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BASIC MATHEMATICS

This booklet is designed to refresh your understanding
of basic mathematical operations invelving fractions, decimals,
percents and ratios. Knowledge of these is required for per-
forming well on the math scctions of promotional examinations.
This booklet is a rvefresher of the operations themselves.

Booklets 2 and 3, Arithmetic Reasoning and Understanding
and Interpreting Tabular Material, offer an extensive review
of the kinds of questions aszked on examinations. We suggest
you use those booklets as well when an exam you're taking has
either Arithmetic Reasoning or Tabular material on it.

Good luck!



II.

BASIC MATIEMATICS

FRACTIONS

Definition: A fraction represents part of a whole,.
example:

a, 1 means dividing one into 4 pieces, and taking one of thom.

1 2 3 4 — 1
1 7

‘“ﬂ-..\__‘_“_"_. ‘N—"“—H—. —_—m J
1

b. 1 means dividing one inte 3 pieces, and taking one of them.

Kedns

LA bk

Terms: The numerator is the top number of the fraction.
The denominatoer is the bottom number of the fraction.

Any whole number (1, 2, 3, etc.,) can be written as a fraction
with a denominator of 1, 2 means 2 wholes, which have not been
1

divided into smaller units.

5 = 5 210 = 210
T 1

One can be represented by any fraction which has the
nunerator and denominator equal to the same number,

1 =23 1 =5
3 5
Multiplication

Multiply the numerators together and multiply the denomina-
tors together.



Symbals for multiplication are x, *, { 3, ( )

example:

a., 3 x 2 =273 2 ={3%y/2
¥ T ¥ 7 (‘d‘)(%’)
3 x 2= 3x2 =6
& 5 Ix5 70

b, 5 x 2 = 5x2 = 10

7T 3 T3 71

Muitiplication of fractions can be simplified by cancelling
or reducing the Fractions involved. Cancelling is reducing a
fraction to its simplest terms. This 1s done by finding numbers
which divide evenly inte both the numerator and denocminator.

example: 3

Both the top and bottom of this fraction can be divided
evenly by 3.

As long as the teop and bottom are both divided by the same
number, the value cof the fraction remains the same.

We can see what has happened by using a number line:

1/2

m

L 1 l r I 1 —
I T 1 T 1 I |

1 1 1 1 1 1
[ [ [ [ [ [

When multiplying fractions we can also cancel the numerator
of one fraction with the denominator of another, if both are
divisible by a common number.

example: 3 x 2 =717

G

In this problem both fractions are in simplest terms, but
the numerator of the first (3) and the denominator of the
second (9) can both be divided by 3,
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I - 3 x 2 =1x 2= 1x2 = 2
g 9+ 3 g 3 Tx3 71§

This can be written more simply as follows:

plx 2 = 2
T %3 I%

When working with fractions (adding, subtracting, multi-
plying or dividing) final answers should always he reduced to
lewest (simplest) terms.

Cluges for reducing or cancelling fractions:

I.

Addition

When the numerator and denominator both end in zero (0},
they can bhe reduced by 10,

0D = 15 or 1584 = 15
g 7 g, 7

40 40 +

150 _ 150 <+ 1
1

If both are even, they can be reduced by 2.

§ =4
z6 I3

If both end in either a zero {0) or a 5, the fracticn
can be reduced by 5.

15 = 15 + 5 = 3
20 20+ 5 %

+]-

n

25 25 = § 5
I/ IF 57

1l

When adding fractions we can only add togother parts of

tor.

the same "size,™ meaning, those fractions with the same denomina-
1 can be added directly to %, but not directly to 2. '

Fractions with the same denominator are added together by

example:

adding only the numerators and maintaining the same denominator.

o1 1 1 1 1 1
e i TS S
M —————_F
wif_\/

3/5
1+1=2 2+1=3
5 5 5 5 5 5



What if the fractions do not have the same denominator?
In this case, we convert them into new fractions which do have
the same denominator, This denominator is called a common
denominator.

A common denominator is a number both original denominators
can be divided Info evenly. A common denominator can be found
for all fractional combinations.

1. One way to find a commen denominator is to multiply
the original denominators together.

examplo: % + % = ?
I x 5 = 15§

Therefore, 15 would be the common denominator.

