Chapter 1.

Exercise 1.1
1 4X—-7=8x+2

4X—-T7+7-8x=8x+2+7-8x

-4x=9
9
X=—-—
4

3. x+8=8(x+1
X+8=8x+8
X-8x=8-8
-7x=0
x=0

5. 8(x—2)=6(3x—-4)
8x-16=18x-24
8x-18x=-24+16

-3x = 4(24) = 96
x=-32

11 2(x=7)=5(x+3)-x
2X-14=5x+15-X
2X-5x+x=15+14
-2x=29
29

13 5X _ 2X - 7
2 6
[Bx _ ,0_ g[@X~70

15x-24=2x-7
15x-2x=24-7
13x =17
17

X=—
13

24

Linear Equations and Functions

5x-1_5(x-1)
9 6
(6x-10_, o(5X =50
09 O 0 e O
10x-2=15x-15
10x-15x=2-15
-5x=-13
13
X=—
5

15.

18

17. x+l=2§<—gm—6x
3 30

x+1=2x—£—6x
3

3X+1=6x—-4-18x
3X+18x-6x=-4-1
15x=-5
_5_

1
X=—=-=
15 3

33-x - 5%(2)
5x
33-x=10x
-x-10x=-33
-11x =-33
Xx=3
Check: @
5(3)
32,
15
2=2
x = 3isthe solution.

19. (5%)

2

[l

)

3 7
21. (2x+13)(x-5)——=
( )( )x—5 2x+13

3(2x+13) = 7(x-5)

(2x+13)(x—-5)

6Xx+39=7x-35
6x - 7x =-35-39
X=74
Check: 3 2 !
74-5 = 2(74)+13
3.1, 7
69 23 ~ 161
1_1
23 23

X = 74 isthe solution.
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23.

25.

27.

29.

31.

33.
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2x 1.5 1
x-1 3 6 x-1
Multiply each term by 6(x — 1).
12x+(2x-2)=(5x-5)-6
12x+2x-5x=-5-6+2

9x=-9
x=-1
Cheoke XD, 1,5_ 1
-1-1 3 6 -1-1
1.5 1
1I+= 2 —+=
3 6 2
4_4
3 3
x = -1 isthe solution.

2x _2 5
2x+5 3 2(2x+5)
Multiply each term by 6(2x + 5).
12x = (8x+20)-15
12x-8x=20-15

4x=50rx:§
4

X :; isthe solution.

-3.250% - 8.638 = -3.8(8.625x + 4.917)
3.250x - 8.638 = —32.775x — 18.6846

3.250x + 32.775x = 8.638 - 18.6846
36.034x = —10.0466
_ -10.0466 _

X=——=-0.279

36.034

0.000316x +9.18 = 2.1(3.1- 0.0029x) — 4.68
0.000316x +9.18 = 6.51- 0.00609x — 4.68
0.000316x +0.00609x = 6.51-4.68—-9.18

0.006406x = -7.35
-7.35

" 0.006406

3x-4y=15
-4y =-3x+15

3.0
2be +=¥p=2a

18x+3y =22
3y=-18x+22
22
=-6x+—
y 3

=-1147.362

35.

37.

39.

41.

43.

45.

47.

49.

Exercise 1.1

| =Prt
1_prt

reort
|

r_t
93+69+89+97+FE+FE _
6

90

2FE +348=540
2FE=192
FE =96

25

A 96 isthe lowest grade that can be earned on the

final.

a. 3w+110=11(66 - 20)
3w +110 = 506
3w =396
w=132

b. 3(160) +110 =11(h - 20)
480+110+220=11h
11h =810
h=73.6 inches

p = 75.4509 — 0.706948t

a. p =75.4509 — 0.706948(23) = 59.19%

b. 0= 75.4509 - 0.706948t
_ 75.4509

" 0.706948

$1 billion = $1000 million
1000 = 241.33 + 29t
29t =1000-241.33

=758.67
t =26 yearsor in 1988+ 26 = 2014
x = total served
X = active + dropouts
X =6000 + % X
3x =18,000+ x
2x =18,000

X = 9000 youths served
& 7n-12T=52

-12T =-7n+52
T= -+52
-12
T= mn-52
12

b. 28 chirpsin 15 seconds means 112 chirpsin

1 minute (or 60 seconds).
(o 1112)-52 _

12
Temperatureis 61°.

A=P+Prt
6000 = P+ P(0.1)(5)
6000 =1.5P

P =% - 4000

15
A= 6000
r=01
t=5

=106.7 years or in 2082.
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51. x=amount in safe fund
120,000 — x = amount in risky fund
Yield: 0.09x + 0.13(120,000 — x) = 12,000
0.09x +15,600 — 0.13x =12,000
—-0.04x = -3600
x =90,000
x = $90,000 in 9% fund
120,000 — 90000 = $30,000 in 13% fund.

53. Reduced salary: 2000 — 0.10(2000) = $1800
Increased salary: 1800 + 0.20(1800) = $2160
160 = R% of 2000
R= 160 _ 8

2000 100
$160 is an 8% increase.

55. C+ MU = SP (MU = Profit)

X1 +0.2%, =480
1.2x; =480
Xl =400
X2 - 0.2X2 =480
0.8x, = 480
X =600

Profitis$80 on x;. Lossis$120 on x,.

The collector lost $40 on the transaction.

57. cost + markup = selling price
214.90+0.3x = X
214.9=x-0.3x=0.7x
_ 214.9 —307
0.7
The selling price is $307.

59. Wholesder
154.98+0.1W =W
0.9W =154.98
W=%$172.20

X

Retailer
172.20+0.3R=R
0.7R=172.20
R =$246.00

Supplementary Exercises

1. Suppose we want to solve

1 1 20
2X——=3+ - 3X——
3 2% 50

a. Should we remove parentheses or clear the
equation of fractionsfirst?

b. Answer True or False for each Step 1:
I. 60x—10=90+ 15(3x—2)

1. 12x—2=18+333x—§g

I1. 2x—i:3+§x—1
3 2 5

2. Inasurvey of 100 collegesit was found that
enrollments fell into the following ranges:

Number of Colleges | Range of Enrollment

15 10,000 to 15,000
60 15,001 to 25,000
25 25,001 to 30,000

Which of the following could be the average
enrollment for these 100 colleges?

I. 18,000 I1. 23,000 111. 25,000
a. | only

b. Il only

c. landll only

d. Il and Il only

e I,

3. Item A costs the store $84 and the markup is 25%
of the cost. Item B costs the store $60 and the
markup is 25% of the selling price. What is the
total selling price of A and B?

a. $180
b. $185
c. $187
d. $192
e. none of these

Solutionsto Supplementary Exer cises

1. a. Remove parenthesesfirst.

b. 2x—l:3+§x—l
3 2 5
(Weremoved parentheses.)
60x—-10=90+45x -6
(We multiplied both sides by 30.)
Thus, | isFalse, Il isTrue, and I11 is True.

2. Minimum average
_ 15(10,000) + 60(15,001) + 25(25,001)

15+60+25

=16,751

Maximum average
_ 15(15,000) +60(25,000) +25(30,000)

15+60+25
=24,750
I and Il arethe only possibilities.
Answer: ¢

3. Cost + Markup = Selling price
A: 84+%(84):105

B: 60+1x: X
4

§x=60 orx=80
4

Total selling price = $105 + 80 = $185
Answer: b
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Exercise 1.2

Exercise 1.2 9. C(x)=4x>-3

L y=8c a C(0)=4(0)%-3=-3

yisafunction of x.
3 y2=3x b. C(-1) = 4(-1)?-3=1
y isnot afunction of x.

