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dimpraaaion ou d'lHuatration. idt par la aacond
plat, aaion la caa. Tout laa autraa axamplaira*
origlnaux aont fllmte an commandant par la
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caa: la symbols -*- signlfia "A SUiVRE", Is
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Las cartas, planchas, tabiaaux, ate. pauvant Mrs
filmas t das taux da rMuction diffarants.

lArsqus la document ast trop grand pour Mra
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at da haut an bas, an pranant la nombra
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PREFACE

*»' *^' *-™ they wai be co^ssssi:i2r
''**^

dasM.
openence teaching apptwtfce

j^^
aea to be studied in conjunction with this

"^^TTi:i:Tr^ ""^^ been .o da-iW
though the couTof hi atl^SSht " '' ^"*^

thi. nature without haS^ h**"'^T ""^-P*' '""kof
(hand.
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DEFINITIONS AND MATHEMATICAL SIGNS

-ti^. ZT^f^t^^,"— .
•-. spa..

signs most used in Arithmetic are
^""P'"*****- Those

+,—
,
X. -5-, -,()and.

r««ed thus:T+ 2 are
1 '^ ' *'**<> "^ -d^ed it is ex-

mews that the quantity which follows this sign



it to be wbtracted or taken away from the quantity wfaidi

precedes it, thua: 6 — 4 are 2.

The aign X is read "times" ai^ is die sign of mnlti-

plication. It means that the quantity which precedes

diis sign is to be mulUplied by the quantity idiich foUowa

it, thus 2 X 5 ue 10.

The sign ->- is read "divided by" and is the sign of

division. It means that the quantity which precedes this

sign is to be divided by the quantity which follows it, thus:

4 •« 2 are 2.

The Mgn - is read "equals" or "is equal to" and is

the ngn of equality. It means th&t the expressions between

which it is placed are identical in value, thus: 4+3— 10—3.

This sign is very oft^n misused. Great care should be

taken at all times to taakt Eure that the quantities connected

by it are equal.

The parenthesis ( ) and vinculum are used to

show that two or more quantities are to be treated as one

or, in other words, that the operations indicated within

the oarenthesis or under the vinculum are to be carried

out first, thus:

(20-5)+3-2+3-(15)+3- (S>-13

NOTATION

Notation is the art of writing numbers in words,

figures, and in letters.

.

m

Arabic Notation. The Arabic notation employs

ten characters or figures in expressing numbers. Tlv^are:

1, 2, 3, 4, 5, 6, 7. 8, 9, _ 0.

one, two, three, four, five, six, seven, eight, nine, cipher.



the rf«nce"TiS^' ^""^ '* "P**— -othfag or

^«». alwayir«L«Sn!r
*»** »^ -^ it«If . definite

»an» i«U«W^?^«' ? '^y "niti or ones a. it,

which Zt fiSToSS^Jir *'J^^ P"^

«««d to it. place^Z^'t^ "L*^***
''«^- «ti»««t— part of the^;X^ f

"^'?«'*"^ '"''" «»^*'««»
in the fir.t plaaS^ rf^. "" *^*' '" ^"«- Th* *

thewcondpuSSj^teir'^*'^ '"^*"= *«*»
the dze or>Xo£?SSi^" f

unit, each ten time.

thin! placeTiS^lT/l *.^*P'^= and the 4 in the

hund.5toe^TSe or
^""*^' " *""*«««* one

It i. «aday«« tW th f '^'f
"^* •'^ *^« fi« place.

-fo.db.^.XtlttS^^Set'*^'"^

1^
*-4 Unit.

«-4Tens
400-4 Hundred.

444-Total

other^^'Sra'f^T """* «»-«*«» -*»«"B"« Dy filling a place that otherwise would be



hundmto. not four teiM.
* *** repretent four

In
5-5 Units
00-0 Ten*
WO-4 Hundred.

405 -Total

NUMERATION

Numeration is the art nf ~-j-
«pr«»ed by letters or fi^ "^"« "'"»'«« ^»«n



PROBLEMS FOR PRAGTICS

Write iuwDidt:
i. 18,76S,972.

2. 834,7»,780.
3. 3,576,879,421.

4. 10,805,056.

Answer: Ten million eight hundred five thousandwty nx. ^
Write in figuies:

5. Seventy-eight milKon, forty-one thousand seven
o. One thousand three.

7. Rye hundred six thousand.

,

*• '^">"*y nullion, two thousand three hundred
twenty-seven.

9. Three hundred five thousand seventy-nine.
10. Eight hundred sixty-four milUons, four thou-

sand twenty.

ABBREVUTIONS

Certain wds are always recurring in Arithnustic and
these are usually abbreviated. The most common of these
are

ins. means inches,

ft. means feet,

yds. means yards,
lbs. nieans pounds,
gals, means gallons.

sq. ins. means squai.'e inchiis.
sq. ft. means square feet.

sq. yds. means square yards.
cu. ins. means cubic inches.

-. - = cu. ft. means cubic feet.
dia. means diameter, cu. yds. means cubic yards.

will 1^^. *'•*' "^y ""^^^^ *»>« meaning of which
will be made plain by studying the question.
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TABUS AND DATA

«•*» wdght. of matei.1,„^
"*"* MtMw», or Tibto ot U^th
Wtochw-ifoot
^feet-lyard.
1760 yards- 1 mile.
S280 feet-1 mile.

Ai^WupotoWdght. or TWrt. of Wight

Note:
U-'e-otherwi^.tated.'.hortton.^.h^y,

»«»«• Mewur., or I^M. » ^^^
»*4 iq. in./-l «,. ft.

»tq.feet-l«,.yd.

4840K]^yda.-iaci«.
MOacrM.-laq. mile.

CuWc Mewure, or -nible o# Volumi

1728cu.in».-ia,.ft. '

27 cu. ft. -leu. yd.

«



»00t,wUcii
"?!?** '"^ Md OOB Indi thk^.

^•tw Bqnhfaknti

1 VS. gal. oontaiiu 231 cu. ins.

J
Imp. gal. contaiiu 277.274 cu. ins

1 U.S. gal. wdi^ 8i lb*.

1 Imp. gal. weiglia 10 lU.
1 cu. in. weigh* .03616 lb.

Mewmt* of Aaglaa

60 aeconds-l minute.
60 minutes-1 degree.

90 degrees- 1 right angle.^ degrees-Ictrde.

Weights of Metals

1 cu. in cast-iron weighs .26 lbs.
1 cu. in. wrougfat-iron weighs .2777 lbs

I
en. in. steel we^Jis .288 lbs.

1 cu. in. brass weig^ .3 lbs.
1 cu. in. lead weigju .41 lbs.

H
.



ADomcm ^

Mdiat •» the proccM of findinc a number which k

be MM that the turn of two or more numben i. . numbw^^1? "T^ •«**•-•» the number. u£
•ince 12 contains •• many units as 5 and 7 together.

iJ*"^.'"^*^- Write the number, under each
other, ptaang them so that uniu w* under units, tensunder tens, hundreds under humireds, and so on

fcmJ^r ** ""T "^ ""**•• "^ P"* t^ right-hand
figure of th.s suMunder the unit column, carrying the re-maining figure or figures to the column of tens; add up

the right-hand figure and cany as before. Continue

the total of the last cdumn to give the final sum
BBuapie 1. Find the sum of M7; Ul; and 93.

.1. *^/T^ ^"*« *«« numbfr. under one another si^that the uniu of^ shaU be in the same vertical coT-^
TTienaddupasf^Ws: 3 and 1 are 4,and 7 are 11
thenght-hand figure 1 under the units column aiid cai

fc^J?^ n«t column. Adding the tens colum.1.
(earned) +9 are 10 and 4 are 14 and 6 are 20. Putdowa
the nght-hand figure, which » zero, and carry 2 to the! nol'column; then 2 (carried) and 1 are 3 and S are 8. PutthSldown the 8, the total sum is found to be 801 W

567

141

93

801



tl» ads of It. «iu^7ri !h^S?„ "^ '"T"

1

2

3,

4.

5.

6.

7.

8.

9.

10.

11.

12.

PROBLEMS FOR PRACTICB

^iad the sum of.-

—

56+49+17+36+21.
42+46+43+58+91.
< '7+336+84+705.

2.008+1.400+706+300+77
8.950+15,765+7,732.

26,661+8,733+6.877+33.413.
8,792+980+5.607+89.
3464-4,682+64+798+21

26+425.902+3,006+490+36,221.

'^+tiir7:V45:Jsr'''««+»''''«

"'"li^^""' "' ^+110.031+7699+67+
00,300,092.

Find the Mm of 56839+29938+3834*4-
101338+23899.

'^*+«34«+

13. Add 785432 28749

314154 36824

M1583 15116

5'«134 57843

13468

21793

34282

78492



14. Find the sum of seventeen; fiv« hundrad and
xty-seven thousand and eight; four thdu^and' and
eighteen! nine thousand nine hundred and twelve; four
hundred and thirty-six thousand, nine hundred and eighty-
nine. • '

15. Express in figures the following and then find their
sum:—nine hundred and six dollars and seventy cento three
hundred and twelve dollars and twenty-five cento; four
dollars and seventy-eight cento; and eighty-three cento.

16. A raUroad made the following shipmento of gravel:
-one hundred and twenty-eight tons; seven hundred and
three tons; three thousand, nine hundred and fifty tons-
and SIX hundred end seventy-nine tons. What was the total
amount of gravel shipped ?

17. The following amounte of scrap metal are on hand
at a shop.—thirty-nine thousand, four hundred and twelve
lbs. of cast-iron

; eleven thousand and fifty lbs. of steel turn-
ings; mne hundred and twelve lbs. of boiler plate; and sue
hundred and seven lbs. of brass. What is the total weiifht
of scrap on hand ? ,

..ool\ ^ ^^"^ ""^ ^^^^^^ •»* <»". 75894 coal cars,

r^ u*^'
"'*' ''""P ^^' 8«* passenger cars,

cabooses, boarding cars, baggage cars, etc., total 1489
find the total number of cars owned by the railroad.

^33950 lbs. of malleable iron, and 8765 lbs. of brvas. What
IS the total weight of the car ?

20. Find the number of tons of coal used by a factory
If the consumption for the week is as follows^-34S tons
386 tons, 390 tons. 327 tons, 319 tons, and 401 tons.

10



M there are 1S7«1 "s =„
'"™'^>ana 34567 sq. ft. m another.

pounds. Find the to4l for^'e^LT''''
^^"'^y' ^^^

25. The items for lumber callpH f™- ;„ o ™ ^
-F«me,3896feet: flooring 67761° fi^sT"^?^Sr*=How many feet were used.'

finisK, .739 feet.

26. A surveying party works six weeks Ti.^ « .
! week they survcv isi \^-iZ. . *" "^ weeics. The first

the third^kT, "ir !t*
^^'^ T*'* "^^^ ^" «>««».•

fifth w™k^i;!l" ^K '• *u^
^""^ ^^''' ^59 miles; the

I
n^lJmZ^^yf "''^ "•^'' '' ™'-- "- "-y

I
Powi'pJ?'''l^''

'^''' ''*,*"' ^•'•^'^ '•"^•«» « a water

2^rho^io^%^"!;; ^"™*ed by the first wheel is

5650 and M^^' *^^ °*^'^" '"™«»»' ^ISO. 4275.

finished Sunw How ^^ boxings, and 2185

turn ont%™t? "^"y !»«*« do the four lathe.

11
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29. If a 10-inch belt will transmit 17 horse-power ai

a speed of 1800 feet per minute, and a 16-indi beft wtl
transmit 36 horse-power at the same speed, how much
power will be transmitted by the two belts ?

30. Find the total area of a shop's floor qmce, i ht

blacksmith shop has 10320 sq. ft., machine shop 6830. jq,

ft., carpenter shop, 32415 sq. ft., boiler shop, 6S992 sq. ft,

and erecting shop 183928 sq. ft.

31. The weekly capacity of four lathes is as follows:—
4600 castings, 7461 nuts, 2530 brass boxings, and 2437
turned bolts. How many pieces do the four lathes turn
out each week ?

32. A locomotive driving wheel, during a run of three
hours, makes 9187 revolutions the first hour, 9062 revolu-
tions the second hour, and 9233 revolutions the third hour.
How many revolutions did it make in the three hour? ?

33. If a 11" belt will transmit 21 H.P. at a speed of
1700 feet per minute, and a 17" belt will transmit 37 H.P. at
the same speed, how much power will be transmitted at
the same speed by the two belts ?

34. An engine made the following daily runs during
a week:—148 miles, 106 miles, 168 miles, 143 miles, 98
miles, 137 miles and 1 16 miles. What was its total mileage
for the week?

35. The towns along a branch line are the following
distances apart:—26, 46, 11, 17, 22, 35, 16, 29, 27, 31, 6, 24,
39, 14, 8 and 19 miles. What is tiie total length of the line ?

36. The following shipments of iron castiiq^s are made
by a foundry:—457683 lbs., 340056 lbs., 4958 lbs., 13000
lbs., 3849572 lbs., 55988 lbs., and 17229 lbs. What was the
total weight of castings shipped?

12



SUBTRACmON

Subtraction is the process of finding the differ«,«

For example, the di'erence between ifi »„^ » • «
since 7 added to 9 makes 16

*5«l ' « 9.

given numbers under ea'ch Sr pldn.tr" "«''

Example.
I
result.

uown airectly under the column in units place ProceeHim,

I

^* P'*^- The final remainder is found to be 123.

Pnjof

237 114

IH 123

23 237

Subtract 114 from 237 and prove the

13
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Emnple 3. From 1000 subtract 621.

Solatioii. The in the units place of the minuend
must first be increased by 10; then 1 subtracted from 10
leaves 9 in the units place of the remainder. In adding
10 to tiie 0, 1 has been taken from the tens place, but as
it was itself 0, it had to borrow from the next place and
continue borrowing until a numerical place was reached.
Proceeding in this way the total remainder 379 is

obtained.

1000 Minuend
621 Subtrahend

379 Reminder.

PROBLEMS FOR PRACTICE

1. From 7282 subtract 4815.

2. From 64037 subtract 5908.

3. From 6231 subtract 3084.

4. From 1740932 subtract 807605.
5. From 71287 subtract 40089.
6. From 1000000 subtract 999999.
7. Subtract^-7854329 2164325 1689426

2187648 2155537 435607

8. From two hundred and eighty-six thousand, four
hundred and twenty-eight, take one hundred and eighty-
sue thousand, four hundred and twenty-nine.

9. Subtract nine thousand, eight hundred and
eighty-nine, from seventy-two thousand, nine hundred and
forty-nine.

14



10. What number must be added to the •urn of ««h,
four J.ou«uKi. thn^e hundred and eig^-five

;"
"^1^'

Zt^"\T^'^r --"^-venti,ou.;nda"dT^^;
and fif^-«x thousand, seven hundred and sixty-three tomake the result ten millions?

11. Deposit, 850 dollars; checks drawn. lOSdolla™
72 dollars, 183 dollars. Find balance.

'''"•'"**'*»"»"'

2in nil ^^1' .f"
**°"*"'" '=•'«=•» «1«'^. 130 dollar.210 dollars. 128 dollars. Find balance.

°

lA, j";. ^^P°^''' *''^ d ''ars; checks drawn, 78 dollars
162 dollars. 24 floUar*. Fmd balance.

'

fiAsili
^™'"

!
**"'' containing 935 gallons of water648 gallons were drawn off. Then 247 gallons ran in. Ao^'many gallons were then in the tonk ? (Sueeestion ^uZ

tract 648 from 935 and add 2470
^^"^^***'°"- ^"'^

S3m"/ '^ purchased 8983 bricks, but used only5363. How many had he left ?
^

16 A coal shed contains 8579 tons. 3243 tons are

St"lIo2'?
'*• '* ?"• ^"=^^«' *"2 tons more.Xthat 1602tonsaretakenoutofit. Howmany tons remain ?

pow,i A^tS^i^^r P'*"* "^^ «^"^^^*« 2000 horse-

n„»»"-
'^^^'\P°*'<*«^«'oi»147 1,or«e-power. 16 horse-power .s used m running the engine itself. How mSpower .s available for running machinery ?

wJ?' ^2°*! ^^!°"* "« P""»Ped from a tank. Of this

15



20. A 75 horse-power boiler evaporates 2140 pounds
of water into steam per hour. One engine uses 1310 pounds,
anotho- uses 417 pounds, and a pump requires the remainder.
How much steam is used by the pump? (Sug^stion:
Add 417 to 1310 and subtract from 2140.)

21. How much is the difference between 1628716 and
79019 greater than the sum of S609S, 2800, 10009, 7097,
159, 3000, and 90829 ?

22. From a coal pile containing 79697 tons of coal the
following amounts were removed:—392 tons, 1650 tons,
1175 teas, 485 tons, 1799 tons, and 236(5 tons. How much
coal remains ? i<

23. In six days a railway's receipts were $5123.25.
The expenses were $2495.00 for wages, and $629.89 for
repairs. Find the profit.

24. An elevator contains 92428 bushels of wheat.
There was sold 7964 bushels and then 72646. How much
was left ?

25. What it the difference in weight between a class
"A" engine which weighs 177772 lbs. and a class "E"
engine which weighs 161976 lbs ?

26. For five hours work on bolts a boy turns out 30,

.
32, 38, 36, and 28 bolts respectively. If 85 of these were
taken away, how many should he still have on his machine ?

27. A pair of scales has on the platform 186986 lbs. of
brass and copper, of which 985 ^ 7 lbs. is copper. What does
the brass weigh ?

28. What is the difference in the reading of two water
meters which read 678480 and 908690 respectively ?

29. From a tapk containing 1042 gallons of water,
637 gallons were drawn off. Then 138 gallons ran in. How
many gallons were left in the tank ?

16



30. A coal shed contains 10321 tons; 3127 ton8 are

*!
. iT" '*• '* *''*" '"**^«* ^898 tons more, and after

that 1327 tons are taken out. How many tons remain ?

31. An electric jwwer plant can generate 4500 H P
Of this 4125 H.P. is used. The manager agrees to furnish
another firm with 800 H.P. How much mere power will
the plant be required to generate ?

32. An engine develops 214 H.P. 18 H.P is used in
runmng the engine alone. How much power is available
for running machiner>' ?

33. An engine makes 54000 revolutions in a day of
12 hours. A motor makes 72000 revolutions in the same
time. By how many revolutions per dav does tiie speed
of the motor exceed that of the engine ?

,111^' 'lf„ """*'' " ***' ^^^ '^^^«» shipments of
2112 tons. 2350 tons. 560 tons, and 3486 tons. It delivers
1348 tons, 48 tons. 230 tons. 680 tons. 1148 tons and 1200
tons. How much coal is there left ?

35. A casting weighs 6750 lbs. If it contains 340 lbs
of tm. and 1150 lbs. of babbitt, what does die balance of
the casting (which is copper) weigh ?

.„,^**- ,/"
five hours running one steam pump delivers

fS Jf""?; ^**° K'^'«"»- *864 gallons, 3985 gallons,

!^^^ '°"^- Anotiier pump delivers 4599 gallons
4906 gallons, 3966 gallons. 4076 gallons, and 4716 gallons
rind:

—

" •

(a) Total number of gallons delivered in the five hour*
(b) Which pump delivered the most water, and how

many gallons more?

i«c
^^'

u?" !
^^°^ ^°"^ °^ *'^ '"^"' 238 are absent, and

165are hired to replace them. What is the present shop

17
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MULTIPLICATION

Multiplication it a •hort method of adding a quantity
to itadf a certain number of time*;

It i« known that 2+2+2+2+2-10; but tliis wme
procew may be expreaxd more briefly by the aid of multi-
plication, thus: 5X2-10. The 5 shows how many twos
are used in adding. This last expression is read, " five times
two equals ten."

In multiplication three terms are employed—the
multiplicand, the multiplier and the product.

The multiplJtand is the quantity to be multiplied or
taken.

The multiplier denotes the number of times the multi-
plicand is to be taken.

The product is the result or quantity obtained by the
multiplication.

To multiply with accuracy and rapidity, the product
of any two quantities, at least from 2 to 12, must be knowh
at sight. The combinations of these should be practiced
until they can be given correctly and without hesitation.

Rules for MultlpUcatlon. The multipUcand may
be either concrete or abstract. The multipUer is always
abstract. The product is always like the multiplicand.

When both quantities are abstracv, either may be
considered as the mulUplicand or the multiplier, for the
result is the same; thus: 5 times 2 is the same as 2 times 5.

Each figure of the multiplicand is multiplied by each
agnificant figure of the multiplier, and the right-hand
figure of each product is placed under the figure of the
multipUer used to obtain it. The sum of the several pro-

18



i^Tl'.^ **'*!"*''* '*^"'=*- When th«* U a »ro in
the multipUer, multiply by the significant figures only uk-
ing care to place the right-hand figure of each «varate
product under the figure used in obtaining it.

E«wnple 1. Find the product 175 and 7.

Solution. Having written the multiplier under the
unit ofthe multiplicand, multiply the 5 units by 7, obtaining

Then Bet down the 5 units directly under the 7 and«rry the 3; in other words, reserve the 3 tens for the tens

^rf^; J!^ T'^'?'''
'^'^ '^^ **"*^ '• obtaining 49.and add the 3 which is carried, and obtain 52 tens (which

T\'^ *
'l""'^'"'^

*"•* 2 tens). Set down 2 tens and
carry the 5 hundreds; and multiply 1 and 7 and add the

l7!^^'^'
'"t'^"«

^^' "^^^^ *="» ^ 'Written down
in full. The product then reads, 1225.

175 Multiplicand

7 Multiplier

1225 product

EMmple 2. Find the product of 145 and 13.

Solution. Commence with 3, multiply through

u?oT. • *^Jr^V *'^- U"**^' "^'^ *rit« the product
1450 obtamed by multiplying by 10. In this latter Jixxiuctthe may be discarded but it must be remembered to

19
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i write the 5 uiKleriecond place. Adding the« twopreddd
cdled perti.1 productf

, give* the fiii.1 product 1«81

lis

13

435

145

1885

*«««npl« 3. Multiply 1246 by 235.

Solntfam. Note that the three partial producti
*rethe remUt. of maltiplying by S, 3, and 2 where eact

lrffSr'^*K'*!^^"*=*> ** *«' P'"* '"the' to the
Irft than the preceding one. Note that i. under 5, 8 i.under 3. and 2 » under 2; in other word., the fint figure

obSf i'*'*'*^
** " '''*^ ""*'*' **" *«^* "^ to

1246

235

6230

3738

2492

292810

given above should be here considered.
1. When the digits of the multiplier are separated by

cipncrv: ^

M 20



Multiply 13456 by 2004.

in thedwt method only two p«ti.l product, .ppe«!;

I «»J?'„Sl!. r** "^^'^ ^ multiHying by 4 wd 2

nmrldng the abeenoe of any other characters in the product

Regular method.

13456 Short method.
2004 13456

2004
53824

00000 53824
00000 26912
26912

26965824
26965824

*«Mni»l«. •Multiply 5760 by 3000.

«* ?!**^**?*: ^n *•»•*»* it » necessary only to multiply

aphen, foj««l at the right of both multipUer and multipli-

I

«nd, m this case, four, giving as the final result 17280000.

5760

3000

17280000

21



PR0BUII8 FOR PRACnCI

Multiply:

1. 2928 by 364.

2. 7319 by 394.

3. S«98by792.

4. 3186 by 839.

5. 42308 by 692.

6- 876byitMlf.

7. 78byia
8. 57 by 1000.

9. 52 by 99.

10. 16 by 25.

n. 92 by 11.

12. 103 by 25.

tIVw.?^ " >««e-l«wef ? (Suggertion: MuWpfy

i^ul^' i^.?**"
h« •» aitt» of approrimately 113 aquare«d«. "the "team prewOTi. 47 pounds per aquare inch,what !• the to^prewure upon it? .

-Jl'iic^!.!^.'"""^
•*•*• *" " *•*•»*«» »»d 16" longwd^ 449 lb..i how much will 5500 bolts of the same •£»weign r

16 A wheel 113" in diameter travels 355 inches every
revolution. How far wiU it travel in 1929 revolutions ? 1

!„ It"'
"*^ "^\ ^""^^ " ^<* '*** ' Hw "«"»y daytm 17 common years ?

'

22



I • ^ ** \***''*'»''w«y journey <rfMiiilI«»: B tnvtHgd

I

° " **?" " '" •• C. Im wtttt B timvtUedTlW
iMnyniileidldiJlofthemtmvel?

I inrfJ?" J^"*^ «rf • boiler hM an M» of 11310 iquuc

JhT^ .
'^"^ P" *»"« inch k 40 pouiid.!wh»tw the total prarare on the head ?

A JU«fl!!!?r '"'**' *'*"'*" ** ™"'= y««»» P«r hour.A gM« ol men take, away 12 cuWc yard, per hour Ho^n»ny cuWc yard, will renudn unmoved aVthe Jnd of4
I

hourt ? At the end of 8 hour* ?

"e «ia of 4

I «. "»L "J^^ "* " ^^'^ per inch on a Kiew. howmany thread, are there in 4 inche.?
«:">w, now

h u,
?'*

A
" '^*°" ™***" *'"*•"«'' «« '••* « one minute.

I

iKJW ^i does u travel in 45 minutes ?

™™uie,

,

M. If a boiler evaporates 1945 pounds of Water in «>•

I

hour, how many pomul. will it evapSnite in9^T^
I m,vi*' ti\T^ **^'' wpports 136925 pounds. Howmudi will 65 such giiders support ?

»""•«»• "ow

i H™.^L ^ ^"* o' "n™ am Uy 1 mile of tnu* in 5 daysHow long wUI It require them to lay 35 miles?

anH sf' u'
".^P discharges 4 gaUons of water per stroke

one ^t ii'T ^^ *?«"«-P«»*«* incandescent lamp costs

2J



29. A ton of a certain Idnd of fuel occupies 42 cubic
feet. What space will 73 tons occupy ?

^
30. Light travels 185172 miles per second and passes

from the sun to the earth in 493 seconds. What is the
distance from the sun to the earth ?

31. Three towns are in straight line. A is 29 miles
east of Toronto, B is three times as far west of Toronto
and C !s west of Toronto by 13 miles less than twice the
distance from A to B. How far is it from A to C ? Make
a sketch to help you get the answer.

32. A pulley on the line shaft makes 170 revolutions
per minute. How often will it turn in 19 hours ?

33. The area of the piston of a 12" brake cylinder is
113 sq. m. What is the total pressure on the jMston, if the
pressure per sq. in. is 90 lbs. ?

34. There are 746 watts in a H.P. How many are
there in 375 H.P. ?

35. A piston has an approximate area of 244 sq. ins
If the steam pressure upon it is 150 lbs. per sq. in., what is
the total pressure upon it ?

36. If there are 14 threads per inch on a screw, how
many threads would there be in 17" of threading ?

37. If a piston moves through 513 ft. of space in one '

minute, how far does it travel in 1 hr. 35 min.
38. An engine in a power plant requires 19 "lbs. of

steam per H.P. per hour. If the engine is developing 539
H.P. what is the total steam consumption in four- hours ?

39. An engine makes 420 revohitions per minute.How many R.P.M. will it make in eighteen minutes ?

40. What is the total weight of 79586 castings, each
one weighing 458 lbs. ?

U



41. What is the total weight of av <%i\ny of 19649
men, their average weight being 158 Ibf ?

42. If there are twenty trains, each vith 34 cars eachMT loaded with 715 bushels of grain ymghlng iS Ihs. to the
bushd, what is the total weight of the grain ?

43. Find how many gallons of water three steam
pumps would deHver in one day of 16 hours, if the first one
ddivers 16 gals, p^r minute, the second one 12 gals, per
mmute, and the third one 20 gals, per minute. ^-

44. If an engine travels at the average rate of 47 miles
per hour, how far will it travel in 67 hours ?

45. Which weighs the most, and by how much, 345
castings weighing 569 lbs. each, or 497 castings weighing
498 lbs. each ?

46. If a piston has an area of 458 sq. ins., and the
pressure on it is 116 lbs. per sq. in., what is the total pressure
on the piston?

47. An engine makes 340 revolutions per minute.How many revolutions will it make in 8 hours ? (Suggestion

:

8 hours-480 minutes.)

2S



DIVISION

Division is the process of finding how many times one
quantity contains another. In division there are three
pnncipal terms, the dividend, the divisor, and the quotient
or answer. ^

The dividend is the quantity to be divided.

J. .7''! **'^*" '^ ^^ quantity which is divid^ into the
dividend.

The quotient is the number of times the divisor is con-
tained m the dividend.

When the dividend does not contain the divisor an
ecact number of times, the excess is called the remainder.
X he remainder beiilg a part of the dividend will always be
of the same kind as the dividend and must necessarily be
less than the divisor.

Division may be indicated in any of the following ways:

24+2: ^' 2)24.

I

DiviMon is the reverse of multipUcation, as shown by
the following: •

'

6X7-42
5X8-40

42+6-7
40+8-5

42+7-6
40+5-8

There are two distinct methods used, viz., Lonft
DiTlRion and Short Division; in the former aU the
work IS written out but in the latter the process is per-
formed mentally and the result only is written. Short
^vision IS generally used when the divisor does not exceed
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The following examples illuntnite the two procesees.

^»n»ple 1. Divide 720 by 5.

^^^.f^lS*^**";
^" ^°'^ *"^"'0" »* » found that 5 i.contained m 7 once. Write 1 as the first figure of the2«t, and subt^ct. giving a remainder ofT^To Z««]amder amuse the next figure of the dividend ^mddivide as before, obtaining 4 as the second figurToS.^

and divide again by S, obtaining 4 as the last figure ofX
""iTg^J^or^"^- -^^^vi^onisnowTmSet

5)720(144 Quotient
S

22

20

20

20

Short Division:

5)720

144 Quotient

h™J* ^^*^ happens, after bringing down a figure from the

oivisor. In this case place a zero in the quotient, andccntmue bringing down the figures from theZSuSthe- number thus formed will contain the divisor

Example 2. Divide 10413 by 13.

Solution.

13)10413(801

104

13

13

27



Rules for Long Division. Write the diviwr and
dividend in the order named, and draw a curved line
between them.

Find how many times the divisor is contained in the
left-hand figure or figures of the dividend, and write the
number in the quotient over the dividend.

Multiply the divisor by this figure of the quotient,
writing the product under that part of the dividend from
which it was obtained; subtract, and to the remainder
annex the next 'igure of the dividend.

Find how many times the divisor is contained in the
number thus fprmed, and write the figure denoting it at the
right hand of the last figure of the quotient.

Proceed in this manner until all the figures of the
dividend are divided. If there is a remainder after dividing
all the figures of the dividend, place the remainder over the
divisor with a line between them, and annex to the
quotient.

Example. Divide 5441 by 26.

Solution. 26)5441(20«fe26
52

241

234

7 Remainder.

The proper remainder is, in all cases, less than the
divisor. If, in the course of the operation, it is found to be
larger than the divisor, this indicates that there is an error
in the work and that the figure in the quotient should be
increased.
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In diviBion, the quotient is always abstract, since it
shows how many times tiie divisor is contained in the
dividend.

Proof. In order to prove division, multiply the
quotient by tiie divisor, and add tiie remainder, if tiiere
IS any. If die quantity thus obtained gives the dividend, tiie
work IS correct.

PROBLEMS FOR PRACTICE "'

« , ^"i^^}-
'*'^' ^^^- 2'*^' '843, 674; by 2, 3, 4, 5,

6, 7, 8, 9, 10, 11 and 12.
r

. . ,
o.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

65814 by 6.

3870 by 10.
~
5321 by 10.

9473 by 100. •

13987 by 1000.

563 by 25.

(a) 43789 by 387; (b) 764974 by 895.
87643 by 8747.

2037647 by 329.

209376 by 209.

487^89 by 3768.

