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FUNDAMENTALS OF ALGEBRA

1.1 Real Numbers
Concept Questions page 6
1. a. 4 (answer is not unique). b. 0
C. % (answer is not unique). d. +/3 (answer is not unique).
2.3=05 b. § =0.3333 c. m=3.1415...
3. a. The associative law of addition states thata + (b + ¢) = (a + b) +c.
b. The distributive law states that ab + ac = a (b + ¢).
4. a. No. Forexample, 4 — (2—-5)=4—-(-3) =7#(4-2)—-5=2—-5= -3, and
4 2 8 ,4/5_4 1 _2
5/_2=4(§)=§?5%=3'§=3-
b. No.
5. 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

2

13.

15.

17.

. The number —3 is an integer, a rational number, and a real number.
. The number —420 is an integer, a rational number, and a real number.
. The number 3 is a rational real number. 4. The number — 3= is a rational real number.
. The number +/11 is an irrational real number. 6. The number —+/5 is an irrational real number.
. The number 7 is an irrational real number. 8. The number % is an irrational real number.
. The number 2.421 is a rational real number. 10. The number 2.71828. .. is an irrational real number.
. False. —2 is not a whole number. 12. True.
True. 14. True.
False. No natural number is irrational. 16. True.

22X +Y)+z =17+ (2x +y): The Commutative Law of Addition.



18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

1 FUNDAMENTALS OF ALGEBRA

3X + (2y 4+ z) = (3x 4+ 2y) + z: The Associative Law of Addition.

u (3v + w) = (3v + w) u: The Commutative Law of Multiplication.

a? (b2c) = (ab?) c: The Associative Law of Multiplication.

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

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

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

—(2x+Yy) [— Bx + 2y)] = (2x 4+ Y) (3x + 2y): Property 3 of negatives.
0 (2a + 3b) = 0: Property 1 involving zero.

If (x —y)(x+y)=0,thenx =y or x = —y. Property 2 involving zero.
If(x —2)(2x +5)=0,thenx =2,0rx = —%. Property 2 involving zero.
Ifx(2x —9) =0,thenx =0o0rx = % 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
x -1 (x+3) 2x-1

. Property 2 of quotients.

at+b a—-b a+b ab a(@a+b)

. Properties 2 and 5 of quotients.

b "~ ab b a-b a—b
2 2y 2(3 2 2 . . o
. X+2y = X _X +ey, (X +Y) = X+ Y). Properties 2 and 5 of quotients and the Distributive Law.
3X+y 6x+2y 3x+y X X

a c ab+bc+c? ) o
—— 4+ - =————— Property 6 of quotients and the Distributive Law.
b+c+b b®+0) perty quoti istributive Law.

X+y y_ x*-y

—_— = ——— Property 7 of quotients and the Distributive Law.
Xx+1 x x(X+1) perty q

False. Considera =2and b = % Thenab =1,buta#1andb # 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.

False. Considera =3andb =2. Thena—b=3-2#b—-a=2-3=-1.

2

3

£

False. Consider a =3 and b = 2. Then % =

N w
[CRRey



1.2 POLYNOMIALS 3

41. False. Considera=1,b=2,andc=3. Then(a—b)—c=(1-2)—-3=-4#a—(b—-c)=1—-(2-3)=2.
. _ . _ a 1 3 ab 1/2 1

42. False. Considera =1,b=2,andc = 3. Then b/C_2/3_27é =3 &

1.2  Polynomials

Concept Questions page 12

1. a. No, this is not a polynomial expression because of the term of 2,/x in which the power of x is not a nonnegative
integer.

b. Yes

c. No. Itis a rational expression.

2. a. A polynomial of degree n in x is an expression of the form anx" 4+ an_1x"~1 + - .- 4+ a;x 4+ ag, where nis a
nonnegative integer and ap, as, . .., ap are real numbers with a, # 0. One polynomial of degree 4 in x is
x4 4+ 2x3 —2x2 —5x — 7.
b. One polynomial of degree 3 in x and y is 2x + 3y + xy + 4x2y + 6xy? + 6y (answer is not unique).

3. (@) 14+2b+b? b. a® — 2ab + b? c. a? —b?

Exercises page 12

1.3*=3.3.3.3=81 2. (-2)° = (-2) (=2) (-2) (=2) (-2) = —32.

() -6 6) -4 “ () - )-%

5 -3%—_3.3.3.3=_81, 6. — (—%)3 —_ (_g) (_g) (_g) =5
lURIOIOIORE S o () (1) - () (-8) -4

9. 2%.25 =28 = 256. 10. (=3)?- (=3)% = (-3)°> = —243.

11. (3y)? (3y)® = (3y)°® = 243y5. 12. (—2%)% (=2x)? = (=2x)° = —32x5.
13. 2x+3)+ (4x —6) =2x+3+4x—-6=6x—-3. 14 (-3x+2)—(4x —3) = —-3x+2—-4x+3 = —-7x+5.
15. (7x% —2X 4+ 5) + (2x2 + 5x — 4) = 7x2 = 2X + 5+ 2x> +5X —4 = TX? + 2x? = 2X +-5X +5—4 = 9x? 4+ 3x + 1.
16. (3x% +5Xy + 2y) + (4 — 3xy — 2x?) = 3x2 — 2x% 4+ 5xy — 3xy + 2y + 4 = X% + 2Xy + 2y + 4.

17. (5y2 =2y +1) — (Y2 —4y —8) =5y? =2y + 1 —y2 + 4y + 8 =5y —y2 — 2y + 4y + 1 + 8 = 4y? + 2y + 0.

18. (2x% — 3x +4) — (—=x® + 2x — 6) = 2x? — 3x + 4 + x? — 2x + 6 = 3x? — 5x + 10.
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37.
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1 FUNDAMENTALS OF ALGEBRA

. (24x3—3x2+1.7x—6.2) — (1.2x3+1.2x2—0.8x+2) = 2.4x> — 3x® + 1.7x — 6.2 — 1.2x> — 1.2x2 + 0.8x — 2
=1.2x3 - 4.2x* + 2.5x — 8.2.

- (1.4x3 —1.2x24+3.2) — (—0.8x3 —2.1x — 1.8) = 1.4x> —1.2x? + 3.2+ 0.8x3 + 2.1x + 1.8
=22x3—1.2x? +2.1x +5.
. (3x%) (2x3) = 6x°.
. (—2rs?) (4r%s?) (2s) = —16r3s°.
—2x (X2 = 2) +4x3 = —2x3 + 4x + 4x3 = 2x3 + 4x.
Xy (2y — 3x) = 2xy2 — 3x2y.
2m (3m —4) +m(m — 1) = 6m? — 8m + m2 —m = 7m? — 9m.
—3X (2x% + 3x — 5) + 2x (x2 — 3) = —6x3 — 9x? + 15X + 2x3 — 6x = —4x3 — 9x? + Ox.
3(2a—b) —4(b —2a) = 6a — 3b —4b + 8a = 6a + 8a — 3b — 4b = 14a — 7h.
2(3m —1) —3(—-4m +2n) =6m — 24 12m — 6n = 18m — 6n — 2.
(2x 4+3) (3x —2) = 2x (3x — 2) + 3(3x — 2) = 6x% — 4x + 9Xx — 6 = 6x? + 5x — 6.
(Br—1)(2r +5) =3r (2r +5) — (2r +5) = 6r2 + 15r — 2r — 5 = 6r2 4 13r — 5.
(2x — 3y) (3x + 2y) = 2x (3x + 2y) — 3y (3X + 2y) = 6x° + 4xy — 9xy — 6y? = 6x2 — 5xy — 6y2.
(5m — 2n) (5m + 3n) = 5m (5m + 3n) — 2n (5m + 3n) = 25m? 4 15mn — 10mn — 6n? = 25m? 4 5mn — 6n°.
(3r + 2s) (4r —3s) = 3r (4r — 3s) + 2s (4r —3s) = 12r%2 — 9rs + 8rs — 652 = 12r2 —rs — 6s°.
. (2m +3n) (3m — 2n) = 2m (3m — 2n) 4 3n (3m — 2n) = 6m? — 4mn + 9mn — 6n% = 6m? 4 5mn — 6n°.
(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 — 2.52y2.

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

(2x —y) (3x2 +2y) = 2x (3x% + 2y) — y (3x% + 2y) = 6x3 — 3x2y + 4xy — 2y2.

(3m —2n?) (2m? + 3n) = 3m (2m? + 3n) — 2n? (2m? + 3n) = 6m3 + 9mn — 4m?n? — 6n°.
(2x 4+ 3y)? = (2x)% + 2 (2x) (3y) + (3y)? = 4x? 4 12xy + 9y2.

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

(2u — ) (2u +v) = 2u)? — 02 = 4u? — 2,
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1.2 POLYNOMIALS 5
(3r +4s) (3r — 4s) = (3r)? — (45)> = 9r2 — 1652,

(x—1)24+3x—2(x2+1) +3=4x2—4x + 1+ 3x —2x? =2+ 3 =22 —x + 2.

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

2x4+3y)2 — 2y +1) (Bx —2) +2(x — y) = 4x2 + 12xy + 9y? — 6Xy — 3X + 4y + 2+ 2x — 2y

= 4X% + 6Xy + 9y? — X + 2y + 2.
(X —2y) (Y +3x)—=2xy+3 (x + Yy — 1) = xy+3x2—2y2—6xy —2Xy+3x+3y —3 = 3x2—7xy —2y?+3x+3y —3.
(P —2t+4) (22 +1) = (P -2t +4) () + (P -2t +4) (D) =2t" — 43 + 82 +t2 -2t +- 4

=2t4 — 43 4+ 9t2 — 2t + 4.

(3m? — 1) (2m? + 3m — 4) = 3m? (2m2 4 3m — 4) — (2m? 4 3m — 4) = 6m* + 9m3 — 12m2 — 2m? — 3m + 4
= 6m* 4+ 9m3 — 14m? — 3m + 4.

2X—{X—-X—2xX =D =2x—{X—X—2x+1}=2x—Bx = (=x+ D] =2x — Bx +x — 1)
=2X—(@4x—-1)=2x —4x+1=-2x+1.

3m—-2{m-=-32m-m-=5]+4}=3m—-2[m—-32m —m +5)+4] =3m —2[m —3(m +5) + 4]
=3m—-2M-3m—15+4)=3m —2(-2m — 11) =3m +4m + 22 = 7m + 22.

X={2X —[XxX=QA+X)]=x—-[2X—(—Xx=1=X)]=x—[2x = (—=2Xx = 1)] =X — (2x + 2x + 1)
=X—-4x—-1=-3x -1

M- +1l-x[Xx—@x—D]}+2=3*—[x2+1—-x(x —2x+1)] +2
=32 —[x?+1-x(—Xx+D]+2=3> - (x> +1+x2—Xx) +2=3x2—2x* =1+ x+2=x> + X + L.

(2x =32 =3(X+4H (X —H+2(x -4 +1=(2x)2-2(2x)(3) +32 -3 (x> —16) +2x —8 +1
=4x%2 —12x + 9 — 3x% + 48 4+ 2x — 7 = x% — 10x + 50.

(X =2y)2+2(X+Y) (X —3y) + X (2X + 3y +2)

= X2 — 2% (2y) + (2y)? + 2 (x? — 3xy + Xy — 3y?) + 2x + 3xy + 2X
= X2 — 4xy + 4y? + 2x% — 4xy — 6y2 + 2x2 4 3Xy + 2X = 5x2 — 5xy — 2y? + 2X.

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

=3[(x +2y)? — 3x — 2y)? + (2x — y) (2 + y)] = =3 [x2 + 4xy + 4y? — (9x2 — 12xy + 4y?) + (4x2 — y?)]
= —3 (X% +4xy + 4y? — 9x2 + 12xy — 4y? 4 4x% — y?)
= —3 (—4x? + 16xy — y?) = 12x? — 48xy + 3y
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1 FUNDAMENTALS OF ALGEBRA

The total weekly profit is given by the revenue minus the cost:
(—0.04x2 + 2000x) — (0.000002x3 — 0.02x2 + 1000x + 120,000)

= —0.04x2 + 2000x — 0.000002x3 + 0.02x2 — 1000x — 120,000
= —0.000002x3 — 0.02x2 4 1000x — 120,000.

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

The total revenue is given by (0.2t2 + 150t) + (0.5t2 + 200t) = 0.7t2 4 350t thousand dollars t months from now,
where 0 <t < 12.

In month t, the revenue of the second gas station will exceed that of the first gas station by
(0.5t +200t) — (0.2t? + 150t) = 0.3t2 + 50t thousand dollars, where 0 < t < 12.

The difference is given by 12 [(0.5t2 + 3t + 54) — (0.75t + 38.5)] = 12 (0.5t2 + 2.25t + 15.5) = 6t + 27t +
186 dollars/year.

The gap is given by (3.5t + 26.7t + 436.2) — (24.3t + 365) = 3.5t? + 2.4t + 71.2.

False. Leta=2,b =3 m=23,andn=2.Then23.32=8.9=72 # (2-3)t2 = 6°.

. True.

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

False. For example, p = x3 + x + 1 is a polynomial of degree 3 and q = —x2 + 2 is a polynomial of degree 3, but
p+g=x3+x+1+ (=x3+2) = x + 3 is apolynomial of degree 1.

.3 Factoring Polynomials

Concept Questions page 18

1. A polynomial is completely factored over the set of integers if it is expressed as a product of prime polynomials

with integral coefficients. An example is 4x% — 9y2 = (2x — 3y) (2x + 3y).

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

Exercises page 18

1. 6m2 —4m = 2m (3m — 2). 2. 4t* —12t3 = 4t3 (1 - 3).
3. 9ab? — 6a%b = 3ab (3b — 2a). 4. 12x3y° + 16x2y® = 4x2y3 (3xy? + 4).
5. 10m2n — 15mn? + 20mn = 5mn (2m — 3n + 4). 6. 6x*y — 4x2y? + 2x2y3 = 2x%y (3x? — 2y + y?).

7.3x(2x+1) =5(2x + 1) = (2x + 1) 3x —5). 8. 2u (302 + w) + 50 (3v? + w) = (3v2 + w) (2u + 5v).



1.3 FACTORING POLYNOMIALS

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

10. 4uv? (2u — ) + 6uv (v — 2u) = (4uv? — 6u?v) (2u — v) = 2uv (2u — v) (20 — 3u).

11. 2m? — 11m — 6 = (2m + 1) (m — 6). 12. 6x2 —x —1=(3x +1)(2x = 1).

13. x2 — xy — 6y2 = (x — 3y) (X + 2y). 14. 2u? +5uv — 1202 = (2u — 3v) (U + 4v).

15. x2 — 3x — 1 is prime. 16. m2 +2m + 3 is prime.

17. 4a? — b? = (2a — b) (2a + b). 18. 12x2 —3y? =3 (4x% —y2) =3 (2x — y) (2X + Y).

19. U202 — w? = (Uv)? — w? = (U — w) (UL + ).

20. 4a2b? — 25¢% = (2ab)? — (5¢)? = (2ab — 5c¢) (2ab + 5¢).

21. 72 + 4 is prime. 22. u? + 2502 is prime.

23. X2 + 6xy + y2 is prime. 24. 4u? — 12uv + 2 = (2u — 3v)2.

25. X2+ 3x —4 = (x +4) (x — 1).

26. 3m3 +3m2 — 18m = 3m (m? + m — 6) = 3m (M + 3) (M — 2).

27. 12x%y — 10xy — 12y = 2y (6x? — 5x — 6) = 2y (3x + 2) (2x — 3).

28. 12x2y — 2xy — 24y = 2y (6x2 — x — 12) = 2y (3x + 4) (2x — 3).

29. 35r2 41 — 12 = (7r — 4) (5r + 3).

30. 6Uv? + 9uv — 60 = 30 (2uv + 3u — 2).

31. 9x3y — 4xy® = xy (9x2 — 4y?) = xy [(3x)2 — (2y)?] = xy (3x — 2y) (3 + 2y).

32. 4uty — 9u2v® = u?p (4u? — 9?) = u?v [(2u)? — (3v)?] = u?v (2u — 3v) (2u + 3v).

33. x4 — 16y2 = (x2)2 — (4y)? = (x? — 4y) (x2 + 4y).

34. 16u — 9% = v (16u* — 902) = v [ (4u?)” — (30)2| = v (4u? — 3v) (4u? + 30).

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

36. 2x (x + y)% — 8x (x-i-yz)2 =2x [(x+y)2 —4(x+y2)2] =2 [(x+Y) —2(x +Y2) ] [(x +¥) + 2 (x + y?)]
=2x (y —x — 2y2) (3x +y + 2y?).

37.8m% +1=(2m)® + 1= (2m + 1) (4m? — 2m + 1).



38.

39.

40.

41.

42.

1 FUNDAMENTALS OF ALGEBRA

27m® — 8 = (3m)3 — 2% = (3m — 2) (Im? + 6m + 4).

x3 +64y3 = x3 + (4y)® = (x + 4y) (x? — 4xy + 16y?

)-

up® — 8u? = u? (1)6 — 8) =u? (1)2 — 2) (1)4 + 202 + 4).

8r3 —27s% = (2r)® — (3s)® = (2r — 3s) (4r2 + 6rs + 9s2).

23 46X +x2+3=2x (x2+3) + (x?+3) = (x> +3) (2x + 1).

rbs6 +8s% =53 (rbs% + 8) =s° [(r2s)3 + 23] =53 (r?s + 2) (rs? — 2r2s + 4).

4. 0% —qu 202 — 4=t 202 —4=2(u* —u2-2) =2 (u? + 1) (U? - 2).

45,

46.

47.

48.

49.

50.

51.

52.

53.

55.

57.

59.

61

63

ut —up? — 6t = (u2 - 31)2) (u2 + 21)2).

. ax? — (14 ab) xy + by? = ax? — xy — abxy + by? = ax (x — by) — y (x — by) = (x — by) (ax —y).

P+ Prt =P (1+4rt).

8000x — 100x2 = 100x (80 — X).

kMx — kx? = kx (M — x).

. R = 60,000 4+ 100x — x2 = (200 + x) (300 — X).

Vo Vo
V=Vt g Y0 sy
0573 =373 @13+

56.

58.

60.

62.

3ax + 6ay + bx +2by =3a (x +2y) + b (x +2y) = (x + 2y) (3a + b).

u =04 = (u2)? = (1) = (U2 — 0?) (U2 + %) = (U —v) (U + ) (U +02).

xP 433 —2x —6=x3(x +3) —2(x +3) = (x +3) (x3 - 2).

a?—b’+a+b=(@a—-by@@a+by+@+by=@+b)y@a-b+1).

—t3 4 6t% + 15t = —t (t? — 6t — 15).

6ux —4uy 4+ 3ox — 20y = 2U (3X — 2y) + v (3X — 2y) = (3x — 2y) (2u + v).

4u* 4+ 110202 — 30* = (4u? — 02) (U2 4 30?) = (2u — ) (2u +v) (U2 + 3v?).

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

au’+@+c)u+c=auv’4+au+cu+c=auU+1)+cu+1)=(@u+1) @u+c).

R = kQx — kx? = kx (Q — x).

—0.1x% 4 500x = —0.1x (x — 5000).

kb2 D®
2 3

_D(

k

2

D
3

)
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1.4 RATIONAL EXPRESSIONS 9

.4 Rational Expressions
Concept Questions page 25
a. Quotients of polynomials are rational expressions; 2x° +1
& i P "2 _3x 14

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

PR PS P -
2.a —;, —. b. +Q;u
QS RQ R R

Exercises page 25

X3 T X T 18y2 67
g XF12 _4(x+3) 4 g 12m—6_6@m-1) 2

"B5x+15 5(xX+3) 5 " 18m -9 9(2m-1) 3
g 67— _ x@&x-1) -1 6 8y? B 8y? 2y
©o6ex2 ex2 o 2x S 4yS —4y2 48y Ay(y2—y+2) YP-y+2
; X24x—-2 (X+2(x-1) x-1 8 2y2—y—-3 (2y—-3)(y+1) 2y-3
X243 42 X+2)(x+1)  x+1 T2y24y—1 (y-1(y+1) 2y—-1
9 x2 -9 . X=3)(x+3)  x+3 10 6y2+11y+3_(3y+l)(2y+3)_3y+1

" 2x2-5x—3  (2x+1)(x—3) 2x+1° " 4y2-—9 T (2y—3)(2y+3) 2y-3°

x3+y® (X +Y) (X% =xy +y?)

X=Xy +Yy Xe—=Xy+y
1 8r3—s3  (2r—s)(4r?42rs+s%)  4r?42rs+s?

T 2r24rs—s2 @r —s)(r +s) N r+s '

6x3 8 1 25y4 3y? .
18 — - — = =xX. 14, = . =2 _ 5,2

32 32 2 12y 5y &Y
15_3L3+ix4:3i3.&x5:2_x8:%)(2 16_6_)(5+4_X:6L5.7LS:%X5_

8x2 " 16x> 8x2 15x4 5x6 21x2 T 7x3  21x2  4x
17 3X '5x+10y_(3x)5(x+2y)_5_x 18 4y+12_3y+6_4(y+3)3(y+2)_12(y+3)
T X 42y 6  6(x+2y) 2 Cy+2 2y—-1 (y+2@y-1) = 2y-1
19 2Zm+6 3m+9 2(m+3) 6 f 3y—6 6y+24 3(y—2) 4Q2y+3) y-2

21

22.

3 6 3  3m+3 3 20'4y+678y+12_2(2y+3)'6(y+4)_y+4'

6r2—r—2 6r+12 (@r—-2)r+1)6(0+2) 3@r—2)
r+4  A4r+2  200+22@+1) 2

x2—x—6 2%—-x—-6 (X-3)(X+2)(2x+3)(x—2) x-3
2X24+7X+6 X24x—-6 (X+HIX+DX+3)(Xx—-2) x+3°
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23.

24. + = = .
6y2+13y+6 ~9y2—12y+4 By +2)(2y+3) (@By—-2)2y—3) 2y+3
s 2 N 3  2(x—1)+3(2x+3) 4x—2+6x+9 10x + 7
243 2x—1 (2x+3)@x-1) = (2x+3)2x-1) @x+3)2x-1)°
0p, X1 X+3 (X—D(xX—-1D—-(X+3)(x+2) 2x2—-3x+1-x2—5x—6  x?—-8x—5
" x+2 x—-1 xX+2)(x=1) N xX+2)(x=1) T X+2)(x=1)
27. 3 N 2 _ 3 N 2 _3¢x-D+2(x-3)
X2—x—6 x24x—-2 (X-=-3)+2) +2x-1) x-=-3)x+2)x-1
. X—=3+2x-6 5x —9
T X=X+ (x—-1) (x=3H+2x-1)
g 4 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)?
. X+ 27
(X +3)(x —3)%
- 2m N 3 _ 2m(2m? —3m +3) +3(2m? —2m — 1)
"2m2—-2m—1 " 2m?-3m+3  (2m2—2m —1)(2m2 —3m + 3)
_ 4m® —6m? + 6m +6m? —6m —3 4m3 -3
~ (2m2-2m-1)(2m2—3m +3)  (2m2—2m — 1) (2m2 —3m + 3)’
0 t 2t—1 t 2t —1 B t 1
Tt24t—2 2243t—-2 (t+2)(t-1) @(t+2)2t-1) (t+2)(t-1) t+2
_t=1(t-1)  t—t+1 1
S+t -1) (t+2)t-1) (t+2t-1)
s X +2x+3_ x_ 2x+3  —X(xX+D+2x+3 —x*—x+2x+3  x?—x-3
1-x x2—-1  x-1 (x+1)(x-1)  (x+DHEx-1) = (x+DHx-1)  (x+HEx-1)
2 24 1 22 2@+2@-2+a-2-2a@@+2) 2a°-8+a-2-28"-4a  3a+10
' a+2 a—-2 (@a+2)@-2) N (@a+2)(@a-2)  @+2@-2°
3 x x2 N 2 X(X+2)(x=2)=x2(x =D +2(x+2) x*—4ax—x34+2x* +2x +4
' X+2 x—2 X +2)(x—2) N X+2)(x —2)
o2 —2x 44 2(x2—x+2)
T X+ (x=2) (x+2)(x—-2)
3 Y +y—1_ 2y _ y +y—1+ 2y _y+y-Hoy-H+2yy+1
y2=1 y+1 1-y (y+DH@y-1) y+1 y-1 Y+ -1

1 FUNDAMENTALS OF ALGEBRA

k?—2k—3 Kk?—6k+8 (k—3)(k+1) (k—4k+2) k+1
kZ—k—6  k2—2k—8 (k-3)(k+2) (k—4)(k—2) k-2

6y2 —5y — 6 ) 6y2—13y+6_ (3y+2)(2y—3)_(3y—2)(3y—2) _3y-2

Yy 4YP-2y+1+42y242y  3y?+y+1
y+DH(y-1 yY+D(y-1




35.

36.

37.

38.

39.

41.

42.

43.

45,

1.4 RATIONAL EXPRESSIONS 11

X 2 3 X 2 3
1546 X -2 X im+2 G430+ -1 K+DX+2)
XX=2)(X+D+2xX+3)(X+1) —=3(x+3)(x—2) x> —x?—2x+2x2+8x +6—3x2 —3x +18

X+3HX+2)(x=2)(x+1) - X+3HX+2)(x=2)(x+1)
B x3 —2x% +3x +24

T XX+ =2 (x+1)°

2x +1 Xx+1 4 2x +1 Xx+1 4
27 —x—1 21+l XA —3 X +Dx-1) >X1Dx+D  x+3 =1
_ 1 1 n 4 =(2x+1)(x+3)—(x—1)(x+3)+4(2x+1)
x—1 2x+1 (x+3)(x—-1) x=D@2x+1)(x+3)
2P+ TXx4+3-x2-2x+3+8+4  x*+13x+10
- (Xx—=1)(2x+1)(x +3) T x—=1)@x+1)(x+3)
X y X y _ bx—ay

ax—ay+by—bx Ta(x—y) bx-y) ab(x-y)

ax+by ay—bx ax-+by ay — bx —y(ax +by) +x (ay —bx)  —by? —bx?
ax—bx+by—ay_x(a—b)+—y(a—b)_ —(a—b)xy ~ —(@a-b)xy
—b(X2+y2) b(x2+y2)
- —xy(@-b)  (@-bxy’
14 XL 242 ZA2
X _ _X :x+1. X :x+1 40 X _ _ x :2(x+l). X :2(x+1)
1_3 x—1 X x—-1 x-=1 -x—g X2 —2 X X2 —2 X2 -2
X X X
1 1 y + X
XY T yAx xy yx
L T xy=17 xy xy—1 xy—1’
Xy Xy
X y + X
Y Ty _X+y y? Ly
2y -x2 Ty =0 +x y-x
Ty Ty

2y Xy 0 -x 1 y—x

X+y X+y x2y2 X+y x2y2’

1 1 y3-x3
X3y x3 ¥ —x® xy (V=0 (Y Hxy+xY)  y24xy +x

T 1T 7y=X 773 y—x_  xHZy-x) X2y?
X Yy Xy

1 1 X —(X+h)
2(x+h) 2x  2x(x+h) h 1 1

h h T T2X(x+h) h 2Xxx+h)
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1 1 x2—(x+h)y?
(x+h)?2 X2 x2(x +h)2  x2—x2-2xh—-h% 1 2x 4 h
46_ = = 2 . — :—72_
h h X2 (X + h) h X2 (X +h)
2500  2.2x + 2500 2.2X + 2500
47222+ == = XJ; . b. The total cost is X (%) — 2.2X + 2500.
136 4 281 +0.25 (t — 4.5)2 —4.5)?
48 A 136 o8- +28[140.25( 2 )] _ 164+7( 45)2_
1+40.25(t — 4.5) 1+0.25(t — 4.5) 1+0.25(t — 4.5)
s p_ R R  R@A+D)"-R _R[@+D)"—1]
0 i@+ i@+ i@+
km hq  2km + 2cmq + hg?

50. A= — —
q +cm+2 2

1 1 1 d fo+ f1 —d fi+ fo—d
Bla—-—=—+—-— = =
i A A A it fifs
b. Taking reciprocals of both sides, we find f = &
fi+ fo—d
2 _
5 p— kT N ab B a _ KTV +ab—aV
V—-b V2(V-b) V(-b V2(V —b)

1.5 Integral Exponents

Concept Questions page 30

1. If a is any real number and n is a natural number, then the expression a" is defined as the number
a"=a-a-a----- a, where the number a is the base and the superscript n is the exponent, or power, to which the
e

n factors
_ . . 1
base is raised. For any real number a, a® = 1. If n is a negative number and a + 0, then a" = perd
2.a a™-a" =a™™". For example, 2x? - x’ = 2x?+7 = 2x°.
am y6
— gMm=n 1 1
b. o =a™". For example, 2_y3 =3y =35Y°
3
c. @™" =a™. For example, (24)” = 243 =212,

d. (ab)" =a" - b". For example, (3-2)* =3*.2% =81 .16 = 1296.

e an_an For example 35—35—243
'(b)_b“' Pe\2) =3 =32

Exercises page 30

2\* 16
_n3 _ _ _Z) ==
1. (=2 8. 2. ( 3) =T



13.

15.

17.

19.

21.

23.

25.

27

29

31.

33.

35

. (0.03)2 = 0.0009.
. 19960 = 1.
(abz)0 =1.

3 95
2°-2 — 23+5—4—9 — 2—5 _ 1 — 1 )
24.29 32

25

2-3.2-4

55 52 — 2—3—4+5+2 — 20 =1

8 6
. (2x—2y2)3 = 8x %y = X—{i

. (4x?y=3) (2x3y?) =8x~lyl = xi

3(2 2 2X6 3y2
(—x2y) (L) - _ Xiy — _2x2y5,

20203\ 7" 2w\t 3
3uo L3 ~ 2up?’

