
Written Exercises 
. . e or composite.

State whether each number is prim 
5. 1243. 51 @Ill1. 39 &41 11. 2061 @11649. 8947. 641 (§)753 

. . . f acb whole number.Give the pnme factonzation o e 
17. 39 

13. 12 @so 15. 24 ~ 8 

23. 8421. 54 @6319. 66 C§s1 
~ 

28. 693 29. 11425. 196 26. 360 27. 308 

31. Explain why 2 is the only even prime number. 

32. Write the prime factorizations of the square numbers 16, 36, 81, and 
144 by using exponents. What do you think must be true of the 
exponents in the prime factorization of a square number? 

... 
33. Explain why the sum of two prime numbers greater than 2 can 

never be a prime number. 

34. Explain how you know that each of the following numbers must be 
composite: Ill ; 111,111; 111,111,111; ... 

35. List all the possible digits that can be the last digit of a prime num
ber that is greater than 10. 

36. Ch?ose a six-digit number, such as 652,652, the last three digits of 
which are a repeat of the first three digits. Show that 7 11 and 13 
are all factors of the number you chose. ' ' 

37. Since .7, 11, and 13_ are factors of any number of the type defined in 
Exercise 36, what 1s the largest composite number that is always a 
factor of such a number? What is the other fa t ? · C Of. 

38. Give an example to show that the Fundam t 1Th • . . en a eorem of Anth-
metic would be false if 1 were defined to b • 

e a pnme number. 

Review Exercises 
Evaluate. 

1. 73 2. 35 

4. 26 
6. 1Q3 7. 1Q5 

9. 53 . 102 

6j321 

12 3(X)1 

@ s6 
. 90 

· 30. 1150 
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Self-Test B 
Find out whether each number is prime or c • 

• • l'. t . . ompos1te. If it is composite,
give its pnme ,ac onzation. 

1. 108 2. 79 3. 87 4. 109 

Find the GCF of the numbers. If they are relatively prime, so state. 

5. 30, 90 6. 98, 112 7. 45, 77 8. 75, 105 

Find the LCM of each pair of numbers. 

9. 28, 70 10. 21, 27 11. 39, 65 12. 45, 50 

Self-Test answers and Extra Practice are at the back of the book. 

1111COMPUTER INVESTIGATION: Factors 

The computer can be used to find all the pairs of factors of a number. 
The program below will print all the pairs of factors of a given number. 
If the number is a perfect square, there will be a pair of equal factors. 

10 PRINT "TO FACTOR A NUMBER N: II 
20 PRINT "N = II; 
30 INPUT N 
40 PRINT "PAIRS OF FACTORS ARE:" 
50 FOR F = 1 TON 
60 LET Q = N / F 
70 IF Q < INT (Q) THEN 90> 
80 PRINT F; TAB( 10) ;Q 
96 NEXT F 
100 END 
RUN the program to print out the pairs of factors of the following. 

3. 576 4. 672
1. 216 2. 256 

9. 18408. 14506. 225 7. 625 

not need to print all the pairs to find thedOYou can see that we . 1" W stop as soon as the quotient becomes ess
1actors of the number. e can . . 
than the factor being tested. Insert this lme mto the program. 

65 IF Q < F THEN 100 

'th the shorter print-out. If a number is
11-20. Repeat Exercises 1-10 wi . 

a square root of it.t ta square number, s a e 
Number Theory 
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Self-Test A 

Add or subtract. Simplify. 
7 3. 2. - _!_Q_ [7-11 

t. 1- + 2- 2· s
3 

+ 3I 9 27 

17 17 
6. 22. + 42_ [7-2]

8 24
4. 32- + 5_l 5. 6! - 4 ?6 

12 12 

Multiply or divide. Simplify. 
9. _!l X .]_ 17- 3]

S 7 3 28 10
7. 45 X 2.