When converting the original fraction into a fraction with a
commen denominator, vou must be sure to keep the value of the
fraction the same. To do this, multiply both the numerator and
denominator by the same number. Using the example above you
proceed as follows:

1x5 = § 2x3 = 6
35 18 bxa 16

When you multiply both the top and bottom by the same number the
value of the fraction does not change, because you are really
muitiplying by one. This problem can be finished by adding the
numerators together, and maintaining the common denominator,

5 +6 = 5+6 = 11
Is T35 FR 1

2. A smaller common denominator can often be found by
mentally reviewing multiplication tables to find the smallest
number both denominators divide into evenly.

exampleo: % + % = 7

Both 6 and 8 will divide evenly into 24,
24 = 6 = 4 24 =8 =23
Each denominator is multiplied by the number which will

make it equal 24, The numerators are also multiplied by
this number, so that the value of the fractiens isn't

changed.
1x4 = 4 ix3 = 9
oxf¥ I Bx3 24
4 + 4 = 448 = 13
2 T SEF: S ¥ |
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V.

Using the last method (multiplying denominators) we would
proceed as follows:

1x8 = 8

18
8 + 18 = B+18 = 26
I8 I8 i3 I3

26 can be reduced to %% by cancelling.

Subtraction

Subtracting fractions is similar to adding fractioms. First
all of the fractions in the problem must be converied into new
fractions with a common denominator. Once both fractions have
a common dencminatocr, the second numerator is subtracted from
the first.

example: 3 -1 =1

¥ 7

The common denominator can be found Z ways:

1. Multiply the denominators.

4 x 6 = 24, the common denominator
T x b6 =18 1l x4 =14
T § & T 77

18 - 4 = 18-4 = 14
24 74 24 2T

14 can be reduced to lower terms, or 7 .
7 12

2. Finding a smaller common denominator by finding a
number both denominators will divide into evenly.

4 and 6 will both divide evenly into 12, 12 is smaller
than 24, the denominator used in part 1. Since 12 <« 4 = 3
and 12 + 6 = 2 we convert these fractions as follows:

2 =2
[ ¥

X X

1
)

:jm

3
3
-2 9-2 = 7
17 1z 1z

I LA
I

.

Division

In & division problem, the divisor is the number we are
dividing by. It is written after the + sign, or on the bottom
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of the slash.

exampic: 2+ % 1 is the divisor
4
5
—%~ =3+1 1 is the divisor
5 8 2 2

Fractions are divided by inverting the diviser, and then
multiplying, To invert the divisor, switch the numerator and
denominator, Be sure to switch the division sign to a multi-
plication sign. Once the divisor has been inverted, multiply
the Z fractions together to get the answer.

example: g_+-c%9 = 7
3

= 2x4 =

x 4 8
1 Ix1 3

Lxamplo:

P qly=5x 2= 5x2 =15 =5
72 % T 8xt ‘g4 7

o un MI—“DD{:.H |t
|
=]

Mixed XNumbers

A mixed number has a whole number part and a fractional
part (for example: 1 %, 20 é},

A mixed number can be represented entirely as a fractilon.
The new fraction will have the same denominator as the fractional
part ¢f the mixed number.

example: 23 =271

¥ 7

Regin by locking at the whole number, 2 = %. To find the
numerator of this part, multiply the whole number by the
denominator.

2 x4 =28
Therefore, 2 represented in fracticnal form equals %.

2 =8
T
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Now, add this to the fractional part of the mixed number.

23=2+3=8+3=28+3=11
T T ¥ ¥ T 7

Fractions with the numerator greater than the denominator
can be converted to mixed numbers. This is done by dividing
the denominator into the numerator. The number of times the
denominator goes into the numerator evenly is the whole number
part of the mixed number. The remainder Ethc amount left over
after dividing) is the new numerator of the {ractional part,
The denominator is the same.

example: 14 =7
3

Three goes into 14 evenly four times. The remainder is 2.

il
3 JIT
12
3
14 = 4 2
3 T

Multiplying Mixed Numbers and Fractions

example: ! % X % = 7

When multiplying with mixed numbers, [irst change the
mixed numbers to a fraction.

