14 CHAPTER | Linear Functions

For the lines in Exercises 39 and 40, which of the following
is closest to the slope of the line? (@) 1 (b) 2 (c) 3 (d) 21
©22 H-3

39, o "
2N
If&’ e
v 4
] | l b4 ] 1 ] ] | l
. T 4l T T T T T T x
/ 4 2
,<f‘\f T
40. a0
2 T
1 1 ] 1 l ] L | 1 N
T T T T T T \ T T T
2 X

In Exercises 41 and 42, estimate the slope of the lines.
41.

43. To show that two perpendicular lines, neither of which is ver-
tical, have slopes with a product of —1, go through the fol-
lowing steps. Let line L; have equation y = mx + b;, and
let L, have equation y = m,x + b,, with m; > 0 and m, < 0.
Assume that L, and L, are perpendicular, and use right trian-
gle MPN shown in the figure. Prove each of the following
statements.

a. MQ has length m,.

b. ON has length —m,.

c. Triangles MPQ and PNQ are similar.
d.m,/1 =1/(—m,) and mym, = —1

¥

44. Consider the equation L % =1
a

a. Show that this equation represents a line by writing it in the
formy = mx + b.

b. Find the x- and y-intercepts of this line.

—= ¢. Explain in your own words why the equation in this exercise
is known as the intercept form of a line.

Graph each equation.

45. y=x —1 46. y = 4x + 5
47.y=—4x+9 48. y = —6x + 12
49. 2x — 3y =12 50.3x —y=-9
51. 3y — Tx = —21 52. 5y + 6x = 11
53.y=-2 54. x = 4
55.x+5=0 56.y +8=0
57.y=2x 58. y = —5x

59. x +4y =0 60. 3x — 5y =0
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APPLICATIONS

Business and Economics

61. Sales The sales of a small company were $27,000 in its sec-
ond year of operation and $63,000 in its fifth year. Let y repre-
sent sales in the xth year of operation. Assume that the data can
be approximated by a straight line.

a. Find the slope of the sales line, and give an equation for the
line in the form y = mx + b.

b. Use your answer from part a to find out how many years
must pass before the sales surpass $100,000.
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33.

Linear Functions

Find the quantity demanded for the strawberries at each price.
d. $4.50 e. $3.25 f. $2.40

g. Graph p = 5 — 0.25q.

Suppose the price and supply of strawberries are related by

p = S(gq) = 025q,

where p is the price (in dollars) and ¢ is the quantity supplied
(in hundreds of quarts) of strawberries. Find the quantity
supplied at each price.

h. $0 i $2 j- $4.50
k. Graph p = 0.75¢ on the same axis used for part g.

1. Find the equilibrium quantity and the equilibrium price.

Supply and Demand Let the supply and demand functions
for butter pecan ice cream be given by

2
p = D(q) =100 — T4,

where p is the price in dollars and g is the number of 10-gallon
tubs.

2
p=35S(q) = 54 and

a. Graph these on the same axes.

b. Find the equilibrium quantity and the equilibrium price.
(Hint: The way to divide by a fraction is to multiply by its
reciprocal.)

Supply and Demand Let the supply and demand functions

for sugar be given by

p= S(q) = 149 — 0.6

p=D(q)=—"2q+ 32;
where p is the price per pound and ¢ is the quantity in thou-
sands of pounds.

and

=
a. Graph these on the same axes.

b. Find the equilibrium quantity and the equilibrium price.
Supply and Demand Suppose that the supply function for
honey is p = S(g) = 03¢g + 2.7, where p is the price in
dollars for an 8-oz container and ¢ is the quantity in barrels.
Suppose also that the equilibrium price is $4.50 and the
demand is 2 barrels when the price is $6.10. Find an equation
for the demand function, assuming it is linear.

Supply and Demand Suppose that the supply function for
walnuts is p = S(g) = 025 + 3.6, where p is the price in
dollars per pound and g is the quantity in bushels. Suppose also
that the equilibrium price is $5.85, and the demand is 4 bushels
when the price is $7.60. Find an equation for the demand
function, assuming it is linear.

T-Shirt Cost Joanne Wendelken sells silk-screened T-shirts at
community festivals and crafts fairs. Her marginal cost to pro-
duce one T-shirt is $3.50. Her total cost to produce 60 T-shirts
is $300, and she sells them for $9 each.

a. Find the linear cost function for Joanne’s T-shirt production.

b. How many T-shirts must she produce and sell in order to
break even?

¢. How many T-shirts must she produce and sell to make a
profit of $5007

34.

35.

36.

37.

38.

Publishing Costs Alfred Juarez owns a small publishing
house specializing in Latin American poetry. His fixed cost to
produce a typical poetry volume is $525, and his total cost to
produce 1000 copies of the book is $2675. His books sell for
$4.95 each.

a. Find the linear cost function for Alfred’s book production.

b. How many poetry books must he produce and sell in order
to break even?

¢. How many books must he produce and sell to make a profit
of $1000?

Marginal Cost of Coffee The manager of a restaurant found
that the cost to produce 100 cups of coffee is $11.02, while the
cost to produce 400 cups is $40.12. Assume the cost C (x)isa
linear function of x, the number of cups produced.

a. Find a formula for C(x).

b. What is the fixed cost?

