Technology and the
AP Calculus Exam

Stephen Kokoska

Bloomsburg University
Former Chief Reader, AP Calculus
skokoska@bloomu.edu

1/30



Calculator Use on the Exams

Topics
@ The four graphing calculator capabilities.
Remarks.

@ For Each Calculator Function:
AP Calculus Free-Response Question
Calculator Solution.
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[CE|[STEITAVELN LR LN ET CI  The Four Functions

Calculator Use on the Exams
@ Both multiple-choice and free-response sections include problems
that require the use of a graphing calculator.

@ A graphing calculator is expected to have these capabilities.
(1) Plot the graph of a function within an arbitrary viewing
window.

(2) Find the zeros of a functions (solve equations numerically).
(3) Numerically calculate the derivative of a function.

(4) Numerically calculate the value of a definite integral.
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Remarks
@ A student may not need to use a graphing calculator to solve a
calculator active question.

@ The four capabilities are the only calculator functions a student
can use to present a solution.

@ A student can use any other available graphing calculator function.

@ Great care is taken in writing the questions to ensure that students
using an advanced machine do not have an advantage.

o Calculator issues:
(1) Increase the number of acceptable capabilities.
(2) Equity among students.
(3) Number of calculator active questions.




Calculator Use on the Exams

2002 Form B AB-3

A particle moves along the z-axis so that its velocity v at any time ¢, for 0 < ¢ <16, is given by
o(t) = e**"" — 1. At time ¢ = 0, the particle is at the origin.

a) On the axes provided, sketch the graph of v(t) for 0 <t < 16.

During what intervals of time is the particle moving to the left? Give a reason for your
answer.

(c¢) Find the total distance traveled by the particle from ¢t = 0 to ¢t = 4.

(d) Is there any time ¢, 0 < t < 16, at which the particle returns to the origin? Justify your

answer.
(a) "0 1: graph
g three “humps”
31:|A /\ /\ periodic behavior
T e igi
T 8 Py starts at origin
-4 reasonable relative max and min values
-8
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Calculator Solution: TI-84 Plus CE

NORHAL FIXY AUTO REAL RADIAN HF N

Plotl Plot2 Plot3 HINDOW

E\Y getin ¥l ¥min=-1

ENY 2= Amax=17

ENY 3= Xscl=4

ENY4= ¥Ymin=-8

E\Ys= Ymax=8

INY §= Yscl=4

ENY 7= Ares=1

ENY 3= aX=0.06818181818181
TraceSter=0.136363636363...

NORHAL FIXY AUTO REAL RADIAN HP N

NANANY

v
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Calculator Use on the Exams

Calculator Solution: TI-nspire

-8
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Calculator Use on the Exams

2005 AB-4

x 0 D<x<1 1 b<x =<2 2 2<x<3 3 3<x<4
f(x) -1 Negative 0 Positive 2 Positive 0 Negative
Flx) 4 Positive 0 Positive | DNE | Negative -3 Negative
fx) | -2 Negative 0 Positive | DNE | Negative 1] Positive

4. Let f be a function that is continuous on the interval [0, 4). The function f is twice differentiable except at
x = 2. The function f and its derivatives have the properties indicated in the table above, where DNE indicates
that the derivatives of [ do not exist at x = 2.

(a) For 0 < x < 4, find all values of x at which f has a relative extremum. Determine whether f has a relative
maximum or a relative minimum at each of these values. Justify your answer.
(b) On the axes provided, sketch the graph of a function that has all the characteristics of f.
(Note: Use the axes provided in the pink test booklet.)
¥




Calculator Use on the Exams

2005 AB-4
Part (b): Solution

(b) l:pointsatx=0,1 2 3
¥ . and behavior at (2, 2)
1 : appropriate increasing/decreasing
and concavity behavior

%}
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2014 AB-6

Consider the differential equation % =(3-y)cosx. Let y = f(x) be the particular solution to the differential
equation with the initial condition f(0) = 1. The function f is defined for all real numbers.

