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A REVIEW OF MATH QPZR2TIONS

(4 . ' .
It took the human race centuriea to develope mathematical concepts which are considered simple
by today's standards. Developing a cumber system to 2ccomrmodate the ever-growing needs of man
was a long, hard struggle. There were some intercstizgz milestones on this road of progress.

One of these milestones was the idea of number POSITION and PLACE VALUZ. In the number,
333, the three at the right means thres things or thres uvnits. The middle three rmeans three times
ten or 30, and the three to the lefirmeans 3 times one hundrzd or 300. The discovery of ptace value

gave civilization a terrilic spur:, for with this systern, iz was possible to write any number however

large or small.

The idea of ZEZRO on our number scale was another milesione on the road to progress. In fact, -
zero has been called one ol man's greatestinventions. This staternent is notas fantastic as it souads.

If it were not for zera, numbers such as 100 would be ¢5ficelt to indicate.

59-1. Addition -

- When adding WHOLZ NUMBERS such as 1, 2, 3, etc., they must be written according to our place
value systern - units to units, tens to tens, etc. The ts=xs ar-e added to tens, hundreds to hundreds,
=tc.

To ADD, begin at the top of the units column and z2<2 down. The units columnr may be found in
the example problem.

EXAMPLZ:

5, 749 —~——unizs
123
5
14,657
20,533

It is often helpful to mentally add the numbers as one is progressing down through the columh. The

sum of the units column is 24. The number, 24, is cormposed of < vnits and 2 tens. Therelfors, a =
placed in the units column below the line, and a 2 is "CARRIZD OVZIR' to the tens column whers it
will be added to the numbers in the tens column. The :2as column is then added. The sum of the
tens column.(including the 2 which was '"carried over') is 12. The 3 is writien in the tzpns columa,
and the lis ""carried over' to the hundreds column. This procsss is continued till 21l of the numbers
in each colurnn are addecd.

EXZRCISZ 1:

Add the numberxs in the following probdlerns:

l. &31 2. 68 3. 252 2, 4,379
222 : 723 321 323
31 11 8,921\ 182
5. 7,221,692 o © 8. 73,256 7. 889 - S R ¥
341,222 2. 445 3.654 666
9. 60,000 ' 10. 755
3,500 234
, 735

59-2., Subtraction

SUBTRACTION ia the operation of finding the difference Herween two numbers. Thias is the same
as finding the arnount tha: must be added to one number, called the SUBTRAHZEND, to egual anothe?
number, called thea MINUEND. '

In subtraction, a» in addition, the unlts muat be placz=< under the units, the tens under the tens,

-t~



EXAMPILE:
Subtract 684 from 992. "
992 ia equal”to § hundrads, 9 tenas, and 2 u=nits
684 {a equsl to 6 hundreds, 8 tans, and 4 vaits

Sinca four uaits cannot ba subtracted from two unitz, one tans value {3 "BORROWED'" from the tens
colunn and added to the units column.

Therafora:
992 i3 equxl to 9 hundreds, 8 tena, 12 usits

684 iz equal to & hundredn, 8 tens, 4 u—its
o8 - 3 hundreds, O tens, 3 units

Hence, 684 subtracted from 992 is aqual to 308,
EXERCISE-2:

Subtract the following:

l.- 42 2. 683 3. 4,011 4, 564
33 672 2,133 : 223
5. 49 6. 786 7. 83l 8. 322
26 . 427 165 231
9. 883 10. 781
349 " 392

59-3. Multiolication

MULTIPLICATION is defined as the operation of adding a zumbexr to itself a given number of
times. Therecfore, 4 X 8 {four times eight) could be thought of 25 adding 8 four timea.

The number that is to be multiplied is called the MULTIPLICAND, and the number of times it is

to be added iz called the MULTI®LIZR. The answer obtained frorn performing the operation of
multiplication is called the PRODUCT.

ZXAMPLE:

6 tirnes 3 rmeans 6+ 6 + b equals 18

6 raultiplicand
x_ 3 muldiplier
18 produc:

To multiply the number 683 by 4, place the multiplier unde:- the meuldiolicand so that the uaits

will be under the units, the tens uvnder the tens, e:c.

i 3t
683 683
% 4
2 2,732
The operation of multiplication is pezformed as follows: Begizn at the right by multiplyiag the unit
digit of the multiplicand by the unit digit of the multiplies. Thrzs voizs times four units is equal to

12 units which is equivalenc to | tens and 2 unita. Therecfore, write the 2 in the units column of the
oroduct and "CARRY'" the one to the tens column of the multiplicand wheze it will be added to the
tens column of the product after the ‘tens columa of the multiplicaad is multiplied by the multiplier.

" Next, multiply the 4 times the 8 and add the carried one, 4 x3 = 32, 2cdding the one 32 + 1 = 33
which is 3 hundreds and three tena. Place the three tens in the tens columna of the product and carxzy
the 3 hundred.to the hundreds columa of the multiplicand.

"



Repeating the same process, mulniiply the 4 times the 5 anc [he curcied 3 1s added to that pronucs
(4 x 6) +3 =27. This figure, 27, is equal to 2 thouszands, and 7 hundreds. Place the 7 tn (k:u h'UC\
dreds column ai the procuct, .and carry the 2. Sincs inis operation completes the multiplication \.l:-
Z should be placed in the thousands column of the procduct. Thnerefore, the product of 6.“} (ime\" N ‘F
equal to 2, 732. v ) S

°

EXERCISE 3:

Perform the following operations:

1. 36 2. 20 3. 95 4. 8T
% x4 x2 x3
\
5. 536 6. 3,467 7. 23 5. 155
x-i x5 x80 PAIE I

59-4. Division
DIVISION is the aoperation of determining how many
contzins another number called a DIVISOR. Divisioz mawv also be stated as ap operation of rencai.d

gubtractiona. Tha ressultan:, or answsar, Is called a QUOTIENT. Thoe 2lgns wpich Indicate division

times a given number, called a DIVIDEND

kra:

- — / -

Therefore, 6 divided by 3 may be written as 63,

il o

6/3, or 3/5.

A zimple procedure for dividing is as follows:
Step One:

To find the guotient of 47. 9 divided by 7.24, ‘place the dividend under the linc of the division sign.

Place the divizor before the divislon sign.
7.24/47.9

Step Two:

Movae the decimal point in the divisor to the right of the divisor's extremc right digit counting the
number of places moved. Move the decirmal point of the dividend to the right the same numbzr of
places. Use zeros to [ill the places at which the dividend has no value. Place a decimal point abeve

the line over the decimal point which waa moved in the dividend.

Tx24./47%90.

Step Three:

Determine the number of times the divisor will go into the dividend. Star: by sceing if the divisor
will go into the digit {(4). Since it will not, try the digits (47). Keep this up until the divisar will go
at least one time. 724 will go into 4790 approximately 6 times. Place the 6 over the line above the
last digit of the dividend that was used in this step. Mulziply the 6 by the divisor and subtract the
product from the digita of the dividznd used in thia atco. This difference should be less than the di-

vizor. If not, increase the number in the quotient by one.

b,
T24/4790.

4344
446
Sten Four:
The naxt digit in the dividend is understood to be z2ro. Th=refore, this z=xo0 is brought cown and
. . . . ) . - Cigad
- placed next to the difference obtained in atep threz. Zetzrmince how many times 724 can be dividz=2<

inta 4460. Place this number, 6, in the quotizsnt to the right of the decimal point. Multiply the

multiplier by this numbter and subtract the product from *4460 obtaining the new dilference of 116.
6.6
724/4790,0
4344
4460




The process afseparacing 3 number into two or more smaller numsers having the original number
a3 their product ir callsd FACTORING. The smaller numbers obtained ars called FACTORS of the
1-’——'3‘:‘: nurmbex. In the last example, 6/3, the number 2 was a2 common factac of both the numerator
ard the cdenaminatar. . .

THAMPLE:

I
1
!
I
ba
NN
1
]
x
-
"
o

Facrors cormrnon to coth nurmerators and denomizator can and should 5= divided our.

‘Whzx reducing a fraction tz irs lowest terms, f{ind the commorn fzciers in borh the numsrats:- and
derominator and divide them out.

EAMPLE:

Motice that thers 3.re two three's in the nurnerator of the previous exzmple, and only cne in the de-
norfminator. Cnaly cne 2ilr mav be divided. The quotient of the divisicn is one. Muldbnlying one by

zny ouantity is egual to the number.

As previtusly defined, a factor of a2 whole number is any whole number which will divide into the
whole nunicxzr ewveniy. Thus, 2, 5 and 7 are factors of the number 70. The nuwmber one ls also a

c
factor. Hewever, it is not nermally shown, “ltts—assumedto be przsunt

A PRIME NUMEBER is a number which has been factored to thz geinz where it can only be divided
4

by 1tself and the rnumber one. The numbers 2, 5, 7 and 1 ar= examzies o

y oTime numbers.

Utilizing the definiticns of factors and prime - mbers, it follows that the prime factors of a whole
pumber i3 any prirne number that will divide the whole nirmber evesly. Thur, the numbers 3, 5 and
7 arej mme faciors of the number 105.

L ...ing the prime factors of 3 rumber is tha ni. cess of finding the prime numberes that will ex-

.1, divide into that number. Begin this process by dividing the zumber by the amallest prima
swmber 2, and continue dividing the conaccutive quotlents by 2 uvnddl it will not divide Irnto the quo-
tient evanly. Then divide the quotient by.successlvely higher prime numbars, and continue this pro-
cexs until the final quotient {s the number one.

EXAMPLZ:
Fiad the prims factars of the number 60.
/60
/30

(5
A

oW NN

—

Therefore, the number 69, can be expressed as a product of its prime factors.
60 =2 x2x3 x5
ZXERCISE 6:
Fird tre oriume (actocs of the following numbers:
1. 420 2. 780 3. 12 4. 35 5. 75

59-11. Lowest Common Multiole

A MULTIFLZ of a whale number i3 a2 wnale number which will divids the original whoie num»ver

eveniy. Thue, 36 i3 a multiple of the numbec 6, and the numher 24 is a muliiple of the number 3.

