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2016 AB/BC 1d was scored such that a student was rewarded when they built a new function from the given functions in the problem. My first reaction was to consider what if my students did not build a new function? Were they treated fairly? Could they demonstrate as much knowledge without building a new function and still earn the points? During a casual conversation, a friend, Tom argued that the scoring of a student isn't the important point. He claims that we want to encourage students to begin to build their own functions in order to reason efficiently.

“Students were averse to constructing a new function, W(t) – R(t), to which IVT could be applied. Nearly all students working on this part chose to view W and R as competing functions with W starting above and finishing below R on the interval [0, 8]. With this approach a complete explanation needed to apply the IVT twice, to each of W or R (or appeal to the continuity of both W and R). Many students noting the range of W contains the range of R on the interval failed to note the crucial assumption of continuity for both functions.”    Student Performance Q & A. 
Intermediate Value Theorem
Let f be a functions defined on [a, b] and let W be a number between f(a) and f(b). If f is continuous on [a, b], then there is at least one number c between a and b such that f(c) = W.



Reflect, where do we build new functions in mathematics curriculum? Or might I say where have we built new functions?

· Classic Maximum and Minimum Problems
1990 BC 3




Let  for  and 

(a) 
The line tangent to the graph of f at the point  intercepts the x-axis at x = 4.  What is the value of k?

(b) 

An isosceles triangle whose base is the interval from  to  has its vertex on the graph of f.  For what value of c does the triangle have maximum area?  Justify your answer.


1. A manufacturer wants to design an open box having a square base and a surface area  of 108 square inches.  What dimensions will produce a box with maximum volume?



2.  A tank with a rectangular base and rectangular sides is open at the top.  It is to be  constructed so that its width is 4 meters and its volume is 36 cubic meters.  If building  the tank costs $10/sq. m. for the base and $5/sq. m. for the sides, what is the cost of the least expensive tank, and what are its dimensions?

3. 
A cylindrical metal container, open at the top, is to have a capacity of  cu. in.  The  cost of material used for the bottom of the container is $0.15/sq. in., and the cost of the  material used for the curved part is $0.05/sq. in.  Find the dimensions that will minimize  the cost of the material, and find the minimum cost.

· Profit is equal to Revenue minus Cost
 (
Summary of Business Terms 
and
 Formulas
x
 
is the number of units produced (or sold
p
 
is the price per unit
R 
is the revenue from selling 
x 
units
R = x p
C is the cost
 of production 
x 
units
 
is
 the average cost per unit
P is the total Profit from selling 
x 
units
P = R – C
Describe
When is R = C.
)












The cost per unit for the production of a radio is $60. The manufacturer charges $90 per unit for orders of 100 or less. To encourage large orders the manufacturer reduces the charge by $0.15 per radio for each unit ordered in excess of 100 (for example, there would be a charge of $87 per radio for an order size of 120)
(a) Analytically complete the table.
	x
	Price
	Profit

	102

	
	

	104

	
	

	106

	
	

	108

	
	

	110

	
	

	X

	
	



(b) Write the profit P as a function of x. 
(c) Use calculus to find the critical number of the function in part (b) and find the required order size. 
(d) Use a graph to graph the function in part (b) and confirm the maximum profit from the graph. 

A real estate office handles 50 apartment units. When the rent is $720 per month, all units are occupied. However, on the average, for each $40 increase in rent, one unit becomes vacant. Each occupied unit requires an average of $48 per month for service and repairs. What rent should be charged to obtain the maximum profit?




1982 AB 6 and BC 3
A tank with a rectangular base and rectangular sides is to be open at the top.  It is to be constructed so that its width is 4 meters and its volume is 36 cubic meters.  If building the tank costs $10 per square meters for the base and $5 per square meter for the sides, what is the cost of the least expensive tank?