N — A(ON\2 _ A —
If, for example, x = 3 there are two possible c. C(-2)=4(-2)"-3=13

valuesfory. . c 030 4I] 3D2 e
5. yisafunction of x since for each x thereisonly " Y0200 7O 2O
oney.
D={1,2 3,8, 9, 3 4
_ 11. f(X)=x"—-—
R={-4, 5, 16} (X) X
7. R(x)=8x-10 ) f_l 01 41,6
a. R(0)=8(0)-10=-10 "0 20 o0 20 _%‘ s " g
b. R2) =8(2)-10=6 s 4
c. R(-3)=8(-3)-10=-34 b. f(2)=2"->=8-2=6
d. R(1.6) =8(1.6) —10=2.8
c. f(-2)=(- 2) ————8+2——6

13. f(x)=1+x+x2

a f(2+1)=f(3)=1+3+3%=13
f(2)+f(1)=7+3=10
f(2) +f(1) 2 f(2+ 1)

f(x+h) =1+ (x+h) +(x +h)?

=3

o

No. Thisisequivalent to a

d. f(x)+h:1+x+x2+h
No. f(x + h) 2 f(X) + h

f(x+h) =1+ (x+h)+(x+h)?
=1+ x+h+x% +2xh+h?
f(x):1+x+x2
f(x+h) = f(x) = h+2xh+h?

=h(1+2x+h)

Fx*) =109 =1+2x+h
h

o

15. f(x):x—2x2
a f(x+h)=(x+h)-2(x+h)? =-2x%> —4xh—-2h%>+x +h

b. f(x+h)—f(x)=(x+h)—2(x+h)2 - (x-2x?)
=x+h-2x% —4xh-2h% - x +2x°

=h-4xh-2h?
_ _ _ 2
f(x+hr)] f(x) _h 4x2 20? L av—on

17. Thevertical line test shows that graph (a) isafunction of x, and that graph (b) is not afunction of x.
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10.

21.

23.

25.

27.

29.

Chapter 1: Linear Equations and Functions

Since (9, 10) and (5, 6) are points on the graph,
(a) f(9) = 10 and (b) f(5) = 6.

a. Theordered pair (a, b) satisfies the equation.
Thus b=a? - 4a.

b. The coordinates of Q = (1, —-3). Since the point
is on the curve, the coordinates satisfy the
equation.

¢. The coordinates of R = (3, —3). They satisfy
the equation.

d. Thexvauesare0and 4. These values are also
solutions of x2-4x=0.

f(x) = 3x g(x) = x>
a (f+g)(x)=3x+x°
b. (f-g)(x)=3x-x

c. (f)(x)=3xx° =3x*

f=v2x g =x

a (f+g)(x)=v2x +x?

b. (f—g)(x)=~2x - x?

e (fIB)(x)=v2x % = x*y2x

Of 0 . +/2x
d. Eagx)—x—z

f(x)=(x-13 g(x) =1-2x

a. (fog)(x) = f(1-2x)=(1-2x-1)% = -8x3

b. (gof)(x) = g((x-1%) =1-2(x~1)°

e f(F(9)=f(x-2%) =[(x-°-1°

d. (f ) () =(x-13qx-13=(x-1°
[(f - ))(X) # f(F(x))]

f(x) = 2¢x g(x)=x*+5

a (fog)(x)=f(x*+5)=2yx*+5

b. (gof)(x)=g(2vx)
=(2J/x)*+5
=16x2 +5

c. f(f(x)=f(2vVx)=2y2vx

31

33.

35.
37.
39.

41.

45.

47.

d. (f OF)(X) = 24/x [24/x = 4x
[(f - H)(X) # f(F(X))]

y=x2 +4

Thereis no division by zero or square roots.
Domainisall theredls, i.e., {x: x [JReals}.
Since x2 =0, x> +42 4, therangeisreals
24or{y:y=4}.

y=4/Xx+4

Thereisno division by zero. To get areal number
y, wemust havex+4=0o0r x=-4.

Domain: x = —4. The square root is always
nonnegative.

Thus, therangeis{y:y [JReals, y=0}.

D: {x:x=1,x#2}
D: {x: 7<x<T7}

a. f(20) = 103,000 meansit will take 20 yearsto
pay off adebt of $103,000 (at $800 per month
and 7.5% compounded monthly.)

b. f(5 + 5) = f(10) = 69,000; f(5) + f(5) = 80,000;
No.

a. f(1950) = 16.5 means that in 1950 there were
16.5 workers supporting each person receiving
Social Security benefits.

b. f(1990) = 3.4

¢. The points based on known data must be the
same and those based on projections might be
the same.

d. Domain: 1950 < t < 2050
Range: 1.9<n<16.5

a. Since the wind speed cannot be negative, s =
0.

b. f(10) = 45.694 +1.75(10) — 29.26410

=-29.33
At atemperature of —5°F and awind speed of
10 mph, the temperature feels like —29.33°F.

c. f(0) =45.694, but f(0) should equal the air
temperature, -5°F.
E- 1-0.24t
2+t

a. Eisafunctionof t.

b. The domain of the function isreals except
t=-2

c. Because negative times should not be
considered, thedomainist = 0.

C= E F —@
9 9
a. Cisafunctionof F.

b. Mathematically, the domainisall reas.
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c. Domain: {F:32<F <212}
Range: {C: 0< C< 100}
5 160
d. C(40)=—=(40)-—
(40) =540~ =5
_ 200-160
9
- 40
9
=4.44°C
7300p

49. C(p)=
(p) 100- p

a. Domain: {p: 0< p < 100}
7300(45) _ 328,500

b. C(45)= =$5972.73
9 =T00-25 55 >
¢, Clon)=T30090) _ 657,000 _ oo
100-90 10
d. c(99)= L2009 _ 722700 _ 75 700
100-99 1
e C(99.6) = 200(99.6)
100-99.6
_ 727,080
0.4
= $1,817,700

In each case above, to remove p% of the
particulate pollution would cost C(p).

51. a. Aisafunction of x.

b. A®2) = 2(50—2) = 96 5q ft
A(30) = 30(50 — 30) = 600 sq ft

c. For the problem to have meaning we have
0<x<50.

53. a. P(q(t)) = P(1000 +10t)
2
- 180(1000 + 101) - 1000 +1007
100
=169,800 + 1600t — t2

b. q(15) = 1000 + 10(15) = 1150
P(q(15)) = $193,575

3. f(a b)=a®+b?
f(1,2)=12+2%=5
f(1, f(1,2)=f(1,5)=12+5°=26

© Houghton Mifflin Company. All rights reserved.

Exercise 1.2 29

55. length = x
width=y
L =2x+2y
1600 = xy or y=@
L=ox+ 2[[1600 O_ o+ 3200
Ox O X

57. Revenue = (no. of people)(price per person)
Example: R=30x10
R=31x9.80
R=32x9.60
Solution: R= (30 + X (10 — 0.20x)

Supplementary Exercises
1. Supposethat f(x) =X%3+m. What isthe
domain of f(x)?
2. If f(a b)=a®+b?, thenf(3,4)="?
3. If f(a,b)=a’+b? thenf(L, f(1,2)="

f(2+a)

f f(x)=x2-2, then —— 2 =7
f(2)+f(a)

e

a’+4da+4

a2

a?+4a+2

aZ

a?+4a+4
a’+2
a®+4a+2
a’+2
e 1

Solutionsto Supplementary Exer cises

200 1. f(x):igh/x—z
X —
Rule out division by zero: x # 3
N mustbe=0:x=2
Domain: {x: x= 2, x# 3}
2. f(ab)=a?+b?
(3 4)=3°+4%=25

4. f(2+a)=(2+a)’-2
=4+4a+a’-2
=a’+4a+2;

f(2)=2%2-2=2 f(a)=a®-2
f(2+a) _a’+4a+2 _a’+4a+2

f(Q+f(a) 2+@%-2) a2
(Note: The purpose of this question isto show
that
f(2+a)#f(2) +f(a).)
Answer: b
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Exercise 1.3 17. 2x+3y=6ory= _§X+2’ mz—é, beo.
1. 3x+4y=12
x-intercept: y = 0 then x = 4. 1
y-intercept: x= O theny = 3. 19. m=2, b=3