(a) 978652 by 652; (b) 392448 by 256-
(c) 8917376 by 14914,

14. If coal costs 5 dollars per ton, how many tonsnay be bought for 275 dollars? (Suggestion: Divide 27Sby
5.)

15. A steamer runs 276 miles in 23 hours. What is
her average speed per hour ? (Suggestion: Divide 276
oy 23.)
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16. If 9 days' work wfll pay for 6 tons of coal' at
6 dollars per ton, what u the price of a day's Ubor?

17. A company furnishes equal power to 26 esub-
Ushments. The total horse-power is 8450. How muchdoes each receive?

18. If a locomotive goes to shop for inspection after««ry average run of 283 miles, how many times would
It he m shop dunng runs aggregating 10188 miles ?

,-^.^'- ^,^'**"" l»«'er supplies steam for heating.
If there are 180 square feet of heating surface in the boUer
^1**^?^'*'' "^"'"* *^ ^"^^ ^^*^ 0^ •'eating surface

boilw ?

"^^ radiators can be suppUed by the

20. If 800 cubic feet of air are required for each person,

cSc"fS'? *
"^ "^^^ " ™*"° *** "****'" "*^

21. If 1 foot of 1-inch pipe is allowed for every 90cubic feet of space in heating a factory, how many feet
of the same pipe will be required to heat 22S000 cubic feet
ot space r

22. A man undertakes to excavate a cellar for 2JV. percu.yd He received «30.24 for the job. How many^
yds. of earth were removed ?

23. If you have 780 inches of wire, how many 12-in
Ipieces can you cut it into ? I

,
24. Glasgow is 3240 miles from New York City A

•teuner makes the voyage betwe^ diese dties in 9 daysrmd the steamer's average rate per hour.

1
^*« ^* *"™ **' * single-rivetted smokestack is 7'-3"

long. If die rivets are 4" between centres and start 14"

fl^^reSrS?
°^ "^ •"*'' "* ""* ""**•^ "^"y "^

30



track fo„"S^iT""'"'
the^inapiece of doubl.

2?. "« l««»motive goes to the shop for inspection^ every run of 210 miles, how many tim^willit^^shop dunng runs aggregating 11760 miles ?

reqwres 13 sq. ft. of the heating surface of the boiler, howmany radiators can be supplied by tiie boiler ?

29. There are 90009 cu. ins. in 39 gals. How manvcu. ,ns. ate tiieie in one gallon ? .

now many

^» ^'u H}T "**"y •"'"" ^" » "8tem holding 12222

rate of 194 gallons per hour ?

ofJ~ •
"T '°°.* °^ *" P'P* '" *"°*«* ^"^ every 95 cu. ft.of space ma shop, how many feet of die same si« pipe willbe requi»ed to heat 300000 cubic feet ?

««= P'P* wu

lenJi^nf r'\***^'^". "^"^"^ *° •^ '*"•'*«* th« entire

12 ft. lengths of cast-tton pipe which weighs 12.1bs. per ft.,how many lengtiis of pipe will be required, also. wJaTwathe total weifeht of the pipe be ?

a™ Jf lu '^i'^ °^ *^*'"«* ^Khs 93688 lbs. If tiiey

2 fn Sfc^'
"*' "^^''^ '« '^- «"'' "- »-y th^

34. 215789 lbs. is to be divided into 705 equal partsHow much will each part weigh ?
*^'

diviH^'
''^ ^T "^ "*^''* '^- ** °^ •»«<» and is to be

ft. Find (a) How many full plots can be had. and (b) Howmany sq.ft. will be left over.
,«iutD;now
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36. If a locomotive trevelt 6224 ft. in two n^utea,
now long win it take to go 297088 feet ?

37. A steam pump delivers 4320 gallons of water in
one hour. How long will it take it to deUver 554473280
gallons ?

38. If a train travels at the rate of 52 miles per hour,
how long will it take it to go 3952 miles ?

39. A tank has a capacity of 4500 gallons. A feed
pipe suppUes it at the rate of 11 gals, per minute, and a
discharge pipe empties it at the rate of 6 gals, per minute.
Starting with the tank empty and all pipes open, how long
will It take to fill die tank ? Give answer in hours.^ A company of 29 men buy 1350 buUding lots at
»417.00 each. These were subsequently sold for $590.00

S^".A .T*.**P''^' advertising, etc., amounted to
5958.50. If they all held equal shai«s, how much profit
did each man make ?

CANCELLATION

•^cellatlon. When a series of multipUed factors is
to be divided by a second series the operation may be
shortened by the process of canceUation as follows:

Enmple 1. 6X8X12X18X24

' 2X3X 2X 4X 6

3 4 4 3 6

-^rxarxiJxjyxa*

-«x»x -?x irx -er

.11 11 i

= 864 Answer.
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Solution. To cancel, adect any two numbers one
^bove and one below the line and find some number that

"11 divide each of them without a remaindeft For inatance,
Et is seen that 2 will be contained an exact number of times
In both 6 and 2. Then perform the division, crossing out
x)th numbers and placing the results directly over and
elow the numbers crossed Out. Proceed in this manner

until there is no longer a number below the line that-can
be cancelled with one above the line. Then multiply

together all the numbers above the line and use this as a
Idividend; and multiply together those below the line, and
use as a divisor.

Enmple 2. 16X2X15X4

32X6X8X22
— ?

Solution. In an example where the product above
lth« Une, after canceUing, is less than the product below
I the line, the result is allowed to stand as obtained, thus:

I

Since S and 22,do not cancel into any of the other numbers

j
the result is the product of the quantities in the numerator

I

divided by the product of the quantities in the denominator.

1-15 1

J<rx*Xi»X>«' 5

^»2X«5<-»X22 88

2 ^ 2. .

U



"««<» factor, froi, ^^ ./"^ C««*« the
mvidend and divJMT.

divtaor. ""*'«n«inin«; factor* o# the

raoBiEMs FOR nucnoi
Divide: "

1- fX^X8X12X24 by 6X4X36X4
2- «X24X32X36 by 9X48X4X18

4 «;i°^''^"'"'"X"x5xio.
5 ^JS'''''''''^^X24X72X3 .
5. "X60X36X70 by 28X5X48X6
;• f.^*X^^X« by 24X30X44X9.

-*of theme„^^r;?o?a^Ti?,^"-'''^-«* ^^"'^

What i. the loaJt ^4 <^CV '°""' «» ^'^'-^
*« people. ho«e.. a^^Z' ^-

*''*~«' *««''*» '«•

pounds. 1100 pounds, a^d^s^^^^s' ""^^^ "°

^r 41,^^^, S^rar^™^ '^Ht'
^""^ ''^ ^'^ «- ''^V

banow. wiU ean, thelZYl "'*'! ^"y ">«» ^th wheel-

3 yanl. per day at llZl^^V" *^ *"" "^"''"^



RBYIBW OUBOTKmS

1. How many timet is one hundred and four oonteined
in the mm of:—hx thounnd, nine hundred and thirty-five;
f<Mty.eight; thirteen thousand and eight; seven hundred
and sixty-eight; and nine thousand, nine hundred and
twenty-one?

2. Find the sum of 348596, 3300992, 1472, 576S29.
4488301, 119, 2216839, 201099 and 4583.

3. From tile sum of 39528, 660001, 394857, 49592 and
6601, subtract tiie sum of 48593, 10009, 34928, 35725 and
625.

4. Divide 6398155575 by 693567.

5. Multiply 34925 by 66259.

6. A firm buys lumber at $39.50 per thousand feet to
build mto crates, each crate requiring 24 ft. of lumber. If
tiie crates seU for $1.25 each, and labor on each crate

I
amounts to 28 cts., how many must be sold to make a pro-
fit of $500.00 ?

7. What is the cost of building four miles of sidewalk
at the rate of 32 cts. per foot ?

'

8. A tank contains 34 cu. ft. of water. How many
U.S. gaUons does it contain, if one U.S. gallon contains
231 cu. ins. ?

9. What is the average weight of the following cast-
1.^: 67 lbs.. 341 lbs., 33492 lbs.. 675 lbs.. 4509 lbs., and
/o IDS. ?

10. If a gas-engine uses 1 cubic foot of gas per horse-
power per minute, how many cubic feet of gas are required
to run a 32 H.P. engine for one hour ?
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weight?
"^ "^* »• *•»• combined

18. There are 360 rivets in a hundred Bound.. H«,

\r^ will be required ,„ fonHTsJTS^
""^

total heatir;j^p^J*'"*^«t"»«- What k the

i. therei^'S^L^Z^^K " """* ""'•«

M



20. The weight of a battery of eight marine boilen

and their equipmentt ia aa followa:

Boilera complete with mountinga 295 tons

Water in boUera 73
"

Funnela SO
"

Stoke-hole platca, floora, etc 23
"

Feedpumpa 7
"

Fana and fan enginea 8 " -'

Feed regulators 2
"

Toola and fitting* 2
"

Spare gear 10 "

What ia the weight of two such batteries ?

21. At 100 degreea Fahrenheit a cu. ft. of water

weighs 62 pounds. At 205 degrees a cu. ft. weighs 60

pounds. What is the difference in weight between 173

cu. ft. of water at 100 degrees and 189 cu. ft. at 205 dgrees ?

22. A roof is composed of 11 frames. The weight

of one frame in detail is as follows:

2 Rafters each weighing 875 lb*.

5 Rods, each weighing 176
"

16 Bolts^each weighing 5
"

8 Bridle-straps, each weighing 15
"

2 Pfers supporting rafters at ridge, aver-

age each 11
"

6 Heces at foot of struts, average each. .11 "

4 Pieces uniting rafters at junction in

strut, with bolts and nuts, each 44 "

2 Rafter shoes, each 144 "

2 Cast-iron struts, each 154 "

. What is the total weight of the roof ?

23. A double mine ventilating fan runs at the rate

of 84 revolt' j» per minute. It gives 2818 cv. ' of air
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how much iS2li:?^4°fr-''^w«gh.tl pound..
2'. The wlStof^'"^*^"**^«" thick?

«*•-* pa-ing^* J' ^1,^'^ of a bridge and an
weigh,l^^p,„":j'*^»«8575 pounds. The engine

28- A pound of Pen^i
•'"«''•* °^*^*"*«onn'?

«ticallyevaSateaL^2^:!r f*™'*"™
^^^^

pound* are nece«arvto ^f.
^^ "^ ***«*• How many

of iron weighs 450 pouST^^u"]!^""*^- ^ cu. ft
thewdghtof 230cu.T^?Lnr^ ^ difference between

30. Th«eg^„^'^f^87cuhicft.ofi«„.
pull on one rope fa sfiSm^?"**^ **»*«*»»«• The
• 118421 poJS."^ on^"^.l!S'

P"" on the aecoS
What is thVtS pSr?

°° *^* *»»«^ « 1M863 po^

OECaMALS

It we have a quantitv nt ^u- u • ^^ ™an a unit.
•u^t each part rfXtuitii^t:,TIT" *^ *» i»^
^ly.aquantity,tLTwl7ch^'*.«^«"* *«*•
tenth is calledahundtedthand^tT-'*^.'^ *»"^ «« Obtain a thousandth.^a'SfSS.'^S* '^^^
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p»
n»JrL^?l!^!'"*'V '*°"" w,. miuire ten miU. to

Zut Ti .

«*"*» *<"«»«« 1 «linie. 10 dimes to make onedollar, whidi is the unit.
"i««one

Suppose we had 127 dollars, 64 cents, and 7 mills It

^^ttl-r'"'"^*''^'''^^ it wouldt inj!vOMnt, but If we make a provision whereby it is under-Stood which figure, belong in the unit pS«.. tte^H
dollars, etc., could be omitted.

"

in,«3iS!'f'^^y placing a point (called a decimal point)unmediately to the right of the unit's place, and the ah«*number could be written 1127.647 and fs reak 'itu^JSMd twentyH«ven decimal, six, four, seven dollars."^

ADDITION OF DEaMALS

Do«2."15"J^"**
the numbers down so that the sameP««B of ten come under each other, or in other wo^l^keep the deamal points under each other and nnS«actly as in simple addition.

pnceed

Etample.l. Add 27.29S+.0287+591.68+9 1846
27.295

.0287

591.68 w. r

9.1846

628.1883 Answer.

fc^""*^****^"*''*"'*"*'»a«»wwdiMctly beneaththose m the question. ^ oeneatn
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QUESTIONS

1.

2.

3.

4.

5.

6.

7.

Add 163.6214, 3.851.10.004, and 361.08. '
Add .05, .0045. .0002,356.008. and. 12

^tHIT' """'' ''•«'' ^-^O- »-d 5.246.Add 736.1. 643. 72.141. and 63.001
Add 6.111, 6.11. 611.1 and 6111
Add 6.001, .03. 2. land 2. 10103

four; decimal {our^St^f^^'f^'r.'^^'^^
eiKht four; five hun^'anTSt^."™*'^

'"="^ '«'•«»'*

naught siftltSL^'? ^ '°"L=
'^^^^"^ "-"«'>* "^

th4 hundJTd ^riST"?'*'""^ one thousand

«-e; and ^teen'drna^^tht^nr''* '^'"^' ^^^

What is their total weigS?
^^ *^ ^"^-^^ "«•

10. From Montreal to Ottawa ia llA 9 ».-i /
Ottawa to North Bay 244 3^!? / J "^*'' ^"»»

Sudburv 79 2 mii-f^ J , ™- '
^''*"° North Bay to

556.3Sl«''Ht-7;ri::?t rM ''"'^ *" ^*'« W'^
11 A "/f^""*^""**'"'*'eal to Fort William?

the fourth day, and''4S'9TSl^thtS^iv -^^ "^
has It gone in the five days? " "* "*^ "^ay. How far

n.n."a« Hl6T8''SL''^r7?3'--f«t^e daily

«.6 miles, 78.056 ^^'a^d ^.'S^miir^'''
'^^^
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B^^;,.^ • P".""^ '" ^"^ '°"«h hour. and 3116 1%01gallons dunng the fifth hour ?
.
«"u one

.
loooi

1^.875 ins. What is the total'li^'^r;heSr:?ul^1

nia«Aine ?
^^' '* ^^'^ **'**' ''"K^t of the

used fa bST- ^°"*'!f"?
'''"^ "^ <^«- ^"'t-i"'" pipe a«

SUBTRACTION OF DECIMALS

Write the smaller number under the lanrer keenin. J*.
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21.651

.07295

21.57805 Answer.

thJlrt^e'SSr'"*'"*'"''"'^'*-«y"n«ierneath

abov^^:-9IXt "^'"^ *^* *^"» «• -lf''t.

QUESTIONS

1. Subtract891.93847 from 972.611
2. Subtract 29.8 from 33.2675.
3. Subtract 316.23 from 791.647

twenty-dghtdecSSt "*'• '"" hundred and

dedi, ^u'siSrt'""*''* •""^* "«"** fi-.^™-

eiRht'de-^m^aTro'ST" ''^"^ ^"^ *-' ^~- «*y-
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9- From the sum of 345 648 20M nai j ,.

amount. ^*S«,^ ^^|» ^, ton., ^e following

MULTIPLICATION OF DECIMALS .

thatS:'L^„tl'"u.eZ"' multiplication, but «,tc
the right of it rs^i'^rTe r^^Tr**^*"
point in both „umbe.whi^^.t„.:5[J^,^^^^

Example
1. Multiply 431. «52 by 65.49.

3884368

1726608

215826C
2589$12

28268.88948 Answer.

<iedmi*S»nUn"'th: mu'S- ^'^f
^o the right of the

Places toXrighfofTh^T^I ^*^P """"^^ ««» two

(lx>ttomnumb3brtein^rtS.r"\'" ^'^ """"^^PK-

p'a«stotherigLfr.:j;^^-:*--«j^«ve
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. OUBSnONS - V

1. Multiply .276X5.641.
2- Multiply .00346X234.698.
3. Multiply 69.007X1246.
*• Multiply 41. 372X. 195.
5. Multiply 276.428X16.4.
«• Multiply 12. 003X248. 3.
'• Multiply

.01601 X. 016

dedLil-lS'L':^*^-'*'" ''^ -««^»'t ei^t by

the4ht^n7.fS?o^r*""'^'-«-^^''«- Whati.

wiu m.3^<S^'=;ri?,T^«-^«-- «—cb

delivered in 117^^' ^^* *"«''* of water wiU be

07 iVaS' ?Stl'''T'"' '"^ •'« -copper.
- there in 3^5 1^. I'

P'*^"*'""- How much ^TSS

t«««n„dia.a„d^^s;;,:s;r.?33Tt«;*^''^

How many feet «e ti,ere in 34. 6758 mile. ?

-r 44

X--

16.



17. If the •troke of a 20 in v i^^- i
'ouiid to be 2. 167 (eet h«« I. \ *""*• '«»motive n
Pbton travel whL aI Z.r^'' *".* ^^ "^»"t«^ the
per minute.

*' ''*™'
» "^"V ISO «voIuti«.

18. WhatwillbetheoxtofM «*— ,
per ton? ™"**°"<'-8 ton* of coal at 16.85

«».. and 20.019 lbs. ' "*®* "»•• 34.71

«u?ute8. and thr« second.?
* '"'"'• "««»*«»

25. A cubic foot of water weighs 62 »-» lu.the weight of 347693.23 cu!ftj^
"*•

Hrmr^l"
'" **"* Imperial gallon there are 277 17aHow n«ny cu. ins. are there in 35^0^ '^^'r

-
the tJ^kn^^frLtnn;/*' "^•^jt**"^- -<»
diameter of the pipe ?

'"^ ™- What is the in«le

What is
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DIVISION OF DEOMALS

to the right. in^rtinr^^S!!:?"*'"''™'*'"'!*"**
in drnple diviiion rJm3L^ n«=««ary, and proceed a.
point in the ScSTntrf ""T"

"^'"« *^« <'«=i"^
dedmal point in tS." i^"« *'^*" ««f"'« ^ Put the

Eample l. Divide 10.6603 by 7.85 .

785)K)66.03(1.3S8
785

2810

2355

4553

3925

6280

6280 •

^•>? down t^e naSrifL^^^i-J^-^^^enca^-
Po-nt was Placed in the answer bS^^l^^^ ^"^^
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«»»Pto2. Divide 176.4 ly .000,2.

"6* thi. become. TtSooS)^ 5 T^^ "^^"^ »»

que.tion now i, one J^2.^.''^?'•^ '""»»*'• The
17640000 by 12

"P"' '*'"•"'"• vi«.: Divide

Example 3.

12)17640000

1470000 Answer.

Divide .0000672 by 84.

84). 0000672(. 0000008
672

t»»divi«>rnSlya^2^r"^'^>'- ^otethat
the dednuu pSr^n^^^T^,-f

- moving of
number in the divide^l^'/^- .

^^ " "° '»^»«ole

««« tl,e dedmS^t in L^P^^l' " '««*«^ ««
%"e. » iirrt, placTTdeL^

dmdend to cany down a
with and can;5o^a^"S "^V" the an«ver to rtart

place a d^T^inS aC^'^e jo^ ""•*.* **»« ««"
dividend and try thar^i. ^ "^^ '^K"'* ^ *e
another dpher to the aMwera^n'*"" '^T" »"• «> ««*»
that wiU divide, wJiTTsir'^T"*"'"^ «"*««««*
naughts.

•* " *• ^^te' having put down six
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OinsnoNs
1.

2.

3.

4.

5.

6.

1.

8.

9.

Divide 873.5 by M20

Divide 12.003 by 5690.
Divide 451 by .0019
Divide 784.5673 by 9 l
Divide 33000 by .7854

"

Divide .7854 by 7.854
Divide .01 by 23.65

A train nuike. ^^^TuT^ ^^^^ "'• '* "^•
miles per hour. ' *"P "» «»6 hours. Fmd it. nrte in

^ 14. Thewei^ht'^^SS::^;^/-*- '

the weight of each plate ?
" "*' ^hat is

of eJJ- Jt?*
""''• "^'^'' «^-^<» '•»•• -hat i. the weight

«-icesiwo^sas:wM::te «"'""• "? * •*«•'«• -«^ •*

far wiU the pistTl^Strain" ^"•^^*- "«-
234. 57 nuJ« ?

^"^'"^ ''''«' *he engine has gone

48



»• ra. to a., „ tt.p,^-^ 1»"»mdronji,^

i

«



KBvnw ouunoNs

3. Divide 167.001 by .0043.
4. Multiply 996.305 by .00503

material at 51. 709 lb., per ft?
** "' °'

«t .J'
^'^* » *»» coat of laying 5

. 469 mile, of Hdewalkat an average coat of 76. 392 cent, per ft. ?

• 9 ",rr"'''''f^"**^«*" WW-nile.?

^e^rf,? f
^"^ ?*"«• *^«'' « «> lbs. Whatwaa the wei^^t of the rough carting ?

10. The high and low diametej. of a certain ^«» «iwork are 45.6 ft. and 23.056 in.^peiSr^ tavenge djmeter in f,., inche. and dS'Sf aJlS.'

whlc;L^^'l83*?5.6'^r.ir **' -^ -^^ '^'*

«. /»" j^";i?*^ '****''« •'••^*« o^ a locomotive i. 4500

3'.Ju;Sfe;t2h'*?'"'^**''^'^- ^^th?n«mS
13 n.1 V"*^

""''^ *" *« t"*^ Of the boiler.

mu.ti.A'^**f*^^"'*"P**''«*- How many cut.mu.t be UJcen to plane a casting 30. 5 in., wide ?
14. How many revolution, will a borinK mill tabV

"«ke.nf«ingoffaca.ting64.7Sin..wideiftl^'feStjS5
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"AST COMMON MUI.TIPLI

-Hj^fll!!::.^^^**^^^^^"^ Multiple of .

•-y o. or the n..^ j„ tJJ'iSi'Sfirvire^?:

.nd 2?"*^ 1. FW the L.C.M. of 32. ,6. 64. 8. 4.

4)32 16 64 8 4 24

112 113
4X4X2X2X3- 192 Answer.

•najority of Sr^umbT^^J^**- "*".*^'*''' •"*«' t^*

--aimler. In ti;"^4 wa.te:S;rc.:2!r* .'«^"» *
into each of the rivennumN^ r ^'***" »" '* *^d«l
number „„ta nol?o« dt^"

^°"*'«"« *viding by any
-cond number chZT^.I "*" *^ P>«*- The
could not diSet^ 2^,^*'''' *' ^"* ""t" »»«» 4
iu.t a. it was. and t£'„^Si.i?« SiTJ^"'

*"^
.ng number as far as they'SHj 'i^lS""

"' '*^-

and IJ: TmS' L^.r'^P'y together all the diviso«

•eries^f numbm ivtn
^* ^*""'"*« Multiple for the
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oonunon muSe ' '***^' '* »«« be the toMt

QUESTIONS

Find the L.C.M. offc

1- *, 8. 16, 32, 4, 2.

2. 13, 52, 78, 312, 624.
3. 6,24,18,30,48,36.
*• 16, 64, 32, 96, 80; 48.
5- 2,16,8,32,64,128.
6. 4.8,12,24,40,15.
7. 6,16,18,12,9,81.
8. V28, 36, 27, 21. 14.
»• 11,18,99,44,55.9.
10. A aectioninan

""•epoet in line with
walking _
telegraph

Btwtm o.. xic _i
—*B—Kii poBi. ine telesnP«t. are 66 yard, apart. Hw far will he walk bef^•^findaa milepostand a telegraph potin^

'^°"
other?

^long a track notices a
poat The telegraph-"•-—

"before ie
witheadi
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VULGAR FRACTIONS

after the udtrfLlS^M*"'* * ««*«* immediata?

«« not exp^sae^ hrjeZr^*^ """^ "^ °^ » "'>'*

one-iwJ, unit, and h^f^'Jo.h
*^'"*"«°'> ^e have 7

*^-ting a part Sa whdl ^1,1°""^ ™- "•^^hod of
fraction.

""'^ """'*' «" "^o-n as a vulgar

Vulgar fractions are exprewed thus- i 1 i iThe upper number is knouTaTA. „
*' *' *' *' '^' ^^

J^^rnumber as the den^^Sr "'^**°' '""' *^«

huteach'ttrcSi^^;^«^-e.a.Uhesa.e.«. S'l
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^* *•'"*««» that the diaded Dart of r:.„„i 't^.,
the Mze of the Circle A «-» v^!_ • . " **"'>' one-fcJf

whole cK. ^ *^ '"'y * «^ A the area of the

mtoJ^S^ri^'^^«°» ""TT^
^^^-^'"^ •"o-^

divided ZmI *k
™* ^*"' *''»°'* number) has been

^-tions of a Similar ^..t^'^rt^^ZZf^'

denoltr^SSSt^dib,^—--rfdo not change the value 7{ the fri
W '^S«r'

""'"'"

1X4-4 8+8-1
2X4-8 *"

16+8-2

the., would be a toA 6^^' "?r «="* «*» halves,

into two groups of 5 and i.kZ" " *«« '^^ «Parated

thus: i a^T Ae ''2" t T '^^ ''°"''* **^^
theumt(cirl*i'„S^.ci)&dt::'^S-^'°"^'* ^*
aHd one group had f^^^ll'^^t^'^^:'^::^-

J4



P«>per h^r^ f"£ '^'^ * '^ho'e number, i. a

number, i. an i^p^^/^it " ^*" ^"^ * ^''o'*

'-^"-"'^t:i:4rs^r"'-^ pioper

fractfon""^
'""=*^°" *"" •* '^"-^"^ -to, an improper

Example. Reduce 6| to an imp^per fraction.

the denominator 8 and th'^^werisS^vr^.tT;.''"'

RBDUCnON OF FRACTIONS

Fractions should always be redur«l »„ *u • .

terms. For inafan^. u-i
"-"auced to their fewest

'«iucedt;Lr:s;jircoST"T:d^^i^^ ^
-^^

any number that will dividrinto botJ ° " ***^
denominator evenlv In ^kT ,

numerator and
and the resultH tJ-.?' e««, ^^ ? «««* is divided by 2



terma
Enunpto.. Induce the foUowing to thdr. toW^t

28

32

55

88

21

63

A can be cancelled (or divided) by 6 and an««r i. J

H
"

,; ::
" i

H j; .:
" f

_48 12 J 2
120 "30"is" 5 ^"**'-

mentdliT ^ ^' *" *^"°" being completed

QUESTIONS

4. R^uce i|j{ to its lowest terms.

tor of wSsr:;uiS'^r:of;rr,' *"""-«-
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ADDITION OF FRACTIONS

7^7 + 7

t+4+5 10

7 "y o' 1^ Answer.

E»>n»Ple 1. Add -i+i.4.i.4.i.

The qiestion is written down thus:

l^J^^J^ ^ 7+27+15+42 91

9 7 21 3 Z «"'**"** ^^'*^*

First add the whole nu^be« *3+7;4. ,4.

Then add the fractions

:

i.^^^" J^
15+35+88+18 156

8 24 15 2o'~ m ^"i^"*'^"''"''
^"••

14+lfV-15y„ Answer. .
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QUESTIONS

I.

2.

3.

4.

5.

6.

Add
17+13}+9|+14f.

Add lV.+17A+3i+17f.
Add 12i+14|+7#+16A.
Add24i+l6|+i7A+f+i.

hundred and twenty^hL.^ *"** *''"' *»*

10. Add2iin...5fu»..3|u«..lft.7Ji„.:2ft.„j„..

but^ 2^ i^'ro's'sicx^f'^n^i""-
rough casting weigh ?

""'' ""•«=•» '1«J *«



«v«.L^ ^ "^ "^ '*"' "^t "ot having beenjv«^ a drawing .t is^uired to figure it out by^Sg
2^^2iin^..«d4A.n.. What i. the total length of£

16. How far will six raUs len^en a riding if thev

^.* SrSt.V' » " '' "• '
• »

'• I'i^
TK- !' .^u*

'^**** ''***' '^''* '"*o"t •«» from a bar of ironThe lengtiiB were 16* ins. 18i ins.. 2 ft. 6} ins.. ^Z"

),*;
"^he length of a shop is 766 ft. It is reoulrpH tomsUll hydrauUc piping the fuU length of the shTp "Si"pipe measures 16 ft. long and it is desired to hive fS

St^El™ tf
'"•*°

rr^' "-»«- withbL^hS
^JZi • r P'P* """** *P^ 3* «»• ^hen pipes are

W^vT^r*-, "*** """y *«=» ^ requireT^^how many lengths of pipes ? Tees not requited at exireme

•hop wall and end of pipes by using full length pipes only.
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SUBTHACnON OF FRACTIONS

laiser. .
*' ""»"«' numerator from the

Emnpto 1.

Subtract ^ from ^
32 64

The L.C.M. of the ^enominatora » 64. therefore:

43_2 43—14 29
64 32* 64 "m^""***"-

^Pl«2. Take 4A from 6».Fim Mbtract the whole numbers^-6-4.2.

Then subtract the fractiona: — ^-ll^.l
Answer is therefore, 2+^-2^^.

^ ^* ^*

^Wnple 3. From 7^ take 4*1
First subtract the whole numbenTV-A. »The LX:.M of the denominS^is 75 '•

A is then changed to fj, and H becomes U

bom«red from the 3 whtr.- w?^ "^ '^'"* ""»•* be

Whole numbers. V. l^f^"-^^T.TtZ ""'

75+20 33 95-33 62
' ^^'"''^

-n- .
« 75 75 75

i he complete answer is therefore 2«ths.
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QUESTIONS

Subtfact:

thJeigSi "^ *"«* five-twelfth, from „]„e ««1

thJ^xSiS^*
eleven and ^ven-eighth. f«,m«t^^

9. Subteact three-eighths from one hundred andtwenty and five-sixteenths.
™urea ana

10. Froma d«ft 16 ft. 11} i«.. ,ong take 11 ft. 6J in..

Xi:irorr^'^^*------^^p2.iin

Htow m«ch ««e ix„„ ^a. there melted the second daT^"
. what was melted the first day ?

-^""a oay over

13. There was cast from the total iron inelted inQueslaon 12 two cylinder covers each weiS^Jtwo .team pipes together weighing 878.6 lbs six^to^

SflU 'H^"* t^r' "" "'^ shoes.tiTwS^S
^JHh^ ^How much of the iron would be left foTtS

22sn*in
'^ **"''['' ^''^•^**°P!P« which supply 1200 and
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gallons of water ^Aj^ZtJ^Jf**^"^*^'^*^^

«on..':hen"nt",'l?r^« • «- o^ «- 5 ft. 5» 1^

of the car?
***" ^°"^*0* '»»•. wbat i. the weight

MULTIPLICATION OF FRACTIONS
To multiply a fraction by a whole numWthe numerator by that numL*" wiwl i^!^' ""'*''*'

num«ator. the iZLr^J*2 ^'~* *' "^
fraction.

remauung the same a« the

l^waple 1. Multiply i by 5Th» really mean* add l+i+a 4.1 a., j ..

.. V or when «du^ to itJtJitte^'ar
"^

A«mplerwayi.?|S.y.,,3j ^.^^

.ue.rrrt'.;;S---^--it*^
numerator. beioK multinuJi L.i * ^ *" ^*' both

inato« being mJtiSwtSth^*'" *"*' "^ <»«»-
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tor.. «d «d„« the ««,t SS^iJifSi.*^
*'~"^

"Maple 2. Multiply vv by H.

lyif 65 13
.

11 20 "220 "44 ^^""ww-

«»mpl.3.
Whati.thep«ductof|ofAofAofJ?

«»niiito4. SimpUfy s^x^XlH.

X 5

SJxiixiii-|x^xg-5*or3'
Answer.

9 2

E«mple 5. What is the pnxluct of 7jx9 ?

3

7ix9-^X^-66. Answer.
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OUBSnONS

1.

2.

3.

Multiply 9| by Sf

.

thirty-ecMKU.
"^ °~ "^^ *teven-dxte«th. by «v«

ixty-fourth. ™ "^ *^'** hundred and four and five

9. Multiply tiu«e and 6ve-mxt.»„*y,. u. .eleven thirty-^conda by thnJSrf^^^ "^ '**"•" •«'
even^ghths. «««^ghtiM by twenty-two and

10. A bolt waa found to wei<rh i ik itdo 12 of them weigh?
"° "***•«•»»»>. 12 oi. How much

"«cl> <!<». it bm, fa Ufco^jl^ "•'• !»''»«'• Ho.'

revolutiona?
»"w lar ooea it travel in 29(

'»-t^'.Tiror^ss'
-^ "" »" "»•»

'A ii kS^ '"™" «« "«• ""k » »* i. r I..
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DIVISION OF nucnoNS

Esample l. Divide 30 by j.