A whole nmumiber can be diviced evenly by two or more numbers, it is a COMMON MULTIFLI.

, the numib~c 36, is a ccmmon rmuliiple of the awmnbers 6 and 3. The smallest number waich

. be divided wvenly by two or more nunbera is the LOWEST COMMCN MULTIPLZ, and {s abbhre-
viated L.C.M. The nwnter 15 is the L. C.M" of the nunbers 3 and 5.

To find the L.C.M. of two or more numbersa, facior each nuwnber into lts prime factors and find
the productof all the different prime factors using each different factor the Zreatest nunber of times
1t appeara in any one number.



Step Flvu:_

Repeat atap four two more times thereby carrying the divisior out three places which will be con-

sidered sufficlently accurate for most work in electricity. 1£ the vaiue of the final remainderis equal
to half of the divizor or rmore, increase the last digit by one. Thiz 1= called "ROUNDING UP'", If

the difference is leas than half do not change the guotient (round down). If extreme accuracy is re-

quired, indicate that the final differsnce is the remaindez 116, Always check the final answer by
ranultiplying the quotient by the divisor and adding the final difference of 1]6.

EXERCISZ 4:

Deriorming the following operations: {carry out to two significzn: figurses)
1. 6459 2. 8249 3. 289 4. 100
4 37

59-5. Arithmetic Mean

Many times, it is required to apply a combination of operations 10 find the ARITHMETIC MZIANS
of voltages, currents and powers. The arithmetic mean is a simzt

In fact, it is often called the AVERAGE. Supoose you wish to d= ine the average value of your
blitz grades. The sum of all of the blitz grades divided by the tor2! number of individual grades con-
sidered will render the mean blitz grade.

iz average of a'group of numbers.

EXAMPLE:

Find the arithmetic rmean of the following numbers: 100, 90, 73, 80, 70, 90, and 80.

Sten One:
Find the sum of the numboers.

100
90
70
50
70
90
80-

580

Steo Twa:
Divide this sum by the number of blitzes.

82.857
7/580.000
56
20
14
"50
56
20
35-
"50

The average or mean of the grades is 82.857. Rounding ofi, the average grade is 82.86.

"COMMON FRACTIONS
59-85. Definitions

A COMMON FRACTION is an indicated division, it exoresses a number of equal parcs into which
something has been divided.

As an example, 3/8 could be thought of as some= object that has been
divided inta 3 of 8 equal parta, or as a division, 3 dividecd by 8.

The number under the line is called the DENOMINATOR. It shows the number of parts into which

the object has becn divided. The number above the lins 13 called the NUMERATOR. It tells how

. many parts are taken or cansidered.

§ @
There avs two types af fractions - PROPZR and IMPAOPZIR. A proper fractian is a {raction the
“numerator of which has a smaller value than the denomiratar.

A an examsle, 1/2 and 3/4 are prop-
er [ractions.

An improger fraction is ane in which the numerater i3 equal to or larger than the de-
nominator. As an example, 174, and 9/8 are improper [ractions.

—
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59-7. Properties of Fractions

An important principle involving 'fractions is that: The num :rator and denominator of any fraction
can be multiplied or divided by the same factor (excluding zero) without changing the value of the
fraction. This is true because the'humber one {sometimes called UNITY) is the identity elermnent for
the aoperation of multiplication and division. This means that if a guantity, such as six, is multj-
plied or divided by one, it will not change the value of the quantity. Six times one iz equal tg aix.
Six divided by one {s equal to zix. Therefore, if the frac:ion 2/3 i» rmultiplied by the fraction 4/4
{which is equ3l to one}, the value of the fraction will be unchanged.

EXAMPLE:
2/3 x 4/4 = 8/12
| AREYY

12/16 = —— =
164

RO o]

59-8. Changing 3 Mixed or Whole Number to an Imoroper Traction

By definition, a WHOLZ number is a2 number wnich coniains no f{ractions, and a MIXEDNUMBER
is one which contains a whole number plus a fraction. The numbers 2, 4 and 6 are whole numbers.

The numbers Zzl- and 3:1 are mixed numb_cru.

When performing cemputations with whole or mixed numbers, i2 i3 sometimes necessary to change
them into improper fractions. The following examples will illustrate the process involved,

EXAMPLE:
Change the number 5 to a fraction which has the number 6 iz the denominator.

since 6/6 = 1

6 _ 30
h 5x = —
then x 7 5

Change the mixed number 3% to a fraction which haa a numerical denominator of &.

Bince 37 =3 + 5 then 3

2

andg-:l :é.+
2 2

This process rmay be summarized by the following siazements:

To change a whole number to an improper fraction, muliiiply the whole numbes uy & uart frazzion
{fraczion equal to on=) with the desired denominator. :

To change a mixed number to an improper fraction, changs the whole number part ¢ an impreoer

fraction having the desired denominator, and then acd the {raciion.
EXERCISZ 5
l. Convert the following to a fraction which has tha number nins iz the denominator:
a) 5 b) 10 <} 15 <) 32 e) 18
2. Change the fol:owing to improper fractions,.

1 3
a) 2= n) 3~ ¢
) 3 ) c)

—

e) 7

=

9
&
o
~
|

59-9. Reducing a ¥ raction to its Lowest Terms

Fractions reduced to their lowest terms are easier te r=ady have more meaning, aad ave much

easter ta work "with. Xcr these reasons, {ractians ace alwawys reduced to their lowest terms.

To rzcduce fractions to their lowest terms, the npumeratcT and the denominator are scarched for a
common numbers which can be divided evenly into both awnszrs.  As an example, 1n the fravciion §/8,

both the numeratar and the Sanamminarn= mav be dividad hv I —ecnlrinas ta. ¢ ¢ - oa 2



EXAMPLE:
Find.the L. C. M. of the nurn?cru 8, 12, and 24.
Factoring into prime factc'zrxv:
8 =2x2x2

12

2x2x3

24 =2x2x2x3

The different prizme factors are the numbers 2 and 3. The av—mber 2 appears twice as the prime fac-
tor of 12, three times as the prime facior of the number 8, and three times as the prime factor of
the number 2%. The number 3 appears once as 2 prime factor of 12 and once as a prime factor of
24. Therefore, to iind the L.C. M. of the group of numaers, the number 2 must be used as a factor

three times and the number 3 must be vsed as a facror cnce

Hence: LCM =2x2x2x3

24

Find the L. C. M. of the numbers 8, 34, and 15.
Expressing each number in its prime faciors:

8§ =2x2x2

36 =2 x2x3x3

Therefore, the L.C.M. i3:

= 360

EXERCISE T:
Find the L.C. M. or the following:
. 10, 15 and 30 ' 2. 9, 24 and 36 3. 12, 18 and 32
4. 6, 105 2nd 8 5. 20, 30 and 60

59-12. Iowest Common Denominator

The LOWEST COMMON DENOMINATOR of two or mors frac:ions is the lowes: number that is
exactly divisible by the given denaminators which is the L.C. M.
cornmmon denominator is abbreviated L. C.D.

of the denorminator. The lowest

The following steps may be applied in reducing fractions to their L.C.D.'s.

Sten One:

Find the L.C.D. of the denominator. This is the same DracessaafindingthelL. C. M. ofagroup
of numbers. )

Sten Two:

Using each fraciion - one at a tirme - divide the L.C.D. Dy the denominator of the fraction con-

sidered, and multiply bYoth numeraior and dernominator of the Iraction considered by the quotient thus
obztained.

EXAMPLE:

Reduce &, Land L to their L.C.D.
o 9 13

L.C.D. = L.C. M.

"The L.C.M. of the numberss 6, 9 and 18 is: -

L.C.M. =18



Changing the fractlana to the lowest commen denominator, 18.

3

LA -
o vh 3 18
R VI A
9 9 2 I8
LU G S
18 16 1~ Tz
i 1 1

Recuce 50 15 3%
L.C.M. = L.C.D
L..C.D. = 36
L SR TRV R
12 12 3 36
_L:l_xéz._z_
18 18 2 24

1
36 36 1 36

,9-13. Addition and Subtraction of r'raction

Frac:isna having common denominazcrs are added or subtracted by adding or subtracting the nu-

merators of the fractions considered. Thus, to add two or more fractions having common denomi-
nator

s, add the numeratcrz and write the sum over the common derominazor.

EXAMPLE:

When subtraciing two fractions, suStract the nuwnerator of the subirahend from the numerator of

the raiauead and write the differencz over the common densminatar.

EXA ez

.
8

EE R 1
3 8 4

o

When performing the operations of addition and aubtraction on fraciions having unlike denomi-

natora, charcvae the fc‘_‘_OWi:‘.g tules:

Change the fractions to zquivalent fractions having a L. C. D.

Perform the indicated aperation on the numerators of the equlvalent fracdions.
I AMPLE
! 1 '._3*2‘_1_3+2Ll__é_:i
3 1z 25 z4+ z% 24 24 22 2
S S TS I SRS £ S
4 8 T2 T z: 24 2% 23 24



EXERCISE 8:

Perform the irndicatad operations:

o

l. 1/2 + 1/3 v 2. 7/8 + 1/12 £ 1/24 3. /4 -1/8- 1712
4. 4/5+ 2/10 + 4/20 P 2%+}% 6. 4/5+20/11L+2/8
1,6 . ' 1 1 . "

7. L2+ 2 8. ~ -2 9.. /s - 1/15 -
3 8 2 2 f15 - 1730

AN

3

10. 18/32 +5/4 - 1/5

59-14. Multiolication of Fractions . :

- To multiply two or more fractions, muliiply the nurmerators by the numerators andThe denomi-
nators by the denominators. The product of the numerazors of the factdrs becomes the vumerator ol
the praduct. The product of the denominators of thz faciors becomes the denominator of The produc:.

EXAMPLE:
2 x 4 8
2/5 x 4/5 = = —
/ / 5x 8 25 ®
. I x3x7 21
1/2 x 3/4 x 7/8 = > x = x8 _ 54

In the previous example, the order in which the multiplication took place was unimportant. The frac-
tion 3/4 could have besn muiltiplied by 7/8, and that croduct mulriplied by the remaining fraciion 1/2.
The procuct would be the same.