1
=—X+3
y 2

3. 2x-3y=12 —— —+—+—> X
x-intercept: y = 0 then x = 6. -3 -2 -1 1 2 3
y-intercept: x=0theny =4 1

y 2. m=-2, b==
2
1
=-2X+-
y 2
y
N> x
-2 | 2 4
+

5. 3x+2y=0 1

x-intercept: y=0thenx=0
Likewise, y-intercept isy = 0. 4T
y

2T [ax+2y=0 y—yllzm(x—xl)

==x-1
———A———> x 2

23. P(2,0), m=%

Ve 14 _ RSN P~

TXo-% 3-(-1) 4 25. P(-1,3), m=-2
X2 =X (-9 y—3=-2(x~(~1))
For problems11-17, usey = mx + b to obtain y=-2x+1
slope and y-inter cept. Y

m=Y2=% _ 22 _0

11. y:Zx—%, m=§, b=—%

3 | [y=-2x+1
1
13. y=30rOx+3 m=0,b=3 N .

15. x=-8
Slope is undefined. o4
Thereis no y-intercept.
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Exercise 1.3 31

21. P(__l’ 1), mis undefined 39. If 3x+ 5y =11, then y=—§x+1—1.So, m=—§.
x=-1 5° 5 5
y A line parallel will have the same slope. Thus,
3T m:—g and P = (-2, -7) gives
2__
x=-1 1+ y—(—7)=—§(x—(—2)) which simplifiesto
—t ——+—> x 3 41
-3 =2 12 3 =—=X-—.
i =755
T 5 4
-3 41. If 5x—6y =4, then y:gx—g.smpeofthe
2. A=@ 2, R=(1-6 perpendicular lineis ~8 thus m=-8 and
_6-2_ 5 5
-1-3 P=(3,1)gi —~1=-5(x-3) which
y-2=2x-3) (3, 1) gives y 5(x ) whic
y=2x-4 smplifiesto y:—§x+2—5‘°’.
31. R=( 3, B=(6 2
_2-3_-1_1 Boa
-6-7 -13 13 360,000
l 3 5
Sa- L
y=3=3(x=7) 1
:ix—l+3
13 13 180,000 1+
y=ix+§ or —x+13y=32 T
13 13
—————>x
33. They-coordinates are the same. 120 240
Thelineishorizontal. y =0 b. 0= 360.000— 1500
35. 3x+2y=6 2x-3y=6 x = 3080000 _ 5 months
__3 _2 1500
y=-5x+3 y=3x-2 In 240 months, the building will be completely
depreciated.
Lines are perpendicular since 0 3020 -1
U 2030 c. (60, 270,000) means that after 60 months the
value of the building will be $270,000.
37. 6x-4y=12 3X-2y=6
6 12 3
=—X-— =—x-3
4 4 2
3
or y=—x-3
y 2

Parallel. Lines are the same.
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45.

47.

49.

51.

53.

55.

Chapter 1: Linear Equations and Functions

600
500
400
300
200
100

Reg = 85.714x + 88.381

—>t

!
T
1 2 3 4 5 6

Y07 Rep = 17.17141 + 104.238]

300 T
200-/','\/
100 4
1203
c. Ift=0,then Re5 =$88.38.

If t =0, then Rep = $104.24.

The tables are exact. The equations are a best
fit for the data. The equations are not exact.

———>t
56 7

P

d. The equations are based on past performance.
No one knows the results of future

investments.
y = 0.1369x — 5.091255
a. m=0.1369 b =-5.091255

b. x =0 meansthat there was a negative amount
of transactions. Restrictions are x > 0 and
y=0.

¢. With an increase of 1 (thousand) terminals, the
amount of transactions increases by
$0.1369 (billion).

y =0.0838x+ 4.95 Both unitsarein dollars.

a. (m,f) isthereference. Slope = 838 _ 0.838.
1000

f — 17,300 = 0.838(m— 22,300) or
f = 0.838m - 1387.4

b. f=0.838(30,000) — 1387.4 = $23,752.60

(x, p) isthe reference. ((0, 85000) is one point.
m= LIOO =-1700

p — 85,000 =—-1700(x — 0) or
p =—1700x + 85,000

(t, R) isthe ordered pair.
o’ 4.0
F?l. = EE, 11D P2 =(6, 19)

m=9-11_8_16_,,

R-19=32(t-6) or R=3.2t-19.2+19 or
R=32t-0.2

57. R =(200, 25) P, =(250, 49)
m= ﬂ = % =048
250-200 50
y—-25=0.48(x-200) or y=0.48x—-71

Supplementary Exer cises

1. What isthe slope of the line with equation
4x + 3y =12?

a 4
b. 4

4
C. —_——
3

3. The cost of making widgetsis
0 for 4 widgets
for 6 widgets . If the cost isalinear
582 for 10 widgets

function, what are the fixed costs?

4. A firm determines that the cost and revenue
functions for a product are C = 5x + 140 and
R = 7x, respectively. If the firm will make a profit
on the sale of 100 units, how much profit will the
firm make on the sale of thelO1st unit?

Solutionsto Supplementary Exer cises

1. 4x+3y=12
3y=-4x+12
y:—£x+4
3
Answer: ¢

2. x-intercept meansy = 0.
4x =12
x=3
Answer: ¢

3. We need the equation for the cost.
_54-40 _
m= =7
6-4
C-40=7(x—4)orC=7x+12
Fixed costs are $12.
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4. We need the marginal profit or the slope of the
profit function.
P=R-C=7x—(5x+ 140) = 2x— 140
Thus, m= 2.
The firm will make a profit of $2 on the sale of
the 101st unit.

Exercise 1.4

1. Notlinear

-10
-10
3. Not linear
10
-10 10
—I.O
5. Not linear
=x3-3x
10 y
-10 10
_1'0
7. Not linear
10
[ \i
-10 10
_1'0
9. Not linear
10],=_12x
x2+1
=10 i 10

-10

© Houghton Mifflin Company. All rights reserved.

11.

13.

15.

17.

y

y

a.

Exercise 1.4

=x3-12x-1

y=x3-12x-1

20

=20

=0.01x3 + 0.3x2 — 72x +150

y = 0.01x3 + 0.3x2 — 72x + 150

\ 4000

—100 | i

—-200

_‘_‘—\—__\_,JI |

-0.06

. Standard Window

10

-10

eimis | 80

200

33

The equation islinear, so the graph will be a
line. Use the intercepts to determine a window.

. Window: x-min=-5
x-max = 35
y =0.001x-0.03

y = 0.001x - 0.03
0.02

-0.06

y-min =-0.06

y-max = 0.02
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19 and 21. Complete graphs can be seen with different 27. x°+2y=6
windows. A hint isto look at the equation and ov=—x2+6
try to determine the max and/or min of y. Also, y
find the x-intercepts. y= —%xz +3
19. y=-0.15(x-10.2)% +10 6
Thereisno min.
Max value of y = 10. » .
x-intercepts: 0=-0.15(x-10.2)® +10 / l \
(x-10.2)% = 10 _ 666
0.15 6
x—10.2 =++/66.66 =8 3 )
x=102t80r x=2.2 0r 18.2 29. f()=x"-3x"+2
Suggested: x-min=-5 x-max = 25 f)=13-30%+2=0
. y-min =—15 y-max = 15 as one choice. fD_ED: D_§EF _3D_§DZ voe 8135
0 20 O 20 0 20 ’
//“'\ Use your graphing calculator, and evaluate the
-5 25 function at these two points. If either of your
\ answers differ, can you explain the difference?
31. Asxgetslarge, y approaches 12.