31 =7 3 x4 =12 5= 12
i 7 i)
31 =3+ 1'=12+ 1= 1241 = 13
£ & T 7 | i)

Once the mixed number has been converted to a fraction,
this becomes a regular multiplication problem.

13 x 5 = 13x5 = 05
T ¥ TIx® 37

This fraction should be represented as a mixed number,
1

32 37 [B%
B4
1



VIII. Division of Mixed Numhbers

Division of mixed numbers is similar to multiplication,
Convert the mixed numbers to fractions and then proceed as in
a regular division problem with fractions.

example: 32+ 12 % = ?
3
32 =1 s 3+ 2 =0+ 2 =11
3 3 T 3 I 73
23=21 ., 2+#3=8+3-=11
i 1 r ¥ T 7
ﬂ,—(‘1112=11}ci=11x4=_¢}_
3 T 3 11 3IXIT 3
g
307 4 =11
3 3 3
1

IX, Addition and Subtraction of Mixed Numbers

When adding mixed numbers together add the whole numbers
together and add the fractions together. It is not necessary

to convert mixed numhers to fractions in order to add then.
However, remember to find a common denominator for the fractional
narts,

= 7
2

example: 4 3 +61
1

The common denominatoer is 24, Therefore,

3x3=29 ancl 1 x 2 =2
g T T iz 7 27
43 = 49
w 78
+ 61 = o 2z
1z 2q
! 10 11
T

In a subtraction problem, fcllow the same procedure, sub-
tracting whole numbers from each other and fractions from each
other.

cxample: ] % - 2 % = 7

The common denominator is 35.



2x7 =14 1x5=5_
5 7 3% 7 5 35
62 = 614
i3 35
- 21 . z5
7 5
9 IE
75
DHCIMALS

Definition: Decimal notation 1s a4 way of representing fractions
which have denominators of 10 or a mmltiple of 10 (104, 1000,
10,000,

The prefix deci means 10. Our number system is of base 10.
This means that 10 and multiples of 10 determine the place values

in our number svstem. The fellowing chart labels the place
values in cur hase 10 system.

NI A R

& o &
cp'tﬁ' ?ﬁ‘;&' “‘FJ 019'
0\'} Q',Q"'
S

245,62 is read "two hundred and forty-five and sixty twe
hundredths."”

.7543 is read '"seven thousand five hundred and forty-three
ten thousandths."

Qur money system illustrates how a base 10 system works.
One cent is 1 of a dollar. It can be written $.01. When 10
100
one-cent pieces (pennies) are added together, We move into the
next place value. This can he represented as é%ﬁ, 1 of a
10

dollar, or $.30. One hundred penmies equal one dollar, which
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is written as $£1.00,

Converting Decimals to Fractions

When converting decimals to fractions vou must first figure

out which place value represents the digit all the way to the
right.

examplo: 2.541

One is the digit all the way to the right and the corres-
ponding place value is thousandths.

This place value is then used as the denominator (1000).
The numerator is simply the entire decimal number, with
the decimal point removed (2541).

2.541 = 2541

This number can be converted to a mixed number, and will
become 2 541 .
14000

Note that the number of places to the right of the decimal
point equals the number of zeros in the denominator.

example: .03 = 3 {three hundredths}
104
cxample: L7924 = 7924 + 4 = 1981
16,000 ~ & 2500

Converting l'ractions to Decimals

A fraction with the denominator equal to a multiple of 10
can he converted toc a decimal very easily. First, count the
number of zeros in the denominator. Then copy over the numerator,
Starting from the digit all the way to the right, count digits,
from right to left up to the number of zeros in the denominator.
Place the decimal point to the left of this digit.

exaimplo: 4781 = ?

There arc 2 zeros in the denominator. Count 2 digits from
the right - 4781 - and place decimal to the left,
T
21

4781 = 47.81
100



Nete: If there are more zeros in the denominator than
there are digits in the numerator, add as many Zeros ds nNecessary
ta the loft of the numerator.

gxample: 34 = 7
10, 000

There are 4 zeros in the denominator. Since there are only
2 digits in the numerator, add 2 zeros to the left -

34 = 0034, Now count 4 and placc¢ the decimal point to the
left.