. (3x72)* (2x2)° = (27x76) (32x10) = 864x*.

10.

12.

14.

16.

18.

20.

22.

24,

26.

28.

30.

32.

36.

1.5 INTEGRAL EXPONENTS

(3)—2 116
4) T 29
(%)
—42=-16
2
g2 (21 4_ 5
3 9 9 9
(-0.3)72 = 11.1111.
(18 +25)° = 1.
(3x2y3)0 =1.
6-10%
——— =2-10% = 200.
3.102
-3 2 -3 29-3
4.27° 22270 227 sy,
2.472 5. (22)—2 2.274

-2

5-2.572 o2 _ 1
(F5e) =6 t=mt-

(—2x2) (3x~%) = —6x—2 = —X—Gz.

(3x2) (4x3)

o = 6x21+3—4 — 6x.

() = 17 @) =t =
udy8

(3u_10_2)_3 =333 = —

6
=2u"%8 = ZL

(%U—ZDS) (41)3)

uz
_1y2 2 (_1)_2)(—4 -2 4
-3
a-2 6 -
(2b2) = 75p5 b
36

(2‘1r3)_2 (35‘1)2 =22r63%s72 = P
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5x2 (3x72) 15x° 15x’

30.4x—2  4x—2 1

39.

41.

42.

43.

45,

46.

47.

48.

49.

51.

52.

53.

16 () 165 4 . (ax-1) ()2 It 4
22y—2 (1)—1)3 4l 40 (3&1—1b2)_2 _ 37%a%h*  gal
2 (%) %7 %S | (2a2p-1)7>  27%7%b% 97
2 (313 (4712 —2 y—29-3,~34-2,-2 1 1
(=2x)7°@Y) " (42)“ = (=2)"° x93y 471 =

—1)2 -1\3 2 _ 2y—243y-39—2,—2 _ 9-64 144
(3x74)" (4y™h)" (22)7° = 3°x 4%y 32742 = 2 = Ay

10

(a2673)” (a7%0?) =a*hCa® " = .
- (5u20-3) 7.3 (2u202) 7 = 5-Lu2933. 22y —dpt = _ O
20uby

[ /a—2p-232]7t 271 -1
a?h—? (L (L)~ gazs.
3a—1b? 3ab* 9a2h8

y12z36

x 24

2,-3,-4\ —27°

22u3p—3 42y

2,=2,2\ "2 s22,5\?
(3 uv ) (3 v ) = (32272u75p5) 2 (3242p5u~1)? = 34240105~ 103%4~4y 10y =2 = 24y

256y8

)
22x~2y" 2 2 9-2,-5,2\4 _ 08 —8,-20,8
[(‘W) = (2283 =20 Y =

4.27-16x2y322 ~ 1728x2y3z2°

1, 1-x 1 1 y-=x
x~141 l—i-l 1+x  14x x4yt 1 1 Y+X o oy x
X X y Xy
1 1 v—Uu
u_l—o_lza_;_ uw _v—u 1 zi
v—Uu v—Uu v—Uu uo v—Uu uo
1 1
(UD)_l_E:E_i.UUzl
u=l 41 1, 1 v+U w v4+u o+u
u o uo
. 1 1 b+a
at—b'\7 al4+bl FTy g b+a
a—l4p-1 al—p-1~" 1 1 b—-a p-a
a b ab

8
u
8,0 — 4

16
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e L e B ) B = ) ) <b2aib;>2'

55. False. For example, ifa =2, b =3, m = 2, and n = 3, then a™b" = 22 . 33 = 108, and this is not equal to

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

(ab)™ = 6% = 46,656.
m 13

= _1 whereas
bn T 22 T 4

B -3

57. False. For example, ifa = 1, b = 2,and n = 2, then (a +b)" = (1 +2)? = 32 = 9, whereas

a"+b" =12 422 =5,

1.6  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 is the set of all solutions to the equation.

One example: 2x = 3 is an equation. Its solution is x = % because 2 (%) =3.

5x . . L 5.4 20
Another example: 5 = 10 is an equation. Its solution is X = 4 because - =35 = 10.

2. alfa=b,thena+c=b+canda—c=b—c. Example: Ifa=2,b =2,and c = 3, then
at+c=2+3=5=b+canda—-c=2-3=-1=b-c.

b. Ifa:bandc;éo,thenca:cband%:g. Example: Ifa=2,b=2,andc =4,thenca=2-4=cbhand

a 2 b

c 4 ¢
3. A linear equation in the variable x is an equation that can be written in the form ax + b = 0, where a and b are

constants with a # 0. Example: 3x + 4 = 5. Solving for x, we have 3x = 1,50 x = %

Exercises page 35

3x =12 2. 2x =0
330 =312 320 =30
X = 4_ X = 0.
03y =2 4, 2x +5=11
35 (03y) =55 () 2x =6

y: X:3.

o8 g
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5. 3x4+4=2
X+4—4=2-4

X =-=-2
1) =1(-2
2
X = -3
7. -2y 4+3=-7

—2y+3-3=-7-3

—3 (=2y) = -3 (-10)
y =5.
0. tp—3=—-3p+5

15(4p—3) =15(~4p +5)
3p — 45 = —5p + 75
3p — 45+ 45 = —5p + 75+ 45

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

04-03p=0.1p+0.4
04—-03p—-04=01p+04-0.4
—0.3p=0.1p
—03p—-0.1p=0.1p—-0.1p
—04p =0

p=0.

6. 2-3y=8
2-3y—2=8-2

-3y =6
() on=(-)s
y=-2
8. tk+1l=3k—2

12 ($k+1) =12 (3k-2)
4k + 12 = 3k — 24
Ak 412 — 12 = 3k — 24 — 12
4k =3k — 36
4k — 3k = 3k — 36 — 3k
k = —36.

10. 3Im+2=3-0.2m
3Im+4+2-2=3-02m -2
3.1m =1-0.2m
3.Im+0.2m =1-0.2m 4 0.2m

3.3m =
= (3.3m) = 55 (1)
1 1 10 10
M=33=33 10— 3

12, %k+4=—2(k+%)
k+4=-2k-2

3(%k+4):3(—2k—%)
K+12 = —6k — 2

7k = —14
k=-2.



13 fk+D=F(@k+4)
12(k+1) =52k + 4)
12k + 12 = 10k + 20

2k =8
k =4.
%=1 | 3x+4 _ 7(x+3)
15. T+ =

60 (252 + 254) = 60| 1452 |

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.

17. I2x—3(x—4)] =3 (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 +36 = —-20
—7x = —56
X = 8.
19. (2x + 1) — (3x — 2)> =5x (2 — X)

(4x2 4+ 4x + 1) — (9x® — 12x + 4) = 10x — 5x?
A%%2 +4x +1 — 9x2 + 12x — 4 = 10x — 5%2
—5x2 4 16x — 3 = 10x — 5x2

16x — 3 = 10x
6x —3=0
6x =3

1

X ==,

2

1.6 SOLVING EQUATIONS

45m — 60 4+ 4m = 210 — 5m

54m = 270
270
m =%z =5.
16. w—1 + w+l . _ w+l

3 6
12 (25t + o) = —12 (282)

d(w-1)+3w+)=-2(w+1)

N

4w —44+3w+3=-2w-2

18. 1[2-3(x +2)] =%[(—3x+1)+%x]
4(2—3x—6)=3(—3x+1+%x)
4(=3x — &) =3(-gx+1)

—12x —16 = —¥x +3

9
_EX =19
38
X =-3.
20. x [(2x — 3)? 4 5x?] = 3x? (3x — 4) + 18

X (4x% — 12X + 9 4 5x?) = 9x® — 12x2 + 18
X (9x? —12x +9) = 9x3 — 12x% + 18
9x3 — 12x? + 9x = 9x® — 12x* + 18
—12x% +9x = —12x* + 18
9x =18

17
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1.8 o 2 112 5
X X X
8 = 24x 3_5%
1 X
3 =X 3 = 6X
1—X
5 =X
23 2 _4 2 1 o
y—1 X+3
2=4(y—1) 1=0.
2—4y—4 But this is impossible, and so there is no solution.
6 =4y
3_
2 =
2x—=3 2
5(x +1) (ZXX;f) =5(x +1) (%) Gr—1) (3rr_1) —4@3r—1)
5@x —3)=2(x+1) r=12r —4
10x — 15 = 2X + 2 4 =11r
10x = 2x + 17 =T
8x = 17
17
X=3.
2 3 y 2 4
27. 1= 32 28. : y+1_3(y 3)
@-0@-2(—5)=0-Da-2 () 30+1(I-22)=30+n[5y-3)]
q-—1 q-—2 3 y+1 3
@-22=@-13 Y+Dy-6=@(y+D(y-3)
20 —4=3q—3 y24+y—6=y2—-2y-3
—4=q-3 y—6=-2y—-3
-1=q. y=-2y+3
3y =3

y=1.



1.6 SOLVING EQUATIONS 19

k-2 3k k+3 x-1_ 2x+1

2. —— — — = 30. =
4 4 k x+2 3x+1
1 k+3 2x —1 2x+1
-5 =— X+2)BX+D——=)=Bx+2)(Bx+1
2 K (X+)(X+)(3x+2) (3% + )(X+)(3x+1)
—k =2k +6 Bx+1)2x—-1)=Bx+2)(2x +1)
—3k =6 6x2—Xx —1=6X2+7X + 2
k=-2 X —1=Tx+2
—X=7x+3
—8x =3
3
X=—§
m—-2 2 m+3 4 2
3L m Tm m-3 32 X(X—=2) x-=2
2 2 m+3 4 2
1—-—+—= - — | = - —
o m-3 -3 | =xe-2 (5)
m+3
1:m—3 4 =2x
m-3=m+3 2 =X.
_3-3 But the original equation is not defined for x = 2, so

. . . . there is no solution.
which is impossible. Thus, there is no solution.

|
33. | =Prt,sor = —.

Pt
34.ax+by+c=0,soby=—ax—c.Thus,y:_a);_cz—%x—%
35, p=—-3q+1,5-3q=p—1 Thus, g = 2L = _Lp41

. p=-30+1s0-3g=p—1 US,Q—_—S——gp-I-g-
kuo ws?
3611):5—2, W—U.
R —Ro
37.R:R0(1+aT),soR:Ro+aR0T,aR0T:R—Ro,andT:aT.
0
38 iS—R[(ljti)“—l]soR—i—S
T ’ A+ =1

iS
A+DH[A+DH" =11

39.iS=R(@L+i)[L+i)"—1],s0R=

a
4O.V:X—;_(b,soV(x-i-b):ax,Vx+Vb:ax,Vx—ax:—Vb,x(V—a):—Vb,and

Vb Vb
~ V—-a a-V’
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Cn
:CC_W
n
V_C:_W
n:—%W—C)
N
:E(C_V)'
2. :x+10
X+4

p(x+4)=x+10
px +4p =x+10
px —x =10 —4p

X(p—1)=10-14p
e 26=2p)
p—1

1
45, =10(1-
y ( 1+2x)
_101+2x-1)
- 14+ 2x
20x

T 1+ 2x
y (14 2x) = 20x

y + 2yx = 20x
y = 20x — 2yx
=2x(10—-vy)
y

X=—".
2(10—-vy)

2. po_2ml
B(n+1)
rB(n+1) =2ml
_rB(n+1
= T )
2ml
44, =
"B+
rBn+rB =2ml
rBn =2ml —rB
n_2m|—rB
o rB
1 1 1
46, — = — + —
f p q
1_1 1
p f q
_q-f
=g
__fq
=q=7



a7 1_1,1 d
f p g pq
1 4d_1 1
a pg f p
1 —
_(1_9)=p_f
q p fp
(50 ="
q p fp
1 p-—f p
q fp  p-—d
_ b f
f(p—d)
_fp-d
q_ p_f .
49. | = Prt,sot = % If | =90, P = 1000, andr = 6% = 0.06, thent =
50.
21.11°C.
51 S a a + bt
t
2.V =
5 X+b
Vb Vb
T V-—a a-V’
C-5 St t
53.a.V=C—(T)t,SOV—W=C(1—N)andC

55.

56.

1.6 SOLVING EQUATIONS

1 1 1+1
R Ri Ry Rs
1 1 1 1

R R R; Ry
RiR, — RRy — RR;
RRiR,

RR1R;
~ RiR,— RR; — RRy’

90
(0.06) (1000)

= 1.5, or 1.5 years.

21

F=2C+32,502C=F-32andC = 3 (F —32). If F =70, then C = 3 (70 — 32) = ¥ ~ 21.11, or about

b. If N=51t=23,S =40,000, and V = 70,000, we have C =

a.

b

a (1.4 x 10%) (30,000)~2 ~ 155,556, or 155,556 families.

b

a
=—+b=T,sotS=a+bt,tS—bt=a,(S—b)t=a,andt=—.

S—b

i,soV(x—kb) =ax, Vx+ Vb =ax, Vx —ax = =Vb, (V —a)x = —Vb, and

NV — St
. N B NV — St
= =N
1— —
N
70,000 (5) — 40,000 (3) 230,000

5-3

$115, 000.
R=— — sor=R@1—T)
=TTt = '
Herer = 0.06and T = 0.020, 50 = 0.06 (1 — 0.20) = 0.048 or 4.8%.

. (1.4 x 10') (60,000)~2 ~ 38,889, or 38,889 families.

c. (1.4 x 10'%) (150,000)~2 ~ 6222, or 6222 families.

a.

2
02 =Uu? 4 2as,s02as =02 —u?anda =

. Ifo =88,u=0,ands = 1320, we have a =

v°—Uu

2

2s

(88)2 — 0

2 (1320)

=1 or approximately 2.93 ft/sec?.

= 115,000, or
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a1 andt = 22¢ _1_ .
24 +

t+1 t+1 ¢ 24c 24c 24c — a
57.a.c= , = =
24 a a a a
b. Here a = 500 and ¢ = 125, so the child’s age is t = 232)=5% — 5 or 5 years.

8. aT= WER so(t+4.1)T =0.8t,tT +4.1T =0.8t,0.8t —tT =4.1T, (0.8—-T)t = 4.1T, and
( 41T
T 08-T°
b. If T = 0.4, then the time taken ist = H = 4.1, or 4.1 hours.

1.7  Rational Exponents and Radicals

Concept Questions page 44

1. If nis a natural number and a and b are real numbers such that a" = b, then a is the nth root of b. For example, 3 is
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 n is odd, it is the
unique nth root of b. The principal 4th root of 16 is 2, and the principal (and only) 3rd root of 8 is 2.

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

the denominator. For example, 1 _1\/6 = 1 —1¢3 . iiﬁ = 1;_? = —% (l + «/6)
Exercises page 44
1. /81=09. 2. =27 =-3.
3. /256 = 4. 4. =32 =-2.
5. 162 = 4, 6. 625Y4 =5,
7. 823 =22 =4, 8. 322/ =22 =4,
9. —251/2 = _5, 10. —16%/2 = —43 = —64.
11. (—8)%/% = (=2)* = 4. 12. (—32)%° = (-2)% = -8.

AL) 3/2 3 97
3. (= = . 14. 2 = 3 = .
9 3 25 5 125

271\??  [(3\* 9 s \3

15. (3) - (§> == 16. (—m) =-L
1 1 1 1 1
-2/3 _ _ _ = -1/4 _ _— _ —
7.8 = op=mn=7 18 8171 = oy = o



19.

21.

23.

25.

26.

27.

29.

31.

33.

35.

37.

39.

40.

41.

43.

45.

47.

49,

27 —1/3_ 38 1/3_ 2
8 - 27 3

31/3 . 35/3 — 3(1/3)+(5/3) — 32 =09, 22 26/5 . 2—1/5 — 2(6/5)—(1/5) — 21 =2
32 1 1 oy M4 _ 1 1.1
352 32 g " 3-1/4 T 3-1/4+5/4 — 31 — 3’
o—1/2 . 32/3  3(2/3)+(1/3) 31 3

23/2.3-1/3 — 2G/D+(1/2) — 22~ 4

1/3 —2/5

44 — 4(1/3)=(2/5)—(2/3) _ 4(5-6-10)/15 _ 4—11/15 _ 1

42/3 411/15°
(28/2)* = 23/24 = 26 = 64, 28. [(-3)3]° = (-3)2/% = 323,
x2/5 . x=1/5 _ x1/5 30, y=3/8. yl/4 — y(=3/8)+1/4) — y-1/8 m_
3/4 7/3
X )@+ _ 30 X @32 _ 133
x—1/4 : C =2 '

—-2/3 X9 —-2/3 x—18/3
S \=-27 1

%3
—27x—6

27x—3y?2 1/3 3x—1y2/3 3y7/3
' (gx—zy—5) T 2x—2By-53 T 13

x—3 1/2 y\32 x—3/2y3/2 B y5/2
=) Q) =T =
x2/5 (x2 _ 2x3) — x12/5 _ oy 17/5.

2p3/2 (2p1/2 _ p—l/Z) — 4p2 _ 2p

1.7 RATIONAL EXPONENTS AND RADICALS

27

A

(N 4 pén
36 _ _ r12n—20
) r5-2n T r20-8n T '

38. s1/3 (25 — st/4) = 2543 —s7/12,

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

N B3 BN}

Y= -1 () @ = -

V16x2y3 = \/42x2y2y = 4xy /Y.
Ymon3pl2 =
JVe =3

(mZ)3 n3 (p“)3 = m?np*.

42. /45 = /37 .5 =35

44, —Y48 = —J24 3= -2Y3.

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

48. J=27p2q3r% = J(~1) (32) p2q3r3r = —3qrJ/per.

50. V49 = ¥/0.
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51.

53.

55.

57.

59.

61.

62.

63.

65.

67.

69.

71.

73.

75.

1 FUNDAMENTALS OF ALGEBRA

S X = X 52. v—v/x3 = ¥/—x3 = —¥x.
2 520 g 3 5_35
V3 V3 3 V5 V55
3 X3 56 o VXY _ 3V
2/ X 2 CUXY XY Xy
2y V3 _ 3y, 5x2.\/§_5x2 3x_5x
NETRIVE TR VR A VR T R
1 x2 X2 I 60 2X V22X Y Y2y
FC Wy oy
) 1_@_2(1—J§)_2(1—J§)_
1+43 1-43  1-3 -2 =v3-1
1-V2 1+v2  1-2 =-3(1+v2)
2
142 1442 (1+2) 2
1-v2 1+2  1-2 =-(1+v2)"
9++2) (3++2
o4z 322 L) 4o, o) (54ve) - (v varovaed
=1 (29+12v2).
g JI+1_ a(/a+1 o Y X (WX =)
A-1 @+l a-1 RN SN A T
y VxiZ  yJxiZ  yVxz? I .m_me_me_Zm
K I B xz S Yxy? Ixzy  Ux3yd oxy oy
6 _4 V3_483 - _ﬁ__%_f?.@_f_ﬁ
3 /3 B 3 "N3T T A A 8
22 I Y18 o of8L_VBL 393 2 _3Y3V2 _ 36
3R TR 3 V7 T 4«3/2_2%_2_2'
3 V3 V2 _ 6 o Y XXy
22 2 2 X N4 T 2
Joyr oy VFE Y8y s j@_%eﬁ Y6 a¥3 ¥ a¥d
3B ¥E s V2T Ve b Y2 b b




7.

78.

79.

80.

81.

82.

83.

85.

1.7 RATIONAL EXPONENTS AND RADICALS

1 _l4a 1+4a Ja_Ja(l+a

ATVTT AT AR AT a

X e Xy Yy Y VXY YX oy

Aoy VTV RSy TRy Koy Koy x—y

Y W) (VR VY XXX Y XY
VXA V=Y (VX +9) (VX = 9) X—y X=y

a aZ—b? a’—(a®—b%) b2 a?—b? b’va?—b?

a2—2 a  a/az-b0? aval-bZ JaZ-b2 a(aZ-b?)’
D2+ x+ )2 = L x+ D 2R+ ) +x] = L (x + D)Y2 (3x +2) = —W

X2 (x + )3 4+ IxXV2 (x +y) 728 = Ix M2 (x + y) 2B [3(x + y) + 2x]

1 (14 xM3)xY2 — Ixl/2. x=2/3  Ly-1/24 1y-1/6 _ 1y-1/6 ~ 1x-1/2 4 1x-1/8 ~ 1x-1/2 (3 4 x113)

5x+3y  xM2(x+y)Y3(5x +3y)

= x1/2 x+y)32R 6X (X +Y)

(1+x23)7

(L+x113)° (L+x113)° (L+x113)°
3+ x1/3

2 (14 x33)7

X2+ 2= 2 x4y X2+ )T (x+y) —x] y
X+y B X+y 22 (x 4 )2
Vax+1=2 86. v2x —3=3
X+1=4 2x—3=9
3x =3 2x =12
x =1. X =6.

Check: v3() + 1= 2.

Yes, x = 1 is a solution.

Check: /2 (6) =3 = 3.

Yes, X = 6 is a solution.

25
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87. VkZ—4=4—k 88. V4k2 —3 =2k +1
k? —4 =16 — 8k + k? 4k2 —3 =4k? + 4k +1
—4 =16 — 8k 4k = —4
8k = 20 k =—1.
k=%2=3 Check: V4 (=12 —3=1#£2(-1)+1=—1.

Therefore there is no solution.

89. vk+ 1+ vk =3vk 9. VX+1-X=4x-3
VKk+1=2vk X+1—-2V/Xx2+Xx+x=4x—3
k+1 =4k “2UX2 4 x=2x—4=2(x—2)
3k =1 VXZ4X = =X +2
k=1 X2+ X =x2—4x +4

Check: ,/3+1+f_3\/— 5x =4
ﬁ%ézf ; x=4

?
=3 .

—1; i 9 4 7
Yes, k = 5 is a solution. \/;_ \/;

Yes, x = # is a solution.

O
=
@
)
L
SIS
+
I
[$/F-N
|
~
SIS
I
w

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

50 — 2 50—
92 x =10 20 —P . 2P 1X00 . P x2p = 100(50 — p) = 5000 — 100p, x2p + 100p = 5000,
5000
100) p = 5000, and -
(x2 +100)p = P==3 100"
93. True 94. False 95. True 96. False

1.8 Quadratic Equations

Concept Questions page 52

1. A quadratic equation in the variable x is any equation that can be written in the form ax? + bx + ¢ = 0. For
example, 4x? 4+ 3x — 4 = 0 is a quadratic equation.



2.

1.8 QUADRATIC EQUATIONS 27

. L b c - . .

Step 1 Write the equation in the form x2 + ax =3 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.

. o 2 41 1
Step 2 Square half of the coefficient of x. Continuing our example, 5) =5 15%
Step 3 Add the number obtained in step 2 to both sides of the equation, factor, and solve for x.

2

Continuing our example, x> + 3x + 3 = 1+ 3, so (x + %) = /2, and therefore

x=—-}+4/10=4(-1%V10).

. . —-b++b2—-4ac . . .
. The quadratic formula is x = — Using it to solve 2x2 — 3x — 5 = 0 for x, we substitute a = 2,
—(=3)£V(=3)2—4(@)(-=5) 3++/49
b = —3, and ¢ = -5, obtaining x = = \/(2 (2)) e — Simplifying, the solutions are

x=3andx = —1.

Exercises page 52

1

2.

10.

12.

13.

14.

15.

X+2)(x—3)=0.Sox+2=00rx —3=0; thatis,x = —-2o0rx = 3.

Herey —3=00ry—4=0,andsoy =3o0ory =4.

X2 —4=(x—=2)(x+2)=0,50Xx =20rx = —2.
.2m2—32=2(m?—-16) =2(Mm+4) (M —4)=0,s0m=—4orm =4,
X4 x—12=(X+4)(x—3)=0,50x =—4orx =3.

32 —x—4=(03x—-4)(x+1)=0s0x=—lorx = 3.

A2 42t —2=2(t+1)(2t-1)=0,s0t=—lort=3.

. —6x? + x + 12 = 0 is equivalent to 6x? — x — 12 = 0. Factoring, we have (3x 4+ 4) (2x —3) = 0, and s0 X = —%
orx = 3.

. #x%2 —x + 1 = 0is equivalent to x? — 4x +4 = 0, or (x — 2)> = 0. So x = 2 is a double root.
$a?+a—12=0isequivalenttoa® + 2a —24 = 0,or (a +6)(a —4) = 0,andsoa = —6 ora = 4.

. Rewrite the given equation in the form 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 S0 x = %
orx =—3

=—3.

4x2 -9 =(2x)? =32 = (2x +3)(2x —3) =0,andsox = —3 or x =

Nlw

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

z(2z+1) = 6isequivalentto 2z2 +z — 6 = 0,50 (22 — 3) z +2) = 0. Thus, z = —20rz = 3.
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16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

1 FUNDAMENTALS OF ALGEBRA

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

m=-3.
X2+ 2x 4+ (1)2=8+1,50 (X + 1) =9, x + 1 = +3, and the solutions are x = —4 and x = 2.
2 1\2 _ g 1)? 1\ - 25 andx — 2 — 45 Th _1_5_ oorx—Lli5_3
X—X+(—§)— +(—§),SO(X—§) —Tan X_ﬁ_ 5- US,X—ﬁ—i—— OI‘X—§+§—.
Rewrite the given equation in the form 6 [x? — 2x + (=1)®] = 3+ 6(=1)% Then 6 (x — 1)2 =9, (x — 1)? = 3,
andx—1:i\/§:i%\/€.Theref0re,x:1—@0rx:1+§.

: : : 2 3)? 3\? 3)? 9 _ 49
Rewrite the given equation as 2 | x —3x+(—7) =20+2(—§) ,soZ(x—i) =20+5 =7,

2
(x—%) =42, and x — 3 = +1. Therefore, x = —2 or x =5.
2 2 2

m2+m=3,som2+m+(%) =3—|—(%) ,(m—|—%) =13 andm + 1 = £1/13. Therefore, m = —3 — 113
orm=—3+3/13.

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

243 = 4,020+ ot (3)] a2 (§) 2 (x+ ) = 4§ = 4 (1 3) = o

X+ 3 =+ Therefore, x = —3 — Y& or x = —3 4 AL,

4x2 =13,s0x2 = L and x = :I:@
7p? =20,50 p?2 = L and p = i\/zf: iZ\/;.
Using the quadratic formula witha = 2, b = —1, and ¢ = —6, we obtain
- —(-D)EV(-1)?-4Q2)(-6) 1+/1+48 1+7 or 2
B 2(2) B 4 T4 2T
Using the quadratic formula witha = 6, b = —7, and ¢ = —3, we obtain
‘ — —(=T) £/ (=7)2 = 4(6) (-3) _7TE£yA9+72 T+4121 T7T£11 or 3
N 2 (6) N 12 12 T 12 T 3T
Rewrite the given equation in the form m2 — 4m + 1 = 0. Then using the quadratic formula witha = 1, b = —4,

— (=4 £ V(-4 -41) Q) _4i«/16—4_4im_4i2«/§_2iﬁ

nd c =1, we obtainm =
andc Wi in 20 > > >



30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

1.8 QUADRATIC EQUATIONS 29

Rewrite the given equation in the form 2x2 —8x 43 = 0. Then using the quadratic formulawitha = 2, b = —8, and

(- 872 _ -
(—8) + V/(—8) 4(2)(3):81«/34 24=8im=8i2m:2i%m.

¢ = 3, we obtain x =
e opam X 202) Z Z

Rewrite the given equation in the form 8x?2 — 8x — 3 = 0. Then using
the quadratic formula with a = 8, b = —8, and ¢ = —3, we obtain
. — —(—8)£V(-8)2-4(8)(-3) 8+ 64+% 8+4160 8+4V10 1T
- 2(8) N 16 T T
Rewrite the given equation in the form p? — 6p + 6 = 0. Then using the quadratic formula witha = 1, b = —86,

—(—6) (-6 —4(1)(6) 6+36—24 6+12 eizﬁ_giﬁ

and ¢ = 6, we obtain p = 20 > > >

Rewrite the given equation in the form 2x2 + 4x — 3 = 0. Then using the quadratic formula witha = 2, b = 4, and

. 4442 -4(12)(-3) —4+J/16+24 —4+/40 —-442J10
¢ = —3, we obtain x = 2(2)()( )= n ter_ 4‘/_2 4\/—:_1i%m_

. Rewrite the given equation in the form 2y? + 7y — 15 = 0. Then using the quadratic formula witha =2, b = 7,
. -7+ /49 —-4(2)(-15 —-7+4/169 —74+13
and ¢ = —15, we obtain y = n @1 n =— =—5o0r3.

Using the quadratic formula with a = 2.1, b = —4.7, and ¢ = —6.2, we obtain

AT V(=477 —4(21)(-6.2) 47+ /7417 _ 47486122
- 2(2.1) - 4.2 T 42

~ —0.93 or 3.17.

Using the quadratic formula with a = 0.2, b = 1.6, and ¢ = 1.2, we obtain

16+ /162-4(02)(12) -16+v16 —16+1.2649
X 2(0.2) 0.4 0.4 or

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 = 2 or m = 3. Therefore, x = ++/2 or ++/3.

m* — 13m? + 36 = 0. Let x = m?. Then, we have x? — 13x + 36 = 0. Now, factoring, we obtain
X—=9)(x —4)=0,andso x = 4 or 9. Therefore, m = £2 orm = =£3.

y4 —7y2 410 = 0. Let x = y2. Then we have x? — 7x 4+ 10 = 0. Factoring, we obtain (x — 2) (x — 5) = 0, and so
x = 2 or 5. Therefore, y = ++/2 or y = ++/5.

4x* — 21x% 45 = 0. Let y = x2. Then we have 4y? — 21y + 5 = 0. Factoring, we obtain (4y — 1) (y —5) = 0,
and so y = % or 5. Therefore, x = 3, or /5.