30 3 ,„
_+ 30^4 40

1 4 T^T-T'*'-«- Answer.

1323 8 1323
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QUESTIONS

(a) Divide 30 by f.
(a) Divide 24 by f.
(a) Divide 30J by A.
(a) Divide 48} by ^.
(a) Divide 31 by ||.

(b) Divide H by f.
(b) Divide H by 3«.
(b) Divide A by ^.
(b) Divide 341 by 11.
(b) Divide} by 20.

1.

2.

3.

4.

6 hi'vJ^i- V~_r*
"' "• Wi^vide*by20

itmakeperrnute? * "• "°* «««y •t«»ke. doe.

11. A railroad 16} miles long cost S660K 7« x,
mudididitcoBtpernule? "^ «*» WWS;

.
25. How

weig^WsY^!?"* " ""• ««*• ""^ ---y Wt. ri.ould

^^ parr, without Id. What will be the length of e«A

mile.!*i77"«"T' "'«*• ««* ^ ft. 8J i«. a« the« in 2

«6



SI^ L* i^; ,"*^ "^y '^<='« «»«''«l he "nalce. andmut would be left ovw ?
^^

« i. i!;^ i2L*f "J^i^ "*** *" coMtnicting a machine,fw cart iron,tV» bra«., and the remainder is steel. The
J^gh. 8491 lbs. What is the total, weighfof^^

n«J'lj^
machine planes off A of a casting, and them^ned«.t,ng weigh. 455 lbs. What was the originalweight of the casting ?

» •«"

be J^i{.^Z^L""^"^'^ *^'^"« 26J lbs., couldbe«»t from 461^ lbs. of material, and what would be left

I !„L l^^^T^n^^**
''^^'* **' * '''>°P ^h'^h » 755 ft. long.

Hghts should be ordered ?

CONVERTING FRACTIONS

It is sometimes necessary to change a decimal fraction

fraio^
°"' *" * ^'*" ^"^''" *° * **^»*'

''"o <*aage a decimal fraction to a vulgar fraction, draw

«eama^ p«nt. put down a naught for every figure after thedeamal point and reduce to its lowest terms.

r^,^^!^ *• ^'^'^ •" *° * ^^"^ ft««i«« andreduce to Its lowest terms.

25

.25- -J. Answer.
100

^



by the denominator ^ numerator and divide

60

48

120

80

80

QUESTIONS

1.

2.

3.

4.

5.
.•„'/

\"'J /^* " ^''^ "•"" of 33+i and 4S «»«> /-•

't"Frm^^Tin1?^-f^'^-^^^^
pieces each 3.56in«. loi; wZ'

'*'"«*«? » ''"'oved 11

7. Divide 3+«hJ^042r"""^''*"^'

3.45Vr**''**""-°^^*«--.2ft.lllin,.and

45.6J5 i^' "* •"••• "* •"••' 3* ins., A in... 201 in. and
Answer in feet and decim.l. of a foot.
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PERCENTAGE

-„H In
** ^'*'^*"* '****" fractions have been dealt withand Ae.tude«t wUl have a clear ide* of u«„g them r«

Ste^^'^'T*- ?«'*'*>"'yt*<"neth4haveb^Med for expre«Hng fraction* or port, of a thine Suodo-^ are 100 locomotive. a.«g.Slto a termSl ^dM^
™nwe.tofti.etermi«Uand50totheeast. IfyoHiSto .tate what fraction or part of ti.e engines w«e o^^hdm«on you would readily say one-hil? and it c^ld tewritten m eitiwr of tiie following ways: J or .5

i«.J^ "t*^'^
'"^^^ "^ expressing tiiis or any other^ctaonal part known a. tiie "percent" methodfandlfwe were to apply it to the above case of the engine we

rlTan^Jo?'"""*
(written50%) of thelZTtiJ^ran WMt and 50% ran east from tiie terihinal. Adding the

whole assignment of engines.

- mMi,!^T^ "^ *'''** '* " "^^ to "•* the pel cent

t^?^nft
'''P«=*°«"K ^"^o™. it U always und^t^

^i^"*"^** *' *"**• «»' ^'«>'* amount.^7a«rtBm %. say 5%. means 5 out of tiie hundred w S ™!
.'."h"^."^'

'^"^ "«"*•" it should rs^iis^»d«,ved from a Latin word meaning onehuSTS^ndated to our conjmon woid cent used in money, thean"•n ti>» case being tiie 1/lOOth part of a doluT P^ ^tm«u» p« hundred; 6% means 6 per hund^ or 6^tof every hundred. 75% means 75Z o?^' hldiS100% of course would represent tiie entire amowt.

reallJ^J* ~""* *°. *°r"^"« °" P™"«»- »« P«««t it isreally only an exercise in fractions, and ev«v oroblc-mshould be attempted with tiiis in mind. An^^'^te
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iV., 89% becomes M ^" **~™« t«.. 25% beooiie.

The met «mple form of question i. „ follow.-
iP«*I«n.

R„dwhat3%of84po««,.wiUbe.

otherwS „Xr; tlSarfrf^oX S^*"
'^ "' '^ '"

Solutioii.

J%'
100

100^**" ^"pounds. Answer.

•tud^^; lout :^rwi";s"i^" ^>* p"*^" ^^
of common f«ctiorwhiriTS '" ""'**P^?-
Smce the figure 100 wiU so oft™^Ur^ canceHatkm.

above it should be ^Z^^^' '" ''""tions Uke the

dednuU poinftowari The S t^^*^,"" "^f"^ *»-

ii>* US .84 in the abo4 qu^tiiT" ^l .*"«* ^o-Jd
eive. 2.52. and the^„„?"^J^"'W«g .84 by 3
•«* with this problem.

Poundsm accord-

W



PERCENTAGE PROBLEMS OF THE FIRST
ORDER

1. 9% of the locomotives aMgned to a terminal anMd for repair.. How many locomotives wiU this beln»e total anignment is 83 7
"™ w: ii

-nnL ;^J?^'^*.''^*P*y<=»»«=''a"">untingto$60.00and banked 6% of it. How much money did he Spk?
3. Calculate tile following anfounts:

(a) 25% of 300 castings.

(b) 85% of 649 apprentices.

(c) 3% of 1786.23.

(d) 11% of 76846 pounds.

(e) 2J% of 4768 tons.

, (0 31}% of 7640 pounds,

(g) 5J%of$87.48.
(h) 33i% of 384 feet.

* A man is worth $12,000.00 and has 35% of hi.^^nvested in property. What is ti.eS of ^

and IS getting 3% mterest each year. What will thl
mterest amount to for a year ?

*

Dow^' 1^"^"*'"'"'PP°««1 to generate 110 horsepower Owing to die scale in tiie boUer it onlygencJatM93%of,tspower. Howmany H.P.canitdelivw

scale te .J!^-rT* "^^^^ ^^ '• '»•* o^«K to tiiescale m the boder of question No. 6 ?
•
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a contract bonu. of 3%WhllZ^J^ ^'^ »"«>**d
bonu^P What^ ^'JltS^f' '""*'"" "' "^

written a. dedmalStiL for
?^ .*^* they can be

«e«on that any vul«^ f^-
"' '*T '**^ '" * P«viou.

mal faction o/^ZIT^^ "^ ^ ~"^'*^ *» » ded-

Thiu:

i:
''%-TVlr

03

17

2*%-^-.025
Etc., Etc., Etc.

to a decimal and the probfcri^w^^ ""^ ^ converted

multiplication of d3,Sh ^ •*"* " * """ti** «

Example. Find 3% ofW pou«i..

Solution. 3%- 03
03X84-2.52 pj>und.. Answer.

.-i^r;s:x^^-^wpart.ofj.
(«*te .n ,i,th,)x (Ba«)-(Perce„tage).

' Quantitv t\t -.l:.i. ^t

the

-~ -.. T»„u,»;x (Ba«)- (Percentage).
Th^quantity of which the percent is taken is called

r
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^^^SZ^ir^*^ * % of the b„e to b.

•n ««« cases, but for the aJ^LTLS *°* e-^Wenu

a question i„ fn«:tionsS y^^^\T *^ P~"*« «
fnumon of the can, are eCty E^ ^' ?"'*^'»" '^'t

•**« by multiplying ft g^S^^"
«'«''*««' to a pen^t

. .
Referring to the name, ^f *u

't « evident Uiat the «0^ JS'^k!^™"
'" this prohfen,

«" •" the "Percentage^onrtie^ Tu"^'" *^« ^^0
part required.

empbes and the "rate" is the

th.-u.t.pHedby,(fc„X:;'^"j:'j^- -"-
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PRACnCX PROBLEMS

19 wL i ifTlj?'"?'^ *" locomotive, of which

iL^tS^ '^'^^- ^« P-«t of the order

1296 40. Fmathepe^toftm^S^' "'"""'"'"•

wha/j'thtxr^v *"' *"•' -^^ '• ^•»'

aue.tionN^**/"*^*^'"'*'*"*^**"
of how you worked

IZ fj'
*"** ^^*= * ™'« *^*t *"" ^^ percentageproblems of the second order.

«»»ge

112 (L «?!.T??^"?
'*" '"*"'"« *" °'««* brnWing worthn2.M0 ^ .t. full value, wa. $80. What was thTpLait ?

a«H 7 h Tt***/"
""*•'' ''"" * "^"^ °f 5 bi»hel« of limeand 7 budiets of screen sand. What percent of the whrfenuxture i. sand ? Also state what perS^ beUmT

7. An enpne was bought for $8000, and later sold forWWO, what was the low in percent ?

14SifL I?* *°f*»
***«!»* of a freight car when loaded is148600 lbs., and the weight of the empty car is 41700 Ih..what perc^^tof the entire weightisthe'^ht'^fSIl'S^'

Srted ?
•'"^''^ *^'** " *** f"^«*t

out t A.™'^'*^''^ ^°' * 'f'^ bushing to be boredout to 4.25 ,ns. The work was turned out bored to adimension 4.18 ins. What was the percent cnror?
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PERCENTAGE PROBLEMS OF THE THIRD
ORDER

nroUon. If 5% of the weight of a castiiiK i» 65 Ib^.what M the total weight ?

Solutton. 5% of weight i« 65 Ibfc

1% " " " y "

*«>% V X 100- 1300 Ito. Ana.
After you undentand the above it can be written out

in a ihorter manner aa follows:

5% of weight is 65 lbs.

N„*- rJ^,!^o " " "V X100-13b01b.. An..

i. « uT* ^7?' '"*'i«e'ead»a« follows: 100% of weight

IJM lb?"
*' **"*" «'"'tip««' by 100. equal.

' Whenever the percent (rate) and the percentage areknown, the hue. which is 100%, can easily be found. The
rufe «H to find the ba«, divide the percentage by the rateand multiply by 100.

.
•— -• y "•= ™«:

PRACTICE PROBLEMS

1. A iMrrel of valve oil was damaged and there leaked
out 5.04 gal... which is 8% of what it orginally contained.
What WB. the ongmal No. of gals, in the barrel ?

2. Rnd the base in eafdh of the following ,

W 3% 47t„^
,0')12*% 260 feet.

(*=) 57% mVm.
W)«6| 573car..
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GMNKRAL RKVIKW OF PERCBNTAGB
If. out of 100 piecM nad* 17 .!».><.

I'sr^oirii^ssitT^^^

W LS^T*" "* '^«^- Wh.t i. the peSrS

Solutfan. JO
555X100-16.7%. Aii««^.

2. If by a new proceaB 100 »*»< »• k- j . .

^^^^Wt Of tie new prx«..over the oW. exp««ed in

7$



Origjnal aumlMr, 60; gdn k 100-60-40 pieov.

H«c. ^X100-«6.r%. Amwv.

Cm iboiUd be taku ahrty* to um the "oririnal"

Mtte divbor in thew p»oenti«e dculatkw. In the

Z^Ji;? f^^^^*^ P«»t of gain over theS
S" ^^'tL'"'^ "d «t the percent o( the^JS

SSLt"^ « o^«« ~de by ov^looldn, S

i. eq^1^22?^*'"""'*''*'"=~^'^ »'%»'«»«''.

Solution. RepreMnt the number u 100%
«7%—theinowMe.
1«7%—the number after it b iacraMed
1«7%-1122.

»«WMed.

100%-H22X100-600. Annrer.

187

it«lf. i^to'260r* """•"' ''•'^ "^ «^« <"

Mutton. Repretent the number as 100%.
35%- the decreaae.

100%-35%-65%-the number after decreaae
6S%-2600

^^'
.„-, 2600
100%-—xiOO-4000. Anawer.
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Example S Suppose you are burning coal thatcontains 11% ash andyou wanted to buy en^ugTso tW
-J-J40 lbs.). How many pounds of coal would you buy ?

amounf fhT. ^°"^^T *° t^ 1'% as the additionalamount that is needed but a little thought will show tihato be the wrong method.

cnn.lT''fKr^°'^ T°""*
*" *""^° '* -"^de up of ash andcombustible together, and if the ash is 11% then tZ

combustible part of the coal is 89%.
*

foUo^*!^
'^""''^ ^"°""* °^ ""^^ ^°"''* ^^" ^ f°"«d a*

2240

gj X 100^25 17 pounds. Answer.

GENERAL REVIEW PROBLEMS IN PERCENTAGE

fractions'^iM,?' ?'*^^' '*f"' ""^ ''"% ^ (^> 'J^^^--'t^ons. and (b) vulgar fractions reduced to their lowest

is 75"?
^^* ^' "^^ of 100 is

. 5 ? What per cent of 200

»nH ?/«!
" *?.^

Heating surface of a locomotive is 3600 sq. ft.

tn..l
^"^^ • °^ *^'' •' '" ^''^ '^'^^''' ^hat per cent of thetotal surface is in the tubes ?

t-^
>.

ui uie

orrf.r*'
J^^.'''"*•*""'^

"•*"«= <=an lift 10.000 lbs. when in goodorder. Through want of care in repairing leaks, etc 25%of Its efficiency is lost. How much can it now lift ?

"

Its staff S%. 75 men are laid off. How many wereonginally employed? ^
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6. An apprentice is paid 65% of the contract price
paid a machinist. His total contract for two weeks
amounted to $ 1 6

.
90. How much would the machinist have

been paid for this work ?

7. During an eight-hour test 31 10 lbs. of coal are used,
the ashes removed at the end of this time weighing 65J lbs.
What is the percent of ash?

8. The average number of revolutions of an engine is

150 per minute. The maximum speed is 16% more
revolutions. What is the maximum number of revolutions
per minute ?

9. Afumaceconsumes 130 bushels of coal per day. If
it is improved so that 30% of the coal is saved, how many
bushels are saved ?

10. A man engaged on an old type planing machine
turns out eight truck boxes per day, and the machine is

-repaired and brought up to date s-o that the man can turn
out 11 boxes in the same time. What is the per cent of
increase ?

11. A locomotive boiler carries a pressure of 220 lbs.
per sq. in. It is submitted to a hydrostatic test, which
calls for a 25% increase in pressure above normal con-
ditions. What pressure will the steam guage show ?

12. A firm purchasing machinery gets 6}% off an
order amounting to $46,575 . 25 for prompt cash settlement.
What saving is thereby effected ?

13. During a month a machinist works 240 hours.
His rate was 28 cts. per hour. He got $16.20 extra as
contract balance. What per cent;, did he make ?

14. An engine that when in good working order
deKvered 148 H.P. is found to be only 67% efficient. How
many H.P. is it now delivering ?
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did he work if h" «r;srrhourr '^ ''^

completed ?
'^*"* "^ *^* ''ay'' ™n has it

INVOLUTION AND EVOLUTION

numir"'"" ""' '^'"*^''" *«-* "P- the powers of

nu.^=Si^i^,f«^—i-^ .«^V a

3, as 3X3-9.
"""'*•• "w «econd power of

SO



the^iSl5:*'^*^.*"'^''*°^"« *** four raised tothe third power equals 64. or 64 is the thini power offour
To indicate what power a number has been raised to «

ar^S" ^tL"^
*»>\«P<«ent) is plaJSTl-^SaX

Z^ ,^ u
"?'^' *° **"' "Sf"**' thus 6« means that s^s

^^num^"^' '""*'• ^--ftencalled-squar.

invoSL'^^Se"^ * "• ""^ .*° * '^^^ P*""* » «J'ed

K^^IS ''^** °^ involution is evolution, and

6»r^^ ^^*'^*- Thus, 36 is the second po^er of
0, and 6 IS the square root of 36.

Raising a numt^ to a certain power (involution)P^ts no difficulties. multipKcation being all that "s

SST' "*^"'^ * ""* ^^^°'"*^-> '« "-« ~-

d.-.!?^
««««=>> «gn V placed before a number indicates

r.'r^'S™,*" "^ -» ^™ »^^^
V 16 means to extract the square root of 16. and

V 27 means that the cube root of 27 is to be found.

root ^^fou:!?^*^°"'l"'=^."~'^^«''^'^- butanyroot can be found by a combination of square and cute^t. Thus, extracting the square root of a square^wiU give an answer to the fourth root, and so on
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Knmple 1.

J0588S16 sq. ins. itu'^V"? "•'"P has a floor area of
What 18 the length of one side ?

3

3

62

2

645

5

10 58 85 16 (3254 inches.
9

Answer.

1 58

1 24

34 85

32 25

2 60 16
6504 2 60 16

3254 inches, squared (or raised to the second oower)would pve 10588516, which shows how to^^K aquestion has been correctly solved

iolu^
'"*'^*^°"' ""^ '" ""'^^^"8 '^' «b°^« 'oot are as

1st. Point off the number into groups of two fieureseach, commencing from the unit's place
' "'^ •>K»f«

,,?"f, ^"^ *t the left period and say, "What numbermulfphed by itself will be ten or less?" 3 m«ts tS

Wt-hand column Place 9 (the result of 3 tim^ 3) underthe first penod, 10, and subtract.
3rd. Bring down the next period, 58. beside the

reminder 1, and add another figure of similar vatet Ihl

r3^Ltre rrj" '", *'^ '*'^"'- ^"•^•^ -^ <-was J, therefore 3 added to 3 equals 6
4th. Say "What figure added to the 6 and used as adivisor would be equal to or less than 158 ?" 2 do^^is «

82



l!^-^nir^fu'^T' '? *''" ^""^'' *•«* •" P'*«=d beside theMX in the left-hand column and becomes 62. 2X 62 - 124 •

Sr* "* " ^"'^ ^'^^ '^'^ "^ *"** subtracted

-„H
^*'' °j "*uf°T ^^ "^* P*"°<* «f t*o fig""* (85)and always double the last figure of the div«,r to obtain

part of the next dmsor. and so on to conclusion of question.

QUESTIONS

1. Raise 3467 to the second power.
2. Raise 374 to the fourth power.
3. Extract the square root of 104976.
4. What is the area in square feet of a field 280 ft. loneon one side, the field being square ?

5. Extract the square root of 2815684.
6. Find the fifth power of 9.

7. Extract the fourth root of 20736.

1 J:
,A «l"?fe field contains 20816 sq. ft. What is the

length of one ade ?

9. Extract the square root of 41616.

10. Simplify V 16».
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MENSURATION

inche.. «,„a„ feet, ^^yj^ ** """'«' «^ «!"«•
t*in«- A «,uare . a four ^2i I

""^ "^'^ ** <»n-
equaJ «de.l„d four t^^^^ ^'J "^^ ^ four
an« every figu^, no ^1*^^'.*™^/*" oompariwn of

havi^s ft. «dS^*s^i3^[*- '" """"*" *" - ««-«

-hoJ'o^e^tiL?^aTnLTr '^"'' -^ "^^
-e n„n,.r of -.rSt""-^- n^---

itTeJSTa^a SToni^ ^^l**^
into 6 parts on

"». oAj-18 square units.

"oce. Length and breadth miiat K.same units. ™"" •* expressed in the
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.urfall^^f"" ^^*^' T^ "•«"» "'««irem«,t of^3^ .
^'"™««). .««» place of writing a Ions nik in^ .t b u««d to abb«viate by meaJi ofX^LS

Thu. the rule stated to find the area of a rectande or

l^th eSs a^:^.--
"" " -^ "^"^ -•**'"•«• ^

?«>«•* has been proved by the diagram that the above

3^1^^« :?'*•'•***" "^ ''y ^^'^ ''="«^' therefore

oe expressed in a Sort manner, thus:

LXB-A. A+L-B. A+B-L.

form^ ^ ^ "^ '^'"*""« "^ ™'« » ""own «» aformula. These, by reason of their simplicity, are usedthroughout all textbooks to express the varioi; ^e.Tr

»7l lu^**^" ?^ "^^ ^°^ "«'•«* consideration and the«gns are the usual arithmetical signs and symboU.

by 1Jft"**'*
* ^'"'* *"** °' ^ '"'**"«'*' "enuring 42 ft.

A-LXB.
Therefore A -42X 16 -672 sq. ft. Answer.

whicJS? 'm ^'"f
"^^ •''"«'•' "' * rectangular shopwmclj IS 36 ft. wide and contains 3240 sq. ft.

L-A+B.
Therefore L-3240+36 =90 ft. Answer.
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whfcf^£:i'«JJ^*^^t5« length of theddeaf..,«„

the "»S^ut°£tThe'LtT'' ^- "^-• *-^»

QUESTIONS

SJ::tt™"'.'-?'^-,.-x»w,
1.

2.

wide?

^ .
« What^'t^li^i:;^^*»^ -B. being 16 ft.

be m onler to have an a«a SSS^J^^ «**** "^"^ *«

«2«Vir's*;x';!sror«^.--^.-f
10 Tl.. <i__r ,****" "^ one of itoildM?^

«-^ ^ft'll.^XlsT^^ to be .^ „
n^newing it at 12*0^^!V ft f"* ^ »* *h« «« of

th"* combined. What ^^J^"!"^' ^ »«« "tber

lanreplatfonnifiti»builtIJL«? ''"'"^^^n. of the
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TRIANGLES

TriMiglet arc three^ded figure* of variou. •hapc, .ml
•renMnedwrnetime. from their wde. «nH sometime, from

In every triangle the greater side is opporite the greaterMgle. and »n the ca»e of a right-angled triangle the greater

ri '1.^'f
* = "hypothenu«>." The other twfride.

are called the "Base" and the "Perpendicular "

«aouARu

P"*-—wj

»10UAUS

uaouAKU

From the above diagram it will be aeen that:
.

1st. The square upon the hypothenuse is equal to .

^i!^ *l!^ ""T* "P"" ^^'^ '^ *«d th« perpendic.
(the other two sides).

2nd. The square upon the base or the perpendicular is
equal to the difference between the other two squares

From the forr^oing facts it will be seen that the length
of any side of a nght-angled triangle can be found whe.i th«
other two sides are given.

Enmple 1. The sides of a right-angled triangle are45m8. and 60 ms. respectively. Find length of hypothe-

l-^l

W

(-



"--"^'.^»—JX«ijr:^;; ::

rightSSd'JiLle^M^ !f
*^ hypothe„„^ of .

VV^t i. the .ISorU^o'trSJeT °' '*•-^ » « i™.

!!" ^"^ "l»n the hypothe„„^,«..«25
«,. i„.The «,u«,„po„u.e given .jde-39..,521«,.i„.

Therefor, the «,ua« on the other ride-^., j^
Ungthofotherride.^2704-52i„..

A„.wer.The* rule, expre^ed « formula, would be-

H.
B-VHTTpi

QUESTIONS

'^^'^r^^^'^'^^'^^'-'^-^tn.n^.tH.
1- 24 and 32.
3. 57 and 76.
5- 271 and 314.
^ 365 and 402.
9- 306 and 390.

2.

4.

6.

8.

10.

45 and 60.

399 and 532.

316 and 365.

147 and 206.

M3 and 670.
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u« .li^^r* '^^' ri«»»t-«iBled triaok-., the hypothen-UM and other iide being iwpecttvely:
/i~"«wi-

1. 45 and 27, 2.
3. 75 and 60. 4.

5. 365 and 313. 6.
7. 635 and 603. g.
9- 653 and 236. 10.

55 and 44.

440 and 274.

563 and 603.

536 and 47.

356 and 114,

«nfJi*u!^ ' preceding queation. it will have been

r„7w" ^"""*=''»^«-«the«de.a«either.T7
««d 5 (Me digram) or «me mulUple of thoee numSr. ithat whenever the «de, of a triangle a« in that propS^the«ge oppo«te the hypothenuse i. a right a.^ ?S
to^iLi^*' " '"^"'"*'^ * '^«''* '^•« can be .truck

X

QUESTIONS

»* *^ I^ hypothenuse of a right-anried triansle ia 234
ft2nd^theb«.i.98ft.long. WhaTTthe^SXS;

153flxli7ft!r
'• *"' "^'"•^ *"' * '^'^'- -^

««^^'- 'V*'f''*'°^**'"*^"*5ft. Find to three placeaof deamal. the length of its diagonal.
"'^'PW**

.•.*!.*. ^Tf"'^"*°^P'*** «>'»*«'" 256480. ins. Whata the length of the diagonal ?

5. The hypothenuse of a right-angled trianale is 348
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6. The foot of a ladder SO ft. long i« 14 ft. from the
^1 of a house, and its other end just reacjiea top of window
The foot of ladder is moved 30 ft. more, the end now toudi-
ing bottom of window. What is the distance from top to
bottom of window ?

7. A jibKTane requires a tie-rod. The height of the
mast 18 6 ft. 3 ins., and the length of thp trolley runway is
18 ft. What length does the tie-rod require to be ?

. „? .
^ "*"«"»"» measures 69it.acro» comers and

is58ft.long. Howwideisit^ '"

'

9. A roof of 22 ft. span measures 14 ft. down each of
Its slopes, from the ridge to the eaves. Hbw high is the
ndge of the roof above the level of the eaves ?

n

AREA OF TRIANGLES

In the foHowing sketches note that the shaded portioii
representing different shaped triangles is exactly half the
•weof the rectangular figurfe enclosed by the dotted Unes,
therefore in any triangle the area is equal to half the area of
a rKtangle which has the same base and perpendicular
height, or, if expressed as a formula where

B»Base
P— Perpendicular height.

A— Area

BXP
. A..
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i
ExMnple I. Find tfeema of a triangle having a biw

27 inches Jong and p perprodicMlar height of 34 inchei.

A—
BXP 27X34

-"459 sq. ins. Answer.

%

:

i

To find the base (or the perpendicular height) of any
triangle when the perpendicular height (or the ba«) Lgiv^uble the area and divide by the given dimension,
expressed as a formula, thus:

B—
AX2, AX2

B
Examfie 2. A steel plate shaped like a right-anried

^langte h« an area of 90534 sq. irai.. and the perpendtarfar
height »tt4 ins. What is the length of the basT?

B-
AX2 90534X2

• 237 inches. Answer.
P 764

QUESTIONS

AL ^t*i*
**•* area of a triangle 66 ft. wide on the baseand being 108 ft. in perpendicular height ?

2. What is the perpendicular height of a triande
containing 3048 sq, ft., ite base being 56 ft. wide?

'>mJ' ^I***]"
t»»e base of a triangle when the area is^o»u sq. ft. and the perpendicular height is 298 ft. ?

•
^*' ^* " ^""^ ^^* o^ a "^tangular steel irfate whichw 66 MMusB^e ted the diagonal of whkh is 256 ins. long ?

91



5. A ladder is leaning against a wall. Top end is
24 ft. from the ground and bottom end is 12 ft. frafndie
wall. How long is the ladder ?

6. What is the area of an equilateral triangle (one
having three equal sides and three equal angles), the
length of one side being 16 ins. ?

7. What is the area of a right-angled triangle, the
hypothenuse being 48 ins. long and the base 16 ins. long ?

8. A right-angled triangle contains 2648 sq. ins. and
tte perpendiculat height is 1 16 ins. What is the length of
the hypothenuse ?

circz.es •

From the lessons i* Drawing we learn what a drde is,
also that the boundary of a circle is called the circumference
and a line measuring through the centre from the drcum-
U^Bce to the circumference is the diameter.

In all circles the circumference has a fixed ratio to the
dUuneter, aod this is 3 . 1416 to 1. .

This can be proved by measurement and hence to find
the drcumference of H^prde multiply the diameter by
3.U16, or to find the diUneter«^ tin ctrcamfeience by
3.1416. "

Eqweanng these rules as fo

Where D-Diameter
and C— Circumference

C-bx3.1416
D-C-s-3.1416

Examide 1. A drde is 7J ins. in diameter. Find
its drcumference.

C-DX3.1416 ^^
Therefore C-7. 125X3. Uie^K^gMj^ Ans^

^m^K.
92
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' rin.,!^***
'

*
'™* ** '***^**' °^ « «^e when thearcumferencc nwaaum 31.0233 ins.

D-C+3.1416
Th^ore D-31.0233-H3.1416-9.875-9Ji™. An..«ote. Thefraction equivalent for 3. 1416 b 31, which« not w conect as 3 1416 but is often u«id where m

Zrr^irr » ^-^^^^-l cose enough 3^4!;shonia be used where greater accuracy is leq^ed.

AREA OF aRCLES

im
If a drde be drawn inade a square so

that die drcumfeBence touches the sidesae square, it wiU be seen that the area
the arcle is less than that of the square
reason of losing the amount cut off by (

four corners .

The ««a of these comers is equal to the area of the

2*^^7854. which « th. conrtant used in finding the ««,

mifSSdlT °T^4!'^
'"'"^^ " "^"^ -'^ *^^ -••»

Expressed as a formula this is: DXDx . 7854.

Example 1.

diameter.

-DXDX.7854 r
=6.SX6.5X.78S4-1831S8q.ins.

From the foregoing formula and example it willte^
that .f ,t was required to find the diameter when the a«awas given, the formula would be as follows:

93

Find the area of a circle 6) ins. in

Therefore

A.
A=



D-VA+.7854
That is, to find, thie diameter divide the area by ,3iH

and extract the square root of the result,

A study of the following formulas will show the rdation

one part bears to another, and hoC- various proUems
relating to the circle could be solrved when certain parts

are given.

D — Diameter

A —Area

C-DX3.14i6
A-Dynv 7854

R-(C+3.1416)+2

C — Circumference

R-Radius

D =C-- 1416_

D--\/A+.;654

A-RX^vi?X2X.7854
R=v'Ai./lsi4-i-2

QUESTIONS

1. How far does a driving wheel 60 ins. ii) diameter

advance in making Mie revelation ? , \

2. What is the area of a piston 22 ins. in dtamet«' ?

3. /nie circumference of a pulley is 79.65 ins. < Find

.

the diameter, to two decimal places. ' \*

4. The cylinder in an air hoist is 14 ins. in diamdjte'.V

If the air pressure is 90 lbs. per square in., wh^ weightji' \

the hoist capable of lifting ?

5. A driving wheel advances 19 ft. ll|ins.inm^w
one revcdution. What w its diameter ?

6. With a presstoe of 90 lbs. per square inch, what

diameter cylinder is r«uiired in onler that an l^ Jioiii

Ufts 13840 lbs. ?

7. What is the total pressure on a locomotive {Hston

28 ins. in diameter, the mean effective pressure being 160

lbs. per sq. inch ? \
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8. What w the circumference of a circle which has an
ai«a of 4576 sq. ins. ?

9. What is the circumference of drtiles 4J ins., 5f ins.,

and 9f ins. in diameter ?

10. Find area of circles 6 ins., Sf ins., 9f ins. and
11 ins. in diameter.

11. What is the diameter of a circle which is 278 ins.
in circumference ?

1 2. Find diameter of circles having an area of 34 sq. ft.

and 6 sq. ft. 8 sq. ins.

13. What is the area of a circle having a 4.563 ins.

radius ?

