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FUNDAMENTALS OF ALGEBRA

1.1 Real Numbers

Concept Questions page 6

1. The set of natural numbersisN = {1, 2, 3, .. .}; the set of whole numbersisW = {0, 1, 2, 3, .. .}; the set of integers
isl ={...,-3,-2,-1,0,1,2 3,...}; theset of rational numbersis Q = {a/b | aand b areintegersand b # 0}
(example: 1/2), and the set of irrational numbers contains al real numbers that cannot be expressed in the form
a/b, wherea and b areintegers and b £ 0 (example: ). The set of real numbers contains al irrational and rational
numbers.

2. a. Theassociative law of addition statesthat a + (b + ¢c) = (a + b) +c.
b. Thedistributive law statesthat ab + ac = a (b + ¢).

3. If ab # 0, then neither a nor b is equal to zero. If abc £ 0, then none of a, b, and c is equal to zero.

Exercises page 6

1. The number —3isan integer, arational number, and areal number.

2. The number —420 is an integer, arational number, and areal number.

3. The number % isarationa real number. 4. The number —%5 isarational real number.

5. The number +/11 isan irrational real number. 6. The number —/5isanirrational real number.

7. The number Z isanirrational real number. 8. The number % isanirrational real number.

9. The number 2.421 is arational real number. 10. Thenumber 2.71828. .. isanirrational real number.
11. False. —2isnot awhole number. 12. True.
13. True. 14. True.
15. False. No natural number isirrational. 16. True.

17. (2x +Y) + z= 2+ (2x 4+ y): The Commutative Law of Addition.
18. 3x + (2y + 2) = (3x + 2y) + z: The Associative Law of Addition.
19. u (3o + w) = (3v + w) u: The Commutative Law of Multiplication.

20. a2 (b’c) = (a?h?) c: The Associative Law of Multiplication.
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1 FUNDAMENTALS OF ALGEBRA

U (20 + w) = 2uv + uw: The Distributive Law.

(2u 4+ v) w = 2uw + vw: The Distributive Law.

(2x+3y) + (x+4y) =2x + [3y + X+ 4y)]: The Associative Law of Addition.
(a+ 2b) (a — 3b) = a(a — 3b) + 2b (a — 3b): The Digtributive Law.
a—[—(c+d)] =a+ (c+d): Property 1 of negatives.

—(2x+y) [— Bx+ 2y)] = (2x 4+ Y) (3x + 2y): Property 3 of negatives.

0(2a + 3b) = 0: Property 1 involving zero.

If (X —y) (X+Yy)=0,thenx =y or x = —y. Property 2 involving zero.

If (x—2)(2x+5)=0,thenx =2,0r x = —g. Property 2 involving zero.

If x (2x —9) = 0, then x = 0 or x = 3. Property 2 involving zero.

X+1)(x=3)  x+1
x+1)(x—=3) 2x+1

. Property 2 of quotients.

(2x+1D(x+3) 2x+1
2x-1)(x+3) 2x-1

. Property 2 of quotients.

at+b a-b a(@+b)

: = . Pr ies2 f ients.
5 b b operties 2 and 5 of quotients.
2 2y 23 2 2 . . T

. X+ y+ X = Xty (Bx +Y) = (x+ y). Properties 2 and 5 of quotients and the Distributive Law.
3X+y 6x+2y 3X+Yy X

a ¢ ab+bc+c? . o
—— 4+ — = ————— Property 6 of quotients and the Distributive L aw.

b+c+b b1 0 perty quoti istributiv

X+y y_ xX*-y

— =~ = —— Property 7 of quotients and the Distributive L aw.
Xx+1 x XxX(X+1 perty d

False. Considera=2andb = 3. Thenab=1,buta# landb # 1.

. . . 1 ) . 1 1
True. Multiplying both sides of the equation by 3 (which exists because a # 0), we have 3 (ab) = 3 (0),orb=0.
Fase. Consdera=3andb=2. Thena—-b=3-2#b—-a=2-3=-1

Felse. Considera =3 andb = 2. Then%: > #

=3

3 , b 2
a

False. Considera=1b=2,andc=3. Then(a—b)—-c=(1-2)—-3=—-4#a—(b—-0c)=1-(2-3)=2.

False. Considera=1,b=2,andc = 3. Theni = i =
b/c  2/3

NI w

ab 1/2 1
Y
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.2 Polynomials

Concept Questions page 13

1. A polynomial of degree n in x is an expression of the form anx" + ap_1x"~1 + - - - + ayx + ag, wheren is

2.

a nonnegative integer and ag, ay, . . ., a, are real numbers with a; # 0. One polynomial of degree4 in x is
x4 4+ 2x3 —2x2 —5x — 7.

(@ 1+ 2b+Db? b. a? — 2ab + b? c. a2—b?

Exercises page 13

1

w

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

3=3.3-3.3=81 2. (-2° = (-2) (-2 (-2 (-2 (-2) = —32
A -6@6-# “ (-4
Hoaaasn o =(4) - (Y1) -5
S -eO00--2 o () () -0 (8) -4
L 23.2° =28 =256 10. (—=3)% - (=3)® = (-3)° = —243.
. (3Y)? (3y)® = (3y)° = 243y°. 12. (=2x)% (=202 = (—2x)° = —32x°.
(2X+3)+ @Xx—6) =2X+3+4X—6=6x—3. 14 (=3x+2)—(4X —3) = —3x+2—4x+3 = —7x+5.

(7x2 = 2X + 5) + (2x? 4+ 5X — 4) = 7x? — 2X + 5+ 2x? + 5X — 4 = Tx? 4+ 2x? — 2X + 5x + 5— 4 = 9x? + 3x + 1.
(3x2 45Xy + 2y) + (4 — 3xy — 2x?) = X2+ 2xy + 2y + 4.

(5y?—2y+1) — (y>?—4y—8) =5y? -2y +1—y? + 4y + 8 =5y —y? — 2y + dy + 1+ 8 = 4y? +- 2y + 0.
(2x2 = 3x + 4) — (—x2 +2x — 6) = 2x2 — 3 + 4+ x% — 2x + 6 = 3x? — 5x + 10.

(2.4x3-3x2+1.7x—6.2) — (1.2x34+1.2x2—0.8x+2) = 2.4x3 — 3x? + 1.7x — 6.2 — 1.2x3 — 1.2x* + 0.8x — 2
=1.2x3 - 4.2x% + 2.5x — 8.2.

(L4x3 —1.2x* +32) — (—0.8x3 — 21x — 1.8) = 1.4x3 — 1.2x> + 3.2+ 0.8x> + 2.1x + 1.8
=223 - 12x% + 2.1x + 5.

(3x?) (2x3) = 6x°.
(—2rs?) (4r2s?) (2s) = —16r3s°.

—2X (X2 = 2) + 4x3 = =23 + 4x + 4x3 = 2x3 + 4x.
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1 FUNDAMENTALS OF ALGEBRA
Xy (2y — 3x) = 2xy? — 3x2y.
2m(Bm —4) + m(m — 1) = 6m? — 8m+ m? —m = 7m? — 9m.
—3x (2x% + 3x — B) + 2x (X? — 3) = —6x3 — 9x? + 15X + 2x3 — 6x = —4x3 — 9x2 + OX.
3(2a—b) —4(b—2a) = 6a—3b—4b+ 8a = 6a+ 8a — 3b — 4b = 14a — 7h.
2(3m— 1) — 3(—4m + 2n) = 6m — 2 + 12m — 6n = 18m — 6n — 2.
(2X+3)(3x —2) =2X(3x — 2) + 3(3x — 2) = 6x® — 4X + 9X — 6 = 6Xx%> 4 5x — 6.
@r—1)(@2r+5=3r(2r+5—(2r+5=6r24+15r —2r —5=6r2+413r — 5.
(2x — 3y) (3x + 2y) = 2X (3X + 2y) — 3y (38X + 2y) = 6x? + 4xy — 9xy — 6y? = 6x2 — 5xy — 6y2.
(5m — 2n) (5m + 3n) = 5m (5m + 3n) — 2n (5m + 3n) = 25m? + 15mn — 10mn — 6n2 = 25m? + 5mn — 6n°.

(3r+25) (4r —33) =3r (4r —3s) +25(4r —35) =122 — s+ 8rs—6s% = 12r2 —rs — 652

. (2m + 3n) (3m — 2n) = 2m (3m — 2n) + 3n (3m — 2n) = 6m? — 4mn + 9mn — 6n? = 6m? + 5mn — 6n2.

(0.2x 4+ 1.2y) (0.3x — 2.1y) = 0.2x (0.3x — 2.1y) + 1.2y (0.3x — 2.1y) = 0.06x? — 0.42xy + 0.36xy — 2.52y?
= 0.06x? — 0.06xy — 2.52y?.

B.2m—1.7n) (4.2m+ 1.3n) = 3.2m(4.2m+ 1.3n) — 1.7n (4.2m + 1.3n)
= 13.44m? + 4.16mn — 7.14mn — 2.21n? = 13.44m? — 2.98mn — 2.21n2.

(2x — y) (3x% + 2y) = 2x (3x2 + 2y) — y (3x2 + 2y) = 6x3 — 3x%y + 4xy — 2y2.

(3m — 2n?) (2m? + 3n) = 3m (2m2 + 3n) — 2n? (2m? + 3n) = 6mM> + 9mn — 4m?n? — 6n°.
(2x 4+ 3y)? = (2x)% + 2(2x) (3y) + (3y)? = 4x? + 12xy + 9y2.

(3m — 2n)? = (3m)? — 2(3m) (2n) + (2n)? = 9m? — 12mn + 4n2.

(2u —0) (2u +v) = (2u)® — 2 = 4u2 — v,

(3r +4s) (3r — 4s) = (3r)% — (4s)® = U2 — 1652,

C(@2X =12+ 3 —2(x°+ 1) +3 =42 —4x+ 1+ 3K —2x> —2+3=2x2 —x + 2

44. Bm+2%-2m(@1—m) —4=9m% + 12m+ 4 — 2m + 2m? — 4 = 11m? + 10m.

45.

46.

(2X+3y)2 — 2y +1) (Bx — 2) + 2(x — y) = 4x% 4 12Xy + 9y? — 6Xy — 3X + 4y + 2+ 2x — 2y
= 4x2 46Xy + 9y? — X + 2y + 2.

(X = 2y) (Y + 3X)—=2xy+3 (X + y — 1) = xy+3x%2—2y2—6xy—2xy+3x+3y—3 = 3x2—7xy—2y?+3x+3y—3.
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1.2 POLYNOMIALS 5

(P24 (22 +) = (P -2+ (A7) + (P2 +4) (D=2 -43+ 82 +12 -2t +4
=24 — 434012 -2t 4+ 4.

. (3m? = 1) (2m? + 3m — 4) = 3m? (2m? + 3m — 4) — (2m? + 3m — 4) = 6m* + 9Im® — 12m? — 2m? — 3m + 4

= 6m?* + 9m3 — 14m? — 3m + 4.

X=X = X—=2X=D}=2X—{3X =[x —=2X+1} =2X—[X = (—x+ D] =2x — (X +x —1)
=2X—(4UX—-1)=2X—4X+1=-2x+1.
IN—2{m-3[2m—-(M-5]+4}=3m-2[m—-32m-m+5) +4] =3m—-2[m—-3(Mm+5) + 4]
=3M-2(M-3m—-15+4) =3m—-2(-2m—11) = 3m+4m+ 22 = 7/m + 22.
X—{2X—=[X=(1+X)]}=Xx—[2X—=(—X—=1—X)]=X—[2X—(—-2X—D] =X — (2X+2x + 1)
=X—4x—-1=-3x-1.
I —{XP+1-x[x—(2x=D]}+2=3x° - [x*+ 1 —x(x —2x + )] + 2
=3 —[x2+1-X(—x+D]+2=3x*- (X2 +1+X>—X) +2=3* - 2x* =14+ Xx+2=x>+x+ L
(2Xx =32 =3(X+H(X—H+2(x -4 +1=(2x)>-2(2x) (3) + 3 -3 (x2 - 16) + 2x — 8+ 1
= 4x% — 12X +9— 3x? 4 48+ 2x — 7 = x? — 10x + 50.

C(X=2Y)2+2(X+Y) (X = 3y) + X (2x + 3y + 2)
= X% — 2X (2y) + (2y)? 4 2 (x2 — 3xy + Xy — 3y?) + 2x2 + 3xy + 2x
= X2 — 4xy 4 4y? + 2x2 — 4xy — 6y + 2X2 + 3Xy + 2X = 5x% — 5xy — 2y + 2X.

2x {3x[2x — (3= X)] + (X + 1) (2x — 3)} = 2x[3X (2X — 3+ X) + 2x* — 3x + 2x — 3]
= 2% [3X (3x — 3) + 2x% — x — 3] = 2x (9x? — 9X + 2x2 — x — 3) = 2x (11x® — 10x — 3) = 22x3 — 20x% — 6x.

—=3[(x +2y)2 — (3x = 2y)2 + (2x — ) (2x + Y)| = =3[x% + 4xy + 4y? — (9? — 12xy + 4y?) + (4x% — y?)]
= —3 (X% + 4xy + 4y? — 92 + 12xy — 4y? + 4x2 — y?)
= —3(—4x? + 16xy — y?) = 12x% — 48xy + 3y>.
The total weekly profit is given by the revenue minus the cost:
(—0.04x2 + 2000x) — (0.000002x3 — 0.02x? 4 1000x + 120,000)
= —0.04x2 4 2000x — 0.000002x3 4 0.02x? — 1000x — 120,000
= —0.000002x3 — 0.02x? + 1000x — 120,000.

The total revenueis given by xp = x (—0.0004x + 10) = —0.0004x2 + 10x. Therefore, the total profit is given by
the revenue minus the cost: —0.0004x? + 10x — (0.0001x? + 4x + 400) = —0.0005x2 + 6x — 400.

Thetotal revenueis given by (0.2t% + 150t) + (0.5t? 4 200t) = 0.7t + 350t thousand dollarst months from now,
where0 <t < 12,
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60. In month t, the revenue of the second gas station will exceed that of the first gas station by
(0.5t2 +200t) — (0.2t% + 150t) = 0.3t2 -+ 50t thousand dollars, where 0 < t < 12.