9 
· 12xs 

12. ~ -- _l__ (7- 41
11 9 . 4 55 . 11

· 25 ~ s10. ~ + 15 
15. 4~ X 2~ li-51

14. 12 ~ + 2 ~ 17 

13. sf X ~ 

Self-Test answers and Extra Practice are at the back of the book.____..:...._____________________ 
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Class Exercises 

State which operation is to be performed first. 

1. 12( 18 + 36) 2. (100 - 16) + 7 3. 4[(6 + _17)2] 

4. [(54 .- 12) + 26] +, 25 5. 15 + 12 X 3 6. 87 - 16 X 4 

7. 31 + 88 + 11 8. 96 + 2 + 10 9. 96 + (2 + 10) 

10. 55 - 30 + 5 . 11. (55 - 30) + 5 12. 84 + (2 + 5) 

Written Exercises 

Simplify. 

A 1. 7 + (9 X 2) 2. (5 X 7) + 4 3 (19 - 3) + 4 4. (12 + 9).L 

5. 7 + (15 - 3) ~ 18 + (42 + 6) 7. 48 - (5 X 4) 8. 12(11 - 5) 

~ 72 + (8 - 2) 10. 3 X 9 + 18 11. 64 + 16 + 16 @ 37 + 13 X 2 
,,.---. 

13. 20 + 6 X 8 ~ 14. {37 + 13)4 t 5. 102 + 3 - 1 16. 86 - 40 + 2 

17. (18 - 5)(23 - 9) fs. (32 + 24) + (30 - 22) 19. (12 X 9).- (8 X 11) 

20. (11 X 7) + (90 + 6) ~ - (135 + 3) ,- (17 X 2) 22. (148 + 4) + (16 X 5) 

B 23. [ 48 - ( 4 X 3)] + 3 @. 38 - [25 + (43 - 18)] 25. [18 + (15 - 3)] + 14 

26. [42 + (24 + 6)] + 2 (27. 53 + [64 - (10 X 3)] 28. 49 + [81 - (37 X 2)] 

29. 34 + 16 X 2 - 29 ~ 126 - 9 + 3 X 28 31. 181 - 24 X 3 + 8 

32. 8 + 6 X 12 + 4 + 6 (33, 19 + 84 + 4 X 8 - 11 34. 97 - 75 + 5 X 3 + 68 

Evaluate if t = 12, w = 10, x =9, y =4, and z =3. 

C 35. tx - wz @§) x(y + w) 37. 3z + (y - z) 

38. tw + z + xy @) ty + wx + z 40. xy + t + wz 

Review Exercises 

Perform the indicated operation. 

2. 5004 - 729 3. 607 X 74 4. 1280 + 161. 195 + 206 + 17 

6. 9018 - 119 7. 727 X 102 8. 6539 + 135. 918 + 87 + 105 

Operations with Whole Numbers 17 
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Class Exercises 
State the two transformations you would use to find the solution of each 

