of owner = $5000 — $4000 + 7 x $44 = §1308.

Loss of company = $4000— 7 x $44 = $3692.

The above rate of insurance might have been stated as
$1.10 on each $100 insured.

EXERCISE 72

1. ‘A house valued at $6000 is insured for # of its value
at §% per annum. What is the apnual premium? How
much does. the owner lose if the house is burned after 10
premiums have beenpaid? How much does the company
lose ?

2. ‘How much would the owner lose in case the house
were damaged by fire to the extent of $1500 after 3 pre-
miums had been paid?

3. How much would the owner lose if the house were
damaged by fire to the extent of £350 after 9 premiums
had been paid ? !

4. A residence valued at $3500 is insured for ¢ of its
full value at 49, per annum. The company will insure the
e payment of 21 times the annual

How much will it cost to insure

They will insure for 5 yr: on the

house for 8 yr..on 't
premium in advance.
the house for 3 yr.?
payment of 4 times the annual preminm in advance.

How much will it cost to insure the house for 5 yr. ?
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5. How much will it cost to insure a manufacturing
l"]uf',t _\';xluwl at 65000 at 3% and the machinery valued
at $30000 at %% ?

& The insurance in Example 5 is placed in four compa-
nies, as follows: building, $25000, $20000, $15000, £5000:
machinery, $12000, $8000, $6000, $4000. What is the;
annual premium paid each company ? ‘

7. A farmer takes the following insurance on his prop-
erty : house valued at $2500 at 1]1%; barn valued at $1800
at 13%; live stock valued at $2600 at 49, ; grain valued at
$1800 at 29%; he also takes tornado insurance for $3000
and pays 40 ct. per $100 for 5 yr. He pays 4 times the
annual premium for fire insurance for 5 yr. and 3 times
i:ur lix)'c stock insurance. What is his total premium for
9 yr. ¢

8. A dealer in Buffalo ordered his Chicago agent to
buy 4000 bu. of wheat at T2 ct., 2500 ba. of oats at 26 ct
ba ofglicas o g : s at 26 ct.,
7200 bu. of corn at 3T} et., paying 29, commission for
buying. = The grain was shipped by beat, and a policy at
]}{% taken to cover the cost of grain and all charges.
What was the amount of the policy and what was the
premium ?

9. In a town where the regular police force consists of
20 or more patrolmen a'company will insure a bank against
l'u.u'glar_\' for 1 yr. for 50 ct. per $100 up to Sii()lm. and
25 ct. per £100 above that amount. How much will it
cost: to insure a bank for $50000 against burglary in such
a ‘town ? K

10. The annnal premium for insuring a plate glass win-
dow 6 ft. by 10 ft. is $3.30. How much will it cost a
merchant to insure two such windows for 5 yr. ?

LYMAN'S ADV. AR. — 14
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LIFE AND ACCIDENT INSURANCE

312. Life insurance is an agreement to pay to the heirs WHOLE LIFE POLICIES
PARTICIPATING

of a person a specified sum upon his death.
AGe

- | PayMexTs T -»7,77 [— 1K — —

. - : A | ' oo 10 5 Sixa
313. Endowment insurance is an agreement to pay a ) rou Lirx | PAvuexTs | PATMENTS | Pavamsts | Pavuasts | Paraent
spe(:l‘l‘m;d sum.tu the person msur.ed 1f.11v1.ug at the end of 15 $2505 | $337 5453 sl st
a definite period of years, or to his heirs in case of death o5 G = 369 96
| A . oy T o | 67 8302 519
within that period: 9N 20 3 41 8 Sk
20 38 20 3 g 85 50 386 15

391 89

314. Accident insurance is an agreement to pay the e 49 65 307 82
person insared a weekly indemnity for loss of time while 71 ¢ 31t L0 50 45 9 52 403 93
3 & 3 = - 22 4 99 4 = e 20 £ 410 24
incapacitated from accident, or a fixed amount in case of 5299 | ¥ el 52 92 416 74

" Dl o U 423 45
permanent injury, such as the lossof both hands, both feet, Cy 23 53 94 5 53 430 37
the entire sight of the eyes, etc., or a fixed amount to his 24 89 = s ,)" ‘:7‘ o7 16 -4;.’47 50

56 89 0058 | 45244
7 94 : 46095
468 30

heirs in case of death by accident, L 2k ;
7 oy T . o 2
: ko 59 03 104 23

315. Health insurance is an agreement to pay a weekly Era _ : 60 16 10614 476 58
sum in case of sickness from specified diseases. In addi- 2072 | 394 597 & 54 110 15 450 o
tion to the weekly indemnuity, health insurance sometimes 1 5 Flyic sl e :‘1)-‘ ‘)’;:
guarantees the payment of all doctor’s fees and special 32:80 224 66 45 116 67 521 80
amounts to cover cost of surgical operations. 3517 4 54 52 38 %0 o137 S

27 s 7082 23 8 b52 07

316. The following tables show the annual rates per 765 -i,“f) o : {32
$1000 charged by one of the leading life insurance com- | 495 = s < 3173 f:u 7’¢.
panies doing business in the United States. These rates 6 L X 82 79 4 37 42 607 8
are for life and endowment policies. Insurance companies g | . ‘_ :”:1' :;
also issue rates payable semiannually or quarterly. Such 52! 59 33 o S0 5 65 644 22
rates are slightly in advance of the annual rate, due to the 57 B¢ 51 4 ‘. 3 -:7‘ __ :;’l:: ﬁ
92 : 682 28

fact that interest is charged on the amoungs not paid ab , 56 10" | > oo
2 R % - . b 2
' e a7 i 708 38

the time when the whole premium is due. % 12 - R 53 97
50 78 74 37 ras 67 T 721 60
; ; e 103 % 734 91

106 ¢ 75 748 98
B 1097 7984 | 76171
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The premiums on life policies are to be paid during the entire life
of the insured, or during the period indicated in the preceding table.
The face of the policy is to be paid at the death of the insured. The

r > ]
DO NT POLICIES ) : ; sured. 5
ENDOWME - endowment policy provides for the payment of the face of the policy in

M. ARTICIPATIN < o B = > - =

PAYMENTS FOR FULL TERM. P 10, 15, 20, 25, 30, 35, or 40 yr. from the date of issue, or at the death

Dod il DoeaE iz | Dot Dok of the insured if it occurs before the close of the stated period.
T IN 8 AN VB IN & L v .
lfln\'g}:::s ‘ I}S)E]";L_:;LF 20 \'ri B 80 YraRsS | a5 Years ] 40 YEARS

| 810257 | se625 | 84865 | $3822 | §3138 | $2708 | B 317. The premiums charged by the life insurance com-
10245 |\ 6634 | 4865 3170 | 2400

: ‘ 2b8 27 35 o panies are determined by three considerations: (1) the
10254 || 66 4873 33487 |\ 3182 7 : 24 3 1

10264 | 66 54 i;\'{_- 3805 /| : ‘-l'l'; 2751 e probability that the insured will live as long as a healthy
}::_ 83| 66 % 4909 3881 X 27 86 24 86 person of his age may be expected to live; (2) the rate of
{228 (o 4 xi n Par 5 e = interest the company can earn on the premiums paid in;
10318 | o7 191 /49 ’:» | | 3928 ; : : (3) the necessary expense of managing the company.
Jo s \Gras | 49%s | | mes
103 58 ; 5 5000
10374 | 6175 | 14 ; = o7 &% higher than the above considerations render necessary. The portion
]1:’;; ::: i %0 & %0 50 24 37 304 ..‘ of /the premium remaining unused at the end of any year may be
104 26 38 3 50 8 88 AT it o returned to the poliey holder in the form of an annual dividend, or it
i %'; - SR ; :(: P a1 & ‘_.‘ 6 may be allowed to acenmulate for a ferm of years, called the accumu-
l]‘i;;l ::: 59,07 5T 41 93 32% 30 33 lJation period. The period is usually 10, 15, or 20 years. In the latter
::1} 1" 3936 LB ~;1' > 235 31 R case; mo dividend is paid unless the policy is kept in force to the end
10572 002 | 5288 |\ 4331 37 6 344 327 of the acecumulation period.
10604 | (7040 3 87 3 2
T = i ?:: 39 02 ¢ interest earned, ete., forms the surplus of the company. The reserve
}:T}' ;‘.: 8 55 ¢ 45 91 0 of a company is the amount held to meet the payment of policies
107 64 233 55 65 120 when due: .
11':: %}, * i —:g . 0 et Great care is taken by life insurance companies to protect the in-
109 32 [ 5818 4975
110 00 22 9 50 97
11076 | T61F | 60- 52 31
111 59 318. The following tables illustrate the loan value, or the amount
H‘: :"} 9 4¢ 22 &% ; the company agrees to loan the insured if the policy is assigned to the
114 61 0 8 6 59 07 company as security; the cash value, or the amount the company
" “__lil'j agrees to pay the insared on surrénder of(the policy; the paid-up
S policy, or the face of a paid-up poliey the company agrees to exchange
for the original policy if surrendered; the extended insurance, or the
time the eompauy will continue the foll amount ot insurance without
further payment. These privileges are granted in consideration of
the premiums already paid.