61. Thegapisgiven by (3.5t2 + 26.7t + 436.2) — (24.3t + 365) = 3.5t2 + 2.4t + 71.2.

62. The differenceis given by (2.5t2 + 18.5t + 509) — (—1.1t2 + 29.1t + 429) = 3.6t — 10.6t + 80 dollars. The
difference at the beginning of 1998 is obtained by replacing t with 4, giving 3.6 (4)2 — 10.6 (4) + 80 = 95.2, or
$95.20. The difference at the beginning of 2000 is given by 3.6 (6)° — 10.6 (6) + 80 = 146, or $146.

63. False. Leta=2,b=3 m=3,andn=2 Then23.32=8.9=72 +# (2- 3)*2 = 6.
64. True.

65. False. For example, x2 + 1 isapolynomial of degree 2 and x is a polynomial of degree 1, but (x% + 1) x = x3 + x
isapolynomial of degree 3, not 2.

66. False. For example, p = x3 + x + 1 isapolynomial of degree 3and q = —x2 + 2 isapolynomial of degree 3, but
p+0q=x3+x+1+ (—x3+2) =x+ 3isapolynomial of degree 1.

67. Thedegree of p — g ism. To seethis, supposethat p = anx™ +--- +anx"+---+aandq = b,x" + - - - + bp.
Becausem > n, p—qg=amx™+---+ (anh — by) X" + - - - + (ag — bp) has degree m.

1.3  Factoring Polynomials

Concept Questions page 19

1. A polynomial is completely factored over the set of integersif it is expressed as a product of prime polynomials
with integral coefficients. An exampleis 4x? — 9y? = (2x — 3y) (2x + 3y).

2.a (a+b)(a®—ab+b?) b. (a—b) (a?+ab+b?)

Exercises page 19

1. 6m? — 4m = 2m(3m — 2). 2. 4t% —12t3 = 4t3 (t — 3).

3. 9ab? — 6a%b = 3ab (3b — 2a). 4. 12x3y5 + 16x%y3 = 4x2y3 (3xy? + 4).

5. 10m?n — 15mn? + 20mn = 5mn (2m — 3n + 4). 6. 6x%y — 4x2y? + 2x%y3 = 2x%y (3x2 — 2y + y?).
7.3x(2x+1) —5(2x + 1) = (2x + 1) (3x — 5). 8. 2u (3v% + w) + 50 (302 + w) = (3v? + w) (2u + 5v).

9. (3a+b)(2c —d)+2a(2c — d)? = (2c — d) [3a+ b+ 2a (2c — d)] = (2c — d) (3a + b + 4ac — 2ad).

10. 4uv? (2u — ) + 6u?v (v — 2u) = (4uv? — 6Uv) (2u — v) = 2uv (2u — v) (20 — 3u).
1. 2m? — 11m— 6 = (2m+ 1) (m — 6). 12. 6x2 —x—1=(3x+1) (2x — 1).

13. X2 — xy — 6y? = (X — 3y) (X + 2y). 14. 2u? 4 5up — 1202 = (2u — 3v) (U + ).
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1.3 FACTORING POLYNOMIALS

x2 —3x — 1lisprime. 16. m? + 2m+ 3isprime,

4a? — b? = (2a— b) (2a+ b). 18. 12x? — 3y? = 3(4x? — y?) = 3(2x — y) (X + V).
u?v? — w? = (uw)? — w? = (U — w) (U + w).

4a?b? — 25¢2 = (2ab)? — (5¢)? = (2ab — 5¢) (2ab + 5c).

22+ 4isprime. 22. u? + 2502 isprime.
X2 + 6xy + y? isprime. 24. 4u? — 12uv 4+ Q2 = (2u — 3v).
X2+ 3x —4=(x+4) (x - 1).

3m3 + 3m? — 18m = 3m (m? + m — 6) = 3m(m+ 3) (M — 2).

12x?y — 10xy — 12y = 2y (6x* — 5x — 6) = 2y (3x + 2) (2x — 3).

12x%y — 2xy — 24y = 2y (6x? — x — 12) = 2y (3x + 4) (2x — 3).

35r2 41 —12 = (7r — 4) (5r + 3).

6uv? + 9uv — 60 = 3v (2uv + 3u — 2).

M3y — 4xy® = xy (9x% — 4y?) = xy[(3%)? — (2y)?] = xy (3X — 2y) (3X + 2y).
4uty — 9u?p® = u?o (4u? — W?) = u?o [(2u)% — (3v)?] = u?» (2u — 3v) (2u + ).

x4 — 16y? = (xz)2 — (4y)? = (x2 — 4y) (x2 + 4y).

16U — 90 = v (16u* — 90?) = v [ (4?)” = (B0)2] = v (4 - 30) (402 + 30).

(a—2b)?2 — (a+ 2b)?2 =[(a—2b) — (a+ 2b)] [(a — 2b) + (a + 2b)] = (—4b) (2a) = —8ab.

2x(x+y)2—8x(x+y2)2=2x[(x+y)2—4(x+y2)2] =2x[(x+y) = 2(x + Y] [(x + V) + 2 (x + ¥?)]

=2x (y — x — 2y?) (3x + y + 2y?).
8m® + 1= (2m)*+ 1= (2m+ 1) (4m? — 2m + 1).
27m? — 8 = (3m)* — 23 = (3m — 2) (9M? + 6m + 4).
8r3 —27s% = (2r)3 — (35)® = (2r — 3s) (42 + 6rs + 9s?).
x3 4+ 64y% = x3 + (4y)® = (x + 4y) (x2 — 4xy + 16y?).

u?0® — 8u? = u? (1)6 - 8) =u? (1)2 — 2) (1)4 + 202 + 4).
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42. 185 + 853 =3 (183 - 8) = s° [(rzs)3 + 23] =s3(r2s+2) (rs? — 2r%s + 4).

43. 23+ 6x + X2 +3=2x (x2+3) + (x> + 3) = (x> + 3) (2x + 1).

M 20t — a2 —4=20" -2 —4=2(u* -2 -2) =2(®+1) (U -2).

45. 3ax + 6ay + bx 4+ 2by = 3a (X + 2y) + b (X + 2y) = (X + 2y) (3a + b).

46. 6ux — 4uy 4 3vX — 20y = 2u (3X — 2y) + 0 (BX — 2y) = (3X — 2y) (2u + v).

47 b — % = (12)% = (1?)° = (U2 = 02) (U2 + %) = (U — D) (U + D) (U2 +02).

48. Ut — u%2 —B? = (u2 - 31)2) (u2 + 202).

49. 4x3 — 9xy? + 4x%y — 9y® = x (4x2 — 9y?) + y (4x% — 9y?) = [(20)? — By)?] (x + )
=(2x = 3y) (2x+ 3y) (X + Y).

50. 4ut + 11u%p? — 30 = (4u? — v?) (U? 4 3v?) = (2u — v) (2u +v) (U? + 3v?).

5L x*+3x3—2x —6=x3(x +3) —2(x + 3) = (x + 3) (x3 — 2).

52.a°>—b’4+a+b=(@a—-by(a+b)+@+by=@+b(@a-b+1).

53. au’+ (@a+c)u+c=av’4+aut+cu+c=au(U+1) +cu+1) = (u+1)(au+c).

54. ax? — (1+ ab) xy + by? = ax? — xy — abxy + by? = ax (x — by) — y (x — by) = (x — by) (ax — y).

55. P+ Prt = P (1+rt). 56. —t3 + 6t% 4 15t = —t (12 — 6t — 15).
57. 8000x — 100x2 = 100x (80 — X). 58. R =kQx — kx? = kx (Q — X).
59. kMx — kx? = kx (M — x). 60. —0.1x% 4 500x = —0.1x (x — 5000).
61.V=vo+ﬁT=ﬁ(273+T). 62.k—D2—D—3=DZ(5—9).

273~ 273 2 3 2 3

1.4  Rational Expressions

Concept Questions page 25

2x2 + 1

1. a. Quotients of polynomias arerational expressions;, ————.
Q poly PresSons 332 " 3x 1 4

b. Any polynomial P can be written in the form T but not all rational expressions can be written as a polynomial.

PR PS

2. a. Q—S, R_Q . R R
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Exercises page 25

1

12.

13.

15.

17.

19.

21.

22.

23.

24,

25.

26.

282 _ 4 , 3 _1y2
7x3 X 18y2 ~ ©
4x+12 4(x+3 4 g Pm-6_6@m-1) 2
"5x+15 5(x+3) 5 " 18m-9 9(2m-1) 3
6x2—3x 3x(2x—-1) 2x-1 6 8y? B 8y2 Yy
6x2  ~  6x2  2x S 4y3—4y?+8y  dy(y2-y+2) YP-y+2
X2+x—2  (x+2(x—1) x-—1 g 2y2—y—3 (2y-3)(y+1 2y—3
TX24+3X+2 (X+2)(x+1)  x+1 224+ y—1 @2y-1(y+1) 2y-1
x2—9  (x=3)(x+3)  x+3 10 6y?+1ly+3  (By+1)(y+3) 3y+1
"2x2—-5x—3  (X+1)(x—=3) 2x+1 " 4y2-9 (2y—-3)(2y+3) 2y-3°
XAy XY (Eoxy Y
Xy @—xyryr
83— (2 —9)(4?4+2«s+) 424 xAs+
A2 4rs—s2 @2r —s)(r +9s) N r+s '
3 4 2
& 8 _1. 14, 25—y.3i=§;y2.
32 32 2 12y 5y3
3¢ _15¢ 3¢ 16628, o B L& 8 B
8x2 ~ 16x5  8x2 16x4  5x6  ° T 21x2 T 7x3 T 21x2 4x 27
3x 5x+10y_(3x)5(x+2y)_§ 18 4y+12 3y+6 4(y+3)3(y+2) 12(y+3)
X + 2y 6  6(x+2y) 27 T y+2 2y—-1  (y+2(y-1)  2y—1 "
2m+6 3m+9 2(m+3) 6 4 oo, Y6 6y+24  3(y-2) 4@y+3 _y-2
3 6 3 3m+3) 3 " 4y+6 8y+12 22y+3) 6(y+4) y+4
6re—r—2 6r+12 (Br—-22+1)6(r+2 3@ -2
2 +4 4 +2 20r+222r+1) 2
x2—x—=6 22—-x-6 (Xx=3)(X+2)(2x+3)(x—-2) x-3
2X247x+6 Xx24+x—6 (X+3)X+2)QX+3)x—-2) x+3
k?—2k—3 k?—6k+8 (k—3)(k+1) (Kk—4(k+2 k+1
k2—k—6 k2-2k—8 (k-3)(k+2 k-4Hk-2 k-2
6y2 —5y —6 ) 6y2—13y+6_(3y+2)(2y—3) By-2)Ry—-2) 3y-2
6y2+13y+6  9y2—12y+4  (By+2)(2y+3) By—-2)(2y—3) 2y+3’
2 N 3  2(xX—-1)+3(2x+3) 4x—-246x+9 10x + 7
2X+3 2x—-1  (xX+3)2x—-1 = 2x+3y2x—-1) (2x+3)(2x-1)°
2x—1 x4+3 X-1DX-1)—-(X+3)(x+2) 2x°-3x+1-x2—-5x—6 x*—8x—5

x+2 x-1 x+2) (x—1) x+2) (x—1) T X+2)(x—1)°
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- 3 N 2 B 3 N 2 _ 3(x—1+2(x-73)
"X2—x—6 X24x—2 (X=3)(x+2 *X+2(x-1) xX=3)x+2(x-1)
. 3X—-3+2x-6 bx —9
T X=3)(x+2(x—-1) (x=-3YXx+2x-1°
g A 5 B 4 5 4(x=3)-5(x+3 4x-12-5x-15
"x2-9 x2—-6x+9 (X-3)(X+3) (x—=32  (x+3(x—32  (x+3)(x—23)7?
_ X+ 27
(xX+3)(x—=3)?
- 2m N 3 _ 2m(2m? —3m+3) +3(2m? —2m — 1)
‘2m2—-2m-—1" 2 -3m+3  (2m2—2m-1) (2m2 —3m+ 3)
_ 4m® —6m? + 6m+6m? —6m—3 4m3 — 3
- (2m-2m-1)(2m2-3m+3)  (2m2-2m-1) (2m2—3m+3)’
0 t o a-1 t B 2t—1 B t 1
24t —2 2243t -2 (t+2)t-1) (t+22-1) @(t+2@t-1) t+2
_t=1(t-1)  t—t+1 1
S t+2t-1) (t+29t-1) (t+2t-1
3 X +2x+3_ x_ 2x+3  —x(x+D+2x+3 —x2—x+2x+3  x*—x-3
1-x x2-1  x-1 (x+1)(xx-1)  (x+DH(x-1) = (xX+LH(x-1) = (xX+DH(x-1)
2 24 1 22 2@+2@-2+a-2-2a@+2 2a°-8+a-2-2a°-4a  3a+10
' a+2 a-—-2 @a+2)@-2 N @+2(@-2 - @+2@-2°
23, x x2 N 2 X(X+2(x=2—=xX2(x—=2D+2(x+2) x3—4ax—x34+2x*+2x+4
' X+2 x—-2 X+2)(x—2) N X+2)(x=2)
o222 -—2x+4  2(x*—x+2)
T X+2(x-2 (xX+2(x—2)
o Y +y—1_ 2y _ y er—lJr 2y _y+y-DHy-H+2yy+1
=1 y+1 1-y (y+D)y-1) y+1 y-1 Y+ (-1
Y+ YP-2y+1+42y%+2y  3y?+y+1
yY+D(y-1 Y+DH(y-1)
35 X 2 3 X 2 3

36.

