GRAPHICAL REPRESENTATIONS

217. Graphical methods of representing relations be-
tween different measurements are so extensively used in
many lines of work that it seems best to give a brief treat-
ment of the subject here. Such graphical 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.

Fr. 1. Explain graphically the relation between an inch
and a centimeter. The two lines drawn
aceurately to scale represent graphically St
the relation between the inch and the 1cm.
centimeter. YIRS

Ex. 2. Draw a line 1.5 in. long and find the number of
centimeters in it.

Ez. 3. Explain graphically the relation 1 Ib.
between the pound and the kilogram,
giveu 1E2—=2.2 lb.

1¥e = 2.2 1b.
———————

Ez. 4. Explain graphically the relation between a pint
and a liter, given 1'=1.7T6 pt.

Ez. 5. From a diagram find (a) the number of centi-
meters in 4 in., () the number of liters in a gallon, (¢) the
number of pounds in 558

Ex. 6. The values of manufactures produced in the
United States, Germany, France and Great Britain in
1860 were 1907000000, £1995000000, $2092000000,
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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
1907
1995
2093
2808

U.S.
3{ Germ. gaon

U.S.
2 Germ. |
@) France )

Gt.Brit.

&) France '—-_ gggg)
Gt.Brit. 4263

These 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.

Fzx. 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 54 of these units, these squares will represent grap}licallg] the
comparative areas. The comparative densir._v. in population _vnil'be
represented by the number of dots that appear in each square, it btl‘:mg
assumed that a dot represents 100000 in population. § Tl_mre 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 7 P.M,
the thermometer registers as follows : 6 A.M., ?:J"; T AM.,
99.5°; 8 A.M., 27°; 9 A.M., 35°; 10 A.M.,42.5°%; 11 .»1.?{.,
48°; 12 M., 52°; 1 p.M., 55°; 2 B.M., 60°; 8 EM., 62°;
4 p.M., 60°; 5 p.M., 50°; 6 P.M., 42°; T P.M., 35°.
trate graphically this variation in temperature.

Ilus-

Draw two straight lines perpendicular fo each other. : Measure off
on the horizontal line OX equal spaces, each representmg 1 }l}l‘., ag:l
on the perpendicular line O equal spaces, ea.ch one represuut}fl‘g'l 2
The temperature at 6 A.u. is shown at 0; at 7 A.m. at A, a distance

EEMPERATURE

86°
50°
400

20°

a20°
086

of 1 unit along OX and 1 of a unit above ,(.)X para'llel to 0};,X at 8 Al.]n:i
at B, a distance of 2 units along OX and .7 of a unit :djove paral ?
to 0Y. In the same way points may be located showing the t.«ernp_ert

ture at each hour. A continuous curve drawn thr_nug_:h tlz]?;e. pomvz
js the temperature curve for the day from 6 A.m. to 7 p.M. thls ;l:,:u-e
shows at a glance the variation in temperature between the

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

‘-\,(Lirst.?

3 Let each space along OX represent 20 mi., and each space along
O¥ represent 1 hr. At the end of the first hour the first train is at 4 3
at the end of the second
hour at B; and at the
end of the sixth hour I
at P. At the end of sy, =
the fourth hour the sec- [
ond train, which starts 4ir
from (¥, 3 spaces above
0, 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 ' ! 1
line OP and /P cross, N 40 M @ w0 jw
is the place where the R Tl g R
second train overtakes the first. If from P perpendiculars PX and
PY are dropped upon OX and OF, then the distances OX and OF
will represent the space traveled and the timne that has elapsed since
the starting of the first train till the second one overtakes it. OX
contains 6 distance spaces, and represents 120 mi., while O¥ contains
6 time spaces, and represents 6 hr.

6 hr.Y1_

Shr. 3}

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. Dlustrate graphically the comparative areas and the
comparative density in population in the following cases :

»

S
=
ke

2
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AREA POPULATION
590884 63592
837837 12000
767258 l:iﬁﬂﬁuulr)
265780 30487107

(a) Alaska .
Greenland .
(b) Mexico .
WOXAN oo o lpie s wgts s
(¢) United States (including foreign
possessions)
British Empire .

3806279 84907156
11391036 383165494

2. On Jan, 1, 1904, the thermometer registered tl.le
t.em.pel.'-mture at 1 A.M., and at each succeeding hour ;111
E dnig] [ psi i, Michigan 2 avana, Cuba,
midnight, at Ypsilanti, Michigan and H
respectively as follows:

1 2 3 4 6 10 11 N.

