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Multiple-Choice Answer Key

Section 1.A Calculator not required

Multiple-Choice =~ Answer

Question
______________ 1o .D..
_____________________________________ D .
______________ 3 D
______________ 4 AL
______________ S AL
______________ 6 A
______________ 7D
______________ 8 . ....D.___
______________ D AL
10 A

Section 1.B Calculator required
Multiple-Choice = Answer

Question
______________ 1 C
______________ 12 B
13 D



AP Calculus AB Digital Exam Practice Scoring Guidelines

Part A (AB): Graphing calculator required
Question 1 9 points

General Scoring Notes
The model solution is presented as a student would provide in a typed response.

Because responses are typed, minor typographical errors and/or omissions do not necessarily disqualify
a response from earning a particular point, provided the response is otherwise correct and clear.

Answers (numeric or algebraic) need not be simplified. Answers given as a decimal approximation should be
correct to three places after the decimal point. Within each individual free-response question, at most one point
is not earned for inappropriate rounding.

On a certain workday, the rate, in tons per hour, at which unprocessed gravel arrives at a gravel processing plant
2
is modeled by G(t) = 90 + 45 cos %, where t is measured in hours and 0 < t < 8. At the beginning of the

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

Model Solution Scoring

Find G'(5). Using correct units, interpret your answer in the context of the problem.

G’(5) = —24.588 (or —24.587) ¢'(5) 1 point

The rate at which gravel is arriving is decreasing by 24.588 (or 1 point

- Interpretation and
24.587) tons per hour per hour at time t=5 hours.

units

Scoring notes:

e The interpretation must include the correct direction (decreasing), the correct units (tons per hour
per hour) and t=5.
e A response indicating that the rate at which gravel is arriving is decreasing at a rate of -24.588 tons
per hour per hour at time t=5 hours does not earn the second point.
Total for part a 2 points

Is the amount of unprocessed gravel at the plant increasing or decreasing at time ¢ = 5 hours? Show the

b.
work that leads to your answer.
G(5)=98.140764 < 100 Compares G(5) to 1 point
100
At time t=5, the rate at which unprocessed gravel is arriving is less = Conclusion 1 point

than the rate at which it is being processed. Therefore, the amount
of unprocessed gravel at the plant is decreasing at t=5.

Scoring note:

e An argument based on the sign of G(5) — 100 is also acceptable.
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AP Calculus AB Digital Exam Practice Scoring Guidelines

Total for partb 2 points

By weight, the plant processes gravel at a rate of 100 tons per hour and a ton of gravel occupies a
volume of 19 cubic feet.

Processed gravel is poured into a conical pile such that the ratio of the height to the radius is 2 to 3.

The volume of a cone, V, is given by V = %m‘zh.

Identify by label (P, Q, R, S, or T) which of the following equations would be appropriate to use to find
the rate of change, with respect to time, of the radius of the conical pile for a given radius. Then, find the
rate of change, with respect to time, of the radius of the conical pile when the radius is 10 feet. Be sure
to provide all values used in your computation.

w_1 2y 4r
P. ” —3(21‘[rh+nr )dt

dv _ anz dr
dt 3 dt

Q.

dV_3 ZdT

R.

= —-nr
dat 2 dat

T

S. fos av = 2? Osrzdr

8 3w 8
T. f, dV == [ hdh

Since h=(2/3)r, V=(2pi/9)r"3. Equation 1 point
Equation Q would be appropriate to use to find dr/dt. Simply writing “Q”

earns the point.
dV/dt = (100 tons/hour)(19 cubic feet/ton) & =1900 1 point
dV/dt = 1900 cubic feet per hour and r = 10 feet.
dr/dt = 9.072 (or 9.071) feet per hour o 1 point

Scoring note:

e The second point is for demonstrating that dV/dt=1900. That may be demonstrated by an
explicit statement, as in the model solution, or by using 1900 for dV/dt in an equation. For
example, the second point is likewise earned for “1900=(2pi/3)(10"2)dr/dt ,” or similar, even if
there are minor typographical errors in the righthand side of the equation.

e A response that incorrectly uses 100 tons/hour for dV/dt will not earn the second point but is
eligible to earn the third point for the consistent answer of dr/dt = 3/(2m), or 0.4775.

e Errors in solving for dr/dt will result in not earning the third point.

Total for part c 3 points
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Let ¢ = H hours be the time during the workday (0 < t < 8) when G(t) = 100.
N(t) = 20(t — H)sin ().

27
. ivs (G(£)-100 . . .
Find }:mI} ((?IT) or state that it does not exist. Justify your answer.

For this question, you can type “LIM” to indicate the limit as ¢ approaches H, even though this
representation does not specify that £ approaches H.

For example, LIM((G(t)-100)/N(T)) will be interpreted to mean %lnl} (G(j\)’(_t;oo)

G()=100 at =4.923480296, so H=4.923.

Both G and N are continuous for all t.