X 46 X -4 X¥im+2 1)+ X—2(x12 1D x+2
XX =X+ D+2(X+3) X+ —3(x+3) (x—2) x> —x2—2x+2x?+8x+6—3x* — 3x + 18
- (X+3) (X +2) (X —2) (x + 1) - (X+3) (X +2) (x—2) (x+ 1)
x3—2x2+3x +24
X+3)X+2)X—2(X+1)

2x+1 Xx+1 4 2x+1 X+1 4
27 _x—1 201X+l A x—3 Z+D0-D) XIDx+D  x+3x-D
1 1 4 X+ 1) (X+3) = (X = 1) (X+3) + 42X + 1)
TXC1 %X+l 13 x=D X—D(@X+1)x+3
22+ 7x+3-x2—2x+34+8x+4  x?+13x+10

X—1@2x+1)(x+3 T x=1@x+1)(x+3)
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11

37 X N y X B y _ bx—ay
"ax—ay by—bx a(x—y) bx-y) ab(xx-y)
- ax+by ~ay—bx ax+4hy ay—bx  —y(ax+by)+x(ay—bx) —by?—bx?
"ax—bx by—ay x(a—b)y -y@-b) —(a—b)xy - —(a—b)xy
_ —b(x®+y?)  b(x2+y?
- —xy(@-b) (@-bxy’
1 1 x+1 2 2  2Xx+2
. +§: x_ _x+1 x x+1 40 +;: X _2x+D _x _2(x+4D
L, 17 x-1 X x—-1 x-1 'X_E x2—2 X x2—2 x2—2"
X X X X
1 1 y+ X
a1 X ¥y __ Xy =y+x‘ Xy =y+x
'1_i xy —1 Xy Xxy—1 xy—1
Xy Xy
X y+ X
1+- —
X T =2y Ym0+ y=x
Yo
1 1 y2-x?
x2 y2 x2y? y+x)y-x 1 y—X
X+y X+y x2y?2 X+y x2y?
i_i y3_x3
w3 Py 0Py | Y xy+x°
11y T xSy y—x o X2 (y=x) x%y?2
X y Xy
1 1 x=(x+h
g5, 2(x+h)  2x  2x(x+h) _ h 11
' h N h  2X(x+h) h 2x(x+h)’
1 1 X2 = (x+h?
46 x+h?2 x2  x2(x+h?2 x*—x?—2xh—h? 1  2x+h
' h B h T x2(x4h)? h ™ x2(x+hy?
2 2.2 2 2.2 2
47. 8. 2.2+ ioo: Xi 0 b. Thetota coaisx(%soo)zz.Zx—kZSOO.
2
a8 A= XM omy NG _ 2km+2cmg + ha”
q 2 2q
R R RA+)"-R R[(l—}—i)n—l]
49. P = — — - — = — - = - -
ii@+i" i@+i" i@+i"
2 _
50. P — kT ab a kTV<+ab—aVv

V_b VZW_-Db VV

—b)=

V2(V —b)
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136 g 16+28[1+025(—-45)% 164+ 7(t—45)

51. A= 5+ 5 = >
1+0.25(t — 4.5) 1+0.25(t — 4.5) 1+0.25(t — 4.5)

1.5 Integral Exponents

Concept Questions page 30

1. If aisany real number and n is a natural number, then the expression a" is defined as the number
a"=a-a-a-----a, wherethe number a is the base and the superscript n is the exponent, or power, to which the
~—
n factors

_ . . 1
baseisraised. For any real number a, a° = 1. If n is anegative number and a 0, thena" = =

=}

2.a am-a" =a™", For example, 2x2 - x’ = 2x2+7 = 2x°.
a" y° _
b. == am™". For example, 2= 1y6-3 =
c. (@™" = a™. For example, (24)3 =243 = D12,
d. (ab)" = a" - b". For example, (3-2)* =3*.2% = 81 . 16 = 1296.

e(E)n—a—n For example §5—3—5—E
o) b Pe\z) =3~ =32

ye.

Nl

Exercises page 30

2\* 16
1. (2% =-8. 2. (_5) = o1
1 A2 1 16
37_22___ 4 - = —_— = —,
72 49 4 (§)2 9
4
1\ ? 1 1
5 —(——) =— =—-——=-16 6. —42=-16
4 1\ 2 i
(—z) 16
1 1 1 1 7 2\2 1 4 5
722431 4y 24—, g —32_(_%) —_=_2__2
+ 2 T353737 1 ( 3) 979~ 9
9. (0.03)2 = 0.0009. 10. (—0.3)72 = 11.1111.
11. 1996° = 1. 12. (18+25° =1
2\0 2.,3\0
13. (ab?)” =1. 14. (3x%y’)" =1.
2.2 1 1 6-10*
_9345-4-9 _ 55 _ — _ — —2.102 —
15. 5 =2 ==z =0 16. o =2 10° =200,
-3 9— -3 2 -3 259—3
17. 2%2422-3-4+5+2=20=1. 18 2 227 227 a2y
2-5.22 242 5 (272 2274



19.

21.

23.

25.

27.

29.

1

3—2

(27) ($¢) = p¢
3 _3
x4 2x
(@2’=a"t= a_le'

8yo
(2x2y?)° =8x6yF = =%
(4x2y~3) (2x3y?) = 8x~ly~1 = 8

Xy
2 6,32
31 (—xzy)3 (%) _x x)i‘y = —2x%y®

33.

35

37

39.

41

42

43.

45,

46.

02\t w3
3up S\ 3 o 2w?
- (3x72)% (2x)° = (27x76) (32x1) = 864x*.

P.4x2  4x2 1
" 16. (x2)3 - 16x6  4x8’

22y—2 (1)_1)3 . 4u—2p—3 . 4_u4
2 (u=3p)? b2 T 9S

 (=2X)72(By) 2 (42) % = (—=2)"?x 233y 847272 =

L (3x7Y)? (ayY)% (2272 = x 243y %2272 =
10
(azb‘3)2 (a=2p?) 3 _ a%h—6afp6 = %.

a-2p-2\2] "
(3a—1b2) -

X—2y—122

(LSB) Y i B

(5u2p=3) 7" . 3 (2u22) 2 = 5 1u2)33. 2 2u~4 4 =

1

[(ﬁlbzﬂl B (m

— A _2 3
(XZV 32 4) } = (x%y~2279) 70 = x~2y127% = v

1.5 INTEGRAL EXPONENTS

1 5-2.572
20. (T

(—2x) (3x4) = —6x-2 = — 2.

22. v,

(3x2) (4x3)

o = 6x2t3-4 = 6x.

24.

26. (—a?) > = (-1)3(a) °=

3
28 (3t ) =3 =

205

30. =

(%u_zv3) (41)3) =2u~%% =

_2 _ (_1)—2 X_4

o XY=

32. (—%xzy)

a2

(27 3)_2 (35‘1)2 = 2%r 63252 =

-3
ab

= m = 8a6b6.

36.

5x? (3x2) 15x9  15x7

38.

(3a~b?) T2 3252p4 g8

40 (2a2b—1)_3 T 273603 9p’’

1 1
T 4.27-16x2y322  1728x2y372°

9.64 144

3
~ 20uby

-1
) = 9a2h8.

x24

(4x-1) (Xs)—2 T AxIx6 4

36
g

-2 1
) - (5—2—2+5)—2 —(5)2=_.

25

13



14

47.

~

4

49.

51.

52.

53.

55.

56.

57.

1

©

1 FUNDAMENTALS OF ALGEBRA

Fu2?\ 72 (325)° 2 2 8
= (322—2—5;,5 2,-2,5,—1\2 _ 3-454,,10, —10244—4,10,,—2 _ 5>—4,,8,0 _
(22u30—3) (42u) = (3%272u™v>) " (3% % ut)” = 37120ul% 1031474 02 = 2 ub0 = oo

2,—2,,0\ —27 2 8
[( 2x7y y) } _ (—2.3-2x-5y?)" — 8. 3-8x-20y8 _ 20

- Px3y2 6561x20°
1—x 1 1 y—X
x—1—1=;—1_ X :1—x - x—l—y‘lzx Yy _ Xy _Y—X
x1+1 1-|-1 1rx  14x xThy E+1 yHx y+x
X X Yy Xy
1 v—Uu
u_l—v_l_a_;_ uo v-u 1
vb—uU  v—U ©v—U U o0—U U
1
(uv)_l_E_E_l uw 1
u_1+o_1_l+i_ﬂ_w) v+u  o4u
u ) uo
1 1 1 b+a
al-b\' alibl Z¥p G b+a
alybl)] “al_pl 1 1 b-a b-a
a b ab
_ _ 1 1\7? b2 — a2\ ? a*b*
Jat+b ) (@l-bf?=(@a2-b2)?=(=-=) = = :
O L e R (s )

False. For example, ifa =2,b =3, m= 2 andn = 3, then a™" = 22 . 33 = 108, and thisis not equal to
(ab)™ = 65 = 46,656.

am S 1
False. For example, ifa =1, b =2, m = 3, and n = 2, then we have — = — = —, whereas

pn 22 4’
®""=(G) -3

False. For example,ifa=1,b =2 andn = 2, then (a+b)" = (1+2)? = 32 = 9, whereas
a"+b"=12422=5,

.6 Solving Equations

Concept Questions page 35

1

An equation is a statement that two mathematical expressions are equal. A solution of an equation involving one
variable is a number that renders the equation a true statement when it is substituted for the variable. The solution
set of an equation isthe set of al solutions to the equation.

One example: 2x = 3 isan equation. Its solution isx = 3 because 2 (%) =

3.
5-4 20

5x . . L
Another example; 5 = 10 isan equation. Itssolutionisx = 4because7 =5 = 10.
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2. alfa=Db,thena+c=b+canda—c=b—c Example Ifa=2b =2 andc = 3, then
a+c=2+3=5=b+canda—-c=2-3=-1=b-c

b. Ifa:bandc;éo,thenca:cband%l

a 2 b

c 4 ¢

g. Example Ifa=2,b=2,andc=4,thenca=2-4=cbhand

3. A linear equation in the variable x is an equation that can be written in theformax + b = 0, wherea and b are
constants with a # 0. Example: 3x + 4 = 5. Solving for x, wehave3x = 1, s0x = %

Exercises page 35

1. X =12
1(3x) =312
X = 4.

3. 03y=2
03y =&
y:

@I g

5. 3x+4=2
X+4-—4=2-4

33X =-2
330 =3(-2
2
X=—-3.
7. —-2y+3=-7

-2y+3-3=-7-3

—3(=2y) = -3 (-10)
y=25.

2. 2x=0

x=0
4 2x+5=11
2X =6
X =3
2—-3y—-2=8-2
-3y =6
() o0 =(3)s
y=-2
8. k+1=2k-2

12 ($k+1) = 12(3k—2)
Ak + 12 = 3k — 24
A4+12—-12=3k—24—12
Ak =3k — 36
4k — 3k = 3k — 36 — 3
k = —36.
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0. ip-3=-1ip+5
15(%p—3) =15(—%p+5)

3p—45=—5p+75
3p—45+45= —5p + 75+ 45

3p=—5p+ 120
p = 15.
1. 04—-03p=0.1(p+4

0.4—-03p=0.1p+0.4
04-03p—04=01p+04—04
—-03p=01p
—03p—-01p=01p—-0.1p
—-04p=0

p=0.

13 2k+D=3F(2k+9
12(k+1) =5(2k+4)
12k + 12 = 10k + 20

2k =28
k = 4.
x-1 | 3x+4 _ T(x+3)
15. T2 =

60 (252 + 25#4) = 60| 1052 |
20(2x — 1) + 15(3x + 4) = 42(x + 3)
40x — 20 + 45x + 60 = 42x + 126
85X + 40 = 42X + 126
85x = 42X + 86
43x = 86

X =2.

10. 3Im+2=3-0.2m
3Im+2-2=3-02m-2
31Im=1-0.2m
31Im+02m=1-0.2m+ 0.2m

33m=1

2 (3.3m) = 25 (1)
1 1 10 10
M=33=33"70= =

2 fk+a=-2(k+3)
tk+4=-2k-3

3(%k+4) =3(—2k—§)
k+12 = —6k — 2

7k = —14
k=-—2

=

45m — 60 4 4m = 210 — 5m

54m = 270
270
e s

12 (252 + 22) = —12(222)
d(w-1)+3(w+1) =-2w+1
4w —4+4+3w+3=—-2w—-2
9w =-1

w=—

©l=



17. F[2x—3(x—4)] =2%(x-5)
6{%[2x—3(x—4)]} =6[§ (x—5)]

3(2x — 3x + 12) = 4(x — 5)

3(—x +12) = 4x — 20

—3X + 36 = 4x — 20

—7x 436 = —20
—7x = —56
x =28
19. (2x+1)2 — (B8x — 2> =5x (2 —x)

(42 + 4x + 1) — (9x? — 12x + 4) = 10x — 5x?
AX2 + 4x + 1 — 9x2 + 12x — 4 = 10x — 5%2
—5x2 + 16X — 3 = 10x — 5x2

16x — 3 = 10x
6x—3=0
6x =3
X_l
=5

2
o1t
2=4(y-1

23

2=4y -1

6 =4y
3

2=V

1.6 SOLVING EQUATIONS

18 1[2-3(x+2] =1 [(—3x+1)+%x]
4(2—3x - 6) =3(-3x + 1+ §x)
4(=3x —4) = 3(_gx+ 1)
—12x =16 = —¥x +3
—3x =19

38

XZ—E.

20. x [(2x — 3)% + 5x?] = 3x?(3x — 4) + 18
X (4x% — 12x 4+ 94 5x?) = 9x3 — 12x? + 18
X (9x? — 12x + 9) = 9x3 — 12x2 + 18
ox3 — 12x% + 9x = 9x3 — 12x® + 18
—12x2 + 9x = —12x* + 18
9x =18
X=2.

22. E+2=6
X X
3
— =6
X
3 =6x
1
- =X.
2
1
24. =0
X+3
1=0.

But thisisimpossible, and so thereis no solution.

17
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25. =3

5(x + 1) (ZXX;f

5(2x —3) =2(x + 1)

10x —15=2x+2

10x = 2x + 17
8x =17
17
X = -
27. 2 __ 3
qg-1 qg-2

2 3
@-1H@-2 (q—_l) =0g-1)@-2 (q——Z) 3(y+1) (g
9-22=0@-13
20—4=39-3

—4=q-3

-1=nq.

26 s =4
G —1) (3rf_1) —4(3r — 1)
r=12r —4
4=11r
&=t

28.

y

Y+Dy-6=@y+Dy-3
y?+y-6=y>-2y-3

30.

BGx+2)(Bx+1 (

X2 — X —1=6X24+7X +2

2
1o =3y-93

Cy+1

- 25) =20+ [iv-3]

y+1

y—6=-2y—-3
y=-2y+3

3y=3
y=1

2x—1 2x+1
X+2 3x+1
2x—1
33X+ 2

—X=1=7x+2
—X=7x+3
—8x =3

__3
X=—g

):(3x+2)(3x+1)(

(Bx+1)(2x — 1) = 3x +2) (2x + 1)

2x+1
x+1

)



31.

33.

35.

36.

37.

38.

39.

41.

m-2 2 m+3
—+_——
m m m-—3
2 2 m+3
l1-——— = ——
m m m-3
m+3
1=——
m-—3
m—3=m+3
—-3=3

which isimpossible. Thus, there is no solution.

|
| = Prt,sor = —

1.6 SOLVING EQUATIONS 19

4 . 2
X(x—2) x—2

4 2
-2 g ) -2 ()
4 =2x

32.