6(X+2)2+7(x+2)—3=0. Lety = x + 2. Then we have 6y? + 7y — 3 = 0. Factoring, we obtain
2y +3)(By —1)=0,andsoy = —3 or 3. Therefore, x +2 = —3 or £, and so x = —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 . Therefore, 2m + 3 = —3 or 3, from which we obtain m = —! and

=93
m=—gz.
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43. 6w —13/w + 6 = 0. Letx = \/w. Then 6x? —13x +6 =0, 2x —3) (3x —2) = 0,andso x = 3 or x = 3.

Then the solutions are w = x2 = 3 or 3.
Check w = £: 6(%) —13\/g+6: 2_13.2+6 20. Yes, & is a solution.

Check w = §: 6 (§) —13,/3 +6 =5 —13-3 +6 Z 0. Yes, § is also a solution.

t \2 2t t
44, (ﬁ) _ﬁ_3:0' Letx=ﬁ.Thenx2—2x—3=0,(x—3)(x+1)=0,andx=3orx=—1.

. t . . t . .
Next, either 1= 3,inwhichcase 3t —3=1t,2t =3,and t = %; or 1= —1, in which case —t + 1 ='t,

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

2 4 3y —1 4 5
45, 3 x=* 46. yT+m:§
2(x) =4 (x +3) =4(x) (x +3) BGy-1D(y+1)+16=3@) (y+1)
2% — 4x — 12 = 4x? 4 12x 3y24+2y—1+16=3(@) (y+1)
—2x — 12 = 4x% 4 12x 3y24+2y —1+416 =10y 4+ 10
4X% +14x +12 =0 3y2—8y+5=0
2X2 +7x+6=0 By —5)(y—1)=0.
(2x+3)(x+2) =0. Thus,y = 3ory=1.
Thus, the solutions are x = —3 and x = —2.
47. X42——>_—0 48. X _ 3o
2x—1 x—1 x—1
X2x =1 +2@2x-1)—-3=0 Because the fractions on both sides of the equation

have the same denominator, we can write

2X2 —x4+4x—-2-3=0
4350 x2 =3 —2x (forx # 1)
B X242x—3=0
(2 +5)(x —1) = 0.
(x+3)(x —1) =0.

Thus, the solutions are x = —% and x = 1. o )
But because x = 1 results in division by zero in the
original equation, we discard it. Thus, the only solution
isx = -3.
7 15 1 2
49. 2————=0 50. 6+-——=0
2y y2 + k k2
4y2 —7y —30=0 6k’ +k —2=0
(y+2)(4y —15) =0. Bk+2)(2k —1) =0.

Nl

Thus,y = —2ory = L. Thus, k = —% ork =



3 T
"x2—-1 x+1 3
946x(x —1) =7(x2—1)

51

94+6x2—6x =7x2—7
X2 4+6x—16=0
(X +8) (x—2)=0.

Thus, x = —8orx = 2.

3x n 4 24
X—2 x+42 x2-4
IXX+2)+4(x—2)=24

53.

3x2 46X + 4x — 8 =24
3x24+10x —32=0

(3% + 16) (x — 2) = 0.

_16

Thus, x = —= or x = 2. But because x = 2 results in

division by zero in the original equation, we discard it.

- - 16
The only solution is X = —3.
2t
55. _+1 — L = —
t—2 t+1

@+ (t+1) —tt—2)=—-1(t—2)(t+1)
2243t +1—-t2 42t =—t2 4t 42
22+ 4t —1=0.

Using the quadratic formula witha = 2, b = 4, and
¢ = —1, we obtain
4+ JI6-40) (=D
(— 44+ /16 -42) (-1 =—1i@
4
-1+ 36
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m 27 2 2
52. - = =
m—2 7 m2—-m-2 (M-=-2)(m+1)
mm+1)—27(m?—m-2) =2(7)
7m2 +7m — 27m2 +27m + 54 = 14
—20m2 4+ 34m + 54 = 14
—20m2 +34m +40=0
10m2 —17m =20 =0
Gm+4)(@2m—-5)=0.
4 5
Thus,m:—gormzi.
3x 2 3
54, +-45=——
X+1 X X2 + X

3x2+2x+24+5(x*+x) =3
3x2 4+ 2x +2+5x2+5x =3
8x2+7x—1=0

(8x —1) (x +1) = 0.

Thus, X = % or x = —1. But because division by zero
is not allowed in the original equation, we discard

x = —1. The only solution is x = 3.

X 3 N 2 _
X+1 x—-2 x2—x-2
X(X—2)—3(x+1)4+2=0

56. 0

x2—2x—3x—3+2=0
x?2 —5x —1=0.
Using the quadratic formula witha = 1, b = -5, and

¢ = —1, we obtain

X_+5:|:«/725—4(1)(—1) _ +5+429
- 2 - 2

~ 5.19 or —0.19.
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57. Ju24+u-5=1 58.
w+u-5=1
ul+u—-6=0

uU+3)u-2)=0.
Thus,u = =3 oru = 2.

Check u = —3: v/(=3)2 — 3 — 5 = /I = 1. Yes, 50

u = —3is asolution.

Checku =2: v22 +2—5=+/1=1. Yes,sou = 2

is also a solution.

50. J2r +3=r 60.
2r +3=r2
r2—2r—3=0

r-3)(r+1 =0.

Thus,r =3orr = —1.

Checkr = 3: «/2(3)+3;3. Yes,sor =3isa
solution.

Checkr = —-1: J/2(-1) + Z_1 No,sor = —11is

not a solution.

6l V/S—2—+5+3+1=0 62.
Vs—2=4s+3-1
s—2=5+3-2/5+3+1
2/s+3=6
s+3=3=9
s = 6.

Check: /6 —2—46+3+1 2 0. Yes, sos = 6 is the
solution.

VBx2 —5x —2=0
6x2 —5x =2

6x2 —5x —4 =0
Bx—=-42x+1)=0.
4 1
Thus, X = 3 0r X = —3.

o(5)'-

X = 3 is a solution.

Check x = —1: \/6 (—%)2 -5(-3)-2%0. Yes,

Check x = &: 5(%) —2Z 0. Yes, so

SOX = —% is also a solution.
V3 —4X = —2X
3 — 4x = 4x2

4x2 +4x-3=0
2x+3)(2x—-1) =0.
Thus, x = =3 orx = 1.
Checkx = —3: \[3-4(-3) £ -2(-3) =3. ves

3

SOX =—3 is a solution.

Checkx = §: /34 (%) £ -2(}) = -1 No,s0

x = 3 is not a solution.

VX+1-2x=5+1=0
VX +1=4/2x-5-1
X+1=2x-5-22x=5+1
X4+1-2x4+5-1=-2/2x—-5
—X+5=-2/2x -5
x% —10x + 25 = 4 (2x — 5)

x? —10x —8x +25+420 =0

x2 —18x +45=0

(x —15)(x —=3) =0.
Thus, x = 150rx = 3.

Check x = 15: /I5 + 1 — /2(15) =5+ 1 = 0. Yes,
so x = 15 is a solution.

Check x = 3: v3+ 1 —+/23) =5+ 1= 0. No, so0
X = 3 is not a solution.




63.

65.

66.

67.

68.

69.

70.

71.

72.

73.
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(X—l3)2_><1—03+21=0 ' (2xi1)2_2x5—1+3=0
1-10(x—3)+21(x —3)2 =0 2-52x -1 +3@2x-12=0
31 — 10x + 21x2 — 126x + 189 = 0 7—-10x +12x2 —12x+3=0
21x? — 136x 4220 =0 12x2 —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)> —4 (1) (5) = 16 > 0, and so the equation has
two real solutions.

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

3y2 —4y +5=0.Herea =3,b = —4,and c = 5. b? — 4ac = (—4)? — 4(3) (5) = —44 < 0, and s0 the equation
has no real solution.

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

4x2 4+ 12x +9=0. Herea = 4,b =12, and ¢ = 9. b? — 4ac = 122 — 4 (4) (9) = 0, and so the equation has one
real solution.

25x% — 80x + 64 = 0. Here a = 25, b = —80, and ¢ = 64. b2 — 4ac = (—80)? — 4(25) (64) = 0, and so the
equation has one real solution.

6 1 .
p+E—2:0. Multiplying by k?, we have 6 + k — 2k? =0 or2k? —k —6 =0. Herea = 2, b = —1, and

¢ = —6, so the discriminant is b2 — 4ac = (—1)? — 4 (2) (—6) = 49 > 0, and the equation has two real solutions.

(2p+1°?—-3@2p+1)+4=0. Letx = 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 formula witha = 1, b = —4, and ¢ = —48, we find

= (-9 +/I6-4(0)(—48) 4+ /208
= T2

t
2

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

root.)
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74. a. The rocket is at a height of 1284 ft when b. The rocket reaches the ground when h (t) = 0.

75

76

7

78

79

80

81

h (t) = 1284.
—16t? 4384t — 1280 =0
16t? — 384t + 1280 = 0
t2 — 24t 480 =0

(t —20) (t —4) = 0.

Thus, t = 20 seconds or 4 seconds.

—16t2 4384t +4 =0
42 — 96t —1 =0

Using the quadratic formula witha = 4, b = —96,

and ¢ = —1, we obtain

96+ /(96)% —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 v = 22 into the equation » = ut + at?, we have 22 = 10t + 4t>. Then
4t2 + 10t — 22 = 0, or 2t? 4+ 5t — 11 = 0. Using the quadratic formulawitha = 2, b = 5, and ¢ = —11, we have

! 20

 5+./82_4(2)(—11) _ -5+ /113
- - 4

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

approximately 1.41 seconds after passing the tree.

. We solve the equation —0.0002x? + 3x + 50,000 = 60,800, rewriting it as 0.0002x2 — 3x + 10,800 = 0.
Using the quadratic formula with a = 0.0002, b = —3, and ¢ = 10,800, we have

L3 V/(=3)7 —4(0.0002) (10,800) 3++/0.36 3406

2(0.0002)

0.0004  — 0.0004 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 = 10 into p =

30
oma T e have 10 (0.02x2 + 1) = 30. Solving this equation for x, we have

0.2x%2 + 10 = 30, 0.2x2 = 20, x2 = 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 = 6 into p = +~/—x2 4+ 100, we have 6 = +/—x2 + 100. Solving this equation, we have
36 = —x2 + 100, x? = 64, and x = +8. We reject the negative root, and see that the quantity demanded is 8000.

. Substituting p = 30 into the equation p = %ﬁ + 10, we have 300 = /X + 100, so 4/x = 200 and
x = 2002 = 40,000. Thus, 40,000 satellite radios will be made available at the unit price of $30.

. We solve the equation 100 (

t2 + 10t + 100
t2 4+ 20t + 100

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

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

and ¢ = 100, we gett =

30+ /302 — 4(1) (100) _ 30+ /500
2 -T2

~ 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.

. X X X 1 .
. We solve the equation = % Lety =r.Thenr =1+ o r2=r+1,andr? —r —1 = 0. Using the

quadratic formula witha =1,

discard the negative root.)

b=-1,andc = —1, we obtainr =

14 VT D _ 1i2¢§ ~ 162, (We

2
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The total surface area is given by
S = (10 — 2x) (16 — 2x) 4 2x (10 — 2X) + 2x (16 — 2x) = 160 — 20x — 32X + 4x2 4 20x — 4x2 + 32x — 4x?
= —4x2 4 160.

Since the total surface area is 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 its length is 2x. Then 2x? = 200, x? = 100, and x = +10. Discarding the
negative root, we see that x = 10, so the amount of fencing Carmen needs is 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

20

X 120 — x .
lengths are 7 and ———, and so the sum of the areas is

x\2 (120 — x\?
AZ(Z) +( 7 ):1_16[x2+(120_x)2]=1—16(x2+14,400—240x+x2)

= 7 (2x% — 240x + 14,400).
Since the sum of the areas of the two rectangles is to be 562.5 ft2, we have 1—16 (2x2 — 240x + 14,400) = 562.5,

2x2 — 240X + 14,400 = 9000, 2x? — 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.

Let x denote the width of the walkway. Then the area of the
walkway is given by

2X (40 + 2X) + 2x (20) = 4x2 + 80X + 40X = 325, S0 20" <
4x2 4 120x — 325 =0, (2x — 5) (2x +65) = 0,and x = 3 or

[ = >

N
<

X = —675. 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) = —2x2 + 3000x. Since 1,125,000 yd? are to be enclosed, we have

—2x2 +3000x — 1,125,000 = 0. Using the quadratic formula with a = —2, b = 3000, and ¢ = —1,125,000,

—3000 + +/(3000)2 — 4 (—2) (—1,125,000)
2(=2)

dimensions are 750 yards by 1500 yards.

we have X = = 750. Therefore, y = 3000 — 2 (750) = 1500. The

S = 2xr? 4+ 2zrh. Substituting S = 100 and h = 3, we have 100 = 27r2 + 67r, S0

7r?2 4+ 37xr — 50 = 0. Using the quadratic formula with a = 7, b = 37, and ¢ = —50, we find
—-3m+./972 -4 —50 =3 + /717 . . -

P Vom (m) (=50) ~ 2 ~ 2.76. (We discard the negative root.) Thus, the radius is

27 2
approximately 2.76 inches.

We solve the equation 27cr € + 4wr2 = 287 with £ = 4, obtaining 287 = 8ar + 4nr2, 4xr2 + 8xr — 28w = 0,
and r?2 + 2r — 7 = 0. Using the quadratic formula witha = 1, b = 2, and ¢ = —7, we get

L 2EVARAM D) _ 244v2
= > =

5 = —1+ 2/2. Since r must be positive, we discard the negative root.

Thus, r = —1 4 2+/2 ~ 1.83, and the radius of each hemisphere is approximately 1.83 ft.
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89. Let x denote the increase in the radius. Then 10,0007 + 44007 = (100 + x)? 7. Rewriting, we have
14400 = 10000 + 200x + x2, x2 + 200x — 4400 = 0, and so (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.

90. a. ax? + bx + ¢ = 0. Dividing both sides by a, we obtain x2 + (g) X+ g = 0. Then, subtracting g from both

. b c
sides, we have x2 + (—) X = ——.
a a

. . [ b)? .
b. Completing the square on the left-hand side by adding (5) to both sides, we have
2 (D) e (2 2 c (b 2 c b _b-dac (D 2 b%—dac
a 2a) a 2a)  a  4a?  4az ' 2a) —  4az

. . b |b% — 4ac b2 — 4ac b2 —4ac .
c¢. Taking square roots of both sides, we have x + 28 = + PV i\/ = i\/ , since

21a| 2a
. ) . b Vvb?2—-4ac —b++/b?2—4ac
|a| = %a. Finally, solving for x, we obtain x = —— =+ = .
2a 2a 2a
91. False. In fact both a and b must be nonzero.
92. True 93. True. 94. True.

1.9  Inequalities and Absolute Value

Concept Questions page 63

1 a Ifa<bandb < c,thena < c by the transitive law. Soifd > 0, thenad < cd, and ifd < 0, thenad > cd.
b. Ifa <b,thena+c <b+c. Next, ifc <d,thenb+c < b+ d. Thus, by the transitive law,a +c¢ < b +d.

2. Ifa <b,thena—b < 0. Soifc(a—b) > 0, then c must be negative.

a ifa>0
3. The absolute value of a number a is defined as |a| = [ € - 0 The absolute value of a number cannot be
—a ifa <

negative.

4.a |a—b|=la+ (=b)| <la|+|-b| (by Property 4)

= lal + |b]
Thus, |a — b| < |a] + |b].
b. |a—b| =|—(a—"Db)| =|b —al. (We have used the fact that |a| = |—a].)

Exercises page 63

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.



13.

15.

17.

18.

19.

20.

21.

22.

. The statement is false because — 5

. The statement is false because 3 = 3 is less than 3.
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§:

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

below. Note that this is an open interval indicated by
“("and “)”.

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

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

- 4

. The infinite interval (0, co) is shown on the number

line below.
¢ X
0
. X <10
X+y<z
—3<3x <8

10 : 1
—17 Is greater than — 5.

6.

10.

12,
14.

16.

The interval (—2, 5] is shown on the number line
below.

~

oL
\J
=

The closed interval [—g —%] is shown on the

number line below.

The infinite interval (—oo, 5] is shown on the
number line below.

a>Tm

2a>b+1

a<2x+1<b

We are given 2x + 2 < 8. Add —2 to each side of the inequality to obtain 2x < 6, then multiply each side of the
inequality by % to obtain x < 3. We write this in interval notation as (—oo, 3).

We are given —6 > 4 4 5x. Add —4 to each side of the inequality to obtain —6 — 4 > 5x, so —10 > 5x. Dividing
by 2, we obtain —2 > x, so x < —2. We write this in interval notation as (—oo, —2).

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

—12 < —3x = 4 > X, or x < 4. We write this in 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+4+2 <x <4+ 2and —4 < X < 6, so the solution set is the open interval (—4, 6).

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

setis[—1, 3].
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We want to find the values of x that satisfy at least one of the inequalities x + 1 > 4 and x + 2 < —1. Adding —1 to
both sides of the first inequality, we obtainx +1 —1 > 4 — 1, s0 x > 3. Similarly, adding —2 to both sides of the
second inequality, we obtain x +2 — 2 < —1 — 2,50 x < —3. Therefore, the solution set is (—oo, —3) and (3, 00).

We want to find the values of x that satisfy at least one of the inequalities x +1 > 2 and x — 1 < —2. Solving these
inequalities, we find that x > 1 or x < —1, and the solution set is (—oo, —1) and (1, 00).

We want to find the values of x that satisfy the inequalities x +3 > 1 and x — 2 < 1. Adding —3 to both sides of the
first inequality, we obtainx +3 —3 > 1 — 3, or x > —2. Similarly, adding 2 to each side of the second inequality,
we obtainx —2 +2 < 142,50 x < 3. Because both inequalities must be satisfied, the solution set is (—2, 3).

We want to find the values of x that satisfy the inequalities x — 4 < 1 and 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 factors is equal to -3 0 5
zero. The solution set is [—3, 5].

__________ 0 ++ Signofx—5
-—0++++++++++ Signofx+3

X

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 factors is equal to -2 0 2
zero. The solution set is (—oo, —2] and [2, 00).

77777777 0 + + Signof2x—4
-—0++++++++ Signofx+2

> X

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 0+ Signofax—3

—————— 0+ ++ + Signofx—1
inequality is satisfied when x > 1 and x < %; that is, when the . x

signs of the two factors differ or one of the two factors is 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

_________ 0 + + Signof3x—4
-—0+++++++++ Signof2x+2

> X
when -1 < x < %, that is, when the signs of the two factors differ -1 0 p

or when one of the factors is equal to zero. The solution set is

-1.4)
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31. We want to find the values of x that satisfy the inequality

X +3 Inequality not defined

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

X — ——0+++++++ Signofx+3
is satisfied when x < —3 or x > 2, that is, when the signs of the  ~ _ _ __ _ _ _ 0 ++ Signofx—2
two factors are the same. The solution set is (—oo, —3] and (2, co). x
Notice that x = 2 is not included because the inequality is not -3 0 2
defined at that value of x.
32. We want to find the values of x that satisfy the inequality Inequality not defined
2x — 3 . . . 2x —3
T 1 > 4. We rewrite the inequality as Vo 4 >0, P+ 0 mmm Sign of —2x— 7
——————— 0+ ++ + Signofx+1
2x —3—4x —4 —2x — 7 . .
———— > 0,and ———— > 0. From the sign diagram, x
x+1 x+1 -1 1 0
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 [—% —1). Notice that x = —1 is not
included because the inequality is not defined at that value of x.
33. We want to find the values of x that satisfy the inequality Inequality not defined

X—2 . . . . .

< 2. Subtracting 2 from each side of the given inequality S Sign of —x

XxX—2 . TmT T 0+ ++ Signofx—1
and simplifying gives 1 2 <0, X
- 0 1

X—2—-2(x-1) . . L - -

1 < 0,and — 1 < 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] and (1, co). Notice that
x = 1is not included because the inequality is undefined at that value of x.

34. We want to find the values of x that satisfy the
Inequality not defined

. Lo2x =1 . . .
inequality > < 4. Subtracting 4 from each side of the given
X+ 5 1 ++0-——-—-—-—-——-- Sign of —2x—9

. . T X — )

inequality and simplifying gives 12 4<0 T mm==== 0 +++ + Signofx+2
X

2x —1—14 2 2x —1—4x -8 -2 -2 0

X X+2) _ o X =% _ 0, and finally z
X +2 X +2
—2x -9

12 < 0. From the sign diagram, we see that the given inequality is satisfied when x < —% orx > —2. The

solution set is (—oo, —%] and (—2, 00).

35. -6+ 2| = 4. 36. 4+ |—4| =4+4=8.
|-12+4]  |-8| 02—14| |-1.2

37. - =2 38. = =15
|16 — 12| 14| 16—-24 -0.8

3. v31-2+3|-v3| = V3@ +3/3 =53 40. |-1]+v2|-2| =1+ 2V2.
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|[m—1+2=mw—14+2=m+ 1. 42, |[mr—6|—-3=6—-m1—3=3—m.

|ve2-1l+fs-vE =v2-1+3-v2=2

’2&-3‘-’@-4’:2\@—3—(4—«&)=3¢§—7.
False. Ifa > b,then—a < —b,—a+b < —-b+b,andb —a < 0.

False. Leta = —2andb = —3. Thena/b = =% = % < 1.

False. Leta = —2andb = —3. Thena? = 4and b2 = 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 —= < ——.
a_ 2pT 73 2 =73

True. There are three possible cases.
Case1: Ifa > 0andb > 0, then a® > b3 since a® — b = (a — b) (a® + ab + b?) > 0.
Case2: Ifa> 0andb < 0, thena® > 0and b® < 0, and it follows that a® > bS.

Case 3: Ifa <0andb < 0, thena® — b3 = (a —b) (a® +ab +b?) > 0, and we see that a3 > b®. (Note that

a—b>0andab > 0)

True. If a > Db, then it follows that —a < —b because an inequality symbol is reversed when both sides of the

inequality are multiplied by a negative number.

[x —al| < bisequivalentto —b < x —a <bora—b <x <a+h.

[x —a| > bisequivalenttox —a >bora—x > b;thatis,x >a+bor—x >b—a;orx >a+borx <a-—bh.
x| =a 54. |x +yl=1

la| <8 56. [x+4| <a+2b

False. If we take a = —2, then |—a| = |— (—=2)| = |2| = 2 # a.

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

True. Ifa—4 <0O,thenjla—4|=4—a=1|4—al.Ifa—4>0,then|4d—a|=a—-4=]a—4|
False. Ifweleta = —2,thenja+ 1| =|-2+1=|-1=1#|-2|+1=3.

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

False. Ifwetakea =3andb = —1,thenja—b|=4#]a|—|b|=3-1=2.

True. Since x* + 2x? > 0, we see that (x* + 2x?) —5 = x* 4+ 2x? =5 > —5.

. True. Each term on the left-hand side of the inequality is nonpositive.
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Simplifying 5 (C — 25) > 1.75 4+ 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 as 6P — 15,000 < 4P + 9600, 2P < 24,600, or P < 12,300.
Therefore, the maximum profit is $12,300.

If the car is driven in the city, then it can be expected to cover (18.1 gallons) (20 gmaH%) = 362 miles on a full tank.

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

Let x denote the number of dollars Natalie needs. Then we have 0.74x > 300, or x > 405.41. So she needs $406.
She will acquire 406 (0.74) = 300.44, or €300.44.

We solve the double inequalities 72,000 < 6x — 48,000 < 75,000, obtaining 120,000 < 6x < 123,000, so
20,000x < 20,500. Therefore, the level of production is between 20,000 and 20,500 timers.

a. We want to find a formula for converting Centigrade temperatures to Fahrenheit temperatures. Thus,
C =3 (F-32)=3F— 1% Therefore, 3F = C + 1§, 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 temperature range is 5° < F < 23°.

b. For the lower temperature range, C = % (63 —-32) = % 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 x represent the wholesale price of the car. Then ————————— — 1 > Markup; that is, —1>0.30,
Wholesale price

0
whence > 1.30, 1.3x < 11,200, and x < 8615.38. We conclude that the maximum wholesale price is

$8615.38.

We solve the inequality y > 1611.3, or 892.2 4+ 239.7t > 1611.3, obtaining 239.7t > 719.1, ort > 3. Thus, the
number of finishers first equals or exceeds 1,611,300 in 2011.

We want to solve the inequality —6x2 + 30x — 10 > 14. (Remember that x is expressed in thousands.) Adding —14
to both sides of this inequality, we have —6x2 + 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 x2 — 5x + 4 < 0. Factoring this
last expression, we have (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 ++ Signofx—4
-——0++++++++ Signofx—1

> X
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) . 0.2t .
We solve the inequality 712 0.08, obtaining 0.08t2 4-0.08 < 0.2t, 0.08t> — 0.2t +-0.08 < 0, 2t> -5t +2 < 0,
and (2t — 1) (t — 2) < 0. From the sign diagram, we see thatthe - — - — — — _ _ 0 ++ Signofr—2

required solution is [% 2], so the concentration of the drug is T O+ Signof 21

>

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

. o 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 .
> 55 A~ 98.04 and x < 305 ~ 98.36. Thus, the city could expect to remove between 98.04% and 98.36% of

the toxic pollutant.

We simplify the inequality 20t — 404/f + 50 < 35 to 20t — 40/t + 15 < 0 (1). Letu = /I. Thenu? =t, so we
have 20u? — 40u 4+ 15 < 0, 4u? —8u +3 < 0,and (2u — 3) (2u — 1) < 0.

From the sign diagram, we see that we must have u in [1 §].

2z 0++ Signof2u—3
Because t = u?, we see that the solution to Equation (1) is [% %] -—-0++++++ Signof2u—1
- - > u
Thus, the average speed of a vehicle is less than or equal to 0 % %

35 miles per hour between 6:15 a.m. and 8:15 a.m.

10,000
t24+1

10,000 -
We solve 711 + 2000 < 4000, obtaining

< 2000, 10,000 < 2000 (t? + 1), and t?> + 1 > 5. Rewriting,
we have t? —4 > 0, or (t — 2) (t +2) > 0. The solution of this inequality ist < —2 ort > 2. Because t must be

positive, we conclude that the number of bacteria will have dropped below 4000 after 2 minutes.

136 136
> +28 > 128 or 5 > 100. Next,
14+025( —45) 14+025(t —4.5)

136 > 1001+ 0.25(t — 4.5)2], s0 136 > 100 + 25 (t — 4.5)%, 36 > 25 (t — 4.5), (t — 4.5)? < 3,
(t_g)z— (g)2 <0, [(t_g)+g] [(t—%) _g] <0,0r (t —3.3) (t —5.7) < 0.

We solve the inequality

From the sign diagram, we see that the required solution is - ———0+++++ Signofr—3.3
[3.3,5.7]. Thus, the amount of nitrogen dioxide is greater thanor ~ - - - - — — — 0 ++ Signofr—5.7
equal to 128 PSI between 10:18 a.m. and 12:42 p.m. > 1

0 33 57
The ball’s height is 196 ft or greater when 128t — 16t2 + 4 > 196, that is, 16t — 128t + 192 < 0. Simplifying and

factoring, this is equivalent to the inequality t> — 8t 4+ 12 = (t — 6) (t — 2) < 0. The solution of this inequality is
2 <t < 6. We conclude that the ball’s height is greater than or equal to 196 ft for 4 seconds.

The rod 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.

[x —0.1] < 0.01is equivalentto —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

1. a. rational; repeating; terminating

b. irrational, terminates, repeats

3. a a,—(@b)=a(-b);ab
b.0;0

5. product; prime; x (x +2) (x — 1)

1
7. complex; -1

9. a. equation
b. number

cax+b=0;1

1. a. radical; b/"

b. radical

CHAPTER 1 Review Exercises  page 67

1. The number % is a rational number and a real number.

2. The number +/13 is an irrational number and a real number.

3. The number —27r is an irrational number and a real number.

1 REVIEW

page 66

2. ab+a;(@+b)+c;a;0

10.

12.

b.

C.

ba; (ab)c;1-a=a;1

ab+ac

. polynomial; x; degree; term; polynomial;

coefficient

. like

. polynomials
. humerator; denominator; factors; 1; —1

. denominator; fractions

.a-a-a-----a; base; exponent; power
—_—

n factors

. 1; not defined

1
an

. real root

cax?+bx+c=0

. factoring; completing the square;

< — —b + /b2 — 4ac
- 2a

4. The number 0 is a whole number, an integer, a rational number, and a real number.

5. The number 2.71 is a rational number and a real number.

43
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. The number 3.14159. . .is an irrational number and a real number.
9\¥? 932 27 56
e -2 __Z 2 _ 64 _ 2
(4) =@ =5 8 5 =5"=5=25
3.4y 2=122- — -1 10. (-8)%3 = [ (-8Y3)°| = (—2)° = —32
AT =T = T B =[] = 2P =2
1) _(4)'_ 64 p 320(@) 3270228 213 1
9 —\3) o1 ' 2.93 B 2. (32)° T 2.30 T4
77 3 364 3.(2-33)° 32,9183
Yo _ 2 14. = = =343 =3Y3.
125 5 318 2- 32)1/3 21/3.32/3
3
4(x24y)" 402+ y)z 16 ah™>  a%=® al®
x2 + y - . ) (agb_z)—3 T a—9%6 ~ plt-
4457\ 1/4
v/ 16x5yz _ (2*x°yz) _ 2x°/4yl/471/4 _ 2 18. (2x3) (—3x72) (;X—l/z) — _x3-2-(1/2) — _y1/2
4/81Xy25 (34Xy25)1/4 3xl/4yl/425/4 3z ' . 6 .
32\ T (3PN 3y )TN e\ 3y e (1) g
4x3y 2x2 4x2 2x 3y 2x (9y?) (8x3) '
(—3a%b%)” (2a=1b2) " = 9a%hS . fab? = Ja5pe.
YBIx5y10 Yoxy? — 34/3x5/3y10/3 . 32/3y1/3y2/3 _ 322y4 _ gy2y4

_x1/2y2/3 5_ x3y4 X
x1/3y3/4 T Xx2yeZ T I

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

(3x —4) (3x? —2x + 3) = 3x (3x? — 2x + 3) — 4 (3x2 — 2x + 3)
=9x3 — 6x2 4+ 9x — 12x%2 4+ 8x — 12 = 9x3 — 18x2 + 17x — 12

(2x 4 3y)? — (3x 4+ 1) (2x — 3) = 4x2 4 12xy + 9y? — 6x% + 7x 4+ 3 = —2x2 4+ 9y2 + 12xy + 7x + 3.