EXZRCISZ 9:

Find the product of the followirg:,

1. 5/8 x 12 L2, 5x 4/9 3. 1/3x2/3

4. 1/2x1/3x2/5 5. 3/+£x6 6. 2/3 x l/a

7. 104 x 31 8. 12 x 13 9. 82x2/5
2 3 o <

59-15. Division of Fractions

Tc divide ona fraction by another, invert the divisor (the one balng divided into the ather) and
multiply.

!

EXAMPLE:
1/2 = 1/3 = /2 x 3/1 = _12l
2/5 =~ 3/5 = 2/5 x 5/3 = 2/3
o2y =32 = 2/3 = 302 x 32 = 9/4 z%

Notice that, Just as in multiplications, tha firat siep iz to change the mixed numbers to wmproper

fractions. The second step ia then %o invert the divisor. The third scep {5 to multiply, following all
of the rules from multiplication.

EXEZRCISZ 10:

Perform the {ollowing divisions:

1. 3/8 = 2/3 2. z}—;— L 3. 5/8 = 5/16



59-16. Decimal Fractions

’I:hc decimal system is a convenlent way to write complicated numbers and mixed fractions. Dec-
imais are easicr to add, =ubtract, multiply and divide than fractions. ror this rzason, it is tm-
portant to be able to convert from a decimal to a fraction and {rom a fraction to a decimal.

The word decimal is derived f{rom the‘; Latin wecrd decum, meaning ten. Essentially, decimals
are another way of writing fractions havirg denominators of 1Q, 100, 1,000, ctc. Yor example, the
number 0.3 is a fractlon written In the cdecimal aystem. 1t represents the {raction 3/10. The per-
iod {.) between the digit 0 wad ths digit 3 is called a decimal point. The location-of the decimal paint
determmines whather the denominator of the fraction it regresents should be 10, 100, 1,000, etc.

EXAMPLE:
0.3 =3/10
0.03 = 3/10¢
0.003 = 3/1000
0.0003 = 3/10,000
Whole nurmbars are writtea in the decimal system by placing t..‘.c decimal point after the laat digit
in the number.
EXAMPILEI:

3 =3.0, 60=460.0, and 800 = 800.0

v

A ery complicated numbers and-mixed-fractions—canrbe—writtenvery eastly inthedeckrat-—systerr:
Notice the following cdecirmals and their meanings:

| 650 - 1680 680
1,000 {000
100.8 = ﬂ - 100_§..
10.00 G
N o.
396, 71 = 20071 _ yge T

100 100

0.0085 = 85/10,000
Memorize the denominators associated with a specific location of the decimal point. Notice also

trat the number- of zeros in the denominator always equals the nuwnber of places to the left of the last
digit in the decirmal. This rule is true even for the decimal versicn of whole numbers.

EXAMPLE:

0.52 = 52/100 (decimal point two places to the lz2it of last
digit, two zeros in the denominators.)

167.8 = 1,678/10 = 1675 = 1672
o 5

(decimal point one piace to the left of lasz digit - ane

zerg in the denominator)

59-17. Convertinzg Fraccions to Decimals

To coavert fractions to decimals, perform the following operations:

Write the numerator as a decimai by adding a decimal point afzer the last digic.
. . - - -

Divide the denominator into the numerazor.

Add the zeros after the decimal in the numerataor as necessary.

Place a decimal poinc in the answer vertically above its locaticn in the numerator.



59-16. Decimal Fractions

The decimal syatern is 2 convenlent way to write complicated numbers and mixed {ractions. Dec-
Amals are easier to add, subtract, multiply and divide than f{ractions. Xor thism rrzason, it is im-
portant to be able to convert from a decimal to a fraction and from a fraction to a decimal.

The word decimal is derived from th& Latin wcrd decum, meaning ten. Essentially, decimals
are another way of writing fractions having denominators of 10, 100, 1,000, etc. For exarmple, the
number 0.3 iz a fraction written In the decimal system. 1t represzents the fraction 3/10. The per-

iod (.) between tha digit O aad thes digit 3 ia called a dzcimal point. Thea location-of the decimzl point
determines whether the denaminator of the {fraction it regreseants should be 10, 100, 1,000, atc.

EXAMPLE:

0.3 =3/10

0.003 = 3/1000

0.0003 = 3/10,000

Whole numbars ars written in the decimal system by placing the decimal polnt afiex the laat digit
in the number. )

EXAMPILE:
3=3.0, 60=60.0, and 800 =800.0
Very complicated numbers and mixed fractions can be written vesy easily in the decimal system.

Netdice the following decirmals and their meanings:

1.680 = L. 680 _ 680
1,000 1000
100.8 = 12098 _ 4508
10.00 10
396.71 = 32871 o 3qg 71
100 100

0.0085 = 85/10,000

Memorize the denominators associated with a specific location of the decimal point. Notice also
that the number of zeras in the denominacor alwavs equals the number of places to the left of the last
digit in the decirmal. This rule is true even for the decimal version ol whole numbers.

EXAMPLE:

0.52 = 52/100 (decimal point two placss to the left of last

digit, two zeros in the denorninator.)

-8
T

167.8 = 1,678/10 = 16
10

= 167

[GINN

(decimal point one place to the left of last digit - one
zero in the denominator)

59-17. Converting Fracrions to Decimals

To conver-t fractions to decimals. perform the following operations:

Write the numerator as a decimal by adding a decimal point afrer the last digit.
. . . : 4

Divide the denominator into the numeralor.

Add thes zeros after the decimal in the numerator a3 necessary.

Place a decimal point in the answer vertically above its location in the numerator.



4,

EXAMPLE:

N —

N —
u
™~
—
o

Therefore:

- =1+0.5 = .35
\|
l_i = ! + _3 _ ) * ‘:‘
32 32 : :
3 .09373
32 T 32/3.000G0
288
120
96
246
224
160
150 o
0
I = 1 +0.03375
3z
133? = 1.09375

It can be seen f{rom’-the abave eiamplcs that it is extremely lmportant to do thls type of work
neatly, so that the decimal point may be located with little difficulty.

Notice that sometimes it makes no difference how many zeroa ate added to the number belag di-
vided. It will s¢ill not divide without 2 remainder. In these situations division is only accomplished
to meet the requirements of the problem. Sometimes the reguired accuracy of an answer may be out
to several decirnalplaces. In other applications an answer accurate to one decimal place will be sul-
{ficient.

59-18. Adding and Subtracting Decimals
When adding and subtracting decimals, be sure that the decimal points are arranged vertically
directly over one another. Then add or subtrac: the number 22 {f they ware whole numbers.

To add 60.0, 0.003, 1.6 and 32.05, the nurnbers ase arranged in columns, and the decimal polrts
in each row occupy the same poaition. This is shown in the example.

EXAMPLE:
60.Q
Qg.nQ3
1.6
32.05
331,653

The s2ame rule holds true for subtvactya.

CXAMPLE:

Subtract 0,008 from 2,687 2.687

, 0.008



EXZRCISE ]

Add the fcllowing:

1. 8.4 2. 0.004 3. 6.01
32.1 v 0.026 . 0.023
4. (4)+(0.68) + (1.23) 5. (67.9)+(4.52)

59-19. Muiztoliczrion arnd Division of Decimals
Whree muliiplhing dacimals, mulziply 23 if the cdecimals were wnole nummSers. Place the decimal

poinc in thz linal answer ac that place, which is the sum of the d=cimzl glaces in the factors, to the

leiz of the it2st digit in tne product.

EXANPLE:

6.0
3.0

18.60 (two places tc the leit of the last digich
30.6

©0.007

0.2142 (fcur places to the left of the last diziz)

9.3
0.0008 .
0.0G744 (five places to the left of the last digis)

When dividing dacimals, mowve the decimal point in the divisor to tha right of the last digir that is
ne sarm= number of places add-

.zaro. Also, movc cthe c2cimal poin: in the number being civided :
% sc directly above the decimal

v

.1g zeros as necessary. {he decimal point in the answer should be plz
poir: (a:t its final location} in the number divided. Divide as if the numtars were whole numbers.

EXAMPLE:

2.125
6.8 = 3.2 = 32/68.000
64
30
32
80
6+
160
160
)

4.1
l6.+ =~ 4.0 = 4.0/10. %

16
e
a
EXESRCISE 12:
Perform the irndicated diviaion:
1. 6/12 2. 1/6.23 3. 2.743/3.77
4. 5.372/32 ) 5. 5.0/51 . N 6., 0.0765/23
7.o81/0.9 8. 6/0.19 9. 48/6.254

v



59-20. Percentaze
Percentage is the process of computation in which the basis of comparisonis ONE HUNDRED
Thus, 2 percent af 2 quantity means two parts of every hundred parts of the quantlty., .

The »mymbol of percentage ia %. Percent may alio be {ndicated by a {ractlon or a dectmal.. Thus,

5% = 0.05.

= i
100

The BASE ia the number on which the percentage i3 computed.

The RATZ ias the amount (in Hundredths) of the baze to be estimated,

The PERCEZNTAGE is a part or proportion of a whaole expressed a3 s0 many per hundred. Per-
centage is the portion of the baase determined by the race. -

Conversion of Decimal to Percent:

To change a decirnal to percent, move the decimal point two places to the right and add the per-

cent symbol.

EXAMPLE: - -
Change 0.375 to percent
Move decimal point two placs=s to righz: 37.5
Add percent symbol: 37.5% .

Conversion of Fraction to Percent:
To convert a fraction to percent, divide the numsrator by the denominator and convertto a dec-

imal. Then, convert the decimal to percent.
EXAMPILE:
. 5
Change {raction 3 to percent.

" Divide numerator by deneminator: 5 —~ 8 = 0, 625

Convert decimal to parcex: 0.625 = 62.5%
, 5 _ o
Thus, 3 62.5%

Caonversion of Percent to Decimal:

- To change a percent to a decimal, omit the percent syrmbo!l and move the decimal point two places
to the left.

EXAMPIE:
Change 15% to a decimal
Ormit percent symbal: 15% becormeas 13
Move decimal point two places to tzz lefz: 15 becomes 0. 15
Thus, 15% =0.15
EXAMPLE:

Change 110% to a decimal.

