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Preface

This resource was developed through a joint effort by two high school math teachers during a summer
internship at Hewlett-Packard. Because of individual idioscyncrasies, there will be some slight differences
in style and language between Topics 1-5 and Topics 6-9. It is intended to be used as supplementary
material to illustrate the usage of the HP 48G scientific calculator.

The topics covered are very diverse and do not focus on any particular mathematics course with concepts
ranging from the Algebra 1 level to beginning Calculus. The order of presentation progesses from the
lower to higher levels of mathematical difficulty with emphasis being placed on exploring the
functionality of the calculator and the different aspects of its use. Anyone working through the activities
in this manual will become comfortable enough with the 48G to be considered an "advanced user".

Each activity is divided into two parts — student exercises and the instructional section. The instructional
section is intended for teacher use and includes keystroke documentation, illustrations, and correct
solutions. Because of the level of diversity, it is not assumed that all the topics will be covered in the
order presented. Each topic is self-contained enough to be done individually. However, it is assumed that
the activities within a topic will done in order with respect to the documentation in the instructional
section. In other words, the documentation in the instructional section for activity 2 might refer to a
procedure described in the instructional section for activity 1 of that particular topic.

Because of time constraints placed on the authors, only a smattering of mathematical concepts are
covered. It was decided that the best thing to do was to concentrate on a few important topics and to
investigate them thoroughly. The main criteria used in selecting the topics came from the NCTM's
Curriculum and Evaluation Standards for School Mathematics. Included in the Overview for the
Curriculum Standards in grades 9-12, is a "Summary of Changes in Content and Emphases in 9-12
Mathematics". The concepts on which we chose to focus are reflective of those changes.
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TOPIC: TRANSFORMATIONS

ACTIVITY 1..TRANSFORMATIONS WITH LINEAR FUNCTIONS

INSTRUCTIONAL SECTION

The purpose of this activity is to inductively discover the various effects transformations have on a reference linear
function. Ultimately, you will be able to recognize the graph of any linear function as a transformation of the
graph of the reference function y = x. Use the "Basic Description" blanks to describe the graph of the reference
function. Use the "Transformation" blanks for writing the changes between the reference function and the
transformed functions. Use the "Prediction" blanks to predict the changes between the reference function and the
transformed functions. Then use the calculator to check your prediction. Use terminology such as vertical shift up
or down, horizontal shift left or right, and by how many units, increased or decreased slope, reflected over the x-
axis, etc. to illustrate the relative changes. The " Conjecture" blanks can be used for writing the general
transformation that will occur relative to the reference function. Consider all possible real number substitutions for
the variables in the "Conjecture" sections.

DIRECTIONS FOR USING THE HP 48G:

1. Let's begin by purging unwanted objects from the HOME directory. Pressing the VAR key will display the
objects in the HOME directory on the menu labels. The fast way to purge is to create a list of unwanted objects
and then purge the list. Press PURPLE { then press the white menu keys under the menu labels of those
objects you want to purge, press ENTER then PURPLE PURGE.

2. Use the Equation Writer to key in the functions next to Reference, Transformation, and Prediction in an
Investigation. Example: Entery =2x. PURPLE EQUATION o Y PURPLE =2 o X, fig. 1, now press
ENTER, fig. 2

3. Name and store each function using the corresponding names, Y, Y1, Y2, etc. given in the Investigations.
Press 'o.ot XMPL ., fig. 3, then press the STO key. Notice that your equation and the name you stored it
under have disappeared from the stack. If you press VAR, you will see XMPL on  the menu, fig. 4.

4. Plot the reference function and one of the transformed functions. Press GREEN PLOT, fig. 5, then press
CHOOS and CHK the functions you want graphed on the same set of axes, fig. 6. Now press OK fig. 7.

5. Press the menu keys under the ERASE and DRAW menu labels, then analyze and note the differences and
similarities between the two graphs, fig. 8.

6. Repeat steps 4 and 5, always including the reference function and another transformed function until all pairs
have been analyzed.