(a) A portion of the slope field of the differential equation is given below. Sketch the solution curve through the
point (0, 1).

(a) 1 : solution curve
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2014 AB-6

Part (a): Calculator Solution: Tl-nspire

‘ﬁ 2.1 g Hi_nspire_doc <= rao {71/ F9
¥
m
NNN~——r s S SN s =y
NNNSN——s/ /g / /7 ==~ N\
N e P e N U e e B T
SMANNS—— s NS =N NN
ANNN~~ /T /) S /=N N\ 8
NNNN—~—~ L 7o =N NN
AN N~/ 7 I 777 ~NN
NNSN~~&7 |17 7 -~NN VD
NANNS~AY LI L 7 ~N
\\\\'*-—}".///_3//////\\\\\
114

Note: TI-84 programs to construct slope fields.
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2015 AB-1 / BC-1

2
The rate at which rainwater flows into a drainpipe is modeled by the function R, where R(¢) = 20sin (g—sj cubic

feet per hour, ¢ is measured in hours, and 0 < ¢ < 8. The pipe is partially blocked, allowing water to drain out the

other end of the pipe at a rate modeled by D(¢) = —0.047> + 0.41% + 0.96¢ cubic feet per hour, for 0 <7 < 8.

There are 30 cubic feet of water in the pipe at time ¢ = 0.

(a) How many cubic feet of rainwater flow into the pipe during the 8-hour time interval 0 < ¢ < 8 ?

(b) Is the amount of water in the pipe increasing or decreasing at time ¢ = 3 hours? Give a reason for your
answer.

(c) Atwhattime ¢, 0 < ¢ < 8, is the amount of water in the pipe at a minimum? Justify your answer.

(d) The pipe can hold 50 cubic feet of water before overflowing. For ¢ > 8, water continues to flow into and out

of the pipe at the given rates until the pipe begins to overflow. Write, but do not solve, an equation involving
one or more integrals that gives the time w when the pipe will begin to overflow.
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2015 AB-1 / BC-1

Part (c): Solution

(c)  The amount of water in the pipe at time 7, 0 < ¢ <8, is 1 : considers R(t) — D(t) =0

30+J.’[R(x)—D(x)] dx. 3:4 1 :answer
0 1 : justification

R(t)-D(t)=0 = ¢t =0, 3.271658

t | Amount of water in the pipe
0 30

3.271658 27.964561
8 48.543686

The amount of water in the pipe is a minimum at time
t = 3.272 (or 3.271) hours.
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2015 AB-1 / BC-1

Part (c): Calculator Solution, T1-84 Plus CE

Flotl Flotz Flota Y22 0,00K3+0 YHI+0 96K
E\Y1820xsin(x%/35)
ENY 2B 0. 04X +0. 4X7+0. 96X
BNY3=
INYa=
ENYs5=
INYE=
ENY?= =
ENYa= Intersection
K=3.2717 Y=6.0215
MORHAL FIXY AUTO REAL RADIAN HF
SOLUTION IS MARKED =
¥R
Yi=Y2 e 3. 271 T
30+ [T (Y1 (X)-Y2 (X))dX
" ¥=3.2716584497639 27 GEAG
bound={0, 8} s S A ZRAR,

=E1-E2=0

[SOLVEl
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(| EIAVENL RN SET E  Solve Equations Numerically:

2015 AB-1 / BC-1

Part (c): Calculator Solution, Tl-nspire

Home Screen

' EENEXD

ERE > *ti_nspire_doc

Done

r(x):=20- sin(ﬁ)
35

dl):=-0.04 x>+0.4- x2 40,06 x Done

so]ve(r(x)=d(x),x)|0£xs8
x=0. orx=3.27166

A

G of]] < |

(]

Al

Graph Screen

‘2_1 ‘m ¥l > *ti_nspire_doc

rao {Ji|

8]