0034 = 0034
t111
4321

A fraction without a multiple of ten as the denominator can
be converted te a decimal by dividing the denominator into the
numerator. In most cases you will have to add the decimal point
to the numerator and add zeros to the right of the decimal peoint
in order te have the division come out evenly. You can add as
many zeros as you need to the right of the decimal point. When
doing the division, remember to carry the decimal point over the
division sign.

I

cxample: 1 = 7% 1 1.000

125
8 [1.000
8

20
16
4o

40
5

= 125

ek

Sometimes this division will not come out evenly, In such
cases elther the division continues indefinitely in no specific
pattern or the divislon shows a pattern of repcabing digits
{one or a series of digits],.

Repeating digits are represcnted by a bar over those digits
which repeat.

example! % = .66 L6668
3 {2,000
1 &
20
18
70

example: 2 = .1818 L1818
i1 [Z2.0000
11
90
Y

21
11

90

-
el
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The €following table lists scome commonly used fractions and
their decimal representation. Memorizing these conversions
should speed up your work.,

1 =.5 1 =,1
T 10

1 = 3% 3= ,75%
3 T

1 = 25 2 = .66
T il

1 = ,2 1 = .04
T 75

1 = .,125 1 = .01
k) 100

Adding and Subtracting Decimals

Adding and subtracting decimals follows the same rules as
adding and subtracting manev.

example: If you have one dollar and you spend 73¢ how much
money do you have left?

one dollar = $1,00
Ti:¢ = 73

§1.00
- L 73
¥ The answer is .27 or 27¢.

The key to success is lining up the decimal points, Once
the decimals are in line, work from right to left down the columns.

example: L5032 + L21% + .90 +.0002 = 7

L.ine each decimal up as follows:

. 532 Start from the right-most column
L2198 and add.
.90

+ 0002

1.6517

If a whole number is in the problem, remember that you can
change it to a decimal by adding a decimal point to the right
end of the number,
example: LES + 017 + 15,1+ 7 = 7

7 = 7.



.45

017
15,1
+ 7,
22,367
The same rules apply to subtracticn,
example: 103 - ,081 =7
.103 Remember to line up the decimal
- .081 point and start subtracting [rom
L0112 the right-most column.

Zeros added te the right of the last digit in a decimal will
not change the value of the decimal. Adding zeros may be help-
ful in visualizing the computations.

example: L0324 .024
+ .1 .5 1100

T L1727

example: .2 20
- .05 -.05

7 .15

Noto: Zeros to the left of the digits and between the
digits and the decimal point are place holders and cannot be
removed without changing the value of the fraction, The decinal
number .05 deoes not equal .5 or .005. However, .05 does equal
050 and .0500.

L0 #F L5 # L0058
.05 = ,050 = ,0500

When subtracting, "borrowing" one from the column tou the
left can be done when necessary, the same way it 1s done when
subtracting whole numbers.

exanple: 704 L7040 Slod
. 139 390 .390
? 7 F17

Remember to check subtraction by adding the answer to the
amount subtracted. These 2 should egual the first number. Tao
check the answer in the problem above we would add .314 + 330,

. 314 The result, ,704, equals the top
+ . 380 number in the problem above, so
L 704 we so¢ the subtraction was correct.

Multipiying Decimals

To multiply two decimal numbers together, begin by multi-
plying the numbers and ignoring the decimal points, Then count
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the total number of places (digits) to the-right of the decimal
point in both original numbers. This will be the number of
places after the decimal point in the answer. Starting from
the digit all the way to the right, ¢ount this number of places
to the left, and place the decimal point there,

example: 1.2 x .09 =7
1.2 42 Since there is 1 digit to the
x .09 —* (9 right of the first decimal and
7 108 2 to the right of the second, we
count back 3 digits in the answer.
108 = ,108

If there are not enough digits in the answer, add zeros to
the left (to f£ill in the place values).

example: Loanz x .03 = 7
L0002 G002 Since we have to count 6 places,
x .03 7 03 add 5 zeros.
7 &

L000006 is the answer.

Nividing Decimals

To divide decimals when the divisor (the number you are
dividing by) is not a decimal, carry out the division as usual
without vemoving the decimal point from the dividend (the number
being divided), The decimal point is placed in the answer
(the quotient) directly above the decimal in the dividend.

example: LAGH3 = T = 7

First set up the problem for division. Place the decimal
directly above the decimal in the dividend,

7 (3963

Since 7 divides into 43, not 4, place a zero in the first
place to the right of the decimal as a place holder. Now
divide, as usual.