90° 910 Do

b0 o4° 940 24° 929° 22° O 20° 21

< o 70°
g1° 64° 63° 63° 63° ao% -l

L)
"
i

;_)o
10 Mt.
122

65°

1 2 3 4 6
990 99° 220 21° 17° 16°
7ge 73°  73° 73° 12 70°

Illustrate each graphically.

a. The mean temperature for January (average for t-l?e
31 da. of the month) for the same hours and places as in
Ex. 2 was as follows:

R T A et e Tl | 5 10 < 1.1 : lg.—a
149° 14.3° 14.2° 14.2° 141° 14.3° 14.2° 158° 17.1° 18.1 .i,o

% 2 g o T =a 40 T4
87.2° 67.0° 66.7° 66.4° 66.0° 65.6° 60.4° 68.9° 71.0° 73.1° T4.0

9 10 11 Mt
1 2 3 e 5 : 3 L
20.4° 20.7° 20.5° 19.9° 18.8° 18. 16.0° 154° 14.5 lfi.ﬁ
74.7° 74.9° 75.0° T4.7° T4.2° 721 4 £9.8° 69.0° 68.4° 67.9°
Fod [ = . = i

Tllustrate graphically.

ST AT ETS,
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4. INlustrate graphically, as in Ex. 9, the point where
and time at which the two trains given in the annexed
time-table pass each other.

Goe East Gomg Wesr

AN, Miles Miles ALML
10.00 Detroit (1} 12.35
8.54 Ann Arbor 87 1.25

8.00 St Ar.f 2.20
7.50 Ky D Ackson ot 76 2.95

6.10 Battle Creek 121 3.30
4.55 Kalamazoo 144 4.10
3.25 et AT 5.28
3.15 [ Niles 10§ e 533

1.55 Michigan City 228 6.32
12.40 Kensington 271 7.30
12.00 Chicago 284 8.00
night A.M,

5. A cyeclist starts 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.M. and rides at the
rate of 6 mi. an hour. When and where will they meet ?

6. Two cyclists 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 cyclist overtake the first ?

7. The average yield of wheat per acre in the United
States for the years from 1893 to 1903 in bushels was as
follows: 11.4, 13.2, 13.7, 12.4, 18.4, 15.3, 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, 63§, 644, 931,
109, 70, 691, 753, 79}, 774, 87. Illustrate graphically,
putting the two curves in one figure.
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8. The average yield of corn per acre in the United
States for the years from 1893 to 1903 in }mshe}s Was ad
follows: 22.5, 19.4, 26.2, 28.2, 23.8, 24.8, '2;_.).3, 25.3, 16.7,
926.8, 26.5. The highest Chicago cash price pei’huil‘:ﬁ
for the same years given in cents was: 36}, 474, ‘_bi.. 284,
273, 38, 313, 404, 671, 574, 433 Illustrate graphically,
putfing the two curves in one ligure.

9. The average summer daily temperature in Paris at
the foot and top of the Eiffel tower in 1900 was as

follows:

2 4 6 8 10 N. 2 4 6 8 10 -fb‘ﬂ‘.,3
7.9° 55.4° 58.1° 63.5° 67.8° 69.8° 70.1° 69.8° 68° 62.1° 60.7° 58.9
64.4° 61.2° 60.7° 59.1°

4
57.4° 55.7° 57.2° 58.1° 60.1° 63.5° 63.9° 64°

Illustrate graphically, putting the two curves in one

figure.

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 terms of
the ratio therefore bear the same relation to each other as
the terms of a fraction. Thus, the ratio of a to & may be

written a : & (read the ratio of a to 4), g or a=+b. The

forms a : b, and g, are generally used. The ratio of 3 ft.

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.
There can be no ratio between 5 hr. and $10, nor between
7 1b. and 6 ft. But there ean be a ratio between 3 ft. and
6 in., since the quantities are of the same kind. Both
terms must, however, be reduced to the same unit.. Thus,
3 ft. =36 in., and 36 in.: 6 in.= 38 =6.

: RN 2 -
IFhe ratio ;8 called the inverse or reciprocal of the
- a
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 value affected by multiplying or
dividing the antecedent? by multiplying or dividing
the consequent?

131
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Express the ratio of :
3. 100 to 25.
4. 16% to 100. 8. T} to 373.
331 to 100. 9. % to 163.
gm 4 em o 50 . 10. 121 to 100.

$15 to 50 cents.