14. What is the circumference of a circle that contains
3472 sq. ins.

il5. The cylinder in a hydraulic press is 16 ins. in
diameter and the press exerts a total pressure of 100,500 lbs.

It is desired to reduce this to 70000 lbs. What is the inside
and outade diameter of the bush that must be put in the
cylinder?

!*• What pressure will be on the cylinder head of a
locomotive, diameter of cylinder at counterbore being-25 ins.

and the mean effective pressure being 100 l\)s. per sq. in. ?

' ' 17. What diameter safety slve is requited ia older
that it acts when a pressure of 2 as. per-sq. in. is readHd,
the total pressure tlien uffcm the valve being 1790 lbs. ?

18. What length of a band, will be requiitdfo go round
a cylinder 18 ins. diameter and overlap 2 ini. ?

19. How much caa Im wr hoist lift if its cylinder is

12 ins. dia. and pressure exerted is 80 lbs. per sq. in. ?

20., What is the area of a section through the centre of
a csstrir^t bail that is 14 ins. in diameter ?
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AREA OF RINGS

The sketch shown hereirith illustrates the ring, whicft

is frequently met in practice in the shape of the end of a
(ripe, bush, etc., and to find the area it is plain that if the

area of the inner or snudler drde be subtracted from the

area of the outer or larger circle, the result will be the area

of the ring.

Expressing this as a formula where D> outside

diameter and d— inside diameter

:

A- (DX D) - (dXd) X .7854

While this is the formula gen-

erally used, it frequentlyi happens
that the following method is

euier. Note that in sketch there

is a dotted line midway between
inside and outside diameter. This

is called the "mean".or average

diameter, and if MD Mean Dia-

meter andT»Thickness of Metal,

as shown in sketch at T, then A—
MDX3.1416XT.

Eianqde 1. The end sec^on of a {Spe measures 6 ins.

outside diameter and 4 ins. inride diameter. Find area of

pipe by both methods. ^^^^^^_^
First Method : A- (DX D) - (dXd) X . 7854

(6X6)-(4X4)X.7854

20X.^SI-tS.708sq. ins. Anmrer.

Second Method : A- KlDX3 . 1416XT
5X3 . 1416X 1 " IS . 708 sq. iM.
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QUESTKm^ o
1. \yhat U the areaof oneiideof a hublinq' that is

28} in*, outside diameter and 14 ins. inride diameter ?

2. What is the area of the end of a bush.-outHde
diameter being 24 ins. and inside diameter 18 ins. 7

3. What is the area of a circular racetraclc 378. yds.

inside diameter and 16 ft. wide ?

4. What is the total surface, inside, outside, and both
ends, of a pipe 6 ft. long, 12 ins. inside diameter, and 18 ins.

outside diameter ?

5. What is the area of the end of a cast-iron pipe that

is 12 in*, outside diameter and 1 in. thiclc ?

6. What is the area'of the end of a pipe 8.9208 in*,

out aidfe diameter and 6 . 07 ins. inside diameter ?

7. The area of the end of a pipe is 30.6306 sq. ins.

The outside diameter is 8 ins. What is the inside diameter ?

8. What is the area of the end of a bush that is 4|
ins. outside diameter, and has a 1} in. Iiole running tiirough

Ibe centre of it 7

9. What pressure acts upon the back cylinder head of

a loooiSiotive, diameter at counterbore being 28 ins., piston
.'

ipd^i^^l^4 ins. in diameter, and the mean effective pressure

in at ii/Sader being 140 lbs. per sq. in. ?

\ lOk The total pressure acting on a locomotive {Mston

i> tiie bade end of a cylinder is 19327.48 lbs. If the

cj^bder is 28 ins. in diameter and the iMstoh rod is 4 Ins.

(UaiRcter, what is the mean effective pressure per sq. in. ?
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CYLINI»ltS

Sketch shows plan and elevation of a cyUnder.

Suppose there was paper placed
around a cylinder which was 4 ins. in
diameter and 6 ins. long. There would
be required two circles, each 4 ins. in
diameter, to cover the ends, while the
body would tequire a rectangular
shaped piece 6 ins. wide and having a
length equal in distance to the cir-

cumference of a 4 ins. circle, hence the
rule for finding the area of the surface
of a cylinder is: Add the area of the
two ends to the length times the cir-

cumference, the formula being as follows-

A-(DXDX.7854X2)-|-(LXDX3.1416)
Etample 1. Find the surface of a cylinder 18 ins.

diameter by 30 ins. long.

A-(18xi8X.7854X2)+(30xl8X3.1416)-2205.48q.in
('^'- • "'

'.^o.iAnswer.

^ t

QUESTIONS

u- u
^' j^** '^ ^^ *^ "^ ^''^ *'"'^«* of acyKnder 28 ins.

high and 9| ins. m diameter ?

2. What is the drea of the surface of a cyKndeF 2 It
3J ins. diameter and 6 ft. 1 in. long ?

3. What is the total area of the surface of a piaiAlti.
inside diameter and 8 ins. outside diameter, by 16 iroXng ?

i^ J V^**
"*«"«» of the surface of a cylinderl?! ins.

long and 9i ins. m diameter ?
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(§. The total Mirface of 4 cylinder it 348 aq. im. The
cylinder is 8 im. in diameter.

, How long b it ?

-6. At 21 cts per iq. yd., what is the cott of painting
a circular tank 16 ft. in diameter and l8 ft. high>

7. What is the area of the surface of a cylinder 1 } ins.

diameter and 2} ins. long ?

\S. What is the area of the surface oif a cylinder 16}
ins. in diameter-and 22 ins. long ?

9. What is the area of the surface of a cylinder

6 ft. 5 ins. in diameter and 11 ft. 9 ins. long ? Give answer
in sq. ft. and sq. ins.

^

'

10. What is the area of the surface of a cylinder
1 4 ins. in diameter and 20 ins. long ?

I

i-

il

MENSURATION OF SOLIDS
CUBES

Previous questions have taken into consideration tbe
mensuration of surfaces only, in which two dimensions were
usually given, namely, length and breadth. ' —

In mensuration of solids, thicknow (or depth) is con-
sidered in conjunction with the above,' and of all solids the
cube (or the rectangular ptism) is the most simple. In the
case of the cube all three dimensions are equal and each of
its six facesare equal squares.

The unit of measurement of any solid is the cubic inch,
foot, or yard, and to find the volume of a cube multiply the
length by the breadth by the depth, or, expressed as a
formula:

=LX1XD
Notli^' Sizes of Length, Breadth, and D(S>th must be

expreaeed'Si the same units.
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V-LXBXD i
16X16X16 ;

—2-1V— - 10/27 cu. ft,

1.

ide?
2.

3.

4.

1728

. . 2. What is the volume of « neatMk. inMe dimenaions being 8 ft.x8 ft.Xl«lt ?V-LXBXD '%

V-8X8X16-I024ai.ft. Annrar. |'

QUESTIONS

What i. the volume of a cube 11 in.. long ©n one

What it the wirface of a cube 14 inal aquare ?
What ia the volume of an 18-in. cube ?

i«^ *"°*.'~"^ U.S gaUomi wiU a tank contain whceetaaoe dimenMons are 6 ft X 3 ft.X3 ft ?
.'«• A rectangular tank containa 908 U.S. galkw. Ifa»«Bdolit niea«ire» 14in..X16ina., how fcmgi, the tank ?

6 (f « . .
" ^^'^i^^ Of a rteel plate 20|ii.wide,

6 ft, SJ ins. long, and J in. thick ?
^ ^'

7. What is the height of a bar of .784 ins. square
wrought-uon, its length beii« 12.25 taa. ?

ralfcl
jV^«*"K«^" *«»«*« 6 ft. long, contains 180 tJS.

^J^^""*"*"**"*'**"*^- How deep is it?
'

9. What is the Weight of the water enclosed in a
«ct«>«ular tank measuring S ft.X3ft.X2i ft?

m^®; .." *.*?"'' **"**^^^^ ••*• of *ater when two^t«nb fuU «Kiis 14 ft long and 4 ft deep, how wide isTt ?

Ill • JJ^r.""*"^ *^- ^*' "^ contained in a tank
11* ms.X22f in8.X6 ins. ?

^^
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12. Ho«nunycu.ft.araoontaiiiedinattiik9ft4iaa.
loBgby 5 ft 0* in* wkleby 5 ft 11 Ini. deep, dediirtiiir8%
for ugiei, ttey% rivet-hutb, etc ?

13. How many U.S. giUoiu doct a ractai«iilar tank
contain that meawret 6 ftX4 ftX3 ft, when it it 67%

14. At2Scti.percu.yd.,whatistheco«tofescavatii«
a foundation meawring 68 ftX96 ftX16 ft?

CYLINIWRS

The volume of a cylinder is found by multiplying the
area of the \jfiMt by the height, or, exprcMed u a foinuda:

V-DXDX.78S4XL
Rwnapla 1. Find the volume, in cu. ft., of a c)dfaider

which ia 18 in*, diameter by 42 ina. long, \
V-DXDX.78S4XL
V-1.5X1.5X. 7854X3. 5-<«.18Scu. ft Anmnr,

2. A cylindrical veaael of the same dimea-
iona given in Example 1 ia filled with water. Howmaay
UAgaUona will it contain? ^^^

V-DXDX.78S4XL
•'': Icu. ft -7.5 U.S. gallons

No. of US. grifctl. 5X1. 5X. 7854X3. 5+7. 5-46,3875.

QUESTIONS

1. How many cu. ft. are contained in a cylindridd •

tank 16 ins. in diameter and 3 ft 9 ins. long ?

2. How many U.S. gallons are contained fa a ^titk-
fkkal teak measudng 7 ft. in diameter and 12 ft high 7 .
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3. What k the weight of *it«elcyllm«!r 6 InfcoMtilde
ttMieter, lOim. long, with a hole 1} in. diameter drilled
through the centre?

. 4.
What la the weight of a wrought-iron bar 14 in. in

'

diameter and 161 ina. long?
5. What is the weight of a caat-iron pipe. 24 ins.

outiide diameter, 16 ina. inside diameter, and 48 in*, long ?
6. A cylindrical bar of tteel weigh* 67 Ibe. It ia

3 ins. in diameter. How long is it?
~

7. What is the weight of a brass dderod bush, 6 ins.
outside diameter, 4) ins. inside diameter, and 4 ins. wide ?

8. How many U.S. gallons are contained in a cylin-
drical tank meaMring 18 ft. 6 ina. diameter by 16 ft in.
deep, if a post 18 ins. in diameter U running through the
centre of the tank ?

9. How many cu. ink. are cr itained in a cylimlrical
vessel 6

. 25 ins. in diameter and 8 . 374 ins. deep ?

RATIO
i

R*tio is the comparison of two numbers or quantitiea
of the came kind, and indicatea how much greater or lees
one ia when compaiM with the other.

• -T****^ *°'' ****** " ""*•* "••*>" ( =) but more often it
IS eiqMessed as a fraction, or by a division sign.

W -!» ratio of 12 to 6 were requLed it could be written
12*, 12+6, or V, the answer being 2 to 1.

This is known as a direct ratio and is conndered as two
to one, but if the ratio of 6 to 12 were required, then the
result would be an inverse ratio and would be 6:12, 6+12
«A, and is equal to one to two. Unless otherwise stated!
all ratios f-e undfrstood to be direct.
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The best comporiion of ratio It with the unit u ahown
above, but this U only poeiible when the two munbera
oompwed divide evenly.

When they will not divide evenly, the beat way ia to
raduoe them to their lowest term* by cancellation. Thue
idut ia the ratio of 77 to 49 ? Thi.. when cancelled by 7
equal* 11 to 7, which is easier to undenund than if 77 had
been divided by 49, the answer to which would have been
1 .551 or, when compued with the unit, as 1 . 551 to 1.

Bnmpl* 1. If a boUer having a grate 4 ft. wide by
7 ft. long has a heating surface of 896 aq. ft., what is tiie
ratio of grate area to heating surface ?

Grate Area- 7X4 - 28 sq. ft.

Ratio-28496- 1 to32. Answer.

Emnplc 2. The ratio of Ute length to the widtii of a
fieldisas5to2. The widtii is 144 ft. What is die lengtii ?

5 144

Length— of —-360 ft. Answer.
2 1

t

QUESTIONS

f l.y Ihe heating surface of a locomotive is 3600 aq. ft.
and the grate measures 6 ft. by 8 ft. What is the ratio <rf
grate area to heating surface ?

2. What is the ratio of the number of teeth in the
driver to the number of teeth in the driven, in the following
gean, uaedjn a lathe ?—

Diirer DrlTen
A 20 40
B 80 50
C 20 30
D 70 25



3. The diameter of a high-pressure cylinder is 20

rr ""^^^^l^^ of the low-pressure cyUnder is 30
inches. What is the ratio of their areas ?

*• ^" indicator diagram shows the mean effective
pressure per sq. m. in an engine's cyMnders to be 95 lbs., and
the Steam gauge shows boiler pressure to be 220 lbs. per sa

I!:-,
'* ^^^ "'^° °^ ^^^ "»«« effective pressure to tiTe

. boiler pressure ?

7^8
^'

f"
'^'1*'' ^^ * ^**e area of 4J ft. X S ft., and has

745 sq. ft. of heating surface. What is the ratio of grate
area to heating surface ?

»„ ,
^'
tZ^u "^° "' * chimney's height to its width is as 11

to 2. The height IS 38 ft. 6 ins. What is the width ?
7. In a mixture of copper and tin the ratio is 3 of

copper to 1 of tin. How much of each is contained Jn a
casting weighing 176 lbs i*

8. If a casting contains 384 lbs. of copper and 128 lbs
of tm, what is the ratio of the metals ?

9. A planer has a cutting speed of 32 feet per minute
and a return speed of 150 ft. per minute. What is the ratio
of the cutting speed to the return speed ?

10. The ratio of the height of a certain door to its
width 18 3: 2. It is 4i ft. wide. How high is it ?

11. Two air hoists have cylinders measuring 6 ins.Md 8 ins. respectively. If the pressure in each case is 90
ta per sc in what is the ratio of the weight that can be
lifted by the first hoist as compared with the second ?

12. TThe ratio of the height to the width of a certain
tankis as 7 to 3. .Diameter of the tank is 12 ft. Howmany U.S. gaUons will the tank hold ?

13. The ratio of two gears connected together is as 5
to 3. The first makes 105 revolutipns per mimite. How
niany does the second gear make ?
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WIOPORTION

, . , ,
inis leaves four saarm <n

which the terms are placed, these being knoinTj,^number from left to right, as under:
° ^

1st term
: 2nd term : : 3rd term : 4th te^.

nl«Jr^ V "*?• ^" '" '^^^y '*<l"i^«l and has an Xplaced m .t which means that this term is the untao^quantity and is to be found.
unicnown

The third term is always of the same denomination a>
J^ean«.erwi.lbe.andistheonlyoneofitski„ZS^
ui the given question.

"""cu

th« J**^
^"^^ ""'^ '*^°"*^ ^"^ ^""^ ^l^^ys Pven and are of

^iS th"^
"P°" -hether the answer will be more

S St^t^e
^''

T^^"" ^ P"* **"*"« the secondterm but if the answer will be less than the thin! term, then

^ft!^ ; -7 '^"^'"nK one is used as the fim term'.The outs.de terms (1st and 4th) are the extremesS
^^1r^ ^'^^^ '"^^ ^ *« means, and "S
m^;^r ""^''^ "' "^^ "^"^ "•"^^ *^^"^
term??*;k

^'^'^^ ^''^ P"^"'^ °^ th« ««=ond and third

Srl'ich'^rLT' "•' *^ '""•* ^" gi-thefZSicrm, wnicn wui be the answer required.
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to do the ^TaToLnt of^^k^""
'*^ will it Ulce ,2^

the t!5;3STL^t^bl'LT" "*" *" ™ '^^' *^-'<^
.Pv«. ,„ the QuSonTn'iyt'I'ndr ;; '^^^ "?!; ^^^
work faster than 2 nw« Vl

«» '2 men will do the

the set dJ^ J^^^'*'^""'" (2) will, therefore, be

Solution:—

12 : 2 :: 24 : X
2X24

-4 days. Answer.
12.

QUESTIONS

^J.
If 15 tons of coal cost $60.00, what will 18 tot«

take 8 n,^" d'tT '° * ^"^ '" * ^^'' ""^ '-« -" i*

high exerT?
^' ^** "^"^ ^" « «»>""« 72 ft.

in 24*hrs'^Tw f** ^̂0 gal. per ™„., and fills a tank

^'^X^nXT'^:;^^ «» ^-«^ With a

lOOo'ft.
"""^ *"' """^ "^ '**'' ^*- °^ '"•»'*' at 113. 50 per
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»o^'^y^S'£^£,:r^'^ --"^ - 35 day.

of 560 bolts ?
* " "*•• *••»* ^» be the wdrtt

takes A 215 hours ?
''° * P'«* "^ *«"k which

-"•^.:itssirs?;:e::;\rtr-^^^-by a chimney 66 ft. 8 in high ?
^ ^""^ ^^^

do it by working 8 hou« a day t^'^
"°"'' '^ *^ "^ ^^ '

ThrcH

EQUATIONS AND FORMULAS

sUtedand£l?LSo°:;vr'"^V™'"'"- "-"
the wo«U in conjuncS^5^'*^^^y"«.'«*h«Wtial letter of
LXB=A ^,ea„t^^rX"XEd^ ST^^^^'^^'As previously stativl thu u ^ '"^^^atn equals area,
nile is known asTS;*^;^"^ -^thod of expressing a
this was a very co„v«Snt .^li,^ ^''^ ^^ "°*«» that
when the qua^tS^^d^'*?* °'

'T'"'"""« * ™'«
number.

considered have only been three in

two o?.^;reXurra"'.X'"^^"—••'e^.-d
expression is call«rf an eoLL^^ ^^*^ """"l^- the
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To illustrate this the next subject taken up is on trans-
million of motion and the, equation for this is DxND-F
XNFv (See text kseon for meaning of letters.)

The first two quantities form a couplet and their iwb-
duct Aiftist equal the producit of the sewMicJ couplet.

It is unnecessary to remember niore than this equation
for transmission of motion questions, as all formulas can be
built up from it and the method of doing so can be applied
toiul equations.

Rule.—When one term of a couplet is required, divide
the product of the other couplet by the remaining term of
the first couplet, thus:

ND D F= DXI.'D
NF=DXNDNF *" F

A little study of the solutions of the questions on the
next subject will make this clearer, and no trouble should be
experienced if the correct formula is chosen to suit the
reqmrements of the particular question under consideration.

TRANSMISSION OF MOTION
PULLEYS

It is not always possible to have an individual electric
motor or a separate engine for each machine in a shop, and to
overcome this, an arrangement of puUeys and belts, is often
used to transmit the power from one point to another.

Generally where this is done a main shaft is run along
.the length of the shop supported upon hangers and whidim turn retain bearings in which the shaft rotates.

The motoi
,
or engine, as the case may be, has a pulley

keyed (fastened by means of a key) to its shaft, and upon
this mam line of shop shafting there is another pulley
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'
i*'

keyed to .t. The*, pulleys are connected by means of a

•ha^t power .s transmitted to all machines by a ™mS"rangement of pulleys and belts.

tio™T5r<l*'''J^^'"'*'^'""'*°'**^*"''''^t"«^ersely propor-tional to the diameters of the different pulleys

"driv?r''T„Tt?'''"
^'^ ?"""'' ^"'='* «*^« '"'•tion is the

isTh?"f M f.
'"^ «'^"' *° ^^'^ «"« '«*iving motion« the foUower." sometimes spoken of as the "ddven "

When D = Diameter of the driver
ND - No. of R.P.M. of the driver .
F -Diameter of the follower
NF -No. of R.P.M. of the follower

Then DXND=FXNF
_

Upon examination of the sketch shown below whereboth pulleys are the same diameter, it will be seentSthe arcumference of the driver moves one foot the Mt-U htewise move the same distance, and will tu™ ^earcumference of the foUower an equal space. One revolu!tion of the dnver must therefore transmit through the

rr\

rnovement of the belt one revolution to the follower. Hencethe number of revolutions of the driver multiplied by S
foZ!?'''T^.*?l'^ *° '^' ""™»^' °f revolutions of ti.efollower inuluplied by its circumference.
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The drcumference of all drcle. are in ratio to th^r

^0/ the arcumference. in both ca.e. call them IZ

Exprwwng this rule as an equation:

DXND-FXNF

questior"'"
"" ^ "^^ '""" "^^ «'"*^«" *« -o've a«y

Example
1 The shaft of a motor revolves at 840R.P.M.. and to It .8 keyed a pulley 24 ins. in diametoFind how many R P.M.. a shaft upon which the« is fLtSSa^36 .. Mley w.11 revolve, if connected by a belt to^

Solution: DxND-FxNF
24X840=36XNF
24X840

NF- -560R.P.M.
36

Answer.

QUESTIONS

1. A pulley 24 ins. in diameter is belted to another

?^"
-J^!.

'^•^•'^- **°^ ^'"^ fi^t pufley make ?
2. The diameters of two pulleys are 18 in., and 30 ins.

R^PMZtch^'
evolutions per minute is 250. Find
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5. Thedlff««„^!L7 * "widiMMster of driver.

lower i. ?r*i:v^L1.The" '
t-
'"/ ^"'^ '"^"'^t- o^ fol-

"oU.er on f counted, .S ££ ^20'"^'^ ^the dnving pulley on a lathe driven fr^ A ' "
is 36 ins. in diameter wbrt R P M h u

" «""'t««»«ft

lathe make ?
^- '**^ *^«= »P*w«e of the

diameter^
''"** *''* °*''^' '^- What are the

9. The diameter of the driver DuUevi. 19 •

What are the R.P.M. of the pulle^?^
''• **' '''~™*-

drivi'ants.irpXLTH*^,"'^* "^'^ "« RPM.
265 R.P.M m^Z the rfl" ? T"^'" ** ^•^ """^ of

countershaft ^ ' **""*"" "' *^ P""«V °n the
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12. The diameterM the driving pulley b 9 in*, and it!

.fl3eeai«106OR.PiM. At what iqwed wffl the follower run
if ito diifineter is 4 int. ?

13.' tlie curfacc speed of an emtry wheel is 3000 ft.

per minute and its R.P.M. is 600. What is its diametw ?
U. The fly wheel of an engine is 12 ft. 6 in. in dia-

• meter and revolves at 96 R.P.M. It is belted to a 48
in. pulley on the main line shaft. Find the speed of the
shaft.

15. A 36-in. pulley making 143 R.P.M. is belted to
another making 396 R.P.M. Find the diameter of the
latter.

,
16. A grindstone has a surface or rim speed of 800

ft. per minute. At how many R.P.M. would it run if its

diameter is 4 ft. 8 ins. ?

17. The surface qr rim speed of a grindstone is 500
ft. per minute and its diameter is 30 in. If the line shaft to
which it is belted makes 300 R.P.M. and the driving pulley
ott this ^aft is 3 ins. in diameter, what must be the diameter
of the driven pulley on the grindstone 'Aah ?

' 18. The diameter of a piece that is being turned is

two inches. It the piece makes 2000 R.P.M., what is its

cutting speed ?
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TRANSMISSION OF MOTION-Continued

GEARS.

If shaft D in figure 1 has fastened^ H'a disc with a
smooth drcumfeFence, the disc being in crintact at the
point P with another disc on shaft F. the rotation of one
•haft will cause the other to rotote, provided there is
suffiaent friction between the two surfaces to prevent
slipping.

Such friction discs will riot transmit much power
without slipping, and they cannot be depended upon to
drive positively, as the least weai' or loss of adjustment is
haWe to make them sUp. Hence teeth are provided on
each disc which, being made to mesh together, wiU transmit
motion from disc to disc, in a positive manner, and without
excessive friction in the bearings of shafts D and F.

These discs having been given teeth (see Fig. 2, p^e
116) are called gears. The teeth may have any one of
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will not be conaideied here Th—. J~_ ^
"*• •«'

^portlona. to the d««„eter. of^te•Slrj^e^^
connected. The lame Uw appUe. to geanin -.L, TT
that we .« ag«„ able to nuUce u«. of thHTuaL

"*

D X ND - F X NF

irS:? " *•'"
'I***

*'""**«' °f ">« driver and F -the pitch diameter of the follower.
«na r -

The term "pitch diameter" is derived from the f«^Aat the two circles show, in Fig. , are «.S is the fo„JTtmn of a pair of gears knd the diameter, of Se dSlbecome known a. the "pitch diameter." ofi g^^ J!W.U be noticed that these circles must always be^Z^entand^the pomt where they touch is know/a. th^S

often^^^? '^"l"^.
™"™"« •" ™«»'. the smaller i.oiten referred to as the pinion.

-ome'^f r*S?*
"**""''? .*"** ^"«'*^°"« *«• aiutrate

e" ofU?.:.'"*"'^
'"""•""« "^ *^* "-ement. ™tio.

n,-!.^""'*'* *• '^ «^' *''«*' 40 ins. pitch diameter

sS«ton:
"*"" ^'" *••" '^''* ^' '^^ ?

F X NF 25 X 56ND m ___ _ ,, „ _
D ^;^-35R.P.M.(ans.)

!t4



OuisnoNs

'

1. The pitch diameter of a sear ia 24 iiu .»i i.makea 80 R P M un. i 7 '"•• •"*• "•nsna ou K-l-.M. What must be the pitch diaimtM- «r

2. A gear 80 ins. pitch diameter makea 165 R P Mand ..competed to another gear which mX. « R P MWhat ,. the pitch diameter of the .econd gear ?
3. The pitch diameter of driving ffear i« 12 in. .--I

the pitch diamet. of the pinion i.^1'^^ . iTco^pan^n ^tween the number of revolution. oTl^h^T
4. A gear 74 ins. pitch diameter makes 1(» R P Mand IS connected to another gear which makes « R P m'Wha » the pitch diameter of the second gear ?

its .Li^'2701tT'Z °' *^ '^"^"'^'^ '• ' i~-^IIS speed is 270 R.P.M. At what speed will the foJin—

,

gear run if its diameter is 4 ins. ?
""*'**'

6 The sum of the pitch diameters of two sears i. 42

z^i:^ '" "-•"•- «--^ » ^.-

mch«. Find the pitch diameters of the seais and »h«

""'"JS^aT'"^:^^'
^"^ «-' '" * given'Ze. '

'''

DwcuaTlon of Temu. In Fiir 7 fK«
dmwn around the centers D JLd p'and in con^Tct^It Pcorrespond to the two circles in Fie 1 and .hTc
be said to 1. derived from thJ'^rl "^^ ^e^cS
2iedTh?""r'r;

'^^ ^'"^^" °^ *"- «=^dr^Scalled the pitch diameters" of the gears. The ooint Pwhe. tl.^ two Pitch cird. touch eac^h other.l'X"\r;
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The circle drawn through the outer end* of the t^th
1" «T.K ^'^ '•^ '•'^der^dum ci.de7i,S ttS
th. lis

.'*• ":t"^ "^""y- ^«"« the pitch cS t«;

called the dedendum; and the circle drawn throuri^ i .

^tne dearana
. These arde. are indicated on the

drde^i^iT HH*^!
*°°'^ °"*"'«^ "^tween the pitd.orde and the addendum drde is caUed the face of the

Sr^iS^^h^LSc^ ^^ ^'^ '^-•^ -' ^'^-
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The distance rrom the center of otfe toothto thu <*nte^

^d^iHich'-'^.n^ri "" r '''''' '^^*- '•^i^STS

•• a formula would be.
«pre»eci

Circular Pitch -
Diameter X 3,1416

No. of teeth.

«.lJ?S"%f Tr r;" '" ""^ ^^^ ^O a„d 3& teeth•opecuveiy. if the first gear makm inn p » »* l
will the second make ?

'*'^-^' *''*»

Solution. D X DN F v itm /m i .

"«ng diameter in ii,„;: the N,^ofLS"^^"
'"^'^ °'

20 X 400 - 80 X FN
8000

•"^
100K.:.M. Answer.

80
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2*«l«t»n « «mpl„ U», with dm,U «,ZJSl Z,

™fer.il»a>imnontoi«»drcul,rpitch ™ ™ I""™-

we aiviae J.I416 by the given pitch.

Example. 4 diametral pitch is equal to 3.1416

circular pitch.
=.7854

Again, 2 in. circular pitch is equal to 3.1416

diametral pitch.
~ " ^'^^
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I

~* i"* of Pitch Di„Xr °°"'*' "' "^ '"

majority of gear problems.
•=*"="'*'«'"'' «'ative to the

In the formulas:
P - diametral pitch.
Pi » circular pitch.

D = pitch diameter.
D- - outside diameter.

A = addendum.
T " thickness of tooth at

pitch line.

E = full depth of tooth.
C - distance between

N - number of teeth

centres.

n »
gear.

number

mating

in one F clearance.

teeth

gear.

m

3.1416

T = N + 2

3.1416

T =
1.5708 D-D..

D -
N

E -
2.157 D,XN

N+2
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I

A -—
P

D,-
N + 2

P

0.157

E - 0.6866P, N = P X D

N + n N-.(0.+P)r-2
C -

2P

N
P =

D

D + 2

D, - —
P

To find the diameters of two gears in mesK with each
other, when the velocity ratio, of the two gea« and the
distance between centers (c) is given.

Rule. Divide th. distance between the centers bythe sum of the terms of the ratio; the pitch diameters will
be twice the quotient multiplied by each term of tihe ratio.

_

Example. Find the diameters of two gears 16 ins
between centers and which have a velocity ratio of 3 to 4,

3 + 4 = 7.

16 1 3 2
'

— X-X-X- = 13.71 ins.—Pitch diameter of
» 7 1 1 pinion.

16 1 4 2

— X-X-X- = 18.29 ins.—Pitch diameter of other
* gear.
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PROBLEMS

I 40tithr""^*=«='--Pitchofa„8.pi,ehgearof

circular pitcris'*7854
?"*'''' °^ * "-^^"^ K^ar when the

Find^the dif^e'ti pitSof gSr'
"""'" "'*'=•' °^ "^"^ i„.

Pitch teethtVlst.trS;
P°^

^ '^' "-'' ^'>- has 6

-th- •

^^aTLt"titJ?
^"^- '"-^-^ -«* '-s to have 13

«.•«.««« ""^ """^^ ''^ *-th ina6-pitch,ear

n- bilnk'Si::;i?r"'"'"^''^*«^'''-a'»-Pitch gear 19^

•'«4'in.Srr pth"'^'='--
°^ ^-^ for a ;5-tooth gear

Of «Lth''^ " ^'^ *''^'='»- of tooth for a 4-pltch gear

32 tith/^"''"^
f

^'ank for a 16-p,eh gear ..th

l^^-'^thl^L^f' *^"'^^'-°f Wa.k of a IMtch

outvie diameter'?
*"' P'*^*' °^ « '^'tooth gear

19J^ ,•„.

»• dii!netS"'
*'' """•'"'• o^ ^th in a ,6.pitch gear 8
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outsiie diri"et''
"""""

''^ ^"'' '" * '*""'*•* ««- '«•> '"•

«*:«*•',
f'",''

t"]*^ sizes of two gears when the velocity'«t,o ,8 1 to 2 and the distance between centres is 12 i^
18. Find the diameters of two gears 12 in. betweencentres, with velocity ratio 2 to 4.