—-15

Use thiswindow to graph or use text answers for When x=0,y=-12, xintercepts at + 1.

raoh Suggested: x-min = -6y-min=-15
grapn. X-max = 6 y-max = 15

_ %3 +19x2 - 62x — 840

15
21. If x=0,y=-42.
. e |
Starting point: x-min=-25 x-max =15 -6 \{/ 6

y-min=-50 y-max =50
Use text answers for graph.

_ x3+19x2 - 62x - 840 ~15

B 20
R X2 -x-6 _ (x=3)(x+2)
[ 3B YT 2 546 (x+3)(x+2)

-25

What happensto y as x approaches —3? —2?
10

il
[

=75 =15

15
23. 5x-3y=5
-38y=-5x+5 —0
_5,_

y=3*73 Note: For problems 35-37, find the zeros and find the
6 X-inter cepts are equivalent statements. In part (a) we

use a graphing calculator’s TRACE OR ZERO

[ / function and in part (b) wefind the exact solutions.
-6 6
35. a. Graphing calculator approximation to 4
decimal places: x = -1.1098, 8.1098
6 7.1 :
b. x= 'k E«/ﬁ by the quadratic formula.

25. 4x’+2y=5
2y= -4x% +5 37. a. Thegraphing calculator gives exact answers of
x =1, x=4using the ZERO function.

b. When this numerator is zero the function is
zeroor whenx=1or x=4.

w

-10
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28 020 = 350,000

R-intercept: Whenx =0, R= 28,000
30,000
| R= 28,000 - 0.08x

39. x-intercept: WhenR=0, x=

0l ] 400,000

41. a.

0
b. The coordinates mean that when amale’'s

salary is $50 thousand, afemal€’'ssdary is
$40.536 thousand.

43. a E = 10,000p — 100p?
300,000

250/ e

- 150

—50:0()0
b. E=0when0<p < 100.

45. a. R=-0.031t2 +0.776t +0.179
R = -0.031t2 + 0.776t + 0.179

8 \

E
0

15

b. R=-0.031t2 +0.776t +0.179
R = -0.031t2 + 0.776t + 0.179

40

=20

C. The revenue reaches a maximum during 1992
but zeros out in 2005. The model could not be
valid until 2020.

47. a. 000

b. Near p =0, cost grows without bound.

© Houghton Mifflin Company. All rights reserved.

49. a.

Exercise 1.5 35

The coordinates of the point mean that the cost
of obtaining stream water with 1% of the
current pollution levels would cost $282,150.

. The p-intercept means that the cost of stream

water with 100% of the current pollution
levelswould cost $0.

600

ol. : 800
0

.y =0.630526x + 27.0386

6(_)0 y = 0.630526x + 27.0386

-] 800

y =0.914811x + 20.4118
\ y = 0.914811x + 20.4118
600 \

<] 800

Using the first equation as the better fit, it
predicts $325 (nearest dollar) while the actual
is $305.

No Supplementary Exer cises

Exercise 1.5

1 x=2,y=2

6

B e

6
Intvzr:ection/j/
H=z A W=z
-6

3. No solution.

6

E -y, =3x-10

i

-12

Y, = 3x-5/2



36

11.

13.

15.

Chapter 1: Linear Equations and Functions

4x—- y=3 Multiply first row by 3. 12x-3y=9

2x+3y=19 2x+3y=19
Add the two equations. 14x =28
Solve for the variable. x=28=2

Substitute for thisvariablein  4(2) —y=3

either origina equation and -y=3-8=-5
solve for the other variable. y=5
The solution of the systemisx=2and y=5.
2x- y=2 Multiply first row by 4. 8x—-4y=8
3X+4y=6 3xX+4y=6
Add the two equations. 11Ix =14
Solve for the variable. =4
Substitute for this variablein 2(—‘{) y=2
either original equation and -y=2- 1—8
solve for the other variable. y=%
The solution of the system is x = 14 andy= E
11 11°
3x-2y=6
4y=8 Solvefory. y=8=2
Substitute for thisvariablein  3x—2(2) =6
first equation and solve for 3x=6+4=10
the other variable. x=4
The solution of the system is x = % andy=2.
-4x+3y=-5 Multiply first equation by 3. -12x+9y =-15
3x-2y=4  Multiply second equationby 4.  12x—-8y =16
Add the two equations. y=1
Subgtitute for thisvariablein ~ —4x+3(1) = -5
either original equation and —-4x=-8
solve for the other variable. X=2
The solution of the systemisx=2andy = 1.
3x-4y=-1 Multiply firstequationby 6. ~ 15x-2ly=-6
8x + 3y=11 Multiply second equation by 7. 56x+21y =77
Add the two equations. 71x =71
Substitute for this variable in x=1
either origina equation and 81 +3y=11
solve for the other variable. 3y=3
y=1
The solution of thesystemisx=1andy=1or (1, 1).
0.3u-0.2v=0.5 Multiply first row by 3. 0.9u-0.6v=15
0.9u-06v=01 0.9u-0.6v=0.1
Subtract the two eguations. 0£14

Thereis no solution. The system isinconsistent.
Note: If you have 0 = anon zero number the system is always inconsistent.
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Exercise 1.5

17. 02x-03y=4 0.20x-0.3y=4
23x— y=12 Multiply 2nd row by 0.3. 0.69x-0.3y =0.36
Subtract the two equations. —0.49x =3.64

Solve for the variable. x=-2

Substitute, solvefory. -1

The solution of the system is x = —5—72 andy= 128

et
19. 4x+6y=4 4x+6y=4

2x+3y=2 Multiply secondrow by —2. -4x-6y=-4
Add the two equations: 0=0

37

There are infinitely many solutions. The system is dependent. Solve for one of the variablesin terms of the remaining

O

. 2 2 . 2 2
variable: y=——-—x. Then agenera solutionis T, ———c
Y 3 3 g g: 3 30

21. %z 2 Before we can solve this system X+y=8
VT_l =6 wemust arange each equation  6x-y=-1

in ax+ by =cform. > =7

Add and solve for x. x=1

Substitute in an original equation yT_l =6

and solve for remaining variable. y=7

Thesolutionisx=21andy=7or (1, 7).
23-25 Usethe standard window and graph each equation.

, where any value of cwill give aparticular solution.

Usethe TRACE or INTERSECT featureto find the solution.

3x
23. =8-—
=3
L

4

6

/_/-’1 3
Ly, =— +
A 2x8

Inkersection
=l

3
== x-1
[>( \ 4x
8
[

W=z

-6

Solution: (4, 2)

25. X +3y=-2
X+7y=4
12

-2 8

=

‘yl = 5x+3y_= —2‘ ‘yz =2x-7y =-6 ‘
Solution: (-1, 1)
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38 Chapter 1: Linear Equations and Functions

27. Egq.1 x+2y+z=2 Stepsl, 2, and 3 of the systematic
Eq. 2 -y+3z=8 procedure are completed.
Eq.3 2z=10 Step4:z=5
FromEq.2 -y+3(5)=8ory=7
FromEq.1 x+2(7)+5=2o0r x=-17
Thesolutionisx=-17,y=7,z=5.
29. Eg.1 x-y-8z=0 Stepsland 2 of the systematic
Eq. 2 y+4z=8 procedure are completed.
Egq.3 3y+14z=22
Step 3: (-3)x Eq 2 addedto Eq. 3gives2z=-2o0r z=-1.
FromEq.2 y+4(-)=8ory=12
FromEq.1 x-12-8(-1)=0or x=4
Thesolutionisx=4,y=12,z=-1o0r (4, 12, -1).
31. Eq.1 x+4y-2z=9 Step1iscompleted.
Eg.2 x+5y+2z=-2
Eq.3 x+4y-28z2=22

Step 2:
X+4y—-2z=9 Eqg. 1
Eq. 4 y+4z=-11 (-1)x Eq. 1 added to Eq. 2
Eq.5 -26z=13 (-1 x Eq.1addedto Eq. 3

Step 3 isaso completed.
Step 4: z= —% from Eq. 5.