In order to secure safety of the policy confract, premiums are made

The excess of assefs over liabilities due to aceumulated dividends,

sured against forfeiture throngh nonpaymentiof preminms.
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20-PaymexT LIFE 20-YEAR ENDOWMENT

PREMITUM - Pm:\gvv:q

A, 38780 [~ A. 51.43
Age 35. &atiim S A. 2667
Q

9.95 Q. 18,57

Extended | g

Extended .
= Paid | Inmrance o
n W~

TG Paid | Jrqiranee Cash
Fonn \(:;,’J’( ) l_____ Value tp ey 7 (ment
{ Poliey {5 ¥ Y Years Daya
{ = Years i Dayx >

tu_ﬁ; 53 541&;;‘ 6 L § “ ':. 196 |

185 345

1000

Polioy full paid

EXERCISE 73

From the tables find the annual premium required for:
A life policy for 2500, age 24.
A ten-payment life policy for $4000, age 29.
A ten-year endowment policy for #5000, age 40.
A twenty-payment life policy for § 3000, age 37.

o L
A twenty-year endowment policy for $6000, age 37.

6. At ace 24 Mr. Robbins takes out a life policy for
$5000; 1f ilc dies at/the ageof 41, how mueh does the face
of the policy exceed the premiums paid?

7. If money is worth 6% per annum, what do the

. /

premiums paid in Ex. 6 amount to?
face of the policy exceed the amount?

How much does the
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8. At age 35 Mr. Andrews takes out a #5000 twenty-
payment life policy ; what is the face of the paid-up life
policy that will be given to him if he stops paying premiums
and surrenders his policy at age 46? What is the guar-
anteed cash valu: of the policy at age 45?

9. At age 31 a man took out a %2500 life policy and at
age 36 a $1500 twenty-five-year endowment policy and a
$1000 twenty-year endowment policy. How much does
the insurance exceed the premiums paid if he dies at the
age of 437

10. If the annual dividends on a twenty-payment life
policy, age 35, average 21% of the premiums, how much
has a $1000 policy cost at the end of 20 years, money
being worth 5 ¢ ?

11. If dividends are not paid annually, but are allowed
to accumulate for a period of twenty years on the above
twenty-payment life policy, the insured would be privi-
leged to withdraw the accumulated surplus in cash and
still retain a full-paid poliey for $1000 pavable at death.
Should the accumulated surplus amount to $391.78 at the
end of twenty years, how much does the policy cost, money
being worth 5% ?

12. Mr. Young takes out a #5000 fifteen-payment life
policy Nov. 19, 1887, at age 40. © In 1902, instead of con-
tinuing the insurance; he surrenders for a cash value of
$4036.75, which includes the accumulated dividends.
Allowing $15 per annum per $1000 for protection af-
forded, what rate of interest has his'money earned in the

v

15 years?




TAXES AND DUTIES

319. The expenses of the United States government for
pensions, army and navy, salaries of the President, con-
gressmen, and other officials, etc., amount to something
over $1000000 a day. The state must have money for
the care of the insane, blind, deaf and dumb, criminals;
for educational purposes, salaries of state officials, ete.
The county needs money for public buildings, bridges,
salaries, educational purposes, ete. The city and village
must have public improvements, fire protectiom, police,
schools, etc. These expenses are met, by taxes.

TAXES

320. The expenses for the support of the state, county,
city, ete., are paid by taxes on real estate and personal
property. In' addition to the property tax most stales
collect a poll tax of from $1 to $3 from each male citizen
over 21 years of age and under 50.

321. The rate of taxation is usually expressed as a
certain number: of mills- on each’ dollar, or as a certain
number of cents on each $100 of valuation.

EXERCISE 74

_ 1. The valuation of the property of a certain county is

. £7500000. If the general state tax and the general county

tax are each 60 ct. on each $100 and in addition the
216
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bridge tax is 40 ct. and the school tax 30 et., what is the
total tax of the county and what is the amount set aside
for each of the above purposes?

2. What are the taxes of a man who owns 160 acres of
land in the above county worth $60 an acre and assessed
at 2 of its value, and personal property amounting to
$18507?

3. The total assessed value of property in Michigan in
1901 was $1578100000. What amount did the State
University receive in 1903 from a } of a mill tax ?

4. How much of this tax did a farmer have to pay who
owns 200 acres of land valued at $ 75 an acre and assessed
at § of its value?

5. A certain city is bonded for $6000; its taxable
property is valued at $7500000. How much of the above
bonded indebtedness does a man worth $10000 pay ?

6. Suppose the above citiy wishes to build a high school
building valued at $ 50000, what will be the tax on each
$1007

7. The taxable property of a certain e¢ounty is
£125000000. What will be the tax on each $100 to
build a courthouse werth & 90000 ? f

8. The Michigan State Normal College received from
the state, in 1903, $103200. How much of this did a

man_pay who owns $7500 worth of taxable property, the
state having property.listed at $1578100000 ?

9. The assessed value of a town is $250000 and the
amount of tax to be raised is $3500; what is the rate of
taxation ?
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DUTIES

322. The income for the support of the national gov-
ernment is derived largely from custom revenue (tariff or
duty on imports, collected at customhouses established by
the government at ports of entry), and internal revenue
(taxes on spirits, tobacco, etc.).

323. Merchandise brought into the country is subject
to ad valorem duty (a certain per cent of the cost of the
goody), specific duty (a certain amount of weight, number,
or measure, without regard to value), or both ad valorem
and specific duty. Some goods are admifted dunty free.

ltustrations. " Cut glass and laces pay an ad valorem duty of 60%;.
Machinery pays 45%. Tin plates pay a specific duty of 1 ct. per
ponnd, horses valued at 8150 or less pay $30, and wheat pays 25 ct.
per bushel. Cigars pay a duty of $4.50 per pound and 25%, and lead
pencils pay 45 ct. per gross and 25%. Books published in foreign lan-
guages are admitted duty free.

LZERCISE 75

1./ What will be the duty'on 1 T. 4 ewt. of tin plate?

2. What will be the duty on 20 gross of lead peneils?

3. What is the cost per gross of lead pencils on which
the two rates of duty are equal ?

4. The duty on ready-made clothing is/ 50%. | What
is the duty un‘c?(imif) worth ?

5. If the duty on linen collars and cuffs is 40 ct. per
dozen and ‘2“%: what is the duty on 10 doz. collars at
75 et avdozen and 10 pairs of cnffs at 257¢t. a pair ?

6. What is the duty at 509 on 500 doz. kid gloves ak
75 franes a dozen ?

7. Find the duty on an importation of £750 8s. 4d.
worth of English crockery at 404,.

THE PROGRESSIONS

324. By a series is meant a succession of terms formed
according to some common law.

325. An arithmetical progression (A.P.) is a series in
which each term differs from the preceding by a constant
quantity called the common difference.

Thus, 2, 5, 8, 11, -+, and 15, 10, 5, 0, — 5, — 10, .., are arithmetical
progressions. ‘Tua the first, 3 is the common difference and is added

to each term to form the next; in the seeond, — 5 is the common
difference and is added o each term to form the next.

326. A geometrical progression (. P.) isa series in which
each term after the first is derived by multiplying the pre-
ceding term by a constant multiplier ealled the ratio.

Thus, 2,4, 8, 16, .--, and 18, — 8, 2, — 3, 4, -.., are geometrical pro-

gressions, the ratios being respectively 2 and — 3.

327. Last Term. If a is the first term, [ the last term,
d the.common difference, # the ratio; and » the number of
terms, we have from the definitions, —

18t 24 8d nth
A.P. a (a + d) (a +24d) a+(n—1a

G. P. a ar ar? aan ar=—1

the formulas for the last of n ferms are:
A.P. Il=a+ (n—1)d.