. 0708
7 [.4363
49
063
63
_ﬁ- -,

To divide when the divisor is a decimal, move the decimal
point in the divisor to the right end of the number, Now move
the decimal peint in the dividend the same number of places to
the right. Put the decimal for the quotient directly above the
newly placed decimal in the dividend.



example: 361.6 + .08 = 7

4520,
.08 [361.60. 08 rﬂﬁ”ﬂ_gz ]
1
40
16
16
0

Move the decimal in the divisor (.08) two places to the
right. Do the same in the dividend (361.6). You wili
have to add a zero to the right of the 6 in order to
move this decimal point 2 places. Place the decimal in
the quotient and divide. Do not forget to include the
zero between the 2 and decimal point in the answer.

example: 04745 & L13 = 7

. 365
13 [ 04775 13 I‘El_rg 5
3
R4
78
65

PERCIENT

Definition: A percent is a fraction with a denominator of 100,
Because: they are used so frequently, hundredths have been given
this special notation, percent, written %,

examnple: 20% (20 percent) means 20 hundredths or 20

325% (325 percent) means 325 hundredths or 3Z5.
100

.5% (.5 percent) means .5 hundredths oy .5 .

Changing Percents to Decimals

Because percents are fractions with denominators of 100
(which is a multiple of 10), they can easily be written in
decimal notation. De this by moving the decimal peint two
places to the left. If no decimal point is given, remember
to write one in to the right of the last digit.



example: 5% = 5.,% =

370% = 370 = 3,70

Decimals can be converted to percentages by doing the
opposite, moving the decimal point 2 places to the right,

example: .71 = 71%

If vou have trouble remembering which way to move the
decimal peint, thinking of your sales tax can be helpful. You
can write on your scrap paper, for example:

75 = 07 07 = 7%

{The tax is 7 cents on every deollar spent). Then, when a
percent like .035% comes along, and you need to convert it to
a decimal, it becomes easier. Looking at the tax, we see that
7% = .07. The decimal point was moved two places to the left,
50 we would do the same to .035%.

.035% = .00035

If you had a decimal like .0068, and needed to convert it
to a percent, it would become easier by contrasting it to .07 =
7%. Herec the decimal point was moved two places te the right,
so we would do the same:

L0068 = ,68%

Before we can add, subtract, multiply or divide with per-
cénts, they must be rewritten in fractiocnal or decimal notation.

Percentages, like fractions, express part of something.
100% represents a whole quantity. 100% of the students in the
class means all the students, 100% of any number is itself.
Think of 100% as "all.™

example: 100% of 5 is b5,
83 is 100% of 83,

The relationship bhetween two numbers 1is often shown by
cxpressing one as so many percent of the other.

example: 10 is 50% of 20

Think of the word "is" as an equals sign (=) and the word
"of" as a multiplication sign (x). Now we can transform the
above statement into a math equation.



10 is 50% of 20

10 = 50% x 20
10 = 50 x 20

100
10 = 1000

100

orT

10 = .50 of 20
10 = .50 x 20
10 = 10

gxample: 25% of 8§ is 2

Translating that inte a math equation we see that:

258 x 8 = 2
25 x B =2
100
200 = 2
09
ar
25 B o= 2.0

Using this example we see that a Eercent (25%) of a base
number (8) is a percentaze {2) of the base. The standard
equation is:

Percent X Base = Percentage

Given values for any two elements of this equation, we
can find the third.

example: Find %% of 250,

We are given the percent and the base and must find the
percentage.

2% x 2530 = percentage

> x 250 = 1250 = 12,5
100 1 100
or
L05 x 250 = 12,5

Therefore, 12.5 is 5% of 250.



examplo: 30 is what percent of 507
30 = percent x 50

When you are leoking for the percent and your equation,
like the one above, has a number on either side of the equal
sign, take the number that the percent is multiplied by and
divide it into the number on the other side, (Or, lcooking at
it another way, move the number to the other side of the squal
sifn and change the wultiplication sign to a division sign,])

30 = percent x 30
30 ¢ pereent x 505
30 = percent
50
To change 30 to a fraction with a denominator of 100,
0]
multiply both the numerator and dencminator by 2,
30x2 = &80
S0%Z 100

percent = 60 = 60%

example: 12 is 60% of what number?

