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Appendix: Calculator Skills
(HP Prime)

The Test Development Committee has defined four calculator operations that are
sufficient to answer all AP exam questions:

1. produce a graph of a function within an arbitrary viewing window;
2. find the zeros of a function (i.e., solve an equation numerically);

3. calculate the derivative of a function at a given value;
4.

calculate the value of a definite integral.

You should practice these skills prior to the AP Exam. A few examples follow, with
calculator-assisted solutions for the HP Prime. The TI-83 / T1-84, TI-89, and
TI-Nspire models are described in separate documents. There are other acceptable
calculator methods to solve these problems. If your calculator model does not match
one of the models presented, consult your user’s manual to solve the examples.

A.1. Graphing a Function

This is the simplest calculator skill required on the exam. Usually, the hardest part is
making sure you enter the function correctly on your calculator, and that you choose a
suitable viewing window. Be sure to check that the parentheses that enclose function
arguments (as in sin (X)) are properly matched.

‘ Be sure that your calculator is set to the Radian mode when you take the
‘ exam. (To set the mode, go to the Home Settings menu.)

You will see several graphing examples in the following sections.


Appendix-CalculatorSkills-TI-84.pdf
Appendix-CalculatorSkills-TI-89.pdf
Appendix-CalculatorSkills-TI-Nspire.pdf
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A.2. Solving an Equation

Graphing calculators offer several methods for solving an equation.

Example 1

The derivative of a function f'is given by f’(x) =sin (\/x2 +1 ) — cos(«/; ) . Find all
the values of x in the open interval (0, 6) where f has a local minimum.

Solution

Use the Function app on the HP Prime to find the zero. If necessary, press !
and start the Function app. Enter f'(x) as F1 (X):

Function Symbolic View SR
J AT

v B F100= | he1 )-cos( )
W F2(X)|
W F3(x)=

Fa)=
W F5(¢)=
W F6(X)=

F71X\=
Enter function

Cedt | ¢ 1 x | [show] bl ]

Press Plot Setup, @8, and set the viewing window. Then press P1lot to see
the graph:

Function Plot Setup

X Rng: 0 6 /

¥ Rng: -1 1
X Tick:1 \/

¥ Tick: 1

Enter horizontal tick spacing

FRERETYIERE . | F100: 0.13987300705 (IR
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Finding the zero on HP Prime is easy. Touch the graph screen close to one of the
points where the derivative changes sign from negative to positive. This moves the
trace to the point where you tap. Then touch the Menu key, touch Fcn, and select
2 Root. The zero closest to the trace is found:

/ 1Sketch... \ / /\ /
zRoot L~

35lope \/
45igned area...

SExtremum
sTangent
Go To |EdN (EEE Root: 0.282625170913 oK

To find the other root, touch the screen close to that root, touch Fcn, and select

2 Root again:

|EES Root: 5.4320303071 oK

The value of the zero is stored in the variable X.

Example 2

018 where ¢ is the number of

The number of bees in a colony is given by B(¢) =523e
days since the colony was established. The derivative of B(¢) is given by
B'(t)=94.14¢""" . On what day is the number of bees in the colony increasing at the

rate of 1000 bees per day?
Solution

With HP Prime, it is easy to adjust the plot setup using touch gestures. Consequently,
the graph is the simplest environment to use to solve an equation with that calculator.
You can pan with your finger on the graph, or pinch to zoom in or out. Enter
94.14¢""™®* —1000 as F1 (X) in the Function app. (We have to change the name of
the independent variable from 7 to X.) Press P1ot to see the graph. Use your finger
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to pan if necessary until you can see the graph cross the x-axis. Tap near the x-
intercept, and touch the Menu key, touch Fcn, and select 2 Root:

12745

Function Symbaolic View

0.18+X
vVl F1(XF|94.14*e -1,000 |

W F2(0-
W F3(0-

Fa{X)=
W F5(0=
W Fo(0=
W F7(0=

Enter function

v 1 x | Tshow] &l ]

...... 15ketch...
...... zRoot

...... 3Slope

...... 4Signed area...

""" SExtremum

------ &Tangent

Fen

GoTo

Example 3

The derivative of a function g is given by g'(x) = % - cos(x2 ) +0.3. What is the
x-coordinate of a local maximum point on the graph of g?

Solution

Enter g'(x) as F1 (x) in the Function app, and graph it in the Decimal view.