"etween

19. Find the diameters of two gears 28 in. between
centres, when the velocity ratio is 3 to 5.

!, 27^!' ^^? *''^. '^'"'^"''^ '^**^" ^^n''*' «f two gears

of Se gears
'' ''''° " * *° '' '^"'* ^"^^^ **'»««"

th. Hu; ^''^ ''''''^'*'' '**'° °^ '*° Kears is 4 to 5, and

etrstfXet':"";'^
"'^''^ '' '' '"- «"^ ^'^ ^--

22. The velocity ratio of two gears is 2 to 3 anddjste between the centres 30 ins. Find the diameters

23. What is the clearance of a 4-pitch gear of 75 teeth ?

gear JSth Sleet
^'^^""" °' ^"^'^ ^°^ ^ '-'" '^--*- ~

25. Find the diameter of a 6-pitch gear with 108 teeth

32 tii. iS^?^'
circumference of a gear blank with

27. Two gevs in mesh have 30 and 24 teeth resoec-^^and are 6 pitch. What is the distance befw^n

*^J^' ^'^? ^^ running together have 120 and 80teeth respectively and are 10 pitch. Find the disUncebetween the centres.
»<-»"i«
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GEARING FOR LATHES

students. *^ '" Class, except by advanced

To cut threads in a lath, u
according to how n,a„/,hS 2r"^ ''^ "^^^^ ^^ ^^^

f . If • J '"termediate gears

and driven to cut a thre^!S ?rr'."" ^ "driver

in. £f'^^
°" ^"-^ Lead Screw (^J^^"^ ^^^ ^ ^^"al to

'ng Screw).
^'^''*^ (sometimes called the Driv-

z"^^^-S'^^1j::z\''sj '^^-' - (>) -h
there must be a certain re^Sion t, ""'"'*' °^ «">««,S on the lead screw anri J 7 between the gears L ^J
o; the stud woufd^dSS thr'"^^^- ^'"-ev^IutiS
^''-uttingtool ^^neZZZ:Z^t2T^'''^''

Suppose we wish^ t.
"^ °"^ '"^'•

per in., then the sSd^fn^rgL^^ mtft
'"^^"^ ^^ ^''-adsThe lead screw having 4 thrfT * '"™ '^ revolutions

">"« turn 4 times to move ^tt'^'"
'" '' f°"°ws tha" UThe ratio therefore is iTto 4 ^^3^ t"^ ""^ (^> '-'^

:^ threads. From this «t»f.
^at ratio would cuf

•'^ b"i't which wouldtlvfaitlS^
of ^-r^

^«™"^- «ncase^ of simple gears.
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Let T - Thread* per inch. L.S. - Lead Screw.

C.N. » Increase in number of teeth of gears (called

common number).

LS X CN Gear on Stud.

T X CN ' Gear on Lead Screw.

Applying this to the above case, there is obtainer'

:

4X5 20 Gear on Stud.

Gear on Lead Screw.12X S 60

A gear having the number of teeth found in the nume-

rator is the driver and would be placed on the stud.

One having an equal number to that of the denominator

is the driven and would be attached to the Lead Screw.

Note. If a right hand thread is required, use one

intermediate gear, andiif a left hand thread, use two inter-

mediate gears. Intermediate gears can be of any con-

venient size.

Simple gears will cut many kinds of threads, but some-

times a thread is wanted which calls for a gear on the stud
^

which would be very small, while that on the Lead Screw

would be inconveniently large.

It would even be difficult to find such a pair of gears

in some shops.

In all such cases it is more convenient to use four gears

called "Compound Gears."

First. Find two gears as in previous method.

Second. Find any two numbers which when multiplied

together equal the numerator, and any other two which

when multiplied together would equal the denominator.

Multiply each of these new numbers by the common
number and the result will give tlie necessary gears.
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Ezamide.
per inch.

LSX
TX CN

Find gears neceaury to cut 20 threads

. J?
120

6 and 4 multiplied - 24.
12 and 10 multiplied - 120.

Gear on Stud.

Gear on Lead Screw.

wh.vJ^r?v
"^^ "^^^ multipUed by the common numberwhidi ,n this case we will assume to be 6 gives 36 and 24for the Stud Geam and 72 and 60 for the LefdW^^

QUESTIONS

I,=H LJ^''**/? ^^ """'*^'" "^ ^* required on theLead Screw and Stud to cut 2 threads jxTin. with a 4thread lead screw ? * *

I>..H i. ^**/f ^^ ""^be"- of teeth required on the

t'i^'SI^etr " ™^ ^^ ^'^'-^^ •-' ^^ ^^ « *

pitC LeS:rnS/S^wls^Jp " '-' - "^

thr.»H*" u^f* f^"^^ ^^" can be used to cut a 12-pitchthread whenleadscrewisS-pitch and stud gear has 25 t^th?

.„ I, ,"f ^*"** ^"^ *° "* to «»* 16 threads per

r^rr •' ^P'*'^'^ ^"'' ^^'^^ Kear has 80 tee^
o. 1. ,nd the screw gear to cut 18-pitch screw threadwhen ead screw is 6-pitch and stud geaThas 24 7j. '

stud is 2 tn 1 '^^
'^!'*^*^ '**'° °^ '^^^''K kindle and

of tl.h •
' '^^^ ""'"^^" *-P't'=''- 'hat is the number
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Note. The gears on inside end of spindle are arranged
on a pivoted lever so that a train of three gears shall be in
mesh, or by throwing over lever a train of four gears can
be put Into mesh, thus giving a feed motiim of carriage in
either direction according as lever is thrown up or down;
this mechanism is called the reversing feed gears.

8. When the reversing feed gears are in the ratio of
2 to 1 with driving spindle, what stud gear will be required
to cut 16 threads per in., if lead screw is 8-pitch and screw
gear has 48 teeth ?

9. The gears furnished with a 14-in. Reed lathe
have 24, 32, 40, 44, 48, 52, 56, 60, 64, 72, and 110 teeth,
and the lead screw is 6 pitch. Find the compound gears
required for cutting a 3)4 pitch thread.

10. With the same set of gears and same pitch lead
screw as given in problem 1, find compound gearing re-

quired for cutting a 25 pitch screw. A 28-pitch screw.
A 7)^-pitch screw. A screw of J in. lead.

11. What stud gear will be used to cut a 9-pitchthread,
when lead screw is 6-pi. and the screw gear has 36 teeth ?

12. What screw gear will be used to cut a 16-pitch
thread, when lead screw is 6-pitch and stud gear has 24
teeth?

13. The change gears furnished with a 13-in. Ret'
lathe have 25, 30, 35, 40, 45, SO, 55, 60, 65, 69, 70, 80, 90,
100, 110, and 120 teeth, and lead screw has 5 threads to the
inch. Find the compound gearing required for cutting
a llH-pitch pipe thread.

14. What change gears can be used to cut a 5-pitch
thread when lead screw is 6-pitch ?

15. With the same lathe and same set of geai«, find
the compound gearing required for cutting a 40-pitch screw.
A 23-pitch screw. A 27-pitch screw. A screw of W in.

lead. A screw of ^\ in. lead.
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nm AND DISTANCE, OR WUTORM MCmON

given time.
wnicn it moves u a

.n.«att.e.me^-Het;i-— ---.^

ma«. or eight^1 « d«tance or space of twice four

exp««ed S-Txr^hi«?„ .
^P^r'^''"«>« Velocity,

to find any one term^ZT t
"*" ^ "''*"««' *'°"»d

Space-TimeXVelodty
expressed S-TXV

Velocty-Space+Time
expressed V=S+T

IC
»W^CH

veuocixv

ho„r""ir^.rS"^;^7^to convert "miiesper

convenient to remZ^f^,,"'^ "' *"" P^'P'^^ '* »
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«r is?"!?
*^/o7«uta V-S+T to . H«d of 60 «««P« hour the equivalent rate of tpeed per ecood it Mftper aecond, » per following lolutionr ^^

V-S+T
S (in feet) -60X5280
T (in leoondi)-60X60

^

60X5280
Therefore V 88 ft. per «cond.

60X60

per Kcond, other rates can eauly be found by Uldnc tonuuiy 60th parts of 88 ft.
•" oy laiang ao

Enmple 1. Find speed in feet per second of a trainrunning at 20 miles per hour.
»econa oi a train

Solution:— *

20 88 88

' "><—— 2!>4ft.per8econd.
60 1 3

Had the answer been required in yards per second^-
20 88

.
—X—-9i yards would be theanswer
60 3

ft pe^^jj* \J^^ P»ton speed of a steam engi«> is 10tt. per second. How many miles will it travel in one hour ?

S-TXV
V-10
T-60X60
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^2^2- ;i/?^^.^«>J»-.
."-t the ,«.«o„^

^

o^ned by dividinX^'^l^.^^^^^^^^ Thi.i.
lectin one mile, giving.w. ^ ""**• ^ number of

10X60X60

—-^-6-9/11 mile.. A«wer.

theirlu„s:p:ltT;eSs::dT"^* **•""'• ^^ o^-
o .peed, while in the cmTI^^T

'^ ^" •""• *»' t^eir rate,
distance they a.* a^^Sl^'^''^ "^ °»^- *h«
their .peed..

"^ *mim.hed by the difference in

ToroJ!?^'?3VmiJ'"'At?rm '"!"^" **«"^ ««d
« a -peed which avenH^ ^"JJ^" 'f^ **°"*^*'
leave. Toronto at 8 a tnhr M T^ ^^ ''°"''- A train
P- hour. At WW di:'^„r,T' -<»""•• at 34 mil«
Montreal will they meet" * *•"* *"**"« from

Solution.—At Q a .» *!. ^
£4 mile., so that train, i^e S^e^^r^ri;!,'"' '^*-"«'
They approach each other at l^fi+'l^t^ "^'^ *P^-
Therefore, the time they will ml* •»I ""'** P«" hour,
hours after 9 am ^- u ^^ *"" ^ 300+80-3 IS
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travelled have to be conwdered.
aiwance*

it. „i!l^^ *"f
*••* *™^" '"'^«'» • *•«««* equal toU own lejigth. K. that knowing the length of the t3„ a«d

te f^^^ I^J"^
•*'«" »« P« a 8«ven point cT^aSjb. found. In the «H:ond inatance. the train mu.t gain Idistance equal to the .um of the length, of the traina

ion.,!!!^'"'*'-
*' '^**' '^"^ ^^^ " y*'*- «'*' (B) 88 yda.

45 m!^ M^S"" r*"''
*""=•-• A run. at the rate o45 nule. and B at 30 mile, per hour. Find l.t hZ

165X60X3~
-4i MC8. Anmver.

75X88

Second Solution. When moving in the wme di««.

165X3

22

-" 22J seconds. Answer.

«».• ^".
if''''*™

concerning the speed of a boat with oragainst the stream the principle is the same.
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QUESTIONS

Knd the

ve.4 o"T8'K'lJ^o'J.n'
''"•" '^ --• ^ -••« .t

.

'He rate "Tr'^^rS/? '" '' '"•""^"•- ^*-'«'« «

per --ut'"'^h« ii^^XJS-^^^ revoluUo™
<5- Two trains start at th.'^ •

""" "' P""«^ ?

and one from Strattd " Sut^r^'Tir '''""^"^"to
tr«n leaving Toronto or StratfoHf"'?'^ '"""'>• ^he
m««es per hour and the one t c

''*'* "^ '^e rate of 55
Koe. at the rate of 4 tiSplTZ'r 'h''°''

'"' '^-"'"o-t and at .Hat distarfrToro^P^" *"' ^^
-kes a trip'"^ :SeTdr "' •^'^ " '' ^'^ ^^ hour
*i« it take to make hetrip the?"

'"^ ,'**=''• ^^at time
•"K to 5 miles per hoVr"

^" ~'''^"' "' '^e river amount-

doubt t;i:k': ^t:r^s^Sf i"
''-r^ ''^-^- o»

»

per hour, and the other L 4^5 ti^f *"'' '"=''« « mile,
of 22 mile, per hour. How i?"*.?,'?"^

^"^ goes at rate
to pass the second ?

"^ '^•" '* '^l^e the first train

disunce of'S"marandT^^.^' ' ^•'"- '^ Toronto (a
Pe- hour. AnotSt^lelr Mo I''^ °^ *« '^^
Toronto and makes 36 miS^rl 't'*

'° ^•'»- ^°'
-ns apart when the fi«t 0!^!^^ t^nt^ *^^
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S ft. '^r ;JcSj'lir-
•" '^^'^ "^ * "» velocity of

mald^ ?

""'^ "^y revolution, per nunuteI it

wJLvX^---trs^rr.:r«--
WORK.

PO^.^'S;^'^"'"" '•"••'• -^ -«i.o. ««...

ally « ft. a. ,„,fc perfi,^ J, ,„^,_^«^ «n-
Expiwamg this as « fonrniU W-Fys ri.—

(

graphical representations.
o^agranw, known as

Sketch shows a recUngular diagram which graphically

T-pi
f-l-lf-4-



|« *»« case «pr«Jted?; t'^lr^«*«'^ the weight
••"e AC represents the ZT^^T' t"^ ^^'^ ^«J
was Wted, each divi«o„TA? r^lj'^^''

*^* ^f^t
The product of F+S-W. ^Presenting one foot.

i^nd^"SVwor1;Z:."''' "" "*• ^ * ''««•'* <»f 16 ft.

W-FXS
1^-120 lbs.

F" -36X2000
S-Jof^-^ft,

T^ , 36X2000Th«eforeW-__.3^,.,^^^

question for the letters sho^ ^5,** '^^ »*»ted m the
""^^gle equals work SZlf^T*"- ^he area of the

«r"« o^ workdZ is^*'!?'^- i"
«" <^ the toul

doing it, whether it te ^f^*l/'>' *^ '«'Kth of ti^
3eco«i. "* accomphshed in one hour or one



Other diagrams in the shape of a right-angled triangle

standing upon its base and another inverted illustiate '

graphically how work questions can be represented when the
resistance increases or decreases uniformly, the triangle's

area being equal to the work done.

Example 3. A chain 100 ft. long hangs from a drum ^

to which one end of the chain is fastened. Weight of
chain is 10 lbs. per foot. Find (1st) how much work is

done coiling it up, and (2nd) in raisingi the lower end to
meet the upper.

Solution. The area of the left-hand diagram A
solves the first part and the area of the right-hand diagram
B solves the second part, the figures within the brackets
being substituted for the letters. When solving these

mathematically it is necessary to first find the average
weight lifted, by considering the weight of the chain at the
beginning and at the tfid of the work performed.

QUESTIONS

1. An elevator weighing 20 tons is lifted 16 ft.

How many foot-pounds of work are used ?

2. A horse performs 60000 ft. lbs. of work in 5 min-
utes and pulls continually with a force of 100 lbs. Find
the distance it moves in miles per hour

3. The plunger of a force pump is 8J ins. in diameter,
the length of the stroke is 30 ins., and the pressure of the
water on the plunger is SO lbs. per square inch. Find work
performed per stroke.

4. A mine is 238 ft. deep, and a certain quantity of

water is pumped from it, work performed in dmng so being
equal to 5764000 ft. lbs. Find weight of water, also

number of cu. ft. of water raised..
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^^^ATo^elS.^Z^'-^J^,^,^^^ the

t«i«mitted per minute
"'*'"*'• ^^0 lb.. Find work

nunute. n„d ^, ,^^Z'^^"^ -• P-
'• How much work is Derfnr.JIZi •

•t-m engine, diameter ofXde^^r "^^^"^ ">' *
stroke 28 ins., and average rtTm nr^T * ? ""• '"«*^ "^

"5 lbs. per «q. in. ? ^ ''*^'" P'^"« '" cylinder being

^iropLnl'nrhl^rctt^-t'Jr3 cwts.. and the

9- A steam pumo is 9^7- a-
'*'*"^ *•>« "»"• ?

J2
ins., and -an^Sve'^p^^tt

S'»^ ^^''•'"^

How much work is performed per s^oke f "^^ "^^ '"•

lu. fiow much work is norfnr^,^
•

"

of 2200 lbs, 7 ft. in 3 minutiT '" ''*"''« * ^^^ht
11- A belt has a velocity of 7snf» ^

U A„ 1

"">at 18 the weight ?
'*• •'™"evatorexertsl6l24Sft if«a certain weight to a height of 35 ft Si T''°[''

'" "'**"«

15. A mine is 198 ft din a *d » ! ?" "^ *"•«''* '

water is hauled up from t „'!.! r*"*"* *«"*°tity of
being equal to 4586Srft '.r pSTd T"* '•" ^°''* "^
wat^and number of cu. ft of'tat^'^fi^^

"'^'^''* °' ^*

it Wts 22(2jr 4tt.'^^';
'""-^ "^ * '^•» ''errick when

135



HORSEPOWER

**<'**' •" *•« rate at which work is done. When it
became necessary to Ik a unit of work done in one minute
the strength of the horse was chosen.

'

From a number of experiments James Watt estimated
this as being equal to raising 33000 lbs. vertically one foot
in one minute. Whether this power is greater or less than
that of a horse is immaterial while it is a power so weU
defined, and has been accepted as such since his time.

Any machine, therefore, which is equal to overcominjt a
resistence of 33000 foot-pounds in one minute is considered
as bemg equal to one horsepower, written H.P.

mJ^"'*'"
*'"*'*'''™ "PO" '^'"k, where timt is not con-

sidered, a horsepower is always understood to be the
equivalent of exerting 33000 ft.-lbs. in one nunute, but in
questions relating to stpm engines, etc., time is seldom
mentioned, one minute always being understood to be the
time taken.

From these remarks and remembering the formula for
work questions an equation can be made from which for-
mulas can be built up to solve all hoisepov .r questions
(from Work) and this is:

Where H.P. -Horsepower
T —Time
F -Force (as in Work)
S -Space (as in Work)

H.P.XTX33000-FXS

Example 1. How many horsepower wUl be exerted
in raising an iron' ball used for breaking cast-iron, if the
ball weighs 11000 lbs. and is raised 30 ft. in one minute ?
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«l.««tio„. a foSt can l^Zi.^ i*
*^" '^^ '» '^»

H.P—
TX33000

be.J"'''^*^'**^^«^-'^ve„.nthe«a™p,ethi. would

*"lX33000 " "•^- '^"^- ^'

a t«"^m tons oiriffe^^'l^X"TT^ *« *»"-W against a r«ristance of « ,i* ^2^.
°^ *« "^'^ P-

H.P.-__F><S_
TX33000

F-120XI8-21«)lbB.

-40X5280

H.P..
2160X40X5280

60X33000
-230.4 H.P. Aanw.

and 6.— - '

*"** applied as in Examples 4. 5,
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p_ H.P.X33000XT

S

c^ H.P.X33000XT
F

FXS
H.P.X33000

Ezamide 4, An engine exerting 5 H.P. lifu a weight
30 ft in 2 mini. What is the weight ?

B._ H.P.X33000XT

S

P_5X33000X2 ,. .,'-
^ -nOOOIbs. Answer.

Emmple 5. How high will a 16 H.P. steam derrick
llftv45000 lbs. in 3 minutes ? .

g_ H.P.X33000XT
F

c_ 16X33000X3

45000
'•'*^*- ^"*"^'-

138



KftsSSS'y,, f-'o"«'^"'ttake.36H.P. engine to

H.P.X33000

^_ 52000X30
36 X33006" '^" nunutM. Amww.

QUESTIONS

effeci^ "[JL^l^ir* ^5 t'^ !^-
per minute and the

fitted by it in one Lnute^' J?";J ^"".^ *«„..
exerted. ' *** *« ".P. that is being

3. HowScoufda 2HPT'''*'^""**•
^^». in 3 minutes ?

^^^ "^^ *"»Bi«« rai* 3450

twolu"rtoThtigSfl^2p'* " "•"• -«^- «^* -

third of a mile ZZk^f'""'
«»«* Pa«ed over was one-

can I PU^^Z^X":: T"^ *^« ' •«"«
thick. The press".. rJui^u'lo'Z'* tf^ * '-•

assumed to be unifonT rIh . ' ^^''^ "^^ ^
formed by the ^S. .r

''°':- ""^h work is per-machme m one minute, and the H^

139



8. An endlew cord, ttretched and nmnin* over
grooved pulfcyi with a Unear velocity of 3000 ft. per minute
transmitiSH.P. Find the tendon on the cofd in pound*.

9. A locomotive of 120 H.P. ha. to pull with a foree of
800 lb*, m order to draw iu load. Find ita speed ih milea
per hour.

10. An engine perforroa 138,000 ft.-lba. of work in 4
minutea. What i» the H.P. of the engine ?

11. What H.P. is required to lift a weight of 72000 lbs.
* ft. in one minute ?

12. How many cu. ft. of water can be raised 100 ft
in 20 minutes with a 24 H.P. engine ?

^^ H^ "*"'' °' *? *"8ine is 2 ft. long, pressure on
crank IS 3000 lbs., and the crank makes 90 revolutions per
nunute. What is the horsepower of the engine ?

/ ^}^'
^^^' "•?• *' "^l*"*"^ to raue 3450 lbs. to a height

of 22 ft. in one minute.
IS. A 36 H.P. engine is required to raise 18000 lbs

In what time does it lift same to a height of 18 ft. ?
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HORSEPOWER OF A ffntAM ENCINl

l^ven for work. . iX2<i ^ tH '" '^'^' " ^^
change.

"oivimoii of the term, being the only

of.tn,ke^ '^^*°""*'*"«^°f?t«)keandnumb^

XA^^'^r^Jt^Tf^rL^Z"-'^'"-"'^-
and lengtJ, XnumCot n^l^TJ^"-'^'^' *«l^«on.
.pace though which the ST^ovS."'"''"''

*" *•" ^^^'^

Expre-ingthe-e new term. a. an equation. whe«

7 ^"Kth of stroke in feet
A-Area of piston in sq.iM.

N.i'.X33000-PxLXAXN

expriitrr
a': U^m '

^* '^^^ -« be
intthis way. ' " " *'""«»" *" find nustake. made

•nitakes than are the^ he^^f ^ *'*^ *=*"« "^ »°«
"troke i. 26 in... simply ouh; H„ ^"***'r

''***^ '«='>8tk of

" number ;f SuSons U "^ ** '.*' °^ "• ''>«f|.
^o. as there are^'^t^,"^^ r™*"*^ """^^P'" ^^
watching these pointe no d^m ,^ T^ revolution. By
in obtaining cor,S tluHo^ *^ """"^ '^ "P-^enced
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ilr^

It k evkfent that fraquently oecaiions wUI aritt when
•ay of die ttfim bciidee H.P. may be required. By
rememberint the equation H.P.X33000-PxCXAxN
formnlaa can at any time be built from it, thua:

p_ H.P.X33000
, _ H.P.X33000 . H.P.X33000

LXAXN PXAXN A-^
PXLXN

N. .
H.P:X33000

PXLXA H.P..
PXLXAXN

33000

Enmpis 1. Fmd the horaepower of an engine when
the piston has an«rea of 3 aq. ft., steam, pressure is 125 Iba.
per sq. in., length of stroke 33 ins., and the engine makes
115 revolutions per minute.

Hp_PXLXAXN
> 33000

P-12S
L-33+12
A-3X144
,N-115X2

Therefore,

jjp_ 125X33X3X 144X115X2
12X33000

1035 H.P,

Answer.

Enmide 2. The jasUm of a 280 H.P. steam engine is
20 ins. in diameter. It makes 100 R.P.M., and the length
of its crank is 18 ins. Find the average steam pressure
thioughout the stroke.
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I when
I. ,By

AXN

33000

.XN.

when
!51b*.

nake«

ineia

ngth

MUIC

p_ H.P.X33000

LXAXN~
L-3«+12-3ft
A-20X20X.78S4
N-100X2
H.P.-2M

Therefore,

P- - 280X33000

20X20x1854X3X100X2 "** W*^"*
Arawer.

M- PPX33000
PXLXAX2

H.P.-100
L-4ft.
P-60Ibs.

A-.30X30X.7854

Therefore,

M- 100X33000

«'X4X30X30X. 7854X2"'°'^** *•**•**•

Ans.
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•*' "•*^- "wne when steam praHm b iflo iii^3
•a., it makes 1 10 R.P M .~i ulZTv *'"''» P» «•™«eB iiu K.!*.*!., and length of stroke ira ft. 6 in.

N«»t«.-The area of the p«ton must be found «fst.

A- H.P.X33000

PXLXN"
P-lOOIba.

L-2.3ft
N-110X2

Therefore A *80X33000
100X2.5X110x1 "'^•^

Md Dikmeter-V2M+.7854-
19J ins. An«rer.

Baunpto 5. An engine transmits 28 H.P, It. ««,

-wi[inaiceswK.P.M. Fmd length of Stroke.

H.P.X33000

28X33000

iJX12xi2X.78S4X40X2 3.4 feet Ans.

I
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OUBSnONS

HP- of the engine.
*" '*""^ P" ™nute, 42. F1„a ,he

P-«i»ute,«,.
FindtheSlL'ttl?;hrp?^'''-^o'-

R«d the length oftS^lL "'
'* ""^ « RPM.

of rtroke i. ,6 i„., «ulT^k^ "''"•Pf «"•'".. length
ho«epowe, of the eng,„e.

"° '*-^**- F«d the

«^". .S?ng'5?itM ^^t^!
*'•' ^""*^- <•' • «0 H.P.

*"tic '""^ •*' •^''^ ^'^" '"'"'
''" "*•

t«« P««u« 120 lb., il^'^^ "' «™1« ^ in... and

t«..i*bv"reS'hJ;r"'!5'.o' work a« perfonned per

8. What H P '

«»*>«• 60 strokes per mi„u^?
"^ '° "*' ^^ •<>• '»- and it

Pnwui* i. m,m,^fr^ ^ **"•«» P^ mnute. What
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A^ . .
^* '" *•** »»o«wpoww of an engine whose cylm-

<ter u 48 ins. in diameter, has a stroke 56 ins. long, aiata!.«
revolutions per minute, and the mean eflFective piessure inthe cyhnder is 180 lbs. per sq. inch ?

h- »™ ™

1 1

.

What is the size of the cylinder of a 48 H.P. en^.
•troke being 24 ins., engine making 100 revolutioMMW
nunute, and pressure equalling 90 lbs. per square inchF

12. What length of a stroke does a 24 H.P. engine
tnake, cyhnder being 8 ins. diameter, pressure 100 lbs. per
aq. m., and it makes 1 10 R.P.M. ?

of Jn^iK,^
!««.fnotive of 156 H.P. has to puU with a foree

oJ 800 lbs. in order to draw its load. Find it^ speed in
miles per hour. »

*^

i > t}\.- ^l "•.^- " '«l"^'«d to Mft a weight of 72000 lbs.
18 It. high in 3 minutes ?

"•
J!^.**

"the H.P. of an engine whose cylinderm^ures 28 ins. in diameter, has a 26 in. stroke, makes 90K.F.M., and pressure in cylinder is 120 lbs. per sq. in. ?

16. What is the pressure per sq. in^n the cylinder

^*24*^pV
"* **^*«'' " «• stroke, X80 R.P.M..

17. What H.P. is an engine with a 28 in. cyUnder, 30m. stroke, 90 R.P.M.. and steam pressure of IM Ib^ per
sq. in. f

"^

18. The crank of an engine is 18 ins. long, pressure o**
«^»30001bs.,andcrankmakes90R.P.ir wSr,S^
M.r. of the engine ?

«." "°rT''.^-^**'**^*"««''«™«'«t»»tha«a
28 m. cylinder, 30 m. stroke, and is rated at 240 H P
pressure per sq. in. being 110 lbs.

'
''
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that 'U'uV'.S.kf'^ •' *^ ^^'''^ of an engi«

«««» at 60 H.P. ?
"*• P«* "quare «a.. and engine i.

Pre»ureof Ittlbe-peraq^n!? «wl has a steam

•l^ter p^itlti^^jj°^p^«f»« tiiat has a 4 in.

steam pressure is 24 lbs. per% S,.'?
* ** '"• ^^' '^

23. How long wiU it take a 28 H pweight of 24000 lbs. to a height of 16 ff?
"*"* *" "^* *

lb.. toUt of 2"-^. fnTStL""'"""^ ^ -^^'•^ ''^ ^«0

nucnoN

which't'^cJi':"*'^^'- """"^"^ -'^ the resistance

-taSifJSJdSr^j ^- *». Action. „. for
of the shoptoSiTZ- Tu* *="*^ '«»» <«« part

tru*Siir^jotniTwS'oSS^/r '
-^

Pulhng a train along the track l«J^ ^ >«»motive
of the wheels agaiwt the ^,^ *° "r^""* '*« Action
air. etc.. and ifX kast^L^' "^ '^»*^« through the

dead weight ofX^' '^ti'^'L.'!
««"iValent to huring the

the high and the I^wT^*^
'^'^ ^ "^^ be^
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IH

A train aiustrates rolling friction, while a ddgh being
pulled over bare ground or ice illustrates sUding fnction.

The resistance due to friction is always proportional
to the weight, and is always a fraction of the weight. If the
force (P) necessary to move a certain weight is divided
by that weight (W), there is obtained what is known as
the coefficient of friction, which is always expressed as
a decimal fraction.

Where C- Coefficient of friction.

P-Power of force required to overcome friction.

W-Weight moved.

Thent =P+W
R-CXW
W-P+C

Esample 1. A stone weighing 600 lbs. is moved
along a platform. What is the force required, when the
coefficient of friction is . 166 ?

"-CXW

Therefore P« .166X660-99. 61bs. Answer.

A study of this question will show that the weight
of 600 lbs. requires a force of 99.6 lbs to move it, and
that 99 . 6 lbs. (the Force) if divided by 600 lbs. (the Weight)
gives . 166, which is the coefficient iA friction.

Had the question stated that the stone was inoved
through a space of five feet, the answer would then have
been in ft.-lbs., and the work done woukl have been
99.6XS-498ft.-lbs.
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a 'oJ5'ffi?i?-4S:f-^--tedat32 H.P. pu„,
lb., per ton. FmTS in J^i'

'^\'««'*''« b^ng 40
the engi«> bdngTaS^ " '*' ''°"' *^« ^^h* -^

ForceXSpace-.H.P.X33000XT
(in mi„.)

F

„p^- (38+12) X40-50X40

Tt.-~» o ,. 32X33000X60
Therefore S (in miles)- _Z_

5280X50X40
6 miles per hr.

QUESTIONS

CoeffidenTof«1: L°~rmTe^
*^" '" '''' *"-•

movetrain ?
^** ^""^ « necessary to

2. A man pulling a truck exerts 480 ft ik. •

a truck 10 ft. Weight of truc?rMr.li '^-i"
""^"^

ooeffidentof friction?
°' *™* » «» lbs. Wiat is the

3. What is the coefficient of friction when it ««„!»-20 lb. energy to null a doi^k _ • •.• . " requues
A «7i . . .

"**" weighing 320 lbs ?

-fo^^-.rat4^---U..
move train, and wSi ETptJS^' 'u** " "*'**«^ ^
at the «te oM5ISJL h^u^?^

^"^ ^- « ™nninK
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^aent of fncbon » 12. What H.P. wfll be i«n,k«l thaul It at a speed of 35 mile, per hour?
"*•"'««'

t

~;/l* .^* "f " * '«»"»otive exeiting in hauling

i2Q0 tons, and resistance being 17 lbs. per ton ?

•i'i,t T''!^*'**'* ^ "« "npne and train is 100 tons, H Pavadable » 80. and the speed in mile, per hour is3^ Fin<
.

the resistance per ton of load.
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*«CHAWCAL POWERS

« one point i, tnin^Tfn .^ '''"^'' '""* »PP«W

"^^wnical powen.
°^ machine., known „ the

'-r^'wl^i^t:;:^"^-'^"^ "•»«. n-e.^. the„^ «ie. puUey. .„cU„ed plane, wedge, and

o^eoftJ^i^^-o^-U^e^Uncein ^,
-«» the ««tance by the'^.ettJTmSg-'lltS:^'"

LEVERS

P= Power.

W- Weight

P- Fulcrum.

TMIWO
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'^Wht act.). EaSTara,!^^ *™ i****
*»" ^^^ <

tJwt the movement of lA.^^^ '*'*^ * '^vei

equal to and op^telat^,^ ^'^ *^ ^'^"««
^e amount ofTwt mX^ST^I^SirJl"*^.^

in the «une units Kgth ""** *^° "^ "P"***

been .uted that P^Tpow^r *iS w"""^""*-
^*'««'*^

PXPF-WxwT W-Weight, therefore

-emS. ter^'Se'T^aTto I* ^V""^ °"''^^V tc

nanner a. alreaSy^oTL^^JT ^T""" i«^W«e«uy snown m previous subjects, thui:

W.