G.P. ! =am
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Er. Find the last term in an A.P. in which the first
term is 10, the common difference 4, and the number of
terms 12.

Solution:  {=a+ (n=1)d =10+ (12 —1) x 4 =54
Fr. | Find the last term in'a G. P. in which the first
term is 2. the common ratio 3; and the number of terms 5.

Solution. lL=ar~1=2 x 3* = 162,

328. Sum of Series.

A.P. 'Take the sefies 3, 5,7, 9, 11, in which a=3, d=2,1=11,
and the sum (S)=35.

Theu S= 3+ B3+2)+ B+H+(@E +6) +(3+8),
and in reverse order
S=11+ Q1 —2) +(11 =)+ (11 —6) + (11 =8).
Adding and canceling the 2, 4,6, and 8,
9SS =@+ 1)+GFI+G+ 1)+ B+ 1)+ @ +11)
=5(3 + 11).
. S=5§(3+11)=35,

or the sum of the serieg equals ome half of \the number of terms times the
sumof the first and last terms,

Take the general series a,a +d,a+2d, -~ a+(n— 1)d. In this
ceries it will be noticed that each term is formed by adding to the first
term the common difference multiplied by the number of the term

less one.
Then S=a+(a+d)+(a+2 d)+--(I1—d)+1
and in reverse order

S=1+ (t—d)+ (1—2d)+--(a+d)+a

THE PROGRESSIONS
Adding and canceling the d’s.
28=a+lta+ti+a+ltatlitati=n(a+i)
S — g(a +1).
G. P. Take the series 2, 6, 18, 54, 162, in which a=2, r=3, (=162,
n =95, and S =242,
Then S=2+2x3+2x3*+2x324+2x 34,
Multiplying by 3, 3 8§ = 2% 3+2x 3242 x334+-2 x 3442 x35.
Subtracting and canceling common terms,
S—8S=2-2x35

D _ 9« 36
e 242,
1—-3

or the sum of the:series equals the: first termy minus-the first term times the
ratio raised to a power equal to the number of térms divided by one minus
the ratio.

Take the geueral series\a, ar, ar®, ---, ar"~%  In this series it will be
noticed that each term is formed by multiplying the first term by the
ratio raised to a power one less than the number of the term.

S=a+ar+ a4+ ar® 4 -+ armL
Maultiplying byr, rS= ar+ ar? + ar® + ... +ars- g,
Subtracting, S—rS=a—ar

a—ar®

1—r

=

Fz. Find the sum of the first 8 terms in an A. P.
when the first term is 5 and the common difference is 3.

Solution. Since S = ”(”‘f 1) and I =a-+(n— 1)1,

o S=C[2a+(n—~1)d]=4(10+7 x 3)=124

Fz. Sum to 6 terms the series 2 4 6 4+ 18 4 ---.

: o a—ar® 2 -2 x3°
Solution, S = ——==

= = T728.
1—r 1—38 =8
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329. Infinite Series. Writing the formula
., a—ar® a ar”
AS = e e ————y
1l—r 1—7r 1-—r7
we see that when »'is a preper fraction and z becomes
[aree: ar® becomes smally If we make » sufficiently large,
will approach'as near to zero as we

ar”
ar® and hence
N a

N T .
please, and hence, when 2 becomes infinite, 8= —

Bz Sum to infinity the series 1+4 4+ 1+ §+ -

1
l“ 2 - S — e——
Solution =1

2

330. Circulating Decimals. 4 = 0.3333 - and 5 =
0.189189.... In the first case 3 is repeated indefinitely,
and in the second case the digits 189 are repeated indefi-
nitelyin the same order. Such-decimals are called circu-
latiné decimals. The repeating figures are (-alh‘-cl. 'llu'
repetend. A circulating decimal is t:X])l'("S.\'(‘(l‘])_\' writing
the repetend once and placing a dot over the first and the
last figure of the part repeated.

Thus, 0:333 == 0.3 and 0.189189 .- = 0.189.

Fz. - Reduee 0.3 to-an equiyalent common iraction.

Soltition. 08 = o+ 18+ roso + - =3 G. B, with the first term

&, and the ratio = /5

EXERCISE 76
1. Find the 12th term of the series 5, T, 9, ---

2. Find the Tth term of the series }

1
3. Find the sum of 9 terms of 1 + 34

THE PROGRESSIONS 223

4. If a body falls 164, ft. the first second, 3 times as
far the next second, 5 times as far the third second, and
so on, how far will it fall in the twelfth second ? How
far will 1t fall in 12 seec. ?

5. Find the 8th term in the series 1, , 3, .-
Find the sum of 1+ § + } + -- to infinity.
Find the Tth term in the series 4, —2, 1, ---.
Find the value of 0.423.
Find the 5th and 9th terms of the series 3, 6, 12, -
Find the 9th term of the series g, g%, &, -
11. Sum to 5 terms the series 9, —6; 4, ...
12. Find the value of 0.2; 0.23; 0.24; 1.7145.
13. Find the sum of 8 + 0.3 4 0.03 4 --- to infinity.

14. Find the sum of the first 25 odd numbers; the first
25 even numbers.

15. What is the distance passed through by a ball
before it comes to rest, if it falls from a height of 40 ft.
and rebounds half the distance at each fall 2




LOGARITHMS

331. Early in the seventeenth century, John Napier, a
Scotchman, invented logarithms, by the use of which the
arithmetical processes of maultiplication, division, evolution
and involution are greatly abridged.

332. Many simple arithmetical operations
can be performed by the use of two columns
of numbers, as given imr the annexed table.

The left-hand column is formed by writing unity at
the top and donbling eachnumber to get the next. The
right-hand eclumpn is formed by writing opposite each

power of 2, theindex of the power. Thus 512 =29, the
256 |8

Hi2
1024 |
20148 |
4096
51921 18 From the table 4006 = 212 and 64 = 26,

16351

number opposite 512 indicating the power of 2 used to
produce 512,

Ez. 1. Multiply 4096 by 64.

. 4096 x 64 = 213 x 28— 21248 _ D18 _ 962144 (from

tu\»in).

181072 The student'should notice that the simple operation

262144 | 18  of addition is substituted for multiplication, the product
524288 |19 being found in the left-haud column opposite 18, the
1048576 | 20 sum of 12 and 6.

FEz. 2. Divide 1048576 by 2043.

1048576 + 2048 = 2% . 211 — 930-11 29 — 512 (subtraction takes the
place of division).
224
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- T ers

Ez. 3. Find V/32768.

V32768 = V2B = 2% = 93 _ 3 (division takes the place of evolu-
ton).

In the preceding table the numbers in the right-hand
column are called the logarithms of the corresponding
numbers in the left-hand column. 2 is called the base of
this system. Therefore, the logarithm of a number is the
exponent by which the base s affected to produce the number.

333. Any other base than 2 might have been used and
columns similar to the above formed. In practice 10 is
always taken as the base and the logarithms are called
common logarithms in distinction from the natural loga-
rithm, of which the base is 2.71828.  Gommon logarithms
are indices, positive or negative, of the power of 10.

From the definition of common logarithms, it follows that since
10°=1, log1=0. 101 = 0.1, log0.1 =—1.
10 =10, logl0=1. 102 = 0.01,) log 0.01 =—2,
102 =100, log 100 =2, 10-2 = 0.001, log 0.001 = — 3.
10% = 1000, log 1000 = 3. 107 = 0.000); log 0.0001 = — 4.

ete. ete.

334. Since most numbers are not exact powers of 10.
logarithms will in gereral consist of anintegral and deci-
mal part. . Thus, since log 100 = 2 and log 1000 = 3, the
logarithms of numbers between 100 and 1000 will lie
between 2 and 8, or will be 2+ a Jraction. Also since
log 0.01.= — 2 and log 0.001 = — 3, the logarithms of all
numbers between 0.01 and 0.001 will lie between — 2 and
— 3 or will be —8 + a fraction. The integral part of the
logarithm is called the characteristic and the decimal part
the mantissa.
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335. The characteristic of the logarithm of a number is
independent of the digits composing the number, but
depends on the position of the decimal point. Charac-
teristics, therefore, are not given in the tables. Thus,
since 246 lies between 100 and 1000, log 246 will lie
between 2 and 3, or will ‘\be 2 4 a fraction. Again
since 0.0024 lies between 0.001 and 0.01, its logarithm
lies between —3 and —2, or log 0.0024=—3+ a
fraction.