Omit percent symbol: 110% becomes 110

Move the decimal painc two places 10 the lelit 10 becomes 1. 10
Thua, 1109 = 1.10 N

Conversion of Percent to Fraction

To change a percent to a fraction. {irsc change the percent to a decimal and then o a fraciion.
Reduce the fraciion to its lowest texms.



EXAMPLE:

¢ Change 25% to a fraction

Change to a decifnal: 25T = 0.25

14
Change to a fraction:. 0.25 = 25
100
. 25 1
Reduce fracticn to lowest termas: ==
100 4
EXAMPLE
Chtange 37.5% to a frac:ion
Change to a decimal: 37.5% = 0.375
- 375
ha t f ion: 0.3753 = ——
Change to a fraction 5 = 500
: 375 _ 3
i frac:i 1 stt : =2
Reduce fraction to lowe erms 300 _ 5

Tinding Parcaniaze!

To find the percent of a number, write the percent as a decimal and rmultiply the number by this
decirnal. In this case, the BASE and RATE are given. The problem is to find the percentage.

ZXEMOP L

Tind 5% of 140 (140 is the base, 5% is the raie, and

the produc: is the percentage)

59 of 140 = 0.05 x 140 = 7

Find 5.2% aof 140,

5.2% of 140 =0.052 x 140 = 7,28

EXAMPLE:

Find 150% of 34.

1509 of 36 = 1.50 x 36 = 54
TXAMPLE:

1
Find 2—70 of 830

’,13 = 0.570

N

0.57% af 830 = 0.005 x 840 = 4.20

—

l

Thus, 55 of 840 = 4,20

~

In electronics, typical applicatioas of percentage computation are used in determining talerance
values of resistors or in determining the efficiencies of motors and generators.

nding Rate:

To find the percent one number is of another, writs the problem as a fraction, cnange the frac-
sa to a Zdzcimal, and write the decimal as a percent. In this case, the PIRCENTAGZ and BASZ
arc given. The problem is to find the RATE.

EXAMPLE:

3 i3 what percent of 8? (3 is the percentags, 8



)

= 0.375

’ |
0.375 = 37.5% = 372‘-’,9

¢

Therefore, 3 1Is 3‘721-'";'0 of 8.

EXAMPLE:
What percent of 342 18 2337
23% - 0.4317 + (round o :
542
0.432 = 43.2%
1
Therefore, 234 {a 43.2% of 542. ) a
EXAMPLE: ' :

125 is what percent of 5072

125, o
50 - .5 °
2.50 = 250%

Thercfore, 125 i3 2505 of 0.

" Finding Base Numbers:

To find a number when a2 percent of the number is known, f{irst-find 1% ol the number, arnd then
find 100% of the number. In this case, the PERCEINTAGCEI of the number 2nd the RATE are given.
The problem is to {ind the BASE.

EXAMPIE:

42 is 12% of what numbex?

12% (base number) = a2

1% (base numberx) = T—f = 3.50

. 1009 {(base number) = 100 x 2.50 = 350

The base number iAs 350

Therecfore, 42 ts 12% oi 350.
EXAMPLE:

45 is 130% of whac numnbex?

150% {nase number) = 13
4%

1% (base number) = =3.3
15G

100% (base number) = 100 x 0.3 = 30
The base number is 30. )

Therefore, 45 is 1505 of 30.

Expressing Accuracy of Measurements in Percent
RELATIVEZ ZAROR is the accuracy of 3 measuremenl exdressed in percent of the total measure -

.. R . L. - n
ment. Intdetermining the relat,s e crror, 1t 13 first neGesSSary to establish the LIMIT OF EXRROR.
’ —




The limit of error is the differcnce between the TRUE VALUE and the MZASURED VALUE. As-

' surn'e that the reading on 2 scale, to the neareat teath of an inch, {a 2.2 inches. If the true value is

2. 15 inches, the limit of error is the difference batween 2.15 and 2.20, or 8.05 inch.

. . 0 . LIMIT OF ERPOR _ _ 3
Relative error is computed by solving the ratio MEASUREZD VALUS and expressing the result as P
) 0.0
a percent. In the scale reading above, the relative error = 2—25 =2.27%, or 2.3%.

EXERCISE 13:

Show each of the following in three forms—as a fraction or mixed number, an a decimal, and as
a4 percent: '

\l
3 o 1 S
. = 2. 50% 3. 0.375 4. — oo
. 5 . 4
5. b2lm - 6. 0.6 B TR ' . 8. 70%
Z 10 I
). 2.25 10. 17 11. 0.08 12. 3
8 50
13. 0.18 1 4. Ti-o 15. Q0.025 16. 0.05
- 1, 1 .
17. 83,3 18. 372% 19. 1037, 20. 4%
Evaluate the [ollowing:
21. 250% of 60 - 22, 125% of 40 23. 200% of 2 24. 225% of 400
- Yhat percent af a number is:
(1Y
25. 1.5 timea the number? ' 26. Z% times the number?
3 . 1
27. 7 timesa the number? 28. SZ times the number?
Find the following:
2 3 2 -
29. g”,'a of 410 ) 30. g/',"a aof 416,000 3t -5—% of 85 32. 5.2% of 85

Solve the following problema:
33. Find the relative error for a limit of error of 0.05 inch In measuring 24.2 inches.
34. Find the relative error for a limlt of error of 2 inches in measuring 200 yards.

Find the number when:

35. 129 of the number is 52 36. 159 of the number ts 375

37. 32% of the number ia 166. 4 38. 8% of the number ia 16

39. 84% of the number is 168 40. 177 of the number is 22
1-21., Eguntions and Transoosition

An EQUATION is a statement of quality between two expt‘caa[cns.° For example, x vy ~ |2,
3x+ 5= 20, and 3 x 9 = 27 are cquations; therefora, all expresaslons scparated by the =quality are
eguations, whether the oxprosaions are algsbrazic or arithmettcal. Thc‘oxp:cnnion ‘o tha lef: nlthe

/6



equality sign is called the LEZT HAND MEMBER of the equation: the expresaion ta the right of the
equality sign is called the RIGHT HAND MEMBER. Finding the values af the unkrown guantitieg of
an algebraic equation is known as solving the equation, and the answer is called the SOLUTION, |y
only one unknown i8 involved, the aolution is also called-the ROOT.

v
°

Solving simple ecuations:

1. Equal quantities may be added to both sides of an equation without changing the guality.

EXAMPLE:

Solve the egquaticnx - 4 =7 for x

x - 4=17
x -4+ 4=7%+ %
x =11

Solve the eguation x -~ 7 = 14 for x

x =21

2. Equalquantities-may be—subtracted frem-bothsidesclanequation without-changing the-guality:

EXAMPLE:

Solve the equation x+ 2 = 5 for x

x =3
Solve the equation x ¥ 5 = 12 for x-
x+5=12
x+5-5=12 -5
x =7

3. Both sides of an ecuation may be muliinlisdby the same number withoutchanging the equalitv.

EXAMPLE:
Solve the cquation% = 5 for x
x _ =
335
3
%xT =5x%x 3
x =13
x % )
Solve the equxt’xoni + 3z 4 for x
Multiply both sides of the equation by 9.
' 3
xxd+ 2 x 2 =4x9
3001 9 L
3x+x = 36



2

4. Both sides of an equation may be divided by the same
EXAMPLE:

Solve the equetion 3x » 12 for x--

Solve the equation PV = RT for T

Solving more difficult equationa:

quantity without changing the quality.

12

[
>

W
os
-l

2]
[}

jpo!
< i

The process of adding to or subtracting from both members of an equation can be shortened by

shifting a term or terms from one side of the equation to

" operation is called TRANSPOSITION.

EXAMPLE:

Solve the equation 6 x+ 4 = x - 16 for x

bx + 4
bx - x
5x
) x
Solve the equation 5a -7 = 22+ 2 for a
S5a - 7
S5a - 2a
3a
a

the other and changing the aigns. This

x - 156

= -16 -4.

= «-20

22 + 2

In solving afractional equatiaon, first find the LCD and rmultiply both members of the equaton,

term by term: then periorm the operations described previously.

EXAMPLE:

Solve the cc_uation% + ; = 10 for x
2+ 2 =10
2 3
Ix + 2x 10
&
EL S
6 1
5x = 60
x = 12



Written equationa:

Many practical problems are stated in words mugt bz translated into symbols before the rules of
algebra can be applied. Theve are no specific rules for thz tranalation of a written problem Into an
equation of numbers, signa and symbols. The following general euggestions may be helzful in  de-
veloping equationa: ¥

a. Fromtheworded statementaf the problern, select the unknown quantity {oroneof the unknowan
quantities) and represent it by a letter such as X. Write the exprenalon, atating exactly what X reo-
resents and the unita in which it ia measured. i

b. If there iz more than one unknown quantity in the problem, try to reprezent each unknowrn ic
terma of the {irst unknown.

EXAMPLE:
In simple problema, an equation may be writien by an almost diract translation Into z2lzebraic
symbols; thus,

~ Seven times a certain number diminished by 3 gives ths sames resuit aas the nwnber Increazsd Sy 75

7 x z - 3 = : Z 73

o}

Solving the equaticn:

72 - 3 =2+ 175

72 -2 =753+ 3

6Z = 178
Z =13

Check: . : 7(13) -3 =13+75

91 - 3 =13+ 75

7 inches longer than the shcriest
side and the third side is 5 inches longer than the shorisst side. Find the length of the thres sices.