2=X.

But the original equation is not defined for x = 2, so
thereis no solution.

Pt’
.ax+by+c=0,soby=—ax—c.Thusyz_ax_cz—%x—g.
3q+1,5-3 1. Th P=1_ 1541
p=-90+10-3q=p-1 US,q:_—3=—§p+§
_kuo s
YT P T
iS=R[L+1)" 1], 0R= —>
- PR E a1
iS
iS=RA+)[@A+)"-1],soR= _ _ .
@+ha+in-1] A+DIA+D"—1]
ax n
V=115 40. V=C(1—N)
V (X + b) = ax _ _%
VX + Vb = ax V—C:—%
Vx —ax =-Vb N
n=——=(V—C)
x(V—-—a) =-Vb NC
___\Vb -z C-V).
~ V-a
Vb
T a-Vv’
__2ml 4o X410
T B+ ' P=xT2
rB(n+1) =2ml p(x+4)=x+10

px —x =10-4p

x(p—1) =10-4p
— 26=2P)

p-1
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2ml 1
43, r=— 44, y=10(1-
B(n+1) 14 2x
rBn+rB = 2ml _100+Xx-1)
142x
rBn=2ml —rB 20x
_2ml—rB C142x
- B y (14 2x) = 20x
y + 2yx = 20x
y = 20X — 2yX
= 2x(10—y)
y
X = —
2(10-vy)
1 1 1 1 1 1 1
45 = == 4= 46, === 4= 4—
f p q R R R Rs
1 1 1 1 1 1 1
p f q RR R R R
q- f . Ri1R> — RR; — RR;
-~ fq B RR1R2
f RR1R;
p=—3_ Rs = 172 _
q-f R1R> — RR; — RRg
47. | Prt,sot ! If | =90, P =1000, andr = 6% = 0.06, thent %0 1.5, or 1.5 years
. = , = —_—. = A = y = 0= V. y = e = 1.9 . .
Pr (0.06) (1000) y

48. F =2C+32,02C=F-32andC = g (F—32).1f F=70,then C = 3 (70 — 32) = £ ~ 21.11, or about
21.11°C.

a a—+ bt a
49'S:?+b: —I; ,sotS:a+bt,tS—bt:a,(S—b)t:a,andt:ﬂ.
ax
50.V=m,soV(Xer)=ax,Vx+Vb=ax,Vx—ax=—Vb,(V—a)x:—Vb,and
Vb Vb
~ V—a a-V’
NV — &
stavec- (2 tov-2oc(1-L)anco—N__ _NV=S
N N N 1L N —t
N
70,000 (5) — 40,000 (3 230,000
b. If N=5,t =3, S= 40,000, and V = 70,000, we have C = (é 3 ()= = 115,000, or
$115, 000.
02 —u?
52. a. v2 =u? +2as,s02as = v° —u?anda = 5
83)2—-0 44 .
b. If o =88, u=0,ands = 1320, we havea = ()— = —, or approximately 2.93 ft/sec?.

2(1320) 15’
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24c 24c 24c —a

c
—t+1
a a

t+1 t+1
53. ac= , =
(5r)>="z

b. Herea = 500 and ¢ = 125, so the child's ageist = 232)=5%0 — 5 or 5 years.

0.8t
5. aT=———m50(t+41)T =08ttT +41T =0.8t,08t —tT =4.1T, (08— T)t = 4.1T, and

T t441
(— 41T
T 08-T°
41.04
b. If T = 0.4, thenthetimetakenist = 0804 4.1, or 4.1 hours.

1.7  Rational Exponents and Radicals

Concept Questions page 44
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1. If nisanatural number and a and b are real numbers such that a" = b, then a isthe nth root of b. For example, 3is

the 4th root of 81; that is /81 = 3.

2. The principal nth root of a positive real number b, when n is even, is the positive root of b. If nisodd, it isthe

unique nth root of b. The principal 4th root of 16 is 2, and the principal (and only) 3rd root of 8is2.

3. The process of eliminating a radical from the denominator of an algebraic expression is referred to asrationalizing

11 1+«/é_1+\/6__l
1-v6 1-v6 1+/6 1-6 3 (1+8)

the denominator. For example,

Exercises page 44

1. /81=09. 2. J-27=-3.

3. V/256 = 4. 4, Y=32=-2.

5. 1612 = 4. 6. 625Y4 =5,

7. 83 =22=4, 8. 322/°=22=4

9. —25%2 = _5, 10. —16%2 = —4% = —64.
1. (—8)%3 = (-2)? = 4. 12. (—32)%° = (-2)° = -8.

N2 2 3/2 3 o7
13. | = = . 14. 3 = § =—.
9 3 25 5 125

271\?® (3\? 9 g \13
15. (E) =(§> =2 16 (-g%) =-%

1 1 1 1
—2/3 _ — _ = -1/4 __ _— _ =
17. 8 =gE=-==7 18. 81 =gA =3
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19.

21.

23.

25.

26.

27.

29.

31.

33.

35.

37.

39.

40.

41.

43.

45.

47.

49,

1 FUNDAMENTALS OF ALGEBRA

27 —1/3_ 38 1/3_ 2
8 - 27 3

~ ) mr

31/3 . 35/3 — 3(1/3)+(5/3) — 32 =0 22 26/5 . 2—1/5 — 2(6/5)—(1/5) — 21 =2
/2 1 1 oy 4 _ 1 _1_1
P¥2 3P 9 " 3-1/4 T 3-1/4+5/4 — 31~ 3
2-1/2 . 32/3  3(2/3+(1/3) 31 3
23/2.3-1/3 ~ 2@/2+(1/) — 22~ 4’

1/3 —2/5
454725 e @/5-@9) _ 46-6-1015 _ 41115 _ L

42/3 411/15°

(23/2)4 = 20/24 _ 26 _ g4,

%2/5 . x—1/5 — x1/5

3/4
SN Y7 NG N7
<—1/4 :

3
—27x—6

-2/3

3x~1y2/3 3y7/3

27X—3y2 1/3
' (8x—2y—5) T x—2By-53 T 13

(X—s)l/Z(y)3/2 B x=3/2y3/2  y5/2
X

y—2 Ty I3z T3
X2/5 (x2 — 2x3) = x12/5 — 2x17/5,

2p3/2 (2p1/2 _ p—1/2) — 4p2 _ 2p

B x9 —2/3 B x—18/3 b 9
T\ 27 L X

28. [(-3)V3]° = (—3)23 =358,
30, y38. yl/4 — y(-3/8+(1/4) — y-1/8 _

x7/3
32— = x(7/3+2 _ «13/3

X—

(n 4 r4n
36 _ —=r 12n-20
" \r52n T r20-8n ’

38. sl/3(2s — st/4) = 2s%/3 — 57/12,

2
3y1/3 (y2/3 _ 1) — 3y1/3 (y4/3 _ 2y2/3 + 1) — 3y5/3 _ 6y + 3yl/3_

V3R =+482.2=42

¥5= ) () @ =-

V16x2y3 = \/42x2y2y — 4Axy /Y.
S mPn3p2 = 3 (m2)3 n3 (p4)3 — m2np?.
IVO= V3,

42. /45 =+/32.5=23/5.

44, Y48 = —J2% 3= -2Y3.

46. /40a3b? = v/4.10-a2 - a - b? = 2ab?/10a.

48. J=27p7q% = (1) (3¥) pPqPrr = —3aqr I,

50. V9= ¥/0.



51.

53.

55.

57.

59.

61.

62.

63.

65.

67.

69.

71.

73

75.

S X = IX. 52. vV—Vx3 = ¥=x3 = —Yx.
2 3_2/3 g 3. Y5 _3V5
V3 V33 V5 V5 5
3 WX _ 3 g 3 Y _3/XY
2JX X U UKy Xy
2y V3 By, 52 /3x _ Bx%/3x _ 5x
NETRIE AR VR N VAV T R
LW o [Z_VE S
IXBE T IE T x Vy W Wy
e ) o)
I+vE 1-va | 1-8 -z T
1-v2 1442 1-2 =-3(1+2).
2
143 10v3_ (1+V2) 2
1-V2 1442 1-2 =-(1+v2)"
9++2) (3+ V2
zfﬁziﬁz( 9)_(2 )=%(9+ﬁ)(3+ﬁ)=%(27+3ﬁ+9ﬁ+2)
=1 (29+12v2).
a JA+1_a(/a+y o Y X=X (VK= Y)
Vi-1 J/a+1 gq-1 VXY XY x—y
y BE SRy I R L LR
Ix2z IxZ 3B xz Cxy2 Ixzy X33 xy oy
B_ 4 V3_43 - _ﬁ__z_ﬁ.ﬁﬂ_}_ﬁ
3 V3 V3 37 V3T V3 V3 3
F_ 7w L fFL_Y8_3% 5 s¥sn i
3 B IR 3 N4 A Y2 2 2 20
3 _ V3 V2 _ 6 YK
V22T /2 V2 2 Va2
32_y2_\‘°/2_3/2.x3/?_\3/18y2 76 33;ﬁ_@.ﬁ_af’/§.ﬁ_a33b
3 B I 3 Ve Y b V2 Vb b

1.7 RATIONAL EXPONENTS AND RADICALS

23
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7.

78.

79.

80.

81.

82.

83.

85.

1 FUNDAMENTALS OF ALGEBRA

1 _14a 14a Ja_Ja(l+a

ETVTTR T AT e

X e X=X=y) oy Y XY YKoy

Ky VTIT T RSy TRy Ky oy x-y

VX Y XKW VEE YY) X R VRT Y Xy
VXESY VXY (VX +9) (VX = VY) Xy X=y
a a?—p2 a’—(a?-b?)  p? aZ—b?  b2/aZ-1?
2Z-2 a  a/a2-p2 a/a2-p Ja2-b2 a(@-b?)’

X+DY2 4+ Ix(x+ 1) Y2 =3 (x

112 (x 4+ y)V3 4 1xY2 (x + y)~

3 (14 xV3)x~1/2 _ 112 x-2/3

VX+13x+2)

DT ROHD +H = F 0+ DT @ +2) = T

2B = ex M2 (x+ )T [3(x +y) + 2x]
43y xXM2(x+ )3 (Bx +3y)
= o sy 6X (X +Y) '

1,-1/2 4 1y=1/6 _ 1y—1/6 1y-1/2 , 1,-1/6 1y,-1/2 1/3
sx Y2 4 ZxY6 — ax~Y X /24 ax~Y _EX /2 (3+ x1/3)

(1+x13)? (1+x13)? (1+x23) (1+x2/3)?
34X
X2 (14 x1/3)%
X+ 2= x24T APy = x] y
X+y X+y 2xV2 (x + y)¥?
VIX+1=2 86. vV2x—-3=3
3X+1=4 2x—-3=9
3Xx =3 2x =12
X = 1_ X = 6.

Check: v3(D) +1=2.

Yes, x = 1lisasolution.

Check: +/2(6) —3 = 3.

Yes, x = 6 isasolution.



87. VkC—4=4—k
k? —4 =16 — 8k + k?
—4=16— 8k
8k = 20
20 5
k=% =3
Check: /(8)’ —424-3
ecK. (z) —4=4-3
323
2 2

Yes, k = 3 isasolution.

89. vk + 1+ vk =3vk
VK+1=2/k
k+1=4k

IV

N

Yes, k = 3 isasolution.

91. x = /144 —p,s0x? = 144 — pand p = 144 — x2.

50 — x2
o x—10 /2P [P0-p x
92 x=10 ST 100

(x? + 100)p = 5000, and p =

93. True 94, Fase

1.8 Quadratic Equations

Concept Questions page 51

1.8 QUADRATIC EQUATIONS 25

88. VA2 -—3=2k+1
42 —3=4Kk>+ 4k +1
4k = -4
k = —

Check: V4(=1)°—3=1#2(-1)+1= -1

Therefore there is no solution.

0. VX+1- X =4x-3
X+1-2/%2+Xx+x=4x—3
2V Xx=2x—-4=2(x—2)

VX2 Xx=—x+2
X2+ X =x2—4x+4

1?2 /1
5=4V5

Yes, x = £ isasolution.

x2p = 100(50 — p) = 5000 — 100p, x?p + 100p = 5000,

95. True 96. False

1. A quadratic equation in the variable x is any equation that can be written in the form ax? + bx + ¢ = 0. For

example, 4x2 4 3x — 4 = 0 is aquadratic equation.
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2.

1 FUNDAMENTALS OF ALGEBRA

. _ b c i . .
Step 1 Write the equation in the form x2 + 3 X = ~a where the coefficient of x2 is 1 and the constant term is on the

right side of the equation. For example, 3x2 + 2x — 3 = 0 can be written as x2 + §x = 1.

2
5 4 1 1
Step 2 Square half of the coefficient of x. Continuing our example, (%) =35 1"79
step 3 Add the number obtained in step 2 to both sides of the equation, factor, and solve for x.
2
Continuing our example, x2 + 2x + 3 = 1+ 3}, 0 (x + %) = /¥, and therefore

x=—-§+1/10=§(-1+v10).

, , —b+ b2 -4 _ .
. The quadratic formulais x = Z—aac' Using it to solve 2x2 — 3x — 5 = 0 for x, we substitutea = 2,
—(=3)£/(-3)?-4(2)(-5) 3+49
b = —3,and ¢ = —5, obtaining x = = \/(2(3) e =—Q Simplifying, the solutions are

5
x:iandx:—l.

Exercises page 51

1

2.

10.

12.

13.

14.

15.

X+2)(x—3)=0.S0x+2=00rx—3=0; thatis,x =—-20rx = 3.

Herey—3=00ory—4=0,andsoy=3o0ory =4.

X—4=(Xx—-2)(Xx+2=0,0x=20rx = —2.

2m? =R =2(m?-16) =2(M+4)(M—-4)=0,s0m=—4orm=4,

X4 X—12=(x+4)(x—3)=0,50x =—-4orx =3.

32 —Xx—4=03x—-4(X+1)=00x=-1lorx=3.

A2 42t —2=2(t+1) (2 -1 =0s0t=—lort=3.

. —6x? + x + 12 = Oisequivalent to 6x%> — x — 12 = 0. Factoring, we have (3x + 4) (2x —3) = 0,and O x = —%
orx=3.