7. Repeat steps 1 through 6 after each Investigation is completed.
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gs 1: 'Y=2xK'||2:
I: =24 || TRMPL! f:
(ree ] 11 1 1 IWleerd 1 [ 1 1 Wleerl 1 [ [ [ ILeeelsec] [ [ [ |
Fig. 1 Fig. 2 Fig. 3 Fig. 4
PLOT SRR | | Mo o s s SRR | | SRR PLOT SRR
TYPE: Function  <&:Rad ~=baBT 7 = TPE: Function :
EQ: EQ: L 3 - >
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~AUTOSCALE V-WiEW:=3.1 3.2 —AUTOSCALE v-viEW:=3,1 3.2
ENTER FUNCTIONCS) TO PLOT ENTE S ENTER FUNCTIONCS) T0 PLOT
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Fig. 5 Fig. 6 Fig. 7 Fig. 8

Transformation _The XMPL function is twice as steep as the REFERENCE function, or the slope of the XMPL
function is twice that of the REFERENCE function's.
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TOPIC: TRANSFORMATIONS

ACTIVITY 1..TRANSFORMATIONS WITH LINEAR FUNCTIONS

You will be analyzing linear functions in this activity. The most basic linear function is y = x. We will call this
the reference function. Any mathematical changes we make on this reference function will produce a graph that is
different from that of the reference function's. These changes will result in what is known as a transformation of
the reference function. Ultimately, you should be able to predict the placement and shape of the graph of any
linear function relative to the reference function in the Cartesian plane. See the Instructional Section for more

details.

Reference: y=x
yl=x+2
y2=x-3
y3=x+15
y4=x+10

yS=x+¢

Reference: y=x

y7=aX
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Basic description

INVESTIGATION 1:

Transformation

Transformation

Transformation

Prediction

Conjecure

Basic description

INVESTIGATION 2:

Transformation

Transformation

Transformation

Transformation

Prediction

Prediction

Conjecture




TOPIC: TRANSFORMATIONS

ACTIVITY 1... APPLICATIONS SECTION CONTINUED

INVESTIGATION 3:
Reference: y=x Basic description
yl=-1x Transformation
y2 =-3x Transformation
y3 =-1x Transformation
2
y4 =-3x Transformation
2
y5 = -6x Transformation
y6 = -5x Prediction
3
y7=-2x Prediction
7
y8=aXx Conjecture
INVESTIGATION 4:
Reference: y=x Basic description

yl=2x+1 Transformation

y2=3x-2  Transformation

y3=-4x+3 Transformation

y4=5x+3 Prediction

y5=-2x-5 Prediction

y6=ax+b Conjecture

HP 48G RESOURCE



TOPIC: TRANSFORMATIONS

ACTIVITY 2..TRANSFORMATIONS WITH ABSOLUTE VALUE FUNCTIONS

INSTRUCTIONAL SECTION

The purpose of this activity is to inductively discover the various effects Transformations have on a reference
absolute value function. Ultimately, you will be able to recognize the graph of any absolute value function as a
Transformation of the graph of the reference function y = [x|. Use the ""Basic Description" blanks to describe the
graph of the reference function. Use the "Transformation" blanks for writing the changes between the reference
function and the transformed functions. Use the "Prediction" blanks to predict the changes between the reference
function and the transformed functions. Then use the calculator to check your prediction. Use terminology such as
vertical shift up or down, horizontal shift left or right, and by how many units, increased or decreased slope,
reflected over the x-axis, etc. to illustrate the relative changes. The " Conjecture" blanks can be used for writing
the general transformation that will occur relative to the reference function. Consider all possible real number
substitutions for the variables in the " Conjecture" sections.

DIRECTIONS FOR USING THE HP 48G:

1. Let's begin by purging unwanted objects from the HOME directory. Pressing the VAR key will display the
objects in the HOME directory on the menu labels. The fast way to purge is to create a list of unwanted objects
and then purge the list. Press PURPLE { then press the white menu keys under the menu labels of those
objects you want to purge, press ENTER then PURPLE PURGE.

2. Use the Equation Writer to key in the functions next to Reference, Transformation, and Prediction in an

Investigation. Example: Enter y = |2x|. Press PURPLE EQUATION o Y PURPLE = MTH, menu label

REAL, NXT, menu label ABS, 2 o X, fig. 1, now press ENTER, fig. 2
3. Name and store each function using the corresponding names, Y, Y1, Y2, etc. given in the Investigations.