A triangle has a perimeter of 30 inches. Tre longes: sice is
.
Le:x = length of the shortest side
x + 7 = length of the longest side
x + 5 = length of the thizd sice

x+{x+ 7)+ {x+5) =30

Solving the equation:
x+x+T+x+35=30
3x + 12 = 30
3x = 30 - 12
3x = 18
x = 6 - shortes: sicde

6+ 7 =13 longest side

o
+
u
s

11 third aide

VRN
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Simultanecous ecuations:

Simultaneous equationa are two or more equations satiafied by the game asets of values of theun-
krnown quaatities. Simultaneous equatxons arec used to solve a prcolem cogrtaining two or more
unknown quantities. A general ruls for csmbhs.‘:.ng a set of simultancous equations ias that for
every  unknown quantity in the problem there rust be an equation in the sct of sirmultaneous
:quations. Thus, for two unkncwns in the problem there will be two cqguations, three unknownasa,

three equations, etc. . )
Ia the solution of simultaneous lmear cquations three methods will be explained by the use of an

example. The methoda which will be used are addition, subiraction and substtution
EXAMPLE:

Assume thzt the sum of mwo numbers ig 17, and that three times the {irs: number less two times
the second number is ccual ta 6, What are the nurnb=rs? In metting up ecuadons for this problem,
let x equal the {irst number and y ecual the second number. The £rst equationisx+ y =17, and
the second equation is 3x - 2y = 6.

1. Additon

i

x + vy 17,

3x - 2y = 6

Before adding, change the y in the first equation to 2y so that the v terms ¢rop out when added,
ied by 2,

thus, the firsc equation must be mull

2x + 2y = 34

— — .--_.-.3;<;k2,y,;—':6_.* ——— —
Sx = 40
x =8

Substitute x = 8 in the first equation and solve for y:

x+y=170r8+y=17
y=17 -8
y =9
2. Subtraction
x+y =17
3x - 2y = 6

Before subtracting, rmultiply the first equationby 3 so that thex terms drop out when subtractad.

3x + 3y = 51
3x - 2y = 6
5y 45

=9

Subatitute y = 9 in the first e:q;undon and salve for y:
x+y=17Torx+ 9=l17
=17 -9
x =8
3.. Subsdtution
x+y=170rx=17 -y
Substitute x = 17 - y in the sscond equation:
3x ~ 2y = b
3(17-)')-2)':6
Remove :thc parenthesis:

51 - 3y - 2y = 6



Transaposea:
-5y = 6 - 51
-5y = -45
5y = 45
y=9
Substitute y = 9 in the flrat equation and zclve for x:

x+y=1Torx+ 9 =17

Solving Formulas:

A farmula is a rule or law that states & aclentific reletionship. I! can be expressed n an ecua-
Hon by using letters, aymbols and connstant termas. o

To solve a formula, periorm the same operaticns on Toin membdersz of an ecuation unnil ha da-

ecuation. If the nurnerical values ¢z some

sired unknown can be isolated in one member of ==
variablzs are given, subatitute in the formula and soive for the unknown as in any other eguation,

EXAMPILE:

1. Solve the formula T = ﬂD-—d) for D.

t
72 (D-
T=-12(0-4
t
_ 12D -12d
Multiply botz sides by t:
Tt = 12D - 12d
Transpose and change signs:
12D = 1 = 12d
Divide both sidca by 12:
12D _ Tz _ 124
1z 12 12
Peize
2. Given the formula R = Ry R salve for R.
Rp + Ry -
_ R1Ro
Rr=z72 2,

Croas multiply:
RyRy; = R 7 + RHR ¢
Transooase and change signs:
RLRZ - R')R—I- = XK
Factor R, out of the left member:

Ry ARy - Rp) = 3437



Divide both sides by R} - Rt

' Ry (Ry - R) =

1

o
o
.

56-22. Scuare Roats
A FACTOR of 2 number is an evendivision of that number. As an example, the numbers 3 and §

are even civizorTa of the number 15. Thercfore, both 3 and 5 a-= faciors of the number 15, In the
nurmber %, the number 2 is a factor twice (2 x 2 5 4). The numbers iz the laitar example ar= called
EQUAL FACTORS. When a number containa only equal factors, they are called ROOTS of the num-
ber. When a nwnber ia divided inio two equal factora, either of the =cual faciors are called SQUARE
ROOT of the numoboer,

The sign used to indicate that a square root is to be extracted is Y . It is placed over the nun-
ber whose sguare root is to be found. As an example, the sguare roo: of sixteen ( /13) would mean
that two equal factors of the number are to be found. The aign indicating the extraction (‘1/—) {5 called
a RADICAL =zign. :

The following method {3 used to extract the square root of the number 401, 956.
Sten One:

Begin ar the d=2cimal paint (whizh 12 to the right of the lasz digiz) and divide the number into two

digit groups in both directiona.
T Y101, 956

Steo Two:

Place the decimal point for the square root directly above the cacimal point that appears under

the radical sign.

V40 19 56.

Step Three:

Dectermine the largest number that, when multiplied by itself, will give 2 product egual to or lesa
than the firat pair of digits 40. The number 6, since any number larges than 6 multiplied by itself
will produce a numbar greater than 40, Place the 6 above the first pair of digits.

6 .
Y40 19 56.

Steo rour:

Square 6 to abtain 36 and place it below the firs: two digita 40. Sudtract 26 frorm 40 and obtain 4.

Bring down the next pair of digits 19.

3 ;
Yad 19 56.
36

319

Sten Five:

Double the first digit of the anawer, 6, to obtain a TRIAL DIVISOR of 12. Place the [2 to the left

of 419 as shown.

6 .
V40 19 56.
3
12 419
Steo Six:
Dividc. the trial divisor (12) into all but the last digiz of the mocified remainder — 419. It will

divide lnto 41 three timea. Thia will be the next digit of the answer. 2Place the three above the sec-
ond pair of digits and also place the 3 to the right of the trial diviacs. Thus, the completed divisor



is 123. Multiply 123 by 3 and obrain 369. Subtrac: 369 from 419 to aobtain 50. Bring down the neye
pair of digits 56.

123 419

Sten Seven:

Double the first two digits of the answer &3, to obtain the new trial divisor of 126.
to the lefz of 5036 as shown.

Place the 1235

6 3 4.
V=0 19 30.
36
123 % 19
3 &%
126 50 56
Step Eight
Divide the :irial divisor 126 inzo all but the lazt <:z.: of the medified recnzincer S05&6. It will )
into 505 four times. This will ce the nex:t dig:t ol th2 answer. Plac= the (our acsys the :hicd 2

and also place the 4 to the right of the trial divisor. Thrus, ths completed diviscr'is 12&4,
1,264 by 4 and obtain 5056. Subtract 5056 from 5033, Ths temainder is zera. Theraforz, :ne
square rooc of 401, 956 is 634.

Step Nine:

Check the answer by Sql‘.x;ring 634.

634 x 634 = 401, ¢3¢

EXAMPLE:

Find the square root of 552. 3‘.5
Step One:

Begin at the decimal point and divide the number into digit grcups in both directions.
05 5¢. 3>

Steo Two:

Place the decimal point for the square root dirszcily above the decimal point that acpezrs unzer
the radical sign.

Sten Three:
Determine the largest number that when rmultiplied v itself will give a produc: equal to c- leoss

than the first pair of digits, 05. The number is 2 since any rnumber larger than 2 multipliiac by 1t
self will produce a number greater than 5. Place the 2 above the f1Tst pair of digics.

2 .
Y05 52. 35

Step Four:

Square 2 to obtaln 4 and piace ft below the flost two digits, 05, Subtract 4 from 5 and otlain 1.
Bring down the next pair of digits, 52.

2 .
V05 52, 35
=
[ 52



Step Flve:

_Doufalo tha {Irst digit of tha answor 2, to obtaln a tr!al diviaor of 4. Place tha four to the left of
152 as shown. ’ t

5

!

o
—l>
6] w
™~ ™~

Sten Six:

Divide the trial divisor {4) into all but the last digit of the modifizd remainder 152, It will divide
fntc 15 three tim=3. Thnis will be the naxt digit of the anawer. Placs the 3 above the second pair of
digits and also placz the thrze o the right of the trial divisor. Thus, the completed divisor 1s 43.

~Muleiply 43 by 3 and obtein 129, Subtrac:t 129 frcm 152 to obtaln 23, Bring down the next palr of

digits, 35, >
2 3.
4
43 152 ..
129
23 35

Stez S=vane

Double tha firat two digits of the answer, 23, to obtain the new trial divisor of 46. Place the 46
to th= loft .of 2335 a2 ahown. e _ i _

46 . T23 35
» Eight:

Divide the trial divisor 46 into all but the last digit of the modified rzrmainder, 2335. It will di-
vide into 233 five times. This will ba the next digit of the answer., Place the 5 above the pair of
digits and to the right of the trial divisor; Thus, the completed divisor la 465. Multioly 465 by 5
and obiain 2325. The ramainder is 10. Therefore, the asquare roo: of 552.35 1s 23.5 with a re-
mainder of 10, A more accurate answer can be obiained by adding zeros and continuing the procesa
of extracting the squaras root.

2 3. 5

03 52. 35
4
43 1 s2
129
465 23 35
23 25
10

Step Nine:
Check the answer by mulriplying 23.5 by itself and adding the remainder.
23.5 % 23.5 = 552.25
552..25 +0.10 = 552.35
Therefore, the square root af 552.35 equals 23.5 with a remainder of 10.

Scurare Reoot of 3 Product:

[f the factors of the procduct are perfect squares, the square root af the produc: is obtained by ex-
ting the square root of the individual factzsrs and multiplying them agether.

TAM

L

‘0
I

Vo4 x9= Vo: x VG =8x3 = 24

=

ZXAMP :

-

VIE X154 = VI6  x Vlss = 4x12 = 48



EXAMPLE:
V3169 x 25 = V169 x VI3 = 13 x5 = 65

If the factors are not each a perfect square, find the product of the factors and extract the squar:-
root.

EXAMPLE:
5 x8 = V48 = ¢.93

The square root of a fraction is equal to the scuzre root of the numerator divided by the square
root of the denominator.

EXAMPLE: ' N

EXAMPLE:

V1o/81 =

1l

</9

If the fractions numerator and denominarsr acre not perfec: squares, it would he easier to racu. -
the fraciion to its decimal form and exira.i the squars root.

EXAMPLE: et : TS SIS
2/ = /0,333 = 0.538
-EXZRCISE l4:
Extract the square root of the following:
1. 3,969 2. 1,029.7¢ 3. 275.5% _ 4. 9,7z¢

Extract the square root to two decimal plaves.