In this problem we are asked to find the base number.

12 0% x base

60 x hase
100

12

I

We solve this, like finding the percent in the prohlem
above, by moving 60 to the left side and dividing 12

by it.

12 + 60 = base
100

Remember that to divide by a fraction you invert the top
and bottom and then multiply.

12 %—C%%ﬁ>= base

i& x 100 = basec
ijS

LO0 = 20 = base

—
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We use percents every day to describe many situations.
Percents are common in word prehblems too, so some have been
included,
cxample: Forty-five of the 60 employees of [epartment A

attended the annual picnic. What percentage of
the department's emplovees attended?
We are given:
Tetal number of emplovees = 60 = base number
Part of total = 45 = percentage

to find the percent.

This preblem can be reworded as follows:

45 is what percent of 607

45 = percent x 060,
[

45 = percent

Convert %% to a decimal be dividing the numerator by the

denominator.

.73

60 [45,00
42 0

3 00

Convert the decimal .75 to a percent by moving the decimal
point I places to the right.

LTo o= 754

Parcent Increase and Decrease

Percents arc commonly used tco compare changes in quantity,
For example, the couch you want may be reduced by 15% and your
car insurance increased by 5%. The changes are expressed as
a percentage of the original guantity (base numberF. We can
also see from such comparisons that a $5 increase in a $10 book
(to $15) is a lot more significant than a $5 increase in a
$100 bicycle (to $105).

Using our knowledge of percents, we can calculate that:
§5 is 50% of $10, but
$5 is 5% of %100,
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The book's price increased by 50% while the bicycle's
price increased by only 5%,

The new prices of the book and bicycle are found by adding
the original price plus the increase. Therefore,

New amount Original + Increase
15

1% + 5
105 >

140 +

Ton

Likewise, when a price is reduced, the new amount is found
by subtracting the decrease from the original price.

New amount = Original - Decrease
Let's look at other examples.

Percent Decroasc

A couch originally selling for $480 is now reduced by 15%.
How much is the couch selling for on sale?

We are looking for the new price. We know that: New price =
Original - DRecrease. Since we have the original price, we
must first find the decrease.

15% of 3480 is the decrease

.15 x 480 = 72, or
15 x 48P = decrcase
147

720 = decrease

10

Going back to our formuala:

New price = Original - Decrease
New price = 3480 - 72
New price = §408

We can write both steps in one equation:
New price = Original - (% x Original)

New price = $480 - (15 x 480)

When working with multiplication or division and addition
or subtraction in the same eguation, always do the multiplica-
tion or division first.



Percent Increase

Your car insurance cests $220 each six months., With your
last bill, vou were notified of a 5% increase in cost,
How much will your next insurance bill be?

We are given the criginal number and the percent change.
Tirst, find the amount of the increase:

5% of $220 is the increase

5% x $220 = incrcase
5 x 2Zp = increasc
10P

e

10 = 11 = increase

]

Then use the formula:

New amount = QOriginal + Increase

220 + 11

New amount

231

New amount

This can be done in one equation as follows:

Il

New amount Original + (% x Qriginal)

New amount 220 + (5% x 220)

n

New amount 220 + (5 x 220)
100

231 = 2240 + 11

Note: It is important to recalize that the change is
cxpressced as a percentage of the original quantity, not of
the new value,

220 increased by 5% is 231, The change is 11 and 11 is
5% of 220. 11 is not 5% of 231.

Likewise, from our first problem, the couch was reduced
by 15%. $480 decreased by 15% is $408. The decrease is $72.
72 is 15% of 480. 72 is not 15% of 408,

Another way to look at percent increase or decrease 1s as
follows:

The original price of the couch ($480} is 100%, When the
couch is reduced by 15%, the new price will be 100% - 15% or
85%. If you look at the problem this way, the new price is
85% of the original price.



New price = 85% of $480
New price = .85 x 480
New price = §408

Likewise, vour original car insurance ($220) is 100%,
When it increases 5%, your new insurance will be 100% + 5%,
or 105%. The new insurance is 105% of the original insurance.