336. From the above illustrations it readily appears
that the characteristic of the logarithm of a number, partly
or wholly integral, s zero or positive and one less than the
number of figures in the integral part.

337. The characteristic of the logarithm of a pure decimal
18 negative and one more than the nwmber of zeros preceding
the first significant figure.

EXERCISE 77

1. Determine the characteristic of the logarithm of 23
526 : 75.84; 0.0005; 300.002; 0.05743.

2. If log 787 = 2.8960, what are the logarithms of 7.87,
0.0787, T8700, 78.7 2

338. The mantissa of the logarithm of a number is
independent of the position of the decimal point, but
depends on the digits composing the number.  Mantissas
are always positive and are found in the tables, forimov-
ing the decimal point is equivalent to multiplying the
namber by some integral power of 10, and therefore adds
to or subtracts from the logarithm an integer.

LOGARITHMS

log 76.42 = log 76.42,

log 764.2 = log 76.42 x 10 = log 7642 + 1,

log 7642 = log 76.42 x 102 = log 76.42 + 2,

log 7.642 = log 76.42 x 10~ = log 76.42 + (— 1).

So that the mauntissas of all numbers composed of the digits 7642
in that order are the same, since moving the decimal point affects the
characteristic alone.

Log 0.0063 is never written — 3 4 7993, but 3.7993.
The minus sign is written above to indicate that the
characteristic alone s negative. To avoid negative
characteristics 10 is added and subtracted. Thus, 3.7993
= 7.7993 — 10.

339. The principles nsed in working with logarithms
are as follows:

I. The logarithm of a product equals the sum of the
logarithms of the factors.

I1." The logarithm of a quotient equals the logarithm of
the dividend minus the logarithm of the divisor.

II1. The logarithm of a power equals the index of the
power times the logarithm of the number.

IV. The logarithm of a root equals the logarithm of the
number divided by the index of the root.

For let 10 =n and 10r = m,
then log n==xzand logm=y.
Therefore; since mn = 10=+s,
logmn =2+ y=1log n + log m;

and -+ m= 107,

logﬁzl_yzlogn-logrm
m
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Also n* = (107)" = 10=,
then log nm=rz = r log n.
Finally Vi = V10= = 10,

log Vn= I:l I“lg n.
then og Vn=_=1

EXERCISE 78
Given log 2=10.3010, log 3=0.4771, log 5=0.6990, find
1. log 6. 3. log 5% 5. log 018, 7. 10g §.

2. log 15. 4. lugw’lg. 6. log T.5. 8. log 3% x &5

9. Find the number of digits in 30%; in 25%;

USE OF TABLES

340. In the tables here given the mantissas are found
gorrect to but four decimal places. By using these tables
results can generally be'relied upon as correct to 3 figures
and usually to 4. If a greater degree of accuracy is
required, five-place or even seven-place tables must be
used.

341. To find the logarithm of a given number.

Write the characteristic before looking in the tables for
the mantissa.

Find the mantissa in the tables.

(1) When the number consists of not more. than three
fiqures.

In the column N, at the left-hand side of the page,
find the first two figures of the number. In the row N,

I

USE OF TABLES 291y

at the top or bottom of the page, as convenient, find tle
third figure. The mantissa of the number will be found
at the intersection of the row containing the first two
figures and the column containing the third figure.

Fz. Find log 384.

The characteristic is 2 (Why?). Tn the column N find 38 and in
row N find 4. The mantissa 5843 will be found at the intersection of
the row 38 and column 4.

= log 384 = 2.5843.
What is log 3.84 ? log 38.4? log 0.0384 ?
(2) When the number consists of more than three figures.

Find as above the mantissa of the logarithm of the
number consisting of the first three figures. To correct
for the remaining figures interpolate by assuming that, for
differences small asz compared with the mumbers, the differ-
ences between nuwmbers are proportional to the differences
between their logarithms. ‘This statement is only approxi-
mately true, but its use leads to results accurate enough
for ordinary computations. .

Fz. Find log 3847.

Mauntissa of log 3850 — 5855.
Mantissa of log 3840 = 5843.

10 0.0012.
Mantissa of log 3847 = 5843 + 2 of 0.0012 = 5851.

The difference between 3840 and 3850 is 10, the difference between
the mantissas of their logarithms (5555 —5843) is 0.0012. Assuming
that each’increase of 1 unit betwéen 3840 and S850 produces an in-
crease of 1 tenth of the difference in the mantissas, the addition for
3547 will be 7 tenths of 0.0012 or 0.00084. 53843 + 0.00084 = 5851,
Therefore, the mantissa of log 3847 = 5851.
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JSE OF TABLES

N 0

S AR
10 | 0000
11 | 0414
12 | o7
13 | 1139
1461

157 1761
16 | 2041

0 | 3010

21 3222

6911

H998
7084
7168
7251
e
00

G454

65551

6546
6739
6550
6920

T007
7083
717
7264
7340

3
-

3

0128
0531
0899

12559

1555

1347

4669

4314
1955

+
0170
0569
0934

271

1554
1875
2148
2405

0212

667h

6

L

0253
0645

1959
2227
2450
2718
2945

3160

5539
658
5710
5B8Y
5999
6107
6212
6114
6415
6515

9
0374
0755
1106
1430

1732

2014
2219

29

3784
3962

4133
4298
440
4609
4757
4900
HO3K
5172
D302
SA28

555,

6599
6653
6785
6875
69654

7050
7135
7218
7300
7380

7

7050
TH43
7226
T308
7388

8

N

0

55| 744 7412

56
57
b8

b9

60
61

62

7482
7800
7634
7700

1782
7853
T4
7993
BOGZ

8129
8195
8261
8325
8388

8451
8513
8573
H633
B6Y2

8751
8808
8565
8921
8976
9031
9085
9138
a19n

9204
9345

b
89 |

395
9445

494

a2

50
9638
9685
9731

N7
Q823
9868
9912
9056

9243

7490
7566
642

7716

7789
7860
7931
8000
H069

8136
8202
8267
5331
B3G9

8457
8519
8579
8639
BOO%

8756
8814
8871
8927
BU82

2036
9090
49143
91596
9248

9299
S50
00
9450
94099

G547
8555
U3
9GR0
9736

9782
9827
872
917
9961

2

7419
7497
574
7649

73

7796
7868
T938
8007
8075

8142
8209
8274
8338
8401
8463
8525
8585
8645
704

8762

8390
8876
8932
8987

9042
9096
9149
2201
9253

Q304
Y350
o405
M55
S04
G2
600
9647
9604
i1

86
G832
97T
9921
9065

>
-

803
875
745
=014
S082

8149
8215
8250
8344
8407

B0

Y

]|
8414

8470 8476

8531
8501
8651
8710
8768 8774
882

a7
9101
uihs
9206
9258

909
360
9410
M60
S04

057
06
aan2
G699
9745

wm
LN
9881
26
69

8657
8716

3

9053
9106
9159

6

7451

7528 Wi
7604 7612
679 6%

7752 7760

7825 7832
TR 7903
6 TS
BS 5041
8102 8109
8169
8

426

8483 8404
B9 8545
8609 8615
8669 = 867
827

8785 8701

B842 8848
8503 8899 8904
81MO  BI54 8060
SO04 8009 9015
9058
U112  9Nn7T 9122
9166 9170 9175
K217 P92  oX7

274 9279

9320 9325 9330
9370 93756 93%0
9420 9425 430
68 WMT4 W79

9518 | 9623 oh2s

bt TR Y | 976G
06514 9619 9624
965651 0666 9a71
w08 913 917
4 959 9763
GBOO. G805 G809
S5 O8n) 9854
9800 9894 98w
9934 0039 M43
9978 9983 9987

5 6 7

2063 0069

8 9

T466 7474
7643 7551
7619 7627
764 7701

6T 7774

7839 7846
7910 7917
TO80 7987
848 SO55
8116 8122

8182 8189
8248 8254
8312 8319
£76 8382
84539 8445

B300  RNO6
8561 8567
8621 BOH2Y
81 8686
8739 8745
8797 8802
8554 8859
8910 8915
8965 8971
2020 902s
9074 9079 1
9128 9133
9180 9188
§232 9238
9284 289
9335 %40
4385 480
M35 9440
484 89
53 9538

w81 A586
28 9633
967 U680
w22 Wy
we8 9973

9814 9818
G859 4863
bL LS L) )
s o2

9991 9996

8 9
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EXERCISE 79
1. Find log 1845.
2. Find log 6.897.