. 3x2 - x+1=0isequivalent to x> — 4x + 4 =0, or (x — 2)2 = 0. So x = 2isadoubleroot.
1a?+a—12=0Oisequivdenttoa? + 2a—24=0,0r (a+6)(a—4) =0,andsoa = —6ora = 4.

. Rewrite the given equation in theform 2m? — 7m+6=0. Then 2m—3) (M —2) = 0and m = % orm=2.
Rewrite the given equation in the form 6x2 + 5x — 6 = 0. Factoring, we have (3x — 2) (2x +3) = 0, and so X = %
orx=-3

=-3.

42 -9=(2x)?%-F =(2x+3)(2x—-3) =0, andsox = -3 orx =

Nlw

8m? 4+ 64m =8m(m+8) = 0,andsom = —8 or m = 0.

z(2z+1) = 6isequivalentto 222+ z— 6= 0,50 (22— 3) (z+2) = 0. Thus,z= —20rz = 3.



16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

1.8 QUADRATIC EQUATIONS 27

Rewrite the given equation in the form 6m? + 13m + 5 = 0. Then 2m+ 1) 3m+5) = 0, andsom = —3 or

5
m=—3.
X2+ 2x+(1)2=8+1,%0 (X +1)°2=9,x + 1= +3, and the solutionsare x = —4 and x = 2.

=3

Nlol

2 2 2
x2—x+(—%) :6+(—%) ,so(x—%) =2 adx—3 =23 Thus x =3 -3 =—-20rx=14+

Rewrite the given equation in the form 6 [x2 — 2x + (=1)?] = 3+ 6(=1)2. Then6(x — 1)> = 9, (x — 1)? = 3,
andx—1==£/3 =+1/6 Therefore,x:l—@orx:l+§.

Rewrite the given equation as 2 [xz — 3+ (—%)2] =20+ 2(-%)2, 0 2(x — %)2 =20+ 3=%,

2
(x—g) =% andx — 3 = £ 1. Therefore, x = —20or x = 5.

2 2 2
m2+m=3,som2+m+(%) =3+(%) ,(m+%) =1 andm+ } = £1/13. Therefore, m = -3 — 1/13
oom=-31+1/13.

pP24+2p=4,0p2+2p+ D)% =4+1, (p+1)°?=5andp+1=++5 Therefore, p=—1—+/50r
p=—1++/5.

2+ 3= 4 02|x+ fir (3) | = a+2(8) " 2(x+ ) = a4 § = § (x+3)" = o

X+ 3 =+Y8 Therefore, x = —3 — ¥4 or x = —3 4 ¥4,

4x2 — 10x = —5, 4 (x2— 3X + (—%)2} = —5+4(—%)2 = -5+ 2 = 2 Thus, 4(x - %)2 =2,

2
(x—%) =5 andx — 2 = +1/5 Therefore, x = 2 — Y orx = 2 + 43,
4x2=13,sox2=1743andx=:|:@.
2 2_ 20 20 5
7pc=20,s0p*=Fadp==+ 7:12\/;.
Using the quadratic formulawitha = 2, b = —1, and ¢ = —6, we obtain
. —(-D)EV(-1)?-4Q)(-6) 1+vI+48 1+7 o 2
B 2(2) B 4 4 2T
Using the quadratic formulawitha = 6, b = —7, and ¢ = —3, we obtain
«— — (=) £V (=72 = 4(6) (-3) _7EyA9+72 74121 711 or 2
N 2(6) N 12 12 T 12 T 8T x
Rewrite the given equation in the form m? — 4m + 1 = 0. Then using the quadratic formulawitha = 1, b = —4,

—(DEV(DH? -4 (D) 4+VI6—4 4+V12 4423 P

andc =1, weobtanm =
W 20 2 2 2
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30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.
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Rewrite the given equation in the form 2x? — 8x 4+ 3 = 0. Then using the quadratic formulawitha = 2, b = —8, and

(= 82 _ -
(—8) + /(=8) 4(2)(3):81«/34 24:8im:8i2m:2i%m_

c = 3, weobtain x =
" X 22 2 2

Rewrite the given equation in the form 8x2 — 8x — 3 = 0. Then using

the quadratic formula witha = 8, b = —8, and ¢ = —3, we obtain

«— — (-8 £V(-8?-4(8)(-3) 8+./64+% 8++160 8+4/10 W

- 2(8) N 16 S 16 16 2T AT
Rewrite the given equation in the form p? — 6p + 6 = 0. Then using the quadratic formulawitha = 1, b = —6,
! —(—6)+£/(—6)°—4(1)(6) 6++36—24 6412 6+2/3
and ¢ = 6, we obtain p = (=6 (=5 DO _ = \/—z f:Siﬁ.
2(1) 2 2 2
Rewrite the given equation in the form 2x? + 4x — 3 = 0. Then using the quadratic formulawith a = 2, b = 4, and
. —44/42-4(2) (-3 —44+164+24 —-4+40 —-4+210
c = —3, weobtainx = 2 (=3 _ tet \/_z \/—z—li%«/l_o.
2(2) 4 4 4
. Rewrite the given equation in the form 2y? 4+ 7y — 15 = 0. Then using the quadratic formulawitha = 2, b = 7,
. —7+/49—-4(2)(-15 —7+4/169 —-7+13
andc = —15, weobtain y = @D = =—5o0r 3.
4 4 4
Using the quadratic formulawitha = 2.1, b = —4.7, and ¢ = —6.2, we obtain
—A47)2 — — /7417
= 47+ (-47)% - 4(2.1) (-6.2) _ 4.7+ /7417 ~ 4.7 + 8.6122 ~ —0.93 0r 317,
221 4.2 42
Using the quadratic formulawitha = 0.2, b = 1.6, and ¢ = 1.2, we obtain
-164+,/1.62—4(0.2) (1.2 —1.6++/1 —-16+12
X = 6+/16 03¢ )= 6 6% 6 649%—7.160r—0.84.

2(0.2) 0.4 0.4

x* —5x2 4+ 6 = 0. Let m = x2. Then the equation reads m? — 5m + 6 = 0. Now, factoring, we obtain
(m—3)(m—2)=0,andsom = 2or m = 3. Therefore, x = ++/2 or £/3.

m* — 13m? 4+ 36 = 0. Let x = m?. Then, we have x? — 13x + 36 = 0. Now, factoring, we obtain
X—9(Xx—4)=0,andsox =4or9. Therefore, m= +20orm = £3.

y* —7y? 410 = 0. Let x = y2. Then we have x? — 7x 4+ 10 = 0. Factoring, we obtain (x — 2) (x — 5) = 0, and so
x = 2or 5. Therefore, y = ++/2 or y = ++/5.

4x* — 21x2 4+ 5= 0. Let y = x2. Then we have 4y2 — 21y + 5 = 0. Factoring, we obtain (4y — 1) (y — 5) = 0,
andsoy = 2 or 5. Therefore, x = £3, or £+/5.

6(x+22+7(x+2) —3=0. Lety = x + 2. Then we have 6y2 + 7y — 3 = 0. Factoring, we obtain
(2y+3)(By—1)=0,andsoy = —3 or 3. Therefore, x + 2= -3 or 3, andsox = —4 or —3.

8(2m+ 3)2 + 14(2m+ 3) — 15 = 0. Let x = 2m + 3. Then we have 8x2 + 14x — 15 = 0. Factoring, we obtain
(4x —3) (2x +5) = 0,and so x = —3 or 3. Therefore, 2m+ 3 = —3 or 3, from which we obtain m = — ! and

=2
m=—z.
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1.8 QUADRATIC EQUATIONS 29

. 6w —13/w+6=0. Letx = J/w. Then6x? — 13x +6 =10, (2x —3) 3x —2) = 0, andsox = 3 or x = 2.

Then the solutionsare w = x? = 2 or §.
Check w = :6(3) ~13,/§+6=% ~13- 2+6 2 0. Yes § isasolution

24
9
Check 1 = §: 6(§) —13,/3 + 6= % ~13-3 + 62 0. Yes, § isalso asolution.

2t

t \? t
44.( )———3:0.Letx:—.Thenx2—2x—3=0,(x—3)(x+1)=0,andx=30rx:—1.

45,

47.

49.

t—1 t—1 t—1

. t . . t . .
Next, elthert—1 = 3,inwhichcase3t —3=1t,2t =3, andt = g;ort—1 = —1,inwhichcase -t + 1 =1t,

—2t =-1,andt = 3. Thesolutionsaret = 3 andt = .

2 4 3y—1 4 5

x+3 x ° ® s
2(x) —4(x+3) =4(x) (x+3) Gy-D(y+D+16=3@(y+1)
2X — 4x — 12 = 4x% 4 12x 3y2+2y—1+16=3(4(y+1)

—2x — 12 = 4x% + 12x 3y? +2y — 1+ 16 = 10y + 10
4x% +14x +12=0 3y2—8y+5=0

2x> +7x+6=0 By —-5)(y—1) =0.
(2x+3)(x+2) =0. Thus,y=3ory=1
Thus, the solutionsarex = —3 and x = —2.

2
x+2—2X3_1=0 48. XX_1=3;_ZI

X2x—-1)+2(2x—-1)—-3=0 Because the fractions on both sides of the equation

have the same denominator, we can write
x2 =3 —2x (for x # 1)

%2 —x+4+4x—2-3=0

2x24+3x—5=0
x24+2x—-3=0

(2x+5(x—-1) =0.
xX+3)(x—1) =0.

But because x = 1resultsin division by zero in the
original equation, we discard it. Thus, the only solution

Thus, the solutions are x = —g and x = 1.

isx =—3.
7 15 1 2
4y2 — 7y —-30=0 6k’ +k—-2=0
(y+2)(4y —15) = 0. (Bk+2)(2k—1) =0.

Nl

Thus, y = —20ry = 22 Thus, k = -2 ork =
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3, & _1
x2—-1 x4+1 3

9+6x(x—1) =7(x2-1)

51.

9+ 6x2—6x=7x2—7
X2 4+6x—16=0
(X+8 (x—2)=0.

Thus, Xx = —8o0r x = 2.

3x n 4 24
X—2 X422 x2-4
IXX+2)+4(x—-2)=24

53.

3x?> 4+ 6x+4x —8=24
3x24+10x —32=0
(3x+16) (x —2) = 0.

m 27 2
52. —_— ==

m—-2 7 m-m-2 (m-=2)(m+1)

mm+1) —27(m? —m—2) =2(7)
7m? +7m — 27m? + 27Tm + 54 = 14
—20m? 4+ 34m+ 54 = 14
—20m? +34m+40 =0
10m? —17m—-20=0
Gm+4)(@2m-5) =0.

__4 — 5
Thus, m = zorm= 3.

3X 2 3
+—-—+5=—5—
Xx+1 X X2 4 X

32+ 2x+2+5(x*+x) =3

X2+ 2x+2+5x2+5x =3
8x2+7x—1=0
Bx—1)(x+1) =0.

Thus, x = —28 or x = 2. But because x = 2 resultsin Thus, x = £ or x = —1. But because division by zero
division by zero in the original equation, we discard it. isnot alowed in the original equation, we discard
The only solutionisx = —%2. x = —1. Theonly solutionisx = 3.
2t+1 t X 3 2
55. el M 56. - =0
t—2 t+1 X+1 x—2+x2—x—2

@G+ E+D)—t(t—2)=-1t—-2)(t+1) X(X—2)—3(X+1)+2=0

2243t +1—-t2 42t =—t24+t+2 X2—2x—3x—342=0

202+ 4t —1=0. x> —5x—1=0.
Using the quadratic formulawitha = 2, b = 4, and Using the quadratic formulawitha = 1, b = —5, and
¢ = —1,weobtain c= —1, weobtan
tz“&W?u@ x=+5im=+5i@

=-1+1/6. ~ 5.19 or —0.19.



57.

59.

61. \/s—2—

JuZ+u-5=1
w+u-5=1
u>+u—-6=0

uUu+3)Uu—-2 =0.
Thus,u = -3 oru = 2.

Check u = —3: V/(—3)* —

u = —3isasolution.

Checku=2:v/224+2—-5=

is also a solution.

— V121 Yes 0

V121 Yes sou=2

Vr+3=

r+3=r2

-2r-3=0
=3 +1)=0.

Thus,r =3orr = —1.

Checkr = 3: /2(3) 7323 Yes, sor = 3isa
solution.

Checkr = —-1: /2(-1) + 21 No,sor = —1is

not a solution.

Vs+3+1=0
Vs=2=.s+3-
s—2=5+3-2/5+3+1
2/s+3=
s+3=3=9
s==6.

Check: «/6—2—\/6+3+1=?0. Yes, sos = 6isthe

solution.

58.

60.

62.
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VBxZ—Bx-2=0
VBxZ —Bx =2
6x>—5x—4=0
(Bx—4) (2x+1) =0
Thus, x = 3 or x = —3.

Check x = &: 6(%)2—5(§) ~220. Yes, 0

x = 4 isasolution.

Check x = —1: \/6(—%)2—5(—%) —220. Yes,

S0 X = —3 isasoasolution.

V3—dx =
3—4x =4x?

—2X

4% +4x -3=0
2x+3)(2x-1) =

Thus,x = —3 orx = 3.
Checkx = -3: [3-4(-3) £ -2(-3) =3 Yes
s0x = —3 isasolution.
Check x = §: \/3—4(4) £-2(4) =1 No,

X = 3 isnot asolution.

V2x—-5+1=0
VX+1=4/2x-5-1
X+1=2x—-5-2/2x—-5+1

VX+1—

X+1—-2Xx+5—-1=-2/2x—-5
—X+5=-22x-5

—10x + 25 =4(2x — 5)
—10x —8x+254+20=0
—18x+45=0
(x — 15) (x — 3) = 0.
Thus, x =150rx = 3.

Check x = 15: //15+ 1 —
0 x = 15isasolution.
Check x =3: /3+1—
X = 3isnot asolution.

V25 =5+ 120. Yes,

V2B =5+ 120.No, 0
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(><—13)2_><1—03Jr21=o ' (2xil)2_2x5—1+3=0
1-10(x—3)+21(x—3)%2=0 2-5@2x—-1)+3(2x-12=0
31— 10X + 21x? — 126x + 189 =0 7—-10x+12x2 —12x +3=0
21x? — 136x +220 =0 12x? —22x +10=0
(7x — 22) (3x — 10) = 0. 2(6x —5)(x —1) = 0.

Thus, x = Z orx = 2. Thus,x = 2 orx = 1.

x2—6x+5=0.Herea=1,b= —6,andc = 5. b% — 4ac = (—6)2 — 4(1) (5) = 16 > 0, and so the equation has
two real solutions.