Press 'a.ct XMPL ., fig. 3, then press the STO key. Notice that your equation and the name you stored it
under have disappeared from the stack. If you press VAR, you will see XMPL on  the menu, fig. 4.

4. Plot the reference function and one of the transformed functions. Press GREEN PLOT, fig. 5, then press
CHOOS and CHK the functions you want graphed on the same set of axes, fig. 6. Now press OK, fig. 7.

5. Press the menu keys under the ERASE and DRAW menu labels, then analyze and note the differences and
similarities between the two graphs, fig. 8.

6. Repeat steps 4 and 5, always including the reference function and another transformed function until all pairs
have been analyzed.

7. Repeat steps 1 through 6 after each Investigation is completed.
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Fig. 1 Fig. 2 Fig. 3 Fig. 4
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Transformation_Function y1 is a vertical shift of two units up relative to function y; y and y1 are the same shape
and size.
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TOPIC: TRANSFORMATIONS

ACTIVITY 2..TRANSFORMATIONS WITH ABSOLUTE VALUE FUNCTIONS
APPLICATIONS SECTION

You will be analyzing graphs of absolute value functions in this activity. The most basic absolute value function is
y =|x|. We will call this the reference function. Any mathematical changes we make on this reference function
will produce a graph that is different from that of the reference function's. These changes will result in what is
known as a Transformation of the reference function. Ultimately, you should be able to predict the placement and
shape of the graph of any absolute value function relative to the reference function in the Cartesian plane. See the
Instructional Section for more details.

INVESTIGATION 1:
Reference: y=|x| Basic description
yl=|x|+2 Transformation
y2=|x|-3 Transformation
y3=|x|+1 Transformation
y4=|x|+4 Prediction
y5=|x|+c Conjecure
INVESTIGATION 2:
Reference: y=|x| Basic description

yl=|x+2| Transformation

y2=|x-4| Transformation

y3=|x+1]| Prediction

y4=|x-3| Prediction

y5=|x-b| Conjecture

HP 48G RESOURCE 5



TOPIC: TRANSFORMATIONS

ACTIVITY 2... APPLICATIONS SECTION CONTINUED

INVESTIGATION 3:

Reference: y=|x| Basic description

y2=|x-2|+3 Transformation

y3 =|x+1]-2 Transformation

y4 =|x+ 5|+ 2 Prediction

y5=|x-7|-4 Prediction

y6=|x-b|+c Conjecture

INVESTIGATION 4:
Reference: y=|x] Basic description
yl=2| x| Transformation
y2=4|x| Transformation
y3=-1]x| Transformation
y4=-3| x| Transformation
y5=5|x| Prediction
y6 =-2|x| Prediction
y7=a|x|  Conjecture
INVESTIGATION §:
Reference: y=|x| Basic description

yl=2|x|+1 Transformation

y2=3|x|-2 Transformation

y3=-4|x|+3  Transformation

y4=2|x+1|-3 Transformation

y5=2|x+4|+3 Prediction

y6=-2|x-3|-5 Prediction

y7=a|x-b|+c Conjecture

HP 483G RESOURCE



TOPIC: TRANSFORMATIONS

ACTIVITY 3..TRANSFORMATIONS WITH QUADRATIC FUNCTIONS

INSTRUCTIONAL SECTION

The purpose of this lesson is to allow students to inductively discover the various effects transformations have on a
reference quadratic function. Ultimately, students will be able to recognize the graph of any quadratic function as
a transformation of the graph of the reference function y = x2. Use the "Basic Description" blanks to describe the
graph of the reference function. Use the " Transformation" blanks for writing the changes between the reference
function and the transformed functions. Use the "Prediction" blanks to predict the changes between the reference
function and the transformed functions. Then use the calculator to check your prediction. Use terminology such as
vertical shift up or down, horizontal shift left or right, and by how many units, increased or decreased slope,
reflected over the x-axis, etc. to illustrate the relative changes. The "Conjecture" blanks can be used for writing
the general transformation that will occur relative to the reference function. Consider all possible real number
substitutions for the variables in the "Conjecture" sections.

DIRECTIONS FOR USING THE HP 48G:

1. Let's begin by purging unwanted objects from the HOME directory. Pressing the VAR key will display the
objects in the HOME directory on the menu labels. The fast way to purge is to create a list of unwanted objects
and then purge the list. Press PURPLE { then press the white menu keys under the menu labels of those
objects you want to purge, press ENTER then PURPLE PURGE.