equation. Be sure to specify which transformation you would use first.
1 

3. 2 n _ 6 :::: I
2. 4n - 1 =19

1. 3n + 2 =8 
6. 2-

2 n + 2 :::: 13
s. ln

3 
- 6 = 14 

4. ; n + 5 =7 
9. ¾n - 8 == 12

8. 7n + 21 ::: 63 
7. 3n - 6 = 15 12. 1l3n + 15 ::: 51

11. 2..Ln - 2 = 8 
10. ; n + 2 = 5 3 

Written Exercises 

Solve each equation. 3. 5n + 6 =41
2. 3n + 8 = 23

1. 2n - 5 = 17 6. 8n - 13 =51
5. 6n + 11 = 77

4. '4n - 15 = 9 9. 29 - 6n = 11
8. 42 - Sn= 7

7. 50 - 3n = 20 
12. ~ n - 11 =21

11. ¼n + 5 = 25
10. 79 - 8n = 15 

15. fn - 2 = 9
14. fn - 7 = 11

13. ½n + 3 = 18 
18. ; n - I l = 7

17. f n + 12 = 28
16. ~ n + 3 = 8 

21. f n - 7 = 20
20. 10n + 4 = 39

19. 6n - 7 = 19 
24. l __!_ n - 9 == 27

23. 2}n + 5 = 23 7
22. 1; n + 7 = 32 

3 11 3 

26. ln _ s _ 1 27. 4n - 15 == 5 

B 25. ln + l. - 3s 3 8-8 
11_ ]_5 3 -

. 3
I 

n - 25 - 10
29. 2.n _ 5 _ 3 30 

28. ¼n + /0 = ;~ 8 6-4 
5 13 _i 

32. l.n + _!_ _ 7 33. 18 n
 + 12 - 4 

31. l.n + l _ 11 5 -u
5 7 -5 6 

36 7 II _ l 
5 . 2 n - 12 - 9

35. _!_!_n _ 5
34. 2ln _ i - s 3 9=6

3 7 - 9 
39. 1

3 n + 5
4 -_ i

1
38. ln _ 1 1

37. 1l n + _!_
4 

_
- 81 4 12=3

8 
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COMMON FACTORS AND MUL1wr>l J

~--------------._PRIMES,

-------a-n~d Composite Numbers
5-4 Prime Numbers 

t' g numbers -
Number Factors - ---

. . hCon ider the hst of coun m 
- I

and their factors given at the ng ;· 1 ---
otice that each of the numbers 2• j 

2 1, 2-

5 7 and 11 has exactly two factors:
ber I, 3' ' A num. 3and the number itself. 

~ 

with this property is called a prime I, 2, 44 
-

number. A counting number that has 
I, 5

more than two factors is called a com 5 
-

posite number. In the list 4, 6, 8, 9, IO, 
6 I, 2, 3, 6 

and 12 are all composite num~er~. 
I, 7

Since I has exactly one factor, it 1s 7 

neither prime nor composite. 8 I, 2, 4, 8 

About 230 B.C. Eratosthenes, a 
9 I, 3, 9

Greek mathematician, suggested a 

way to find prime numbers in a list 10 I, 2, 5, IO 

of all the tounting numbers up to a 
I, 1I11

certain' number. Eratosthenes first 

crossed"out all multiples of 2, except 2 12 I, 2, 3, 4, 6, 12 

itself. Next he crossed out all multi

ples of the next remaining number, 3, 

except 3 itself. He continued crossing out multiples of each successive 

remaining number except the number itself. The numbers remaining at 

the end of this process are the primes. 

A' 3 A' 5 7 ff
J-0 11 13 14 J1 17 19
20 21 23 24 25 2!f 29
J{j 31 31 }4 35 37 

T~e 1?-ethod just de~cribed is called the Sieve of Eratosthenes, be-

cause It picks out the pnme numbers as a strainer 
O 

· · k
• , r sieve' pie s out

l.d · 1 •so 1 part1c es from a liquid. 
.

Every counting number greater than 1 has 
a

t 
1east one pnme fac-

h . h u ~
tor, w IC may be the number itself 

· 

v
1 0

' can 1actor a num ber m· to
•· .pnme factors by usmg either of th

e 
fi
O11owmg methods. 

Inverted short division 
Factor tree 

42
/ \

2 21
I \

3 7
160 Chapter 5 
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Another facto~ tree for the number 42 is shown at the right.Notice that the pr~me factors of 42 are the same in either factor 
42

I '\ rtree except for th_etr 0rd~r. Every whole number is similar to 42 in 3 14
I \this respect. This fact 1s expressed in the following theorem.---------

7 2 

Fundamental Theorem of Arithmetic
Every composite number greater than 1 can be written as aproduct of prime factors in exactly one way, except for theorder of the factor~. 

When we write 42 as 2 · 3 · 7, this product of prime factors is called theprime factorization of 42. 

EXAMPLE Give the prime factorization of 60. 