WXWF

PF

PXPF

WF

PF.

WF.

WxWF

PXPF

W

iifil

-..-ired one in J^^aT^J^on' " ~"^^ ^* *^«

Example l. a lever to f* i„ i.

Ibe. on one end. Find how ™.^K "^ ^. * *««''* "^ «>
on the other end so ^toS. '

.rT**
'^"''^'^ ^ «««««

6 ft. f,t,m the wdSt enl.
*^" ''^'" *'»'" ^"'"=™™ «
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••at on which
n which the
ulcnim atf a
8 « level- is

fulcrum be
»therwprd»,

' of >ti arm
l»d by the

aobi

WxWF
P--

PF

50X6P—
751b.. Answer.

riotA T*t« *

« •" "ton* a, a balan«Ute'^ '" *^ '^'* «^ a Pinch l!^

Enniple 2. a lewr lot* i«d ha. a weight of ,08 Ib.. Hu^'^^Z'ift '^'^? «^What force must be applied at the ftel^ '
'""" '"•<=""«

the fever i„ a horizontal position ?
*^~« *« "«mtain

•«•
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WXWF

PF

108X5 »

12

— *Slbi. Antwer.,

wJwsl being the fulcrum!w Shi tfcT^J^ ""*" "^ **

i-^'^ «t':'Xt:Lt «r•?•^•'«'-
totibe p«„t «. the leverwCtfe^J^rvS^t^J^TWhat weight should be huns at thp «,H^^^ ««» is 4 .n.

•"^ ®
w—PXPF

WF

6X30X4
~ ~ ~40lb«. Answer.

18 '
I

T^ » a levw of the third kind and as. stos-l w •

Pt^tical Me on «aety valve, of the le^^tS.****^ *
"
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»^l««u,. upon eheSrJ^ho^ the Jever.aUo w^S

"« •"•eth of the Pow^Si^iSs.'ir??;.^™ •«« «'<' '^t^

^m«*• LH

W
Thwefare,

lbs.

Total length-

2349

""^rtrain on the fulcrum i

15S

+27-27 .2,7 in.. An«,„

"P+W or ,8+2240-225.

(. JOM^-.I



mi;

\i

in
1

1

^f

«i: the riJL i?7Ti.tJi:^i" "iLzz

®
"1

PF-
WXWF

Ther^ore PF-
6.334

-~38| ins. nearly. Am.

TO FJND POSmON OF THE FULCRUM

portion of the fulcrum, and to do » dmw the diagram andletter It a. la done in lever quertloni.
««»^»>n»wi

The folkjwing formula wiU solve the length of the

U-VS'

i> ©
WF.

PXL

P+W

TOLSft.
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»"*to 6. A lever fa S ft. 3 in. Ion.- » ii«ee»d wd 75 lb., on the othe^^ ni«rS'p2£;^tSfulc^m In order that the lever mny be SLSd
PXL

WF—
P+W

Therefore, ^
30X63

^"^^"" '"•• '""" ** '^JKht end. An..

not '^''^^^^-^^-^^^^^^^
HJff-Z!'"''*'

'^«''* •*• »•« effect on lever aue.tk>n- *i.-^^ m «.ult. fa « ^ht that. SLT^'i*^'Portant calculation^ it fa never con«dered
^^

have the wJSS^^ fi
*^ b«m con^iered. would

that part of the^™ ^,- '' ""'* "^ *"« *««''* «rf

aften^s. "**•"« °" ««'» ""PPo" added

•oconSi^or^^thrrZ "^ '"••^"' "' • brid^ with a

jh^..ui.drn:Xrr-atrarr^n

PXL-WXWF
P- Prewure on support B.
i-" Length of beam. *

W-Wdght upon beam,WF- Distance of weight from wpport A.

Ifi7



lil'li

m
m fit'

ill

If!

7. A ,

ideluM h »•
"t 30 I— •'—I

poo it A j; 1 '

'"^M ft. Wide
loMi iraiiUag

CW«* PhOMl UfM» .,t> diMuice ol 8 ft.

jwn ooe end. Find
nnwuv on each support.

Sotadoo.—PxL-WxWF

Therefore P ,0^^
in

'*

3 S[*^r***"'* ** •""««« B3-10-20 cwf. fte..„„ ^ ^pp^^ ^ ^

i .'
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WHtlL AND AXU

-n 1 a,, .m^ •JTthTSe^'"*"'
fc««fdW the wheel.

t .. ..«.dJe of TtSS^^^^ n>«'y . ««k. «Kh «

-wmeumes applied by mean, of a handfc,

1»



for ieve«. i.e., pj^pl'j^^^ "«"« *e equation gi.

tl» S£V-J *; •^J'^a Wheel be 22 i„., «
'^quired to lift 220011*?

"*' '''»* 'oree would I

out«de of the duift (Js iSiuT " ^^ ''^'^ ** *^

P-WXWF

if

ili
J

PF,

-n , ^ 2200X2 m
22

^"*- Answer.

HO



wa'pte i« the
uatfon given

22 in*, and
e would be

••ied at rim
fted at the

«-• .PP.Ied on a wheel wh^*Tsel^^,^ ^'«

WF-
W

Ti. , 25X28
Therefore WF , M^- .^

* ""Jin*. radius

-2««X2.4.,«i„..dia„,e.er. Answer..

oueshqns

« iiu.. from the weighs ^*' '"^^^ ^-K Joc^ed

I Wt«i^ .f acting on lever 2 i„l f,^*?^* ^«** «« be

,. 3. Length of a lever rin«^^f"''=™«'
I
««•• from a weight of 348 L « '" "'""" " •«»« 24
squired to b.h^cele^?"*- **'««"<'• What power j,

I _.
* ^** "nu't be the lm.»k t .

order to lift 9500 lb. at 4^ ZT^ ''^ • ""ver of the 2iid

I

force of 1195 lb.. ?
™- '"*" *^ ^"»«"«« witha
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• loroe 01 240 Itt., the fulcrum to be between mni^t .
oower. total length oflever » 7 ft. lOJi™^^* "

1 J u' ^* ''''*.* P**""* **" **° **«B«>t8 balance if thev .12 ft apart, and weigh 400 and ISO lbs ?
™^ *

8. What push will an 8 in. dia. brake cvHnrf«-—

.

«t.ng through a lever 42 in.. lon^ if ST^^"'^'^'^« lb., per «,. .n. ? Fulcrum is 22 in., f^.^ cylS"^^.l

1 .n.. from the fulcrum will balance it.

'^'^ *'

in diiniet^ '''SI
"»'*""'" *^^'*"' ^"^ *»»««»«»* in..

Ih. » . **"***™**'"«'eit'«iuiresapowerof4«lb..^^ a weight of 756 lbs. .^at is ri^^j"! ^

^u. oi Wheel bemg 56 in... and the axle being 16 in..

it«tfta l/iTtL'^H" ' '"^
J"
'^"^ *"*» *"« «=«nk

of crank to Uft 360 lbs. ?

i^"^ » required on end

valJt U^J"^ * '^^^ ^*'^'' » " *«•• 'oxb; «fety'
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>40 lbs. with
weight and

I if they «K

at one end
much force

9 ina. from

nder exert

ire in it is

inder push

rt one end
: power at

le is 4 ins.

iOOOlU. ?

werof 48
radius of

574 lb*.,

t 16 ins.

THE PULLEY

theZd tlcU^hS iit^ "* '"
u"*™"" "^^' '""»

KuZ u ^ ^'" * ™P« *° those in use on cnne.Sketch Ulustrates a block and
^^

tackle fitted with a rope. The one
end of the rope is attached to the
bottom framework, and the other,
after being wound thiough the
PiiMeys (called "reeving a tackle')m a certain way finally passes around
a top pulley so as to be free for
pulling upon.

Pulleys shown on sketch are
drawn on different centres so as to
clearly show how the rope is reeved,
but m practice the top pulleys are
a« on the same centre and the
t»ttom ones also. The pulleys are ZJflQ
also usually the same diameter in A- COm> PULLEY
pracd«. Had the first end of the rope been fastened t.

weight, then:
r- power, and W-

W-PXN P-W+N N-W+P
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.

drection of motion. Sketch oTfc^ ,,"?'"*"•«-
equal weight on each end of ro^^n^Z ^T"^

*"
one wdght being equal ^oTe

""'*'' *^- "^
«Jr-

the rope i. stationanr. but

*««ht 18 substituted by oower^
then the lesser weight iSlS:^
ofJ^^J- G'^* power
o« 90 lbs. what weight can be

S"fl !»• « 44ioni block-a„5!
tackle? Al«,. how many pulleys
would tackle have at toj3 pbottom. a«, to which block would the .pe'^e fastened PW-PxN

.

E»n»pto 2. A pulley has 7 ««». . j •. • ^
«i« a weight of 3 tons

^^""^ '"<*«•««' to

(a) Whatforceisrequi^,
^(b) How many pulley, are there in top and bottom

(cjj^^^uld the rope be fastened/

3X2000
^" -875+ lbs.

7

bottim.
'^^ """"' •* f-' P""ey on top and three on

(0 RoP« wo*! be fastewri to the lower block.

f64 .



N-W+P
Therefore N- 456+76 -6 ropes.

ton,I5!!i!
'**"^.'^ "P"' tJ'ere would be three puUey* on

QUESTIONS
1. Given a powo- of 560 lbs what »^-_k^

supported by a six-cord pull^? '

^^' ^'"^' ^ «*

A «^ ^P *"^ bottom sheave ?

ifthe^,rrstTitbrr'^'^''«--«'p«"ev
5. Given - weight of 57684 687 lh> «Ao* t

nece-an. U. bai^Tit with aZi^SLl puil^^
"^ "•

6. A force of 220 lb., is exerted on the free end ^th-rop. of a five^ ^^, what weighrwTtrlift f"



ad bottom ?
"^""*" A^. hw many puifcy^ ^

576«i S^iJ*^^ *" '**"'*^ to lift , --M.* »/*7M4B.0SJilt^^tt a i«v«,<«d tackle? ^^* '^

with a tI:::J,°ZlT^^^'\^ ««ht or 3400 lb..

.with a tacUe tluit uwUyls^e^ "**'«'«'»* of 6W
« the tackle ? Dmw a .Lte^ofSl^'

•«-™«y ">P« a«

.fidway ^:^ :; f:^J^^-
» - ^e dn^^ .

the dddway i, . is. The^i' • ^°«f'««* °( friction on^ nece-ary to appI^to1^SLVSi/S '1!f^*'
•«•

<»nl» has the tackle ?
"*• "«»* ""any

t^ "l. ^' * **'8;''* has been lifted fi ff k.four^ofd pulley, how far h». k "" '*>' "*«" o^ a
b«n moved ?

^ *^* P^^er end of the «,pe

. "• How many foot-pounds of wort • j
«>»« a weight of 3650 lb. ^r?L '««*••*>'« by drag.
t««d*. ««ffident of friSkilS^''riS :?»^ « '*«-«^
»«• dragged being 24 ft. ?

^
'
** '''»*»™* w*«ht

340 itl: nll^? ' •^-"^ *-^' '"'w much can a fo«e of

with"J^^"~SeT^*"«'**'^«'''<''««'b..

tacklMiftT*" • '"" ''' « »*• "- much can a four-cord
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Mft ite.S^STf "
~'""*' ^*^ *'^^ *«*te to

oonltadde tl»t « only 83% eflWent
?'•''*•'*'^ •'^

t^ by m^ola'^S^ *^'*r'-'*"'-««^

1*7



THE INCLINED PLANE

the ca« if the tnun^ JJZf!!",^'"' '^" *«"« be
height. ^" '•'*«' perpendicularly to the iMne

Mctkm, whichi.treatS^JT^'^'^J' (neglecting
an application ,,,^,X^«te^y).«n^fou„^ fn.™*

P-PoTwr
W- Weight
L-Length of grade
H- Height of grade

lis



Ennpl*
1 A uain wngh* 1160 ton* and a»»l. -

Jte. h«t a- the menace between it 2d thTZeS^tW question. „ « ,™all the length of the b-e TLZdered clow enough for practical purpowa.

WXH
L

P.:!

L- 100 ft.

W- 1160X2000 lbs. H-3ft.
_ 1160X2000X3
Therefore P «^,^ ^

100

would be taken care of in wp^t^qltJr^' "*"''
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TH« SChlW

JjI-per^i^di^^-Jr^-thepitch. Cutout

^VP^ to cutTS^^^' ^'l-*'*' "»""J which it i.
l-tch of the th«Jr „^,Jf.""«

• height equal to the
.*»» -crew th^aTill cmU.^*™"~* ^""^ «=y«nder a«l
inclined pl^O^

*"' «>n«po„d to the «de L on the

«t affect tht que.tio„ "^"J "T*'^ however, do
•fc«ch illustrate, the pri«SJ i?S '*"• *"^ '^'^' i"
continuou. for a ceSrE;^^*^!^^*^'* ^^e th,«d ie
cul« m,„i««enu of the *^k b,.?!^'*"^

*« the parti-

ft one end to aUow a nut oTfoL ',^"1! ?* '«"* ""> °"t
•t- Thi, nut i, made to fit Sr^

collar bei„g p^^
the «me «« a. the ^tdlrl^^"'!!,'"'^''* * '"*' «» it

thrMd of the «rew fittiii i^ h
' '° *"*»* "»
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twolutioii made by the
crew it will advance or re-
<wte a diatance equal to the
pitch oT the thread. The
mechanical advantage of
the icrew is increAed by
|«*W"ng the length of the
lever or decreasing the pitch
of the thread on the icrew.

The work performed is
equal to the amount of power —

nxpreMing this as an equation:
" a i

.

PXC-WXT
Where P - Power applied on lever.

t^- Circumference, radius of which measure.

where the power is applied (express i„

T- Pitch of thread.
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|bs. » applied at a distance of 14 in. /How much weight can KftJd ?
'""^

"^"T "^ •^'**-

PXC,
w _

T
P-401bs.
C- 14X2X3. 1416
T-l/Sor.2

40X14X2X3.1416
Therefore W — 17592. 961 bs.

Answer

nch. .n onier to raise a ^eiZS^K"^' '*'"

WXT

C
W- 24000 lbs.

T-=l,/6in. or .1666in.
C-16X2X3.1416

2400X.1666
^

39.77 lbs.
.16X2X3.1416 Answer

QUESTIONS

Wted if a power ofS S^ i. r^ie^*^ T^'^''*
"« be

"crew ?
"PPued 12 ins. from centre of

172
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lb. HowT t V^- '' "^ *° '"* ^ ^^'^ht of 36400
• v^T^^ *'"'^**'^^ •""='' *^« «" the «rew, if power
IS applied 28 ins. from centre of screw ?

lbs. with a six-thread screw-jack, power being-applied 26
ins. from centre of screw ?

•nw'fP'iea .«o

4. A power of 45 lbs. applied 15 ins. from centre ofscrew lifts a weight of 25500 lbs. How many threads peinch are there on the screw ?
" ^

5. A jjower of 36 lbs. lifts a weight of 60000 lbs. with

Lnr i^""^ ^ '^''^'^ P"^ •"'='^- At what distantfrom centre of screw was the power applied ?

40 ii!.' ^ '"^*='^"'^t " tightening up a nut exerts a force of
40 lbs. at end of spanner which is 10 ins. from centre ofMt. If the bolt has 9 threads per in., what pressure isthe nut sustaining ?

h uic is

nn J' "^ ^?^' "^""P"'**"* by a screw with a handwheelon the end of it, exerts a pressure of 7000 lbs. If the screwhas 8 threads per inch, and the hand wheel is 20 ins indiameter what power is required to operate press ?
8- A power of 48 lbs. is applied 15 ins. from the centre

th.:r;-;th p^" -^^^^"^ ^" '^ "^^ ' *"« ---^ «

9_
A weight of 28 tons is to be moved along the groundSit. by means of a screw-jack supported against a wallThe coeflSaent of friction is 70. The screw has 6 thread,per in. and Its lever has a 30 in. radius. Find (a) powerrequired, and (b) work performed.

W power

bush« i.'^'^-P!^ ^ "«d for pressing in cylinder
bushes. There are four threads per inch on the saw. It« operated by a wrench, having a power of 300 lbs. appli^
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HYDRAULICS

62 ? IK. J ^.. P*^ *^^«= 'oot is taken as hMn»

^« IDS. iius number is simp fied to 434 th. o«jsuch 18 generally used ' *™* «»

Similariy. at a depth of^fl tL' 1
* "*' "^ '*•

double and so on. and if ^ ""**"* *»"" »*

H -Head, expressed in feet

.J
",^'*»"re per square inch

. 434 -Weight of a column of water 12 ins. hirii

•n»en p.Jrr|3*,««*-^*'««>fl«,.i„.,

. H-P+.434

square foot. ' *** *"" <»«

tion ^^li^^^ °' *^** * P™""™ «'='»<»« the conridera-tion of so many more square inche*. or the {^^
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formula multiplied by the area expressed in square inche.
to find total pressure, or divided by the area in squart
inches to find the head. This is so apparent that a formula
need not be made to possibly confuse the simplicity of the
previous one.

When, however, the area of the surface in the problem
IS greater than one square foot, the solution is simplified
by keepmg the question in feet and taking the weight of
one cubic foot of water as shown in the following formula :—

When T.P.- Total pressure on surface
H -Head, expressed in feet
A = Area of surface, expressed in sq. ft.

62.5 = Weight of one cu. ft. of water.
Then T.P.-HXAX62.S

H-T.P.+ (AX62.5)
A-T.P.+ (HX62.5)

Example 1
.
A tank is filled with water to a depth of

3 ft., and has a base measuring 2 ft. by 4 ft. Find the
pressure per sq. in. on its base.

Solution:—P=HX . 434

H-3ft.
Therefore P-3X .434- 1 .302 lbs. pressure per

sq. in on base of tank. Answer.

Example 2. Find the total pressure on the base of the
tank m Example 1.

Solutlon^-T.P.-AXHX62.S

A-2X4-8sq.ft.
H-3ft:

Therefore T.P.-8X3X62.S-1S00 lbs., total

pressure on base of tank.

Answer.
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engine* meaMires 30 ft. diameter by 20 ft hirii Rn/i^tk.prewire per k,. i„. <«, ba« of tank.
"^ V ^

Solutloni—P-Hx.434
H-20ft.

The^fore P-20x.434-8.6S lU. p««u« per
sq. in. on base of tanki

Solution T.P.-AXHX62.5
A-30X30x.7854 8q. ft

„ H-20ft. .

Therefore T.P.-30X30X.7854X20X62.5-

,„ „ .
S73SiS lbs. Answer.

beenttlL^TepSsr."--^^

rit::" °^ -**- -'''^•' i--pporJ';r^e:'

J

PRESSURE UPON VERTICAL SURFACES

the depth mcreaws. At the surface the pressurefe^whJe the maximum pressureisat thelowest^r
'

«.bstiSlrtr '"T'^r "" *"^«^ '» ''*™<=>' «><» is

^e. but the difference is so little (the centre of gravity is

Soi '* " ""^ '" ^' •'"^ «=!«« cal-
^
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«*a.l!ir'*T" ^^' "»^™»K "centre of gravity." wiU b*

T. p. - Total pressure on surfaceA-^ of surface, in square feet
»-.0. -Average depth of water
M.£- Weight of one cubic foot of water
ThenT.P.-:AXC.G.X62.5

and STdtp'" tS'
'"' «*'" °' a -nal are^fi ft. wide

upon the grteL ? *
^*- '**'''• ^" » *»•« t^t^l pressure

a WDtracted from the pressure on the high water side.

Solutlon.~(for low water side)

:

T.P.-AXCGX62.5
A-8X36

C.G.-8+2-.4
Therefore T.P.-8X36X4X62.S-720001bs.

Solution, (for high water side):

T.P.-AXCGX62.5
A-24X36

C.G. = 24-^2 = 12

J5;^°';f TP-24X36X12X62.5-648000
lbs648000 lbs.-72000 lbs.=576000 lbs., excess pS-

^re on one side. Answer.
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HORSEPOW..R REQUIRED It) RAISE WAT«

into formula. «utoble to th "iffelt " .'«»"«tn,cted
P^"'"""- W repre«,u mlvhi -^ question.. «,ive all

1200 gallon. (U.S.) of wat^ '"TTnT "***«^ *« «*•*
feet.

'^""^ P*"^ "Mnute to a height of 22

WxH
Solution:—HP-

^

« 33000

W-1200X81

Th ,
H-22ft.

Therefore HF- 1200X25X22

-7;^^-6*H.p. An..

de.i.p"p?Hot STpr/w^'hr-™ *•' -*«'- be
««». in diameter by 9 inT^r f * '^**^ *=>'''"<«« 4
•tn>ke. per minuted 33. •T^Jr'^'''?,i^ ""mber of

Note. InallDumn .P"™P'*"%effidenV.
fken a. meaJnJ the^XT^*?* """"^ "^ -*«•«. i,

minute.
* ""^ °^

'*«*'«'n{«i per cylinder per

*>.^an:-Vo.ume^^„„,_,^,^^^^^^

The«fo« l^^l^l!f^^><^3
^T; No.ofU.S.g«l8.

''""
d^vered in «Mie

minute.

m



en^'^int "^ •"" '""^'' »- ^'' *"" the

TT,^^
4X4X. 7854X6X33X60X75

•torage tank, if the deli^ry Sd^ be 1W. "^ °"' '"*** *
and the pump', effidenJ1T%^ Note*^^.t """'?
gallon weighs 10 Iba.

'^* Imperial

_ , ^ WXH
S<datlon. H.P.-

33000

9600X10

60
H-33ft.

Efficiency- 100/80

9600X10X33X100
Therefore . «.

QUESTIONS

>thit.^S^ure"pL*„Se'i'l**'™''«^ What
^^^ ^

pressure upon the base when tank is fiUed with
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«nch at the hydrant?
^"^ " *''« P-^ure per «,„.„

,,,. *• A cylindrical tank is f, ft a^What will be the Dre^^rJ. ^ **P *"** * f*- d«meter
^'ed^to .thin /in'i'^o::.!^ ^untr '^' -""

vertical p^t ^.V^-^J^;; "'^'^^J^^
't. face f^ to a

*bovethevaIve'8cent«Fii5V.. ;,''''' ^'^ " ''•

valve face.
'^"^ *''* *«>tal pre.ure upon the

wateJlevllTj 1^0^ " V'' ^"^ ''^ '^ ^^ deep The
Find the prel^uVlaX.tt:"'' '« ^ «>" ^oJ^^

pump\e!!:rrri^"i„r^--^--wi,ia.„,^^^^^^^^
"»• «lia. by 12 in,, st^ke^id tt"

"^
JT'**^'

P'**"" » «
-nute i. 45. 20% i.J'thtu^Xt' "' ^"""^ '"^

pump of 40 H.P.
'^ "• ^«*P by a single acting

' Prom what depth can a 7 H ptons of water in one hour ?
' ^""'P ™« 20 long

10- A rectangular tank whirh .<> i* f. j
ft. base has a hole at end to^™i f V*.-

'*P^ ^6X18
valve by mean, of bolts Th. ™ ^««ten.ng an 8 in. dia.
up from bottom of Unk. R^d Sl^' '^" " " '•«
^- when water is within sixS {^m tTof UnT"

^^'^^

^". !t'is^tS£dT^^T^-'''^«'««-Per«,.
'^•nd the height of J.^TZ^^ ^^^^^ tank of wat2.
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HYDRAULIC
ACCUMULATORS

Hydraulic accumu-
lators are uacd in order
to have on hand when
required a «,ppiy ^f
water at high pressure.
It consists of a weighted
P»ton acting within a
cylinder into vhich
water is ^orced by pump
Prewure througfi a small
opening. This water
gradually fills the cylin-
aer, hfting the weighted
Pwton in the cylinder.
.'T>e pipe leading

i from
•t IS thereafter under "

« head of pressure
depending upon the
amount of loa. carried
t>y the piston.

The accompanying
•ketch A shows the gen-
eral arrangement, and
the convenience of such
^» be seen when by
"•mply adding more
weight the pressure will
correspondingly

increase
Sketch B illustrates

very dearly the workng
Pnnciples of a hand

SKETCH
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pranura pren, which an exacUy the Mune u thow in uw
in an aocumuUtor.

SKETCH B
Eumple 1. The diameter of the large ram of an

h. drauhc prcM i. 8 m.. and the .mall ram 2 in*. The lever

If 20 lb., be applied at end of lever, find weight that can be
raited by large rani. *

A-Area of lar^e ram-50.26 gq. iu.
a-Area of amall ram^a.u tq. ina.

^^P 30X2a
-"power at small ram- -lOOiba.

rawer at small ramX A 100X50.26
— IMOIba.

Anawer.
a 3.14

QUESTIONS
1. The diameter of the small ram of a hydraulic pre*

IS 3 ins. and the large ram 7i ins. The lever arm is 26 ins
taig and distance fiom the fulcrum to the snyUI ram is

to raise 1675 lbs. by the large lam ?

2. The load in an hydraulic accumulator is 65 tons.The diameter of the ram is 9i ins. What pressure wiU this
give per. sq. in.?
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FORMULAS
HOW TO USB THEM

«,nJL5T"'f "*" •* *•**"«* »• • "«th«n.tiad rule

„?.il ^ •«"««« letter, (.ymbol.) are u.ed to repre^ntnumb«, or quantitie. the term "quantity" beingTTto
d«rfgn.te any number involved in a mathematical proce«.iHtMe of ^rmboU m formula., in place of the actual

haT^h^.^'^l!^.'"*" '™*" '^ ••« informationthat other*..e would be imparted by long and c„mber«>me

uied m arithmetic. Letter, from the Greek alphabet atehequently u.ed to de«gnate angle., and the cS^ett^
tpi; 1. alway. used to indicate the ratio between thec.«umf«ence and the diameter of a dirle; T^i^l
"'^y"' «« mathematical expre»io«.. equal to Ta^6
Knowledge of algebra i. not necewiry in o«ier to make

fo„^
u.e of formula, of the general type, .uch aHr^found m engineering handbook.; it i. o^rne^-ory t^A^i^hly „j»d«.ta„d the u«. of letter, or ^3 Tn^ L"""^' *"i*° ^ *''" ^"^^^ *" the method..

It l.^^****"
<rf ordinary arithmetic.

lettJ,*!!^
»»"»"'«•. A. mentioned, the .ymbol. or^ used in formulas designate or ".tand for" actual

2^r„^hr""""""
^'^"**- '^ ^<^^ «' value, for agiven problem are in^srted in the formula according to therequirement, in each .pedlic ca.e. When Se'v^^^

» obtained by oidinary arithmetical methods. There are

Tj^r "^ " '"""'"" '' •'"'^"''"' *° ^ rule exp;:^'
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.
} The formufe is more concise, it occupies less soaceand ,t

..
possible for the eye to catch, at a gl^ce. ti^SSmeaning of the rule laid down.

2. It is easier to remember a brief formula than along rule, and .t is. therefore, of greater valUe andron!
venience. It is not always possible to carry a h^lTkor reference book about, but the memo^„.tT^upon to store up a number of the most frequently occunW
mathematical and mechanical rules. 1^ use ofSZcan be explained most readily by actual examples. In thefollowing therefore, a number of simple formulas will bepven. and the valu«. will be inserted so a. to show in^tSthe principles involved.

««wu

Eiample l. When the diameter of ^ circle is known

tylmf"^ "f^
*" '°""^ "^ multiplying thediZSby S.im. This rule, expressed as a formula, is:

C = DX3.1416.
- in which,

C — circumference of circle

;

• D "diameter of circle.

of « 3Si°""'j'*
***"" ** * «•*»« *at the drcimference

of a arde » always equal to the diameter times 3. 1416Ihe diametef,may be any number of inches.feet. or miles'the relatioa stated by the formula always ;xists

22 in.
* '^ "^""^ ^ **"'* ^^^ circumference of a circleM ms. m d>an,eter. Insert 22 in the formula in place of D,

C-22X3. 1416 = 69. 1152 ins.
By simple multiplication, the formuU thus gives

^, the circumference, equal to 69. 1152 ins.
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The diameter of a drcle i« ? 79 j « .
cinnimference. ^ " "»• R«l the

Insert the value 3.72 in place of D in a- «F««c CH u u the foimula. Then

:

C-3.72X3. 1416-11.6867 in».

the ^"'S'X^utradSatr'''".^*'-*^ °'

and dividing the sun, oh.!- ifI. ?*"""'"'*' o^ t«th,

the gear. TlSM eatt ^
*L"

'^"'^'*' ^"^^ »
forn.ula. Assume ^aTot

:;:P"**1,^'y «">P«y by a
gear; N the num^^tf.^u^'. and p'S'^ h'"""^

""^ *^
Then the formula would te

' *^«^'l'*"^a> Pitch.

D—
N+2

This formula reads exartiv a. !.. i

thatis,theoutsidedianfeSSLTthJ J:;^* "^T*
"'^^^

to the number oftB^S Ini !i- *^ "^"^^ ^ added
pitch (P).

** ^^^' *"*• *^» ••"" '• divided by the

pitch"6.X",y Sl^S'r*^ " " "^ *"« ^-''^tral
in the fon3a^^I?r,!f:'^ '" *«^ P'*«« o^ N and P
arithmetic.

^^'^ °"*"^* **^*™«'*«* «» in ordinary

r>_ »6+2 18
~6 7-3 ins.

D. 96+2 98
•J-Uha.
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From the exaiQples given the iollowinK general rule
may be expreawd: In formulas each letter ttand* for a
certain dimension or quantity; when using a formula
for wdving a problem, replace the letters in the formula
by tile figure* given fmr a certain ^woblem. and find the
required answer as in ordinary arithmetic. '

Eiamide 3. The fcmnula for the horsepower of a
steam engine is as follows:

PXLXAXN
H.

33000 ,

m which,

H» indicated horsepower of engine;

P»m^an effective pleasure on piston in pounds
persq.in.;

L - length of piston stroke, in ft.

;

A— area of piston, in sq . ins.

;

N •number of strokes of piston per minute.
Assume that P-90; L-2; A-320; imd N-110;

what would be the horsepower?

Inserting the given values in the formula:

90X2X320X110
H- 192

33000

Omitting MultipUcation Signs In Formukw. In
formulas, the mgn for multiplication (X) is often left out
between letters the values of which are to be multiplied.

T^us AB means AXB, and the formula:

PXLXAXN
33000

can also be written
PLAN
33000

186



Thus, if A -3, and B- 5, then:
AB-AXB-3X5-15.

"^»:;"' ^'^' ««lC-3.then:
ABC-AXBXC-12X2X3 = 72.

I i.
'*V^^ *^ multvJicatkm sign (X) that am be thiui

1^ out between «J,e symbols or letteis in a forJ^ Ml

SrmXrT* '^. •"««<=**«» the same a. in arithmeticThe muluphcation s.gn can never be left out between twoflgumL 35 always means thirty-five, and " three times five
"

must be wntten 3X5; but "three times A" may be writ^3A^ As a general rule, the figure in an exp.«^<^."St

not Mf \^ u
'^***" *"'• *••* ">»'tiplication sign isnot left out. but the expression is written "AX3."

Uie of Parentheeta. Parentiiesis
( ) or brackets f 1 inaf«™ula. or in an algebraic expression in gener^Jn^ite

te c^ZlT""'""''*^*^*'^"**^'' «' brackets shouldbe co™.dered as one single symbol, or. in otiier words,timt the calaUation mside ti,e parenthesis or bn«:ket^

IT^'Z^ **" "^ '**" '^^^ "*" -'-'-«-

Bampk 1. 6X(8+3)-6Xll-66.

Example 2. 5X(16-14)-|-3(2.25-1.75)-5X2+3
X0.5-H)+l.S-U.5.

hv ll 'i\^ T^^^ it will be seen that 5 is multiplied^2 and 3 by 0.5. and tiien the products of tiiese J^
5X2+JX(r. 5. one might have assumed that the calculation
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•houW have been carried out as follows: S times 2-l«.
I>lus3-13,timesO.S^-6.S. This latter procedure, however.
IS not correct, as explained in the following paragraph.