2(3a+b)—3[(2a+3b)— (a+2b)] =6a+2b—3(2a+3b—a—2b)=6a+2b—3a—3b=3a—b.
(t +6) (60) — (60t +180) _ 60t 4360 — 60t —180 180
(t + 6)? - (t + 6)? (462
6x .1 (602 +2)+ (3x* +2)  12x2+24x+3x*+2  15x% +24x +2
2(3x2+2)  4(x+2) 432 +2)(x+2)  4(3x2+2)(x+2)  4(3X2+2)(x+2)
2( 4x ) ( 3 )_ & .9 B (Bx—1)+27(x2—1)  78x2—8x —27
3\2x2-1 3x—1) 3(2x2-1) 3 -1 3(x2-1)(Bx—-1)  3(2x2-1)(3x—1)
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2X AT —-2X+4(x+1) =2(x+2)«/x+1: 2(x+2)«/x+ll
VX +1 VX +1 X 4+1 J/x+1 Xx+1

—27?r3 4 1007r2 = —27r? (7r — 50).

203w + 20w3 + 2u%vw = 20w (1)2 + w? + uz)_

16 —x2 =42 —x2 = (4 —x) (4 +X).

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

—2X2—4x+6=-2(x24+2x—3) = —-2(x +3) (x — 1).

12x2 — 92x + 120 = 4 (3x2 — 23x + 30) = 4 (3x — 5) (x — 6).

9a? — 25b? = (3a)? — (5b)? = (3a — 5b) (3a + 5b).

8uBv3 + 27u3 = u (8udv® + 27) = ud[(2uv)3 + 3%] = u® (2uv + 3) (4uZv? — 6uv +9).
6a‘bic — 3a3b2c — 9a%h? = 3a%b? (2a®b’c — ac — 3).

6x2 —xy —yZ = (3x +Y) (2x — ).

2x243x—2  (2Xx—1)(X+2)  X+2
2x24+5x —3  (2x—-1)(x+3) x+3°

[((P+4) @t -4 — (1P —4t+4) ) 2a°+8t—4a2—16—22+8t2—8t 42—16 4(t*—4)

@+ ay @+ ey ey

2x—6 Xx24+6x+9 2(x—=3) (x+3)(x+3) 2(x+3) _,

x+3 x2—-9  Xx+3 (X+3)(x—-3) x+3
x_ 32 (41 +3x*(x2+2)  3x*+3x +3x* +6x>  6x* + 6x2 + 3x
"x242 " x341 (x2+2) (x3+1) O (x24+2)(x34+1) (x2+2) (x3+1)
3 (23 +2x+1)
(X2 4+2) (x34+1)
1 1
+X+2_x+2+1 X  Xx+3 X . X
9  x+2 x2-9 x+2 xX+3)(x—-3) (x+2)(x-3)

X —
X

X (3x% +1) X (3x2 —5x + 1) X 3xZ+1(3x? —5x +1)
Xx=1  xx—1) @Bx2+1)"? (x—1)?

8x? 4+ 2x — 3 = (4x +3) (2x — 1) = 0, so the solutions are x = —3 and x =

Blw
Nl

—6x2—10x +4=0,3x2+5x —2 = (3x — 1) (x +2) = 0,and S0 X = —2 or 3.
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2x2 — 3x — 4 = 0. Using the quadratic formula witha = 2, b = —3, and ¢ = —4, we have
- —(-3)+£V(-3)? -4 (-4 3+9+32 3+41

- 2(2) - 4 - 4
x%2 4+ 5x + 3 = 0. Using the quadratic formula witha = 1, b = 5, and ¢ = 3, we have

. — —5+,52-4(1)3) —-5++25-12 —-5+.13
- 2 N 2 N 2 '

2y?—3y+1=@2y—-1)(y—1)=0andsoy =3 or1l.
0.3m2 — 2.1m — 3.2 = 0. Using the quadratic formula with a = 0.3, b = —2.1, and ¢ = —3.2, we have

(- o2 -
o -(=21 + 22(.3)3) 4(03)(-32) _ 21+ «/4(1).21 +384 _ 21 i0«6/8.25 12871 0r 82871

—x3 = 2x2 4+ 3x = —x (x? +2x — 3) = —x (x + 3) (x — 1) = 0, and so the roots of the equation are x = 0,
Xx=-=3,and x = 1.

. 2x* +x? = 1. Let y = x2 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 because y = x2 must be nonnegative. Therefore, x2 = % orx = :I:% = :I:#.

1 3 1
7X+2=9x—5,80 —5x = —7and x = 14.

1 2p-1
3p2+ — p3 =i—g,so6(3p+1)—4(2p—1)=5p,18p+6—8p+4=5p,5p—|—10=0,5p=—10,
and p = —2.

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

3(2g+1) 3q+1
49-3  29+1
1292 + 129 +3 =129> —5q — 3,17 = —6,and q = —

Check: M _ 2 and w =—=,50(0 = —% is the solution.

a(-g)-3 5 2(-f)+1 O

Vk=—1=+2k—-3,s0k—1=2k—3and2 =k. Check: v2—1=1and +/2(2) —3 =1,s0k = 2is the
solution.

,503(2q+1) (29 +1) = (37 + 1) (49 — 3), 3 (4g2 +4q + 1) = 1292 — 5q — 3,

Slo

X=X =1 = /4x=3,50Xx —2/X/X—=1+x—1 = 4x — 3,
22X KX =D =4x—2x4+1-3=2x—2=2(x—1), = /XX =1) =x —1,x? —x = x? — 2x + 1, and thus
X =1

Check: /4 (1) — 3 = +/1, 50 x = 1 is the solution.

20x
Solve C = 100 —x"

100C
20+C

C (100 — x) = 20x, 100C — Cx = 20x, —Cx — 20x = —100C, x (20 + C) = 100C, and so
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2ml rB(n+1)
62.r = ——, B )=2mland —— =1.
r B+l sorB(n+1) ml an om
63. —x + 3 < 2x + 9. Adding x to both sides yields 3 < 3x + 9, so 3x > —6 and thus x > —2. We conclude that the

65.

66.

67.

69.

71.

72.

73.

74.

75.

solution set is [—2, 00).

. —2<3x+1 < 7implies =3 < 3x < 6,0r —1 < x < 2, and so the solution set is [-1, 2].

The inequalitiesx —3 > 2and x +3 < =1 imply x > 5or x < —4, so the solution set is (—oo, —4) and (5, c0).
2x2 > 50 is equivalent to x2 —25 > 0,0r (x +5) (x =5) > 0. _——_ _ _ ___ 0 ++ Signofx—>5
From the sign diagram, we see that the solution set is (—oo, —5) ——0++++++++ Signofx+5
and (5, o). > x
( ) -5 0 5
5-12 5—-12] |-7] 7
—S5+7+ -2/ =12|+|-2|=2+2=4. 68. = = =-=1
=5+ 71+ |-2| = 12| + |-2| + ‘_4_3‘ 7] 7 7
27 — 6] =7 = 27w —6— 7 =7 — 6. 70, |[V3-4|+[4-2v3] = (4 - v3) + (4-243)
=8-3V3.
Factoring the left-hand side of 2x2 +3x —2 < 0,wehave =~ _— __ _ _ __ 0 ++ Signof2x—1
(2x — 1) (x 4+ 2) < 0. From the sign diagram, we conclude that the ——0+++++++ Signofx+2
given inequality is satisfied when —2 < x < % The solution set is 5 01 >
1
[—2, z]-
Factoring the left-hand side of x? + x — 12 < 0, we have ——0+++++++++ Signofx+4
(x +4) (x — 3) < 0. From the sign diagram, we conclude that the given - —-—-—-—-—-—-—-— 0 ++ Signofx—3
inequality is satisfied when —4 < x < 3. The solution set is [—4, 3]. . 5 ; x
. 1-2x—4 .
X+2>29IV€SX+2—2>0,X—+2>0,andflna||y +4+++0—————— Signof—Zx—3
-—0++++++++ Signofx+2
—2x —3 . . . . .
——— > 0. From the sign diagram, we see that the given inequality > x
X+ 2 o 3 0

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

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

The given inequality |3x — 4| < 2 is equivalent to 3x — 4 < 2 or 3x — 4 > —2. Solving the first inequality, we have
3Xx < 6,50 x < 2. Similarly, we solve the second inequality and obtain 3x > 2, s0 x > % We conclude that

£ < x < 2. The solution set is [% 2].
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76.

7.

78.

79.

81.

82.

83.

85.

86.

87.

88.

1 FUNDAMENTALS OF ALGEBRA

Xx+1 Xx+1 . . .
2 + 1= 5or 2 + 1= —5. Solving the first equation, we

. . x
The given equation

1 L .
+ 1‘ = 5 implies that either

havex +1=5(x —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 = 2. Thus, the two values of x that satisfy the equation are x = 3

_2
andx_3.

E-1 K1 K+l (VX)°-1 x —1 1

x—1  x—1 K+l (x-DAX+1) K-DX+1) X+1

X X

Ixy3  zIXY

N SR e U, SR S o 3 1=2/X _3(1-20%)

2J% 24X X X 142X 1-2J%x 1-—4x
x2 — 2x —5 = 0. Using the quadratic formula witha = 1, b = —2, and ¢ = —5, we have

2
(o ThET e - () EV(-22-4) (-5 _24VA_ | &
2 2(1) ?

2x2 + 8x 4+ 7 = 0. Using the quadratic formula with a = 2, b = 8, and ¢ = 7, we have

—8+464—-56 —8+4/8
K= BRI 4f:_zi%ﬁ.

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.

. 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.

The difference is given by (2.5t2 4 18.5t + 509) — (—1.1t2 + 29.1t + 429) = 3.6t2 — 10.6t + 80 dollars. The
difference at the beginning of 1998 is obtained by replacing t with 4, giving 3.6 (4)? — 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.

a 51.8° < F < 80.6°.
b. We solve 51.8 < 2C + 32 < 80.6, obtaining 19.8 < 2C < 48.6and 11° < C < 27°.

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 + 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.

The degree of p — g is m. To see this, suppose that p = amX™ +--- +apX" +---+agand g = byx" + - - - + bg.
Becausem > n, p—q =amx™ +--- 4+ (@, —by) X" +--- + (ap — bp) has degree m.
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CHAPTER 1 Before Moving On...  page 69

1

10.

2(3x —2)? = 3x (X + 1) +4 =2 (9x? — 12x + 4) — 3x? — 3x + 4 = 18x? — 24x + 8 — 3x?> — 3x + 4
= 15x% — 27x + 12 = 3 (5x? — 9X + 4).

a x*—x3-6x2=x%(x2—x—6) =x%(x —3) (X + 2).

b. @—b)2 — (a2 +b)° = [@—b) — (a2 +b)][@—b) + (a2 +b)] = (a—b—a? —b) (a+aZ —b+b)
= (—a?—2b+a) (a) (@ +1).

2X N x-1 2X N x—1 XX+ +(x-1)(Bx+1)
"3x2-5x—2 x2—-x—-2 X+Dx-2) (x—=2)(x+1)  X+DHEE-2(x+1)
X2 42X+ 3% —2x—1 5x2 —1

OB+ =2 (x+1) X+ EX-=-2)(x+1)

(8x2y—3)_1(2x2)2 87Ix72%y® 24 1 1 1
2

9x—3y2 3y3) T o Ix3y=2 336~ 2 xy  2xy’
25—L S02s(s+r)=r,282+2sr =r,r (1 —2s) =252 andr = %*
s’ - - S C1-2s
2—-3 2-V3 4-4J343 7-443
. . = > = =7-4J3.
243 2-V8 (g 473
.a.2x2+5x—12:0,50(2x—3)(x+4):0.Thus,x:%orx:—4.
b. m? —3m — 2 = 0. Using the quadratic formula witha = 1, b = —3, and ¢ = —2, we obtain
X_—(—B)i\/(—3)2—4(l)(—2)_3i«/9+8_3j:\/ﬁ
N 2 - 2 N 2

X F A= X =5-1=0,50VX+4—/x=5=1,Xx+4=14+Xx-5Xx+4=14+2/X—-5+x -5,

8=2/x—-54=.x—-5x—-5=16,and x = 21.

. We want to find the values of x for which (3x + 2) (2x — 3) < 0. From ——=0+++++++ Signof3x+2
the sign diagram, we conclude that the given inequality is satisfied @ - —-———-——— 0 ++ Signof2x—3
when —% < x < 2. The solution set is [—3, 3] ; !
3=A=7 32 -20 3
[2x 4+ 3| < lisequivalentto —1 < 2x +3 < 1. Thus, =1 —3 < 2x < 1—3,0r —4 < 2x < —2. We conclude that

—2 < x < —1. The solution set is [—-2, —1].






FUNCTIONS AND THEIR GRAPHS

2.1 The Cartesian Coordinate System and Straight Lines

Concept Questions page 76
l.aa<O0andb > 0. b.a<0andb < 0. c.a>0andb <0.
Y2—W1

X2 — X1
line. The slope of a vertical line is undefined.

2. The slope of a nonvertical line ism = , where P (x1, y1) and P (x2, y2) are any two distinct points on the

Exercises page 77

1. The coordinates of A are (3, 3) and it is located in Quadrant I.

2. The coordinates of B are (—5, 2) and it is located in Quadrant Il.

3. The coordinates of C are (2, —2) and it is located in Quadrant IV.

4. The coordinates of D are (—2, 5) and it is located in Quadrant I1.

5. The coordinates of E are (—4, —6) and it is located in Quadrant I11.

6. The coordinates of F are (8, —2) and it is located in Quadrant IV.

7. A 8. (-5,4) 9. E,F,and G 10. E n. F 12. D

For Exercises 1320, refer to the following figure.

13.(-2,5) e
T 14.(1,3
e (33) | T
L] 1”
oo
P! *15(3,-1)
17.(8,~1
T o 16.(3,—4) ( . 2)
20. (1.2,-3.4) .
1 19. (4.5,—4.5)
. . . 2-0 1
21. Referring to the figure shown in the text, we see that m = 0—(4) =5
. . . 4-0
22. Referring to the figure shown in the text, we see that m = 02 —2.

51
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23.

2 FUNCTIONS AND THEIR GRAPHS

This is a vertical line, and hence its slope is undefined.

24. This is a horizontal line, and hence its slope is 0.
_Y2—-y1 8-3 _Y2—-y1 8-5 3
25.m_X2_X1_5_4_5. 26'm_xz—x1_3—4 = 3.
y2 = V1 8-3 5 Yo—y1  —4-(=2) =2 1
27. m = = =-. 28. m= = =—=—-=.
M= —xi 4—(=2) 6 M= —x 4-(—2 6 3
— d—b .
29. m= 2-n _ ——, provided a # c.
X2 — X1 c—a
30m—y2_y1— -b-(b-1) = —-b-b+1 1-2b
" xp—-x1 a+l-(-a+1l a+l+a-1 2
31. Because the equation is already in slope-intercept form, we read off the slope m = 4.

32.

33.

35.

36.

37.

a. If x increases by 1 unit, then y increases by 4 units.
b. If x decreases by 2 units, then y decreases by 4 (—2) = —8 units.

. . . . . 2 4
Rewrite the given equation in slope-intercept form: 2x + 3y = 4,3y =4 —2x,ands0 y = —5X + 3.
a. Because m = —%, we conclude that the slope is negative.
b. Because the slope is negative, y decreases as x increases.

c. If x decreases by 2 units, then y increases by (—%) (-2) = % units.

. . —10—-(-2 -8 ) .
The slope of the line through A and B is % === 2. The slope of the line through C and D is
1-5 —4 . .
T-1-3° 2. Because the slopes of these two lines are equal, the lines are parallel.
. The slope of the line through A and B is _2 —°. Because this slope is undefined, we see that the line is vertical.

The slope of the line through C and D isz—(z). Because this slope is undefined, we see that this line is also

vertical. Therefore, the lines are parallel.

—-2—a

The slope of the line through the point (1, a) and (4, —2) ism; = 1 and the slope of the line through

a+4-8 . .
+—2. Because these two lines are parallel, m1 is equal to my. Therefore,

—7—
—-2—a a-—-4
3 =—9,—9(—2—a)=3(a—4),18+9a=3a—12,and6a=—30,soa=—5.

2,8)and (—=7,a+4)ismy =

8-1
The slope of the line through the point (a, 1) and (5, 8) ism1 = T a and the slope of the line through (4, 9) and

— 7 -8
——— . Because these two lines are parallel, m is equal to my. Therefore, —— = ——,
at2—4 P 11569 2 5_a a—2

7@a—-2)=-8(B—-a),7a—14 = —40 + 8a,and a = 26.

@+2,1)ismp =

Yes. A straight line with slope zero (m = 0) is a horizontal line, whereas a straight line whose slope does not exist
(m cannot be computed) is a vertical line.
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2.2  Equations of Lines

Concept Questions page 84

1

ay—yr=m(X—Xy) b. y=mx+b
c. ax + by + ¢ = 0, where a and b are not both zero.

amp=m b. my = !
- a i =112 . 2 = e
. . . A C . - A
. a. Solving the equation for y gives By = —Ax —C,s0y = _EX -5 The slope of L is the coefficient of x, 5

b. If B = 0, then the equation reduces to Ax 4+ C = 0. Solving this equation for x, we obtain x = & This isan

equation of a vertical line, and we conclude that the slope of L is undefined.

Exercises page 84

1

10.

12.

13.

14.

15.

(e) 2.(c) 3.(a) 4, (d) 5. (f) 6. (b)
. . 2-5 3 1 . .

. The slope of the line through A and B |sm =5~ "7 The slope of the line through C and D is
6—(-2) 8 . . . .
3—(1) =7= 2. Because the slopes of these two lines are the negative reciprocals of each other, the lines are
perpendicular.

. . —2-0 =2 . .
. The slope of the line through A and B is T-7 — 1= 2. The slope of the line through C and D is
4-2 2 1
e i- 1" & Because the slopes of these two lines are not the negative reciprocals of each other, the

lines are not perpendicular.

. An equation of a horizontal line is of the form y = b. In this case b = —3, so y = —3 is an equation of the line.

An equation of a vertical line is of the form x = a. In this case a = 0, so x = 0 is an equation of the line.

. We use the point-slope form of an equation of a line with the point (3, —4) and slope m = 2. Thus

y —y1 =m (X — x1) becomes y — (—4) = 2 (x — 3). Simplifying, we have y + 4 = 2x — 6, or y = 2x — 10.

We use the point-slope form of an equation of a line with the point (2, 4) and slope m = —1. Thus
y—yr=m(X—xXq1),givingy —4=-1(x—-2),y—4=—x+2,andfinally y = —x + 6.

Because the slope m = 0, we know that the line is a horizontal line of the form y = b. Because the line passes
through (-3, 2), we see that b = 2, and an equation of the line isy = 2.

We use the point-slope form of an equation of a line with the point (1, 2) and slope m = —%. Thus
y—y1i=m(X—x1)givesy —2=—3(x—1),2y —4=—x+1,2y = —x +5and y = —1x + 3.

7—4
We first compute the slope of the line joining the points (2, 4) and (3, 7), obtaining m = 37 3. Using the

point-slope form of an equation of a line with the point (2, 4) and slopem = 3, we findy —4 = 3 (x — 2), or
y =3x — 2.
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16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

2 FUNCTIONS AND THEIR GRAPHS

5-1
We first compute the slope of the line joining the points (2, 1) and (2, 5), obtaining m = Tk Because this slope

is undefined, we see that the line must be a vertical line of the form x = a. Because it passes through (2, 5), we see
that x = 2 is the equation of the line.
—2-2 -4

=— =1
-3-1 -4
Using the point-slope form of an equation of a line with the point (1, 2) and slopem =1, wefindy —2 =x —1, or

y=x-+1

We first compute the slope of the line joining the points (1, 2) and (—3, —2), obtaining m =

We first compute the slope of the line joining the points (—1, —2) and (3, —4), obtaining
—4 — (=2 -2 1
m = ﬁ(l)) =7 =73 Using the point-slope form of an equation of a line with the point (-1, —2) and

slopem = —3, wefindy — (=2) = =3 [x — (=1)], y + 2 = —3 (x + 1), and finally y = —3x — 3.

We use the slope-intercept form of an equation of a line: y = mx + b. Because m = 3 and b = 4, the equation is
y=3x+4.

We use the slope-intercept form of an equation of a line: y = mx + b. Because m = —2 and b = —1, the equation
isy=-2x — 1.

We use the slope-intercept form of an equation of a line: y = mx + b. Because m = 0 and b = 5, the equation is
y =5.

We use the slope-intercept form of an equation of a line:y = mx + b. Because m = —%, andb = %, the equation is
y=—2x+3.
We first write the given equation in the slope-intercept form: x —2y = 0,0 —2y = —x, 0ry = %x. From this

equation, we see thatm = % andb =0.

We write the equation in slope-intercept form: y — 2 = 0, so y = 2. From this equation, we see that m = 0 and
b=2

We write the equation in slope-intercept form: 2x — 3y —9 =0, -3y = —2x +9,and y = %x — 3. From this
equation, we see thatm = % andb = -3.

We write the equation in slope-intercept form: 3x —4y +8 =0, -4y = —3x — 8,and y = %x + 2. From this
equation, we see thatm = % andb = 2.

We write the equation in slope-intercept form: 2x + 4y = 14,4y = —2x + 14,and y = —2x + 3 = —Ix + 2.
From this equation, we see thatm = —3 and b = 2.
We write the equation in the slope-intercept form: 5x + 8y —24 = 0,8y = —5x + 24,andy = —gx + 3. From

this equation, we conclude thatm = —2 and b = 3.

We first write the equation 2x — 4y — 8 = 0 in slope-intercept form: 2x —4y —8 =0,4y =2x — 8,y = %x - 2.
Now the required line is parallel to this line, and hence has the same slope. Using the point-slope form of an
equation of a line with m = % and the point (-2, 2), wehave y —2 = 1 [x — (=2)] ory = 3x +3.
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31.

32.

33.

35.

36.

37.

38.

39.

40.
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5—(-3 8
# = — = 2. Thus, the required equation

The slope of the line passing through (—2, —3) and (2,5) ism = - (2 1

isy—3=2[x—(-1],y=2x+2+3,0ory =2x +5.

We first write the equation 3x + 4y — 22 = 0 in slope-intercept form: 3x + 4y — 22 = 0,504y = —3x + 22
andy = —%x + % Now the required line is perpendicular to this line, and hence has slope % (the negative
reciprocal of —%). Using the point-slope form of an equation of a line with m = % and the point (2, 4), we have
y—4=2%(x—2),0ry=3x+13.

3-(-) 3+1 4 2

4
The slope of the line passing through (-2, —1) and (4, 3) is given by m = = =—-=-,90
p p g gh (=2, -1) (4,3)isg y 1-(—2) 4+2 6 3
the slope of the required line is m = —3 and its equation is y — (=2) = =3 (x — 1),y = —=3x + 3 — 2, 0r
y=-3x-1.
A line parallel to the x-axis has slope 0 and is of the form y = b. Because the line is 6 units below the axis, it passes

through (0, —6) and its equation is y = —6.

. _ S . 7—4 3
. Because the required line is parallel to the line joining (2, 4) and (4, 7), it has slope m = —— = —. We also know

4-2 2
that the required line passes through the origin (0, 0). Using the point-slope form of an equation of a line, we find
y—0=3x-0)0ry=3x

We use the point-slope form of an equation of a line to obtainy —b =0(x —a),ory = b.

Because the line is parallel to the x-axis, its slope is 0 and its equation has the form y = b. We know that the line
passes through (—3, 4), so the required equation is y = 4.

8-2 6 2
— = — = —. W
6-(—3 9 3 '°
also know that the required line passes through (-5, —4). Using the point-slope form of an equation of a line, we

findy — (—4) = 2[x — (-5)], y = $x + ¥ — 4, and finally y = %x — 4.

Because the required line is parallel to the line joining (—3, 2) and (6, 8), it has slope m =

Because the slope of the line is undefined, it has the form x = a. Furthermore, since the line passes through (a, b),
the required equation is x = a.

Because the point (—3, 5) lies on the line kx + 3y + 9 = 0, it satisfies the equation. Substitutingx = —3andy =5
into the equation gives —3k + 154+ 9 =0, ork = 8.

Because the point (2, —3) lies on the line —2x + ky + 10 = 0, it satisfies the equation. Substituting x = 2 and
y = —3 into the equation gives —2 (2) + (—3)k + 10 =0, —4 — 3k + 10 = 0, —3k = —6, and finally k = 2.
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41. 3x —2y + 6 =0. Settingy = 0, we have 3x + 6 =0 42. 2x —5y +10 = 0. Setting y = 0, we have 2x +10 =0
or x = —2, so the x-intercept is —2. Setting x = 0, we or x = —b, so the x-intercept is —5. Setting x = 0, we

have —2y + 6 = 0 or y = 3, so the y-intercept is 3. have —5y 4+ 10 = 0 or y = 2, so the y-intercept is 2.
YA Ny
44

|~

I/IO__'IQ'I; ol

43. x +2y —4 = 0. Settingy = 0, we have x —4 =0or 44. 2x + 3y — 15 = 0. Setting y = 0, we have

X = 4, so the x-intercept is 4. Setting X = 0, we have 2x — 15 = 0, s0 the x-intercept is % Setting x = 0,
2y —4=0o0ry =2, sothe y-intercept is 2. we have 3y — 15 = 0, so the y-intercept is 5.
y 4

45. y +5=0. Setting y = 0, we have 0 + 5 = 0, which  46. —2x — 8y + 24 = 0. Setting y = 0, we have

has no solution, so there is no x-intercept. Setting —2Xx + 24 =0 or x = 12, so the x-intercept is 12.
X =0,wehavey +5=0o0ry = -5, sothe Setting x = 0, we have —8y + 24 =0 or y = 3, so the
y-intercept is —5. y-intercept is 3.

y y
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48.

49,

50.

51.

52.

53.

55.

. The slope of the line L passing through P; (1.2, —9.04) and P, (2.3, —=5.96) ism =
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b-0 b

Because the line passes through the points (a, 0) and (0, b), its slope ism = 0—a- a Then, using the

. . . . . b b
point-slope form of an equation of a line with the point (a, 0), we have y — 0 = 3 x—a)ory = _EX + D,

. e b L . . 1
which may be written in the form gx + y = b. Multiplying this last equation by b we have g + % =1

. Xy . Xy
Using the equation 3 + b= 1 witha = 3 and b = 4, we have 3 + 1= 1. Then 4x 4+ 3y = 12,50 3y = 12 — 4x

4

andthus y = —=x + 4.

. L X oy . X Yy
Using the equation 3 + b= 1witha = —2and b = —4, we have 51" 1. Then —4x — 2y = 8§,
2y = —8 — 4x, and finally y = —2x — 4.
Using the equation g + % =1lwitha=—3andb = 3, we have %/2 + 3—}/14 =13x-3y= (—%) (%)
iy =-3x- % andfinallyy =2 (%x + %) =3x+3.

. Xy _ o X y 1 B 1
Using the equation 3 + b= lwitha =4andb = —5, we have 7 + T/Z =1, —3x+2y=-12y = 3x -1,

andsoy = ix — 3.

—2-7 9
The slope of the line passing through A and B ism = 2—(1) =-3= —3, and the slope of the line passing
. -9 — (-2 7 . . .
through Band C ism = —t_; — 3 Because the slopes are not equal, the points do not lie on the same line.
. . . 7-1 6 . .
The slope of the line passing through A and B ism = 17(2) =3= 2, and the slope of the line passing through
. 13—7 6 S .
BandCism = a-1-3° 2. Because the slopes are equal, the points lie on the same line.

—5.96 — (—9.04)

23-12 = 2.8,s0an

equationof Lisy — (—=9.04) =28(x —1.2) ory = 2.8x — 12.4.

Substituting x = 4.8 into this equation gives y = 2.8 (4.8) — 12.4 = 1.04. This shows that the point P3 (4.8, 1.04)
lies on L. Next, substituting x = 7.2 into the equation gives y = 2.8 (7.2) — 12.4 = 7.76, which shows that the
point P4 (7.2, 7.76) also lies on L. We conclude that John’s claim is valid.

—5.72 — (—6.44)

The slope of the line L passing through P; (1.8, —6.44) and P, (2.4, —=5.72) ism = S 4— 18

equationof Lisy — (—6.44) =1.2(x —1.8) ory = 1.2x — 8.6.
Substituting x = 5.0 into this equation gives y = 1.2 (5) — 8.6 = —2.6. This shows that the point P3 (5.0, —2.72)
does not lie on L, and we conclude that Alison’s claim is not valid.

=1.2,s50an
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56. a. FA b. The slope is % It represents the change in °F per unit change in °C.
60 c. The F-intercept of the line is 32. It corresponds to 0 in °C, so it is
40 the freezing point in °F.