Solution Method 1 Method 2 

2~ 
/ 

60
\

2~ 2 30 

3 ~ 2 / "15 

3
/\

55 
. . hUsing e1t er me

thod
, 

we find that the prime factorization of 60 is
2 . 2 . 3 • 5 or 22 

• 3 · 5. 



5.5 Greatest Common Factor 

If the factors of the numbers 30
and 6 appear in both lists. and 42 are listed, the numbers I , 2, 3, 

factors of 30: I, 2, 3 5 6 10' ' , , 15, 30 
factors of 42: I, 2, 3, 6, 7, 14, 21 , 42 

These numbers are called common f t 
is the greatest of tl;iese and is the acfi ors of 30 and 42. The number 6

re ore called the
factor of the two numbers. We write greatest common 

GCF(30, 42) == 6 

to denote the greatest common factor of 30 and 
42

_ 

EXAMPLE I Find GCF(54, 72). 

Solution List the factors of each number. 

Factors of 54: I, 2, 3, 6, 9, 18, 27, 54 

Factors of 72: 1, 2, 3, 4, 6, 8, 9, 12, 18, 24, 36, 72 

The common factors are 1, 2, 3, 6, 9, and 18. 

The greatest number in both lists is 18. Therefore, 

GCF(54, 72) == 18. 

Another way to find the GCF of two numbers is to use their prime 

factorizations. To find the GCF, multiply together the greatest power of 

each prime factor that occurs in both prime factorizations. 

EXAMPLE 2 Find GCF(54, 72) using the prime factorization method. 

Solution First find the prime factorizations of 54 and 72. 

54 = 2 · 3 · 3 · 3 = 2 · 3
3 

72 = 2 • 2 . 2 . 3 . 3 =23 . 32 

• d h test power of 2 that occurs in both prime factoriza-
Fm t e grea 

tions • " · · ·
' - · · of 2 that occurs in both prune ,acton zallons 1

The greatest power 
wer of 3 that occurs in both prime factoriza

Find the greatest po 

/ tions. f 3 that occurs in both prime factorizations 
The greatest power o 

is 32. 

F. (54
' 

72) -
-

2 . 32 == I 8.
Therefore, GC 
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XAMPLE 3 Find GCF(45, 60) using the prime factorization method. 

~o/ution 45 =3 •3 •5 =32 
• 5 

60 =2 · 2 · 3 · 5 =2
2 

• 3 • 5 

Since 2 is not a factor of 45, there is no greatest power 0
I 2 th 

occurs in both pnme factonzat10n~. . a1 

The greatest power of 3 that occurs m both pnme factorizatio . 

The greatest power of 5 that occurs in both prime factorizations 
15
~s 3. 

Therefore, GCF(45, 60) = 3 · 5 = 15. ns 5. 

T he number 1 is a common factor of any two whole numbers. If 1 

·s the GCF, then the two numbers are said to be relatively prime. As the 

ext example shows, two numbers can be relatively prime even ifone or 

both are composite. 

EXAMPLE 4 Show that 15 and 16 are relatively prime. 

Solution List the factors of each number. 

Factors of 15: L 3, 5, 15 

Factors of 16: 1, 2, 4, 8, 16 

Since GCF(l5, 16) = 1, the two numbers are relatively prime. 

Class Exercises 

Give the GCF of each pair of numbers. 

5. I8, 27
1. 4, 10 2. 15, 35 3. 6, 12 4. 9, 14 

State whether the numbers in each pair are relatively prime. 

8. 8, 9 10. 22, 266. 16, 20 7. 5, 15 9. 6, 35 

Written Exercises 

Find the GCF of each pair of numbers. 

4. 26, 39
1. 16, 24 2. 18, 45 3. 24, 36 

8. 75, 175
5. 15, 28 6. 44, 55 7. 28, 42 

12. 63, I~9. 60, 105 10. 54, 81 11. 56, 84 
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~-•··~..
,:~ 5-6 Least Common Multiple

I' ted in order certain numbers 

Ifthefirstfewmultiplesof8and 12 are is ' 

appear in both lists: 72 80
' ' ...Multiples of 8: 0 , 8, Io;24 , 32, 4o, 4S, 

56
• 

64
' 

Multiples bf 12: 0 , 12, 24 , 36, 48 , 60, 
72

• 
84

' · · · 
' ailed common multiples of 8 and 12. 