-Nad




Calculator Use on the Exams

2015 AB-1 / BC-1
Part (c): Calculator Solution, Tl-nspire, Continued
31 3233 | L
£=nSolve(r(x)=dl(x) x,2) 3.27166
¢ 3.27166

¢ 27.9646
3o+j (r()-ai(x))ax

0
|

= y
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Calculator Use on the Exams

2015 BC-2, Part (b)

At time ¢ > 0, a particle moving along a curve in the xy-plane has position (x(¢), y(¢)) with velocity vector
W) = (cos(tz), eO‘St). At t =1, the particle is at the point (3, 5).
(a) Find the x-coordinate of the position of the particle at time ¢ = 2.

(b) For 0 < ¢ <1, there is a point on the curve at which the line tangent to the curve has a slope of 2.
At what time is the object at that point?

(c¢) Find the time at which the speed of the particle is 3.

(d) Find the total distance traveled by the particle from time ¢ = 0 to time ¢ = 1.

dy _dy/dt O

(b) = = 1 : slope in terms of ¢
de " de[di  cos(77) 2. VP
1 : answer
05 _
cos(tz)
t =0.840
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2015 BC-2, Part (b)

Calculator Solution: TI-84 Plus CE

Graph Screen Home Screen
d d HORHAL FIXY AUTD REAL RADIAN HP I-I

SOLUTIOH IS5 HARKED =

e rcos(X?)=2

= ¥=0.8401644726906

bound={@, 1%}
=E1-E2=0
R v oLV
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2015 BC-2, Part (b)

Calculator Solution: TI-nspire

Graph Screen Home Screen
Fel > *ti_nspire_doc < F’-AD{ﬂﬂ ‘ml ERE > “ti_nspire_doc <
¥ 051
nSolve| ( ’)) =27
cos\t”
f2()=2  (0.840164,2)
eO.S-.\’
1 £1(x)=
2
ccs(\")
. : o
r0.25 05 1.25

ran {1 B9

0.840164 ||

[
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Calculator Use on the Exams Numerically Calculate the Derivative of a Function

2014 AB-1 / BC-1, Parts (b) and (d)

Grass clippings are placed in a bin, where they decompose. For 0 < 7 < 30, the amount of grass clippings

remaining in the bin is modeled by A(#) = 6.687(0.931)", where A(f) is measured in pounds and ¢ is measured

in days.

(a) Find the average rate of change of A(#) over the interval 0 < ¢ < 30. Indicate units of measure.

(b) Find the value of A'(15). Using correct units, interpret the meaning of the value in the context of the

problem.

(c) Find the time ¢ for which the amount of grass clippings in the bin is equal to the average amount of grass

clippings in the bin over the interval 0 < ¢ < 30.

(d) For ¢ > 30, L(t), the linear approximation to 4 at ¢ = 30, is a better model for the amount of grass
clippings remaining in the bin. Use L(¢) to predict the time at which there will be 0.5 pound of grass

clippings remaining in the bin. Show the work that leads to your answer.

(b

~

A'(15) = -0.164 (or —0.163)

The amount of grass clippings in the bin is decreasing at a rate
of 0.164 (or 0.163) Ibs/day at time ¢+ = 15 days.

(d) L(r) = 4(30) + £(30)-(¢ - 30)

A'(30) = -0.055976
A(30) = 0.782928

L(f) = 0.5 = = 35.054

X

1:

1

—_ =

A(15)

: interpretation

: expression for L(t)
(L(1) =05
: answer
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2014 AB-1 / BC-1, Part (b)
Calculator Solution: TI-84 Plus CE

Home Screen Graph Screen
(V10O |gays

..19.1636,

dv/dx="0.1636
#=1% Y=2.2881
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Calculator Use on the Exams Numerically Calculate the Derivative of a Function

2014 AB-1 / BC-1, Part (b)
Calculator Solution: TI-nspire

Home Screen

2 (al))p=15 -0.163591

[l

Graph Screen

4.2 ‘m el » *ti_nspire_doc <

-0.163591

T
(=]
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Calculator Use on the Exams

2015 AB-2

2

Let fand g be the functions defined by f(x) =1+ x+¢* >* and
g(x) = x* —6.5x% + 6x + 2. Let R and S be the two regions
enclosed by the graphs of f and g shown in the figure above.