/ﬁ) 0 20 C
-20

57. a. y (% of total capacity) b. The slope is 1.9467 and the y-intercept is 70.082.
100 / c. The output is increasing at the rate of 1.9467% per year. The
80 output at the beginning of 1990 was 70.082%.
60
40 d. We solve the equation 1.9467t + 70.082 = 100, obtaining
20 1.9467t = 29.918 and t ~ 15.37. We conclude that the plants were
enerating at maximum capacity during April 2005.
0 5 10 15  t(years) J g pactty 9ap
58. a. y = 0.0765x b. $0.0765 ¢. 0.0765 (65,000) = 4972.50, or $4972.50.
. . 1100
59. a. y = 0.55x b. Solving the equation 1100 = 0.55x for x, we have x = 0m = 2000.
60. a. Substituting L = 80 into the given equation, we have b. W (tons)
W = 3.51(80) — 192 = 280.8 — 192 = 88.8, or 88.8 British
tons. 80

40

O] 20 40,60 80 L (feet)

61. Using the points (0, 0.68) and (10, 0.80), we see that the slope of the required line is
0.80—0.68 0.12
T 10-0 10
y —0.68 = 0.012 (t — 0) or y = 0.012t + 0.68. Therefore, whent = 14, we have y = 0.012 (14) + 0.68 = 0.848,
or 84.8%. That is, in 2004 women’s wages were 84.8% of men’s wages.

= 0.012. Next, using the point-slope form of the equation of a line, we have

62. a, b. v y (millions) C. Theslopeof Lism = w = —0.148, so an equation
}:‘2‘ of Lisy —1.3=—0.148(x —0) or y = —0.148x + 1.3.
é:g d. The number of pay phones in 2012 is estimated to be
8:2 o —0.148 (8) + 1.3, or approximately 116,000.
0.2 S
0 1 23 4 5 6 7 8\;(yr)




63. a, b.

64. a, b.

65. a, b.

66. a. The slope of the line L passing through A (0, 545) and B (4, 726) b. s

2.2 EQUATIONS OF LINES 59

. 82-13 . .
A y (% change) C. Theslopeof L ism = —=3_0 - 2.3, so an equation of L is
10 - y—13=23(x—-0)ory=23x+13.
8
6 d. The change in spending in the first quarter of 2014 is estimated
4 to be 2.3 (4) + 1.3, or 10.5%.
2
0 4 x (auarter)

y (in.) 4 ¢. Using the points (60, 108) and (72, 152), we see that the
160 slope of the required line ism = 22— 100 _ 44 11
150 P a T T2-60 12 3
130 | Therefore, an equation is y — 108 = 3 (x — 60),

2 y_3x——(60)+108_ Ly — 220 + 108, or
100 ‘ y = ¥x - 112,
0 58 60 62 64 66 68 70 72 74 v(lb) d. Using the equation from part c, we find
y = 4 (65) — 112 = 1261, or 1263 pounds.
v ($)4 ¢. Using the points (0, 200) and (100, 250), we see that the
250 1 . L 250-200 1
lope of the required lineism = —— = —.
240, slop required line is 100 5
2301 L
5201 Therefore, an equation is y — 200 = $x or y = 1x + 200.
i(l)%; d. The approximate cost for producing 54 units of the
190 4 commodity is § (54) + 200, or $227.

0l 20 40 60 30

100 x

. 726 —545 181 . . 800 -
ism=——— = "—so0an equation of L is
y —545 =181 (x —0)ory = 18Lx 4 545 400
c. The number of corporate fraud cases pending at the beginning of 200
2014 is estimated to be 8% (6) + 545, or approximately 817. o T s s 4 s e
. 9.0-58 32 .
67.a,b. y(sm), Cc. Theslope of L ism = w—1 — 1 - 0.8. Using the
101 point-slope form of an equation of a line, we have
8 y—58=08x—-1)=0.8x—-0.8,0ory =0.8x +5.
64 [J
Al d. Using the equation from part ¢ with x = 9, we have
] y =0.8(9) +5=12.2, or $12.2 million.
24
0 1 2 3 4 5 ;(years)
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68.

69.

70.

71.

72.

73.

74.

75

76.

2 FUNCTIONS AND THEIR GRAPHS

29 — 27
a. The slope of the line passing through Pz (0, 27) and P> (1, 29) ismy = -0 = 2, which is equal to the slope
. L 31-29 N .
of the line through P> (1, 29) and Ps (2, 31), whichism, = 51 = 2. Thus, the three points lie on the line L.

b. The percentage is of moviegoers who use social media to chat about movies in 2014 is estimated to be
31+ 2(2), or 35%.
C.y—27=2(x—0),50y = 2x + 27. The estimate for 2014 (t = 4) is 2 (4) + 27 = 35, as found in part (b).

True. The slope of the line is given by —% =—

Nl—=

True. If (1, k) lies on the line, then x = 1, y = k must satisfy the equation. Thus 3 + 4k = 12, ork = %.
Conversely, if k = %, then the point (1, k) = (1, %) satisfies the equation. Thus, 3 (1) + 4 (%) = 12, and so the
point lies on the line.

A
True. The slope of the line Ax + By +C =0is 5 (Write it in slope-intercept form.) Similarly, the slope of the

A
lineax +by+c=0is —%. They are parallel if and only if 5= —%, that is, if Ab =aB, or Ab —aB = 0.

. 1
False. Let the slope of L1 be m; > 0. Then the slope of Ly ismy = 0 < 0.
1

. . . . b
True. The slope of the lineax + by 4¢3 =0ismy = —%. The slope of the line bx —ay +c¢; =0ismy = .

Because mimy = —1, the straight lines are indeed perpendicular.

True. Set y = 0 and we have Ax + C =0 or x = —C/A, and this is where the line intersects the x-axis.
. . . . ai C1 as Co
. Writing each equation in the slope-intercept form, we have y = —b—x b (b1 Z0)andy = —b—x b
1 1 2 2

(b2 # 0). Because two lines are parallel if and only if their slopes are equal, we see that the lines are parallel if and

a a
only if —— = — =2, or aih, — brap = 0.
by b2

-0 . -0 .
1-0- b. The slope of Ly ismy = i—o = ¢. Applying the Pythagorean theorem to

AOAC and AOCB gives (OA)? = 12 + b2 and (OB)? = 12 + ¢2. Adding these equations and applying the
Pythagorean theorem to AOBA gives (AB)? = (OA)? + (OB)? = 12 + b% + 12 + ¢2 = 2 4+ b2 4 c2. Also,
(AB)?2 = (b—¢)?,50 (b —c)> =2 +b? +¢c2, b2 — 2bc + 2 = 2+ b% + ¢2, and —2bc = 2, 1 = —bc. Finally,
mimy =b . ¢ = bc = —1, as was to be shown.

The slope of L1 ismy =
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Graphing Utility
1 .
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10
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2.2 EQUATIONS OF LINES
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10
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-10
-10

10

10

20 N

10

20
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20 T
30+
-40 +

-10

10.

12.
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20T

10T

-10
-10

10

20

20 T

40 T “-\

10

20

20

-20 T

40 /

-10 0

10

20

30

10

15 20

25
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Excel

3.2x+21y-672=0
20

15
10

5 C 10 15

1.6x+ Sly= 8.16

Q

w >~ o

-10 -5

(@] I—‘}

-1 ( 5\100 15

x

12.1x+ 4.1y =49.61
50

40

\%
10 0 N) 15
-20

[en]

2.2 EQUATIONS OF LINES

2.3x-41y-943=0
4

.

[en]

-15 -10 5 )/ 5 10 15

>
-4
6
-8
-10
X
-3.2x+ 2.1y =6.72
20
15
10
57
>
§
-5 -10 50 5 10 15
-10
-15
X
4.1x - 15.2y = 62.32
2
0 /
-20 -10 )e/ 20 30
2
)
4
6
4
8
X
32.2x+ 21y = 676.2
60
\i‘é
30
> 20
10
0
20 -10 -10 ( >—19—19¥@—40
-20

63
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9. 20x + 30y = 600 10. 30x - 20y = 600
30 20
25 10
20 n
\v}
1 20 <10 450 10 20 30 40
> 10 >
: 20
n -30
v
20 50 20 40 60 240
-10 -50
X X
1. 22.4x+16.1y = 352 12. 18.2x- 15.1y = 274.8
40 10
5
30 0
2 20——10—50—10°——20—30
-10
> >
10 15
20
0
-20 -10 ) 10 20 30 -30
-10 -35
X X

2.3  Functions and Their Graphs

Concept Questions page 100

1. a. A function is a rule that associates with each element in a set A exactly one element in a set B.

b. The domain of a function f is the set of all elements x in the set such that f (x) is an element in B. The range of
f is the set of all elements f (x) whenever x is an element in its domain.

¢. An independent variable is a variable in the domain of a function f. The dependent variable isy = f (x).

2. a. The graph of a function f is the set of all ordered pairs (x, y) such that y = f (x), x being an element in the
domain of f.

Range
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b. Use the vertical line test to determine if every vertical line intersects the curve in at most one point. If so, then
the curve is the graph of a function.

3. a. Yes, every vertical line intersects the curve in at most one point.
b. No, a vertical line intersects the curve at more than one point.
c. No, a vertical line intersects the curve at more than one point.

d. Yes, every vertical line intersects the curve in at most one point.

4. The domain is [1, 3) and [3, 5) and the range is [% 2) and (2, 4].

Exercises page 100

1. f (x) =5x+6. Therefore f 3) =5@3)+6=21, f(-3)=5(-3)+6=-9, f (@) =5(a) + 6 = 5a+ 6,
f(-a)=5(-a)+6=-5a+6,and f (@a+3)=5(@+3)+6=>5a+15+6 =5a+ 21

2. f (x) = 4x — 3. Therefore, f (4) = 4(4) —3 = 16 — 3 = 13, f(%) =4(%)—3=1—3=—2,
f(0)=4(0)—3=-3f(@)=4(a)—3=4a—3 f(a+1l)=4(@+1)—3=4a+L1

3.9g(x)=3x2—6x —3,500(0) =3(0)—6(0)—3=-3,9g(—1) =3(-1)>—-6(-1)—3=3+6—-3=5,
g@@ =3(@)>—-6()—3=23a%—-6a—3,g(—a) =3(-a)> —6(—a) — 3 = 3a% + 6a — 3, and
gX+1)=3(x+1)2-6(x+1)—3=3(x2+2x+1) —6x —6—3=3x2+6x +3—6x —9=3x%—6.

4. h(x)=x3—=x2+x+1,50h(=5) = (-5)°% - (=524 (-5) +1 = —-125-25 -5+ 1 = —154,
h©) = (0°-02?+0+1=1Lh@=2a—-(@?+a+1=a’—a’+a+1 and
h(-a)=(-a)®—-(-a)’+(-a)+1=—-a%—a?—a+1.

5, f(x)=2x+5,s0 f(a+h)=2@+h)+5=2a+2h+5, f(-a) =2(-a)+5 = —2a+5,
f(a?) = 2(a?) +5=2a%+5, f(a—2h) = 2(a—2h) +5 = 2a — 4h + 5, and
f(2a—h)y=2(R2a—-h)+5=4a—-2h+5

6.9g(x) = —x2+2x,g(@+h) = —@+h)?+2@+h) = —a? — 2ah — h? + 2a + 2h,
g(-a) = —(—a)? +2(-a) = —a’ —2a = —a(@+2), g (va) = — (vA)° +2(/a) = —a + 24,
1 1
g @) T aZi2a z_a(a—Z)'

a+g@ =a—a?+2a=-a2+3a=-a(a—3)and

ot 24 8 _ 20 _
7.5(t) = a1 Therefore, s (4) = @_1 5 s(0) = 21 = 0,

2@ 2 _ 2(24a  2+a  2(2+a)
S(a)_az_l_a2—1’5(2+a)_(2+a)2—1_a2+4a+4—1_a2+4a+3’
4D = 2(t+1) 2t+1) 2(t+1)

C+12—1 C+2+1-1 t(t+2)

8. g (u) = (3u — 2)%2. Therefore, g (1) = [3(1) — 21*? = (1)*? =1, g (6) = [3(6) — 2]*/? = 16%/? = 4% =64,
9(¥)=[3(%)- 2]3/2 = 9% =27,andgU+1) =BU+1) -2 =@Bu+1¥2
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©

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

2 FUNCTIONS AND THEIR GRAPHS

o 222 282 2+ DF 2(x+1)?
f(t)_m.Therefore,f(2)_m_8,f(a)_ﬁ,f(x+1)_ GTD -1 X
_2x—1% 2(x—1)°
andf(x—l)_\/(x_l)_l_ Nrevl
f(X) = 2+ 2J/5—X. Therefore, f (—4) =2+2/5—(—4) =2+2/9=2+2(3) =8,

f(l)=2+4+2/6—1=2+42/4=2+4=6, f (%)=2+2( —%)1/2=2+2(%)1/2=2+2(§)=5,
and f (x +5)=2+2/6— (X +5) =2+ 2,/=X.

. Because x = —2 < 0, we calculate f (—2) = (—2)>+1 =4+ 1 = 5. Because x = 0 < 0, we calculate

f (0) = (0)>+1 =1. Because x = 1 > 0, we calculate f (1) = v1=1.

Becausex:—z<2,g(—2):—%(—2)+1:1+1:2. Becausex:o<2,g(0):—%(0)+1:0+1:1.
Becausex =2 >2,9(2) =+/2—-2=0.Becausex =4 > 2,9 (4) = /4 —2 = 2.

Because x = —1 < 1, f (-1) = =3 (-1)> +3 = 3. Because x = 0 < 1, f (0) = —3 (0)® + 3 = 3. Because
x=1>1f1)=2(1?) +1=3.Becausex =2>1, f (2) =2(2%) +1=0.

Becausex =0<1, f(0)=2++/1-0=2+1=3.Becausex=1<1, f(1)=2+/1-1=2+0=2.

1 1
Becausex =2 > 1, f (2) =1_7-71 =-1.
a f0)=-2
b. (i) f (x) =3whenx ~ 2. (i) f (x) =0whenx = 1.
c. [0, 6]
d. [-2, 6]
a f(7)=3 b. x =4andx = 6. c. x=2;0. d. [-1,9]; [-2,6].

g(2) = /22 — 1 = /3, so0 the point (2, ﬁ) lies on the graph of g.

3+1 4 4 . .
f(3) = 3j+7 +2= E +2= Z+2=3,sothep0|nt(3,3) lies on the graph of f.
2= -3 . .
f(-2)= 1 - 1 —3, so the point (—2, —3) does lie on the graph of f.
-3+1 2 2 1
h(=3) = (l 3):__‘_'1 = 71 = "3 = ~13 SO the point (—3, —1—13) does lie on the graph of h.

Because the point (1, 5) lies on the graph of f it satisfies the equation defining f. Thus,
fl)=21)2-40)+c=50rc=7.

Because the point (2, 4) lies on the graph of f it satisfies the equation defining f. Thus,

f(2)=2/9—(2)°+c=4,0rc=4-2/5

Because f (x) is a real number for any value of x, the domain of f is (—oo, 00).
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25.
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28.
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30.

31.

32.

33.

35.

36.

37.
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Because f (x) is a real number for any value of x, the domain of f is (—oo, 00).

f (x) is not defined at x = 0 and so the domain of f is (—oo, 0) and (0, o).

g (x) is not defined at x = 1 and so the domain of g is (—oo, 1) and (1, c0).

f (x) is a real number for all values of x. Note that x? + 1 > 1 for all x. Therefore, the domain of f is (—oco, o).

Because the square root of a number is defined for all real numbers greater than or equal to zero, we have x —5 > 0
or x > 5, and the domain is [5, 00).

Because the square root of a number is defined for all real numbers greater than or equal to zero, we have 5 — x > 0,
or —x > —5and so x < 5. (Recall that multiplying by —1 reverses the sign of an inequality.) Therefore, the domain
of f is (—o0, 5].

Because 2x? + 3 is always greater than zero, the domain of g is (—oo, 00).

The denominator of f is zero when x? — 1 = 0, or x = 41. Therefore, the domain of f is (—oco, —1), (=1, 1), and
(1, 00).

The denominator of f is equal to zero when x? + x — 2 = (X + 2) (x — 1) = 0; that is, when x = —2 or x = 1.
Therefore, the domain of f is (—oo, —2), (=2, 1), and (1, co).

f is defined when x + 3 > 0, that is, when x > —3. Therefore, the domain of f is [—3, 00).

. g is defined when x — 1 > 0; that is when x > 1. Therefore, the domain of f is [1, 00).

The numerator is defined when 1 — x > 0, —x > —1 or x < 1. Furthermore, the denominator is zero when x = +2.
Therefore, the domain is the set of all real numbers in (—oo, —2) and (-2, 1].

The numerator is defined when x — 1 > 0, or x > 1, and the denominator is zero when x = —2 and when x = 3. So
the domain is [1, 3) and (3, ).

a. The domain of f is the set of all real numbers. C. v

b. f(x)=x?>—-x—6,5s0 0

f(=3)=(-3)2—(-3)—-6=9+3—6=56, 3

f(=2)=(-2?—-(-2)—6=4+2-6=0, ITON o AR
f(—1)=(-1)?—-(-1)—6=1+1—-6=—4,

f (0) = (0)*> — (0) — 6 = —6,
f(%):(%)2—(%)—6=%—§—%=—%,f(1)=(1)2—1—6=—6,

fQ=@?-2-6=4-2—-6=—-4and f(3)=(B)>-3-6=9-3—-6=0.
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38. f (X) =2x2+x —3.

a. Because f (x) is a real number for all values of x, the domain of f C. Y
is (—o0, 00). 8
b. 4
x | =3|-2|-1|-3] 0 2| 3
y 12 3| -2 -3|-3|0]7]18 5 \'1\3/1 5 x
—4
39. f (x) = 2x? + 1 has domain (—oo, c0) and range 40. f (x) =9 — x? has domain (—oo, co) and range
[1, 00). (—00,9].
8y YA
20 8
4
10 -4/ =2 0 2 x
—4
. . -8
-3 =2 -1 0 1 2 x
41. f (x) = 2+ /X has domain [0, oo) and range 42. g (x) = 4 — /X has domain [0, oco) and range
[2, c0). (=00, 4].
v y
4
4
2 2
. R 20
0 4 § 12 x 0 10 T~ X
43. f (x) = +/1 — x has domain (—oo, 1] and range 44. f (x) = +/x — 1 has domain (1, co) and range
[0, 00) [0, 00).
y y
. 4
2
2
10 o1 » 01 16 X




45. f (x) = |x| — 1 has domain (—oo, co) and range

[—1, c0).
YA
\ 2- /
) Y/ 2 ;
_2_
X ifx <0 .
47. f (x) = ] has domain
2x+1 ifx >0
(—00, o0) and range (—o0, 0) and [1, co).
YA
4.
5 0 2 x
74.

49. If x < 1, the graph of f is the half-liney = —x + 1.
For x > 1, we calculate a few points: f (2) = 3,
f (3) =8,and f (4) = 15. f has domain (—o0, 0o0)

and range [0, c0).
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46. f (x) = |x| + 1 has domain (—o0, co) and range
[1, o0)

yA

|
§}

o
S}

=Y

48. For x < 2, the graph of f is the half-liney =4 — x.
For x > 2, the graph of f is the half-line y = 2x — 2.
f has domain (—oo, 0o) and range [2, co).

YA
x
2

4 -2 0] 2 47
-2

50. If x < —1the graph of f is the half-line
y = —x — 1. For —1 < x < 1, the graph consists of
the line segment y = 0. For x > 1, the graph is the
half-line y = x + 1. f has domain (—oo, o0) and
range [0, c0).

3 2 -1 0] [ 2 3 x

51. Each vertical line cuts the given graph at exactly one point, and so the graph represents y as a function of x.

52. Because the y-axis, which is a vertical line, intersects the graph at two points, the graph does not represent y as a

function of x.

53. Because there is a vertical line that intersects the graph at three points, the graph does not represent y as a function

of x.

54. Each vertical line intersects the graph of f at exactly one point, and so the graph represents y as a function of x.

55. Each vertical line intersects the graph of f at exactly one point, and so the graph represents y as a function of x.
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56. The y-axis intersects the circle at two points, and this shows that the circle is not the graph of a function of x.

57. Each vertical line intersects the graph of f at exactly one point, and so the graph represents y as a function of x.

58. A vertical line containing a line segment comprising the graph cuts it at infinitely many points and so the graph does
not define y as a function of x.

59. The circumference of a circle with a 5-inch radius is given by C (5) = 27 (5) = 107, or 107 inches.

60. V

(2.1) = 47 (21)° ~ 3879,V (2) = 47 (8) ~ 33,51, and so V (2.1) — V (2) = 38.79 — 33.51 = 5.28 i the

amount by which the volume of a sphere of radius 2.1 exceeds the volume of a sphere of radius 2.

61. S(r) = 4nr2.

62. a.

63. a.

. . . . 0.59 — 0.61
The slope of the straight line passing through (0, 0.61) and (10, 0.59) ismy = —10-0 - —0.002.

Therefore, an equation of the straight line passing through the two points is y — 0.61 = —0.002 (t — 0) or
y = —0.002t + 0.61. Next, the slope of the straight line passing through (10, 0.59) and (20, 0.60) is

my = % = 0.001, and so an equation of the straight line passing through the two points is

y —0.59 = 0.001 (t — 10) or y = 0.001t + 0.58. The slope of the straight line passing through (20, 0.60) and
(30, 0.66) ismgz = % = 0.006, and so an equation of the straight line passing through the two points is
y — 0.60 = 0.006 (t — 20) or y = 0.006t + 0.48. The slope of the straight line passing through (30, 0.66) and
(40.0,0.78) ismy = % = 0.012, and so an equation of the straight line passing through the two points

—0.002t +0.61 if0<t <10

0.001t 4- 0.58 if10 <t <20
0.006t + 0.48 if20 <t <30
0.012t 4-0.30 if30 <t <40

isy = 0.012t + 0.30. Therefore, arule for f is f (t) =

. The gender gap was expanding between 1960 and 1970 and shrinking between 1970 and 2000.
. The gender gap was expanding at the rate of 0.002/yr between 1960 and 1970, shrinking at the rate of 0.001/yr

between 1970 and 1980, shrinking at the rate of 0.006,/yr between 1980 and 1990, and shrinking at the rate of
0.012/yr between 1990 and 2000.

. . . . . 0.95 — 0.58
The slope of the straight line passing through the points (0, 0.58) and (20, 0.95) ism; = —0_0 - 0.0185,
S0 an equation of the straight line passing through these two points is y — 0.58 = 0.0185 (t — 0)
or y = 0.0185t + 0.58. Next, the slope of the straight line passing through the points (20, 0.95)
1.1-0.95

1.1)i = —
and (30, 1.1) ismy 30— 20
the two points is y — 0.95 = 0.015 (t — 20) or y = 0.015t + 0.65. Therefore, a rule for f is

0.0185t +0.58 if0 <t <20

f@)=

0.015t +0.65 if20 <t <30

= 0.015, so an equation of the straight line passing through

. The ratios were changing at the rates of 0.0185/yr from 1960 through 1980 and 0.015/yr from 1980 through

1990.
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c. The ratio was 1 when t ~ 20.3. This shows that the number of bachelor’s degrees earned by women equaled the
number earned by men for the first time around 1983.

. The projected number in 2030 is P (20) = —0.0002083 (20)® + 0.0157 (20) — 0.093 (20) + 5.2 = 7.9536, or

approximately 8 million.
The projected number in 2050 is P (40) = —0.0002083 (40)3 + 0.0157 (40)? — 0.093 (40) + 5.2 = 13.2688, or
approximately 13.3 million.

N (t) = —t3 + 6t% + 15t. Between 8 a.m. and 9 a.m., the average worker can be expected to assemble

N (1) — N (0) = (-1 + 6+ 15) — 0 = 20, or 20 walkie-talkies. Between 9 a.m. and 10 a.m., we expect that

N (@2)—N (@) =[-22+6(2%) +15(2)] — (-1 + 6 + 15) = 46 — 20 = 26, or 26 walkie-talkies can be assembled
by the average worker.

When the proportion of popular votes won by the Democratic presidential candidate is 0.60, the
proportion of seats in the House of Representatives won by Democratic candidates is given by
(0.6)° 0216 0216 _

5$(0.6) = = = ~
08 06)°+ (1—06)3 0216+0064 0280

0.77.

The amount spent in 2004 was S (0) = 5.6, or $5.6 billion. The amount spent in 2008 was
S (4) = —0.03 (4)° + 0.2 (4)> + 0.23 (4) + 5.6 = 7.8, or $7.8 billion.

a. b. £(5) A
Year | 2006 2007 2008 108 1

Rate | 96.75 | 100.84 | 106.69 106 1
104

102 1

a. The assets at the beginning of 2002 were $0.6 trillion. At the beginning of 2003, they were f (1) = 0.6, or
$0.6 trillion.

b. The assets at the beginning of 2005 were f (3) = 0.6 (3)%*% a2 0.96, or $0.96 trillion. At the beginning of 2007,
they were f (5) = 0.6 (5)%* & 1.20, or $1.2 trillion.

a. The median age of the U.S. population at the beginning of 1900 b. .
was f (0) = 22.9, or 22.9 years; at the beginning of 1950 it was 2
f (5) = —0.7(5)> + 7.2 (5) + 11.5 = 30, or 30 years; and at the
beginning of 2000 it was f (10) = 2.6 (10) + 9.4 = 35.4, or 32
35.4 years. 28
24
]

~Y

ob s T 0
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71. a. The domain of f is (0, 13]. b. () .
[(1.95 if0 <x <4 _ 300 —
. 297 if 9<x <10 =
212 if4<x <5 . o
_ 3.14 if10<x <11 200 t——=
f (x) 229 MO=X <6 5o it 12
X) = . 1 <X <
246 if6<x <7 S s 100
_ 3.48 if12 < x <13
263 if7<x <8 ————>
3.65 if x =13 0 4 g8 12 x(02)
2.80 if 8<x< 9

72. True, by definition of a function (page 92).

73. False. Take f (x) =x?,a=1,andb = —1. Then f (1) =1 = f (=1), buta # b.

74. False. Let f (x) = x2, thentakea = 1andb = 2. Then f (@) = f 1) = 1, f (b) = f (2) = 4, and
f@+fb)=1+44£Ff@+b)=Ff@B)=09.

75. False. It intersects the graph of a function in at most one point.

76. True. We have x + 2 > 0and 2 — x > 0 simultaneously; that is x > —2 and x < 2. These inequalities are satisfied
if —2<x<2

Technology Exercises page 106

La 10 +——+— UJ . b. 10
L + 9 -t -t
0 8T +
.1 1
10 f f 6 f f f
0 5 0 5 10 2 1 0 1 2
2. a . . b. — I
10 —t— —t 0 ;
-500 t
0
-1000 + t
-10 f f | | }

-10 -5 0 5 10 -20  -10 0 10 20
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9. f (2.145) ~ 18.5505.

1. f (2.41) ~ 4.1616.

10. f (1.28) ~ 17.3850.

12. f (0.62) ~ 1.7214.

3 a 10 +——f— +——t—t b. 2 ———— ot
1 - -
0 0
-1t -+
-10 I I -2 T4 ——
-10 5 0 5 10 -3 2 1 0 1 2 3
| |
4. a 10 : :
O +
-2
-4+
-10 I I I
-10 -5 5 10 4
> 200 | 10 | |
0
100 T T
-10 7 T
0 I I -20 I f
-2 2 4 -2 -1 1 2
I 4 —t f 30 I f
2 'J T 201 T
0 10 1 T
21 T 0
-4 I I -10 I f
-2 -1 1 2 -4 -2 2 4
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13 a 15 +—+—"F—+—4+—+—F—+—F—+—— 14. a 8 H—+—"F+—+—+—+——+——+——+

0 +—————————— 0 L=t ————

o 1 2 3 4 5 6 20 30 40 50 60 70 80

b. The amount spent in the year 2005 was b. f (18) =3.3709, f (50) = 0.971, and
f (2) =~ 9.42, or approximately $9.4 billion. In f (80) = 4.4078.
2009, it was f (6) ~ 13.88, or approximately
$13.9 billion.

15. a. 150 +—+—+—+—+—+—+——+

100

50 7

6 ' 7 ' 8 ' 9 ' 10 ' 11
b. f (6) = 44.7, f (8) = 52.7, and
f (11) = 129.2.

2.4  The Algebra of Functions

Concept Questions page 112

1. a. P (x1) = R(x1) — C (x1) gives the profit if x1 units are sold.
b. P (x2) = R(x2) — C (x2). Because P (x2) < 0, |[R (x2) — C (x2)| = —[R (x2) — C (x2)] gives the loss
sustained if x» units are sold.

2a(f+9 ) =1fTxX)+gX),(f =g xX)=fx)—gx),and (fg) (x) = f (x) g (x); all have domain A N B.
(1900 = o
b.(f+9)@)=1@2)+9@=3+(-=2)=1L(f-9@)=12)-9@2) =3-(-2) =5,

f2 3 3
(f9) =129 (@) =3(-2)=-6,and (f/9) (2) = e _3_3

has domain A N B excluding x € AN B such that g (x) = 0.

g@2) -2 2
day=(Ff+9x)=~Ffx+gX) b.y=(f-9x)=fXx —g(x)
f(x)
Ly =(f =f d.y
¢ y= (1900 =g ~(5)w0-5

4. a. The domain of (f o g) (X) = f (g (X)) is the set of all x in the domain of g such that g (x) is in the domain of f.
The domain of (g o f) (x) = g (f (x)) is the set of all x in the domain of f such that f (x) is in the domain of g.
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b. (go f)(2) =g (f (2)) =g (3) = 8. We cannot calculate (f o g) (3) because (f 0 g) (3) = f (g (3)) = f (8),
and we don’t know the value of f (8).