. dis therefore called the
The numbers 0, 24, 48, 72, · · ·are~ 4
Excluding O, the least of these multiples is 2 an lf 1 Of 8 d1

P e an
least common multiple. We write the least common mu 

12 as 
LCM(8, 12) = 24. 

To find the LCM of two whole numbers, we can write out lists of 

multiples of the two numbers as above. The LCM will be the first 

multiple, excluding 0, that occurs in both lists. 

A second method is to write out the first few multiples of the larger 

of the two numbers ai:i,d then test each multiple for divisibility by the 

smaller number. The first multiple of the larger number that is divis

ible by the smaller number is the LCM. 

EXAMPLE 1 Find LCM(l2, 15). 

Write out the first few multiples of 15 (excluding 0).
Solution 

15, 30, 45, 60, 75, 90 

Test each for divisibility by 12. 

1R3 2R6 3 R 9 5 
12)15 12)30 12)45 12)60 

Therefore, LCM(l2, 15) = 60_ 

1:he ~CM of two whole numbers c
af be found using their prime

factonzat10ns. For each prime fact 

toget~er ~he greatest power of that ~:c~r the two numbers, multiply
.that occurs in either pnmefactorization. The product w·u be the LCM.1 

EXAMPLE 2 F'md LCM(54, 60). 

Solution 54 = 2. 3. 3. 3 = 2. 33
60 =2 ·2·3·5-22

- · 3 · 5 

~he _greatest power
hon is 22. of 2 that occurs in either prime fact 
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7_4 Division of Fractions 
tain numbers, when multiplied together hav th 

cerexample, , e e product l. For 

s x}== 1 and 3 4
4X3 == l. 

rod rwo nu~bers wh?se p uct is 1 are. called reciprocals of each other. 
Thus ¾is the rec1procal of !,.and ! is the reciprocal of ¾, Since the 

Oduct of Oand any number 1s always O the number oh · pr . ,cal. as no recipro-This suggests the following property. 

Property 

Every nonzero number has a unique (exactly one) reciprocal. 

~ COMMUNICATION IN MATHEMATICS: Study Skills 

~ It is important to know the meanings of all the words in a mathematical 
definition or property. If you are not sure about the mathematical meaning, 
check the glossary at the back of the book, or look up the meaning in a 
mathematics dictionary or reference book. 

Recall that m__yltiplication and division are inverse operations. 
Now study the following examples. 

18 = 3 X 6, so 18 + 6 = 3. Also, 18 X ¼== 3. 

I7 = 28 X 4 , so 7 + ¾= 28. Also, 7 x 4 = 28.
I 

520 = 74 X 6 , I so 20 + ¾= 24. Also, 20 x ! = 24. 

These examples suggest that dividing a number by a fractio~ is the 
same as mult1p. 1ym. g the number by the reciprocal of the fraction. 

Rule 
If a, b, e,. and d are whole numbers with b -:f. 0, c -:f. 0, and 
d-:f. 0, then 
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7-5 Multiplication and Division of Mixed Numbers
One method of finding the product of two mixed numbers is to firstchange the mixed numbers to improper fractions and then multiply. Aecond method make use of the distributive property. This method isonvenient for doing simple products mentally. Both methods are illustrated in the following example. 

EXAA-IPLE 1 Multiply 6 x 3 1 • Simplify.12 

Solution Method J 

Method 2 

16 X 3 /2 = 6 X (3 + 12 ) = (6 X 3) + (6 X /2 ) 

= 18 + f2 = 18½ 

Estimates may be used to check our computation. We can estimatea product or a quotient by rounding each number to the nearest wholenumber. 