2. Use the Equation Writer to key in the functions next to Reference, Transformation, and Prediction in an
Investigation. Example: Entery = x2 + 1. Press PURPLE EQUATION a Y PURPLE = X yX2 V+1,
fig. 1, now press ENTER, fig. 2

3. Name and store each function using the corresponding names, Y, Y1, Y2, etc. given in the Investigations.

Press ‘oot XMPL @, fig. 3, then press the STO key. Notice that your equation and the name you stored it
under have disappeared from the stack. If you press VAR, you will see XMPL on  the menu, fig. 4.

4. Plot the reference function and one of the transformed functions. Press GREEN PLOT, fig. 5, then press
CHOOS and CHK the functions you want graphed on the same set of axes, fig. 6. Now press OK, fig. 7.

5. Press the menu keys under the ERASE and DRAW menu labels, then analyze and note the differences and
similarities between the two graphs, fig. 8.

6. Repeat steps 4 and 5, always including the reference function and another transformed function until all pairs
have been analyzed.

7. Repeat steps 1 through 6 after each Investigation is completed.

"AD #AD Y3
€ HOME 3 £ HOME 3 £ NOME 3
2 : :
y=xZ+10 3 3 3
2: 1: 'Y=K"2+1'||2:
1 'y=R 2+1 ' |1 RMPL 1 :
(eer [ 1 0 {1 \peerd 1 1 1 1 Ipweeed [ 1 [ 1 Ipieerforsecy 1 1 [ ]
Fig. 1 Fig. 2 Fig. 3 Fig. 4
SR PLOT SRR R PLOY S
TPE Function & Rad Tee: Function < Rad W
EQ: EQ: 'Y=nt2 Y=,
INDEP: X H-VIEW:-6.5 6.5 INDEP: x u-wsu -5 S 6.5
_AUTOSCALE Y-VIEW: -3, 1 3.2 _AUTOSCALE U-WEW: -3, 1 3.2
ENTER FUNCTION(S) TO PLOT ENTER FUNCTION(S) T0 PLOT
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Fig. 5 Fig. 6 Fig, 7 Fig, 8

Trans_Function XMPL represents a vertical shift up of one unit relative to the reference function REF: both graphs

have the same shape and size.
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TOPIC: TRANSFORMATIONS

ACTIVITY 3..TRANSFORMATIONS WITH QUADRATIC FUNCTIONS

APPLICATIONS SECTION

You will be analyzing quadratic functions in this activity. The most basic quadratic function is y = x2. We will
call this the reference function. Any mathematical changes we make on this reference function will produce a
graph that is different from that of the reference function's. These changes will result in what is known as a
transformation of the reference function. Ultimately, you should be able to predict the placement and shape of the
graph of any quadratic function relative to the reference function in the Cartesian plane. See the Instructional
Section for more details.

INVESTIGATION 1:
Reference: y= x2 Basic description
yl=x2+2 Transformation
y2= x2-3  Transformation
y3=x2+4 Prediction
y4=x2+k Conjecture
INVESTIGATION 2:
Reference: y= x2 Basic description
yl= (x-3)2 Transformation
y3= (x+l)2 Transformation
y4=(x-2)2  Prediction
y5 = (x-h)2 Conjecture
INVESTIGATION 3:
Reference: y= x2 Basic description

yl= (x-3)2+2 Transformation

y2= (x+1)2-4 Transformation

y3 =(x+2)2-3  Prediction

y4 = (x-h)2+k  Conjecture

HP 438G RESOURCE 8



TOPIC: TRANSFORMATIONS

ACTIVITY 3... APPLICATIONS SECTION CONTINUED

INVESTIGATION 4:
Reference: y= x2 Basic description
yl= 2x2 Transformation
y2 = 1x2 Transformation
2
y3= 3x2 Transformation
y4 = 4x2 Prediction
y5=-3x2  Prediction
4
y6 = a-x2 Conjecture
INVESTIGATION §:
Reference: y= x2 Basic description
yl =2(x+1)2+3  Transformation
y2=-3 (x+2)2-4 Transformation
y3=1(x-3)2-2  Transformation
2
y4=2(x-4)2+3  Transformation