¢. Find the total cost of producing 1000 cups.
d. Find the total cost of producing 1001 cups.
e. Find the marginal cost of the 1001st cup.

£, What is the marginal cost of any cup and what does this
mean to the manager?

Marginal Cost of a New Plant In deciding whether to set up
a new manufacturing plant, company analysts have decided
that a linear function is a reasonable estimation for the total
cost C(x) in dollars to produce x items. They estimate the cost
to produce 10,000 items as $547,500, and the cost to produce
50,000 items as $737,500.

a. Find a formula for C(x).
b. Find the fixed cost.
¢. Find the total cost to produce 100,000 items.

d. Find the marginal cost of the items to be produced in this
plant and what does this mean to the manager?

Break-Even Analysis Producing x units of tacos costs
C(x) = 5x + 20; revenue is R(x) = 15x, where C(x) and
R(x) are in dollars.

a. What is the break-even quantity?
b. What is the profit from 100 units?
¢. How many units will produce a profit of $500?

Break-Even Analysis To produce x units of a religious medal
costs C(x) = 12x + 39. The revenue is R(x) = 25x. Both
C(x) and R(x) are in dollars.

a. Find the break-even quantity.
b. Find the profit from 250 units.

¢. Find the number of units that must be produced for a profit
of $130.

Break-Even Analysis You are the manager of a firm. You are
considering the manufacture of a new product, so you ask the
accounting department for cost estimates and the sales depart-
ment for sales estimates. After you receive the data, you must
decide whether to go ahead with production of the new prod-
uct. Analyze the data in Exercises 39-42 (find a break-even
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65. Use a graph of f(x) = e*to answer the following questions.
a.Find lim e*
b. Wher::‘é;:s the function e* have a horizontal asymptote?
7 66. Use a graphing calculator to answer the following questions,
a. From a graph of y = xe™™, what do you think is the value of
121010 xe™™? Support this by evaluating the function for
;everal large values of x.
b. Repeat part a, this time using the graph of y = x%*

¢. Based on your results from parts a and b, what do you
think is the value of lim x"e™, where n is a positive
X—>00

integer? Support this by experimenting with other positive
integers 7.

67. Use a graph of £(x) = In x to answer the following questions,
a. Find xl—i>nol+ In x.
b. Where does the function In x have a vertical asymptote?
4 68. Use a graphing calculator to answer the following questions,

a. From a graph of Y = xIn x, what do you think is the value
of lilg+ X In x? Support this by evaluating the function for
X—>

several small values of .
b. Repeat part a, this time using the graph of y = x(In x)2
¢. Based on your results from parts a and b, what do you think
is the value of IIEBL x(In x)", where 7 is a positive integer?
Support this by experimenting with other positive integers #.

= 69. Explain in your own words why the rules for limits at infinity
should be true.

%

b 70. Explain in your own words what Rule 4 for limits means.

7~ Find each of the following limits (a) by investigating values of
the function near the x-value where the limit is taken, and
(b) using a graphing calculator to view the function near that
value of x.

A —9x2 475 - 3 ‘+x—18
T G E O O T Sy, lim =X~ 18
x— x=1 =2 x?2— 4
]/3+1 3/2_8

73. lim 2 74. lim —
—>-1 x +1 x->4x+x1/2—-6

7~ Use a graphing calculator to graph the function. (a) Determine
", the limit from the graph. (b) Explain how your answer could be

" determined from the expression for f(x).
Vox?+ 5

Vox? +5

75. lim ——~ * 3 76. K
e 2x Mo RaE»
V3632 + 2x + 7 V3632 + 2x + 7
v # 78. lim %
X—>—x X xX—> X
79, & (1+ 55183 + 2x%P)3
B
(14 5x1P 4 oy
_ A ST 4 2R
80. lim p;

o

A1, Explain why the following rules can be used to find
lim [p(x)/q(x)]:
a. If the degree of p(x) is less than the degree of ¢(x), the

limit is 0.

APPLICATIONS

Business and Economics
82. APPLY IT Consumer Demand When the price of g

83.

b. If the degree of p(x) is equal to the degree of g(x), the i
is A/B, where A and B are the leading coefficients of s
and g(x), respectively.

c. If the degree of p(x) is greater than the degree of g(x),(f
limit is o0 or — oo,

essential commodity (such as gasoline) rises rapidly, consup
tion drops slowly at first. If the price continues to rise, hoy
ever, a “tipping” point may be reached, at which consumptioy
takes a sudden substantial drop. Suppose the accompanyig
graph shows the consumption of gasoline, G(¢), in millions o
gallons, in a certain area. We assume that the price is rising
rapidly. Here ¢ is time in months after the price began u;‘:?
Use the graph to find the following,

L

4 8 12 16 20 24

a. lim G(r) b. lim G(z)
c. G(16)
Sales Tax Officials in California tend to raise the sales tax in
years in which the state faces a budget deficit and then cut the

tax when the state has a surplus. The graph below shows the
California state sales tax since it was first established in 1933

d. The tipping point (in months)

Let 7'(x) represent the sales tax per dollar spent in year x. Fi| &
the following. Source: California State.
a.xli)r1513 Tx) b.xl_l)I(%_ Tilx)
c. xﬂ%* T(x) d.xll)nol9 T{x)
e. 7(09)
8
T(x)

8

~

_6 —_%
{2}

g =

g4

:3 0
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