2m?+5m+3=0.Herea=2b=>5andc = 3. b2 — 4ac = 52 — 4(2) (3) = 1 > 0, and so the equation has two
rea solutions.

3y2 —4y +5=0. Herea = 3,b = —4, and c = 5. b? — 4ac = (—4)?> — 4(3) (5) = —44 < 0, and so the equation
has no real solution.

2p? +5p+6=0Herea=2,b=5,andc = 6. b?> — 4ac = 5% — 4(2) (6) = —23 < 0, and so the equation has no
real solution.

4x%2 4+ 12x+9=0. Herea = 4,b =12, and ¢ = 9. b? — 4ac = 122 — 4(4) (9) = 0, and so the equation has one
rea solution.

25x2 — 80x + 64 = 0. Herea = 25, b = —80, and ¢ = 64. b? — 4ac = (—80)? — 4(25) (64) = 0, and so the
equation has one real solution.

%+%—2:0. Multiplying by k?, wehave 6 + k — 2k’ = O or 2k? —k — 6 = 0. Herea = 2, b = —1, and

¢ = —6, so thediscriminant isb? — 4ac = (—1)? — 4(2) (—6) = 49 > 0, and the equation has two real solutions,

(2p+1)?—-3(2p+1) +4=0. Let x = 2p + 1. Then the equation becomes x2 — 3x + 4 = 0. Herea = 1,
b = —3, and ¢ = 4, so because b? — 4ac = (—3)°> — 4(1) 4 = —7 < 0, the new equation has no real solution, and
therefore the given equation also has no real solution.

The ball reaches the ground when h = 0; that is, when 16t2 — 64t — 768 = 0, and
t2 — 4t — 48 = 0. Using the quadratic formulawitha = 1, b = —4, and ¢ = —48, we find

= (-9 +J/B6-4) (48 4+ /208
- 5 =—

t

~ 9.21, or approximately 9.2 seconds. (We discard the negative

root.)
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74. a. Therocket isat aheight of 1284 ft when b. The rocket reaches the ground when h (t) = 0.

75

76

77

78

79

80

81

h(t) = 1284.
—16t% + 384t — 1280 = 0
16t% — 384t + 1280 = 0
t> - 24t +80=0

(t — 20) (t —4) = 0.

Thus, t = 20 seconds or 4 seconds.

—16t2 4+ 384t +4=0
42 -96t—1=0
Using the quadratic formulawitha = 4, b = —96,
and c = —1, weobtain
_96+/(96)2—4(4) (-1 N

8
Discarding the negative root, we see that the time of

the flight is approximately 24.01 seconds.

t —0.01 or 24.01.

. Substituting u = 10, a = 4, and » = 22 into the equation » = ut + at?, we have 22 = 10t + 4t2. Then
4t2 4+ 10t — 22 = 0, or 2t2 + 5t — 11 = 0. Using the quadratic formulawitha = 2, b = 5, and ¢ = —11, we have

_ —5+/52—4(2)(-11)

t

~ 1.41 or —3.91. Wergject the negative root, so the time taken is

~
~

2(2)

544113
4

approximately 1.41 seconds after passing the tree.

. We solve the equation —0.0002x2 + 3x + 50,000 = 60,800, rewriting it as 0.0002x2 — 3x + 10,800 = O.
Using the quadratic formula with a = 0.0002, b = —3, and ¢ = 10,800, we have

. _ 3%:V(=37-4(0.0002 (10800) _ 3++036 _3+06

2(0.0002)

0.0004 _ 00004 _ 6000 or 9000. Thus, a production level of

either 6000 + 10,000 = 16,000 or 9000 + 10,000 = 19,000 will yield a profit of $60,800.

. Substituting p = 10into p =

30
0.02x2 + 1

, we have 10 (0.02x? + 1) = 30. Solving this equation for x, we have

0.2x% 4+ 10 = 30, 0.2x? = 20, x? = 100, and x = +10. Rejecting the negative root, we see that the quantity
demanded is 10,000. (Remember that x is measured in units of one thousand.)

. Substituting p = 6into p = +/—x2 + 100, we have 6 = +/—x2 4+ 100. Solving this equation, we have
36 = —x? 4 100, x2 = 64, and x = +8. We reject the negative root, and see that the quantity demanded is 8000.

. Substituting p = 30 into the equation p = 1—10ﬁ + 10, we have 300 = /X + 100, so /X = 200 and
X = 2007 = 40,000. Thus, 40,000 satellite radios will be made available at the unit price of $30.

. Substituting p = 20 into the equation p = 0.1x2 + 0.5x + 15, we have 20 = 0.1x2 + 0.5x + 15. Solving this
equation, we have x? + 5x — 50 = 0, s0 (x 4+ 10) (x — 5) = 0 and x = —10 or x = 5. We reject the negative root,
and see that at a unit price of $20, 5000 lamps will be made available.

. We solve the equation 100 (

t2 + 10t + 100
t2 + 20t + 100

) = 80, obtaining 5 (t? -+ 10t + 100) = 4 (t? + 20t + 100),

5t2 4+ 50t + 500 = 4t2 4 80t + 400, and t% — 30t + 100 = 0. Using the quadratic formulawitha = 1, b = —30,

andc = 100, wegett =

30 + /302 — 4(1) (100) _ 30+ 500
2 N 2

~ 3.82 or 26.18. So the oxygen content first

drops to 80% of its natural level approximately 4 days after the waste was dumped into the pond and is restored to
that level approximately 26 days after the waste was dumped.
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83.

85.

86.

87.

88.
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1
We solve the equation § = % Let 3 =r.Thenr =1+ o r°=r+1,andr? —r —1 = 0. Using the
. . . 1+/1-401) (-1 1+45
quadratic formulawitha =1,b = -1, andc = —1, weabtainr = > DD = Zf ~ 1.62. (We
discard the negative root.)
Thetotal surface areais given by

S = (10 — 2x) (16 — 2x) 4 2x (10 — 2X) + 2x (16 — 2x) = 160 — 20x — 32x + 4x2 4 20x — 4x? + 32x — 4x?
= —4x2 + 160.

Since the total surface areais to be 144 square inches, we have —4x? + 160 = 144, 4x? = 16, and x? = 4. Thus,
X = 2 because x must be positive. The dimensions are therefore 12" x 6” x 2”.

. Let x be the width of the garden, so that itslength is 2x. Then 2x2 = 200, x? = 100, and x = +10. Discarding the

negative root, we see that x = 10, so the amount of fencing Carmen needsis 2 (2x + x) = 6x, or 60 feet.

Let x denote the length of one piece of fencing so that the second piece has length (120 — x) ft. The squares’ side
120 — x

YR and so the sum of the areasis

lengths are % and

4 4
= 7 (2x2 — 240x + 14,400).
Since the sum of the areas of the two rectanglesis to be 562.5 ft2, we have % (2x2 — 240X + 14,400) = 562.5,
2x2 — 240x + 14,400 = 9000, 2x2 — 240x + 5400 = 0, x? — 120x + 2700 = 0, and (x — 30) (x — 90) = 0.
Therefore x = 30 or x = 90, and the lengths of the pieces of fencing are 30 ft and 90 ft.

2 (120-x\°
A=(3) +( X) = L [x2+ (120 — x)?] = & (x? + 14,400 — 240x + x?)

Let x denote the width of the walkway. Then the area of the

le— <>

walkway is given by 4x? 4 80x + 40x = 325, so
4x2 + 120 — 325 =0, (2x — 5) (2X + 65) = 0, and X = 3 or

IS
<

20" <X >]

x = —%. We discard the negative root.

Let x denote the width and y the length. Then 2x + y = 3000. The area is given by

A = xy = x (3000 — 2x) = —2x? 4 3000x. The quadratic function A = —2x? 4 3000x has a maximum at

b 3000
“oa —ﬂ = 750. Therefore, y = 3000 — 2 (750) = 1500. The dimensions are 750 yards by

1500 yards.

S = 2nr? + 2zrh. Substituting S = 100 and h = 3, we have 100 = 2xr? + 671, SO
7r2 4+ 37xr — 50 = 0. Using the quadratic formulawitha = 7, b = 37, and ¢ = —50, we find
o 8md Vo2 — 4(m) (-50) _ —3m + /717

2 o
approximately 2.76 inches.

~ 2.76. (We discard the negative root.) Thus, the radiusis
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We solve the equation 271 € + 4xr2 = 287 with £ = 4, obtaining 287 = 8xr + 4xr2, 4nr2 + 8nr — 28w = 0,
andr? + 2r — 7 = 0. Using the quadratic formulawitha = 1, b = 2, and ¢ = —7, we get
=22 /A A () —2+4V2
N 2 B 2
Thus, r = —1+ 24/2 ~ 1.83, and the radius of each hemisphereis approximately 1.83 ft.

= —1+ 24/2. Sincer must be positive, we discard the negative root.

Let x denote the increase in the radius. Then 10,0007 + 4400w = (100 + x)? 7. Rewriting, we have
14400 = 10000 + 200x + x2, x2 4+ 200x — 4400 = 0, and s0 (X + 220) (x — 20) = 0. Because x cannot be
negative, we discard the negative root and conclude that x = 20, so the radius had increased by 20 ft.

False. In fact both a and b must be nonzero.
True 93. True. 94. True.
.9  Inequalities and Absolute Value

Concept Questions page 62

1

Let a, b, and ¢ be any real numbers.

Property 1 If a <bandb < ¢,thena < ¢c. Example: 3 < 4and5 < 9,503 < 9.

Property 2 If a < b,thena+ ¢ < b+ c. Example: —6 < —2,50 -6+ 3 < =2+ 3; thatis, —3 < 1.

Property 3 If a < bandc > 0, thenac < bc. Examplee —7 < —2and 3 > 0, s0 (—7) (3) < (—2) (3); that is,
—21 < —6.

Property 4 If a < band ¢ < O, thenac > bc. Example: —7 < —2and —3 < 0, 0 (—=7) (—=3) > (—2) (—3); that is,
21 > 6.

a ifa>0
. The absolute value of anumber a isdefined as |a| = [ " - 0 The absolute value of a number cannot be
—a ifa<
negative.
. Let a, b, and ¢ be any real numbers.

Property 1 |—a| = |a]. Example: |-5| = |5] = 5.
Property 2 |ab| = IaIIbI Example' |(3)( Yl =13)I1(-4)| =12
_ =44
1B 3
Property 4 |a + b| < |a| + [b]. Example. 9+ (—4)| =1|5=5< 19+ |-4 = 13.

Property 3

Exercises page 62

1

The statement is false because —3 is greater than —20. See the number line below.

> X

—20 —30

2. The statement is true because —5 is equal to —5.
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12.

13.

14.

15.

16.

17.
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. The statement is false because § = 4 islessthan 2.
0
. The statement is false because —2 = — 33 is greater than —

. Theinterval (3, 6) is shown on the number line

below. Note that thisis an open interval indicated by
“ (l) ar]d “)l) i

. Theinterval [—1, 4) is shown on the number line

below. Note that thisis a half-open interval indicated
by “["" (closed) and “)” (open).

-1 4

. Theinfinite interval (0, co) is shown on the humber
line below.
— X
0

1
vk

6. Theinterval (—2, 5] is shown on the number line
below.

T~
A\
=

8. Theclosed interval [—g, —%] is shown on the

number line bel ow.

10. Theinfiniteinterval (—oo, 5] is shown on the
number line below.

. Wearegiven 2x + 2 < 8. Add —2 to each side of the inequality to obtain 2x < 6, then multiply each side of the

inequality by % toobtain X < 3. Wewritethisininterval notation as (—oo, 3).

We are given —6 > 4 + 5x. Add —4 to each side of the inequality to obtain —6 — 4 > 5x, so —10 > 5x. Dividing

by 2, weobtain —2 > X, s0 X < —2. Wewritethisin interval notation as (—oo, —2).

We are given the inequality —4x > 20. Multiply both sides of the inequality by —%1 and reverse the sign of the
inequality to obtain x < —5. We write thisin interval notation as (—oo, —5].

—12 < —=3x = 4 > X, or X < 4. Wewritethisin interval notation as (—oo, 4].

We are given the inequality —6 < X — 2 < 4. First add 2 to each member of the inequality to obtain
—6+2<Xx <4+ 2and —4 < x < 6, sothe solution set isthe open interval (—4, 6).

We add —1 to each member of the given doubleinequality 0 < x + 1 < 4to obtain —1 < x < 3, and the solution

setis[—1, 3.

We want to find the values of x that satisfy at least one of the inequalitiesx +1 > 4and x + 2 < —1. Adding —1to

both sides of the first inequality, weobtainx +1—1 > 4—1, sox > 3. Similarly, adding —2 to both sides of the
second inequality, weobtain x + 2 — 2 < —1 — 2, so X < —3. Therefore, the solution set is (—oo, —3) U (3, 00).

. Wewant to find the values of x that satisfy at least one of theinegualitiesx +1 > 2and x — 1 < —2. Solving these
inequalities, wefind that x > 1 or x < —1, and the solution set is (—oo, —1) U (1, 00).
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Wewant to find the values of x that satisfy the inequditiesx +3 > 1and x — 2 < 1. Adding —3 to both sides of the
first inequality, weobtain x +3—3 > 1 — 3, 0or x > —2. Similarly, adding 2 to each side of the second inequality,
weobtainx —2+2 < 14 2,s0x < 3. Because both inequalities must be satisfied, the solution set is (—2, 3).

We want to find the values of x that satisfy the inequalitiesx — 4 < 1and x + 3 > 2. Solving these inequalities, we

find that x < 5and x > —1, and the solution set is (—1, 5].

We want to find the values of x that satisfy the inequality

(X + 3) (x —5) < 0. From the sign diagram, we see that the given
inequality is satisfied when —3 < x < 5, that is, when the signs of
the two factors are different or when one of the factorsis equal to
zero. The solution setis[—3, 5].

We want to find the values of x that satisfy the inequality

(2x — 4) (x 4+ 2) > 0. From the sign diagram, we see that the given
inequality is satisfied when x < —2 or x > 2; that is, when the
signs of both factors are the same or one of the factorsis equal to
zero. The solution set is (—oo, —2] U [2, 00).

We want to find the values of x that satisfy the inequality

(2x — 3) (x — 1) < 0. From the sign diagram, we see that the given
inequality is satisfied when x > 1 and x < %; that is, when the
signs of the two factors differ or one of the two factorsis 0. The

solution set is [1, %’]

We want to find the values of x that satisfy the inequality
Bx—4)(2x+2) <0.