y5 = a-(x-h)2+k

HP 48G RESOURCE

Conjecture




TOPIC: TRANSFORMATIONS

ACTIVITY 4..TRANSFORMATIONS WITH EXPONENTIAL FUNCTIONS

INSTRUCTIONAL SECTION

The purpose of this lesson is to allow students to inductively discover the various effects transformations have on a
reference linear function. Ultimately, students will be able to recognize the graph of any exponential function as a
transformation of the graph of the reference function y = eX. Use the "Basic Description" blanks to describe the
graph of the reference function. Use the " Transformation" blanks for writing the changes between the reference
function and the transformed functions. Use the "Prediction" blanks to predict the changes between the reference
function and the transformed functions. Then use the calculator to check your prediction. Use terminology such as
vertical shift up or down, horizontal shift left or right, and by how many units, increased or decreased slope,
reflected over the x-axis, etc. to illustrate the relative changes. The "Conjecture" blanks can be used for writing
the general transformation that will occur relative to the reference function.

DIRECTIONS FOR USING THE HP 48G:

1. Let's begin by purging unwanted objects from the HOME directory. Pressing the VAR key will display the
objects in the HOME directory on the menu labels. The fast way to purge is to create a list of unwanted objects
and then purge the list. Press PURPLE { then press the white menu keys under the menu labels of those
objects you want to purge, press ENTER then PURPLE PURGE.

2. Use the Equation Writer to key in the functions next to Reference, Transformation, and Prediction in an
Investigation. Example: Enter y=eX-2. PURPLE EQUATION a Y PURPLE = PURPLE eX a X, fig. 1,
now press ENTER, fig. 2

3. Name and store each function using the corresponding names, Y, Y1, Y2, etc. given in the Investigations.

Press 'aat XMPL a,, fig. 3, then press the STO key. Notice that your equation and the name you stored it
under have disappeared from the stack. If you press VAR, you will see XMPL on  the menu, fig. 4.

4. Plot the reference function and one of the transformed functions. Press GREEN PLOT, fig. 5, then press
CHOOS and CHK the functions you want graphed on the same set of axes, fig. 6. Now press OK, fig. 7.

5. Press the menu keys under the ERASE and DRAW menu labels, then analyze and note the differences and
similarities between the two graphs, fig. 8.

6. Repeat steps 4 and 5, always including the reference function and another transformed function until all pairs
have been analyzed.

7. Repeat steps 1 through 6 after each Investigation is completed.
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Y=EXP(X)-20 S 3 R
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Fig. 5 Fig. 7 Fig. 8

Transformation_Function XMPL represents a vertical shift down of two units relative to the reference function
REF: both have the same shape and size.
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TOPIC: TRANSFORMATIONS

ACTIVITY 4..TRANSFORMATIONS WITH EXPONENTIAL FUNCTIONS

APPLICATIONS SECTION

You will be analyzing exponential functions in this activity. The most basic exponential function is y = eX. We
will call this the reference function. Any mathematical changes we make on this reference function will produce a
graph that is different from that of the reference function's. These changes will result in what is known as a
transformation of the reference function. Ultimately, you should be able to predict the placement and shape of the
graph of any exponential function relative to the reference function in the Cartesian plane. See the Instructional
Section for more details.

INVESTIGATION 1:

Reference: y=eX Basic description

yl=eX+2  Transformation

y2=eX-3  Transformation

y3=eX+1 Transformation

y4=eX+10 Prediction

y5=eX+d Conjecture

INVESTIGATION 2:

Reference: y=eX Basic description

yl=eX*2  Transformation

y2 =eXx1 Transformation

y3 = eX-3 Transformation

y4=eXt4  Prediction

y5=eX*C  Conjecture

HP 48G RESOURCE 11



TOPIC: TRANSFORMATIONS

ACTIVITY 4... APPLICATIONS SECTION CONTINUED

INVESTIGATION 3:
Reference: y=¢eX Basic description
yl = e2X Transformation
y2 =¢X Transformation
y3 =X Transformation
y4=e>X Transformation
y5 = e3X Prediction
y6 = e72X Prediction
y7=e25%X  Prediction
y8 = ebx Conjecture
INVESTIGATION 4:
Reference  y=eX Basic Description

yl =2eX Transformation

y2 =1eX Transformation

y3 =-leX Transformation

y5 =-3¢eX Transformation

y6 = 57X Transformation

y7=-2eX  Prediction

y8 = 1eX Prediction

y9 = aeX Conjecture

HP 438G RESOURCE



TOPIC: TRANSFORMATIONS

ACTIVITY 4... APPLICATIONS SECTION CONTINUED
INVESTIGATION 5:

Reference  y=eX Basic Description

yl =eX+2.3 Transformation

y2=e2(X-1)+4  Transformation

y3 =2e3*1)4  Transformation

y4 = 4e2(X-3)+5  Prediction

y5 =-3e"(**2).] Prediction

y6 = aeb(X)+d  Conjecture

HP 48G RESOURCE
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TOPIC: TRANSFORMATIONS

ACTIVITY S5..TRANSLATIONS OF CONICS

INSTRUCTIONAL SECTION

The purpose of this activity is to investigate translations of graphs of conic equations. We will use the standard
form for conic equations with the reference equations having centers, or in the case of parabolas, vertices, at the
origin. The analysis will include questions about the location of a center or vertex point after a translation has
occurred. When analyzing the graphs of circles, ellipses, and hyperbolas, it is often difficult to locate their centers
on the screen since their centers are not actually points on their graphs. To determine the translation, it is best to
find the ordered pairs of two corresponding points from the graphs, then analyze the translation by studying the
two ordered pairs. A conclusion can then be made about the location of the center point following a translation. A
similar analysis can be conducted with parabolas, however, finding and using their vertices as the pair of
corresponding points can be done directly by using the crosshairs and the (x,y) menu key command in the Plot
environment. In the Applications Section, record your analysis in the blanks provided. Use blanks following
Translation for recording the number of units and the direction, horizontally and vertically, the translation
represents. Record the coordinates of the center or vertex of each translated conic at the right of the Translation
blanks.

DIRECTIONS FOR USING THE HP 48G:

1. Let's begin by purging unwanted objects from the HOME directory. Pressing the VAR key will display the
objects in the HOME directory on the menu labels. The fast way to purge is to create a list of unwanted objects
and then purge the list. Press PURPLE { then press the white menu keys under the menu labels of those
objects you want to purge, press ENTER then PURPLE PURGE.

2. Use the Equation Writer to key in the equations next to Reference, Translation, and Predict Translation in an
Investigation. Example: Enter x* + y*> = 4. PURPLE EQUATION o xyX2 V + oy y*2 V PURPLE =
4, fig. 1. Now press ENTER, fig. 2. Note: Moving the cursor to the right of a parenthesis can be done by
pressing the right arrow key.

3. Name and store each equation using the corresponding names, C, C1, C2, etc. given in the Investigations.
Press 'aa C @, fig. 3, then press the STO key. Notice that your equation and the name you stored it
under have disappeared from the stack. If you press VAR, you will see C on the menu, fig. 4.

4. Plot the reference equation and one of the transformed equations. Press GREEN PLOT, move the highlight
to TYPE: in the PLOT menu, press CHOOS, highlight CONIC from the pull down, menu, fig. 5, then press
OK. Highlight EQ: press CHOOS and CHK the functions you want graphed on the same set of axes, fig. 6.
Now press OK, fig. 7.

5. Press the menu keys under the ERASE and DRAW menu labels, then analyze the two graphs, fig. 8.

6. Repeat steps 4 and 5, always including the reference function and another transformed function until all pairs
have been analyzed.

7. Repeat steps 1 through 6 after each Investigation is completed.

RAD RAD ALG RAD
{ HOME } { HOME } { HOME }
K2+v%=40 3 3t 3
2 1z 'K2+Y2=4'|12
1 'Rh2+Y2=4"]|'C4 1
(rer ] | 1 WU [ [ [ T T Wlelce[ el [ [ I c [¢afcefci] | |
Fig. 1 Fig. 2 Fig. 3 Fig. 4

FUNCS IN ¢ ROME )1
- Eé Ix:§+I;2;"'1 - . T imaze e z=4" (..
NOE =472, 'S finoer: X WeVIEW:=6.5 6.5
C2: 1 3>~z |13 vew:-3.1 3.2 \M -\\
e —= ENTER FUNCTIONCS) TD PLOT
N S P13 (T Y T | T (s I s ) | | 5 I S 0 T
Fig. 6 Fig. 7 Fig. 8
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TOPIC: TRANSFORMATIONS