Since LIM(G(t)-100) = G(H)-100 = 0 and LIM(N(t)) = N(H) =0, All’phes L'Hospital’s 1 point
rule

LIM((G(6)-100)/N(T)) = LIM(G*(tyN°(£))

G’(H)N’(H) = -6.618 (or -6.617) Answer 1 point

Scoring notes:

e Since G and N are familiar functions, a response that does not state that they are continuous is
eligible to earn both points.

e A response that does not explicitly state a value for H is eligible to earn both points.

e To earn the point for applying L’Hospital’s Rule, the response must confirm that L Hospital’s
rule applies and present an expression involving a limit of the ratio of the derivatives of G and
H.

e LIM G’(t)/N’(t) will be interpreted to mean LIM(G’(t)/N’(t)).

e Errors in evaluating the expression, including the results of using incorrect values or rounding
for H, will be assessed in the third point.

Total for part d 2 points

Total for question 1 9 points
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AP Calculus AB/BC Digital Exam Practice Scoring Guidelines

Part A (AB/BC): Graphing calculator required
Question 2 9 points

General Scoring Notes
The model solution is presented as a student would provide in a typed response.

Because responses are typed, minor typographical errors and/or omissions do not necessarily disqualify
a response from earning a particular point, provided the response is otherwise correct and clear.

Answers (numeric or algebraic) need not be simplified. Answers given as a decimal approximation should be
correct to three places after the decimal point. Within each individual free-response question, at most one point
is not earned for inappropriate rounding.

Graph of v

A particle, P1, moves along the x-axis so that its velocity at time ¢, for 0 <t < 6, is given by a differentiable
function V1, whose graph is shown. The velocity of Pl isOatt = 0,t = 3, and ¢ = 5, and the graph has
horizontal tangents at t = 1 and t = 4. The position, X1, of P1 att = 3 is 8.

Model Solution Scoring
During what time interval(s), if any, on the interval 0 < t < 6 is the acceleration of P1 negative? Give a
reason for your answer.
The acceleration is negative on the intervals 0 <t<1and 4 <t <6, Answer (intervals) 1 point
since velocity is decreasing on those intervals.

Reason 1 point

Scoring note:

e Responses should reason directly from the given graph of velocity, as in the model solution.
Total for part a 2 points

b On the interval 2 < t < 3, is the speed of P1 increasing or decreasing? Give a reason for your answer.

The speed is decreasing on the interval 2 <t < 3, since on the Answer with reason 1 point

interval, v < 0 and v is increasing.
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Scoring note:

e The response must address both the sign of v and that it is increasing.
Total for partb 1 point

c. A second particle, P2, also moves along the x-axis. For 0 < t < 6, the position of P2 at time, t, is given
by X2(t) = (2.7t) sin(1.25t + 2.9) — 0.9.

Identify by label (Q, R, S, T, or U) which of the following is a correct expression for V2(t), the velocity
of P2 at time, t.

Then, determine whether P2 is moving to the left, right, or not at all at t = 3 and explain your reasoning.
Q. [;((2.7x) sin(1.25x + 2.9) — 0.9)dx
R. [(2.7x) sin(1.25x + 2.9)dx — 0.9

S. 2.7(1.25 cos(1.25t + 2.9))
T. 2.7¢(1.25 cos(1.25t + 2.9) — 2.7 sin(1.25¢ + 2.9))
U. 2.7 sin(1.25t + 2.9) + 2.7t(1.25 cos(1.25t + 2.9))

Expression U gives V2(t). Expression 1 point
V2(3)=10.4197642>0 Considers sign of 1 point
V2(3)
Answer with reason 1 point

Since V2(3) > 0, P2 is moving to the right at t = 3.

Scoring note:

e A response that identifies Q or R for V2(¢) is ineligible for any points on part c.

e A response that identifies S or T for V2(t) is eligible only for the second point.

e A response that identifies the expression U and presents an incorrect value for V2(3) is eligible
for the second point, but not for the third.

Total for part c 3 points

d Determine whether P2 is moving towards or away from P1 at t = 3. Explain your reasoning.

Since V1(3)=0, P1 is moving neither to the right nor to the left at Compares directions 1 point
t=3, while P2 is moving to the right at t = 3. of motion of P1 and

P2att=3
Since X1(3)=8 and X2(3)=2.005, P2 is to the left of P1 at t=3. Considers relative 1 point
positions of P1 and
P2att=3
Answer with 1 point

Since P2 is to the left of P1 and moving to the right, while P1 is )
explanation.

not moving to the left or to the right, P2 is moving towards P1.
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Scoring note:

e A response importing an incorrect value for V2(3) from part c is eligible to earn the first point
for a consistent comparison of directions of motion of P1 and P2 at t=3.
e Presenting an incorrect value for X2(3) will be assessed in the third point.

Total for part d 3 points

Total for question 2 9 points
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Part B (AB or BC): Graphing calculator not required
Question 3 9 points

General Scoring Notes
The model solution is presented as a student would provide in a typed response.