Order of (Wadoiu. When several numWa 6t
•atpressions are connected by the signs -f-, -, >:, and +
the opoations are carried out in the order written, except
that aU multipUcations should be carried out before the
other operations. The reason for this is Uiat numbers
cwmected by a multiplication sign are only factors of die
product dius indicated, which product should be consideied
by Itself as one number. Divisions should be carried out
before additions and subtractions, if the division is indicatedm tile same Une witii diese otiier processes and if titere are
no parmtheses indicating that other operations must first
be wonted out.

I

« EzamplM.

5X6+4-6X4-30+4-24-34-24-10
S+3X2-5+6-11.
100-^2X5-100-1-10-10
3. 5+16. 5-^3-l. 75-3. 5+5. 5-1. 75-7. 25.

5X(6+4)-6X4-5X10-24-50-24-26
(5+3)X2-8X2-16.
(100+2)X5-SOX5-25O.
(3. 5+16.5) t-(3-1.75)-20-H. 25-16

But

. ._ The nquare of^wmber-is tifc pmdtl
of tiiat number multiplied by itself. The square of 2 is
2X2-4, and the square of 10 is 10X10-100; similariy.
tiie square of 177 is 177X177-31329. Instead of writing
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«m« way 128' m^mill^ -H^l^ *' *" *^

often written 2'. whichlA^''^^',„t 't "i
'' '* "

way 128' means 128X128X128 Th .. P *•" **"«

e^onoX^Ltrry-rrj;^--^^^

to which the expo^eTr^ffl ^ •
™*? **"«* *^* "«""»ber

as a factor five times, or:
'"'"^*'* that a i, to be taken

a-aaaaa-aXaXaXaXa.
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o«h,L^
«l»«^on of the form 7.«, the exponent .ppH^«Jy to the tymbol a to which h !• affixed, andnot toS!.,«*«Went"7." Ifa-3.then:

"™««' ««> not to the

'*'-7X3>-7X3X3X3X-189.

coeffiS^tT"",! °^'
^^'^' «* """de to a^y to the

««pre«ion to which the exponent applies:

(7a)'-(7X3)'-(21)»-2lX21X21-9261.

D«J!L*^ "S*"!!* ""P"" «»»y to the coefficient, the ex-P~j«<» would be written "7^,. The value, if a-l.

7*8-7X7X7X3-1029.

bv tll^oil!!^"'^
"^ exponent, will be made .till clearerby the following example.:

aV-aXaXbXbXb.
(ab)»-anj«-aXaXbXb.

3(ab)»-3an>»-3XaXaXaXbXbXb.

wh!J??!?*~^.'*'"*" "** *»' * "'"nbe' » that number

tothe pven number: Thu.. the square root of 4 kTb*«uae 2 multipHed by iti^f ^.:^,, T^^ "^
^ 25 » 5: of 36. 6. etc. The «,uare root b AerevSe«f the «,uare. «, that if the «,uare of 24 i. 57^11^
~Zri°'-/Vl; .•^--thematicalifSS:

out. malnng^he square root sign simply V. thus:

>^2 (the square root of four equals two).
VIOO-

10 (the wjuare root of Me hundred equal,
ten).

"I—

w
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»w>t>MweUa.cub««^T^ Square. ,nd iqMre

l-i; - "^r^S^'^T "- -"• *^ •*v«« of
the cube «K.t ofTJv^u^Kl'^'r "' '•"*' *^* »•
""P^ted a. a factor .Se^^ " '^? «""»»« wWch. if

given; thu. the cX^ofTl.TS.*^''*' *^ ""'"»«'
H the cube of 15 i. 337? then Ih

^"^ 3X3X3-27.
The mathematicalS^Z Z^^ "^^ f ^"^ » "•

V64-T»r ™ ** ""l* root U V thu.:

the fourth «ot i. thVZZofLT^u"^ ™'*' ~ "^
« a number i. requiJ^h ^Ij'

'*^'*^ P<"^: that i..

fourtimei, wUl^I^P^^'Vff» '^ted a. a factor

root, or v'.jnitbeoE;^X:r"'"^'*'''°"'*

n..«t!'"^''^"^ 3X3X3X3X-81.
ine fifth root s written i/~ o-j

, -1^32-2. becarix2X?x2^,*"!r"'^=
Sy«bolsmaybeu.eda.^«J^^-^^;^

^
in the Mme way a. 3>.3v< ^ .

V9-3..a=.V^/,^Jf^^;r/-^'= -"'-

-^ttfe^^XtS'r"^-^^—

-

4/a.-a: V?-a: _v^-abV4?-2a-
V27a'-3a; VlT?b?=4ab.
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•fge of alXdf studT
' ""^ f"^

'"'«•?"»« and cube roots of numbenmav be «,»^o.«i

«u roott. will make the preceding explanations clearer.

Eninptol. Find the value of A in the formuU-
Vbxo:

A-

Assume B-36; C-3.S; D-10.
these values ut the formula:

. V36X3.5 6X3.5 21

5. By inserting

10.5 ""l0l^"lfl-2 Ans.

Example 2. Kind the value of A in the formula-
B»+C»

A
D'

WB-10;.G-14;andD-4.

A, ig+14'_ 10X10+14X14 100+196-18 5
*• - 4X4 uP-
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'""** 3..-F1^the value of A in the fonnui.:

A-VB»+ct
ifB-SandC-a.

'•-erting U|e given value, in the formula:

ing of arithmetic. '^
*^ ""^ * «*"^»' "nderstand-

Transpodtfon of Formula. An in,„^-for facilitating the use of fom,ni=!^ ^ "mportantjnethod
by thi. i. inLt re1iZ^^'''"''r "'«nipotitio„:
one or mo« terms or J^tuf ""'^"^ °' tran.poring

«gn to the oS«r ^™ 'T ""* "'*«' "f th« equals

w,x,wertriittiri,»sr/xt isr.
^- ^^«

svw
H.P,- .

33000
«n which,

H.P. -horsepower transmitted.
S-working st^ss of belt per in. of width. i„

w -width of belt, in ins.

formula by insertiS^r^ "'^ ^'^^^'^ f^^™ this

V.«)0:a^dr-Tir **"•"• Assume S-33;

33X600X5
H.P.- —=3

33000
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» w M^iound. The formuls mint tbca be tnnawi^

H.P.X33000

sv
—

w

The quantitie* (S and VI that wmw i. !.«
on the right dde of the^ulZ. a^^i.^T^^nU«tor on the left 2le. anfScTS^Lt
P««l to the numerator on the other lide. Thl, to fa

taS^ll^r^ ."*'"*** P^ "^ • fraction.^te^l?;m the formula first given, are to be con«dered a. bdn»numerator, (having the denominator
^^"""^ " »*'•«

The general rules for tranapoMtion are:
1

.
jAnindependent tenn preceded by a + rign mav

+ ««ni8changedtoa-aign.
"Nuaui Mgn u the

t« ilJlf •**?***"* ^'^P^^W. by a- sgn may betf»«?««l to the other dde of the eq^ rigJTf^ -
•«gn u changed to a + dgn.

«gn ii me -

<Hde of tl*^ T'''''^
"""'t'P"* a" the other terms on one

S!«v* ^J"^
8«n may be transposed to the oth^side .f .t IS made to divide all the termsW^atsiS

side i tt ^,^'y'*
*«^des all the other terms on one|»de of the equals sign may be transposed to the other d^.f .t --made to multiply ^, the terms on that siis
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d RuIm 1 and 3;
W-N-T: T-N-W.

BSunpl* of Rule 3:

W-NvR W— -R.
Nv

Bnmpte of Rule 4:

NR SW-NR.«Kl.byRule3:
**'"- NR

S S
w.

Aoortingto the rule, given, wy formul. of the formB can be tnuwpoKd as bekm:
A ^™^

AXC-B.andC—
A

Suppow a formula to be of the form-
BXC

A-

A
-B ;

AXD
— C.

B

aDDlJS/i!!l^
'^'^

f"'
the transpodtion of formula, abo

applytothetranq)o.itionoftheterm.of<
I equatton..
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'^^or drdeXO.rori.Slde or .„ ,„^^
««n««r of d«IeX0.282-Side of m equal «,««

AxM of SMtor of a Circie. tw.

»aed wrthin the Mctor. To find the^ o iL'^T *' " ""=»*• «"•* find

*npe •hown at ABC.
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rwaala fe- Thwtff* Ptoww or Dn.ii«. ..h ^
oxsxp '''••"•*»*^-

^ -tractive powM in lbs.

When
C-dkroeter of cylinder in In..

»-«trokeofplrtoninin«.

'S»t1rj' -verage p««« during
J^^n pound, taken « 85% of bS!

D-di«neterofdriving.whed.lnin.. -

Bmnpte. Find the tractive oam^ „f ih«;»g cyllndet. 18 |„. diwStoT JHT /
• '°~™>*ive

»«»X24X(8S%ofl«J0) "****^-

^J-
lS5S2lb.. Anwrer.

QUESTIONS

cylinL."^!^. t,Sx-.r* "'
f '«=«>->tive with

--.dUn,ete.^rrrt*,^iS-X^
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HAULING CAPACITY AND ADHESIVE WEIGHT
Formal, for Hautag. c«p«dty of Loco,«,tf^

whedO<32-the weight of engine and tender in toh..^ra» foltowiiirfiBnw. arefaned cm staigfct tiaek.8k»^>eed, adhesion taken at -f anrf (t«..S^T^
amm^mm

1 «* per ton.
'' '»*«««»»> resistance at

Eample. What is the hauling cinacitv of a 1tive having a ireieht of isoonn n^
"Pa".ty of a locomo-

180X32-176-5584 tons H.C. A„«,er.

QUESTIONS

133si) lS"t^htt' ^P^^y ''^^ •«««>«tive with

engine an^tSJ^i^S^I^^ ^^ ^^^^ ^

totjUfoftSTd^rj^of^pi^S^^^^^^
on drivem being 140000 lbs.

' "^
'^«''*

Adhedve Wei«ht of a Locomotive.

»«n at ^ of the weight on the drivers.
B»mple. The weight on the driving-wheels „f »locomotive is 140744 lh« Vi^A *i.

"''™» '™eei8 of a

9 1^7^
""* *••* adhesive weight.

~^~ i^^tn. Answer.
40 • 1

QUESTIONS
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CHAINS

Size of chain
inches

Safe worldng
load in lbs.

B. B. B.

In chains used as slings with a
double leg, as per sketch, note that
the greater the distance between
the legs the greater is the strain
on each chain.

W S
The formula—X— will deter-

2 H
•wae the strain on one leg in any
problem. '

Brealans strain
nibs.

B. B. B.

2500
4700
MOO

10400
13080
17100
21(S00

29600
34000
44000
48000
54200
SR400
M200
7f200
8fJ260

942<'.i,

1U432U
112400
124400
134000
148240

Weight of com-
mon ooil chain
per 100 ft.

50
75

110
155

^,200
-^ 265

325
420
500
590
700
800
900
1000
1100
1250
1400
1600
1750
1900
2100
2100
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ROPES '

.tnuni, 3000 .b.. p::^'. ro/trii^ra^'*^--

foiio^n/^^i^'* '^^^ "^ -"^^ «>Pe aoply the

aS?SSS"J"1?* •"^^•^ ^°' hemp „pe.An»X.SO0O-break.„g
strength for manila ro^. -

"^lo^JT'J^^^' -* '- th.'' 3 to 1 should be

Weight of Rope. A 1 ,„ ^.
•3 Jb.. per foot ofkn«h L'?\ *«/»«*«• rope weighs
found by the fciSJ^ZT""' "' '''^ '^^^

'

W-D«X.3.
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KEYS

«*« ft. is sufficient
'"***">« them f in. taper

•AaftiHg this is exce«ive and 1 of .K^*'*^'-
^"^ ^"V^

practice, sizes being conXS t„l
' '»'»™eterfs bett^

an inch. * considered to the nearest sixteenths of
^e thickness should be, of the width, plus,.in.

ELECTRIC UNITS

flow.
-npe-

«theun.tofcurre„tstrength.orrateof

Se^W.t*•'"™*°^-i•tance.«e watt
18 the unit of power1000 watts- 1 kilowatt.

Z^jatts-1 electric ho«epower.

geneiTtort"""'*
"'"**^- » *PP'-ble to a direct current

H.P. X 74«-voltsXamperes current.

GASOLINE ENGINE

*ffi«hy is met with inSr^^n^^ f* ^*^°'^*'*«We
p„g^^

n in determimng the mean effective
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f

Th* follawi^^ojjnub ]«. been «,opted:
*

H.P.—
2.5

;?*«*J-DiameterofcyM«fcr. . v '

N- Number of cylinder!.

St»a^ «»—on. a, w«„ght ,^ p^,.

diam^**- ^ **^ •«- Pip- » me«u«d on the i„«de^
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inside'

rof
irlnch

I-'tdmalf

0.01562S
00312J
0.046875
0.0625

0.07812S
0.09375
0.109375
0.125
0.140625
0.15625
0.171875

.0.1875
203125

0.21825
234375

0.25
0.265625
28125

0.296785
0.3125
0.328125
0.34375
0.359375
0.375
0.390625
0.40625
0.«21875
0.4375
0.453125
0.46875
0.484375
0.5

Oedmab

0.515625
0.53125
0.546875
0.5625
0.578125
0.59375.
0.609375
0.625
0.640625
0.65625
0.671875
0.6875
0.703125
0.71875,
0.734375
0.75
0.765625
0.78125
0.796875
0.8125
0.828125

SI**"
0.859375
0.875
0.890625
0.90626
0.921875
0.9375
0.953125
0.96875
0.984375
1.0



*»«tai.I EqulT«l«,ti ol Pteti of Ob. Foot.

1 1 1-X—— .02083
4 12 48

In.

1

2
3
4
5
6
7

«
9
10
11

In.

1

2
3
4
5
6
7
8
9
10
11

0.0000
0.0833
0.1647
0.2500
0.3333
0.4147
O.JOOO
0.S833
0.6467
0.7300
0.8333
0.9147

0.0208
0.1042
0.1875
0.2708
0.3542
0.4375
0.5208
0.6042
0.6875
0.7708
0.8542
0.9375

H

0.0052
0.0885
0.1719
0.25»

« 0.3385
0.4219
0.5052
0.5885
0.6719
0.7552
0.8385
0.9219

0.0260
0.1094
0.1927
0.2760
0.3594
0.4427
o.s: )

0.6094
0.6927
0.7760
0.8594
0.9427

0.0313
0.1146
0.1979
0.2813
0.3646
0.4479
0.5313
0.C146
0.6979
0.7813
0.8646
0.9479

H

0.0365
0.1198
0.2031
0.2865
0.3698
0.4531
0.5365
0.6198
0.7031
0.7865
0.8698
0.9531

,

»

H la.

0.0104 0.0156 Q
0.0937 0.0990
0.1771 0. 1823
0.2604

•

'0.2656
0.3437 3490
0.4271 0.4323
0.5104 0.5154
0.5937 - 0.5990
0.6771 0.6823
0.7604 0.7456
0.8437 0.8490 10
0.9271 0.9323 11

In.

1
2
3
4
5
6
7

8
9

10
11
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t.^^*^.
*^ a««.»'««c of Orel-

b|r.7U4.
iyJ.MIt.

51.849
53.456
55.088
56.745
58.426
60.132
61.862

--— soir
28.6670 65.397
29.0597 67.201
29.4524 69.029
29.8451 70.882
30.2378 72.760
30.6305 74.662
{31.0232 176.589



—
I

,==^,^l^«^^«.of Cfrel...-C.„.

>• 31.4159

i fi 8086

I 32.5940
i 32.9867

} 33.3794

I
33.7721

1 34J648j

( 34.9502
35.3429
35.7356
W.1283
36.5210
36.9137
37.3064

78 540 lis
80.516

'

82.516
84.541
86.590
88.664
90.763

..92.886

97.205
,99.402
,'01.62
J03.87
106.14
108.43
110.75

1-7.1239
47.5166
'7.9093
B.3020

,-8.6947
49.0874
">.4801

.6582

I 38.0918
138.4845
38.8772
39.2699
39.0626
1.0553

- .-1.4480

i 41.2334

115.47
117.86
120.28
122.72
125.19
127.68
1130.19

} kl.6261
i 42.0188

42.4115

f 42.8042
• } 43.1969
43.5896

•V43.9Sir
* J44.3730
i 44.7677
I 45.1603
* 45.5531

4S.94S«"
46.3385
' .7312

135.30
137.89
140.50
143.14
145.80
148.49
1151.20

156.70
159.48
162.30
165.13
167.99
170.87
1173.78

31.0509
51.4436
51.8363
52.2290
52.6217
153.0144

I

'M.7998
1925

.--.5852
54.9779
55.3706
55.7633

1560

54.

54.

i

i

56.9414
57.3341
57.7268
58.1195
58.5122
58.9049

159.2976

60.0830
60.4757
60.8684
61.2611
61 6538
62.0465
162.4,102

176.71
179.67
182.65
185.66
188.69
191.75
194.83

|
l_97.93

2orsj-|
204.22
207.39
210.60
213.82
217.08
220.35

|
223.65

I

230.33
'

233.71
237.10
240.53
243.98
247.45

1
250.95

I

258.02
261.59
265.18
268.80
272.45
276.12

1
279.81

flli.53~i
287.27
291.04
294.83
298 65
302.49
306.35
310.24

62.8319
,63.2246
63.6173
64.0100
64 4026
64.7953
"1880

66.3661
66.7588
67.1515
67.5442
67.9369
68.3296

168.7223

m.iiSS'l

314.16
318. 10
322.06
326.05
330 06
334.10
338.16
[342.25

350.50
354.66
358.84
363.05
367.28
371.54
|375.73

i Si2?' P84.46
fe !S°* 388.82
70.2931 393.20
70.6858 397.61

E «85 402.P4

J1.4712 406.49
171.8639 1410 07

i 72.6493
73.0420

1

73.4347
73.8274

I

174.2201
"'.6128

;0055

|75.



^'*M "ad dramitaniicM «'a«l«.-Coa.
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A»„ «.d Orcmufereno. of CircIe..-K:on.

Circum. I

Ins.

267.035
267.428
267.821
268.213
268.606
268.999
269.39?

1
269 784

•270.177
I i70,S70
270.962
271. 3SS
271.748
272.140
272. S33

_s_ 272.926
I

87 J73.Ji9~
' 273.711

274.104
274.497

( 274.889
275.282

' 275.675
276.067

5674.5-
S691.2

j

S707.9
5724.7
5741.5
5758.3
5775.1

,

5701.9

i

5825.7
5842.6
5859.6
5876.5
5893.5
5910.6
W27.6
59._...

5961.8
5978.9
5996
6113.2
6030.4
6047.6
6064.9

93

276.853
277.246
277.638
278.031
278.424
278.816

_L 279.209

279.994
280.387
280.780
281 . 173
281.565
281.958
283.351

i
21.1

282.743
283.136
283.529
283.921
284.314
284.709
285.100

1285. 492 I

JSTssr
286.278
286.670
287.063
287.456
287.848
288.241
288.634

289.027
289.419
289 812
290.205
290.597
290.990
291.383
291.775
~I2.168
292.561
292.954
293.346
293.739
294.132
294.524
1.294.917

6M1..'..
6379.4
6397.1
6414.9
6432.6
6450.4
6468.2

I

6486.0
I

JSOi 9"

6521.8
6539.7
6557.6
6575.5
6593.5
6611.5
6629. 6
664?"

6665.7
6683.8
6701.9
6720.1
6738.2
6756.4
6774.7

6792.9
6811.2
6829.5
6847.8
6866.1
6884.5
6902.9
6921

Circum. I Area
'M. ISq.In..

i

295.702
296.095
295.488
296.881
297.273
297.666
298 4)50

6958..
6976.7

I

6995.3
7013.8
7032.4
7051.0

I

7069.6

298.451
298.844
299.237
299.629
300.022
500.415
300.807
301.200

I

roi.i9i"
301.986
302.378
302.771
J03 164
303.556
303 949
j04 342

WTW
305:127
305.520
305.913
306.305
306.698
307.091

1
.307.483

Jooyri
308.269
308.661
309.054
309.447
309.840
310.232
310.625

ITlOlS"
311.410
311.803
312.196
312.588
312.981
313.374
3U.767

7ett.2
7106.9
7125.6
7144.3
7163.0
7181.8
7200.6
7219.4

7330
7257:i
7276.0
7294.9
7313.8
7332.8
7351.8
7370.8

7408.9
7428.0
7447.1
7466.2
7485.3
7504.5
7523.7

I'TSJTo
7562.2
7581.5
7600. -5

7620.1
7639.5
7658.9
7678.3

7717.1
,7736.6
7756.1
7775.6
7795.2
7814.8
7834.4



PHYSICAL SCiiiNCF.

wat«^ Ja ..'^^"•'f
Thus iron, coal, air, brass, woodwater, and oils are known as HiffeF<»» i

'""'Wooq,

^^eso^pHScJntS'rSro r^ -£

8^ T^,? «.
^"^' *•"' "^"^ '^•"K f^°"» * liquid to a

temperature is loS K^i. J T"^ *"""• *^ '^ *«
«>ii<£^y. itw^.iT^tssrt^tk^^ri'^"*'*^!
water aaditmmit A^-T^Lj ^**'" amount of—

« ii-iit thBw^.tfc«e «ate» as many tuaeB as
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heat pre«„t; but ifSst te nSTu*"" °' *™'"»t "i^

point." an, differentZ e^ "tSa^^*
the "changing

the range of our ordin^ry^Tu^'*,**"'*- ^"•' ^*«"
Afferent substances eSgTtS^lwT^""* "^ «"**
For instance: Iron occura naf.VT n ^ different states,

a gB.; water asITqS^^; L?.*f'= "^^"^^-
mercury as a liquid AMT»!f ^''''^ "'' ^ * ''S-id; an^

any substance coLldTL^n n
^'^ """•*"•«" ««»

again and again until 'HTi^i,.^"'^''*^ *"** ""bdivided

•cached, and thisCdt^^J """'^'^ ''"-^^^ was
substance. "A moleiulTS? Aen'L'"':'.:!"'*

''^ *•«=

portion of any kind of matS Sat ' m u ^ '™^'«'*
"•echanical means." BuTtJT ? •~"" ^ "^^"^ by
for it can be reduced sti.ff t^"""? '^'" '^ "°» ^ere,

Taldufrwater.MS^l^i^''- by chemical means.

•" P"««l throuSrnSn^-.i*^^'*^*^*'^
di«ppears as a liquW^"„JT^^T

°^ ****'• '» K«dua%
««»« and hyd.S5r^!f„,'"*^**° «'««'«'«>»««
to have broken ^^nJa!'^'** "' water are said
actually conSr^' tTatomT'f^HL^'^^"'^ '^ *»*-
oxygen. Actiom.^f^s S ^'^"**" ^*» «« «>'

.chemistry. I, ^houW b: t"^Xt "tSfht ''^^ ''^

oxygen will now remain as s^ch a!^ ^ hydrogen and
by mechanical mi^ng or^^J.'it^"eltr^T''

heat^^d :!j;^f^t?:S'^,r • ^— be

- i-= thus pa^.sxrs-L'^Sgr--
214



'eave a piece of iron exuowH »« -•

conddemWe time ^dt^ ^ *"*' "^'^ *^ «
No amount of^^ ^Jl?,??**"* "' ""* **» '''™»-

have lost in weig^ A ch^™^ .

• '"" ^" ** ^"""^ *«

and some of theton ts^S S'^th'"
*^" '^•

atmosphere, formine an«.tirTi!r .^'^ ""y^'* »' t^e

it is meked is ofa^W o^! T. ""•^^'*°«' '^•»«'

which it undergoes ZhJTL^ TmL^*"
•*"* f^former case the change is tej^rv »^H k

^'^ '" ***=

iron. On the oth^r h,J^
'^'"Porary, and the iron s still

it undergoes a ^™iZ,; T "" ^"^^ *° *»'- ""'i^t air

which the composition of «^?^ '"•"• ^•^»"'» '»

chemical actiZ^S" chan.ttw h" '^'"'r"
"^ *""«'

position of the'sul^LntS t,SX "f ^i'*"™-Another example of a chemi«^T ^ ^i"^' *=''*"««'•

burning of a match or^T u^'^^ '" ^'^°'^«' hy the

A. it bums Te^^e^UyIZ'rT^' ^" ^ '^'*'--

some of the solid constiturte are^h«„f!f^"^"*
*^''*"8^'

the whole mass unites ^Tto.y^^tC'. ' '"' "^
would commonly say it b,,™. -^ ^'' "^ ^ ^^^

action is known LSbustir ^«' ^- "^ -chemical
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SOME PROmriES OP MATTER (««.,

perform certain d^tiT ^^t* *^"" ^"^^ «l«Pt«i to

-tal from which tol„u'^"ui'S."°"?^;.^^
never do for locomotive side rodTl^ H^' u

* '"^ **»""

properties will be <«iu^T:/-
*"

'''*P*'^'
*« ««'««'

ertfe. that belon,'';^'^^,^^;^."""™''''^'^'^

ductivity. F„sibi«T;. andSSW SSS'r '
''''"

whici^S^tke'^mofe:;J^^ "r «^^"*«^^
property belong J^I^^^.^^^'^^V^^ther^ 11^
apparent in the case of soKda tL-^^ ^** '™**
varies, and the v^n^ ^^th^L^T ^"^ *"'*»

degrees of rigidity ^^T^/r* "" ^ *«f««'t

Whenwebrtsakr^kst^^' ^^^
.

^^^Iness in bodies.

become so ^^^^^7^"""^^ *""* ** "«"«=«•«'

Once separated.^^^ oSy^rL^rr^^-the molecules very dose^oL^h^, ^ T^ ^ ''""»"«
such as heat TtSI uT^ *^*'" ''^ '«'»« agent

iron a« uS;^ Setter ^Is^h"
*"° '''"^ ^^ '^^^^

the molecules o?Sdi£' ?*"'"' ''"'T*
'*• ''""*

such intimate conS th^T^T t^Tl ^"^ ''""«^ ^«t°

"Stored. SrmrTutLlSS!t:"''w~''«''°"^«««^
much more easily thl^XT^ S "^^J°

"'•^'^ *^*^
- Whenp^ ^^S^He^^rtStX^ir^!
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a very gnat oreZL kZT P*"°'»>' '^•'«' submitted to

the molecE, of aTLd?^™" the nat„„U attraction of

materials d^^c^ZLZT T"^' '^"^ »*«''«*»' <>{

to the term TSZdtTwhih •
?,^'*''"- ^^ *»""»' "»

offered by a S^S^LT^t f
'^^ ''^ '^''^^

apart. MoreSL leTse"he 1^-;'' *Tt^ *° P"" '*

aTth-^-rr-t^Ti^--^^^^^^^

subsunce accon^nft^^rLSlt^^r^t^lH
*" "^^

m minute quantities of an^ ^tiT u ™^ Presence

i- PossJthe^th^ Ssirs^eS^^r, '^' ^^
and lead possess the least

^^
'

'"'"''^ ^'"'^' **"•

^fHcS^'^orpentX't"^^ ir^^-^^^^^
(soapBtone) possesses ver^ littlelSn^ ^"^Jf'away with the finger nail. Lead ^^cuTJ.^ ^ ''"^

glass; a piece of steel will cuTdas^lrJ" ^ * ""^ ''^

M bearing,rfe..^'C;£" " "«" » »™(«0.„
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li«ed form wh^ «!bi^fTj!? *" ^'*°"» *« ^^ «y.tal-
^^^^^

wi,™ «,b,ect to conrtant vibration andt^^

and crystalliS by wire.p„lCa„d i^ Jf~»«
h^^ened

anneal them Tk;= • j
»'"""« ana tt is then necesearv to

in. it^i ^^ •',^-
SJ'^''-^^

the metal^STTow^

•oftening of the .-.eST^ Sn ^' *•= ""''«™'"' ""d ^e
howeve? for t^ anntl

^"P'*'.'**?* «« fo«ow this law.

^ddenlyinaJ^th^SSrheL^ell"
ne^«^to «x.. it

has never been ascertain^
The reason for thi.

^-ctSs^ii/^etSai;:^^^--

the commercial meJs ST. ^*' '"•^^* -"^'^We of

Sheet l™, a^sSSn bS^t ?* *f.L^'
^^ "' *•>« «»*•

"'i^d under theT,^^ f "'"*^' ''"* '^^-''"t be

-ame extent ^copT^iZZ t^K^-
""^^^^ ^

of the sheet-me^^^rati^'
n«JeabJ.ty forms the basis

*ho"Kh. in the opeS^' th?^," ""^ * *^'^'«'«.

metal worker, duetoX^iff
bo«'ennaker and aheet-

the second wo^rSfcolJrtaTTli^i^ f.
°^ '*'"'=

•* bent to a qaick curv»t..» . • ^ P"**^ *=*n"«t
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heating i. to allow the molecul^t^'
'*•** "' *^'

*«» to adjust them^W^^l^r ;''^^»'''>^

pun o^;*SS„.e^Sr4urrs SelTa'-S ^*^' "^ ^
pre«ure applied is called TsU^u "^*'"' ^ the

-^noved the st«i„ alsolii;^' Z^T '''
^T* '"

elastic. Such is the case i^th^»L! ^^ »» said to be
the strain alwa>. .^^^""jhtThrl'"'""^

"*^- "
no matter how great thenth.1^ •

.^^ '* removed,

elastic." Fluidr^kt^:r^r""^'*r'*"'*^«*'y
only bodies that fulfiU ^'^^^' ^'' "team are the

by a figure found by«S^! i '"f
^^'^^'^ '' »P«=ifi«l

of elasticity.
^ «P««'nent. and called the coefficient

by a^r?rs;,d?SSirr ^ •^'^ ^">'«''

etc. Thisp.t>pertyison^tf^tl-^u^'**' ""^^ "y»tals,

intendedforu^^.SuX^rc^;^^^^''"--^^'

Conductivity of heat'.-. =
the metals so vSuable for LI ^''^'^^ "^^"^ «»de«
du^power of d^^^Jrsu'^i";;^-

Xn'^^ ^Tthemorecompact the struetute the^t^h^.Jw
^'^'**''

He«^ the metars are the best oo:Si:^.to:^|-22;
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f-

^^^n^J^T'jt^''^'-^- The best con-

•ilver.-
«»iauctivity of the metal, in regard* to

Silver.

Copper.

Gold...

Brass. .

,

Zinc.
. .

.

1.000
.736

.532

.231

.190

i™", 119

f^ 116^ 085
rlatmum o^
Bismuth o]g

water^'rn'Xrmrtrb^rr. ^ '-' *"^ ^"" o'
cool below. ^ ^ ^'' ** *''« top. and be quite

have'^eS^5;,:i^rSS«3^;. Different substance,

substance. wiU ZZJLTT^ "'r*"*='*^-
^""^

insulaton,. The diff^t *!«,?' "^^ "* '««'^ «
also carbon and diluH^r Jn^'

'=^"^"« ^'"^•^ty.

« the best conductor ft^l ^ *•* ""**"«' "'PPe'"
although ^.dandsirsXrSrSte.r'^--

thebj;?S;g^*2n^i*' rr "^- «^-- ^
diffe^nt substaiS.*"p,^ttr::r'r ' ***^ •^«"
of a tub of water and it^L'^ °^^'^ °" **»« '"^a*
.dear of the water. holiS' t'SSel "tTth^r^T *° '"* '*

« cwaed by the fon. trf --. • J*^ '"^«*- This
adhere strongly to «^t^crZ!T' .J*?"*^ *«1 «tae
Thus, we hate adhlvHa^' ZT "" '^^'^'^ ''>'«•

apples of the force oTadhSS *'' '^*' "^^ " «"
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VlMXMitjr. When fluids are nourprf .i. •

amour* of internal friction «^if ^^ " * '*''^n
readily than other, S ^^ *""" ""''^ »»" "»«
formed into dC' w^e hiS!!! r.r*'''

*"** ""''^'y
drop, slowly. TheaDDKLJr^^u''' ''" ^*'^« »" ^o™
'e- viscousfor thinner'^W^"^J'^*

**» ™'» "'»'«• them
»i« reach a tem^Sure ^7 Tu "f *° ^P^'" ''^^ they
change into a gaT T^e fol:' m"^

^" ^''P^^' or
«5ng points fo^ some oVS^"?

table shows the vapor-

Phencp,««u^; ** °"^"^ ''^"^8, at atmos-

Wat-'"
. .