11. 684 12. 321 13. 2 4. 5

15. 86 16. V16/64 17. Y3/8 18. 764 x 16

RATIO AND PROPORTICN

59-23. Ratio

A knowledge of ""how many' of a certain group of obj=cis or quantities may have little meaning in .
a diacussion, unless that quantity is compared to another quantity. For example, to say that 2 man
has the ability to read 400 words in one minute has little meaning without carmparing his rale to an-
ather. However, when hia rate ts comoarad to the 230 words per minute rate of the average rzader,
one can aee that he {s capable of a considerably hizher reading rate than the average reacder. To
determine this comparison mathematically, his rate is divided by the averags.

EXAMPLE:
400 words per rminurs _ 400 8 _ 11
250 words per rminute 250 5 5
) ’ 3
Thus, for every 500 words read by the average rcad-r, this man reads 8/5 ox lg as fast.

It is only through such comparisons that many numbers have meaning. When a relationship ke -
tween two numbers is ahown in this manner, they ars comparcd as 2 RATIO. A ratio is a compaz:-
son of two like quantitics. It iy the quotient obtained by dividing the first number by the scconc.

.

Foc example. a gear has 40 teeth and another gear has 10 teceth. A comparison would be 40 tecth
to ten teeth. This comparison could be written as a razio in four ways: 40:10, 4010, 40/10, of the
ratto of 40 to 10. When the cmphasis is on ratio. all of thesc expressions would be read, 'the ratio
ot 40 to 1077,



e

Two quantities expressed 238 2 razio must be of the same kind. For example, there can be no ain-
gle ratio between 12 bolta and five men. A ratio should be expraased {n similarunits, yards to yards,
GQuUAr:s to quarts, elc.
i ' :

The two numbers of a ratio are called the TERXS of the ratic. The first term, or the numerator,
1 called the ANTECEDENT. The second tdrm, or the dencminator, is called the CONSEQUENT. In

e previous example, the number 40, ia thz antecedent, and the number 10 ia the consequent.

Since a ratio is also a fraction, all of the rules governing the operation of fractions apply to oper-
ations with ratics. Th=reior:, the ratios may be reducsd, almpilfi=d, increased, decreased, and
so forth. To reduce the terms of a ratio, such as 15 to 20, write the ratio as a {raction, and pro-
ceed a8 in fractiona. Thus, 15 to 23 bacomnya:

B 3x5 3 5
20 4x5 4 5
5
Sinc= iz {racticn 3= 1
Then —~ X —:::— = 2
15 3
Thereforz 33 T T

“unce, the rxtlo of 15/2C ia t52 saime aa tha rato 3/4.

Neticz the distinctien in thought betweszn 3/4 as a fraction and 3/4 as 2 ratio. As a fraction, 3/2
"

3—and-

three-fourths'. As 2 ratio; 3/3-is-a comparisen-besween two nurnbers,

The leagth of two sides of a triangle arc 6 ft and 2 ft. To compare their lengths by rmeans of 2
ratio, divide one nurmbar by the other and r=duces to lowest terms.

St = xE =21k =
2 ft : 1 ’

= 3.
1

— L
ISR

«
SIS
»—']Ul

e
fal

x
X X

The two sides of the triangle compare as 3 to L.

56-24. Progocrtion
Closely allied with the study of ratio is the subject of PROPOXTION. A proportion is nothing
morz than an eguation in which the members are ratios. In other wor<s, when two ratios are set

equal to onc another, a proportion is formed. When any guantity is set equal to another quanticy,
zn 2guazion is {srmed. The proportion may be written in three different ways. The fac: that 15 o
20i5 the same a5 3 to 4 rmay be expressed as:

15:20 :: 3:4
15:20 = 3:4
153
20 4

The last two forms in this example are the most commeon. They may be read as 15 is to 20 as 3 is

2 2

to 4. In other words, 15 has the same ratio of 20 as 3 has to 4.

One reason propor:iious arc so importaat is that if any of three of terms are given, the fourt?
may be fourd by a simple ecuation. In science, manry chemical ané physical relationships are ex-
pressed as proportions. Canseqguentiy, a familiarity with progoriions will provide one method of
solving 2ppiied proolemas. It is evident from the last form shown, 15/20 equals 3/4, that a propor-
tion is really a fractional equation, and as such all rules for fractional egurations apply.

Cerrain names have been given to the terms of the two ratios that make uo a provordon. In a pro-
yvriioa the first and the lasc terms are called the EXTREMZIS. Incitzer wersds the antecaedent of the
st razio a.aé thz consequent af the sscond are called the extremes. The seccnd ané third terms

Ace called the MZITANS. The means are the consequent of the fira:,:fcio and the antecedent of the

second, Summarizing,

) = 15:12

L nns



It is often advantageous to change the form of a proporticn. There are several rules for Cha‘\ginq

or combining the terns of a2 orooorticn withoue altering the equailty betweszn the members Tres
b v - 3 e

rules are simplifications of proves fundamental rules for arithmetical ana algebraic equations | S
phasis ia placed upon these rules because they are used constantly and it is in the studsnts hes, in
terest to memorize them. ¢

RULE No. 1. In any proporiion the product of the means is equal to the product of the extremes.

EXAMPLE:

—i--% therefore 3 x 6 = 2 x 9

EXAMPLE: \
2 = £ herefore be = ad
b d

RULE No. 2. The product of the means divided by either exirame gives the other extreme.

EXAMPLE:
.Z_. = é 3x6 = 2 zr I x b = 9
3 3 9 ¢
EXAMPLE:
i = g ; b_C = a or 2C = d
b d d a

RULE No. 3. The product of the extremes divided by either mean gives the other mean.

EXAMPLE:
E:6;2x9=60: 2x9=3
3 g 3
EXAMPLE:
a _ e ad _ 22 g
b - d ‘' b~ €° ¢~

Solving for the Unknown Term: i
Using the rules of proportion sclve the below proportions for the unknown térm.

EXAMPLZ:
3 g
4y
Rule.2 says 4x9 .
=Y
3
Therefore, - 36 = 12 R
Y 3 ’ 4 12
EXAMPLE: ,
X 2
6 7 18
Rule 3 says bx 12 = )
18

?hr:::forc'. 72 . 4 12



), & 18 2. % . X 3. X - &
p’S 3 . 4 g 5 20

4 6 fc - X 5 h0 miles _ 160 min

T + min © 120 miles x

A knowledse of the propzriles cia proportioa often provides a cuick and easy method af aalving
5. Howewvsr, wnan seiiing wo proportion prodlerms, S= surs that the ratios are astated

waozrds, if one ratio is com-

correctly, The rarios must be ccmpared in the s2ame order. In cih
pared l2sser to greater th2s e cther ratio must be compared in e same order. Therefore, you
must acalyze the preblem and decide whether the unknown quantity ~ill te lesser or greater than the
known quantity of the ratio in wnich it occurs. The fellowing examzles will show the processes in-

veived in setting up and solving ratis and vroportion protlems. ;
EXAMPLE

how marny miles wiil it run on 20 gallonas?

rmiled cn o

LESSZR LEZSZR

GREATZ2 ~ GREAT=ZR —

It is known that 6 gallons of gasoline is less than 20 galiona. I the aviamobile travels 60 miles

on the b gallons of gasoline, how far will it travel on 20 gallonsa?
Lec Z egeal the unknown.

Lessar) 40 milzs _ 6 lTessex
Greace:/ Z 20 \Greater

20 x A0 miles

Z = 5
7 = 20 x 10 miles

' 1

Z = 20 x 10 mailes

Z = 200 miles

EXAMPLE:

A pulley 60 inches in diameter is turning at a speed of 600 revoluticns per minute. This pulley is
connected to another puliey with a diamecter of 36 inches. What is the revoiutions per minute of the

smaller pulley?

LESSZR _  LESSZR
GREIATER ~ GREIATER

Patios rmust be expressed between quantities of the same kind.

Let the RZM of the smaller pulley be represented by X. Analyze the problem: one ratic will be
Letseen inches and the other betwsz=n revolution per minute (EPM). Also notz that the smaaller pulley
i1l make mose revoluiions per minute than the larger onec. Therefor=, the answer will have to be

irger than 300, Arrange the ratios in the orcer leaser to greater:

_ 30 tnches 30
Ratio of inches 60 inchea ~ &0

600 RPN
Ratio of RPM ————_ .,



ihe proportdon:

mean
¥ extreme —e30 &2 RPM
60 X
4 mca_n/ extreme

Using the rule which states that the product of the means divided by either extremes equals the gther
extremae. .

mean mean

extrema

60 x 600 RPM

= = X
50 |
excrahe e .\
2 x 1 x 600 RE=M - X :
1
2 x 600 RPM = X -

1200 RPM = X
The proportionaboveis called anINVERSE proportion, because the smaller the diaméter of ths puliey
the fasgter it will rotates

Two numbers ire inversely proportional when an incrsase in one causcs the other to decrease, or a

decrease in one cauaes an increase in the other.

EXERCISE l6:

In each of the follawing problems, bpet up the corcect proportions and solve for the unknown valiue.

1. Find the fourth proportional of 6, 3, and 12 (takzn in order).

2. 1L amast 8 ft hig}{'.cauta a shadow 10 ft iong, how highis a maat that caats a shadow 40 it long?

3. The speed of two cara is in a ratio of 2 to 5. I the slower car goes 30 mph, what ia the spead

of the faster car?

4. 1L 6 seamen can empty 2 cargo spaces in a day, hew many spaces can 150 secamen emsiy in 2
day?

5. If 12 typewritaers cost §1,020, how much will © cost at the same rate?

ALGE3RRA

~metic because it extends the concept af num-
‘bers. In algebra, numbers can be represencad by ! rs of the alphabet. The letters are called
ILITEZRAL NUMB3ERS. Literal cumbers are used to zxpress known or unknown quan:sitizs, Litezal
numbers are also used to show relationships berween guanzities which are related through a pavsical

ALGEBRA may be thought of as an extension of ari:

law. For example, the algebraic exprassion I = Z/5 shows thac (I} will vary if (Z) or (B} is variza,
The relationsnip bectween |, E, and R is constant, tu: the numerical values for these iteiters may

take on many different values.