Mew insurance 105% of $220

1

Now insurance 1.058 x 220

$231

I

Mew insurance

When working with prices, the terms "mark-up™ and "mark-
down" can be used to describe percent increase and decreasc.
Mark-up means the price is increased by a given percent, while
mark-down means it has been decreased by a given percent,

example: A portable radio is marked down 2Z0% to a cost of
$64. What was the original cost of the radio?

We solve this like a percent decrease problem, We don't
know the original price, but we do know the new price

and the percent decrease, If the original price is 100%,
the new price is 100% - 20%, or B0% of the original, This
problem can be rewritten: The new price is 80% of the
original price.

64 = B0% x original

64 = 80 x original

r_/T00

64 + 80 = original

5& x 108 = $80 = original price, or
B

64 +~ .80 = 80

It igs poessible to figure out the percent increase or decrease
if the original amount and the new amount are given.

example: Joan's electric bill was $56 last month and $60
this month. By what percent did her bill increase?

New amount = Original + Increase
$60 = $56 + increase
60 - 56 = increase

$4 = increase



increase = % x original
4 = % x §56
41 = %
5511
1 =45
14
L7114
14 [1.0000 = .07%
9A
20
14
60
56
)

There is another way to do these type of problems, which
are often found on tables on exams, that will always work, and
is easler for some people, To determine the percent increase
or decrease, FIRST [IND THE DIFFERENCE BLETWEEN THE 'TWO NUMBERS
BEING CONSIDERED, AND THEN DIVIDE THIS DITFFERENCE BY THE ORIGINAL
NUMBER, THE NUMBER THAT CHRONOLOGICALLY CAME FIRST. In this
case, the difference is %4, This difference should be divided
by the original number, last month's $56 figure.

4 = 07 = 7% increase
TG

These type of questions are reviewed in detail, with plenty
of practice guestions, in Booklet #3, Understanding and Inter-
preting Tabular Material,

RATIOS

A ratio is a comparison of one number to another. A
ratio between two numbers is expressed by putting a colon (:}
between them like this:

Ratio of women to men in the office is 1 to 2.

# women in office: # men in office = 1:2
Ratios can be written as fractions:
# women in olffice: # men in office = 1:2 = 1

3

Ratios can be reduced to simplest form by writing them as
fractions and simplifying. Given the ratio as 3:6 we can re-
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write it as 3 and then reduce 1t to 1,

& 2
example: Reduce 5:10,
5:10 = 5 = F1 = 1
0 I8z 7
example: Reduce 7:28,

128 =7 =31 =1
z28 TFT 7

Sometimes the term "ratic'" will be used in a word problem,
but often the language will suggest a compatrison and you must
recognize it as a ratioc problem. Look for key words such as
"compared to," '"is to,'" "out of," "relationship between."
Working with ratios involves working with fractions:

1 woman out of 20 = 1:20 or 1
2 i to 9 = 3:0 gr I
]

When asked to work with ratios, you are usually pgiven one
comparison or ratic [or fraction) and asked to find an equivalent
one.

example: There are 340 employees in an office., Onsout of
every 20 workers will take a vacation in June. How
many workers will take a vacation in June?

You are given the ratio 1 te 20 or 1:20, %ﬁl You are asked

how many of the 340 workers will take a wvacatlon in June.
To set up an equivalent fraction, first note what the
comparisen is and as a safeguard, write it out next tec your
work. (The line of the fraction can bhe substituted for

any of the key words listed above,) The comparison is
workers taking a vacation to all workers,

workers on vacation 4 2
{compared to) b owg T Eiﬁ

all workers

Another way to read it would be to say, "1 is te 20 asg
what is to 340%"

1:20 = ?:340

1 of 340 = 1 x 340 = 348 = 17, or
70 70 25

1 = .05— .05 x 340 = 17
20
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example: llow far will a plane travel in 15 hours if it travels

1500 miles in 5 hours and continues at the same rate
of speed?

The comparison is the number of miles to the number of

hours,
miles = 1500 = ¢
hours 5 T
miles = 1500 = 7
hours 5 15

We are loocking for a number that has the same relationship
to 15 that 1500 has to 5. Because we are working with
equivalent fractions, this number will also have the same
relationship to 1500 that 5 has to 15, Using this second
piece of information, we can find the missing number.