010

From Eq. 4 y+4D— 2|]: -11ory=-9

oo 10_ -
FromEqg. 1 x+4(-9) 2D 2D—90rx—44

S _ _ 1 0 10

Thesolutionisx=44,y=-9, z= 3 or [I44’ 9, >0
33. x=amount of safe investment.

y = amount of risky investment.

X +y = 145,600 Total amount invested

0.1x+ 0.18y = 20,000 Income from investments

The solution is the solution of the above system of equations.

X+ y=145600

x+1.8y=200,000 (10) x second eguation
0.8y =54,400  Subtract equations

y=68,000 Solvefory or amount of risky investment.

Substituting y = 68,000 into one of the original equations we have x + 68,000 = 145,600 or x = $77,600.
Solution: Put $77,600 in a safe investment and $68,000 in arisky investment.

35. x=amount invested at 10%.
y = amount invested at 12%.
X +y=23500 Total amount invested
0.10x + 0.12y = 2550 Investment income
Solve the system of equation:
X+ y=23500
x+1.2y=25500 (10)x second equation
0.2y = 2000 Subtract equations

y=10,000 Solvefory
Substituting into the first equation we have x + 10,000 = 23,500 or x = 13,500.
Thus, $13,500 isinvested at 10% and $10,000 isinvested at 12%.

© Houghton Mifflin Company. All rights reserved.



Exercise 1.5 39

37. A=ouncesof substance A.
B = ounces of substance B.

Required ratio gzg gives5A—-3B =0.

Required nutrition is 5%A + 12%B = 100%. This gives 5A + 12B = 100.
The % notation can be trouble. Be careful! Now we can solve the system.

5A- 3B=0
5A+12B =100
15B =100 Subtract first equation from second.
100 _ 20
15 3

Substituting into the original equation gives 5A - SEQ—;B: Oor A=4.

The solution is 4 ounces of substance A and 6% ounces of substance B.

39. x = population of speciesA.
y = population of species B.
2x +y = 10,600 units of first nutrient
3x + 4y = 19,650 units of second nutrient
8x+4y=42,400 (4)x first equation
3x+4y =19,650
5x =22,750 Subtract

X = 4550 Solve for x
Substituting x = 4550 into an original equation we have 2(4550) +y = 10,600.
So, y = 1500. Solution is 4550 of species A and 1500 of species B.

41. x=amount of 20% concentration.
y = amount of 5% concentration.

x+y=10 amount of solution
0.20x + 0.05y = 0.155(10) concentration of medicine
Solving this system of equations:

X+ y=10

x+0.25y=7.75 (5)* second equation
0.75y =225 Subtract equations

y=3 Solvefory
Substituting into the first equation we havex + 3=100r x=7.
The solution is 3 cc of 5% concentration and 7 cc of 20% concentration.

43, x=number of $20 tickets.
y = number of $30 tickets.
x+y =16,000 total number of tickets
20x + 30y = 380,000 total revenue
To solve the system of equations multiply Eqg. 1 by 30.
30x + 30y = 480,000
20x + 30y = 380,000
10x =100,000 or x =10,000
Substituting into the first equation givesy = 6000.
Sell 10,000 tickets for $20 each and 6000 tickets for $30 each.

45, x = amount of 20% solution to be added.
0.20x = concentration of nutrient in 20% solution.
0.02(100) = 2 isthe concentration of nutrient in 2% solution.
0.20x + 2 = 0.10(x +100)
0.20x+2=0.10x+10
0.1x =8 or x =80cc of 20% solution is needed.
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40 Chapter 1: Linear Equations and Functions

47. x=ounces of substance A,
y = ounces of substance B, and
Z = ounces of substance C.
5x +15y+12z=100 Nutrition requirements

X=2Z Digestive restrictions
y=4z Digestiverestrictions

Since both xand y are in terms of z, we can subgtitute in the first equation and solve for z.
So, 5z + 3z + 12z = 100 or 20z = 100. So, z = 5. Now, since X = z, we have x=5.

Since y = %z, we havey = 1. The solution is 5 ounces of substance A, 1 ounce of substance B, and
5 ounces of substance C.

49. A= number of A type clients.
B = number of B type clients.
C = number of C type clients.
A+ B+ C=500 Total clients
200A + 500B + 300C = 150,000 Counseling costs
300A + 200B + 100C = 100,000 Food and shelter
To find the solution we must solve the system of equations.
Eq. 1 A+B+C =500

Eg.2 2A+5B+3C=1500 Original equation divided by 100
Eg.3 3A+2B+C=1000 Original equation divided by 100
A+B+C =500 Eqg. 1
Eq. 4 3B+C =500 (-2)x Eq. 1added to Eq. 2
Eq.5 -B-2C =-500 (-3)x Eqg. 1 added to Eq. 3
A+B+C =500 Eqg. 1
3B+C =500 Eq. 4
-3Cc==190 1 x Eq. 4 added to Eq. 5
C =100 £ =200

Substituting C = 200 into Eq. 4 gives 3B + 200 = 500 or 3B = 300. So, B = 100.
Substituting C = 200 and B = 100 into Eq. 1 gives A + 100 + 200 = 500. So, A = 200.
Thus, the solution is 200 type A clients, 100 type B clients, and 200 type C clients.

Supplementary Exercises

Xx+3y=0 2. If (a, b) isthe solution to the system of equations
1 If ., thenx="? _
X-y=7 05x+y=20 \na+b=2
3x+0.2y =28 '
2
a -3 a -160
b. 0 b. 48
c. 1 c. 80
d. 160
d 3
2 e. none of these
7
e —
4
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3. A bank loaned $128,000 for the development of
two products, A and B. The amount loaned for

product B was $12,000 less than twice the amount

loaned for product A. A + B = 128,000 is one

equation needed to find the amounts loaned for A

and B. The other equation is
a. 2B—A=12,000
b. A—2B=12,000
2A-B=12,000
d. B—2A=12,000

o

e. A=12,000-2B
Solutionsto Supplementary Exercises

1 X+3y=0
4x-y=7
2x+3y=0

12x-3y=21
Mx=23]

2
Answer: d

2. 0.5x+y=20
.3x+0.2y =28
0.5x+y=20
1.5x+y =140
T TO0x=120
x=120
0.5(120)+y=20
y=-40
a+b=80
Answer: ¢

3. amount 12,000 less than twice the
loaned for B was amount loaned for A

B = 2A—12,000
Thissimplifiesto 2A — B = 12,000.
Exercise 1.6

1. a. Tota cost = Variable cost + Fixed cost
C(x) = 17x + 3400

C(200) = 17(200) + 3400 = $6800
a. R(x) =34x
b. R(300) = 34(300) = $10,200
5 a PX =RX -C(x)
= 34x— (17x + 3400)
=17x—3400
b. P(300) = 17(300) — 3400 = $1700

o
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7. a P(xX)=R(X)-C(x)
=80x — (43x +1850)
=37x-1850

b. P(30) =37(30) —1850 = -$740
Thetotal costs are more than the revenue.

c. P(x)=0o0r 37x-1850=0
1850 o
So, x= = =50 unitsisthe break-even
point.
9. C(x)=5x+250
a. m=5, C-intercept: 250

b. MC =5 meansthat each additional unit
produced costs $5.

c. Slope=marginal cost.
C-intercept =fixed costs.

d. $5,$5 (MC =5 at every point)
11. R=27x
a. m=27

b. 27; each additional unit sold yields $27 in
revenue.