14 hr. 30 min. 8 sec. to a day.
; ‘2 mo. 10°dd¥to a year.
13. What number has to 10 the ratio 2? to 5 the
ratio 0.3?
14. If 2:3=25, find 2.
15. If 2:}=2, find 2.
16. Which ratio is the greater, 5 or £ ? 1% or 1§7

17. The ratio of the circumference of a circle to 1its

diameter being 3.1416, find the diameter of a Qircle whpse_ -

cireumference is 125 ft. correct to inches.

18. A map is drawn on the scale of 1in. to T mi.. I'n
what ratio are the lengths diminished ? In what ratio 1s
the area diminished ?

'19'.;TW0 rooms are 14 ft. long, 12 ft. wide, avd 12 ft.
long,A0 ft. wide respectively. What is the ratio of the

feost 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 circumferences of tvlvo eir-
cles whose diameters are 2 in. and 4 in.? of two circum-
ferences whose diameters are 5 in. and T in.? of tvt'e
circumferences whose diameters are d and d'? Hence in
general the ratio of two circumferences is equal to what ?
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=
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22. ‘What is the ratio of the areas of two circles whose
radii are 3 in. and 5 in.? of the areas of two circles
whose radii are 4 in. and 6 in.? of the areas of two cir-
cles whose radii are » and #/ ? Hence in general the ratio
of the areas of two circles is equal to what?

23. What is the ratio of the volumes of two spheres
whose radii are 2 in. and 8 in.? of the volumes of two
spheres whose radii are 5 in. and 6 in.? of the volumes
of two spheres whose radii are r and /? Hence in general
the ratio of the volumes of two spheres is equal to what ?

220. Specific Gravity. The specific 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.

222. Since 1°™* of water weighs 1 gram, the same num-
ber that expresses the weight of any substance in grams
will also express its specific gravity. Thus, 1™ of water
weighs 1%; hence, 1-is-the-speeifie-gravity of water. 1
of lead weighs 11,35%:-hence, this being 11.85 times as
heavy as an equal volume of water, the specific gravity of
lead is 11.35.

SPECIFIC GRAVITIES OF SUBSTANCES

Copper. . 892 AN et ) Sea Water . .1.026
Iron (cast) 7.21 Anthracite Coal 1.30 Sulphuric Acid 1.841
Gold. . .1926 Cork i 2024 Milk .= < = Lih052
Fead: = 311:35 Pine . . L1085 Aleohol . . . 0.84
Platinum . 21.50 Oak. . . . .0.845 Taestiei sia o092
Mercury . 13.598 Beech . . . .0.852 Rock Salt . .2257

1 cu. ft. of water weighs about 1000 oz., or 62.5 Ib,
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Fr. 1. A mass of cast iron weighs 3500 1b. How many

cubic feet does it contain ?
Since 1 cu. ft. of water weighs 62.5 1b., 1 cu. ft. of iron weighs
7.21 x 62.5 1b.
3500

- L —17.77, the number of cubic feet.
7.21 x 625

3

Ez. 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%g, 1 stere of beech wood weighs
0.852 % 1000 — 1 of 0.852 x 1000 X8 — 568 K.

EXERCISE 49

1. What is the ratio of the weight of 1 stere to 1 cord
of Qak wood, allowing % for waste space ?
/2" ! Allowing ‘Jg 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 cubic 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 aleohol ?

6. How much does a piece of copper 20°@ long, 157
wide and 5™ thick weigh?

7. If 11b. of rock salt is dissolved in 1 cu. ft. of water
without increasing its volume, what will be the specific
gravity of the solution?

8. How much does a boat weigh that displaces 7000

. eu. ft. of water?

9. If a boat is capable of displacing 3000 cu. ft., what

weight will be required to sink it ?

RATIO AND PROPORTION

293 : s
= 3 Proporuo:ll. A proportion is an equality of ratios
and 1s expressed in the following way :

_C
—=e,
d

224. The method of solving problems hy proportion is
often (szl-lletlltlhe Rule of Three, since pl‘ohl(;ms \V]IiCIJl rive
three l]lli?.lltlt-lt,'s 50 related that two of them :-;na;iazénéth'
same ratio to each other as the third to tlwr‘ uunt'tb
required, can readily be solved by proportion. : o

225. Thus, if any

15 Thus, if any three of the four terms of a proportion
e
are known, the other one can be found

DD
If = then, z =38 x & — 21,
21

L5
—-= —4 OF
E i

[
Check by putting 2L for z, then

3

226. The first and last terms of a proportion are called

th : Sec i
¢ extremes, and the second and third terms the means

227. - /
27. In any proportion the product of the means is equal
to the produect of the extremes. :