Before attempting the use of algebra as a tool, knowlzdge of basic operations and definitions must
be acquired. Some basic operations and definitions are listed.
59-25. Definitions and Rules

The following signs, used in algeora, have the sam= m=aning whichthey have in arithmecic.

These
signs are +, -, =, and X. They indicate addéition. sudiraciion, division and mulciplication respac-

tively. N

Order of Qoerations:
When there are multiplications, divisions, additions and subiractions to be performed on a grous

of numbers, multiplication rmust be periormed first, division second, and then the addizion and sub-
. ,
traction.



EXAMPLE:
i 32 24+3+2x4-6 = X

s B8 +3+8-5

i
=

13 = X

Exoression:
An algebraic ZXPRESSION is a group of letters and numbers.

Tacror:
Whenever two or more numbers are multiplied together, they are called FTACTORS.
pression 2w fL, twc is & factor of 2o {L. Also 27fis a factor of 2% fL..

In the ex-

Te

"

ms:
A TERM of an algebraic expression is the oarts of the expression not separated by a plus or
minus sign. In the expression 5X+6Y-3Z, the termms are 5X, 6Y, aac 3Z.

If an algebraic expression has one term it is 2 MONOMIAL. Pt
is called a BINOMIAL. A TRINOMIAL has three terms.
terms is called a PCLYNOMIAL.

expression containing two terms
An expression confaining more than three

Subsc:i:;::-

A SUESCRIPT is a number or letter written to the right and th= bottor of another number for
further identification. In the ecuation X[, = 2w f{L. The subscTipt, L is next to the X. The equa-
‘tion is seaa "X 5us L s equal to two pi £ L. === S -

Laws of Exconents:
An ZXPONENT in a number placed to the right and above another number {the BASE) to indicate
the niumber of times the base i3 to be taken as a factor,

When like bases are multiplied together, add the cxponenta. When like bases are divided, sub-
rac: the exponent {n the divisor from the exponent in the dividend. Zxamples of these operations

.Te:!

7

Square Root:
To extract the SQUAREZ ROOT of an algebraic expression, find the two equal factors of the ex-
prassion. Both factors are square roota. Examples of this operation are:

Necative Numbers:
NECATIVE NUMBERS can be considered to be numbers with a value less than zero. They are

necessary if subtractiona like 4-8 are to be performed. Negative numberss have a phyasical meaning
wren apnlied to the appropriate quantities. It is absurd to speak of a physical length which i3 leas
than rero units long, but it is quite common to speak of a temperature that is less than zero degrees.
The idea ef applying the aporooriate numbera to physical quantities should be considered whenever

working with numbers.

Real Numbers:

The RZAL number system contains both POSITIVE and NZGATIVZ numbers. Figure 59-1 shows
e graphicalrepreasentation of the real number aystemn. On a NUMZZIR SCALZ positive numbers are
lotted ta the right of zero. Necgative numbers arc plotted to the left of zero. The zero point is {re-
juezily called the ORIGIN.

Addition:
The two baaic rules for addition are:

l. To add two or more numbers with like signs, 2dd the magnitudes and prefix the common sign.



2. To add a positive and negative number,
prefix the sign of the larger magnitude.

N

corsputs the dilference botween the magnitudes ane

Figure 59-1 - Real numbars cn the number scals.

Examples of this operation are:

30 : -40
10 .2
70 -20
EXERCISZ 17:
~ Addthe following:
1. 80 2. -250
-30 B 50
60 180

Subtraction:
The rule for subtraction is:

1. To subtract, change the sign of the subtrahend ancd add.

Examples of this overation are:

40 -100
-60 60
100 - 160

EXZRCISE 18:
Perform the subtraction of the following.:

1. =275 2. -415
-113 115

Multinlicartion of Real Numbers:
The rules for muliiplicadon are:

l. The product of two numbers that have
2. The procuct of two numbers that have

Zxamples of this operation are:

45 x 30 = 1350 {-20) x (-10) = 200 (-405) x (2) =

EXERCISZ 19:
Pc:fo.;rn the following:

L. (-420) x (-30) =

4. (-31)(62) = .

-30
20
5
3. -:C 4. 102 5. -8%
-=0 ' 98
-2C0 -50 11
-250 300
75 300
-175 -100
3. 6ol 4. 450 5. 2
320 620 -131
like signs is a positive nuwmoer.
unlike signs is a negactive number.
= -310
2. (60) x (-30) = 3. (-200)(40) =

5. {81i){-22) =



Division of Real Numbers:

¢ The rules for the division of real numbets are:

l. The quotizant of the division of like tvmas is positive.

2. The quotient of the division of UJ;LlLka texrmas s negativa,
Examples of this operation are:

50/(-10) = -5 650/25 = 26 (-40)/(-4) = 10
EXERCIZE 20:

P_crform the following operations:

1. 100/{-25)

u

2. (-60)/(-4) = . 3. 400/(-30) =

i

4. 891/(-62) 5. 322/{-12) =
Grouoing Terma:

I{ the addizions, subiractions, multiplications and divisions are performed in a aingls operation;
thz Teems of the exprezasion are f{reguantly grouped. GRCUPING clarifiss the operations. Taerms
are grouped using BRACKETS, [J; BRACES, | }; PARENTHESIS { ).

Examnples of-this-operation-ares = — — —

2[5 x (6-3)}- (18/9)]

The operations inside the inner most signs of grouping are performed f(irst, The evaluxtion of
the above expreasion ia:

2 (5-3}-2] =26
In removing the signs of grouping from an expression, the sign of each term within the grouping

"should be changed if the grouping symbol is preceded by a negative sign. The signs of the terms
should not be changed if the grouping sign is preceded by a positive sign.

An example of thias operation is: |
50 - (30 + 10) + (20 - 5) - {8 x 2)
To ewvaluate this expreasion, the parenthesis are removed. The expression then becomes:
50 - 30 -10+20-5~-16 = 9
EXZRCISZ 21:
Periorm the following operationa:

1. 5 x (4-3) + (6-2) - {-10 + 5) = 2. -(4-3) + (6+10) =
3. -[5+6-(3+2)] = 4. 10 (20 +30 - (5 + 10)] =
S. -6 [3+21 -8+ 1)+ ({16+2)-(3-21)] =

Moromials: .
A MONOMIAL is an expresasion consisting of one term. The expreasions 5a, -6b, 3X, and 4x%

are all clasaified as monamials,

ddition of Monomials:

Moromials may be added or osubtracted if they are like quantities. The quantity 5a cannot be di-
rectly added to 6b unleas a i» similar {n nature to b. If "a" indlcazes registors and *b" indlcates In-
ductors, it would be meaningless to talk of the sum of five resistors and six inductors. I "a' and
"h'' represent other numbers then the addition is easily carried oul. The addition of Sz and 6b is

written in this manner.

sa + 6b



Monomials made up of like terms can be added directly. Consider the addition of 2a and 4a.

In this operation, the numerical values weare added direcctly. The numerical coefficients tel]
much'', and the literal factors tell "of what”.

{a+a) + {a+ata+ta)

Subtraction of Mornormials:

22 4+ 4a = 6a

"how

The addizion of 22 and 4a can be represented by:

aratatatatra

Ea

To subtract a rmonomial A f{rom a monomial B means to £2¢ a monomial C auch that C added 10 A
. S

gives B.

6a - 4a = 2a

In the above eguation, #4a 1is subtracted from ba.

found which when added to 4a gave ba.

Examples of this ocoeration are:

12a - 14a = -2a

Multiplication of Monomials:

To periorm this subtraction a cmonemial was

-10b - 6b = -16b

When monomials are multiplied, the coefficients (numerical values) are multiplled algebratcally.
Iiteral numbers are multiplied using the_lawas of exponents. _—

Examples of this operation are:

154 - 4a = 60a%

(-6b)(-3b) = 18b2

Division of Monomials:

-5a .+ 3a :—lSaZ

4a{-3b) = -12ab

In the division of monomaials, the rule of exponents is abplied to the literal factors. The numeri-
cal coefficients are divided the same as the other real numbers. Literal numbers are dlvided uaing

the laws of exponents.
Examples of this operation are:

16Z/4Z = 4
2 .
-15¥Y“/3Y = -5Y

Sauare Root:

18W2/6W = 3w

-40X%/-10%X = 4X

Some basic rules to be observed in extracring the scuare root of a number are:

1. The aquare root of a product is equal to the product of the square roat.

Zxamples of this operation are:

Yao = Va x Vb

V200 =2 . 100 =v2Z x7V:i00

=VZ x 10 = 14. 14

“fanliC = +/1=2 -+/LC = 2= - /1iC

2. The square roots of a ratio {civision} is equal to the ratio of the square roocs.

Examples of this operation are:

'Va?b



3. The square root of a sum is equal to the square root of thar sv=.
! Z;eumplcs of this operation are: X
m = _1/2—5 = 5

The square roo: of ten plus fifteen is not equal to the square root of ten plus the aquare root
of fifteen.

)
4. The square root of an indicated subtraction is equal to'the sguare roots of that subtraction.

Exarnples of this operation are:

V110-10 = Y1006 = 10

The square root of one hundred and ten is not equal to the sguare root of one hundred minus
the square root of ten.

59-26. Scientific Notation {Powers of Ten)

The technique cf uaing powersa ¢f 10 can greatly simplify mathematizal calculations. A number
caontaining many zeros o the right or to the left of the decimal point can be delt with much more
readily when put in the form of powers of 10. For exarmple 0..0000C37 x 0..000021 can be handled-
more easily when putin the form 3.7 x 107° x 2. 1 x 1075,

Table of Powers of 10: The table below gives some of the values ¢ the powers of 10.

Number DPowers of 10 "Number : Powers of 10

0. 000001 10-6 1 10°

0. 00001 10-3 10 10!

0. 0001 10-4 100 102

0. 00l 10-3 ‘ 1000 ' 103

0. 01 1g-2- 10000 104

0.1 10-1 100000 10°
1000000 100

Expreasing numbers in Scientific Notation: Aﬁy number written as the product of an integral
power of 10 and a number between ! and 10 ia said to be expressed in SCIZNTIFIC NOTATION.