· In/Out problems from past AP exams
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AP® CALCULUS AB/CALCULUS BC
2015 SCORING GUIDELINES

Question 1

2
“The rate at which rainwater flows into a drainpipe is modeled by the function R, where R(r) = lﬂsln[;—s] cubic
feet per hour, 1 is measured in hours, and 0 < 7 < 8. The pipe is partially blocked, allowing water to drain out the
other end of the pipe at a rate modeled by D(r) = —0.04r* + 0.41* + 0.961 cubic feet per hour, for 0 < 1 < 8.
There are 30 cubic feet of water in the pipe at time 7 = 0.
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Question 1

On a certain workday, the rate, in tons per hour, at which unprocessed gravel arrives at a gravel processing plant
is modeled by G(r) = 90 + ASM[;Z—X), ‘where ¢ is measured in hours and 0 < 7 < 8. At the beginning of the

workday (¢ = 0), the plant has 500 tons of unprocessed gravel. During the hours of operation, 0 < 7 < 8, the
plant processes gravel at a constant rate of 100 tons per hour.
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Question 2

! o |2 | s |7 ]s
(hours)

E(r)
(hundredsof [ 0 | 4 | 13| 21 | 23
entrics)

A 200 sponsored a one-day contest to name a new baby elephant. Zoo visitors deposited entries in a special box
between noon (1 =0) and 8 P.M. (7 =8). The number of entries in the box ¢ hours after noon is modeled by a
differentiable function £ for 0 < 7 < 8. Values of £(r), in hundreds of entries, at various times ¢ are shown in
the table above,

(a) Use the data in the table to approximate the rate, in hundreds of entries per hour, at which entries were being
deposited at time 1 = 6. Show the computations that lead to your answer.

(b) Use a trapezoidal sum with the four subintervals given by the table to approximate the value of %I:E(t) .
Using correct units, explain the meaning of an E(1) dt interms of the number of entries

(c) At8 PM., volunteers began to process the entries. They processed the entries at a rate modeled by the function
P, where P(1) = * = 30r* + 298¢ — 976 hundreds of entries per hour for 8 < 7 < 12. According to the model,
how many entries had not yet been processed by midnight (1 = 12) ?

(d) According to the model from part (c), at what time were the entries being processed most quickly? Justify
your answer.
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Question 3

Mighty Cable Company manufactures cable that sells for $120 per meter. For a cable of fixed length, the
cost of producing a portion of the cable varies with its distance from the beginning of the cable. Mighty
reports that the cost to produce a portion of a cable that is x meters from the beginning of the cable is
64X dollars per meter. (Note: Profit is defined to be the difference between the amount of money
received by the company for selling the cable and the company’s cost of producing the cable.)

(a) Find Mighty’s profit on the sale of a 25-meter cable.
B
(b) Using correct units, explain the meaning of j . 64 dx in the context of this problem.

(¢) Write an expression, involving an integral, that represents Mightys profit on the sale of a cable that
is k meters long.

(d) Find the maximum profit that Mighty could earn on the sale of one cable. Justify your answer.
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2. The tide removes sand from Sandy Point Beach at a rate modeled by the function R, given by

R(1) =2 + Ssi

A pumping station adds sand to the beach at a rate modeled by the function S, given by
sy =3

T+30
Both R(r) and 5(r) have units of cubic yards per hour and 1 is measured in hours for 0 < 7 < 6. At time 7 = 0,
the beach contains 2500 cubic yards of sand.
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2005 AP® CALCULUS AB FREE-RESPONSE QUESTIONS (Form B)

2. A water tank at Camp Newton holds 1200 gallons of water at time ¢ = 0. During the time interval 0 < 1 < 18
hours, water is pumped into the tank at the rate.

W (r) = 957 sin® (5) gallons per hour.
During the same time interval, water is removed from the tank at the rate

R()

755in (%) gallons per hour.
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1. Water is pumped into a tank at a rate modeled by W(r) = 2000e /2 liters per hour for 0 < 1 <8, where 1
is measured in hours. Water is removed from the tank at a rate modeled by R(r) liters per hour, where R is
differentiable and decreasing on 0 < 1 < 8. Selected values of R(r) are shown in the table above. At time
=0, there are 50,000 liters of water in the tank.

(a) Estimate R'(2). Show the work that leads to your answer. Indicate units of measure.

(b) Use a left Riemann sum with the four subintervals indicated by the table to estimate the total amount of
‘water removed from the tank during the § hours. Is this an overestimate or an underestimate of the total
‘amount of water removed? Give a reason for your answer.

(€) Use your answer from part (b) to find an estimate of the total amount of water in the tank, to the nearest
liter, at the end of § hours.

(d) For 0< 1 <8, is there atime 1 when the rate at which water is pumped into the tank s the same as the rate:
at which water is removed from the tank? Explain why or why not.
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