EXAMPLE 2 Multiply 5¾ X 4; . Simplify. 

Solution Estimate: 6 X 5 = 30 

To divide one mixed number by another, we change the mixednumbers to improper fractions and use the method of the previouslesson. 

EXAMPLE 3 Divide 2; + 10;. Simplify. 

Solution 
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'NG ,MORE THAN ONE OPlt/iJ; l()A ,
l]Sl __ ,v 

.1-5 Order of Operations that show which op1,;rn-

d brackets, [ ]' Wh . 
Symbols, such as parenthescs an led rouping symbols. cn on~ 

g ti er we always perform the
tions are to be performed first are ca~

b l · nclosed in ano 1 
'

pair of grouping sym O s is_ e . f s mbols first. 

operation enclosed in the inner pair 
O 

Y 

EXAMPLE I Simplify. b. [3 + (4 X 5)] X JO 
a. (14 + 77) + 7 

b. [3 + (~)] X IO 
a. ( 14 + 77) + 7 [? + ~ ] X 10Solutio11 

+ 791 
~ 23 X 10

......,/

13 
. 

230 

Some expressions, such as 

8 + 3 - 9 X 2 + 3, 

are written without grouping symbols. In order to simplify these ex

pressions we use the following rule. 

Rule 

When there are no grouping symbols: 

1. Do all multiplications and- divisions in order from left to 

right.
2. Then do all additions antl subtractions in order from ieft to 

right. ....4 

EXAMPLE 2 Simplify. 

a. 72 - 24 + 3 b. 8 + 3 - 9 X 2 + 3 

Solution a. 72 - ..___.,24 + 3 b. 8 + 3 - 2.___x 2.+ 3 

72 - 8 8 + 3 - 18 + 3 

64 L+ ~ - 6 
!_!_ - 6 

5 
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f ns8-5 Combined Opera 10 

. of the form 
In order to olve an equation or b - ax =c,

b - C 
ax + b == c or ax - - . variable, we must use 

·ven numbers and x is a 
where a b and c are gi .

' ' tonmore than one transforma 1 • 

5 - 10 + 6. 
EXAMPLE I Solve the equation 3n - -

• 1 expression. 
Simplify the numencaSolution 

3n - 5 == 10 + 6 

3n - 5 == 16 

Add 5 to both sides. 

3n - 5 + 5 == 16 + 5 

3n == 21 

Divide both sides by 3. 

3n _ 21 
T - T 

n == 7 

The solution is 7. 

Example 1 suggests the following general procedure for solving 

equations. 

t. Simplify each side of the equation. 

2. If there are still indicated additions or subtractions, use the 
inverse operations to undo them. 

3. If there are indicated multiplications or divisions involving 
the variable, use the inverse operations to undo them. 

It is important to remember that in using the procedure outlined 
above you must always perform the same operation on both sides of the 
equation. Also, you must use the steps in the procedure in the order 
indicated. That is, you first simplify each side of the equation, then 
undo additions and subtractions, and then undo multiplications and 
divisions. 
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EXAMPLE 2 Solve the equation 3
In + 7 :::: 22.Solution Subtract 7 from both sides. 

I
3 

n + 7 :::: 22 

½n + 7 7 == 22 7 

3
In == 15 

Multiply both sides by ½, the reciprocal of½· 

2 3 23 X I n == 3 X 15 

n:::: ±-x)-5
5 

.3
I 

n == 10
The solution is 10. 

EXAMPLE 3 Solve the equation 40 - fn = 15. 

Solution Add f n to both sides. 

40 - 2-n = 153 

5 5 540 - -n + -n = 15
3 3 + -

3 
n 

540 = 15 + 3 n 

Subtract 15 from both sides. 

40 - 15 = 15 +½n - 15 

525 =3n 

Multiply both sides by t' 
3 5l x 25 =5 X 3 n

5 5 

,.5
lx25=n 
I 15 == n 

The solution is 15. 

Soluing Equarions 