Pinch to zoom in a bit so you can see the zero you are looking for:

Function Symbolic View Function Symbolic View

2l |
051X £ il
Views

vl F1(X)=|§—COS[X2]+O.3 |

M F2(x)= B F2(X)= |1Split Screen: Plot Detail
M F3(x)= B F3(x)= [2Split Screen: Plot Table
FA(X)= Fa(X)= j.;utt?scalle
ecimal
= = = =

W F50) B FS00= lo1nteger

W Fo(X)= B F6(X)= |sTrig

[ [

Enter function Enter function

Ceiit § v | x | show] ol ]

L [ [ [ [ ] ok |
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NEAL

Awy X/

X:0 F1(X): 0.7 [ venu | P F1(X): 0.7 [ Menu_|

We need to find a zero where g'(x) changes sign from positive to negative. From the
graph, this zero appears to be near x =—1. Simply touch the graph near this x-
intercept to move the trace there. Then touch the Menu key, touch Fcn, and select

2 Root. The zero closest to the trace is found:

VAl T\

1Sketch... \/
ZRoot

sSlope
4Signed area... =

SExtremum
&Tangent

Fcn {EES Root: -1.40985708704 OK

The local maximum occurs at the point where x ~ —1.410.

A.3. Evaluating a Derivative at a Point

Example 4

Find the slope of the line tangent to the graph of y = 2x +sin(1+x”) +cos(1—x) at
the point where the graph crosses the x-axis.
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Solution

Enter the function into F1 (X) :

Function Symbolic View

15='__r'
v l F1(x)= 2 2
2#X+SIN|1+X J+COS|1-X

W F2(x)=
W F3(x)=

Fa{X)=
W F5(x)=
W F6(x)=

F7(X)=
Enter function

Cet | ¢ | X | [show] bl |

Use the procedure from the previous section to find the root of a function:

I 3

A 1Sketch... \ A

2Root

3Slope
4Signed area...
SExtremum
sTangent

Go To | IS Root: 0.966324487132 oK

Once the root command has completed, immediately tap OK, tap Fcn, and select
3 Slope. Aslong as you don't navigate on the graph, the current value of x used in
the slope calculation will be exactly the root found previously.

If you prefer, you can evaluate a derivative directly on the HOME screen with HP
Prime. Immediately after finding the root in the previous example, navigate to the
HOME screen. Press the templates key, [,;~'], and tap the derivative template. Enter
the arguments as shown. The derivative is evaluated at the number that is currently
stored in the independent variable X:

Function

aF1X)
aX 2.55834090366

lsor | | | | | |
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A.4. Evaluating an Integral Numerically

‘ On the open-calculator free-response part of the AP exam
(Section II, Part A), always use your calculator when you need to
evaluate a definite integral. You don’t get “extra credit” for evaluating
an integral by first finding an antiderivative.

Example 5

Find the area of the region in the first quadrant bounded by the graphs of
f(x)=sin(x*)+cos(x*)+x*, g(x)=e" -1, and the y-axis.

Solution

Use the Function app to define the curves and draw the graphs in the decimal view:

Function Symbolic View

4 F1(X):|SIN{X2]+COS{X2]+X2 |
vl F2(0)= ex—‘l 1Split Screen: Plot Detail
W F3(x)= z5plit Screen: Plot Table
Fa(xX)= Autt?scale
4Decimal
W F5()= sInteger
M Fe(x)= sTrig
CTMvY—
Enter function ¢
Cedit | [ x | sl oo MM T 1 1 1 | ok ]

On the Plot screen, touch the Menu and Fcn keys, and select 3 Intersection:

15ketch...
2Root
sIntersection...
4Slope
sSigned area...
sExtremum
7Tangent

%0 F100:1 [vienu | Fen

Tap OK to find the intersection of F1 (X) and F2 (X):
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Intersecti-on 6f F1(X) and  [E———
1R2()=emx-1 | AEEEEEREEEERERRE

------- z2X-AXis

Press and store the current value of X, which is the point of intersection, into the
variable A:

Function

XrA 1.2724662615

(EETS I ) S S

From here, you could calculate the integral right on the HOME screen in one step.
Press the templates key, [,;~'].

Function

Yo 1.2724662615
A

Jo F1{X)-F2{x]dx 0.935011284648

[RETY-TS SSURU FSSUTUSN FUUNURIEN SO S—

Use the ALPHA shift to type the letters A and F, and touch in the proper positions of
the integral or use the arrow keys template to navigate.

An alternative is to calculate the integral on the graph screen. There is no issue with
the accuracy of the integral results on the graph screen with HP Prime. Return to the
graph and select 5 Signed Area from the Fcn menu.
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15ketch...
2Root
sIntersection...
4Slope
sSigned area...
sExtremum
7Tangent

Fen

Touch OK to find the area below F1 (X) and above F2 (X). Enter O for the lower
limit of integration, and touch OK or press ENTER:

1F2(X)=erX-1
2X-Axis
T T T T T ox |MENIGom R0 oK

Enter A from the ALPHA keypad to integrate up to A. Press OK and the value of the
area is displayed:

Enter the value to which to jump

A
. I ] ]  Jcancel] oK | Signed area: 0.935011284648 oK