5. No. Let A = (—o0,00), f(X) = x,and g(X) = /X. Thena = —1isin A, but
(o f)(=1) =g (f (-1)) = g(=1) = /=1 is not defined.

6. The required expressionis P = g (f (p)).

Exercises page 112

L+ =Ffx)+gx) = x+5)+(x>—2)=x3+x2+3.
2 (f-9x)=fx)—gx) =(x>+5) - (x2-2)=x3-x2+7.
3. fg(x) = f (x)g(x) = (x3+5) (x2 —2) = x5 — 2x% + 5x2 — 10.

4. gf (x) =g (x) f (x) = (x2 —2) (x3+5) = x> —2x% +5x2 - 10.

f(x) x34+5
5.—() 700 = =2
6 -0 ) -gx) X*4+5-(x2-2) x3-x247
S N A R e
2 19 f g (X¥+5) (x2-2)  x5—2x3+5x2-10
X" T =x+d T X +4

8. fgh(x) = f (x)g (X)h (x) = (x3+5) (x2 —2) (2x +4) = (x> — 2x3 4+ 5x% — 10) (2x + 4)
= 2x5 — 4x% 4 10x3 — 20x + 4x® — 8x3 + 20x? — 40 = 2x8 + 4x° — 4x* + 2x3 + 20x? — 20x — 40.

9. (f+ (X)) =FfX)+gx)=x—-1+/x+1
10 - HX)=gX)—FX)=X+I1-x-1)=/x+1—-x+1

N (fg)xX)=fFX)gxX)=x =1 /x+1. 12 @f)(X)=gXx) f (X) =X +1(x =1).

g .. 9(x) vx+1 _hx 2x3 —1
13.H(x)_m_2)(3_1. 14. —() 000 = ST

fg . x=1(Vx+]) th x-1(23-1) 2x*—2x%—x+1
L= 16. ] x) = Vel NS
7 f=h Cx=1-(23-1) x-2¢° g 9N x CWXFT(x3 -1 T3 -1
9 ()= VX +1 COUXFT g f )_«/x—l—l—(x—l)_«/x—i—l—x—i-l'
19. (f+9)(X) =x2+54+ X —2=x24+ /X +3, (f —g)(x) =x2+5— (VX —=2) = x> = /X +7,

o x2+5
(fo) (x) = (x> +5) (VX — )and( )(x) N
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20 (f+9) () =X—1+x3+1L (Ff—-g)(X) =/Xx—-1-x3-1, (fg)(x) = Vx—1(x3+1), and

f _Wx=1
(5)o=sa5r
21.(f+g)(X)=./x+3+xil= (X_l)x‘_ler?’H.(f—g)(x)=«/x+3—xi1= (X_l)x'_xfg_l,
(fg) (X) = /X +3(X i 1) = XX_+13,and (é) =X+3x=-1).
1 x2—14x24+1 2x?
2. (T+9)(0) = x2+1+x2—1 (X241 (x2-1)  (x2+1)(x2-1)
1 2_1-x2-1 2 1
(f—g) 0= . -  (fg) 00 = nd

X+l X1 (il (-1) (Z+1)(x2-1) xrne-1) "

f x2—1
(5)(X):x2+1'

X+1 x4+2 X+DX=2+x+2)(x—-1) x2—=x—-24+x>4+x-2
B+ =3"7+5373= : (x—1)(x—2)) = X—Dx—2
2x2 — 4 2(x2-2)

Tx-Dx-2 (-1(x-2)

X+1 x+2 (X+D(X=2)—(x+2)(x—=1) x>—Xx—=2—x>—X+2

F-90="g-73~ -1 (x—-2) T =) (x-2)
. —2X
Cx=Dx=2)
_x+DH(x+2) f _x+1H(x=2)
(w“”‘w—nu—aﬁm(iy“‘u—nu+a'

24, (f+9) () =x>+1+X+L (Ff-9)(x) =x*+1-Vx+1, (fg)(x) = (x> +1) v/Xx + 1, and
(i)(x)— X2 +1
g T

25. (fog)(x) = f(@(x) = f(x?) = (x2)2+x2+1 = x*+x%+1and
(gof)(x):g(f(x)):g(x2+x—|-1):(x2+x+1)2.

26. (foQ)(x) = f(g(x))=3[g(x)]2+29(x)+1=3(x+3)2+2(x+3)+1=3x2+20x+34and
QoY) =g(f (X)) =Ff(X)+3=3x2+2x +1+3 =3x%+2x +4.

2. (fo(x) = f(@EX) = f(x*—1) = Vx2—1 + 1 and
(gof)(x):g(f(x)):g(ﬁ+1)=(ﬁ+1)2—1=x+2ﬁ+1—1=x+2ﬁ.

28. (fog)(x) = f(@X)) = 2/g(X) +3 = 2¢/%x2+1 + 3 and
@o ) =g(f ) =[f 0P +1=(2X+3)°+1=14x + 12X + 10.
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39.

41.

43.

45.

46.

47.

48.

2.4 THE ALGEBRA OF FUNCTIONS

L.o(L,.) .t x2 X and
X \xZ2 Tox o x2+1 0 x241

2+1
@eHo =0t 00 =0 (57 ) =5
f

1
(00 = t@w) = 1(5)
X

(fegx) = f@@X) =

1 X
= and
x—1) x—1

1 FI+l XA+l
@oH ) =g(f x)=g((Vx+1)= xHi+l_vx+i+l

«/x+1—1'«/x+1+1 X

h(2=g(f(@).Butf(@ =22+2+1=7,50h(2)=g(7) =49.

h(2)=g(f(@2).Butf@)=(22-1)""=3Y350h(2) =g (3Y3) =3(3"3)°+1=3@)+1=10.

1 1 1 1 5
h(2)=g(f(2)).Butf(2)=m=§,soh(2)=g(g)=ﬁzé_
.h(2)=g(f(2)).Butf(2)=2T11=1,sog(1)=12+1=2.
fo)=2x34+x2+1,9(x) =x°. 36 f(x)=3x>—4,g(x) =x"3.

f () =x2-1,9(X) = X, 38. f(x) = (2x —3), g (x) = x32.
2 1 9 1

) =x"-19() = 40. f (x) =x —4,g(x)=ﬁ_

f(X)=3x2+2,g(X)=X3—1/2- 42, f(x)=«/2x+1,g(x)=%+x_

f@+hy—f@=[3@+h)+4—-Ba+4)=3a+3nh+4—-3a—-4=3h.

. f(a+h)—f(a)=—%(a+h)+3—(—%a+3)=—%a—%h+3+%a—3=—%h.

fa+hy —f@=4—(@+h)?—(4—a?)=4—a%—2ah—h?—4+a%=-2ah—h?2=—h(2a+h).

fa+h —f@=[@+h?-2@+h)+1]— (a2 —2a+1)
=a’+2ah+h?—2a—-2h+1-a?+2a—1=h@a+h-2).

f@a+hy—f@ [@+h?+1]-(a2+1) a?+2ah+h?+1—a?—1 2ah+h?
h N h N h N h

_ hQa+h)
N h

=2a+h.

f@a+h)—f@ [2@+h?—(@+h) +1]-(2a®—a+1)
h a h
_2a®+44ah+2h?—a—h4+1-2a+a—-1 4ah+2h?—h
B h - h

=4a+2h—1.

77
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52.

53.

55.

56.

57.
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59.

60.

61.

62.
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fathy—f@ [@+h®—@+h]—(a®-a) a®+3a%h+3ah?+h®—a-h-a’+a

h h h
2 213 _
=3ah+3a2 NN g2 igahah2 o1
f@a+h)y—f@ [2@+h°>—(@+h?+1]-(2a°-a?+1)
h N h
_ 2a%+6a’h+6ah?+2h® —a?—2ah—h?+1-2a%+a’—1
- h
2 2 3_ 2
=6ah—|—6ah +h2h 2ah —h _ 6a? + 6ah 4 2h? — 2a —h.
1 1 a—(@+h)
f@a+h-f@ a+h a__a@+h 1
h h h a@+hy
f@a+h-f@ +at+h-va Jath+/a  @+h-a 1
h h Ja+th+.a h(Ja+th+a) +a+h+.a
F (t) represents the total revenue for the two restaurants at time t.

. F (t) represents the net rate of growth of the species of whales in year t.

f (t) g (t) represents the dollar value of Nancy’s holdings at time t.

f (t) /g (t) represents the unit cost of the commaodity at time t.

g o f is the function giving the amount of carbon monoxide pollution from cars in parts per million at time t.
f o g is the function giving the revenue at time t.

C (x) = 0.6x + 12,100.

ah®)=f{t)—gt)=Bt+69) —(-0.2t +13.8) =3.2t +55.2,0<t <5.
b. f(5)=3(5)+69=284,9(5)=-02(5)+138=128,andh (5) =3.2(5) +55.2 =71.2.
Since f (5) — g (5) =84 —12.8 = 71.2, we see that h (5) is indeed equal to f (5) — g (5).

D (t) = (D2 — D1) (t) = D2 (t) — D1 (t) = (0.035t? + 0.21t + 0.24) — (0.0275t% + 0.081t + 0.07)

~ 0.0075t? + 0.129t + 0.17.
The function D gives the difference in year t between the deficit without the $160 million rescue package and the
deficit with the rescue package.

a (go f)(0) =g (f (0)) =g (0.64) = 26, so the mortality rate of motorcyclists in the year 2000 was 26 per
100 million miles traveled.

b. (go f)(6) = g (f (6)) = g(0.51) = 42, so the mortality rate of motorcyclists in 2006 was 42 per
100 million miles traveled.

c. Between 2000 and 2006, the percentage of motorcyclists wearing helmets had dropped from 64 to 51, and as a
consequence, the mortality rate of motorcyclists had increased from 26 million miles traveled to 42 million miles
traveled.



2.4 THE ALGEBRA OF FUNCTIONS 79

63. a. (go f) (1) =g (f (1)) = g (406) = 23. So in 2002, the percentage of reported serious crimes that end in arrests
or in the identification of suspects was 23.

b. (go f)(6) =g (f (6)) = g(326) = 18. In 2007, 18% of reported serious crimes ended in arrests or in the
identification of suspects.

o

Between 2002 and 2007, the total number of detectives had dropped from 406 to 326 and as a result, the
percentage of reported serious crimes that ended in arrests or in the identification of suspects dropped from 23 to
18.

64. a. C (x) = 0.000003x3 — 0.03x2 + 200x + 100,000.

b. P (x) = R(x) — C (x) = —0.1x2 4 500x — (0.000003x® — 0.03x? + 200x -+ 100,000)
= —0.000003x3 — 0.07x2 + 300x — 100,000.

o

P (1500) = —0.000003 (1500)3 — 0.07 (1500)? + 300 (1500) — 100,000 = 182,375, or $182,375.

65. a. C (x) = V (X) 4+ 20000 = 0.000001x3 — 0.01x2 + 50x + 20000 = 0.000001x3 — 0.01x? + 50x + 20,000.

<8}

b. P (x) = R (X) — C (x) = —0.02x% 4 150x — 0.000001x2 + 0.01x2 — 50x — 20,000
= —0.000001x3 — 0.01x? 4 100x — 20,000.

P (2000) = —0.000001 (2000)3 — 0.01 (2000)2 + 100 (2000) — 20,000 = 132,000, or $132,000.

o

66.a. D(t) =R (t) = S(t)
= (0.023611t3 — 0.19679t2 + 0.34365t + 2.42) — (—0.015278t3 + 0.11179t2 + 0.02516t + 2.64)
= 0.038889t3 — 0.30858t2 + 0.31849t — 0.22,0 < t < 6.

b. S(3) =3.309084, R (3) = 2.317337, and D (3) = —0.991747, so the spending, revenue, and deficit are
approximately $3.31 trillion, $2.32 trillion, and $0.99 trillion, respectively.

o

Yes: R(3) — S (3) = 2.317337 — 3.308841 = —0.991504 = D (3).

67.

<8}

Ch(t) = f(t) + g (t) = (4.389t3 — 47.833t2 + 374.49t + 2390) + (13.222t3 — 132.524t2 4 757.9t + 7481)
= 17.611t3 — 180.357t2 + 1132.39t + 9871, 1 <t < 7.
b. f (6) = 3862.976 and g (6) = 10,113.488, 50 f (6) + g (6) = 13,976.464. The worker’s contribution was

approximately $3862.98, the employer’s contribution was approximately $10,113.49, and the total contributions
were approximately $13,976.46.

o

h (6) = 13,976 = f (6) + g (6), as expected.

68. a. N (r (t)) =

5t +75\2
t+10

1+0.02(
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69

70

71.

72.

73.

74.

75.

76.

7.

78.

7 7
b. N(r)) = 7 = 5 ~ 3.29, or 3.29 million units.
14002 (2047 14002 (2
' 0+10 ~~\10
7 7 - .
N (r (12)) = > = 5> ~ 3.99, or 3.99 million units.
14002 (222 00 (1B
' 12 +10 T\ 22
7 7 - .
N (r (18)) = 5 = 5 ~ 4.13, or 4.13 million units.
14002 (2285 g g (XE
‘ 18 4+ 10 T\ 28

. a. The occupancy rate at the beginning of January is r (0) = &2 (0)® — 22 (0)? + £ (0) + 55 = 55, or 55%.
r ) =2 5)° -2 5)2 + 22 (5) + 55 ~ 98.2, or approximately 98.2%.
b. The monthly revenue at the beginning of January is R (55) = —zg5 (55)° + 5 (55)? ~ 444.68, or
approximately $444,700.

The monthly revenue at the beginning of June is R (98.2) = — 35 (98.2)° + £5 (98.2)2 ~ 1167.6, or
approximately $1,167,600.

1.42 -7 (t 4+ 10)° 9.94 (t 4 10)2 .
. N(@) =142 -x(t) = : t+10 > = 2( +10) 5. The number of jobs created 6 months
(t+10)°4+2(t+15) (t+10)°4+2(t +15)
9.94 (16)2

from now will be N (6) = ~ 2.24, or approximately 2.24 million jobs. The number of jobs created

(16)? + 2 (21)?
9.94 (22)?

12 months from now will be N (12) = —————
(22)° +2(27)

~ 2.48, or approximately 2.48 million jobs.

as=f+g+h=(f+9)+h=f+(g+h). This suggests we define the sum s by
sX)=(f+g+h)x)=f Xx)+gXx)+hx).

b. Let f, g, and h define the revenue (in dollars) in week t of three branches of a store. Then its total revenue (in
dollars) inweek tiss (t) = (f +g+h) (t) = f (t) + g (t) + h ().

a (hogo f)(x) =h(g(f(x)

b. Let t denote time. Suppose f gives the number of people at time t in a town, g gives the number of cars as a
function of the number of people in the town, and H gives the amount of carbon monoxide in the atmosphere.
Then (hogo f)(t) =h (g (f (t))) gives the amount of carbon monoxide in the atmosphere at time t.

Tree. (F+9) ) =F)+9)=90)+ fx)=(@+ f)X.

False. Let f (x) = x+2and g (X) = /X. Then (go f)(X) = /X + 2 is defined at x = —1, But
(f 0 @) (X) = 4/X + 2is not defined at x = —1.

False. Take f (x) = /xand g (x) =x +1. Then(go f) (X) = /X +1,but (f o g) (X) = /x + 1.
False. Take f (x) = x+1. Then (f o f)(x) = f (f (X)) =x+2,but f2(x) = [f (x)]2 = (X +1)? = x24+2x +1.
True. (ho(go F))(X) =h((go f) (X)) =h(g(f (x)))and ((hog)o f)(x)=(hog)(f(x))=nh(g(f(x)).

False. Take h(x) = X, g(x) = x, and f (x) = x2. Then
(ho(@+ ) ) =h(x +x%) = Vx+x2# ((hog) + (ho 1) () =h (g (x) +h (f (X)) = VX + VX2,
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2.5 Linear Functions and Mathematical Models

Concept Questions page 123

1. a. A linear function is a function of the form f (x) = mx + b, where m and b are constants. For example,
f (x) = 2x + 3 is a linear function.
b. The domain and range of a linear function are both (—oo, 00).

c. The graph of a linear function is a straight line.

2cxX)=cx+FRX)=sx,PX)=(—-c)x—F

3. y A
y=R(x)
P(xy, Yo)
Yo ! y=Cw)
0 X, x

4. a. The initial investment was V (0) = 50,000 + 4000 (0) = 50,000, or $50,000.
b. The rate of growth is the slope of the line with the given equation, that is, $4000 per year.

Exercises page 124

1. Yes. Solving for y in terms of x, we find 3y = —2x +6,0ry = —%x + 2.
2. Yes. Solving for y in terms of x, we find 4y = 2x + 7, 0ry = 2x + L.
3. Yes. Solving for y in terms of x, we find2y = x +4,0ry = %x + 2.

4. Yes. Solving for y in terms of x, we have 3y =2x — 8,0ry = %x —

wloo

5. Yes. Solving for y in terms of x, we have 4y = 2x + 9,0ry = %x +

F[e]

6. Yes. Solving for y in terms of x, we find 6y = 3x +7,0ry = 3x + &.
7. y is not a linear function of x because of the quadratic term 2x2.
8. y is not a linear function of x because of the nonlinear term 3./X.
9. y is not a linear function of x because of the nonlinear term —3y?.
10. y is not a linear function of x because of the nonlinear term ,/y.

11. a. C (x) = 8x + 40,000, where x is the number of units produced.
b. R (x) = 12x, where x is the number of units sold.
c. P(x)=R((x)—C(x) =12x — (8x + 40,000) = 4x — 40,000.
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12.

13.

14.

15.

16.

17.

18.

19.

20.
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d. P (8000) = 4 (8000) — 40,000 = —8000, or a loss of $8,000. P (12,000) = 4 (12,000) — 40,000 = 8000, or a
profit of $8000.

a. C (x) = 14x + 100,000.
b. R (x) = 20x.
c. P(x)=R(x)—C(x) =20x — (14x + 100,000) = 6x — 100,000.

d. P (12,000) = 6(12,000) — 100,000 = —28,000, or a loss of $28,000.
P (20,000) = 6(20,000) — 100,000 = 20,000, or a profit of $20,000.

f (0)=2givesm (0) +b =2,0rb =2. Thus, f (x) =mx 4+ 2. Next,f (3) = —1givesm (3)+2 = —1, 0or
m = -1

The fact that the straight line represented by f (x) = mx + b has slope —1 tells us that m = —1 and so
f (x) = —x 4+ b. Next, the condition f (2) =4 gives f (2) = -1(2)+b=4,0rb =6.

We solve the system y = 3x + 4, y = —2x + 14. Substituting the first equation into the second yields
3X +4 = —2x + 14, 5x = 10, and x = 2. Substituting this value of x into the first equation yields y = 3 (2) + 4, so
y = 10. Thus, the point of intersection is (2, 10).

We solve the system y = —4x — 7, — y = 5x + 10. Substituting the first equation into the second yields
— (—4x —7) = 5x + 10, 4x + 7 = 5x + 10, and x = —3. Substituting this value of x into the first equation, we
obtain y = —4 (=3) — 7 = 12 — 7 = 5. Therefore, the point of intersection is (—3, 5).

We solve the system 2x — 3y = 6, 3x + 6y = 16. Solving the first equation for y, we obtain 3y = 2x — 6,

soy = 4x —2 .Substituting this value of y into the second equation, we obtain 3x + 6 (%x - 2) = 16,

3X +4x —12 =16, 7x = 28, and x = 4. Theny = 2 (4) — 2 = %, so the point of intersection is (4, %)

We solve the system 2x + 4y = 11, —5x + 3y = 5. Solving the first equation for x, we find x = —2y + %
Substituting this value into the second equation of the system, we have —5 (—2y + %) +3y = 5,0
10y — % + 3y = 5,20y — 55 + 6y = 10,26y = 65,and y = % Substituting this value of y into the first equation,

we have 2x + 4 (%) = 11,50 2x = L and x = 3. Thus, the point of intersection is (% %)

We solve the system y = %x —52x — %y = 1. Substituting the value of y given in the first equation into the
second equation, we obtain 2x — 3 (%x - 5) =1,502x — 3x + £ =1, 16x — 3x + 60 = 8, 13x = —52, and

X = —4. Substituting this value of x into the first equation, we have y = % (-4)—-5=-1-5,s0y = —6.
Therefore, the point of intersection is (—4, —6).

We solve the system y = %x — 4, x + 3y + 3 = 0. Substituting the first equation into the second equation, we
obtain x + 3 (%x — 4) +3=0,50x +2x — 1243 =0, 3x =9, and x = 3. Substituting this value of x into the

first equation, we have y = % (3) — 4 = —2. Therefore, the point of intersection is (3, —2).
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We solve the equation R (x) = C (x), or 15x = 5x + 10,000, obtaining 10x = 10,000, or x = 1000. Substituting
this value of x into the equation R (x) = 15x, we find R (1000) = 15,000. Therefore, the break-even point is
(1000, 15000).

We solve the equation R (x) = C (x), or 21x = 15x + 12,000, obtaining 6x = 12,000, or x = 2000. Substituting
this value of x into the equation R (x) = 21x, we find R (2000) = 42,000. Therefore, the break-even point is
(2000, 42000).

We solve the equation R (x) = C (x), or 0.4x = 0.2x + 120, obtaining 0.2x = 120, or x = 600. Substituting this
value of x into the equation R (x) = 0.4x, we find R (600) = 240. Therefore, the break-even point is (600, 240).

We solve the equation R (x) = C (x) or 270x = 150x + 20,000, obtaining 120x = 20,000 or x = 5—(3’0 ~ 167.
Substituting this value of x into the equation R (x) = 270x, we find R (167) = 45,090. Therefore, the break-even
point is (167, 45090).

Let V be the book value of the office building after 2008. Since V = 1,000,000 whent = 0, the line passes through

(0, 1000000). Similarly, whent = 50, V = 0, so the line passes through (50, 0). Then the slope of the line is
0 — 1,000,000
50-0
(0, 1000000), we have V — 1,000,000 = —20,000 (t — 0), or V = —20,000t + 1,000,000.

In 2013,t = 5and V = —20,000 (5) + 1,000,000 = 900,000, or $900,000.
In2018,t = 10 and V = —20,000 (10) + 1,000,000 = 800,000, or $800,000.

given by m = = —20,000. Using the point-slope form of the equation of a line with the point

Let V be the book value of the automobile after 5 years. Since V. = 34,000 whent = 0, and V = 0 whent =5, the

. . 0 — 34,000 . . . . . .
slope of the line L ism = -9 = —6800. Using the point-slope form of an equation of a line with the point

(0,5), we have V. — 0 = —6800 (t — 5), or V = —6800t + 34,000. If t = 3, V = —6800 (3) + 34,000 = 13,600.
Therefore, the book value of the automobile at the end of three years will be $13,600.

a. y = | (x) = 1.033x, where x is the monthly benefit before adjustment and y is the adjusted monthly benefit.

b. His adjusted monthly benefit is | (1220) = 1.033 (1220) = 1260.26, or $1260.26.

C (x) = 8x + 48,000.
b. R (x) = 14x.
c. P(x) = R(x) —C (x) = 14x — (8x + 48,000) = 6x — 48,000.

d. P (4000) = 6 (4000) — 48,000 = —24,000, a loss of $24,000.
P (6000) = 6 (6000) — 48,000 = —12,000, a loss of $12,000.
P (10,000) = 6 (10,000) — 48,000 = 12,000, a profit of $12,000.

Let the number of tapes produced and sold be x. Then C (x) = 12,100 + 0.60x, R (x) = 1.15x, and
P(x)=R(x)—C(x)=115x — (12,100 + 0.60x) = 0.55x — 12,100.
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31.

32.

33.

35.
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a. Let V denote the book value of the machine after t years. b. V)
Since V = 250,000 whent = 0 and V = 10,000 when 250,000
t = 10, the line passes through the points (0, 250000) and 200,000
(10, 10000). The slope of the line through these points is Eg’ggg
givenby m = 10’002 O—_2§O,OOO = —242'800 = —24,000. 50,000 (10, 10000)
Using the point-slope form of an equation of a line with the o 2 4 6 8 1012 ¢

point (10, 10000), we have V — 10,000 = —24,000 (t — 10), or V = —24,000t + 250,000.
c. In2014,t =4 and V = —24,000 (4) + 250,000 = 154,000, or $154,000.
d. The rate of depreciation is given by —m, or $24,000/yr.

Let the value of the workcenter system after t years be V. Whent = 0, V = 60,000 and whent = 4, V = 12,000.
12,000 — 60,000 48,000

a. Sincem = 2 = = —12,000, the C. Va
-~ : 60,000
rate of depreciation (—m) is $12,000/yr. 50,000
b. Using the point-slope form of the equation of a line with the ;'8’888
point (4, 12000), we have V — 12,000 = —12,000 (t — 4), 20,000
or V = —12,000t + 60,000. 10,000
d. Whent =3,V = —12,000 (3) + 60,000 = 24,000, or O 1 2 3 4 5 61
$24,000.
. . . . S—-C S-C C-S5S .

The slope of the line passing through the points (0, C) and (N, S) ism = N_0- N - N Using the
. . . . . C-5S C-58
point-slope form of an equation of a line with the point (0, C), we have V — C = _Tt’ orV=C-— Tt'

L . . C-5
The formula given in Exercise 32 isV = C — Tt' When C = 1,000,000, N = 50, and
1,000,000 — 0
S = 0, we have V = 1,000,000 - —————t, or V = 1,000,000 — 20,000t. In 2013, t = 5 and

50
V = 1,000,000 — 20,000 (5) = 900,000, or $900,000. In 2018, t = 10 and V = 1,000,000 — 20,000 (10) = 800,000,

or $800,000.

. The formula given in Exercise 32isV = C — %t. When C = 34,000, N = 5, and S = 0, we have
34,000—-0
V = 34,000 — Tt = 34,000 — 6800t. Whent = 3, V = 34,000 — 6800 (3) = 13,600, or $13,600.
Sa . . a -
a D(S) = 17 If we think of D as having the form D (S) = mS + b, thenm = 17 b =0, and D is a linear
function of S. .
500 (0.4 .
b. D(0.4) = % ~ 117.647, or approximately 117.65 mg.
t+1) a a . . a a
a D)= a = —t+ —. If we think of D as having the form D (t) = mt + b, thenm = —,b = —, and

24 24 24" 24 24
D is a linear function of t.

4+1 .
b. Ifa=500andt =4,D (4) = 2+—4 (500) = 104.167, or approximately 104.2 mg.
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10.3-175
37. a. The graph of f passes through the points Py (0, 17.5) and P, (10, 10.3). Its slope is ~—To—o - —0.72.
An equation of the lineisy — 17.5 = —0.72(t — 0) or y = —0.72t + 17.5, so the linear function is

f (t) = —0.72t + 17.5.

b. The percentage of high school students who drink and drive at the beginning of 2014 is projected to be
f (13) = —0.72(13) + 17.5 = 8.14, or 8.14%.

38. a. The function is linear with y-intercept 1.44 and slope 0.058, so we have f (t) = 0.058t +1.44,0 <t < 9.

. The projected spending in 2018 will be f (9) = 0.058 (9) + 1.44 = 1.962, or $1.962 trillion.

[ 2]

39. a. The median age was changing at the rate of 0.3 years/year.

. The median age in 2011 was M (11) = 0.3 (11) + 37.9 = 41.2 (years).

o

c. The median age in 2015 is projected to be M (5) = 0.3 (15) + 37.9 = 42.4 (years).

40. a. The slope of the graph of f is a line with slope —13.2 passing through the point (0, 400), so an equation of the
lineisy — 400 = —13.2(t — 0) or y = —13.2t 4 400, and the required function is f (t) = —13.2t 4 400.

b. The emissions cap is projected to be f (2) = —13.2(2) + 400 = 373.6, or 373.6 million metric tons of carbon
dioxide equivalent.

. . 61 — 51 . Lo
41. The line passing through P; (0, 61) and P, (4, 51) has slope m = 0o—a = —2.5, so its equation is

y —61=—25(t—0)ory = —25t +61. Thus, f (t) = —2.5t -+ 61.

- . . 1.2-0.7
42. a. The graph of f is a line through the points Py (0, 0.7) and P, (20, 1.2), so it has slope -0 = 0.025. Its

equationisy — 0.7 = 0.025 (t — 0) or y = 0.025t + 0.7. The required function is thus f (t) = 0.025t + 0.7.

b. The projected annual rate of growth is the slope of the graph of f, that is, 0.025 billion per year, or 25 million
per year.

c. The projected number of boardings per year in 2022 is f (10) = 0.025 (10) + 0.7 = 0.95, or 950 million
boardings per year.

43. a. Since the relationship is linear, we can write F = mC + b, where m and b are constants. Using the condition
C =0when F = 32, we have 32 = b, and so F = mC + 32. Next, using the condition C = 100 when F = 212,
we have 212 = 100m + 32, or m = 2. Therefore, F = 2C + 32.

b. From part a, we have F = 2C +32. WhenC =20, F = % (20) + 32 = 68, and so the temperature equivalent to
20° Cis68° F.

¢. Solving for C in terms of F, we find 2C = F —32,0rC = 3F — %0, When F = 70, C = 3 (70) — 18 = 1%,
or approximately 21.1° C.