¢. Ineach case, one more unit yields $27.
13. R(X) = 27x, C(X) = 5x + 250

a. P(x)=27x-(5x+250) = 22x — 250

b. m=22

¢. Marginal profit is 22.

d. Each additional unit sold gives a profit of $22.
To maximize profit sell al that you can
produce. Note that thisis not always true.

15. (x, P) isthe correct form.
P, = (200, 3100)
P, = (250, 6000)
m= 6000 -3100 _ 58
250-200
P - 3100 = 58(x —200) or P = 58x — 8500
The marginal profit is 58.

17. a. Therevenue function isthe graph that passes
through the origin.

b. At aproduction of zero the fixed costs are
$2000.

¢. From the graph, the break-even point is 400
units and $3000 in revenue or costs.

3000-2000 _

d. Marginal cost = 25
400-0
Margina revenue = 3;)00—0 =75

00-0
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10.

21.

23.

25.

27.

29.

31

43.

45.

Chapter 1: Linear Equations and Functions

R(x) = C(x) = 85x = 35x + 1650 or 50x = 1650 or
X =33.
Thus, 33 necklaces must be sold to break even.

a. R(x) =12x, C(x) = 8x + 1600

b. RX) = C(x) if 12x = 8x + 1600 or 4x = 1600 or
X = 400.
It takes 400 units to break even.

a. P(x)=R(x)-C(x)
=12x—(8x +1600)
=4x-1600

b. By setting P(x) = 0 we get x = 400.
Same as 21(b).

a. R(x) =54.90x

b. P = (2000, 50000)
P, = (800, 32120)
_32,120-50,000 _ -17,880
800 — 2000 ~1200
y — 50,000 = 14.90(x — 2000) or
y =14.90x + 20,200 = C(X)

=14.90

c. From 54.90x = 14.90x + 20,200 we have
x =505 units to break even.

If price increases, then the demand for the product
decreases.

a. If p=$%$100, then q = 600 (approximately).
b. If p=%$100, then g = 300.
¢. Thereisashortage since more is demanded.
2p+5q =200
2(60) +5q = 200
59 =80
q=16
Supply: p-2g=10
60-2gq=10
29=50
g=25
There will be asurplus of 9 units at a price of
$60.00.

Demand:

-3q+28=1qg+3% Required condition.

-39+168=2q+68 Multiply both sides by 6 to simplify.

-50=-100
q=20

33.

35.

37.

39.

41.

Remember that (q, p) isthe correct form.

P, = (240, 900)

P, = (315, 850)
_850-900 _ 50 _ 2

T 315-240 75 3
Note: m < 0 for demand equations.

p-900 = —%(q—240) or
p= —§q+1060

(a, p) isthe correct form.
P, = (10000, 1.50)
P, = (5000, 1.00)
_ 1-150 _ -0.50
5000-10000 -5000
Note: m> 0 for supply equations.
p —1=0.0001(g —5000) or p = 0.0001q + 0.5

=0.0001

a. The decreasing function is the demand curve.
Theincreasing function is the supply curve.

b. Reading the graph, we have equilibrium at
g=30andp =25.

a. Reading the graph, at p = 20 we have 20 units
supplied.

b. Reading the graph, at p = 20 we have 40 units
demanded.

c. Atp =20 thereisashortage of 20 units.

By observing the graph in the figure, we see that a
price below the equilibrium price resultsin a
shortage.

Substituting into one of the original equations gives p = —%(20) +28=18.

Thus, the equilibrium point is (g, p) = (20, 18).
-4gq+220=159+30 Required condition.
190=19q

q=10 Solvefor q.

Substituting g = 10 into one of the original equations gives p = 180.

Thus, the equilibrium point is (g, p) = (10, 180).
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49.

51.

53.

55.

Exercise 1.6

350-300 _ 5

80-120 4
p-pr=m(q-a,) or p—3002—%(q—120) or p:—%q+450
280-370 _ 9

Supply: (60, 280) and (140, 370) are two points. M= —— = —
pply: (60, 280) and ( ) p 140 " &

p-p=m(q-q,) or p—280=§(q—60) or p:§q+212.5
Now, set these two equations for p equal to each other and solve for g.
2q+2125=-3q+450  Required for equilibrium.
9gq+1700 =-10g+3600 Multiply both sides by 8 to simplify.
19g =1900
q=100

Substituting g = 100 into one of the original equations gives p = 325.
Thus, the equilibrium point is (g, p) = (100, 325).

Demand: (80, 350) and (120, 300) are two points. m=

a. Reading the graph, we have that the tax is $15.

b. From the graph, the original equilibrium was (100, 100).

¢. From the graph, the new equilibrium is (50, 110).

d. The supplier suffers because the increased price reduces the demand.

New supply price: p = 15q + 30 + 38 = 15q + 68
15q+68 = -4q+220 Required condition
19q =152
q=8
Substituting g = 8 into one of the original equations gives p = 188.
Thus, the new equilibrium point is (g, p) = (8, 188).

| _4a
New supply price: p=—+10+5=—+15
pply p p 0 20

o5 +15= -5 +65 Required condition
g+300=-q+1300
2g =1000
g =500 Thus, p=3% +15= 40.
The new equilibrium point is (500, 40).
. —g+2100 . q+540
Demand: p—T Supply: p= 20

q+540 ,1_9g+540, 60 _ q+600

New stpply: p= 120 2 120 120 120
10 = 4210 Required condition
g+600 = -2q+ 4200 Multiply both sides by 120
30 = 3600
q=1200 Thus, p= 1200600 = 15

The new equilibrium quantity is 1200.
The new equilibrium price is $15.
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Supplementary Exercises Review Exercises
1. A portable TV sellsfor $48. The production of For this set of exercises we will not give reasons for any
TVshasafixed cost of $576 and a variable cost steps or list any formulas.
of $12 for each TV produced. How many TV's B
must be sold to break even? 1 x+7=14
x=14-7
a. 12 xX=7
b. 16 2. 3x-8=23
3x=31
c. 48 - 31
d. 576 )
e. 1152 3. 2x-8=3x+5
2. For the graph given below, what quantity is X fl_?is
demanded at a price of $30? x=
y 4 6x+3 _5(x—-2)
80 ' 6 9

[BX+30_ ., [B(x-2)0
18D 5 D-18Ij 9 O
3(6x+3) =10(x - 2)
18x+9=10x-20

10 8x =-29
P x 29
10 20 30 40 50 60 70 80 X:—?
a 20
5 2x+1—5+E
b. 30 ' 2 2 3
12x+3=3x+2
c. 40 oo
d. 50 w=_1
9
e 70
. L 6. 0.6x+4=x-0.02
3. For the graph in problem 2, what quantity is 4.02 = 0.4x
supplied at a price of $30? 1'0 5= x.
7. =
b. 30 3x-5 2x+3
6(2x +3) = 6(3x—5)
c. 40 2x+3=3x-5
d. 50 3+5=3x-2x
x=8
e 70
8. 3y-6=-2x-10
Solutionsto Supplementary Exercises 3y=-2x-4
1. Break even means profitiszero. P=R-C y:—2x—4
P = 48x — (12x + 576) = 36x — 576 3
P=0atx= 16. y=-2x-2
Answer: b 3 3
2. Thedemand curveisafaling curve. 9 2x+5:}+ x-11
Atp =30, q = 40. ' X+7 3 2(x+7)
Answer: ¢ 6(2x +5) =2(x+7) +3(x—-11)
3. Thesupply curveisarising curve. 12x+30=2x+14+3x-33
Atp =230, q = 70. 12x-2x-3x=14-33-30
Answer: e 7X = -49
xX==7