'£ '^: ' pP«-'e-
ai^Tdeg. P.

Salt Water... 226 '< m ^^ "

Turpentine. 315 " f^^'^V ^ "•^ «=•
Jis

Linseed Oil... 6oo "

» 212- in an o^ive^ '?;^ '^""^ •*'"* «^ water
steam pressure of200 SToe

"
.'°^f"!^^«

bd'er under
presence of salts, such a^' ^l!^" ' '* "*** *° ^«'°- The
boiling point to k stSl WeW fi

'' "P^r**' '^W '»'* this

-reheat to boi.a^i'Sroft.'SrinaT'^"^^^ '' "^^
than it does in a kettle od^ tn!t

locomotive boiler

iron is heated it turS r^!,^- *'' atmosphere. When
at the pohu of fuTon^e1T*'*°*^««K'-Wte
color indicative of the L^\„'S°-"« **"« -^ows the

SriL?Red:iS''^;^-«^«''^White..2«2deg.P.
Orange... 2102 " r^ .. r'^2 "

White Heat 2372 " ^''"''"'K White to

[2&12 "
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»«>peniture of eTF ^^" '*"' "* »** *«»" •* •
tn^yity of ««: i, 7, we"m«n.jr '*'' *^* *^ """^

.tin«..e.v.er'tS„r«rvr„;7^r' -^
"

•

Cork
24

1^ .434tol.33 /^P««««BO«
'" .917 IWndofwood.
Wax

pg
Alcohol an*,
OUveOil :. „'
Watw ,000

'

5?W**« 1.026
^>« 2.52
LHamond 35
Inm 7 n
Bra«» g'j
Copper 8 9
GoW 19'^^ ..'.'.'11.4

riatiniim 21 5^ ..10.5
Tm

7.3
Zinc y'n
Aluminum

2. 56
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•OME PROPERTIES OP MATTER
(PLUI08)

divided mto two mS„^^' T- ^"*.""^ «« be
P«>P«ie.. Some fl„iS:.S^'^^'« -•««<«.«-«
be oompreMKd a verv d.oh* '""••***=•**» only
though objected to 2^Jt' •™'""* '" ^•"~. «««

"2S7 P"nx.«* liquids ^y^ tSdi^- ^"^ "
Pi^MiWe. A Baa i. rL..-j j <»n«idered u incom-

nudity, or P^enTsSS^^.^dit'SJ'^"" •*«"•-
becaw» It readily exoand; «^h

^"^ '"*« * 'i<l"id

»"«««• A liflid Til
*2?.««'f•«• under chan»^ of

it^f to the iS^^'oAhtSh'ai't^^" **^^^«*
•urf«a- Thi, surface i. thf^^S- ? **""* * '•^el

liquid «Kl the flSrraL? J^** ^^ "^^ tbe
always tending to expaidT,.,,^.'*''.**

the other hand, is

'ace. Thedifferai^K,™ ?^°~«^'«•"osur-
-d.g..o2t:::;:^-^a^^^ui<i body, a rigid body.

A ngrf body ha. a definite size «ri d«,pe.A lK,md has a definite size, but no defiJS^ .hapeAga.lia.no definite size or shape.
** •"*'*•

There i. a law known as Pascal's Pri««„i u- ^ .

fundamental law Kovemino. »!!r^ , °P'* ^'''ich is the
P««=tical appliJti^"'^'^.*^'"» '^ ^^'^' and the
Whem^er a Uq^dT«LS :'!'l

«« ""^d every day.

app^edatany^^,rrp:^^,^4-S
283
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<»«i«lyM follow-
'•**"•' "<»"*«'•. m.y be .tmcd
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***" '^^9^ APPLICATIONS OP TWaPRINaPLB OF PASCAL'S

"'uiti'Xffo^'SSn'' "'' '^'^'''' • force may be

Referring to
rio. I.

Fig. 1 it win be
»een that a Mb.
presBu re on
the amalf piston
is counter-
balancing the
10 lb. weight on
the large pig.

ton. This is

owing to tne pis-

f« njcr wnicn forces more hqim] into the
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P««««« exerted by^Z^^ °'."y ""chine, "niex
to their a««. buV^S^"' ''^V « P«po^
a far greater distance than .h i

'^•*°" "«*^ through

theweaofthe.SrpSSSri*^.'**- " « "-ulS?

PMton multiplied bv *i.-
^'"^^'""t to the area of the lan»

-nU. give. „rS Smtb;^^?,*'™"^'' .-«<=•• itn^
«P«anatio„ of PasSTSpi^ '*'"*^ °"* ^ *»•*

act <?rSrp:;"j;:«^-^t,„e«^^ eo
» more or less baarf™^%t- ^* *««» "^ comprawd air

undertheh.So^'^ ^» pnndple al«. but'S^
PT'Ptetoga^.Sn^tt^f^l^i-PP'-ti^
ca^cuktion. but thi.isSS^^'^*" """^ «*»^
«% incomp,e«ble. WelSe ir'^*"'**"P««*-
effect of this law on a^uSl! i^**" *' *«««*««.
•"oved quickly with th7v^^^ ^^'^ the engine i.

' ""P^oally in a pwton valve engine.
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PRESSURE DUE TO WEIGHT

«<Nd't.n;^j:STc::LSr '':^-^ ^- *
ample, pierce a hofein? ti ^ ^ ""*•"" **• ^^ «-

i. put W^Z 1; '"
V"^." *"'* »*'«™- W a hole

»een thaTSTe Si^fTn^''^''^'*'* '* «*"«. i* will be

of water a much1^»/
the lowest hole projects the stream

sure increasiT,™ "f
J*""!"^ ^ave shown that this p,«i.

also been fo„„d out-J^t thtS^u^irr"* "^^ '^
point in a horizontal nl«l • f ^^^ '* **** "^^^ at any

« e^ua, in ^"^SiSTat^s''«X*'"•r"^^"^any angle from the ooint rli ""^T*"' ""deways, or at

P«««.r^. and thaf irthe h^ZT **** determine, this

mate, .io cjff^cl^ itt "he .H
*' ?""''* *^- '»

^"^'el may be f^uJ!^!l '"'* °^ *''*' containing

PerpendioU^TXWV^^i'^^ "tiS'd 1^' '^'^''

P««^ at. a riven denfh^ determines the

a« stated above!^T**?
Then remember this point.

hoSa.srrd':y;rp^i^''"' ~"-* "^ s^*^
understood to see throir.rf l.^*

"*""* ** thoroughly

»•«• been perfoZdZl ^ the following experiment, which"«^ pertormed and proved countless times.

'be^siS'SiTnd^ ^' '"^^ ^*'"^'^^
height in alT^ '

""' ** ***«'• ''*«'«1'' at the «une



'fluW on the ba«e istTLmL •
'?*"'* '«««' by the

be apparent afSe fi« ,r^';„^ "If^K."^'^^
^ apply the law jukt giCS^S l!l"

** "«fc«ttQd if ,

^> that the P«8«,« S?^Sl .'^T~ *•"« to *ri^t.
th« head or h^^^^^^'^^ ?^* in a hquid i. duTto
•-•derations. suchasirS' "1l?'^*'«t«rf«»t^>erc««-
Hqu.•d; and that the^u^'j!"' ^^ «»*«i«i«« Ae
o the«n,edepth.ari„oE^ t.^" "5 P"*"*-
plane. "erwortte.in the same h<»JzonUl

»«• ^^*iivor''r';;lrra*'' '^"•^ ^" •* »«302
*«• require a h;ad o° 2 ^S^ft T"*!"^ ' "»• P" •<>• «•

a column of wa^ 33.'^ ft l^h
"* '''*^ °' »"PP««

FI6. 3.

a«l the tubes. Gravkv^?.-
"**" horizontal plane in

thi. weight give."'"r„^^^;^^ ^nvesit^^
equdibrium, and if thfadoes^r* 7^'**^^"*^ «!« an
fnd adjust itself until tte^^Tth'^ «quid will flow
'« the «une horizontal Stw^", **"•?««« P«nts
"«Pn»«d rather crudelv bv th. „ • " «w«etimes
feelc its own Wel^ but I'fe o^.^^"" "«»«« -^ways
't is somewhat vag;,e.

°*'^' ''«»P esprorioAs
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a new force of Nature ™1L • . ^ *"** '* '^ "«»»l.

it. own. TtS SS (S^r *!f?"
^*^ *" '"^^ »'

Adhesion. It^SfSuS^^uS' -"1" "^'^ "^*«' *«

above ,*e norj' .^Tin^ hTll^ertr"ST *" "*

bore of the tube the greater will be the riae in 1^ u^in accordance with this law that oti^riZn.?^' •
.""

or travel alone a "trin.™^" ,? "'^'^"P'"**-
bearing. T.SV co^Zfy ^'.r^fol '"S'^*^

*

mechanics, but that is the w^ng Sm to uTL^^T*'.s an ejiti^ly different instrum^t of PhyS t^^ftexplained in a later paragraph.
'^"y««- « will be

BUOYANCY

itssJS^ijsSLirr^ '" !."*""''• -^ •»'"» of

as the de^A of ir .*° '^"P^^ pressure which varies

of waterjinunersed until itisLer^^^tt°:,^-^'j2
Fig. 4). We can disnsgard the
lorces acting on the vertical faces
for they wiU be equal and opposite'
«id will have no effect on the cube
But there will be a downward pres-"
sure acting on the top face equal
to the weight of the cubic inch of
water above it; and there will be
an upward pressure acting on the
lower face twice as great, for it is

no. 4.
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» only I«df a. n.„ch«72t^f *;«•»*• but *«» thi.

««»*« upwarf pr«,^ t^S .r^^** "T"^
there wiU be .

™. wffl occur when £l^Th^a^!^'^^wau^d it will then l^LSt fl^^t
"""^ " **

ll^pnndpte^goveniing
flotation is 38 follow.,

or wat'nnS,itS-rS/^ <«-P'- iti^ weight

•tap sinks unta it displac^rvL„1^"^«'^' * '*^''«-

weight to the battleship S^pTeJ""'""'
°' ***- «"«• «

that amount. tKT^1^1 I
**^ "^^ **" *« •«« by

»early ev«yone J^" ^^S^^
of common experience, for

Stone inw.«sedinwater^H t rf^** '" *^«ht of a
The loss ina^^wSfi^r '^"^ "^"^ "^ "^ ^*ter.

having the saTSim^tV . ".."^"f '"' *" -^bBtan^es
IT,-.- -J^

volumes and at all ordinarv deaths

SPECIFIC GRAVITY OF LIQUIDS

i'il!!!??''*
'^'^^y o^ a substance

:^ . .
• *» compared with
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SriS^^ "^ •" '^*" '*'«»«» to «r or hydrogenThe apeoiic g«vity of a wlid or Uquid nrferredTwS(d« common «anda«l) is found by dividing^w^It^

w»ter(pBre wster at 4 degrees Centigrade).

is tb^nT^^ '^'^^ *^ * substance is a "mtio." and

"hXm^'"^ "Lf"*."^
'*• ^ '™^'»«»^ «*»•«! a

-^feTS^n i "^ *" *^°** '" * "''"^'» will dnk until a

«2^1 Jr? .^'
"'™"'* "^^^ "*«» i" finding the•peafic gravity of liquius.

"

»„hJn^K*'^Jl!_**'' 'P^*'= K^'^ty of aM ordinary

suited when mformation of this land is needed

^1

SOME PROPERTIES OF GASES

Every mechanic 8»-Duld understand the general phvs-^ laws of gases, fo^ ow^-days they ar«mKe of^
Compressed a.r .s usca in all nulroad shops aiS^on 1^ and « quite as indispensable as steam"^^Z^
k is wJrr.1 ^^/"* "^* "-^ «^«=*«y i« our work!^
1 l^'l*^'^"*«*^t'>*h«»- In speaking ofK^*e particularly refer to the common gases iS^^tSl^J^under pressure as air, oxygen, acetylene, etc.

" """*°P

"Hoi^^T^^'^*' " ^ we« ariced the question

"^h^"r?wrht"" "a""
'" ^ '^" P^b-'ly'a^:^:

JnLr^ u
*^

. ^
A very simple experiment, however«Uri«wusthatairlm weight, and thatkwouldta^rSSorfo«r«rong men to Uft a weight equal to thatof the ^r !^
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t»» -ir exh.uSlI ml^ ^^ to an air pump and

the tap and allow the outaideT to L. f ^*' *^
natural pr«„re in the flaak «d k^^l^t"^ "*^

weigh'^^.^^^a^f^^rri S;'',--'^^-'"' that air haa

««« of air (S atoo^ \ '^[^'"' ** *''« "attorn of an

u» exerts a prewurp ™. ^ IT-
"»»ao^ air on top of

The followinj^ t^o^rj^T"!!* ^* '^•- •«rf«*-

a thin aheet of ™b^ Z^?l 11u«rati„g thi. fact: Faaten

«h«u.t«meofX^r^ t" ""r ^^ * '^' «=y«nd*r and
be pushed in by the^^!?^'^""'''^''"'' *"«"'»*«' will

•^ tne outside air pressure as shown in sketch.

spheres will not din* tow^' k.^-/T"^.** *^ •«"»*-

from them and the tpSZ' ^1^ .^'^ » «*«"^
puflthemapart. W.Lt^^m^^u'-^T''^ "^
on the outside and the .nSe^Snt^'rp^Sl*
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withiii i. kMened by exhausting loine of the air, then the^ter preMure on the outade presM* them rightly to-

Ajiother experiment to prove th» lame law: Get «n

^<^S* T ^I T* ""^ •" **• Boa the water
with the plug out. Replace the plug tighUy and let cool.A, It coob the can will collapse inwardly, being cnmhed inDy tne great outside pressure.

Anothw experiment is to completely fill a tumbler with
wat«- then lay a piece of paper over the top. Invert the
tumbler and the water will remain in it, due to the atmc
o?S.'^""

'*'"' '^"^'"' *^*" "^^ downward-weight

by th^'I^I!^''"'*
^° experiments should be performed

"WStbh

^««ec »rTirr i>AreR

FIG. 6.

TorrtoeUl. An Italian named TorricdU in 1640 was
the first to prove that the atmosphere exerts pressure, and
to measure this pressure. It was noticed when trying to
opo^te a deep weU. tiiat no matter how good a pump was

"*i T^*;"**^
"*"^'* ""* ^ "^*«1 over 33 ft. TonkelU

included that it was tiie atmospheric pressure that forced
«te w«ter up from the well, a«d that when a hoght of 33

233



thep««.„ofthe.i,. Then knowing the wSToTS
««»«1 that. If th« be true, a column of any liquid heaSS^

««bi>R wth mercury, which i. 13.6 time, heaviwrt^water, he fou«J it to riae ta 1/13.6 of 33ft.^3v
•Marty 30 inches. If thi. ««^nZ* • ZJt ^'^•^' **

.

haa» «~i = IT^I , .
**P*"'"«»t » performed at theb«e and at the top of a high mountain, the height of Ae"«««y column win vary th«e or four inch... bLJS!at the top of the mountain.

^^

Here we have the principle of the
ordinary mercury barometer uaed to
"igirttr the air preaaure and foietell the
weather. (See Sketch.)
If we repeat TorriceUi's experiment uaing
a number of tubes of different sims and
•napes, standing in vesseh of different
•ttes and shapes, we find in each case
that the height of the mercury is, the
same, showing that the height of the
column is independent of the sise or
shape of the tubes or vessels, providing
that the tube is over 30 ins. long and the
vessel open to the atmosphere.

«ii !^!!T" °* At^ovhere to the Square Inch. WeHT^ a case wh«e the tube ^ a cross sectional
f«*of one sq. m., then .t is evident that the atmosphere» hoWmg up a column of mercury 30 X 1 X 1 or «>
cu.mches. One cu. in. of mereury weighs .49 lbs. 'twlore the atmosphere is sustaining a weight «rf .« X 30, or
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t4.7 Ibt. for euh *q. in. of area expoaed. We now lee that
everything on the surface of the earth i* under a continual
preaaure of nearly 15 pounds.

We will now proceed to notice how some of the laws
of liquids are applied to gases. We know now that air has
weight; that, like liquids, it exerto pressure on everything
immersed in it, and that this pressure increases with the
depth of the air. In liquids the pressure is directly pro-
portional to the depth of liquid above. This is not true,
however, in the case of gases, because while liquids are
neariy incompres«ble, all gases as we shall learn later are
very compressible, and therefore the gas near the bottom
of a column is more dense than gas near the top. For
example, a cu. ft. of air at the base of a mountain has a
gTMter weight than a cu. ft. near the top. Gases then have
weight and exert pressure on objects immersed in them.
The other laws of liquids also apply to gases, namely,
Pascal's Principle and the Law of Archimedes.

FkMal'A Law anritod ta «mm. Preasun osa con-
fined gas is exerted equally and undiminished in all direc-
tions. This is shown by the fact that two gauges set at
different points in a boUer (but at same level) will both
register the same pressure per sq. in.

The Law of Archimedea applied to gaaea. All
bodies immersed in a gas are buoyed up by a force equal to
the weight of the gas displaced. The buoyant force on a
balloon is an illustration of this law. For example, if a
baUoon displaces 12,800 cu. ft. of air, the total buoyant
force on it is equal to the weight of the 12,800 cu. ft. of air.

This is 12,800 X IJi pz. or 16,000 ozs. or 1,000 lbs. The
balloon could then lift 1,000 lbs. (Note, the weight of a
cu. ft. of air is l}i oz.)

236



^-fi^rf under a caSn ISL« .^T™ i^* ^' * «- «•

•"«. then the gaTTc^CSS t^<7' f?,"',*^
»*«-

volume. Or. if the v^luSTT^^ !!!
•"" **' »*• «"»

fonnervolun^.thrp^""* ;• •^"f^to »« »«« lu
to double the f^r^ll'^rH-""' ?"*"''•««-'
volume i. douwTSLX^ •'*'*^."'~ *^* « «»
half it. former .mo^ ^^S^^ZTL'^'^ *°^
" the paper on ComprWA r I? 2*^ '"*" '"^
unde«ta«, thi. lawIn'^if^ ' "*"* "^ *"

Scientiat, Hemv ialMT? i?
^ •"""**• ^n American

law. Mmd/Ak ifT' '"T*******
a«d announced thi.

With a™SS'. S:*aiounrof'^^l~^'?-« '^T'^^'^'P«>rtional to the prewure I„^*k^ ^ •* '^"^V P^
p--wi..doubinE':LunVo?^Sr;*»'"^"» ^^
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AIR AFPLIANCB8

«« i» open and held at a lower level than the wrfattthe hquid will flow from the ve«el through the tube sSan an-juufement i. know* a. a riphon and a. an eS' exSriment u one that Aould be tried^^everyone 12 r^i.
The upper surface of the liquid in the
vessel, and also the open end of the
wphon are subject to the atnuMpheric
pressure, but this is partly balanced
on the short side by the column of
liquid of height "h", while on the
other it is opposed by the longer
column "H". The pressure which
w effective in causing the flow is
therefore that of a column of liquid
of height "H" minus "h". From

-^~: *••... **" y**" '^^ •«* *•>«» the velocity of««pe of hqmd through a siphon is the same a. f^^opemng d«ctly into the bottom of the vessel and rfcS

L"ttt^.'^r.«"«'- P-ticaUy though^ouZS

. /P* •'««•'* of the pipe " h " is limited to 34 ft if water

R«ght decreases m proportion to their specific gravity

L .W *TT^f* .""•* '""'**^" '^^ ^Kht of Uquid in

^u^j!^ ^ ** *» *^ '^'^^ ^^ the ,Jace S
no HOW. Thu will clear up a common misconception
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^•ffl^«» riKi#. or « wottld then h.vt jJnSnotion in defanwrf theJaw, of mvit»tir«.«l iS!!!y

oatrimmeim conveying oU to the bewing.. TTiiiibwfonr

l^J^J^^^J^^"^ conveying oU to . bmSi•bovi^t. keep In mind that thi. b M e««mJe or U«l^^f«g«ity. of which the ortinary lamHS k . gS
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£v«J«»

COMMON UFT 09. SUGTICm PUMP
n|.'»fo«iliagfWH«rfMi«Kiiiuryltft|)iiiiip. In thk

^mip theru are two vsIvm opening upmuti, one in the
pl«on and one at the bottom of the cylinder. As the
pirtoB raieee. its valve doaee, and a partial vacuum ia

formed in the cylinder; then atmos-
' pheric praiMire acting on the sur-
face of the water in the datem
force* water from the dftem to
riee up the pipe and enter the
cylinder past the lower valve,

/C^l *"•"« "P ^ cyUnder after the
-JtJJ piMon. As the piMon deMendt,

the lower valve cloaca, preventing
return to the datem, and the
valve on the picton opena, allow-
ing the water to paia through.
The next upward atroke will do
as noted above, and in addition
will lift what water it above the
pwton up and out of the apout.
Since atmospheric presaure must
iwtain the weight of water in the
feed pipe, it followa that a suction
pump cannot raise water from n

level more than about 34 ft. bdow the pump piston. As
in the case of the siphon, this height varies with weight
of the liquid that is being pumped. As no pump is
absolutely perfect and there is always some leakage «nd
resistance, in practice very few pumps will draw up wi»ter
more than 20 or 22 ft. In deep weUs the plunger is
piaad ia a cylinder, and the cylinder is placed on the end

'""-~= .—--

^

no. 9.
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TU^t^.T'^'^^'^' '* *^thin 20 ft. of the water

check vah. on t^^d^l^Sl^^' ""^ ^' '*«'-' ^ *

^o-'X.J"^^^2S
L" f""^

^ *»«- of a

^oftHep„.p.,„,--x:r.r.'^tr;
which is the same aa the lift
pump previously described
«cept that the top of the
barrel 18 closed. The pump rodP^ through a stuffing box

" ^„ ** water-tight. The airM" or chamber on the dis-<*a^ pipe serves to prevent
strains on the pump, and also
to keep up a steady stream in
the pipe. While the plungerw moving up, part of the watfer
» forced into the discharge pipe
and part into the air chamber,
compressing the air in the
chamber and increasing its pres-
sure. WhUe the plunger is
moving down, the air in the
chamber expands fordr^ what

out into the discharge Dir^^T!^"*"
^^^ **^'*'

"-intained. i^t^r^.^lUZl'^, »-« '«
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Doabl».8ctinft Force Pump. Fig. n nhows Uie
arrangement of valves in a douUe-acting force pump. We
wiU now see how the above principles arc appUed on a
larger scale, and how they are really the fundamental
principles upon which much of our present day pumnng
machinery is based. Study the two sketches shown here
and you will see what is meant by the term "double-acting."

In all pumps of this kind
the same operations are
performed on eagh side
of the piston, 'only at
different times. The
movement of the piston
K more fully utilized to
perform work. When
pumping is to be done
on a large scale, the
pumps are always double
acting and power driven.

Either steam, compres-
sed air or electricity

_ ^- _ ""ay ^ used as themouve power The water pumps of a boiler plant are
usuallyst^m driven, so also is the air pump on a locomotive

pistons both on the same shaft or ,«1. A similar arrange-ment IS found on the hydrostatic pumps used for testing
boilers. Here we have a water pump driven by a compress-
ed air engine, the piston of lx)th being on the same shaft.

AU the pumps so far mentioned are known as sinslerta^r single pumps. Jn the case of air pumps or com-Pnufm It 18 pMBble to have them double stage or co«-
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*e final prewire , Thi. jTTi. • *
.
™ *Khai»«8 at

Principle.
™^ con.press,„g on the compoinrf

Some UaMtrf Comiiranad Air m .. •

are counties uses of coj^^^' w ^^^f"**^
"^

few of them in a geneiSTT^K ^ .7"" "*"***» *
modem train suchTSe^n •

"^ ""^ »" the u«. on a
train dg^ ^w ^"^ f"-"nportant air bndce. the air

n.otiA*^;o'*3?iSK;L'^':' **' '^"' "" '«»-

and boilernUer"rwoA Tt^ ""I'^T*^ ^"""^
pipes conveying it J^St-,!^."'"'** ** "«^' »>«* the

•rf «ir. caJnT^ o^ J'
«nd. projected by a jet

tube8;«lZrclS^ "^-^ are deaned. ^^
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COMPRESSED AIR

The foUowing chapter deals with some of the
PM^Mal raln ilaHmiH that are neoeasary in worldng out
proWems m compressed air. We have already stated one
of the most important laws governing this in a previous
paper on Gases. It is known as Boyle's Uw, and is as
follows:

—

"The temperature remaining the same, the volume of
a given mass of gas varies inversely as the pressure
acting upon it."

TTus means that if a cyUnder is full of air at atmos-
phenc pressure and the piston moved to mid stroke, the
prewure (presuming no leakage) will rise to two atmos-
pheres. Moving tlie piston two-thiitls of the stroke will
compress the air into qne-third of ita original space and
raise its pressure to three (3) atmospheres, and so on.

Now we will start at the banning and go into the
s"bject in a more complete manner. Remember this
PC jt from the start: that comprenion produces heat,
and expansion (the opposite of compression) lowets the
temperatuie of the gas expanded, and if these operations
take place too quickly for the heat to be radiated or absorbed
It ^rin have an effect oa the pressures. If it were possible
to compress air without generating heat, then a great loss
of power could be avoided, and the calculations wouW
exwiljr {oHow «oyle s Law. Engineer have a mme ior
this ideal condition of compression and expansion; it is
called iMtfaermal Compression. As a matter of fact
there is always heat formed, and when it is considered, the
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where between the l8oti!^»i ^ f"""™**"^"^^

Ut u. first co^ider the characteristics of free air:-

^- «^~f;^u^^ B. a-n,o,pheric p^„re
things, due of^" to S^ShJ" ^%f*'»«'P'>«* «>« al.

•wly weighs appr. l^^^^1 ^' ''' •»* ««• ft- of air

earth's surface by t£ S^J^lJ ^r
''^'^ "'"««' ** *«

•bfc pet- so in m» J^ ^"^ *''*^ amounts to 14 7•«• l«r sq. in., measured at the >» t.v.i i •. ..

calculations the pressure of ri« f u
'" *" o«fi«»ry

be IS lb., per soT V * * mosphere is assumed to

Thehigh.-S,^t^^-;^,-,^J-P% ,*- «^«-tioi».

pheric^reaswill^rfrmttllXtrt!:
Sea Level i* 7 ,k.
5,000 ft. above S.L. H ^^ ^, '^- '"•

6 miles "
. .

4.4
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MflMurtnft Mr PreMurea. The pressure of the
atmosphere » meaniied by a barometer or column of
mercury. It has been found that the atmosphere will
sustain a column of mercury 30 ins. high, having an area of
one sq. in. and weighing 14.7 lbs. The pressure of the
atmospheu cannot be measured by a gauge. This can
be proved by opening the drain cock in the main reservoir
and lettjng the pressure drain down to atmospheric pres-
sure. The gauge will then show no lbs. per gq. in. It is
right here that you can see the difference between gaofte
preMure and abMlute prenure, two entirely different
scales of pressure.

Cloee the drain cock in the main press reservoir, and
pump up the pressure until the gauge shows 20 lbs. The
abMlote prasnire in the resei voir will then be atmospheric
prcanire (IS lbs.) plus the 20 lbs. as shown on the gauge,
which equals 35 lbs. absolute pressure in the main reservoir.
No matter what pressure the gauge shows there will always
be 15 lbs. more than shown, and if we add this 15 lbs. to
the gauge pressure it gives us the absolute preMnre.
Now this is important, for in working out problems in air
pressure, we will always have to work with abaolute
prewures, and not gauge pressures. This is no harddiip,
for, as seen above, it is simply a matter of adding 15 lbs.
to the gauge pressure to give you the absolute presmire, and
substracting from absolute to give you gauge pressure.

Air pressures are sometimes measured by atniM-
pherea instead of pounds per sq. in. One atmoaphen
represents an absolute pressure of 15 lbs. and a gauge
pressure of no pounds per sq. in. Consult the foilowinK
table:

245



1::::::
' •l*:^::::::::^<

3 W* 14.7

« 2'r^ *»«
7 ,*J-2 73.5

S J^9 88.2

9 "'•* 102.9

10.... '*2-^ 117.6
««;•; "'« ;.-132.3

etc.

reduced one-half, the abao „tl
*"*"»*• '^ *•»« volume far

impressed toone thi,^ f
". '^'**"'" *^" •* d«>"Wed: if

be stated as foIW if ti^ir'* P^«»"« "«y then

volume brfo« t™pl*^„ •'^'"*« »«»«»« and the

product of ^aS^ll n^ "^i'
*'**'' «»'«' the

^^1^^^^
absolute pre«ure and volume after the
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For ocampie, nippow that 4 cu. ft. at 30 Ibt. (thia ia

45 Ifaa. abaolute) U expanded into 8 cu. ft.

Since this ia twice the former volume, we know that
the absolute pressure will be one-half the original absolute
pressure, or 22^ lbs.

Notice the equation

:

{original abaolute pressure) X (original volume) equals
(final absolute pressure) X (final volume)

45 X 4 equals 22}^ X 8 or 180 equals 180.

Now we come to the rules for finding the prc^isure or
volume after compression of expansion has taken place.

Rule 1. After a volume of air has either expanded or
compressed, the reaultisig abaolute preaaurc will equal
the product of the absolute pressure and volume before the
change, divided by the final volume.

The reader should check over the following examples,
keeping in mind that you must use abaolute pressures in

working out the problems, and not gauge pressures.

Esampfe No. 1. If 4 cu. ft. of air at 50 lbs. pressure
is expanded to 10 cu. ft., what will be the resulting pres-

sure ?

Solution: Absolute Pressure ' 50 + 15 - 65 lbs.

From Rule 1, the absolute pressure - 4 X 65

10
- 26 lbs.

Changing this to gauge pressure gives 26— IS — 11 lbs.

Example No. 2. If. 10 cu. ft. of air at 11 lbs. pressure
is compressed into 4 cu. ft., what will be the resulting

pressure ?

Solution: Absolute pressure will be 11 + 15 - 26 lbs.

By Rule 1, the final absolute press. - 26 X 10 - 65 lbs.

Changing this to gauge pressure gives 65— 15 • 50 lbs.

2«7



' Ruk 3. After a volume of air Imb been either ex*
pended or compreMed, the Final VolmiM is eqite^to the
product of the original abwdute preMure, and the originat
volume divkled by the final absolute prewuie.

Example 3. If a volume of 4 cu. ft. of air at SO lb*,

preasure ia expanded until its presMue is 11 lbs., what will
be the volume ?

Solution. Absolute preasure before equals 6$ lbs.,

after expansion 26 lbs. From Rule 2, the final volume
equals 4 X 65

26
- 10 cu. ft.

Example 4. If 10 cu. ft. at 11 lbs. is compressed until
it exerts a pressure of 50 lbs., what will be its volume ?

Solution. Original absolute pressure is 11 X 15 -
26 Iba. Final absolute pressure is 50 + 15 - 65 lbs.

By Rule 2, the final volume equals

10 X 26

6S
- 4 cu. ft.

OBlculatkm Of Piatoo fiSort. When it is desired
to figure out the effort exerted by a piston, say in a 14"
tyake^cylinder, it is necessary to know the area of the
piston in sq. ins. and the air preasure in lbs. per in. gauge
pressure. Xbue two amounts are multiplied together to
give the piston effort in pounds.

Example S. 60 lbs. air pressure acts in a 14" brake-
cylinder. What is the piston force ?

Solution. Area of piston is 14 X 14 X .7854
154 X 60 - 9340 iba. - 4.62 tons.

154

248
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