If £=2 then by cleari i
3~ g then by clearing of fractions ad =%c. This

proves the proposition, si1
) , Since a and d are the extr
xtremes,
b and’ ¢ the means. oo

228. If 1 1b. of sugar costs 4 ct., 2 1b. will cost 8 ot
and 4 ct.:8 ct.=1 1b: 21b. At the same "rxtkv 3 ;31
would cost 12 ct., etc. The ratio of costé in E't(.‘h | "t)" i
cqﬁnal to the ratio of the weights. The cost otfgsumw“ 1"'
said to be directly proportional to its weig;l);:. G
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SR : L
Fr. The Washington monument 1s 556 ft.‘hlgh’. ‘What
is the height of a post that casts a shadow 1 ft. 9 in. when
= 9 f Bin.?
the monument casts a shadow 192 ft. 6 in.?

Solution by proportion.
Let z — the height of the post.

Then

111 0.05
- T =338 x L75=5.04 ite
192.3
3.9
11
Solution by unitary analysis. : .
A shadow 192 it. 6 in. long is cast by a monument 555 ft. high.
299 ¢4 high.
1.75 x 535 ¢
192.5

- a shadow 1 ft. long will be cast by a post

192.5
.. a shadow 1 ft. 9 in. long will be cast by a post

high, or 5.04 ft. high.

929 If 1 man can do a certain piu‘ce of work in 6 dftySﬂz
9 men working at the same rate WMI;‘dn thel.“ c}ork 1‘11 ].{
days, 3 men will do it in 2 lclu_\'s,_ r{to. i mun- .a nl) :}]e. \tx.z:e
in } the time that 1 man will do 1t; o _mun in 13 1e 1. ,
ete. Hence, as the number of men increases, the t_nnf}.
diminishes in the same ratio. If 2 men do the work in ¢
davs. 3 men will do it in 3 of 3 days, or ‘..’. days. There-
fore the ratio of the number of men, 4, is equal to ;Jlm,
corresponding ratio of time im-'erted.‘ Hence, tlw‘int.m er
of men is said to be inversely proportional to the time.

Er. The crew and passengers of a ‘st.uumsllip ("o'nsi?ted

of 1500 persons. .The ship had sufficient pruv:nlon.skto

‘ last 12 weeks when the survivors of a wreck were tfs en

on board. The provisions were then crunsnmed in 10
weeks: how many were taken on board ?

RATIO AND PROPORTION

Solution by proportion.
Let z equal the total number on board.

T oz _12
e 1500 10°
or z= wﬁg = 1800,

and 1800 — 1500 = 300, the number taken on board.

Solution by unilary analysis.

There are provisions for 12 weeks for 1500 persons.

-~ there are provisions for 1 week for 12 x 1500 persons.

= 500 x 12

-~ there are provisions for 10 weeks for 1-1—‘}—3-(-1—
persons. g

< 1800 — 1500 = 300, the number taken on board.

persons or 1800

EXERCISE 50

State which of the following are directly proportional
and which are inversely proportional :

1. The price of bread, the price of flour.

2. The number of workmen, the amount of work done
In a given time.

3. The number of workmen; the time required to do
a given amount of work.

4. The height of the thermometer, the temperature.

5. The velocity of a train, the time required to go a
given distance.

6. The number of horses bought for a given sum, the
price per horse.

7. The price of freight, the distance carried.

8. The area of a cirele, the length of its diameter.
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o. 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 $7500000,
and bonds for $6000 are issued. 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 $2500?

13. A clock is set at noon 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:
rect 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
Réaumur, the freezing and boiling points being 0° and 80"
respectively. Express in Réaumur scale T0° on each of
the other two.

16. The boiling point of aleohol is 78° Centigrade
what is the boiling point of aleohol 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
beight if 1 cu. ft. of gold weighs 1215 1b.?
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18. Divide 60 into two parts proportional to 2 and .
19. Divide 90 into parts proportional to 2, 3 and 4.

20. Two men start in business 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? G

21. A man starts in business with a capital of $5000

and in 3 months admits a partner with a capital of $4500

At the end of the year the profits amount to $3750
How much is each man’s share ¥

. 2;‘3. A piece of work was to have been done by 10 men
in 20 days, but at the end of two days 3 men left. How

long did it t remaining T
wm{‘:k? d it take the remaining 7 men to complete the

23. If the 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
one make while the larger one makes 28 revolutions?