3. Find log 0.04253.

342. To find the number corresponding to a given
logarithm.

The number corresponding to a logarithm is called the
antilogarithm. - 1 ‘

The characteristic determines the peosition of the deci-
mal point. :

(1) JIf the mantissa is found in the tables, the number is
found at once.

Fz 1. Find antilog 3.5877.

¢ . b Cag
The mantissa is found at the intersection of column 7 and row 38.

-~ antilog 8.:6877 = 3870
- -

(2) If ' the exact mantissa 18 not foun in the tables,
the first three figares of the corresponding number ¢can
be found and to them can be annexed figures found by

interpolation.
Ez. 2. Find antilog 3.5882.

: 888 y redqqui — 3.5882
Jlog 3880 = 3.5888 log required number = 3

Rty o o AR = 3.5877
log 3870 = 3.5877 log 3870 ==l

10 0.0011 log req.no, — log 3870 = 0.0005

3870 + (% of 1.:») — 3874.54+

The two mantissas in the table nearest to the given mantissa are
5888 and 5877 differing by 0.0011. Their corresponding numbers,
since the characteristic is 3, are 3580 and 3870, differing by 10. The

USE OF TABLES 233

difference between the smaller mantissa 5877 and the required man-
tissa 5882 is 0.0005. Since an increase of 11 ten thousandths in
mantissas corresponds to an increase of 10 in the numbers, an increase
of 5 ten thousandths in mantissas may be assumed to corréspond to
an increase of & of 10 in the numbers. Therefore the number is
3870 + (& of 10) = 3874.54+.

EXERCISE 80
Find antilog 2.9445 ; antilog 2.4065.
Find antilog 1.6527 ; antilog 3.7779.

Find antilog 1.9994 ; antilog 9.7320.

343. The cologarithm of a number is the logarithm of
its reciprocal. The cologarithm of 100 equals the loga-
rithm of ;15 ie. —2. As the cologarithm of a number
2quals the logarithm with its sign changed, adding the
cologarithm will give the same result as subtracting the
logarithm. The former is sometimes more convenient.

Since log 1=0, .. log L log1l—log n=0—logn,

n
therefore colog n=— log n.

To avoid negative results it is often more convenient to add and
subtract 10.

Then colog n'=10 —log n — 10,

Fz. 1. Find colog 47.3.
log 1 =10.0000 — 10
log 47.3 =1/6749
colog 47.8 = 8.3251 — 10

In subtracting 1.8749 or any other logarithm from 10, the result
may be obtained mentally by subtracting the right haund figure from
10 and all the others from 9.




234 LOGARITHMS

. : £ 452 x ‘.33'
FEz. 2. Find the value o 3371 % 39

— log 452 + log 23 — log 5371 — log 29
=log 452 4 log 23 + colog 5371 + colog 29
log 452 = 2.6551
loge 23 = 1.3617
colog 5371 = 6.2699 —10
colog 29 = 8.5376 ﬂ
log 0.066728+=8.5244 — 10

« D2

=2 — 0.086728+.

4

52
5371 X 29

Therefora

28
Fz. 3. Find log 50%.
log 50% = £ log 50
log 50 = 1.6990
§ log 50 = 3'of 1.6990 = 1.2742
12742 = log 18.8
- 50V = 18.8.
EXERCISE 81
Find the value of :

e
1. (O x4+T)%.

2.

Vo % 10.18.
1

(0.625 )!35.

0.0625 = 0.25.

EXERCISES FOR REVIEW

In connection with each exercise the student should
review all principles involved. The following list will
then furnish a complete review of the book.

1. What are the various names given to the symbol 0?2

2. Read the numbers 200, 0.02: 100.045, 0.145.

3. Solve 4672 — 2184 + 7635 + 2377 — 8432 by adding
the proper arithmetical complements and subtracting the
proper powers of 10.

4. Multiply 5280 by 25 by 163.

Multiply 1760 by 9; by 11; by 81; by 16.
Multiply 4763 by 998.

Multiply 4634 by 4168.

Multiply 746 by 18.

9. Show that to multiply a number by 1.5 is the same
as to add 4 of the number to the multiplicand.

10. Show that to divide a number by 112} 1s the same
a8 to move the decimal point two places to the left and
subtract § of the number.

11. Form a table of multiples of the multiplier and mul-
tiply (a) T461, (5) 3465, (e) 761, (d) 98723, (e) 1846, each
by 3762. Also find each product by using logarithms.

12. Form a table of multiples of the divisor and divide
(@) 7346, (b) 5280, (¢) 8976, () 4284, each by 361. Also
find each quotient by using logarithms.

235
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In connection with each exercise the student should
review all principles involved. The following list will
then furnish a complete review of the book.

1. What are the various names given to the symbol 0?2

2. Read the numbers 200, 0.02: 100.045, 0.145.

3. Solve 4672 — 2184 + 7635 + 2377 — 8432 by adding
the proper arithmetical complements and subtracting the
proper powers of 10.

4. Multiply 5280 by 25 by 163.

Multiply 1760 by 9; by 11; by 81; by 16.
Multiply 4763 by 998.

Multiply 4634 by 4168.

Multiply 746 by 18.

9. Show that to multiply a number by 1.5 is the same
as to add 4 of the number to the multiplicand.

10. Show that to divide a number by 112} 1s the same
a8 to move the decimal point two places to the left and
subtract § of the number.

11. Form a table of multiples of the multiplier and mul-
tiply (a) T461, (5) 3465, (e) 761, (d) 98723, (e) 1846, each
by 3762. Also find each product by using logarithms.

12. Form a table of multiples of the divisor and divide
(@) 7346, (b) 5280, (¢) 8976, () 4284, each by 361. Also
find each quotient by using logarithms.

235
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13. Show that every number divisible by 4 is the sum
of two consecutive odd numbers.

14. Show that the sum and difference of two odd num-
bers are always even.

15. Prove that the difference between a number and the
number formed by writing its digits in reverse order is
divisible by 9.

16. Perform the following operations and check b_.\' cast-
ing out the 9s: 86942 x T63; 46342+ 2165 842 x 21.34;
987.4 -+ 3.1416.%

17. Find the quotient of 764321 divided by 2136 correct
to four significant figures.

18. Find the quotient of 76.421 divided by 8.:1416 eor-
rect to 0.01,

19. ‘Multiply 5276 by 12} and divide the result by 33}.

20. Prove that a.number is divisible by 4 if the units’
digit minus twice the tens’ digit is divisible by 4.

21. “When it is:10 ¢ v, Sunday, Feb. 15, at Greenwich,
what time and date is it'at 165° W.?

22. Suppose a transport returns trnu_ps from Manila
starting July 4, reaching San Francisco 35 da. later ; what
is the date ?

23. 27 is composed of 16 and 11; write all of ‘the other
two numbers that make up 27.

32

2, to the decimal scale

24. Reduce 431
25. What methods did the ancient Babylonians, Eg)’p‘«)
tians, Greeks and Romans adopt to represent numbers?
Were these characters ever employed as instruments of

ati ?
caleulation ¢ :
ol ® Perform also by logarithms
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26. From what source was the decimal system of nota-
tion with its 9 digits derived ?

27. Explain clearly the difference between the intrinsic
value and the local value of the 9 digits.

28. In the decimal scale explain why the number of
characters used cannot be more nor less than 10.

29. What is the difference between the sum of 4623,
256, 145231, 7649, and a million ?

30. Find the excess of 864213 over 634795 by means of
arithmetical complements.

31. Multiply 87635 by 648, using but two partial prod-
ucts.

32. Prove that.any numbercomposed of three consecu-
tive figures is divisible by 3.

33. Find the sum and difference of 6528 and 5436 in the
seale of 8.

34. Multiply 529 ¢ by 1903 in the scale of 12.

35. Diyide 4234 by 213 in the scale of 5.

36. What weights must be selected out of 1, 8, 9, 27,
81, ete., pounds to weigh 1907 1b. ?

37. A carriage wheel revolves 2 times in going 25 ft. ;
how many times will it revolve in going a mile?
38. How much will it cost to build a cement walk 6 ft.

wide around a block 500 ft. square at 10% ct. per square
foot ?

39. If a tight board fence 6 ft. high is built around the
same block 2ft, inside of the walk, how will its area com-
pare with that of the walk ?

40. What must be the depth of a cistern 6 ft. in diame-
ter which shall contain 600 gal., if a gallon of water weighs
10 Ib. and a cubic foot of water weighs 1000 oz. ?