We know that 3 x 5 = 15.

We multiply 5 by 3 to get 15,

The missing number is in the same relationship to 1500 as
5 is to 15, Therefore:

3 x 100 = 7
3 x 1500 = 4500
In review we sec that:

I x 1500 = 4500
3 x 5 L5

When the relationships between the numbers is not as
familiar, we follow the procedure shown below:

1500 = 7
5 15
1. First cross-multiply.
1500 = ? — 1500 x 15 = 22,500
5 ™15
2. Now divide this total by the third number, 5 in this
case,

22,500 < 5 = 4500

3. Then check by comparing the fractions (reducing will
help in checking the answers).

1309 @EE
pp =
3§ 1
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cxample: 3 =2

T I3

In this problem, cross-multiply 3 x 14 to get 42, Then
divide 42 by the third number, in thils case 2, to get Z21.

42 + 2 = 21

Now check for equivalence:

Al = 21
T TaT
1 =1
7T 7

The ratios we have worked with so far compared a '"part"
to a "whole,” In this next section we will work with ratios
which compare parts to parts, as well as parts to the whole.

It is important to determine which type of ratio you are
working with in order to set up the correct equation.

cxample: For every five permanent workers in the offlce,
there is one provisional employee. In an office
with 60 employees, how many are provisional?

We are given a comparison of permanent workers to provisional

workers, but the question asks you to compare provisional
workers to all workers in the office,

We are comparing:

provisional workers = 1

permanent workers 5

We want to compare:

provisional workers
all workers

Since there are 60 workers in the office all together,
think of 1 as the fraction, reduced to lowest terms,

which represents 60 divided into parts in a relationship
of 1:5. Then the total number of workers in the ofifice
is represented by adding these parts:

f provision workers + permanent workers
1 + 5 = 6

Therefore:

Il
=
Il
=

provisional workers
all WOTKEers R+1 ®
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We can set this equal to:

l =7
6 60

Now follow the usual procedure to solve:
1. Tirst cross-multiply.

1.= 7 —s 1 x 60 = &0
T SE0

2. Then divide by the third number.
60 < 6 = 10
3. Check by reducing.

1= Jp1
&  BB6
Another way to do this is to remember that, for this type
of ratio problem, it can be solved by always adding the ''parts"
involved, in this case 1 + 5, and dividing the resulting number,

6, into the total of people given, 60, This will give you the
value ol each part.

60 = & = 10

If the problem was slightly changed, and there were 4
permanent employees for every 2 provisional, adding them you'd
gel 6; dividing it into 60 you'd get 10, but that means each

art was worth 10. Since the ratio is now 2 provisional workers

to 4 permanent, and now 2 x 10 = 20, there would be 20 provision-
al workers, Booklet #2, Arithmetic Reasoning, has more examples
of this type of question.

Let's re-word the problem again:

For every five permanent workers in the office there
is one provisional employee. If there are 50 perma-
nent workers, how many total employeces in the office
are there?

Again, we have to transiate a part-to-part ratio to a part-
to-whole ratio. If there are five peormanent workers to
one provisional worker (%] then what is the ratio of perma-

nent workers to all employees? Add the parts {permanent
+ temporary = 5 + 1 = 6) to see that 5 out of 6 (%] employees

in the office are permanent.

The comparison we are asked to draw is permanent workers
to total employees:

permanent 50 =
t

5
total &
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Cross-multiply 5 ~» 580 x 6 = 300, and then divide

= 5
7 NF

by 5 -» 300 = 5 = 60 to reach the answer: 60.

Or, vou could say, "What number is in the same relationship
to 50 as 5 is to 6," and figure it out by determining what
number 5¢ is 5 of.

50 —- 5 = 50 x 6
[ 5 5

n
LA
]
=

]
=]
=

There is a lot of work with ratios, percents, decimals, and

fractions in Booklets 2 and 3, Arithmetic Reasoning and Under-
standing and Interpreting Tabular Material., This booklet is
intended to give you a refresher of the basics, so you'll be
able to do the word problems and tabular questions more ecasily.

GOOD LUCK!