From the sign diagram, we see that the given inequality is satisfied
when —1 < x < ‘5‘, that is, when the signs of the two factors differ
or when one of the factorsis equal to zero. The solution set is

-14)

We want to find the values of x that satisfy the inequality

3
X+ > > 0. From the sign diagram, we see that the given inequality

issatisfied when x < —3 or x > 2, that is, when the signs of the
two factors are the same. The solution set is (—oo, —3] U (2, 00).
Noticethat x = 2 isnot included because the inequality is not
defined at that value of x.

—————————— 0 ++ Sgnofx—5
——0++++++++++ Sgnofx+3

X
-3 0 5

———————— 0 ++ Sgnof2x—4
—=—0++++++++ Sgnofx+2

X
—2 0 2

,,,,,,,, 0 ++ Sgnof2x—3
______ 0+ +++ Sgnofx—1

3 X
0 13

————————— 0 ++ Sgnof3x—4
- —0+++++++++ Sgnof2x+2

-1 0 1

Inequality not defined

-—0+++++++ Sgnofx+3
7777777 0 ++ Sgnofx—2

X

-3 0o 2
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We want to find the values of x that satisfy the inequality Inequality not defined
2x —3 . . . 2x —3
T 1 > 4. WereertethelnequahtyasX—H—420, P40 m—————— Signof —2x—7
fffffff 0+ +++ Sgnofx+1
2Xx—3—-4x—-4 —2x =7 . .
—— > 0,and > 0. From the sign diagram, x
x+1 -1 10

we see that the given inequality is satisfied when — < x < —1;

that is, when the signs of the two factors are the same. The solution set is [~ 4, —1). Notice that x = —1 is not

2
included because the inequality is not defined at that value of x.

We want to find the values of x that satisfy the inequality Inequality ot defined
-2 . . — .

X 1 < 2. Subtracting 2 from each side of the given inequality 40— Sign of —x
X—2 . T T—= 0+++ Signofx—1

and simplifying gives —— — 2 < 0, > x
x—-1 0 1

X—2-2(x-1 . . L - -

1 <0,and ) < 0. From the sign diagram, we see that the given inequality is satisfied when

X < 0orx > 1; that is, when the signs of the two factors differ. The solution set is (—oo, 0] U (1, co). Notice that
x = 1isnot included because the inequality is undefined at that value of x.

We want to find the values of x that satisfy the

2x — 1 Inequality not defined
inequality > < 4. Subtracting 4 from each side of the given

X+ ox — 1 ++0-—-—-—-—-—-—-—-=- Signof —2x—9
inequality and simplifying givesx—_|_2 —-4<0, o= 0++++ Signof x+2

X
2x—1-4 2 2X—1—4x — -2 -2 0
X X+ )<0, X X 8go,andfinally 2
X+ 2 X+2
—2x -9
X)iL > < 0. From the sign diagram, we see that the given inequality is satisfied when x < —% orx > —2. The

solution set is (—oo, —%] U (=2, 00).

|-6+2| = 4. 30. 44 |-4=4+4=8.
=12+ 4] |-§| 02-14 -12

= :2. 32. - :15-
116—12) |4 ‘1.6—2.4‘ ‘—0.8‘
V3l-21+3|-v3 = V3@ +3/3=5/3 3. |-1l+v2|-2| =1+ 2/2
[t -1 +2=m7w—-14+2=m+ 1. 36. [tr—6|—3=6—-71—3=3—mr.
VZ-1+[3-v2|=v2-1+3-V2=2

‘2&—3‘ _ \Jé—4‘ —2/3-3- (4—J§) =3/3-7.

False. Ifa> b,then—a < —b, —a+b < —-b+b,andb—a < 0.
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Fase Leta=-2andb=—3. Thena/b= =% =% < 1.

False. Leta = —2andb = —3. ThenaZ = 4and b? = 9, and 4 < 9. (Note that we need only provide a
counterexample to show that the statement is not always true.)
1 1 1 1 1 1

False Leta—= —2andb=—3. Then= = —=and = = —=, and —= < —=.

se Leta an en = 5 and o 3@ -5 < -3
True. There are three possible cases.
Casel: Ifa> Oandb > 0, thena® > b3 sincea® — b® = (a — b) (a® + ab + b?) > 0.
Case2: Ifa> 0andb < 0,thena® > 0and b3 < 0, and it follows that a® > b?.
Case3: Ifa <Oandb < 0, thena® — b® = (a—b) (a® +ab+b?) > 0, and we seethat a® > b. (Note that
a—b>0andab > 0)

. True. If a > b, theniit followsthat —a < —b because an inequality symbol is reversed when both sides of the

inequality are multiplied by a negative number.

X —al < bisequivdentto—b <x—a<bora—b<x <a+h.

[x —al > bisequivalenttox —a >bora—x > b;thatis x >a+bor—x>b—a;orx >a+borx <a-—h.
False. If wetakea = —2,then|—a| = |- (-2)| = [2| = 2 # a.

True. If b < 0, thenb? > 0, and |b?| = b2.

True. Ifa—4 <0,thenja—4=4—a=1]|4—al.Ifa—4>0,thenjd—al=a—-4=|a—4.

Fase Ifweleta= -2, thenjla+ 1 =|-2+1=|-1=1#|-2/+1=3.

Fase If wetakea=3andb=—1,then|la+b|=|3—-1 =2#]a]+|b|=3+1=4.

False. If wetakea=3andb = —1,thenla—b| =4 #|a]—|b|=3-1=2.

Simplifying 5(C — 25) > 1.75+ 2.5C, we obtain 5C — 125 > 1.75+ 2.5C, 5C — 2.5C > 1.75 + 125,
2.5C > 126.75, and finally C > 50.7. Therefore, the minimum cost is $50.70.

. 6 (P —2500) < 4 (P + 2400) can be rewritten as6P — 15,000 < 4P + 9600, 2P < 24,600, or P < 12,300.

Therefore, the maximum profit is $12,300.

If the car isdriven in the city, then it can be expected to cover (18.1 gallons) (20 g—’gH%) = 362 miles on afull tank.

If the car is driven on the highway, then it can be expected to cover (18.1 gallons) (27 g%j'%) = 488.7 milesona
full tank. Thus, the driving range of the car may be described by the interval [362, 488.7].

a. We want to find a formula for converting Centigrade temperatures to Fahrenheit temperatures. Thus,
C =3 (F—32) = gF — 1 Therefore, gF = C + 12, 5F = 9C + 160, and F = 2C + 32. Calculating the
lower temperature range, we have F = % (—15) + 32 = 5, or 5 degrees. Calculating the upper temperature range,

F= %’ (—5) + 32 = 23, or 23 degrees. Therefore, the temperaturerangeis5® < F < 23°.
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b. For the lower temperature range, C = g (63—32) = %5 A 17.2, or 17.2 degrees. For the upper temperature
range, C = g (80—32) = g (48) ~ 26.7, or 26.7 degrees. Therefore, the temperature range is
17.2° < C < 26.7°.

Let x represent the salesman’s monthly sales in dollars. Then 0.15(x — 12,000) > 6000,
15 (x — 12,000) > 600,000, 15x — 180,000 > 600,000, 15x > 780,000, and x > 52,000. We conclude that the
salesman must have sales of at least $52,000 to reach his goal.

Selling price 11,200

Let t the wholesale price of the car. Then ——————— — 1 > Markup; that is, —— — 1 > 0.30,
X represent the wholesale price of the car enWhoIesaIeprice > Markup Is, — >

11,200 . L
whence - > 1.30, 1.3x < 11,200, and x < 8615.38. We conclude that the maximum wholesale priceis
$8615.38.

We want to solve the inequality —6x2 + 30x — 10 > 14. (Remember that x is expressed in thousands.) Adding —14
to both sides of thisinequality, we have —6x? + 30x — 10 — 14 > 14 — 14, or —6x2 + 30x — 24 > 0. Dividing both
sides of the inequality by —6 (which reverses the sign of the inequality), we have x? — 5x + 4 < 0. Factoring this
last expression, wehave (x —4) (x — 1) < 0.

From the sign diagram, we see that x must lie between 1 and 4.
(The inequality is satisfied only when the two factors have different
signs.) Because x is expressed in thousands of units, we see that
the manufacturer must produce between 1000 and 4000 units of the 0 1 4
commodity.

———————— 0 ++ Sgnofx—4
-—0++++++++ Sgnofx—1

X

0.2t
t24+1

We solve the inequality > 0.08, obtaining 0.08t2 4 0.08 < 0.2t, 0.08t2 — 0.2t + 0.08 < 0, 2t2 -5t +2 < 0,

and (2t — 1) (t — 2) < 0. From the sign diagram, we seethat the =~  — - — — — — — _ 0 ++ Signofr—2

required solution is[%, 2], so the concentration of the drug is TT O Sgnof 2l

>

greater than or equal to 0.08 mg/cc between % hr and 2 hr after 0 % 2
injection.

0.5
We solve the inequalities 25 < 100 X < 30, obtaining 2500 — 25x < 0.5x < 3000 — 30x, which is equivalent

to 2500 — 25x < 0.5x and 0.5x < 3000 — 30x. Simplifying further, 25.5x > 2500 and 30.5x < 3000, so
2500

3000 .
X > 255 ~ 98.04 and x < 305 A 98.36. Thus, the city could expect to remove between 98.04% and 98.36% of

the toxic pollutant.

We simplify the inequality 20t — 40/t + 50 < 35t0 20t — 40/t + 15 < 0 (1). Letu = /I. Thenu? =t, sowe
have 20u? — 40u + 15 < 0,4u?> —8u+3 < 0,and (2u — 3) (2u — 1) < 0.

From the sign diagram, we see that we must have u in [% g]
—————— 0++ Sgnof2u—3

Becauset = U2, we see that the solution to Equation (1) is [% %]. -—-0++++++ Sonof2u—1

> U

Thus, the average speed of avehicleislessthan or equal to 0
35 miles per hour between 6:15 am. and 8:15am.

1 3
2 2
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10,000
t24+1

10,000 -
63. We solve 1 + 2000 < 4000, obtaining

% < 2000, 10,000 < 2000 (t2 + 1), and t? + 1 > 5. Rewriting,

wehavet? —4 > 0,0r (t — 2) (t +2) > 0. The solution of thisinequality ist < —2 ort > 2. Becauset must be
positive, we conclude that the number of bacteriawill have dropped below 4000 after 2 minutes.

136 136

>+ 28 > 128 or 5
1+0.25(t — 45) 1+ 0.25(t — 4.5)
136 > 100[1+ 0.25(t — 4.5)?], s0 136 > 100 + 25(t — 4.5)%, 36 > 25(t — 4.5)%, (t — 4.5)% <

2_51
(t—g)z—(g)zgo, [(t_g)+g] [(t-g)_g] <0,0r(t—33)(t—57) <0,

64. We solve the inequality

> 100. Next,

From the sign diagram, we see that the required solution is - ———0+++++ Sgnofr—3.3
[3.3,5.7]. Thus, the amount of nitrogen dioxide is greater thanor ~ — - — — — — — 0 ++ Sgnoft—5.7
equal to 128 PS| between 10:18 am. and 12:42 p.m. o 13 5o > 1

65. Theball’s height is 196 ft or greater when 128t — 16t% + 4 > 196, that is, 16t% — 128t 4+ 192 < 0. Simplifying and
factoring, thisis equivalent to the inequality t> — 8t + 12 = (t — 6) (t — 2) < 0. The solution of thisinequality is
2 <t < 6. We conclude that the ball’s height is greater than or equal to 196 ft for 4 seconds.

66. a. (5.6 x 10'1) (30,0000~ & 107,772, or 107,772 families.
b. (5.6 x 10') (60,000)~° ~ 38,103, or 38,103 families.
c. (5.6 x 10M) (150,000) > & 9639, or 9639 families.

67. Therod is acceptable if 0.49 < x < 0.51 or —0.01 < x — 0.5 < 0.01. This gives the required inequality,
|x — 0.5 < 0.01.

68. [x —0.1] < 0.0l isequivaentto —0.01 < x — 0.1 < 0.01 or 0.09 < x < 0.11. Therefore, the smallest diameter a
ball bearing in the batch can have is 0.09 inch, and the largest diameter is 0.11 inch.

CHAPTER 1 Concept Review Questions  page 65
1. a. rational; repeating; terminating 2. ab+a(@a+b)+ca0
b. irrational, terminates, repeats b. ba; (ab)c;1-a=a;1
c. ab+ac
3. a a —(ab)y=a(-b);ab 4. a. polynomia; x; degree; term; polynomial;
b. 0,0 coefficient
b. like
5. product; prime; X (X + 2) (X — 1) 6. a. polynomias

b. numerator; denominator; factors; 1; —1

c. denominator; fractions
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1
X
1

y

. a. equation

b. number

cax+b=0;1

. a. radical; bt/n

b. radical

The number % isarationa number and areal number.

. The number 2.71 is arational number and areal number.

9\¥* 92 27
‘\4) T B2 g
1 1

.3-H2=122=__ = —,
@4 122 ~ 144
16\¥%  r4\® 64
"\ 9 “\3) 27
J27 3

125 5

4(x2+y)3 2
=T _A(x24y)

X24+y ( y)

Review Exercises

12.

14.

10. a.

12. a.

. The number +/13 isan irrational number and areal number.

. The number —27 isan irrationa number and areal number.

56
QZ

8.

n factors

. 1; not defined

1
an

a"=b

. pairs

no

. red root

ax?+bx+c=0

. factoring; completing the square;

«— —b + +/b? — 4ac
o 2a

. The number 0 is awhole number, an integer, arational number, and areal number.

. The number 3.14159. . .isan irrational number and areal number.

56—4 — 52 — 25,

La-a-a--ee- a; base; exponent; power
—

10. (-8°° =[(-8"%)°] = (-2° = -32

18 (2.32)1/3 = 21/3.32/3

aGb—S aGb—S 8.15

" (a%72)7° T a 9% bl

(3:2%(4-3) 3.28.22.8% 271.35 1

2.93 2. 23 4
1/3

3 _ 3 @I F 2D
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J16x8yz _ (2X0y2)T" axBlayvaa o 18. (2x3) (—3x~2) (Lix-1/2 12
4’81xyz5 (34Xyz5)1/4 3x1/4y1/4z5/4 5 . ( X )(— X )(6 ) —X

32\ (BN () (3R) (A (3R) L a6 @ry)
4x3y 2x2 ) \4x2 2x ) ~ \ 3y 2x ) (9y?)(8x3) Y.
(—3a%0%)% (2a=b=2) ™ = 9abB - Lab? = Ja%ke,

YBIxByI0 Yaxy? — 3Y/3x5/3y10/3 . 32/3xL/3y2/3 _ 3232y _ gx2yA.