44. a. Since the relationship between T and N is linear, we can write N = mT + b, where m and b are constants. Using
160 —120 40

80—70 10
If T =70, then N = 120, and this gives 120 = 70 (4) + b, or b = —160. Therefore, N = 4T — 160.

the points (70, 120) and (80, 160), we find that the slope of the line joining these points is

b. If T =102, we find N = 4 (102) — 160 = 248, or 248 chirps per minute.
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45 a y ($thousand) C. vy ($thousand)
140 40
120 P(x)
100 20
g0t €W >
60 0 8 10 12 14 x (thousands)
40 R(x) —20
20 —40
00 2 4 6 8 10 12 14 x(thousands) —60

b. We solve the equation R (x) = C (x) or 14x = 8x + 48,000, obtaining 6x = 48,000, so x = 8000. Substituting
this value of x into the equation R (x) = 14x, we find R (8000) = 14 (8000) = 112,000. Therefore, the
break-even point is (8000, 112000).

d. P(x) =R () —C (x) = 14x — 8x — 48,000 = 6x — 48,000. The graph of the profit function crosses the x-axis
when P (x) = 0, or 6x = 48,000 and x = 8000. This means that the revenue is equal to the cost when 8000 units
are produced and consequently the company breaks even at this point.

46. a. R (x) = 8x and C (x) = 25,000 + 3x, 50 P (x) = R (x) — C (x) = 5x — 25,000. The break-even point occurs
when P (x) = 0, that is, 5x — 25,000 = 0, or x = 5000. Then R (5000) = 40,000, so the break-even point is
(5000, 40000).

b. If the division realizes a 15% profit over the cost of making the income tax apps, then P (x) = 0.15 C (x), so
5x — 25,000 = 0.15 (25,000 + 3x), 4.55x = 28,750, and x = 6318.68, or approximately 6319 income tax apps.

47. Let x denote the number of units sold. Then, the revenue function R is given by R (x) = 9x. Since the
variable cost is 40% of the selling price and the monthly fixed costs are $50,000, the cost function C is given
by C (x) = 0.4 (9x) + 50,000 = 3.6x + 50,000. To find the break-even point, we set R (x) = C (x), obtaining
9x = 3.6x + 50,000, 5.4x = 50,000, and x ~ 9259, or 9259 units. Substituting this value of x into the equation
R (x) = 9x gives R (9259) = 9(9259) = 83,331. Thus, for a break-even operation, the firm should manufacture
9259 bicycle pumps, resulting in a break-even revenue of $83,331.

48. a. The cost function associated with renting a truck fromthe Ace  b.  y,
Truck Leasing Company is Cq (x) = 25+ 0.5x. The cost 60
function associated with renting a truck from the Acme Truck
Leasing Company is Cz (x) = 20 + 0.6x.

Ci(x)=25+0.5x
40

20 G,(x)=20+0.6x

c. The cost of renting a truck from the Ace Truck Leasing
Company for one day and driving 30 miles is ‘ ‘ ‘ —>
C1 (30) = 25 + 0.5 (30) = 40, or $40. ;

The cost of renting a truck from the Acme Truck Leasing Company for one day and driving it 30 miles is
C2(30) = 20 + 0.60 (30) = 38, or $38. Thus, the customer should rent the truck from Acme Truck Leasing
Company. This answer may also be obtained by inspecting the graph of the two functions and noting that the
graph of C (x) lies below that of C1 (x) for x < 50.

d. C1(60) = 25+ 0.5(60) = 55, or $55. C, (60) = 20 + 0.6 (60) = 56, or $56. Because C1 (60) < C, (60), the
customer should rent the truck from Ace Trucking Company in this case.
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1251 — 887
2-0
y — 887 = 182 (t — 0) or y = 182t + 887.

c. The slope of L is = 182, so an equation of L is

d. The amount consumers are projected to spend on Cyber
Monday, 2014 (t = 5) is 182 (5) + 887, or $1.797 billion.

e. The rate of change in the amount consumers spent on Cyber
Monday from 2009 through 2011 was $182 million/year.

50. a. The cost function associated with using machine I is b. VA
C1 (x) = 18,000 + 15x. The cost function associated with 40,000 i)
using machine Il is C, (x) = 15,000 + 20x. 30,000
c. Comparing the cost of producing 450 units on each machine, 20,000 o
we find C1 (450) = 18,000 + 15 (450) = 24,750 or $24,750 10,000 Glx)
on machine I, and C, (450) = 15,000 + 20 (450) = 24,000 or e
$24,000 on machine Il. Therefore, machine 1l should be used 0 200 400 600 800 *

51.

52.

53.

in this case. Next, comparing the costs of producing 550 units on each machine, we find

C1 (550) = 18,000 + 15 (550) = 26,250 or $26,250 on machine I, and C, (550) = 15,000 + 20 (550) = 26,000,
or $26,000 on machine Il. Therefore, machine 1l should be used in this instance. Once again, we compare the
cost of producing 650 units on each machine and find that C4 (650) = 18,000 + 15 (650) = 27,750, or $27,750
on machine | and C, (650) = 15,000 + 20 (650) = 28,000, or $28,000 on machine Il. Therefore, machine |

should be used in this case.

d. We use the equation P (x) = R (x) — C (x) and find P (450) = 50 (450) — 24,000 = —1500, indicating a loss of
$1500 when machine 11 is used to produce 450 units. Similarly, P (550) = 50 (550) — 26,000 = 1500, indicating
a profit of $1500 when machine 1l is used to produce 550 units. Finally, P (650) = 50 (650) — 27,750 = 4750,
for a profit of $4750 when machine | is used to produce 650 units.

First, we find the point of intersection of the two straight lines. (This gives the time when the sales of both
companies are the same). Substituting the first equation into the second gives 2.3 + 0.4t = 1.2+ 0.6t,s01.1 = 0.2t
andt = % = 5.5. From the observation that the sales of Cambridge Pharmacy are increasing at a faster rate than
that of the Crimson Pharmacy (its trend line has the greater slope), we conclude that the sales of the Cambridge
Pharmacy will surpass the annual sales of the Crimson Pharmacy in 5% years.

We solve the two equations simultaneously, obtaining 18t + 13.4 = —12t + 88, 30t = 74.6, and t =~ 2.486, or
approximately 2.5 years. So shipments of LCDs will first overtake shipments of CRTs just before mid-2003.

a. The number of digital cameras sold in 2001 is given by f (0) = 3.05(0) + 6.85 = 6.85, or 6.85 million. The
number of film cameras sold in 2001 is given by g (0) = —1.85 (0) + 16.58, or 16.58 million. Therefore, more
film cameras than digital cameras were sold in 2001.

b. The sales are equal when 3.05t + 6.85 = —1.85t + 16.58, 4.9t =9.73,0ort = % = 1.986, approximately
2 years. Therefore, digital camera sales surpassed film camera sales near the end of 2003.
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54. a. 1y b. We solve the two equations simultaneously,
60 pel 11 __u 44
0 obtaining Ft + 23 = —Ft + 43, 5t = 20,

and t = 4.09. Thus, electronic transactions first

40
exceeded check transactions in early 2005.

30
20
10

of 1 23456780910¢
55. True. P (X) = R(X) —C (x) =sx — (cx + F) = (s — ¢) x — F. Therefore, the firm is making a profit if

- F
P(X)=(s—c)x —F > 0; thatis, if x > s (s # c).
56. True. The slope of the line is —a.

Technology Exercises page 131
1. 2.2875 2. 3.0125 3. 2.880952381 4. 0.7875

5. 7.2851648352 6. —26.82928836 7. 2.4680851064 8. 1.24375

2.6 Quadratic Functions

Concept Questions page 137
b b b
1l a (- . A . ==, =) .-
a. (—oo, 00) b. It opens upward c ( 7 ( Za)) d %A

2. a. A demand function defined by p = f (x) expresses the relationship between the unit price p and the quantity

demanded x. It is a decreasing function of x.
A supply function defined by p = f (x) expresses the relationship between the unit price p and the quantity

supplied x. It is an increasing function of x.
b. Market equilibrium occurs when the quantity produced is equal to the quantity demanded.

¢. The equilibrium quantity is the quantity produced at market equilibrium. The equilibrium price is the price
corresponding to the equilibrium quantity. These quantities are found by finding the point at which the demand

curve and the supply curve intersect.

Exercises page 137

1. f(x)=x2+x—6;a=1,b=1and c = —6. The x-coordinate Y4
201
ie =b 1 1 ; :
of the vertex is o = —30 =3 and the y-coordinate is 151
2
f(=3)=(-3) +(=%)—6=—22. Therefore, the vertex is 10
2 2 2 2 .
(-3)=(=3) + (=) )

and 2 as the x-intercepts.
_10<




5x — 2. The x-coordinate of the vertex is

2. f(x) =3x2 -
b _ _ (5
2a — 6

6°

—1/3 and 2 as the x-intercepts.

. f(x) =x2

x-coordinate of the vertex is - =
4 (2) + 4 = 0.Therefore, the vertex is (2, 0).
4x 4+ 4 = (x — 2)? = 0 gives 2 as the x-intercept.

is f(2)=22—
Setting x2 —

b

= 2 and the y-coordinate is

({2 () -5(2) -2

(5 ——) Setting 3x2 — 5x — 2 = (3X + 1) (x — 2) = 0 gives

)

2

— 33 Therefore, the vertex is

—4x+4;,a=1b=—-4,andc=4. The

= 2 and the y-coordinate

. f (x) = x% + 6x + 9. The x-coordinate of the vertex is

=b
2a

= —5 = —3 and the y-coordinate is

f (=3) = (=3)% + 6 (—3) + 9 = 0. Therefore, the vertex is
(=3, 0). Setting x2 + 6x + 9 = (x + 3)? = 0 gives —3 as the

X-intercept.

LX) =

x-coordinate of the vertex is -~

y-coordinate is f (%)

—x245x—6a=—

=b
a

(2)

= £.Therefore, the

vertex is (% %) Setting —x% + 5x — 6 = 0 or

—5Xx+6=(x—3)(x —2) =0gives 2 and 3 as the

X-intercepts.

LX) =

=b _ 4

—4x2 + 4x + 3. The x-coordinate of the vertex is

— 525 = 3 and the y-coordinate is

2a — —2(=9)

f (%) =—4 (%)2 +4 (%) + 3 = 4. Therefore, the vertex is

(% 4). Setting —4x2 + 4x + 3 = 0, or equivalently,

4x? — 4x —3 = (2x —3) (2x 4+ 1) = 0 giving

X-intercepts.

1 3
—7 and 3 as the

2.6 QUADRATIC FUNCTIONS

Ya
20
15 1
10
5<
T O T T >
-3 =2 -1 N2 3 4z
75<
2 4 6 X
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201
151
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5,
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7.

10.

2 FUNCTIONS AND THEIR GRAPHS

f(x)=3x2—5x+1;a=3,b=—5,andc=1; The
x-coordinate of the vertex is 72 = —(2(—)) 2 and the
y-coordinate is f (%) ( ) (%) = — 1. Therefore,
the vertex is ( , ——) Next, solving 3x= — 5x + 1 = 0, we use

the quadratic formula and obtain
= (-5 EV(-5?-4@)(1) 5+13
- 2(3) 6
x-intercepts are 0.23241 and 1.43426.

and so the

. f (X) = —2x? + 6x — 3. The x-coordinate of the vertex is
72 = — 525 = 3 and the y-coordinate is

f (%) =2 (%)2 +6 (%) — 3 = 3.Therefore, the vertex is

(% %) Next, solving —2x2 4 6x — 3 = 0 using the quadratic

formula, we find

_ —6+£/62-4(-2)(=3) —-6+v12 3 3
= 22) = —2 =3 17 and so

the x-intercepts are 0.63397 and 2.36603.

f(X)=2x2—-3x+3;a=2b=—-3and c =3.The
x-coordinate of the vertex is 72 = —(2;(23)1 = 2 and the

2
y-coordinate is f (%) =2 (%) -3 (%) +3 = 2. Therefore, the
vertex is (3 15) Next, observe that the discriminant of the

quadratic equation 2x? — 3x +3 =0 is

(—3)> —4(2) (3) = 9 — 24 = —15 < 0 and so it has no real roots.
In other words, there are no x-intercepts.

f (x) = 3x% — 4x + 2. The x-coordinate of the vertex is

=b

32 = — 535 = 5 and the y-coordinate is

f (%) =3 (%)2 —4 (%) +2 = 2. Therefore, the vertex is (%, %)

Next, observe that the discriminant of the quadratic equation
3x2—4x +2=0is (—4)>—4(3)(2) =16 — 24 = —8 < O and
so it has no real roots. Therefore, the parabola has no x-intercepts.

(3]
)
= ¥

20+

-3 2 -0

—_
[\
[98)
gl
=V



1. f (x) =x2—4;a=1,b=0,and c = —4. The x-coordinate of
the vertex is 32 = — 57 = 0 and the y-coordinate is f (0) = —4.

Therefore, the vertex is (0, —4). The x-intercepts are found by
solving x? —4 = (x +2) (x —2) = 0giving x = —20r x = 2.

12.

f (x) = 2x2 4 3. The x-coordinate of the vertex is

72 = —5; = 0and the y-coordinate is f (0) = 3. Therefore, the

vertex is (0, 3). Since 2x2 + 3 > 3 > 0, we see that there are no

X-intercepts.

13.

14.

15.

f (x) =16 —x?; a = —1,b = 0, and ¢ = 16. The x-coordinate of
the vertex is 32 = —5%5; = 0 and the y-coordinate is f (0) = 16.

Therefore, the vertex is (0, 16). The x-intercepts are found by

solving 16 — x2 = 0, giving x = —4 or x = 4.

f (x) = 5 — x2. The x-coordinate of the vertex is
2= —ﬁ = 0 and the y-coordinate is f (0) = 5. Therefore,
the vertex is (0, 5). The x-intercepts are found by solving

5 —x2 =0, giving x = ++/5 ~ +2.23607.

f(X):%x2_zx+2;a:g,b:—z,andc:Z.The

; ie=b _ (=2 _ 8
x-coordinate of the vertex is = —z(—gi =3 and the

8
_3(8)?
— 81\3

the vertex is (% —%) The equation f (x) = 0 can be written

y-coordinate is f (%) -2 (%) +2 = —3. Therefore,

3x2—16x+16:(3x—4)(x—4):0givingx:%orx:4

and so the x-intercepts are  and 4.

2.6 QUADRATIC FUNCTIONS

|
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o
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92 2 FUNCTIONS AND THEIR GRAPHS

16. f (x) = % %x + 1. The x-coordinate of the vertex is

= £, and the y-coordinate is

f (%) =3 (%)2 -1 (%) +1 = 3. Therefore, the vertex is

(% 1£). The discriminant of the equation f (x) = 0 is

2 4 2 2 4
(—%) —4 (%) (1) = = < 0.and this shows that there are no 21

X-intercepts.

17. f(x) =1.2x2+32x —1.2,s0a=12,b=32,and c = —1.2. y
20t
The x-coordinate of the vertex is 52 —2(31—?2) = —3 and the

y-coordinate is

2 10+
f (%) =12(-%) +32(-%) @ —12= -4 Therefore,
the vertex is (—g, ——) Next, we solve f (x) = 0 using the e 2 \\'L/O/ ; A >

guadratic formula, obtaining

_ -32+V(32°-4(12)(-12) -324+16 -32+4
- 2(1.2) T 212 T 212

or % Therefore, the x-intercepts are —3 and %

18. f (x) = 2.3x%2 — 4.1x + 3. The x-coordinate of the vertex is

2= 2‘(2‘3%) = 0.891304 and the y-coordinate is

f (0.891304) = 2.3 (0.891304)2 — 4.1 (0.891304) +3 = 1.172826.
Therefore, the vertex is (0.8913, 1.1728). The discriminant of the
equation f (x) = 0is (—4.1)> — 4(2.3) (3) = —10.79 < 0 and so
it has no real roots. Therefore, there are no x-intercepts. , , , , ,

19. a. a > 0 because the parabola opens upward.

b. ~ % > 0 because the x-coordinate of the vertex is positive. We find —b > 0 (upon multiplying by 2a > 0), and

sob <0.

b . .
c f (_E) > 0 because the vertex of the parabola has a positive y-coordinate.

d. b2 — 4ac < 0 because the parabola does not intersect the x-axis, and so the equation ax? + bx 4+ ¢ = 0 has no
real root.

20. a. a < 0 because the parabola opens downward.

b . . . . .
b. ~%a < 0 because the x-coordinate of the vertex is negative. We find —b > 0 (since 2a < 0),andso b < 0.

b . .
c f (—5) > 0 because the vertex of the parabola has a positive y-coordinate.



21.

22.

23.

24,

25.

26.

27.

28.

2.6 QUADRATIC FUNCTIONS 93

d. b? — 4ac > 0 because the parabola intersects the x-axis at two points, and so the equation ax? + bx + ¢ = 0 has
two real roots.

a. a > 0 because the parabola opens upward.

b
b. % > 0 because the x-coordinate of the vertex is positive. We find —b > 0 (since 2a > 0),andso b < 0.

b . .
c f (—£> < 0 because the vertex of the parabola has a negative y-coordinate.

d. b2 — 4ac > 0 because the parabola intersects the x-axis at two points, and so the equation ax? + bx + ¢ = 0 has
two real roots.

a. a < 0 because the parabola opens downward.

b . . . . .
b. ~%a < 0 because the x-coordinate of the vertex is negative. We find —b > 0 (since 2a < 0),andso b < 0.

b . .
c f (—5) < 0 because the vertex of the parabola has a negative y-coordinate.

d. b2 — 4ac < 0 because the parabola does not intersect the x-axis, and so the equation ax2 + bx 4+ ¢ = 0 has no
real root.

We solve the equation —x? + 4 = x — 2. Rewriting, we have x2 + x — 6 = (x + 3) (x — 2) = 0, giving x = —3 or
x = 2. Therefore, the points of intersection are (-3, —5) and (2, 0).

We solve x? —5x +6 = 2x + 3 or x? — &x + 3 = 0. Rewriting, we obtain 2x? — 11x +9 = (2x — 9) (x — 1) = 0

giving x = 1 or 3. Therefore, the points of intersection are (1, 2) and (% %)

We solve —x2 4 2x + 6 = x2 — 6, or 2x%2 — 2x — 12 = 0. Rewriting, we have x2 —x — 6 = (x — 3) (x + 2) = 0,
giving x = —2 or 3. Therefore, the points of intersection are (—2, —2) and (3, 3).

We solve x? — 2x — 2 = —x% — x + 1, 0r 2x> — x — 3 = (2x — 3) (x + 1) = 0 giving x = —1 or 3. Therefore, the

i i i 3 _ 1
points of intersection are (—1, 1) and (7, _T)-

We solve 2x%2 — 5x — 8 = —3x2 + x + 5, or 5x2 — 6x — 13 = 0. Using the quadratic
—(=6) £ V(-6)’—4(5)(-13) _ 6+2%
2(5) - 10
2.32047. Next, we find f (—1.12047) = 2 (—1.12047)2 — 5(—1.12047) — 8 ~ 0.11326 and
f (2.32047) = 2(2.32047)%? — 5(2.32047) — 8 ~ —8.8332. Therefore, the points of intersection are
(—1.1205, 0.1133) and (2.3205, —8.8332).

formula, we obtain x = ~ —1.12047 or

We solve 0.2x%2 — 1.2x — 4 = —0.3x? + 0.7x + 8.2, or 0.5x? — 1.9x — 12.2 = 0. Using the quadratic
—(=1.9) £ /(=192 — 4(0.5) (—12.2)
2(0.5)

7.19245. Next, we find f (—3.39245) = 0.2 (—3.39245)2 —1.2(—3.39245) — 4 ~ 2.37268 and and
f (7.19245) = 0.2 (7.19245)? — 1.2 (7.19245) — 4 ~ —2.28467. Therefore, the points of intersection are
(—3.3925, 2.3727) and (7.1925, —2.2847).

formula, we find x = =194 4/28.01 ~ —3.39245 or




94

29. We solve the equation f (—%) = 16. Here a = —2, and we have f (—(_—b)) =f (—9)

b
30. Since f is to have a minimum value, a > 0. We want f (_5) =
4\? 4
a a

31. Herea = =3 and b = —4. We want f (—%) =

2 FUNCTIONS AND THEIR GRAPHS

(-3)

—g=-24 ==
a a

2 b2

—|—8=16.Thus,—%+—=8,

4

16 32

—-16, —%6 =16,anda = 1.

(—4)
f (_2 (—3))

= 16,
2(=2) 2 or
b2
5 —=8,b%2 =64,and sob = +8.
¢ (_E) _ (_f) = —24, 50
2a a

2
32. Firsta > 0. Next, we want f (—i) = f (—1) =4,50a (—1) —|—2(—1) +c=4, 1 — E +c=4,
2a a a a

1 1 . .
2= 4—c,anda = penwt Since a > 0, we see thatc — 4 > 0, so ¢ > 4. We conclude that a and ¢ must satisfy

. 1
the two conditionsa = —— and ¢ > 4.

33. We want b? — 4ac = 0; that is, 32 — 4 (1) (c) = 0,s0 ¢ = 3.

34. We want b? — 4ac > 0; that is, 42 — 4 (a) (1) > 0,s0 a < 4.

35. We want b2 — 4ac > 0; that is, b2 — 4 (2) (5) > 0, b%2 > 40, and so b < —2/10 or b > 24/10.

36. We require that b2 — 4ac < 0; that is, (—2)°> — 4 (a) (—4) < 0,4+ 16a < 0,andso a < —%.

37.

a.

p(%)4
40+

30+
201

10 A

38.

0

1 2 3 4

5

é X (thousands)

b. If p =11, we have 11 = —x2 + 36, or x2 = 25, 50
that x = +5. Therefore, the quantity demanded
when the unit price is $11 is 5000 units.

a. P ($)

t

- 0 2 4 x (thousands)

b. If p =7, we have 7 = —x? 4 16, or x? = 9, so that
x = =3. Therefore, the quantity demanded when
the unit price is $7 is 3000 units.



41.

42.

43.

45,
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. We solve the system [

ca . P (%) 40. p ()
\ 50 | 100 +
\
AN 40 . 801
\ 60 L
O30 .
N \ 40
N /|
\20 1 \
\ %0 3
10 \ ,
, ———t , ,
, , , e 20 -15 10 -3 O 5 x (thousands)
—4 - 0 2 4 x (thousands) ~_ 720t

b. If x = 2, then p = 2 (2)2 + 18 = 26, or $26. b. If x = 2, then p = 22 + 16 (2) + 40 = 76, or $76.

We solve the equation —2x? + 80 = 15x + 30, or —2x? + 80 = 15x + 30, or 2x? + 15x — 50 = 0, for x. Thus,
(2x —=5)(x+10) =0,s0x = g or x = —10. Rejecting the negative root, we have x = % The corresponding

2
valueof pis p = -2 (%) + 80 = 67.5. We conclude that the equilibrium quantity is 2500 and the equilibrium
price is $67.50.

. p=—x2%—2x + 100 )
We solve the system of equations Thus, —x= — 2x + 100 = 8x + 25, or

p=8x+25

x% + 10x — 75 = 0. Factoring the left-hand side, we have (x + 15) (x —5) = 0, so x = —15 or x = 5. We reject
the negative root, so x = 5 and the corresponding value of p is p = 8 (5) + 25 = 65. We conclude that the
equilibrium quantity is 5000 and the equilibrium price is $65.

Solving both equations for x, we have x = —1—31 p+22and x = 2p2 + p — 10. Equating the right-hand sides of
these two equations, we have — p +22 = 2p? + p — 10, —11p + 66 = 6p? +3p — 30, and 6p? + 14p — 96 = 0.
Dividing this last equation by 2 and then factoring, we have (3p + 16) (p — 3) = 0, so discarding the negative root
p= —%, we conclude that p = 3. The corresponding value of x is 2 (3)? + 3 — 10 = 11. Thus, the equilibrium
guantity is 11,000 and the equilibrium price is $3.

p =60 —2x2 _ _ . ,

Equating the right-hand-sides of the two equations, we have
p =x2+9x + 30
X2 +9x +30 =60 —2x?,503x? +9x —30 =0, x> +3x — 10 =0, and (X +5) (x —2) = 0. Thus, x = =5
(which we discard) or x = 2. The corresponding value of p is 52. Therefore, the equilibrium quantity is 2000 and
the equilibrium price is $52.

a. N (0) = 3.6, or 3.6 million people; N (25) = 0.0031 (25)? + 0.16 (25) + 3.6 = 9.5375, or approximately
9.5 million people.

b. N (30) = 0.0031 (30)? + 0.16 (30) + 3.6 = 11.19, or approximately 11.2 million people.
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46. a. h (1) 4 b. The time at which the stone reaches the highest point is given
1307 by the t-coordinate of the vertex of the parabola. This is
—b 64 - . . .
1004 2 =TT = 2, so the stone it reaches its maximum height

2 seconds after it was thrown. Its maximum height is given by
h(2) = —16 (2)? 4 64 (2) + 80 = 144, or 144 ft.

50+

0 1 2 3 4 5 t (sec)
—5041

47. P (x) = —0.04x? + 240x — 10,000. The optimal production level is given by the x-coordinate of the vertex of
parabola; that is, by 72 = — 5 %0%a; = 3000, or 3000 cameras.

48. The optimal number of units to be rented out is given by the x-coordinate of the vertex of
the parabola; that is, by 52 = 2‘(371%0) = 88, or 88 units. The maximum profit is given by
P (88) = —10 (88)? + 1760 (88) — 50,000 = 27,440, or $27,440 per month.

49. a. R (p) = —3p? + 30p. 50. a. P (x) = —gx2+ 7x +30
R ($hundreds) P ($thousands) x
I 1401
400 ol
3001 1001
80 |
2001 ol
100 + 40 1,
201
Ol 10 20 30 40 50 60 p(®) of 10 20 30 40 50 x(Sthousands)
b. The monthly revenue is maximized when b. The required advertising expenditure is given by the
p=-— 2(301) = 30; that is, when the unit price is x-coordinate of the vertex of the parabola; that is by
-2
—b 7
$30. — = ———— =28, or $28,000 per quarter.

2 1
* )
51. a. The amount of Medicare benefits paid out in 2010 is B (0) = 0.25, or $250 billion.

b. The amount of Medicare benefits projected to be paid out in 2040 is
B (3) = 0.09 (3)2 + (0.102) (3) + 0.25 = 1.366, or $1.366 trillion.

52. a. The graph of a P is a parabola that opens upward because a ~ 9.1667 > 0. Since the x-coordinate of the vertex

b 1213.3333
T2a  2(9.1667)
(t = 0) through 2014 (t = 8).

is < 0, we see that P is increasing for t > 0; that is, the price was increasing from 2006

b. We solve P (t) = 35,000; that is, 9.1667t? + 1213.3333t + 30,000 = 35,000,
obtaining 9.1667t2 + 1213.3333t — 5000 = 0, and so

_ 2 _ _
t = 12133333 + \/(121235313;37) 4(9.1667) (=5000) ~ —136.36 or 4. We conclude that the median price

first reached $35,000 in 2010 (t = 4).
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53. a. The graph of a N is a parabola that opens upward because a = 0.0125 > 0. Since the x-coordinate of the vertex

b _ 0415
2a  2(0.0125)

diabetes was increasing from 2010 (t = 0) through 2014 (t = 4).

< 0, we see that N is increasing for t > 0; that is, the number of adults diagnosed with

b. We solve 0.0125t2 + 0.475t + 20.7 = 21.7, obtaining 0.0125t? 4 0.475t — 1 = 0, and so

—0.475 + 1/(0.475)% — 4 (0.0125) (-1 . .
t= v 20 2)125) ( ) =D = —40 or 2. We conclude that the number of adults diagnosed with

diabetes first reached 21.6 million in 2012 (t = 2).

54. p = 0.1x? + 0.5x 4 15
P ()4
30+

204

10+

~

—6 —4 20/ 2 4 6 8 10 x(thousands)

If x =5, then p = 0.1 (5)? + 0.5 (5) + 15 = 20, or $20.

55. Equating the right-hand sides of the two equations, we have 0.1x2 + 2x + 20 = —0.1x2 — X + 40, s0
0.2x? 4 3x — 20 = 0, 2x? + 30x — 200 = 0, x? + 15x — 100 = 0, and (x + 20) (x —5) = 0. Thus,
x = —20 or x = 5. Discarding the negative root and substituting x = 5 into the first equation, we obtain
p = —0.1(25) — 5 + 40 = 32.5. Therefore, the equilibrium quantity is 500 tents and the equilibrium price is
$32.50.

56. Equating the right-hand sides of the two equations, we have 144 — x2 = 48 + $x2, s0 288 — 2x? = 96 + x?,
3x? = 192, and x? = 64. We discard the negative root and take x = 8. The corresponding value of p is
144 — 82 = 80. We conclude that the equilibrium quantity is 8000 tires and the equilibrium price is $80.

57. a. v (cm/sec) 4 b. v (r) = —1000r? 4 40. Its graph is a parabola, as shown in

401 .
. parta. v () has a maximum value at r = —y—foo5; = O and a
| minimum value at r = 0.2 (r must be nonnegative). Thus the

velocity of blood is greatest along the central artery (where

r = 0) and smallest along the wall of the artery (where

5 , , , - r = 0.2). The maximum velocity is v (0) = 40 cm/sec and the
ol 005 01 015 02 r(cm) minimum velocity is v (0.2) = 0 cm/sec.