238 EXERCISES FOR REVIEW

41. If the pressure of the atmosphere at the surface of
the earth, when the barometer stands at 30 in., is about
15 1b. to the square inch, what is the pressure on the
human body if its surface is 16 sq. ft.? What would be
the difference in pressure if the barometer stood at 29 in. 7

42. How many grains of gold are there in 6 Ib. 4 oz
o pwt.?

43. If employed 6 da. in the week and 8 hr. daily, how
many weeks would it take to count $50000000 at the rate
of £100 a minute?

44. If sound travels at the rateof 1100 ft. per second,
and the report of a gun is heard 10 sec. after the appear-
ance of the smoke, how far distant is the observer?

45. What number between 300 and 400 is exaetly divis-
ible by 2, 3, 4,56?

46. If 4 cu. in. of iron weigh a pound, find the weight

of a rectangular vessel an inch and a half thick without a
top, the vessel being 10§ ft. by 8} ft. by 5} ft. outside

measuare,

47. A cubic foot of copper weighs 556} 1b., and can be

29 Find the weight of

drawn into a wire 1 mi. 125 rd. long.
copper necessary for a wire 60 mi. long and also'the area
of a crossiseetion of the wire.

48. How long is an iron bar containing a cubie foot of
iron if its dimensions are § of an inch by } of an inch ?

49. If a cubic foot of water weighs 1000 oz., find the
number of grains in a cubic inch.

50. Explain whether 0.023 or 0.024 is more nearly equal
to 0.02349 and state in words the error in excess or defect

in each case.

EXERCISES FOR BEVIEW

51. Divide 0.34827 by 0.23 correct to 0.01.

52. .\hlllip]:\‘ 3.1459 f).\' 16.325 correct to 0.1

53. If the meter is 39.3708 in., what part of a meter is
a yard ? -

5¢. If the average length of a degree of latitade is
o ; £ b S
865000 ft., find the length of & meter in feet and inches.

55.. If water expands 10% when it freezes, how much
does ice contract when it turns into water ?

56. Find the disecount of £1000 for 90 da. at 6% Show
$ « 2 > arpot - 1 et . l
that the interest on this discount for the same time is
equal to the difference between the interest and the dis-
count of $1000,

57. Show that the interest on the diseount of $1000 for
oneyear at 6% is the same as the discount on the interest
at/the same rate for the same time.

. 58. If a person saves £300 & year, and invests his sav-
mes at 4% eompor inferes 7 .

ngs : % pound interest for 10 ¥r-, what amount
does he acenmulate ?

59. Which is the better investment, bonds bought at

9 via . Sy = - 2 S
112 yielding 6% interest, or stocks bought at 85 yielding
4% dividends ? ) -

60. A person owns 802 $10 shares of Wolverine Port-
land Cement Stoek. pavi a4 semi i of 5
‘7;“ : 'k e t Stoek, I'J)H-Jg,: a semiannual dividend of 5%;
<0 shares of bank stock of £100 each, paying a semiannual
dividend of 21%; 30 Mexican Plantation Bonds of $300
each, paying 7% interest.
from these sonrces?

Whatis his total annual income

) BErnhdnd b « 901 o = - .
61. ' A m'i!« hant adds 5952 % to the cost price of his goods,
and gives his customers a discount of 10% ; what profit does
he make?
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62. If a ship sails from San Francisco Oct. 15 and
reaches Japan after 20 da., what is the date of her
arrival ?

63 When it is' 2 P.M. Sunday, Feb. 15, at Greenwich,
what time and date is it at longitude 165° W.?

64. The Canadian Pacific Railway uses twenty-four-hour
clocks (hours from noon to midnight are 12 to 24 o’clock)
4t Port Arthur and west. When it is 20 o’clock, standard
time, at Winnipeg, what time is it-at Toronto ?

65. A street 40 ft. wide is to be paved for a distance
of 1680 ft. If it costs 32 ct. a cubie yard for excavating
to a depthiof 2 ft., 4 ct. a square yard for sand cushion,
£1.17 a square yard for crushed stone filling, and 48% ct.
a square yard for concrete, what is the cost of the paving ?

66. Dec. 28, 1886, /Mr. Harvey insured his life for
£3000 on the fifteen-payment life plan, paying a quart erly
(i-¢. Tour times a year) premiom of $44.10. Instead of
continuing the insurance at the end of the 15 yr., he accepts
a cash settlement of $2942.20. Allowing $15 a year per
$1000 for proteetion afforded, what rate of interest has
his money earned ?

67. In 1903 Michigan levied a tax of $397525 for the
support of the State University at the rate of } of a mill.
What was the valuation of the state property ?

68. How many tons of coal will a bin 10 ft. by 6} it.
by 7% ft. hold if one ton occupies 86 cu. ft.?

69.) Simplify 4 of §+ 28+ ok % &

70. Find the least fraction that added to $ o% and %
will make the result an integer.

4.561 _ 0.0075

71. Simplify —— X ———=
PR 5015~ 21.05
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2 A S00’S ine 18 525
A person’s income is $2500 a year. He spend
an average £27.75 a week S PRy
A ‘: i :.a > a week. If he deposits his savings in
. L : every s mo., how much will he accumulate in 17)
: l : : : ] b ) . - ; < ’ . "l‘!
e bank pays 2% compound interest ? ~

73. II”\\ man mile ¢
i .} I ll!‘b are t}lﬂ‘ : 1 Q001
: 100 ; ere mn 1 ) f[ » fl“d
74. l Se .\hf)r' "l"t.n(‘(ls 1n h“‘]l”" t}li‘

Ls Pl > ~ 8 l., <2 79
Y ity Bie e Pre duct of 14 X 10,

67 x 78.
7 3 1‘. > re » -
k. 51 ]I mnd by factors the square root of 44100, 1352, 292
ind the square root of these numbers by lnwu-.itm‘u:l. w=
7 g m o 3 «¥ ¢ I : ]
‘)0’.(:”“ lh{sv lilat:llll.c between two places on a map 18
AT, - hat is the distanee in kilometers if the seale 5
the map is 1 to 100007 s

77. A copper wire 2
0.022 of : b
of a foot long. How man
what length will be left over?

vd. 1.93 3 - :
yd. 1.23 ft. long is ent into pieces

y pieces will there be, and

78. L s any 3 C 2(
e “,I-{f‘;) m‘m}.rnlls of paper 20 in. wide and 12 yd
Wi f‘ 1 (t. reqnlurml to paper a-room 16 ft. lone. 12 ft

ide, and 9 ft. high, allowing 96 sq. ft. for wi l.‘ £ .
e, s . indows and

79.. Find the specifi 1t Wi

e specific grayity of a subst: I 1
R ‘ i § £ stance tnat 0
128 in air and TF in water. JINTE
80. A pound Troy i
4 y is what per ce ¢ i
vl I cent of a pound avoir-

81. ‘U hﬂt are lhe p! U(_‘(‘t‘d.“ Uf a note 1!” \'1 .)0 at v)l]

v 1o o (Y

d-it(“l ()l t. 1 iy ](“.'v). at o mo,, ‘“](l 111\4 l’ll.'lll‘(l l)('l at 6‘; ’
c» 1 a 0

82. If a liter of air wei i
& of ; pighs 1.29%, find the weig
au’ 1 a room 40 ft. by 30 ft. by 12 ft ' bt
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83. If sound travels at the rate of 1090 ft. per second,
how far distant is a thundercloud when the sound of the
thunder follows the flash of lightning after 6 sec.?

84 A merchant sold'some goods for £125 and took ir}
payment a 90-da. note at 5 Gydated July 10,1905, Auvg 5
he discounted the note at the bank at 6%. What were the
proceeds of the note:

85. Twenty-five loads of gravel are s[;rv:x«l.'nnif«.)rmly
over a path 200 ft. Tong and 5 ft. wide. What is the
depth of the gravel, a load being 1 cu. yd.?

86. If a half of a liter of a given substance weighs

G el 3 2 e D
1500¢, what is the specific grayvity-of the substance ?

87. Find the exact interest on $500 from July 3 to
Sept. 10.at 6%

. D5 o,

88. A wholesaledealer sold goods at a discount of 25%

' | ) 3 =196 s
109, and 3% for cash. He received in payment $3269.75.
What was the list price of the goods?

