SECTION 3.4 Optimization; Elasticity of
Demand

Let f be a function defined on an intervdahat
contains the number Then

f(c) is theabsolute maximurof f on| if
f(c) f(x)for all xin |
f(c) is theabsolute minimunof f on| if
f(c) f(x)for all xin |

Collectively, absolute maxima and minima are called
absolute extrema



FIGURE 3.35 Absolute extrema of a continuous function on @ < x =< b.




Find the absolute maximum and absolute minimum of the function
ontheinterval3 x 0. f(x)=2x%-3x*-12x-7
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FIGURE 3.36 The absolute
extrema on —3 = x = 0 for
y =2+ 3x* — 12x — 7




For several weeks, the highway department has been recording the
speed of freeway traffic flowing past a certain downtown exit. The
data suggest that between 1:00 and 6:00 P.M. on a normal
weekday, the speed of the traffic at the exit is approximately
S(t)=t3-10.5€+30t+20 miles per hour, wheres the number of

hours past noon. At what time between 1:00 and 6:00 P.M. is the
traffic moving the fastest, and at what time is it moving the
slowest?



FIGURE 3.37 Traffic speed S(r) = #* — 10.5¢* + 30r + 20.




When you cough, the radius of your trachea decreases, affecting
the speed of the air in the tracheaylis the normal radius of the
trachea, the relationship between the sggefdthe air and the

radius r of the trachea during a cough is given by a function of the

form S(r)=ar?(r,-r), where a is a positive constant. Find the radius
r for which the speed of the air is greatest.



More General Optimization

‘. 3.39 Extrema for functions defined on unbounded ir




If they exist, find trllg absolute maximum and absolute minimum of the

functionf (x) = x° +? on the intervadO



A manufacturer estimates that whegpthousandinits of a particular commodity
are produced each month, the total cost wilCipg)=0.4c7+39+40 thousand
dollars, and all g units can be sold at a price(qj=22.2 - 1.2cdollars per unit.
a.Determine the level of production that resultmeximum profit. What is the
maximum profit?

b.At what level of production is the average castymit minimized?(q) elC)l
c.At what level of production is the average cagtad to the marginal cost q

C'(q)?




Marginal Analysis Criterion for Maximum Profit

R(q)=C'(@)  and R"(q)<C”(q)
Marginal Analysis Criterion for Minimal Average Cost

A(g)=C'(q).




If g=D(p) units of a commodity are demanded by the
market at a unit pricp, whereD is a differentiable function,
then the price elasticity of demand for the commodity is given by

d
E(p):B_q
q dp

and has the interpretation

percentageateof changen demandj

E(p) » —
producedyy al% rateof changen price p




Suppose the demand g and price p for a certain commodity are relate
by the linear equatiog=240-2p(for 0 p 120.

a.Express the elasticity of demand as a function of p.

b.Calculate the elasticity of demand when the prige=i00. Interpret
your answer.

c.Calculate the elasticity of demand when the prige=ts0. Interpret

your answer.

d.At what price is the elasticity of demand equal to -1? What is the
economic significance of this price?







The manager of a bookstore determines that whentairc new novel is priced
at p dollars per copy, the daily demand Ww#l qg=300-p copies, where
a.Determine where the demand is elastic, inelaatid,of unit elasticity with
respect to price.

b.Interpret the results of part (a) in terms ofled@avior of total revenue as a
function of price.






SECTION 3.5 Additional Applied
Optimization

Guidelines for Solving Optimization Problems
Decide precisely what you want to maximize or mizen

After assigning variables, express the relatiorsbhgtween
the variables in terms of equations

Express the quantity to be optimized

If f(X) Is the quantity to be optimized, find thequired
maximum or minimum value

Interpret your results



The highway department is planning to build a mqrark
for motorists along a major highway. The park i®¢o
rectangular with an area of 5,000 square yardssatadbe
fenced off on the three sides not adjacent to idpenay.
What is the least amount of fencing required fos fbb?

How long and wide should the park be for the fegcmbe
minimized?



A cylindrical can is to be constructed to hold»aetl volume of liquid. The
cost of the material used for the top and bottothefmaterial used for the
curved side is 2 cents per square inch, and theo€tise material used for the
curved side is 2 cents per square inch. Use cadalderive a simple

relationship between the radius and height of Hrethat is the least costly to
construct.



A manufacturer can produce premium-grade blankotajee cassettes at a cost
of $2 apiece. The cassettes have been sellingpfapiece, and at this price,
consumers have been buying 4,000 cassettes a mdm@imanufacturer is
planning to raise the price of the cassettes armu&®s that for each $1
Increase in the price, 400 fewer cassettes wiiddé each month. At what price
should the manufacturer sell the cassettes to nzipmofit?







Two industrial plants, A and B, are located 15 miles apatrt,
and emit 75 ppm and 300 ppm of particulate matter,
respectively.

Each plant is surrounded by a restricted area of radius 1
mile in which no housing is allowed, and the
concentration of pollutant arriving at any other point Q
from each plant decreases with the reciprocal of the
distance between that plant and Q. Where should a house
be located on a road joining the two plants to minimize
the total pollution arriving from both plants?



A cable is to be run from a power plant on one side of a river 900
meters wide to a factory on the other side, 3,000 meters downstream.
The cost of running the cable under the water is $5 per meter, while
the cost over land is $4 per meter. What is the most economical route
over which to run the cable?



A bus company will charter a bus that holds 50 people to groups of
35 or more. If a group contains exactly 35 people, each person pays
$60. In large groups, everybody’s fare is reduced by $1 for each
person in excess of 35. Determine the size of the group for which the
bus company’s revenue will be greatest.



A bicycle manufacturer buys 6,000 tires a year from a distributor

g . The ordering fee is $20 per shipment, the storage cost is 96 cents
per tire per year, and each tire costs $5.75. Suppose that the tires are
used at a constant rate throughout the year and that each shipment
arrives just as the preceding shipment is being used up. How many
tires should the manufacturer order each time to minimize cost?