Because responses are typed, minor typographical errors and/or omissions do not necessarily disqualify
a response from earning a particular point, provided the response is otherwise correct and clear.

Answers (numeric or algebraic) need not be simplified. Answers given as a decimal approximation should be
correct to three places after the decimal point. Within each individual free-response question, at most one point
is not earned for inappropriate rounding.

! 0 1 2 3 4 5 6
(minutes)

40 0 53 8.8 11.2 12.8 13.8 14.5
(ounces)

Hot water is dripping through a coffeemaker, filling a large cup with coffee. The amount of coffee in the cup at
time t, 0 <t < 6, is given by a differentiable function V, where t is measured in minutes. Selected values of
V(t), measured in ounces, are given in the table.

Model Solution Scoring

Use the data in the table to approximate V’(3.5). Show the computations that lead to your answer and
indicate units of measure.
V’(3.5) ~ (f(4)-f(3))/(4-3) Difference quotient 1 point
=(12.8-11.2)/1 = 1.6 ounces per minute and approximation
(simplification of
numeric value is not
required)

Units 1 point

Scoring note:

o (12.8-11.2)/1 shows a difference quotient and (unsimplified) numeric value for the approximation
and is sufficient to earn the first point
Total for part a 2 points
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The amount of coffee in the cup, in ounces, is also modeled by W(t) = 16 — 16704t Using this
model, find the rate at which the amount of coffee in the cup is changing when t = 5. Show the work
that leads to your answer.

W’(t) = —16(-0.4)e™(-0.4t) = 6.4e"(-0.4t)
W’(5) =6.4 e (-0.4)(5)] = 6.4e"(-2) = 6.4/e"2 ounces per minute

b.

W’ (t) (or W’(5)) is 1 point
of the form ke ~0-4t,

where k = 6.4

(correct) or k = —16

(ineligible for the

second point).

W'(5), provided the 1 point

first point is earned
and k = 6.4
(simplification of
numeric value is not
required)

Scoring notes:

o -16¢"[(-0.4)(5)] presents a chain rule error. This response would earn the first point for
differentiating the constant, a difference, and e*, but is not eligible to earn the second point.

e Potentially ambiguous use of parentheses, such as e*(-0.4)(5), will be interpreted to mean the correct
response, unless the response goes on to commit to an incorrect answer, as in 5 e”(-0.4).

e A calculator is not required for this question and we do not expect responses to present a decimal
approximation for this question. If they do, the response should be 0.866.

e Anunsupported answer of W’(5)=0.866 earns no points, because it does not present the form of the
derivative and is ineligible for the answer point.

e Units are not required to earn either point in part b.

Total for part b 2 points

Evaluate L = tlim (16 — 16e794t) and interpret the meaning of L in the context of the problem.

L=16 Value of the limit 1 point
Interpretation in 1 point

L gives the end behavior for W(t), which models the amount of
context

coffee in the cup at time t. L=16 means that as time grows without
bound, the amount of coffee in the cup approaches 16 ounces.
Scoring notes:

e Interpretation must address both time and the amount of coffee in the cup in ounces.

Total for part c 2 points
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d.

4
For 1 <7 <6, the cost, in dollars per ounce of coffee at time, £, can be modeled by M(¥) = V— It is
1

known that M'(5)=—0.02.

First, interpret the meaning of the value of M'(5) in the context of the problem. Include consideration
of units.

Then, identify by label (P, Q, R, S, or T) which of the following equations can be used to find ¥*'(5).
Identify all values you would substitute into that equation in order to solve for }'(5).

(v(5))-0-4V'(5)

P. M'(5) = VG
p _ (v(5))-0+4V'(5)
QMG =" \er
reey _ AV (9)-(V(5)0
R. M'(5) = VG2
frey 4
S. M'(5) = T
rren O
T. M'(5) = o)
M’(5) =—0.02 means that at t=5 minutes, the cost per ounce of Interpretation and 1 point

coffee is decreasing at a rate of 0.02 dollars per ounce per minute.  units

Equation P can be used to find V’(5). Ident{ﬁcatlon of 1 point
equation
M’(5) =-0.02 and V(5) = 13.8
, Identification of 1 point
OR: —0.02 =-4V’(5)/(13.8"2) values for M’(5) and
V(5)

Scoring notes:

e Interpretation must address the direction (decreasing), the time (t=5 minutes) and the units. A
response that states, “decreasing at a rate of -0.02 ...” will not earn the first point.

e Ifaresponse identifies Q or R, the response will not earn the second point, but is eligible for the
third.

e Ifaresponse identifies S or T, the response will earn neither the second nor the third point.

e Suppose a response presents only a correct form of the equation: —0.02 = -4V’(5)/(13.82), for
example. Then the response will earn the second point for the equation and the third point for
values for M’(5) and V(5), which are evident in the equation.

Total for part d 3 points

Total for question 3 9 points
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