89. When U.S.3s ¢an be bought at 108 (brokerage 4);
how many bonds can be bought for $4325?

90. The nearest fixed star is estimated to be 'Jii',’r"m”OO-
000000/ mi. distant:  How many years:does it take light to
e : p ' TR p solh. ’
travel this distance at the rate of 186000 mi. a second ?

91. On a note for $5000, dated Jan. 4, 1904, duein 1 yr.
with interest at 6%, payments of %100 had been made on
the 4th of each month for/11 mo. in succession ' 'What
amount was due Jan. 4; 19057

92. What must be the face of a note at 90 da. so that
the borrower shall receive $1000, the discount being at

)

the rate of 79, per annum
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93. A note for 1000, due in 1 Y.
ment of $250 made 5 mo. after date.
due at the end of the year?

at 5%, has an indorse-
What is the amount

94. A note for $500, dated March 1, 1903, and payable
2 yr. from date, with interest at b9 per annum, has on it
the following indorsements: April 1, 1903, $50: June 1;
1903, $50; Sept. 1, 1903, $20; and .\l;t)' 1, 1904, $£50.
What amount is due March 1, 19057

95. A note for $2000, dated May 15, 1908, at 59 per
annum, has the following indorsements: July 1, 1908,
$60; Aug.1,1903,810; Oct. 1, 1903, $20; Jan. 2, 1904,
$100; May 15, 1904, $£100: Sept. 1, 1904, £20; Nov. 1.
1904, $20; May 15, 1905, %200.  What amount is due
Jan. 2, 1906 ?

96. If bank stoek pays a 1% annual dividend, at what
pricé must it be bought to yield a 5% income on the
investment ?

97. A traveler bought in New York a bill of eéxchange
on London for £500, exchange being at 4.87.  How much
did he pay the banker?

98. The number of thousands of people who emigrated
annually from Ireland between and including 1876 and
1885 were as follows: 37.5. 38.5, 41.1, 47, 955, 78.4,

89.1,7108.7, 75.8, 62. Tllustrate graphically.

99. The annual premiums charged by one of the leading

life insurance companies at certain ages to insure the pay-
ment of $1000 at death areé as follows -

Age 21 24 27 30 35 40 45 50
Preminm £19.53 £20.86 £22.40 $24.18 $27.88 §32.76 830.38 $48.30

INustrate graphically and determine the probable pre-
miums at ages 25, 33, and 48,
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NEW YORK STATE REGENTS' EXAMINATIONS

The following exercises are taken from the Regents'
examination gquestions in advanced arithmetic for the
state-of New York:

1. Columbus discovered America Oct. 12, 1492. Ex-
plain. why we celebrated the 400th anniversary Oct. 23,
1892. ‘

2. Find the prime factors of each of the .foll(_m’mg
numbers : 42, 48, 126, 144, [Indicate the combination of
factors necessary to produce () the greatest common
divisor of these nurbers, (b) their least common multiple.

3. Find the number of square yards in the four walls
and ceiling of & room 16} ft. long, 131 ft. wide, and 9 ft.
high, making no allowance for openings. :

4. Make a receipted bill of the following: William
Stone buys this day, of Flagg Hruth('rs.. 2 bbl. of Iluu_r at
$5.50, 20 1h. sugar at 5} ct., 41b. coffee at 35 et., 5 1b.
hutter at 28 ct.; 2 bu. potatoes at 45 ct.

1.75 x.0:5 4+ 325 — 0.33% x 21
0.25+ 0.049 4+ 0.014 .
the result both as a common fraction and as a decimal

and express

5. Simplify

fraction.
6. ‘A man walks 8% mi.'in 2 hr. 20 min. How kmg
i I ralk i ? Solve by analysis
will it take him to walk 11} mi.?~ (Solve both by anal;
and by proportion.) :
7. How many liters of water will be c.untanm(j l;l a
' ! e fAdm
vessel whose base is 1% square and whose depth is 61
8. A merchant sold goods for $1225; half he sold at
an advance of 254, on the cost, two fifths at an .'lll\':l:;l.:;
of 1219, and the remainder at § the cost. How much

he pay for the gof)ds’
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9. Two successive discounts of 15% and 10 9 reduced
a bill to $489.60. What was the original bill ?

10. Find the proceeds of a note for £500. payable in
90 da., with interest at 6%, if discounted at a bank at
69, 40 da. after date,

11. A house and lot eost $5000; the insurance is 225,
taxes are $50 and repairs $75 annually., What rent must
“be received in order to realize 6 % on the investment?

12. At what price must 5% bonds be l»uughb 80 as to
realize T1% on the investment ?

13. Find the square root of 248.121 correct to three
decimal places.

14. Three families, consisting of 8. 4. and 5 persons re-
spectively, camped put during the summer months, agree-
mg that the expenses should be divided in the ratio of
the' number of persoms in each family. The expenses
amounted to $606. What number of dollars should each
family pay?

15. The diagonal of a sqnare field is 40 rd. How many
acres does the field contain ?

16. A schoolhouse costing #9500 is to be built in a
district whose property is valued at $1920000. Find
(a) the rate of taxafion. (&) the amount of tax to be paid
by a man whose property is valued at- $6500.

17. A sight draft on New York was sold in St. Louis
for $3542, exchange being i% premium. Required the
face of the draft.

18 Which would be thé better, to invest $£4356.25 in
industrial 4’s at 87, brokerage 3, or, with the same sum,
to purchase real estate which yields an annual rental of
$3007?
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19. On a note for $700, dated Oct. 15, 1898, due in
one year, with interest at 5%, the following payments have
been made: March 9, 1899, $300; June 1, 1899, $250.
Find the amount due at maturity.

20. ‘A house worth $12000 was insured for ¥ of its
value by three companies; the first took 4 of the risk at
A s second of the risk at 1%, and the third the
| Y04 LS SECOo 2 i
: 8 i '8 " ‘thala Hrema ard ?
remainder at 3. ' 'What was the whole premium paid!
21. Find the trade discount on a hill of goods amount-
ing at list price to $360, but sold 309, 87, and 59 off.

? (b)) What per

¢) £ 18 2259, of

22. (a) 22} is what per cent of ‘T
cent of 5 lb. avoirdupois is T} oz.7
what nuomber?

3
(

23. The specific gravity of copper is 8.9, of silver flﬂ.:.').
and in'an alloy of these metals the weight of the eopper is
to the weight.nf the silver as 5:6.  Find the ratio of the
bulk of copper in-the alloy to that of the silver.

24. How many kilograms of water are required to fill a
tank 2™ deep whose base is'a regular hexagon 0.4™ on a
side?

25. A horse costs three times as much as a buggy, and
the harness and robes cost one half as much as the horse.
If the total cost was £330, what was the cost of each?
Wirite an analysis.

26. Reduce the couplet 9%.: 32 to the integral form
in lowest terms.

27.. What is the height of a wall which is 14} yd. in
length and % of a yard in thickness, and which cost $4(an.
it having been paid for at the rate of $10 per cubic yard?

28. Find the cost, at $15 per M, of T5 pieces of lumber
each 14 ft. by 16 in. by 1% in.
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29. Find the prime factors of 18902,

30. The diameters of the wheels of three bicycles are
24 in., 32 in. and 34 in. respectively. Each has a ribbon
tied to the top of the wheel. How far must the bicycles
go that the ribbons may be again in the same relative
positions?

31. If a boy buys peaches at the rate of 5 for 2 ct.. and
sells them at the rate of 4 for 3 cf.. how many must he buy
and sell to make a profit of $4.207?

32. Give a method of (a) proving addition; (4) sub-
traction; (¢) multiplication; (d) division.

33. Express by signs of per cent, by a decimal, and
by a common fraction in its lowest terms, each of the
following : (a) % per cent; () 4% %; (¢) five sixty-
fourths; (d) three thousand one hundred fifteen thou-
sandths.

34. Write a number that shall be at the same time
simple, composite, abstract and even. State why it fills
each of these requirements.

35. Add together 15262986957 and 8879, and multiply
the 19th part of the sum by 76.

36., In trying numbers for factors, why is it unnecessary
to try one larger than the square root of the number?

37. Find the cost, at 25 ct. a rod, of building a fence
round a square 10-acre field.

38, How many cords of wood can'be stored in a shed
16 ft. long, 12 ft. wide and 6 ft. high?

39. Find the sum of 1%, 3 x 13, 3, 15+ Express the
result as a decimal.

(
|
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40. If Isell 3 ofa farm for what £ of it cost, what is my
per cent of gain?