(_X1/2y2/3)6 B X3y X

x1/3y3/4 = X2y972 = yl2’

(3x* + 10x3 + 6x? + 10x + 3) + (2x* + 10x3 + 6x? + 4x)
= 3x* + 2x* + 10x3 4 10x3 + 6x2 + 6x2 + 10X + 4X + 3 = 5x* + 20x3 + 12x2 + 14x + 3.

(3x — 4) (3x? — 2x + 3) = 3x (3x2 — 2x + 3) — 4(3x2 — 2x + 3)

=0x3 —6x2 4+ 9x — 12x% + 8x — 12 = 9x3 — 18x? + 17x — 12
(2X + 3y)? — (X + 1) (2x — 3) = 4x2 + 12xy + 9y% — 6x2 4 7x + 3 = —2x2 + 9y? + 12xy + 7x + 3.
2(Ba+b)—3[(2a+3b)— (a+2b)] =6a+2b—3(2a+3b—a—2b)=6a+2b—3a—3b=3a—bh.

(t +6) (60) — (60t + 180) 60t + 360 — 60t — 180 180

(t + 6)2 - (t +6) T t+ 6?2

ex 1 C(6X)2(x+2)+ (3x*+2)  12x°+24x+3x2+2  15x% 4 24X + 2
2(3x2+2)  4(x+2 432 +2(x+2  4(X2+2)(x+2)  4(3X2+2)(x+2)
2( 4x ( 3 )_ & 9 B (Bx—1)+27(x*-1)  78x?—8x —27
3\2x2-1 x—-1) 3(2x2-1) 3x—-1  3(2x2-1)(Bx—-1)  3(2x2-1)(x-1)

2X +4ﬁ_—2x+4(x+1)_2(x+2)./x+1_2(x+2)«/x+1

IX+1 - IX+1 X +1UXx+1 X+ 1 '
—272r3 + 100712 = —27r2 (7r — 50).
203w 4 20w + 2v%0w = 20w (1)2 + w? + uz).

16 —x2 =4 —x?=(4—x) (4+Xx).

. 12t3 — 6t2 — 18t = 6t (2t —t — 3) =6t (2t — 3) (t + 1).

—2X2 —4x+6=-2(X*+2x—3) = —2(x + 3) (x — D).
12x? — 92x + 120 = 4 (3x? — 23x + 30) = 4(3x — 5) (x — 6).

9a? — 25b2 = (3a)? — (5b)? = (3a — 5b) (3a + 5h).
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. 8uBp3 4 273 = uB (8uv3 + 27) = ud[(2u)® + B3] = u (2uv + 3) (4u?v? — 6uv + 9).
. 6a*b*c — 3a3b?c — 9a%b? = 3a%b? (2a%b’c — ac — 3).

. B6x2 —xy —y? = (3x+Yy)(2x —y).

2X243x—2 (2X—1D(X+2) x+2
"2x245x—3  (2X—-1)(x+3) x+3

[((P+4) -] —(2—at+4) @) 2a3+8—a2-16—23+82—8 42-16 4(t?—4)

(t2 + 4)° (t2 + 4)? (t2+4)% (1244

2x—6 X2+6x+9 2(x—3) (X+3)(x+3) 2(x+3) _,

"x+3  x2—9  x+3 (x+3(x-3  x+3
X 32 X+ +33(x2+2)  3x*+3x+3x*+6x2  6x*+6x% 4 3x
X242 X341 (x2+2) (x3+1) (X242 (x3+1) (x2+2) (x3+1)

(23 +2x+1)
(X242 (x3+1)

1
1+X+2:x+2+1. X :x+3. X _ X
x—g X+2 x2-9 x+4+2 xX+3)x—-3) (xX+2)(x-3)
X

x(3x2+1)  x(3x2—5x+1) X+/3x2 + 1(3x? — 5x + 1)

x—1 x(x—1)(3x2+1)1/2= (x—1)?

. 8x%+2x —3=(4x+3) (2x — 1) = 0, so the solutionsare x = —3 and x =

Hlw
Nl

. —6x?—10x+4=0,3x +5x —2=(3x — 1) (x +2) = 0, andso x = —20or 3.

. 2x%2 — 3x — 4 = 0. Using the quadratic formulawitha = 2, b = —3, and c = —4, we have

= (=39 £V(-3?-4() (-4 3+/9+32 3+v4l
X= 22 = 2 - a4

. X% + 5x + 3 = 0. Using the quadratic formulawitha = 1, b = 5, and ¢ = 3, we have

— —5+/5?-4(1) @) -5+25-12 -5+13
- 2 - 2 - 2

. 2y2-3y+1=(@2y—-1)(y—1)=0andsoy=3orl

. 0.3m? — 2.1m — 3.2 = 0. Using the quadratic formulawitha = 0.3, b = —2.1, and ¢ = —3.2, we have

L —(2nx V(=212 -4(03)(-32) 21+ 4411384 214825 _
B 2(0.3) B 0.6 - 06

—1.2871 or 8.2871.

c=x3—2x% +3x = —x (X2 + 2x — 3) = —=x (X + 3) (x — 1) = 0, and so the roots of the equation are x = 0,
x=-3,andx = 1.
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. 2x* 4+ x? = 1. Let y = x? and we can write the equation as 2y + y — 1 = (2y — 1) (y + 1) = 0, giving y = 3 or
y = —1. We reject the second root becatise y = x2 must be nonnegative. Therefore, x> = 3 or x = i% = i@.
IX+2=3x-5s50-ix=-7adx = 14.

3p+1 2p=1_ 5P 6(3p+1)—4(2p—1)=5p, 18p+6—8p-+4="5p,5p+10=0,5p = —10,

2 3 12
and p=-2.
(X+2)2—3x(1—x) = (x —2)% Thus, x2 + 4x + 4 — 3x + 3x2 = x2 — 4x + 4, 3x? 4+ 5x = 0, and

X(3x +5)=0,andsox =00rx = —3.

3(9+1) 3g+1
4q-3  29+1
1292 + 129 + 3 = 1292 — 59 — 3,17 = —6, and q = — 2.

Check: M — Lo w _ 1 s0q = — isthe solution.

4(-%)-3 5 2(-f)+1 ¥

Vk=1=+2k—3,s0k—1=2k—-3and2=k. Check: vV2—1=1and+/2(2) —3=1,s0k = 2isthe
solution.

s03(29+1)(2q+1) = (30 + 1) (49 — 3), 3(492 + 4q + 1) = 129® — 5q — 3,

X =Xx=1 = /8x=3, 00X —2/X/X=1+x -1 = 4x — 3,

22X (X—1) =4x—2x+1-3=2x—2=2(x—1), - /X (X —1) = x — 1, X% — x = X% — 2x + 1, and thus
x=1

Check: +/4(1) — 3= +/1, so x = 1isthe solution.

20x
61. SolveC = 100—x" C (100 — x) = 20x, 100C — Cx = 20x, —Cx — 20x = —100C, x (20 + C) = 100C, and so
= 100C
- 204 C’
2ml rB(n+1)
62 r=—s0rBn+1)=2mland — = 1.
B(n+1) (n+1) 2m
63. —x + 3 < 2x 4+ 9. Adding x to both sidesyields 3 < 3x + 9, s0 3x > —6 and thus x > —2. We conclude that the

65.

66.

67.

solution setis[—2, co).

. —2<3x+1<7implies—3 <3x <6,0r—1< x < 2, and sothe solution setis[—1, 2].
Theinequalitiesx —3 > 2andx + 1 < —1imply X > 50r x < —4, sothe solution set is (—oo, —4) U (5, 00).
2x2 > B0isequivdenttox? — 25> 0,0r (x+5)(x -5 >0. _—_—__ ____ 0++ Signofx—>5
From the sign diagram, we see that the solution set is ——0++++++++ Sgnofx+5
—00, =5) U (5, 00). i i i > X
( ) U (5, 00) e
5-12 5-12| |-7] 7
—S5+7+1-2/=12|+|-2|=2+2=4 68. = = ==-=1
=54 7|+ |-2| = 2] + -2/ = 2+ ‘_4_3‘ —2 1]
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|2 —6| -7 =2 —6—7 =7 — 6. 70, ‘ﬁ—4‘+‘4—2¢§‘ - (4—J§)+(4—2J§)
=8-3/3.
Factoring the left-hand side of 2x? + 3x — 2 < O, wehave ~  _— _ _ _ _ __ 0 ++ Sgnof2x—1
(2x — 1) (x + 2) < 0. From the sign diagram, we conclude that the ——0+++++++ Sgnofx+2
given inequality is satisfied when —2 < x < % The solution set is L 01 *
1
[-2.]
Factoring the |eft-hand side of x? + x — 12 < 0, we have ——0+++++++++ Sgnofx+4
(X + 4) (x — 3) < 0. From the sign diagram, we conclude that thegiven - ---—-—-—-—-— 0 ++ Signofx—3
inequality is satisfied when —4 < x < 3. The solution set is[—4, 3]. . 5 ; > X
. 1 1-2x—-4 ,
X+2>29|V€Sm—2>0,x—_|_2>0,andf|na”y +4+4++0—————— Signof —2x —3
2% —3 -—0++++++++ Sgnofx+2
> 0. From the sign diagram, we see that the given inequality ; x
-2 —3 0

is satisfied when —2 < x < —3 The solution set iss (2, —3).

The given inequality |2x — 3| < 5isequivaentto —5 < 2x — 3 < 5. Thus, —2 < 2x < 8,0r —1 < X < 4. The
solution set is (—1, 4).

The given inequality |[3x — 4| < 2isequivaentto3x — 4 < 2 or 3x — 4 > —2. Solving the first inequality, we have
3x < 6,50 x < 2. Similarly, we solve the second inequality and obtain 3x > 2, so x > % We conclude that

2 < x < 2. The solution setis [% 2].
. . Xx+1 o . Xx+1 X+1 . . .
The given equation x + 1‘ = 5impliesthat either ﬁ =5o0r x + 1= —5. Solving the first equation, we

havex +1=5(Xx—-1) =5x —5, —4x = —6,and X = % Similarly, we solve the second equation and obtain
X+1=-5(x—1) = —=5x +5,6x = 4, and x = . Thus, the two values of x that satisfy the equation are x = 3

— 2
and x = 3.

=1 JX-1 K+l ()°-1 x—1 1
x=1  x—1 JX+1 (x-1(X+1) x-1(/X+1) JX+1

X2 Yx  ox X

SyB Ix IxyB  zIXY
VX—1  X—-1 X x—UX - 3 1-2Jx  3(1-2%)
2JX 22X X 2x 142X 1-2x 0 1-4x
x2 — 2x — 5 = 0. Using the quadratic formulawitha = 1, b = —2, and ¢ = —5, we have

(_ b b2—4dac - (-2 +(-2?-4(1) (-5 2+24
- )

- 2a 2(1) =1=/&.
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82. 2x? + 8x + 7 = 0. Using the quadratic formulawitha = 2, b = 8, and ¢ = 7, we have

—-8+464-56 —-8++8
o BEVHTR 8EVE_ 5403

83. 2(1.5C + 80) < 2(2.5C — 20). Simplifying, we obtain 1.5C + 80 < 2.5C — 20, so C > 100 and the minimum
cost is $100.

84. 12 (2R — 320) < 4 (3R + 240). Dividing by 4 and simplifying, we obtain 3 (2R — 320) < 3R + 240,
6R — 960 < 3R + 240, 3R < 1200, and finally R < 400. We conclude that the maximum revenue is $400.

CHAPTER 1 Before Moving On...  page 67
1.2(3x—22=3x(X+1) +4=2(9?—12x +4) —3x2 — 3x + 4 =18x2 — 24x + 8 — 3x2 — 3x + 4
= 15x% — 27x + 12 = 3(5x* — 9x + 4).

2. a x*=x3—6x2=x2(x2—x — 6) = x2(x — 3) (X + 2).
b. (a—b)z—(a2+b)2=[(a—b)—(a2+b)][(a—b)+(a2+b)]=(a—b—az—b) (a+a?—b+b)

= (—a?—2b+a) (@) (a+1).

3 2X + x—1 2X 4 x—1 XX+ + (X=X +1)
"3x2-Bx—2 x2—x-2 @Gx+1Hx-2 *x—-2(x+1) = X+DHEx-2(x+1
24 2x 432 -2x—1 5x2— 1

T+ (x—-2)(x+1) X+ (Xx-2(X+ 1)
. 8x2y~—3 -1 212 2 B g-1x—2y3 224 11 1
-\ 9x—3y2 2y3) 9 1x3y=2 32y6 2 xy  2xy’

r 252
5.2s= ——,5025(S+r)=r,28%+2sr =r,r (1—2s) =252, andr = .
S+r s+ + ( ) 1-2s

2-43 2-V3_ 4-4/3+3 7-4/3
2+V3 2-V3 22_(ﬁ)2 - 4-3

=7-4J3.

7. a 2x2+5x—12:O,so(2x—3)(x+4):0.Thusx:%orx:—4.

b. m? — 3m — 2 = 0. Using the quadratic formulawitha = 1, b = —3, and ¢ = —2, we obtain
. —(-3)£V(-3?-4(1)(-2) 3+.9+8 3+V17
B 2 N 2 B 2

8 VX+4—-/Xx-5-1=0,0/x+4—/x=-5=1,/X4+4=14+/X=-5x+4=1+2/X—-54+x%x—-5,
8=2/x—-54=./x—-5x—-5=16,and x = 21.

9. We want to find the values of x for which (3x + 2) (2x — 3) < 0. From ——0+++++++ Sgnof3x+2
thesign diagram, we conclude that the given inequdity is satisfied @ - —————— 0 ++ Signof2x—3

when —% < x < 2. Thesolution setis | —2, 2 ) !
3=*=732 32 0

w
[ST{o]
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10. |2x 4+ 3| < lisequivaentto —1 < 2x+3 < 1. Thus, -1 -3 < 2x < 1— 3, 0r —4 < 2x < —2. We conclude that
—2 < x < —1. Thesolution setis[—2, —1].
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