(a) Find the sum of the areas of regions R and S.

(b) Region S is the base of a solid whose cross sections perpendicular
to the x-axis are squares. Find the volume of the solid.

(c) Let & be the vertical distance between the graphs of f and g in

region S. Find the rate at which % changes with respect to x when
x=18.

2.4

0,2)
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Calculator Use on the Exams

2015 AB-2

Solution

(a) The graphs of y = f(x) and y = g(x) intersect in the first 1 : limits
quadrant at the points (0, 2), (2,4), and 4 :4 2 :integrands
(4, B) = (1.032832, 2.401108). 1 : answer

Avea = ["[g(x) = f(0)] de + [ [1(x) - g(x)]
=0.997427 +1.006919 = 2.004
(b) Volume = Ij[f(x) —g(x) dx =1.283 3: { T :::\i:_nd

© h(x)=f(x)-g(x) ) { 1 : considers /'
H(x)=f'(x)-g'(x) “| 1:answer
H(1.8) = £'(1.8) - g'(1.8) = —3.812 (or —3.811)
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2015 AB-2

Explore on the Graph Screen
MORHMAL FIXY ll_’ll_l.lTl] REAL RADIAN HP

Y2sK Y-8 EN2+EN+2

I
Intersection
H=1.8328

Y=2.4yoi1
HORHAL FIX4 AUTO REAL RADIAH HP
SOLUTION IS MARKED = HISTORY
»=>A
Yi=Yz [ SRURNPRPR c 1-4- 3
[Feva0-Ya(x)rdx2C
" X=1.0328318883642 2. 9974
bound={0, 2} T L k8
“E1-E2=0 [Zevacx-v2(x))dx D
C+D
gorval 2.0043
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Calculator Use on the Exams

2015 AB-2
Explore on the Graph Screen

‘ b2 W“ } Hi_nspire_doc < ran {11 B8

(1.03,2.4) £2(x)=g(x)

Ut
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([T EIIAVENG RN ET M Numerically Calculate the Value of a Definite Integral

Confirm on the Home Screen

m‘ b Hi_nspire_doc <

2
Ax): =1+c+e* —2x
g(x):=x4—6.5'x2+6'x+2
a.=nSolve (f(x) =g(x),x, 1)
b =j(a)
|

Done

1.03282

2.40111

[0

rao {1 B3

5]
0.997427 []
1.00692

2.00435

[
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Calculator Use on the Exams

2015 AB-2
Part (a): Alternate Solution

6.2 » *i_nspire_doc < rao {1 E3

S
[Zcrveco-yzc0ex
e 8n 0043, VLY

exz—(.r4—6AS-x2+S-x+1)- e’

2
(9-2-x_
0

alnt(|Ax)-2 ()], x,0,2) 2.00435
|
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Calculator Use on the Exams

2015 AB-2
Parts (b) and (c): Calculator Solution

I:[(Yi(X)—YE(X)}zldx (Y1) gy 1

e 2n 1163

S (Y2 (X)) oy gT
.. 22 9280
-3

..8a 8117
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([T EIIAVENG RN ET M Numerically Calculate the Value of a Definite Integral

2015 AB-2

Parts (b) and (c): Calculator Solution

m‘m ;3= » *ti_nspire_doc pA:-{ﬂﬂ m‘m Xl » *ti_nspire_doc p,q[.mﬂ
a [l
. 1.28316 [ d (ﬂ)) . R
—\Ax)Jx=1.8 -1
2 (f(x)—g(x))z dx o
a
d 5.928
i =1.8-j
l'llnt((f(;()—g(x)}%x’a'g} 1.28316 x(gc“))l" ¢
l i -3.81172
[
= =
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