41. [ sell.goods at-15% below the market price and still
makea profitiof 10%. What per cent above cost was the
market price ?

a2, How was the principal unib of the metric S:\'.\'ten;
détermined ? | Explain the relation between this nunit and
the metric units of capacity and weights.

43. Find the cube root of 4.080659192.

44. Prove that the product of any three consecutive
numbers is divisible by 6 or by 24. Determine when it is
3 - S erIay al7)
divisible by 6 ; when it is divisible' by 24.
£ QUE EUROR .

45. The diameters of four spheres are 3.7o, 9, 6.2 and
7.5. " Prove that the volume of one of them is equal to the
volume of the remaining. three.

46. A merchant-buys goods to the amount of $4000; in
order_to pay for them he gets his note for 60 da. dis-

3 e e F "t o % 99 0
counted at'a bank. I the face of the note 18 $ 1033.61,
what is the rate of discount?

47. Prove that the exact interest of any sum for a given
number of days is equal to the interest.of the same sum for
the same number of days (as usually computed) diminished
by % of itself.

48. A sells a certain amonnt of 5% .\10(-.1:: ‘.1‘t. 86 zm.d
invests in 6% stock at 103;)by so doing his income is
chanced $1. - What amount-of stock did he sell? ' "Was
changed %

3 - “aivkad 7
his income inéreased or diminished ?

49. Divide § by & and demonstrate the correctness of

the work.
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50. Multiply 42.835 by 8.14159, using the contracted
method and finding the result correct to two decimal
places. Prove the work by division, using the contracted
method.

5I. A man borrows $4500, and agrees to pay principal
and interest in four equal annual installments. If the
rate of interest is 69, what will be the amount of each
annual payment ?

52. When it is Monday, 7 A.M., at San Francisco, longi-
tude 122° 24" 15" W., what day and time of day is it at
Berlin, longitude 138° 23' 55" E.?

53. When exchange is at 5.18, find the gain on 100
of silk bought in. Paris at 2 francs a meter and sold in
New York at 89 ¢t. a yard, the duty being 69 ad valorem.

54. Find the face of a sight draft that can be bought
for $585.80 when exchange is at a premium of 89%.

55. Divide 0.8487432 by 0.075637 and multiply the
quotient by 0.835642. Find the result correct to three
decimal places, using the contracted methods of division
and multiplieation of decimals.

56. Express in words each of the following: 600.035,
0.635, 600,38, Ei&0% L5

57. A body on the surface of the earth waighs 27 1b.
Assnming that the radius of the earth is 4000 mi., find the
weight of the same body 2000 mi. above the surface. (The
weight of a body above the surface of the earth varies in-
versely as the square of the distance from the centér of the
earth.)

58. Washington is 77° 8" W. longitude and Pekin 116°
2% E. longitude. When it is 9.80 p.m., Tuesday, Dee. 81,
1901, at Washington, what is the time of the day, the day
of the week, and the date at Pekin ?
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59. Find the exact inferest on $590 from Sept. 18, 1893,
to March 1, 1894, at 41%.

60. Is the merchants’ rule or the United States rule for
computing partial payments more favorable to the debtor ?
Giye réasons.

61. A locomotive runs § of a mile in § of a minute. At
what rate an hour does it ran ? - (Give analysis in full.)

62. The edges of a rectangular parallelopiped are in the
proportion of 3; 4 and 6; its volume is 720 cu. in. Find
its entire surface.

63. A note for $250, due in 1 yr.; with interest at 64,
is dated Jan. 1, 1892. - What is the true value of this note
Oct. 1, 18927

64. At 10 A.m. Jan. 5 a watch is /5 min. too glow: at
2 p.M. of Jan. 9 it is 3 min. 20 sec. too fast. When did
it mark correct time?

65. A gallon contains 231 cu,in.; a cubic foot of water
weighs 62.5 1b.; mercury is 13.5 times as heavy as water.
How many gallons of mercury will weigh a ton?

66. Find the face of a note that will yield $861.44 pro-
ceeds when discounted for 90 da. at 6%.

67. A merchant buys goods listed at 2500, getiing
successive trade discounts of 20, 10 and 5; he sells his
goods at 209 above the cost price, taking in payment a
note at 60 da. without interest; he then.gets the note
discounted at 69, and pays his bill. Find his entire gain.

68. A person deposits $100 a year in a savings bank
that pays 4% interest, compounded annually. How much
money stands to his credit immediately after the fifth
deposit ?
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~

69. Change 200332 in the quinary scale to an equivalent
number in the decimal scale, and prove the work.

70. A New York merchant remitted to London through
his broker £12000 18s. 94. Find the cost of the draft if
exchange is at 4.894 and brokerage is 1%.

71. In extracting the cube root state and explain the
process of (a) separating into periods, (®) forming the
trial divisor, (¢) completing the divisor.

72. A merchant buys goods at a list price of $800,
getting discounts of 10, 20 and 5 with 60 da. credit.
or a further discount of 5% for cash. How much will he
gain by borrowing at 6% to pay the bill ?

73. At a certain election 510 votes were cast for two
candidates; £ of those cast for one equaled § of those
cast, _fm‘ the other. How many votes were cast for each
candidate ?

74. If the cost of an article had been 8% less, the gain
would have been 1095 more. What was the per cent gain ?

75. Prove that the excess of 9's in the product of two
numbers is equal to the excess in the product of the
excesses in the two factors.

76.. Derive a rule for marking goods so_that a given
reduction may be made' from the marked price .and a
given profit still made on the cost.

77. The greatest common divisor and the least common
multiple of two numbers between 100-and 200 are respec-
tively 6 and 3150. Find the numbers;

78. How much will the product of two numbers be in-
creased by increasing each of the numbers by 1? Give
proof.
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79. The longer sides of an oblong recangie are 15 fL.
and the diagonal is 20 ft. Find its area.

80. Find the fourth term of the following proportion
and_demounstraté thé principle on which the operation is
based : 8:12=10= .

81. Demonstrate the following: If the greater of two
numbers is/divided by the less, und the less is divided by
the remainder, and this processas continued till there is
no remainder, the last divisor will be the greatest common
divisor.

82. Find in inches to two places of decimals the diagonal
of a cube whose volume is 9 cn. ft.

83. Cowmpare the standard units of money of the United
States, England, France,and Germany as to relative value.
Find the valué of $100 in each of the other units.

84. A dealer sent a4 margin of $1500 to his broker,
April 16, 1905, and ordered ‘him to buy 100 shares of
American Sugar stock. . The broker filled the order at
131} and sold the stock May 1 at 126}, charging ld
brokerage each way and 69, interest. How much money
should be returned to the dealer ?

85. A four months’ note for $584, without interest, is
discounted atia bank at 59, on the day of its issue. Find
the proceeds of the note.

86. What is the difference between a discount of 104
and two successive discounts of 59, each.ona hill of $8327

87. If T buy cloth at $1.20 a yard, how must T sell it so
as to gain 259 ?

88. Find the cost of paving a walk 140°® wide and £ of
a kilometer long ut $1.25 a square meter.

NEW YORK STATE REGENTS EXAMINATIONS

89. Indicate the factors which, multiplied together,
equal the square root of 441.

90. A newsboy buys 144 daily papers at 20 et. a dozen.
and sells them at 3 ct. each. At the end of 6 da. he has
18 papers on hand. How much has he made during the
week 7

91. The diameters of two concentric circles are 20 ft.
and 30 ft. Find the area of the ring.

92, What yearly income will $2267.50 produce when
invested in U. S, 4’s at 1131, brokerage

laf 9
8 /0 -

93. Find the amount of $486.50 for 1 vr. 5 mo. and
17 da. at 549 simple interest.

94. I buy stocks at 47 discount and sell at 49, pre-
mium; what per cent profit do I make on the investment ?

95. A merchant buys goods to the amount of $1575 on
9 months’ eredit; he sells them for £1800 cash. Money
being worth 6%, how much does he gain ?

96. Find the cost, at 60 et. a yard, of carpeting a room
16 ft. 4 in_wide and 21 ft. 6 in.long with carpet 27 in.

27
wide, if the strips of carpet run lengthwise.

97. Find the cost at 45 et. a roll of papering the walls
of a room 16} ft. long, 15 ft. wide, and 12 ft. high, mak-
ing no allowance for openings.

98. Find the cost of plastering the four walls and the
ceiling of a room 15 ft. long, 12 ft. wide and 9 ft. hich at
15 ct. a 8q. yd., allowing 6 sq. yds for openings.