The following rules are set down as an aid in expressing large numbers as numbers between 1
and 10 timmes a power of 10. The rules are atated and examples are given for converting large whole
numbers or decimala into scientific notation.

Rule:

In expressing a large whole number as a smaller number usually berw=2n 1 and ten, placc adec-
ifmal point to the right of the last figure of the number and move it to the left until a number "to the
left of the decimal point is betweezn one and 10. The number of places the decimal point was moved
will give the proper positive power of 1Q.

TXAMPLE:
637 = 6. 37 x 102 9,628,060 = 9.628 x 106
2,700 = 2.7 x 103 §,622.3 = 5.6228 x 107
56.33 = 5.633 x 1o} 873,006 = 8.73 x 105
Rule:

In expressing a decimal as 2 whole number between 1 and 10, movze the decimal point to the right
"l there ia a number berween | and 10. Count the nurnber of places the cdecimal point was moved

this will be the proper negative power of 10.

LXAMPLE: : s
0.871 =8 .71 x 10~} 0.00073. = 7.8 x 10-%
n.0021 =2.1x10-3 0. 063 =6.3 x 10-2
0. 00000017 = 1.7 x 10°7 - - : 0. 000029 = 2.9 x 10-5

™



Addition and subtraction of numbers in scientific notation: Numbersa cxpressed in scientific
notation can only be added or subtracted if the powsrs of 10 ars the same. For example, 3 x 10
can be added to 2 x 107 to get 5 x 105; however, 3 x 10% cannot oe added to 2x10° becauvae the powe g
of 10 are nat the same. The nurn\gcr 3 x 10% can be changed to 30 x 105, however, and it can then l;,:
added to 2 x 105 to obtain 3%;; 10°. The anawers to problems asolved byusing acientific notation c.a:‘x
be left in the exponential form. In the exarmples bzlow, howezver, the anawers are converted to the
decimal form to aid in understanding this technique. o

EXAMPLES:

Add 450, 000 and 763, 000

450, 000 + 763,000 = 4.5 % 10 + 7. 63 x 105
12.13 x 10° = 1. 213 x 105
1,213, 000

n

Add 0. 00006825 and 0. 06000754

0. 00006825 + 0. 6C000754 = 68.25 x 1078 + 7. 54 x 1070
75.79 x 1076 = 7,579 x 16-3
0. 00007579

H

MultipHcation of numbers in scientific notation:

When multiplying numbers written in screnitiic nozziion the low of exponents referring 1o mul:i-
lication of numbers raised to a power is apolicaclae. Zxpressed in general form:
jofe : g

AT a2 AT 0y L)

EXAMPLE:
Multiply 100, 000 by !, 030 ] o
100, 000 x 1,000 = 105 x 103 = 10>+ 3 = 108 = 100, 000, 000

Multiply 25, 000 by 3, 000

25,G00 x 3,000 = 3

3 x109%35x103=2.5x5xi0%"
2.5 x 107.= 1. 25 x 108
25,000, 60O

Multiply 1,800, 0.060012, 3C0 and 0.0048

Ko

1. 800 x 0.000015 x 300 x 0. 0048
:1.5:(103x1.5)(10'5>c3x102x4.8x10‘3
=1.8x1.5x3x4.8x103-5+2-3

= 38 58 x 10-7 = 3.883 x 10-2

= 0.03838

Division of numbers in scisntific notation: When dividing numbers written in scientific notatizn

the law of exponents referring to the division of sumders raised to a power. Lxpressed in general
form:

AT a7 (a #0)

A0
EXAMPLE

14,400,000 _ 142 x 1
1,200, 000 12 x &

5. 060 by 0. 0005

75.ooo_7?xlo3 =73 <103 2 15x 107

0. 0005 5x 10°7 5

150, 000, Q0@

Finding the power of a number {n acientific natatic®: When finding the power of a power whatch te
raizing to A power: a number expresscd in scientific notation to a power the applicable low of expon-

enta is used:

(AT - AT XD A Q)



EXAMPLE:

i _ Square 15, 000
- {15, 000)% = {15 x 103)2 = 15% x 103 * %
2225 x 106 = 2.25 x 108
' = 225, 000, 000

Cube 2, 000 3
(2,000)3 = (2 x 1033 = 23 x 103 *
8 x 109

8,000, 000, 000

1"

]

Squere 0. 0000075

(0. 00000752 = (7.5 x 10-6)2 = 7.52 x 190 % 2
56.25x 10712 =5 625 x 10-}1
0. 00000000005525

1]

Finding the root of a number in sclentific rotation: When finding the root of 2 number rafsed to
a power which {8 finding the root of a number expressed in acientific netation the npplicable low of

exponents i3 used:
n/am Am/n (A £ 0)

N

EXAMPLXE:

Find the squarec root of 25, 000, 000

~/25,000, 000 =+/ 25 x 10° =+/25 x~/ 10®
= = — = Trr—
=~/25x10 "= 5x 103
= 5,000

Find the square root of 144, 000, 000

~/14%, 000, 000 =~/ 144 x 10® =/ 124 x~/ 10°

6)2
12 x 10 /=12x103

H

12,000

TRIGONOMETRY

TRIGONOMETRY is the science of measuring the sides and angles of :triangles. In the study of
‘trigonometry, use is made of the fact that a definite relationship exists between angles and their
sides. These relationships (called trig functions) bave been named and defined. They form the
rnucleus of trigonomertry.

59-33. Definitions

Bejfore trigoncmetry can be apoplied to problem solving, some basic cdelinitions must be given.

Angles: An ANGLE is formed when twa lines meet at a point, The two lines are called the SIDES of
the angle, and the meeting point of the lines is called the VZRTEZX of the angle. Figure 59-2 shows
a granhical repressntation of an angle.

rigure 59-2 - Acute angle. .

The symB3ol used ta represent an angle isd_ . Frequently, lettess 'of the Greek alphabet are
used to represcat angles. One of the most widely used Greek symbols is 8, pronounced THETA.

-/



Angles can be genecrated by a revolving line. [f the 1
(A), an angle is formed.” The magnitude af the an
INITIAL POINT. The dotted line, AC, in Figurs 59
the LEADING SIDE. Theline AB is the TERMINAL

ine AB in Figure 59-3 is rotated about a ;o
2z is given in reference to the STARTINC Or‘.

I
3
- 5’ whnich Id h R . R
1 caou ave becn a solid lxnc, 13 ca 11:(

Figure 59-3 - Acute angle.

e c

The magnitude of an angle is generally expresszZ in DEGREZZS. If the terminal side of an angle is
rotated through a full revolution, it is said to havz gen=rated an angle of three hundred and sixty de -
grees. Numerically, this angle can be represenrs< as 3609, Of course, an angle greacters or srmaiier
than 360° can be generated. ' '

Since a line having gone through 2 comblete rzvolution has also gone through 360°, one degr==a
may be defined as the angle generated when a lire zas rotated 1/360 of a full revolution. The deérec
ias further divided into MINUTEZS and SECCNDS. One sixiierh aof a degree is a minute. One sixti-
eth of a minute is a secoad.

EXERCISE 34:

1. How manry degrees are there in 1/4 of a revolution, 1/2 revolution, and 3/4 revolution?

2. How many degrees are there in two revolutions, three revolutions, and eight revolutions?

Acute Angle: An ACUTE ANGLE is an angle less than ninety degrees.
Obtuse Angle: An OBTUSE ANGLZ is an angle grezater than ninety degrees.
Right Angle: A RIGHT ANGLE is equal to ninety cde=grees.

Ncgativc Angle: A NECATIVE ANGLE is one which is generated with clockwise rotation of the rer-

minal sides.

Complimentary Angles: COMPLIMENTARY ANGLZIS are two angles the sum of which is equal to
ninety degrees.

Supplementary Angles: SUPPLEZMENTARY ANGLZS are two angles the sum of which is eaqual to one
hundred and eighty degrees. :

Triangles: A TRIANGLE is a geometrical figure having three sides (sormetimes called legs) and
three angles. The sum of the angles of a triangle is equal to 180°9. Figure 59-4% shows four types of
triangles.

The ISOSCZLES triangle has two equal sides, the TQUILATERAL triangle has thres equal sides,
and the SCALZNZX triangle has no equal sides.

The RIGHT triangle is considered here as a special case because it is important to the stucy o:
" ISOSCELES EQUILATERAL

Figure 59-4 - Typ<ds of triangles. /\

basic trigonometry.




Right Triangle: A right triangle {s a triangle-'which has one ninety degree angle. Tha trigonometric
functions are dafined uaing the right tsisngla. Figure 59-5 shows a right triangle with its sides and
wngles labeled. v 5

A
b C

Figure 59-5 - Rignt triargle.
Side ¢ is called-the HYROTEMNUSE-of theright-triangler The hyporenuse ia the longeat aide of the
triangle, and it is.opposaite the largezat angle (90° angle).

The relationship which exists between the sides of a right triangiz is described by the PYTHAG-
OREAN THEOREM. ' '

Pythagorean Theorem: This theorem astates that the square of the hypotsnuse {s equal to the sum of
e squares of the other two sides. This relationship may be expressed mathematically as:

e c? = a2 + K2

To solve for the hypotenuse, the square xoot of both si‘dcs of the equation ia extractod.
Thia gives: c = _t-)/az P

A negative square root haz no meaning here. Thercfore, the f{inal form is:

c =’VaZ + bl

To solve for side b, subtrac: a2 from each member of the equatian.,

This gives: b2 =c? -2

Since the first power of b iz desired, ext:'a‘c: the square raot of both sides of the aquation.

Therefore:

The negative roct is ignored because it has no meaning in this applicacion.
Side a may bec solved in the same manner.

(2 52

A graphical representation of the theorem is frequently shown {n the following manner:
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Figure 59-5

The square on the hypotenuse is equal to the sum of the squares on the legs.

ZXERCISE 35:

1. One leg of a triangle is twice as long as the

long are the two legs?

2. What is the length of the hypotenuse in the following diagram?

Figure 59-7 - Application of Pythagorean theorem.

- Pythagorean theorern.

If the hypoteruse is 10 units long, how

oitner.

-

20 UGNITS

40 UNITS