Thereis no solution since we have division by
zero when x=—7.
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10. Yes. 22. f(x)=3x+5,g(X) = x>
11. y? =9x,isnotafunction of x. If x=1, theny = a (f+g)x=(3x+5)+x?=x?+3x+5
+3.
gfd 3x+5 3x 5 3 5
12. Yes. b. = "0of —+—=—+—
559( X2 X2 x% x x°

13. y=+49-x
Domain: 9—x=00r9=xorx<9.
Range: Positive square root meansy = 0.

f(g(x) = f(x?)=3x% +5

o

d. (fof)x=f(3x+5)=3(3x+5+5=9x+20

— 2
. =X +4x+
14. f(x)=x“+4x+5 23, Bx+2y=10

_3)=(-3)2 _ —g- - x-intercept: If y=0, x=2
a (9= +4-9+5=9-12+5=2 y-intercept: If x=0,y=5
y

b. f(4)=(4)?+4(4)+5=16+16+5=37

mo_mif, 0o, .1 29
fe=m=r +4=— +5==+2+5=2
(o0 o0 " 0 " 2 2
15. g(x)=x2+1
X
, 1
a g-h=-(-)*+=1-1=0
) DED—DEDZ+1—1+2—21 24. 6x+5y=9 o 3
: gDzD_DzD %_4 T4 x-intercept: Ify:O,x:E:E
. L 9
c. (0.0 = (0.2 +0i1 =0.01+10=10.01 y-intercept: If x=0or y=—
’ y
16. f(X):9X—X2 \
f(x+h) = 9(x+h) = (x + h)? :
=9x+9h-x? - 2xh—h? 4+
f(x)=9x—x2
f(x+h) = f(x) =9h-2xh—h? =h(9-2x-h) - =~
=109 _g o \
h
17. yisafunction of x. (Use vertical ruletest.) 25. x=-2
18. No, fails vertical line test. #Aggf:ﬁg ;/(-i:nt_ezrcept.
19. f(2)=4 y
20. x=0,x=4 x=-2 4
21 a f(4)=7
b. f(x)=2ifx -1,3 - - i x
C. y
_1-_
o 3+
[ ]

6__

4t 26. R(2-1; B(-1-4)

o + ° :—_4_(_1) :__3:1
. -2 =3
S S 27. (-3.8,-7.16) and (-3.8, 1.16)

i me —716-116 _ -832

-38-(-38) 0

Slopeis undefined.
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28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

Chapter 1: Linear Equations and Functions

2x+5y =10

2

=-=x+2
y 5
m:—g,bzz

5
x:—§y+§
47 2
m:—g‘b:E
4 2
m=4,b=2,y=4x+2
m=—1,b=3,y=—ix+3
2

P=(-21), m==
(2,0, m=2

2 2.9
-l=—=(X+2)ory=—x+—
y-l=z(x+2)ory=x+

(-2, 7) and (6, —4)
-4-7 1

- _-u
6-(-2) 8
y—7:'?”(x—(—2)) or
-1 .17

y 8 4

R(-18); (-1 -1)
Thelineisvertical since the x-coordinates are the
same.

Equation: x=-1

Pardlel toy =4x—6 meansm=4.
y—-6=4(x=1)ory=4x+2

P(-1,2); Oto3x+4y=12
or y:—§x+3
4
4
m=—
3
y—22%(x+1) or

4 10
=—X+—
3 3

X2 +y-2x-3=0
y=—x2+2x+3
10

A

-10

10
_10 /\!\ / 10
/ [ _ x3-27x+54
y 15

—-10

39.

40.

41.

42.

a. y=(x+6)(x—3)(x—15)
|y= 0+ O)x-39x- 9
25

=700 /ﬁ 51'" )‘ 500

b. 10 1y=(x+6)(x—3)(x—5)

-10 10

-10

c. Thegraphin (a) shows the complete graph.
The graph in (b) shows a piece that rises
toward the high point and a piece between the
high and low points.

y=x? - x~42 isaparabolaopening upward.

a. 50

FRNES

c. (&) shows the complete graph. The y-min istoo
largein (b) to get a complete graph.

yo X3
X#£0; xX+3200rx2—3;
Domain: x# 0, x= -3
4x-2y=6
3x+3y=9
Then, 12x-6y=18
6x+6y=18
18x =36
X=2
42)-2y=6
—-2y=-2
y=1
Solution: (2, 1)
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46.

47.

48.

49.

50.

Review Exercises

2x+ y=19 45, 6x+3y=1
x—-2y=12 y=-2x+1
Then, 4x+2y=38 ox +6i(:26’;11% z i
Xx—-2y=12 3=1
5x =50 No solution.
x =10
2(10)+y=19
y=-1
Solution: (10, -1)
3x+2y=5
2x-3y=12
Then, 9x+6y=15
4Ax-6y=24
13x =39
x=3
33 +2y=5
2y=-4
y=-2
Solution: (3, -2)
4x-3y=253 8x—-6y=506 4(10)—3y=253
13x+2y=-12 39x+6y=-36 -3y=213
47x =470 y=-71
X =10
Solution: (10, —71)
x+2y+3z=5 Steps1and 2: Nothing to be done.
y+11z=21 Step 3: x+2y+ 3z=5
S5y+ 9z=13 y+11z=21
—-46z=-92
Step4: z=2 y+11(2) =21 x+2(-)+3(2)=5
y=-1

Solutionisx=1,y=-1z=2.

X+ y- z=12 Thusz=9
2y-3z=-7 2y-27=-7
3x+3y-7z2=0 2y=200ry=10
X+ y- z=12 x+10-9=12
2y-3z=-7 x=11
-4z=-36 Solution: (11, 10, 9)
Student has total points of 91 + 82 + 88 + 50 + 42 + 42 = 395,
Total of possible pointsis 300 + 150 + 200 = 650.
To earn an A students need at least 0.9(650) = 585 points.
Student must earn 585 — 395 = 190 points on the final. Thisis the same as 95%.
Diesel: C=0.16x+18,000 0.21x+16,000 = 0.16x +18,000
Ges: C =0.21x +16,000 0.05x = 2000
X = 40,000

Costs are equal at 40,000 miles. A truck is used more than 40,000 milesin 5 years.

Buy the diesel.
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48

51.

52.

53.

55.

56.

Chapter 1: Linear Equations and Functions

a. Yes

b. No

c. f(300)=4

a. f(80) = 565.44

b. The monthly pament on a $70,000 loan is $494.75.
c. f(120)=2[F(60) = 2(424.07) = $848.14

Two $60,000 loans are the same as a $120,000 |oan.

52
P(x) =180x ———-200
100
x = q(t) =1000 +10t
a. (Pog)t=P(1000+10t)

2
=180(1000 +10t) - % - 200

b. x=q(15) =1000 +10(15) =1150 units produced
_ (1150)2 _
P(1150) = 180(1150) - o 200 = $193,575

o2
W(L) = kL, L(t)=50—%, 0<t<20

(t-20)20_ ) otk (=20 ny

10 H 10

(WoL)(t) = wgso—

b. (9.6, 2) means that the thunderstorm is two miles away if flashes are 9.6 seconds apart.

H

c

20 40 60 80 100

57. (x, P) istherequired form.