20+

104

58. The graph of s (t) = —16t% + 128t + 4 is a parabola that opens downward. The vertex of the parabola is is

(—%, f (—%)) Here a = —16 and b = 128. Therefore, the t-coordinate of the vertex ist = —% = 4 and the

s-coordinate is s (4) = —16 (4)% + 128 (4) + 4 = 260. So the ball reaches the maximum height after 4 seconds; its
maximum height is 260 ft.
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59. We want the window to have the largest possible area given the constraints. The
area of the window is A = 2xy + %ﬂ'XZ. The constraint on the perimeter dictates

28 — 2x —
that 2x 4+ 2y + x = 28. Solving for y gives y = # Therefore,
28 — 2x — 7X 56x — 4x2 — 2wx% 4+ wx2  — 4)x2 +56x . .
A=2x (22277 +%7rx2: AT (m+dHx"+ . A'is maximized at
2 2 2
__b 56 28 . 28-7-7% 8ri112-5-28r 28
T T2 244 ma9VT 2 = 2(r 14 Y
28
T+4
60. x (2«/ (h=y))* = 4y (h — y) = —4y? + 4hy. The maximum of f (y) = —4y2 + 4hy is attained when
y = _Z = — (‘”‘ 5 = % So the hole should be located halfway up the tank. The maximum value of x is
h h h2
=2/ (-5 =2/%=n
—-b+ «/b2 4ac —b + +/b% — 4ac
61. True. ————— is a root of the equation ax? + bx + ¢ = 0, and therefore f (+T) =0.

62. False. It has two roots if b> — 4ac > 0.
63. True. If a and ¢ have opposite signs then b2 — 4ac > 0 and the equation has 2 roots.

64. True. If b? = 4ac, then x = — g is the only root of the equation ax? + bx + ¢ = 0, and the graph of the function f
touches the x-axis at exactly one pomt.

65. True. The maximum occurs at the vertex of the parabola.

b ¢ b b\?> ¢ b \? b\°> ¢ b2
_ 2, P ) 2 2 s _ _ Z_
6. f(x)_a(x +ax+a) a[x +(a)x+(2a) *a (Za)} a[(x—|—2a) *a 4a2}

L b \2 N 4ac — b?
2a 4a
Technology Exercises page 142
1. (—3.0414,0.1503), (3.0414, 7.4497). 2. (—5.3852, 9.8007), (5.3852, —4.2007).
3. (—2.3371, 2.4117), (6.0514, —2.5015). 4. (—2.5863, —0.3586), (6.1863, —4.5694).
5. (—1.1055, —6.5216) and (1.1055, —1.8784)

6. (—0.0484, 2.0608) and (1.4769, 2.8453).
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7. a 100 8. a 100 —t——t—
50 50 T T
0 * t * 0 —t
0 5 10 15 0 5 10 15 20
b. 438 wall clocks; $40.92. b. 1000 cameras; $60.00.

2.7 Functions and Mathematical Models

Concept Questions page 149

1. See page 142 of the text. Answers will vary.

2.a P(X) = anx" +an_1x""1 + ... + ap, where a, # 0 and n is a positive integer. An example is
P(x)=4x3-3x2+2.

4 _ 5y2
b. R(x) = % where P and Q are polynomials with Q (x) # 0. An example is R (x) = %

Exercises page 149
1. f isapolynomial function in x of degree 6.

2. f is a rational function.

3. Expanding G (x) = 2 (x? — 3)3, we have G (x) = 2x8 — 18x* 4 54x? — 54, and we see that G is a polynomial
function in x of degree 6.

_ 2 5 2 +5x 4 6x3 . : :
4. We can write H (x) = 3 + 2 +6= % and we see that H is a rational function.

5. f is neither a polynomial nor a rational function.

6. f isa rational function.

7.4y, b. The projected revenue in 2010 is projected to be

40 f (6) = 2.19(6) + 27.12 = 40.26, or $40.26 billion.
30./ c. The rate of increase is the slope of the graph of f, that is,
- 2.19 (billion dollars per year).

10

~V

o' 1 2 3 4 5 6

8. a. The amount paid out in 2010 was S (0) = 0.72, or $0.72 trillion (or $720 billion).
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10.

12.

13.

14.

15.

b. The amount paid out in 2030 is projected to be S (3) = 0.1375 (3)2 + 0.5185 (3) + 0.72 = 3.513, or
$3.513 trillion.

. & The average time spent per day in 2009 was f (0) = 21.76 (minutes).

b. The average time spent per day in 2013 is projected to be
f (4) = 2.25(4)? + 13.41 (4) + 21.76 = 111.4 (minutes).

a. The GDP in 2011 was G (0) = 15, or $15 trillion.
b. The projected GDP in 2015 is G (4) = 0.064 (4)2 4 0.473 (4) + 15.0 = 17.916, or $17.916 trillion.

. a. The GDP per capita in 2000 was f (10) = 1.86251 (10)> — 28.08043 (10) + 884 = 789.4467, or $789.45.

b. The GDP per capita in 2030 is projected to be f (40) = 1.86251 (40)> — 28.08043 (40) + 884 = 2740.7988, or
$2740.80.

The U.S. public debt in 2005 was f (0) = 8.246, or $8.246 trillion. The public debt in 2008 was
f (3) = —0.03817 (3)% 4+ 0.4571 (3)? — 0.1976 (3) + 8.246 = 10.73651, or approximately $10.74 trillion.

The percentage who expected to work past age 65 in 1991 was f (0) = 11, or 11%. The percentage in 2013 was
f (22) = 0.004545 (22)% — 0.1113 (22) + 1.385 (22) + 11 = 35.99596, or approximately 36%.

N (0) = 0.7 per 100 million vehicle miles driven. N (7) = 0.0336 (7)® — 0.118 (7)? +0.215 (7) + 0.7 = 7.9478 per
100 million vehicle miles driven.

a. Total global mobile data traffic in 2009 was f (0) = 0.06, or 60,000 terabytes.
b. The total in 2014 will be f (5) = 0.021 (5)% + 0.015 (5)® + 0.12 (5) + 0.06 = 3.66, or 3.66 million terabytes.

1+ 0.05D
16. L= ———.
D
1+ 0.05(20
a If D = 20, then L — ——2>(&D) = 29 _ .10, or 10%.
1+0.05(10
b. If D = 10, then L = +1—0() — 0.15, or 15%.
17. a. We first construct a table.
N (million)
t | N() t | N(@)
180
1 52 6 135 160
2| 75 7| 146 10
3| 93 8| 157 %0
41 109 9| 167 40
5 122 10 177 . ' " " —
0 2 4 6 8 10 1 (years)

b. The number of viewers in 2012 is given by N (10) = 52 (10)*°3! ~ 176.61, or approximately 177 million
viewers.
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18. a. R R (1) = 162.8 (1)~39% = 162.8, R (2) = 162.8 (2)30%5 ~ 20.0,
160 and R (3) = 162.8 (3) 392 ~ 5.9
120 b. The infant mortality rates in 1900, 1950, and 2000 are 162.8, 20.0,
80 and 5.9 per 1000 live births, respectively.
40
0 1 2 3 1
19. N (5) = 0.0018425 (10)?® ~ 0.58265, or approximately 0.583 million. N (13) = 0.0018425 (18)%° ~ 2.5327, or

20.

21.

22.

23.

24.

25.

approximately 2.5327 million.

a. S (0) = 4.3 (0 + 2)%% ~ 8.24967, or approximately $8.25 billion.
b. S(8) = 4.3(8 + 2)%% ~ 37.45, or approximately $37.45 billion.

. . . 100 (40
a. The given data imply that R (40) = 50, that is, 5 +(40) =50, so0 50 (b + 40) = 4000, or b = 40. Therefore, the
100x
ired functionis R (x) = .
required response function is R (x) 20 1 x
. 100 (60 .
b. The response will be R (60) = (60) = 60, or approximately 60 percent.
40 +60
a. y b. 5x% + 5x 4 30 = 33x + 30, 50 5x? — 28x = 0, X (5x — 28) = 0,
160 andx =0o0rx = % = 5.6, representing 5.6 mi/h.
20 d g (x) = 11 (5.6) + 10 = 71.6, or 71.6 mL,/Ib/min.
80 g c. The oxygen consumption of the walker is greater than that of the
runner.
40
N T

a. We are given that f (1) = 5240 and f (4) = 8680. This leads to the system of equations a + b = 5240,
11a + b = 8680. Solving, we find a = 344 and b = 4896.

b. From part (a), we have f (t) = 344t + 4896, so the approximate per capita costs in 2005 were
f (5) = 344 (5) + 4896 = 6616, or $6616.

a. f(0) =3173 givesc = 3173, f (4) = 6132 gives 16a + 4b + ¢ = 6132, and f (6) = 7864 gives
36a + 6b + ¢ = 1864. Solving, we find a &~ 21.0417, b ~ 655.5833, and ¢ = 3173.

b. From part (a), we have f (t) = 21.0417t? + 655.5833t + 3173, so the number of farmers’ markets in 2014 is
projected to be f (8) = 21.0417 (8)? + 655.5833 (8) + 3173 = 9764.3352, or approximately 9764.

a. We have f (0) =c = 1547, f (2) =4a + 2b + ¢ = 1802, and f (4) = 16a + 4b + ¢ = 2403. Solving this
system of equations gives a = 43.25, b = 41, and ¢ = 1547.

b. From part (a), we have f (t) = 43.25t? + 41t 4 1547, so the number of craft-beer breweries in 2014 is projected
to be f (6) = 43.25 (6)? 4 41 (6) + 1547 = 3350.
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26. a. by
160

A

120

40

b. f (0) = 8.37 (0) + 7.44 = 7.44, or $7.44/kilo.
f (20) = 2.84 (20) + 51.68 = 108.48, or $108.48 /kilo.

27. The total cost by 2011 is given by f (1) = 5, or $5 billion. The total cost by 2015 is given by
f (5) = —0.5278 (53) +3.012 (52) +49.23 (5) — 103.29 = 152.185, or approximately $152 billion.

b. At the beginning of 2005, the ratio will be
f (10) = —0.03 (10) + 4.25 = 3.95. At the beginning of

2020, the ratio will be f (25) = —0.075 (25) + 4.925 = 3.05.
\ c. The ratio is constant from 1995 to 2000.

d. The decline of the ratio is greatest from 2010 through 2030. It

28. a. y
5
4
3
2
1
0
29. a. P ($) 4
30
20+
101
0

‘ 20 B 30 - t (years)

f(35) — f(15) 23-38
= = —0.075.
35— 15 20 0.075

b. Substituting x = 10 into the demand function, we have

30 0
— =10, or $10.

P= 0020zl 3

30. Substituting x = 10,000 and p = 20 into the given equation yields P ()4

and p = 35 into the equation yields

4 6 8 X

Units of a thousand

20 = a4/10,000 + b = 100a + b. Next, substituting x = 62,500 30+
204
35 = a4/62,500 + b = 250a + b. Subtracting the first equation ]
from the second yields 15 = 150a, or a = 5. Substituting this 10
value of a into the first equation gives b = 10. Therefore, the
0 20 40 60 x

required equation is p = 1—10ﬁ + 10. Substituting x = 40,000 into

Units of a thousand

the supply equation yields p = -./40,000 + 10 = 30, or $30.



31.

32.

33.

35.

36.
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Substituting x = 6 and p = 8 into the given equation gives 8 = /—36a + b, or —36a + b = 64. Next,

substituting x = 8 and p = 6 into the equation gives 6 = v/—64a + b, or —64a + b = 36. Solving the system
—36a + b =64
—64a + b =36

When the unit price is set at $7.50, we have 7.5 = +/—x2 + 100, or 56.25 = —x?2 4 100 from which we deduce that
X &~ £6.614. Thus, the quantity demanded is approximately 6614 units.

for a and b, we find a = 1 and b = 100. Therefore the demand equation is p = +/—x2 4+ 100.

a. We solve the system of equations p = cx + d and p = ax + b. Substituting the first equation into the
. b—-d
second givescx +d =ax +d,so(c—a)x =b—-dand x = —a Becausea < O0andc > O,
¢ —a # 0and x is well-defined. Substituting this value of x into the second equation, we obtain

p:a(b—d)_|_b:ab—ad+bc—ab:bc—ad b_dandthe

. Therefore, the equilibrium quantity is
— c—a c—a c—a
I .. bc—ad

equilibrium price is c .

b. If ¢ is increased, the denominator in the expression for x increases and so x gets smaller. At the same time, the
first term in the first equation for p decreases and so p gets larger. This analysis shows that if the unit price for
producing the product is increased then the equilibrium quantity decreases while the equilibrium price increases.

c. If b is decreased, the numerator of the expression for x decreases while the denominator stays the same.
Therefore, x decreases. The expression for p also shows that p decreases. This analysis shows that if the
(theoretical) upper bound for the unit price of a commodity is lowered, then both the equilibrium quantity and the
equilibrium price drop.

Because there is 80 feet of fencing available, 2x + 2y = 80, so x + y = 40 and y = 40 — x. Then the area of the
garden is given by f = xy = x (40 — x) = 40x — x2. The domain of f is [0, 40].

. . 250 . -
. The area of Juanita’s garden is 250 ft2. Therefore xy = 250 and y = -~ The amount of fencing needed is given

2
by 2x + 2y. Therefore, f =2x + 2 (%) =2X + ? The domain of f isx > 0.

The volume of the box is given by area of the base times the height of the box. Thus,
V =f((x)=(15-2x) (8 —2x) X.

Because the volume of the box is the area of the base times the height of the box, we have V = x?y = 20. Thus, we
have y = % Next, the amount of material used in constructing the box is given by the area of the base of the box,
plus the area of the four sides, plus the area of the top of the box; that is, A = x2 + 4xy + x2. Then, the cost of
constructing the box is given by f (x) = 0.30x2 + 0.40x - % +0.20x2 = 0.5x2 + ; where f (x) is measured in
dollarsand f (x) > 0.



104 2 FUNCTIONS AND THEIR GRAPHS

37.

38.

39.

40.

41.

42.

43.

45.

46.

Because the perimeter of a circle is 27tr, we know that the perimeter of the semicircle is 7wx. Next, the perimeter of
the rectangular portion of the window is given by 2y + 2x, so the perimeter of the Norman window is 7wx + 2y + 2x
and wx + 2y +2x = 28,0ry = % (28 — wx — 2x). Because the area of the window is given by 2xy + %ﬂ-xz, we
see that A = 2xy + %n-xz. Substituting the value of y found earlier, we see that

A= f(x)=x(28—mX —2X) + 37x? = $7x? + 28x — 7x? — 2x% = 28x — Fx2 — 2x?

= 28X — (g +2) x2.

The average yield of the apple orchard is 36 bushels/tree when the density is 22 trees/acre. Let x be the
unit increase in tree density beyond 22. Then the yield of the apple orchard in bushels/acre is given by
(22 + x) (36 — 2x).

50 50 50
Xy =50andsoy = - The area of the printed pageisA = (x —=1)(y—-2) = (x = 1) (7 — ) = —2x+52—7,

. . 50 50
so the required function is f (x) = —2x + 52 — = We must have x > 0, x —1 > 0, and ~ 2 > 2. The last

. Lo 50 X 1 .
inequality is solved as follows: =2 4,50 5 < 7 S0X < %0 — 2 Thus, the domain is [1, %]

a. Let x denote the number of bottles sold beyond 10,000 bottles. Then

P (X) = (10,000 + x) (5 — 0.0002x) = —0.0002x? + 3x + 50,000.
b. He can expect a profit of P (6000) = —0.0002 (60002) + 3(6000) + 50,000 = 60,800, or $60,800.

a. Let x denote the number of people beyond 20 who sign up for the cruise. Then the revenue is
R (x) = (20 + x) (600 — 4x) = —4x2 + 520x + 12,000.

b. R(40) = —4 (402) + 520 (40) + 12,000 = 26,400, or $26,400.

c. R(60)=—4 (602) + 520 (60) + 12,000 = 28,800, or $28,800.

a. f(r)=mnr2
b. g () =2t
ch®)=(fog) () =T@1)=nr[g®] =4nt?

d. h (30) = 4 (30?) = 3600, or 3600 ft2.

False. f (x) = 3x%4 4 x%/2 + 1 is not a polynomial function. The powers of x must be nonnegative integers.
. . . P (x) - . . .
. True. If P (x) is a polynomial function, then P (x) = — and so it is a rational function. The converse is false.

X+1. . . . .
For example, R (x) = » + 1 is a rational function that is not a polynomial.

False. f (x) = x/2 is not defined for negative values of x.

False. A power function has the form x", where r is a real number.



Technology Exercises page 155

1 a f(t)=1.85t+16.9.

b. 30 +—+——F+—+——F+—+——+—+—+—+—
201/_

10+ T

0 T—+—t+—+—F+—+—+——

2. a. f (t) =0.0128t% 4 0.109t + 0.50.

o

3. a f(t)=—0.221t2 + 4.14t + 64.8.

b. g+ 3
"/_./0———"’—’-4

60 T T

40T T

20t T

0 + + + +
0 1 2 3 4

c. 77.8 million

5. a f(t)=2.4t2+15t+31.4.

b. [ttt

100 T

o
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y
18.8

20.6
22.5
24.3
26.2
6| 28.0

ga A W N P~

These values are close to the given data.

d. f (8) =1.85(8) +16.9 = 31.7 gallons.

y
0.50

0.94
1.61
71 1.89

D W oOof

These values are close to the given data.

4. a f(t) =2.25x% 4 13.41x + 21.76.

b.

6. a. f (t) =—0.038167t3 + 0.45713t2

105

— 0.19758t 4 8.2457.

b. ¥ + T + T + T

o
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7. a. f (t) = —0.00081t3+0.0206t%+0.125t +1.69.

b.

8. a. y = 44,560t% —89,394t2 + 234,633t +273,288.

b.

9. a. f(t)=—0.0056t3 4 0.112t% 4 0.51t + 8.

b.

2 FUNCTIONS AND THEIR GRAPHS

o

1.5e+6
le+6

5e+5

15 +———

5__

0 +H—————————
o 1 2 3 4 5
t 3 | 8

f () 10.4 | 13.9

t |y
1.8

5127
10 | 4.2

The revenues were $1.8 trillion in 2001,
$2.7 trillion in 2005, and $4.2 trillion in 2010.

f ()
273,288
463,087
741,458

1,375,761

W N P O

10. a. f (t) = 0.2t3 — 0.45t2 + 1.75t + 2.26.

o

f({)|23]38|56|89]149
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1. a. f (t) = 0.00125t* — 0.0051t3 12. A(t) = 0.000008140t* — 0.00043833t3 —
—0.0243t2 4+ 0.129t + 1.71. 0.0001305t2 + 0.02202t + 2.612.

t 0 1 2 3 4 5
f(t)|1.7111.81|1.85{1.84|1.83|1.89

d. The average amount of nicotine in 2005 is
f (6) = 2.128, or approximately
2.13 mg/cigarette.
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2.8  The Method of Least Squares

Concept Questions page 162

1. a. A scatter diagram is a graph showing the data points that describe the relationship between the two variables x
andy.

b. The least squares line is the straight line that best fits a set of data points when the points are scattered about a
straight line.

2. See page 158 of the text.

Exercises page 162

1. a. We first summarize the data. b. Iy
12
Xy X2 xy 10
8,
1 4 1 4 6
2 6 4 12 44
3 8 24 i |
4 11 16 44 o123 4y

Sum 10 29 30 84
The normal equations are 4b + 10m = 29 and 10b 4+ 30m = 84. Solving this system of equations, we obtain
m = 2.3and b = 1.5, so an equation is y = 2.3x + 1.5.

2. a. We first summarize the data. b.

Ya

10
X y x2 xy 8
1 9 1 9 6
3 8 9 24 4

2
5 6 25 30
7 3 49 21 0
9 2 81 18

Sum 25 28 165 102
The normal equations are 165m + 25b = 102 and 25m + 5b = 28. Solving, we find m = —0.95 and b = 10.35,
so the required equation is y = —0.95x + 10.35.
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3. a. We first summarize the data. b. v
7,
X y x2 xy 61
5,
1 45 45 4]
3,
2 4 10 5]
3 3 14
4 16 ol 1 2 3 4 5 6 x
4 35 16 14
6 1 36 6

Sum 20 19 82 515
The normal equations are 6b + 20m = 19 and 20b 4+ 82m = 51.5. The solutions are m =~ —0.7717 and
b ~ 5.7391, so the required equation is y = —0.772x + 5.739.

4, a. We first summarize the data: b.

A
5

X y  x2  xy 4

1 2 1 2 3

1 3 1 3 21

2 3 4 6 | R

3 35 105 o b2 3 4 s

4 35 16 14

4 4 16 16

5 5 25 25

Sum 20 24 72 765
The normal equations are 72m + 20b = 76.5 and 20m + 7b = 24. Solving, we find m = 0.53 and b = 1.91. The
required equation is y = 0.53x + 1.91.

5. a. We first summarize the data: b.

Xy

3
10
15 —
16 28 )
25 40

Sum 15 28 55 96

The normal equations are 55m + 15b = 96 and 15m + 5b = 28. Solving, we find m = 1.2 and b = 2, so the
required equation is y = 1.2x + 2.

[ ISR e N S

13 T S U RN
o ~N oo ow|<
S
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6. a. We first summarize the data:

X Yy X Xy
1 8 8

2 6 4 12

5 6 25 30

7 4 49 28

10 1 100 10

Sum 25 25 179 88

0 2 4 6 8 10 x

The normal equations are 5b + 25m = 25 and 25b + 179m = 88. The solutions are m = —0.68519 and

b = 8.4259, so the required equation is y = —0.685x + 8.426.

7. a. We first summarize the data:

X y X Xy
1 436 436
2 438 876
3 428 1284
4 430 16 1720
5 426 25 2138

Sum 15 2158 55 6446

The normal equations are 5b + 15m = 2158 and

15b + 55m = 6446. Solving this system, we find m = —2.8 and
b = 440. Thus, the equation of the least-squares line is

y = —2.8x + 440.

8. a. We first summarize the data:

X y X Xy
1 426 426
2 437 874
3 460 1380
4 473 16 1892
5 477 25 2385

Sum 15 2273 55 6957

The normal equations are 55m + 15b = 6957 and

15m + 5b = 2273. Solving, we find m = 13.8 and b = 413.2, so
the required equation is y = 13.8x + 413.2.

440
435
430
425
420
415

ol 1 2 3 4 5 x (years)

c. Two years from now, the average sat

verbal score in that area will be
y = —2.8(7) + 440 = 420.4, or
approximately 420.

y ($million)
480
470
460
450
440
430
420

ol 1 2 3 4 Sx(years)

. When x = 6,

y = 13.8 (6) + 413.2 = 496, so the
predicted net sales for the upcoming
year are $496 million.
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The normal equations are 4b + 6m = 2035.8 and
6b + 14m = 4225.8. The solutions are m = 234.42 and
b = 157.32, so the required equation is y = 234.4x + 157.3.

b. The projected number of Facebook users is

X y X Xy
0 1545 0 0
1 3818 1 3818
2 6545 4 1309
3 845 9 2535
Sum 6 20358 14 4225.8
10. a. We first summarize the data:
X y X% xy
1 21 2.1
2 24 4.8
3 27 8.1
Sum 6 7.2 14 150

12. a.

f(7) =234.4(7) + 157.3 = 1798.1, or approximately
1798.1 million.

b. The amount of money that
Hollywood is projected to spend in
2015 is approximately
0.3(5) + 1.8 = 3.3, or $3.3 billion.

The normal equations are 3b + 6m = 7.2 and 6b + 14m = 15.
Solving the system, we find m = 0.3 and b = 1.8. Thus, the
equation of the least-squares line is y = 0.3x + 1.8.

X y X Xy
0 253 O 0
1 334 334
2 395 79
3 50 150
4 596 16 2384
Sum 10 207.8 30 500.8
X y  x2  xy
0 262 O 0
1 26.8 26.8
2 27.5 55.0
3 28.3 84.9
4 287 16 114.8
Sum 10 1375 30 2815

The normal equations are 5b + 10m = 207.8 and

10b + 30m = 500.8. The solutions are m = 8.52 and
b = 24.52, so the required equation is y = 8.52x + 24.52.

. The average rate of growth of the number of e-book readers

between 2011 and 2015 is projected to be approximately
8.52 million per year.

The normal equations are 5b + 10m = 137.5 and

10b + 30m = 281.5. Solving this system, we find m = 0.65
and b = 26.2. Thus, an equation of the least-squares line is
y = 0.65x + 26.2.

. The percentage of the population enrolled in college in 2014 is

projected to be 0.65 (7) + 26.2 = 30.75, or 30.75 million.
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13. a.

14. a.

15.

16. a.

2 FUNCTIONS AND THEIR GRAPHS

X y X Xy
1 26.1 26.1
2 27.2 54.4
3 28.9 86.7
4 311 16 1244
5 326 25 163.0
Sum 15 1459 55 4546
X y  x2 Xy
1 95.9 1 95.9
2 91.7 4 183.4
3 83.8 251.4
4 782 16 3128
5 735 25 367.5
Sum 15 4231 55 1211.0
X y  x2  xy
0 820 O 0
1 84.7 1 84.7
2 868 4 1736
3 89.7 269.1
4 918 16 367.2
Sum 10 435 30 894.6
X y x2 xy
0 2.0 0 0
1 3.1 3.1
2 4.5 4 9.0
3 6.3 18.9
4 7.8 16 31.2
5 93 25 465
Sum 15 33.0 55 108.7

The normal equations are 5b + 15m = 145.9 and

15b + 55m = 454.6. Solving this system, we find m = 1.69
and b = 24.11. Thus, the required equation is

y=f (x) =1.69x +24.11.

. The predicted global sales for 2014 are given by

f (8) =1.69(8) + 24.11 = 37.63, or 37.6 billion.

The normal equations are 5b + 15m = 423.1 and

15b + 55m = 1211. Solving this system, we find m ~ —5.83
and b &~ 102.11. Thus, an equation of the least-squares line is
y = —5.83x + 102.11.

. The volume of first-class mail in 2014 is projected to be

—5.83(8) 4+ 102.11 = 55.47, or approximately 55.47 billion
pieces.

The normal equations are 5b + 10m = 435 and
10b + 30m = 894.6. The solutions are m = 2.46 and
b = 82.08, so the required equation is y = 2.46x + 82.1.

. The estimated number of credit union members in 2013 is

f (5) = 2.46 (5) 4+ 82.1 = 94.4, or approximately
94.4 million.

The normal equations are 6b + 15m = 33 and

15b + 55m = 108.7. Solving this system, we find m ~ 1.50
and b ~ 1.76, so an equation of the least-squares line is

y =1.5x + 1.76.

. The rate of growth of video advertising spending between

2011 and 2016 is approximated by the slope of the
least-squares line, that is $1.5 billion/yr.



17. a.

18. a.

19. a.

20. a.

X y x2 xy
0 6.4 0 0
1 6.8 6.8
2 7.1 14.2
3 7.4 22.2
4 76 16 304
Sum 10 353 30 736
X y x2  xy
0 129 0 0
1 13.9 13.9
2 14.65 4 29.3
3 1525 45.75
4 1585 16 63.4
Sum 10 7255 30 152.35
X y x> Xy
0 60 0
2 74 4 148
4 90 16 360
6 106 36 636
8 118 64 944
10 128 100 1280
12 150 144 1800
Sum 42 726 364 5168
t y t2 ty
0 1.38 0 0
1 1.44 1 1.44
2 1.49 4 2.98
3 1.56 9 468
4 1.61 16 6.44
5 1.67 25 8.35
6 1.74 36 10.44
7 1.78 49 12.46
Sum 28 12.67 140 46.79
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The normal equations are 5b + 10m = 35.3 and
10b + 30m = 73.6. The solutions are m = 0.3 and b = 6.46,
so the required equation is y = 0.3x + 6.46.

. The rate of change is given by the slope of the least-squares

line, that is, approximately $0.3 billion/yr.

The normal equations are 5b + 10m = 72.55 and

10b 4 30m = 152.35. The solutions are m ~ 0.725 and
b ~ 13.06, so the required equation is y = 0.725x + 13.06.

.y =0.725(5) + 13.06 = 16.685, or approximately

$16.685 million.

The normal equations are 7b + 42m = 726 and

42b + 364m = 5168. The solutions are m ~ 7.25 and
b = 60.21, so the required equation is y = 7.25x + 60.21.

.y =7.25(11) + 60.21 = 139.96, or $139.96 billion.
. $7.25 billion/yr.

The normal equations are 8b + 28m = 12.67 and

28b + 140 = 46.79. The solutions are m ~ 0.058 and
b ~ 138, so the required equation is y = 0.058t + 138.

. The rate of change is given by the slope of the least-squares

ling, that is, approximately $0.058 trillion/yr, or
$58 billion/yr.

c. y = 0.058 (10) + 1.38 = 1.96, or $1.96 trillion.
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21. False. See Example 1 on page 159 of the text.

22. True. The error involves the sum of the squares of the form [f xi) — yi]z, where f is the least-squares function
and y; is a data point. Thus, the error is zero if and only if f (xj) = yj foreach1 <i <n.

23. True.

24, True.

Technology Exercises page 166

1. y =2.3596x + 3.8639 2. y =1.4068x — 2.1241

3.y = —1.1948x 4 3.5525 4. y=—-2.07715x + 5.23847

5,a. y=-25t+61.2 b. 48.7%

6. a. y =0.305x +0.19 b. $0.305 billion/yr c. $3.24 billion
CHAPTER 2 Concept Review Questions  page 168

1. ordered, abscissa (x-coordinate), ordinate (y-coordinate)

2.a x-,y- b. third
3. a =N b. undefined C. zero d. positive
X2 — X1
1
4. =my,m; =——
mi mo, M1 s
5. a y —y1 = m (X — Xxp), point-slope form b. y = mx + b, slope-intercept

6. a. Ax+ By +C =0, where A and B are not both zero b. —a/b

~

. domain, range, B 8. domain, f (x), vertical, point

©

Cf () £gX), f(x)g(x),%,Aﬂ B,ANB,0 10. g(f (x)), f, f X), g

11. ax? + bx + c, parabola, upward, downward, vertex, —%, X = —%.

12. a. P (x) = anx" + an_1x""1 4+ .- + ayx + ap, where a, £ 0 and n is a positive integer

b. linear, quadratic c. quotient, polynomials d. x", wherer is a real number