R, = (200, 3100), P, = (250, 6000)
_ 6000-3100 _ 2900 _ 58
250-200 50
P - 3100 = 58(x — 200) or
P(x) = 58x — 8500
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Review Exercises 49

58. Use (C, F) to get equation. 63. S:p=4q+5 D:p=-2gq+81
P.(0, 32); P,(100, 212)
212-32 180 9 a. S:53=4q+5 D:53=-2q+81
7100-0 100 5 4q=148 2q=28
F—322%(C—0)0rF:§C+32. q=12 q=14
_5 b. Demand is gresater.
AlSOC_E(F_sz)' Thereis ashortfall.
59. a. 700 c. Priceislikely toincrease.
64. p Supply

p = 6qg+ 60

~100 3007 (30, 240)

b. Algebraicaly, y= 0if 180 Market Eqilibrium
120x2 - 20x3 = 20x%(x - 6) = 0. 1204

p+6q =420
Answer: 0< X< 6 60

Demand
+——+—+—+—+>aq
10 20 30 40 50 60

60.  v2 =1960(h+10)

V2 65. C(x) = 38.80x + 4500, R(x) = 61.30x
h+10=——
1920 a. Marginal cost is $38.80.
v
h=——-10 i i
1960 b. Marginal revenueis $61.30.
"[00 c. Marginal profit is $61.30 — 38.80 = $22.50.
h=_Y% _ 10 d. 61.30x =38.80x + 4500
1960 22.50x = 4500
X =200 unitsto break even.
0 500
20 66. FC =$1500, VC - $22 per unit, R = $52 per unit
61. x=amount of safer investment and a C(x) =22x+ 1500

y = amount of other investment.

X+ y =150000 b. R(X) =52x
0.095x + 0.11y = 15000 c. P=R-C=30x-1500
Solving the system: __
0.11x +0.11y = 16500 d. MC=22
0.095x + 0.11y = 15000 .
0.015x =1500 € =
X =100000 f. W) =30
Then y = 50000. Thus, invest $100,000 at 9.5%
and $50,000 at 11%. g. Break even means 30x— 1500 = 0
or x =50.

62. x=liters of 20% solution
y = liters of 70% solution
X+ y=4
0.2x+0.7y=14
X+ y=4
x+3.5y=7
25y=3 y=12
x+ 12=4
x=2.8
Answer: 2.8 liters of 20%, 1.2 of 70%.
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50 Chapter 1: Linear Equations and Functions

100-200 _ 1
m=—————==Demand:
200-400 2

p—100=%(q—200)

67. Supply:

IOZlq
2
1 1
So, §q=—§q+300 or g =300.

The equilibrium priceis p= %(300) =$150.

o9 _q
68. New suppl uation: p=—+8+2=—+10
pply eq p 10 10

—q+1500 q
cp=———=-—+150
Demand: p 10 10
3 410=-L 4150
10 10
£=140orq=700
10
:@+10:80
10
Solution: (700, 80)
Chapter Test
1 4x—3=§+6
8x-6=x+12
7x=18
18
X=—
7
2. §+4:ﬂ
X x+1

3(x+1) +4x(x+1) = 4x(x)
3x+3+4x2 +4x = 4x2

7x=-3
3
X=——
7
3 3x—1=§
4x-9 7
7(3x—-1) =5(4x-9)
21x—-7=20x-45
x=-38
4.

f(><)=7+5x—2x2
f(x+h) =7+5(x+h) - 2(x +h)?
=7+5x+5h-2x2% — 4xh—2h?
f(x)=7+5x—2x2
f(x+h) - f(x) =5h—4xh-2h?
f(x+hr)]— f(x) —5-4x-2h

T 200-600 2

_ 200-0 _ 1

1
E(q 600)
1

p=-20q+300

2

5. 5x—-6y=30
x-intercept: 6
y-intercept: -5

y

6. 7x+5y=21
x-intercept: 3

. 21
y-intercept: =

7. f(x)=+4x+16

a. 4x+16=0
4x = -16
Domain: x = —4; Range: y= 0
For range, note square root is positive.

b. f(3)=+12+16 =27
c. f(5=+20+16=6
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10.

11.

12.

13.

14.

15.

(-1, 2) and (3, 4)

Point (-3, -1)

a. Undefined slope means vertical line. x = -3

b. Dtoy=%x+2 means m= —4.
Thus, y+1=-4(x+3) ory=-4x—13.
a. isnot afunction since for each x there are
twoy's.

b. isafunction since for each x thereis only
oney.

c. isnot afunction for same reason as (a).
3X+2y=-2
4x+5y=2
12x+ 8y=-8
12x +15y =6
-7y=-14
y=2
3X+2(2)=-2
3Xx=-6
X=-2
Solution: (-2, 2)

f(x):5x2—3x,g(x):x+1

a. (fg)(x) = (5x% =3x)(x +1)

b. glg(x)=g(x+D)=(x+1)+1=x+2

c. (fog)(x)=f(x+1)
=5(x+1)? =3(x +1)
=5x% +10x+5-3x -3
=5x% +7x+2

R(x) = 38x, C(x) = 30x + 1200

a. MC=$30

b. P(x) =38x-(30x+1200)
=8x—-1200

c. Break-even means P(x) = 0.
8x=1200 or x = 150 units

d. MP =$8. Each unit sold makes a profit of $8.

a. R(x) =50x

© Houghton Mifflin Company. All rights reserved.

Extended Applications

b. C(100) =10(100) +18000
=$19,000
It costs $19,000 to make 100 units.

c. 50x =10x +18000
40x =18000
X =450 units
16. S:p=>5q+ 1500, D : p =-3q + 3100
5q +1500 = -3q + 3100
8q =1600 or g =200
p(200) = 5(200) + 1500 = $2500

17. y=360000 — 1500x

a. b =360,000
The original value is $360,000.

b. m=-1500.

The building is depreciating $1500 each

month.

400,000 -

y = 360,000 - 1500x

300,000 -

200,000 -

100,000 -

T T T T : X
50 100 150 200 250

18. x=number of reservations
0.90x = 360
X =400
Accept 400 reservations.

19. x=amount invested at 9%
y = amount invested at 6%
X +y = 20000 Amount
0.09x + 0.06y = 1560 Interest
0.09x +0.09y =1800
0.09x +0.06y =1560

0.03y =240
y = $8000
Invest $8000 at 6% and $12000 at 9%.

Extended Applications
I. Hospital Administration

1. Revenue per case = $1000
Annual fixed costs
= $180,000 + 270,000 = $450,000
Annual variable costs

= ($380+15+2OEIZ‘:X) =$400x, where x isthe

number of operations per year.

51



52 Chapter 1: Linear Equations and Functions

2. Break-even occurs when
Revenue = Total Costs
1000x = 450,000 + 400x
600x = 450,000
X =750
The hospital must perform 750 operations per
year to break even.

3. We have (70 operations/month)(12 months/year)
gives 840 operations/year with a savings of
(840 operations)($50 savings) = $42,000 on
supplies. However, leasing the machine would
cost $50,000. Thus adding the machine would
reduce the hospital’ s profits by $8000 a year at
the current level of operations.
(Note that 1000 operations must be performed
each year to cover the cost of the machine:
[($50)100) = $50,000].)

4. Profit = Revenue— Cost
P(x) = 1000x - (450,000 + 400x)
= 600x — 450,000
At current level of operations, the annual profitis:
P(840) = 600(840) - 450,000
=504, 000 - 450,000
=$54,000
With (40 new operations/month)(12 months/year)
= 480 new operations/year, the new level of
operationsis 840 + 480 = 1320.
The advertising costs are
($10,000/month)(12 months/year) = $120,000 per
year.
At the new level of operations, the profit would
be: P(1320) = 600(1320) - 450,000 —-120,000
= 792,000 - 570,000
=$222,000
Theincreasein profitis
$222,000 — 54,000 = $168,000.

5. Each extra operation adds $1000 — 400 = $600 of
profit. If the ad campaign costs $10,000 per
month it must generate

w = 16Z operations/month to
$600 per operation 3

cover its cost.

6. Recall that the break-even point for leasing the
machine is 1000 operations per year. If the ad
campaign meets its projections, 1320 operations
per year will be performed, with a savings of
(320)($50) = $16,000 on medical supplies by
leasing the machine. They should reconsider their
decision. (Note that this exampleillustrates that if
the assumptions on which a decision was made
change, it may be time to take another look at the
decision.)

[l. Fund Raising

Answerswill vary.
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