ACTIVITY 5..TRANSLATIONS OF CONICS

APPLICATIONS SECTION

INVESTIGATION 1: TRANSLATIONS OF CIRCLES

Reference Circle C: x> +)° =4
Coordinates of centerof Care ( , )

Ccl: (x-3)2+(y+2)* =4
Translation

Coordinates of center of C1 are ( ,

c2 (x+3)+(y-2)" =4
Translation

Coordinates of center of C2 are ( ,

C3: (x—-4)Y+(y-5)°=4
Translation

Coordinates of center of C3 are ( ,

C4: (x+3)>+(y+5)° =4
Predict Translation

Coordinates of center of C4 are ( ,

Cs: (x-h)’+(y-k)> =4
General Translation

Coordinates of center of C5 are ( ,

INVESTIGATION 2: TRANSLATIONS OF ELLIPSES

2 2
X

Reference Ellipse E: 3- + yT =1

Coordinates of centerof Eare ( , )

2 2
E1: (x-1) +(y D =1
9 4
Translation

Coordinates of center of E1 are (

2 2
E2: (x+2) +(y+3) -1
9 4

Translation

Coordinates of center of E2 are ( ,

2 2
E3: (x+3) +(y 4) =1
9 4

Predict Translation

Coordinates of center of E3 are ( ,

AY: AL
E4: (x h) + (y k) =1
9 4

General Translation

Coordinates of center of E4 are ( ,

HP 48G RESOURCE
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TOPIC: TRANSFORMATIONS

ACTIVITY S5... APPLICATIONS SECTION CONTINUED

INVESTIGATION 3: TRANSLATIONS OF PARABOLAS

Reference Parabola P: x* =1-y
Coordinates of vertexof Pare ( , )

Pl: (x-2)>=1-(y-2)
Translation Coordinates of vertex of Plare ( , )

P2: (x+3)2=1-(y+2)
Translation Coordinates of vertex of P2 are ( , )

P3: (x=-3)’=1-(y+1)
Prediction Coordinates of vertex of P3 are ( , )

P4: (x-h)Y’=1-(y-k)
General Translation Coordinates of vertex of P4 are (  , )

INVESTIGATION 4: TRANSLATIONS OF PARABOLAS CONTINUED

Reference Parabola P: y* =1-x
Coordinates of vertex of Pare ( , )

PL: (y-2)*=1-(x-2)
Translation Coordinates of vertex of Plare ( , )

P2: (y+3)=1-(x+2)
Translation Coordinates of vertex of P2 are ( , )

P3: (y=-3)*=1-(x+1)
Prediction Coordinates of vertex of P3 are ( , )

P4: (y—k): =1-(x—h)

General Translation Coordinates of vertex of P4 are ( , )
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TOPIC: TRANSFORMATIONS

ACTIVITY S... APPLICATIONS SECTION CONTINUED

INVESTIGATION S: TRANSLATIONS OF HYPERBOLAS

2 2

x )
Reference Hyperbola: H: — —=—=1

9 4
Coordinates of centerof Hare ( , )

2 2
g G0 0-DF
9 4
Translation Coordinates of center of Hl are ( , )

H2: (x+2)* _(y-f—3)2 -1

9 4
Translation Coordinates of center of H2 are ( , )
2 2
N € ) M €2k ) Y
9 4
Predict Translation Coordinates of center of H3 are ( , )
_ 2 _ 2
ae G=B -k
9 4
General Translation Coordinates of center of H4 are ( , )
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TOPIC: TRANSFORMATIONS

ACTIVITY 6..TRANSFORMATIONS WITH TRIGONOMETRIC FUNCTIONS

INSTRUCTIONAL SECTION

This activity explores transformations of the function y = sin(x). We will look at translations, stretching and
shrinking, and reflections. Use the "Basic Description" blanks to describe the graph of the reference function.
Use the "Transformation" blanks for writing the changes between the reference function and the transformed
functions. Use the "Prediction" blanks to predict the changes between the reference function and the transformed
functions. Then use the calculator to check your prediction. Use terminology such as vertical shift up or down,
horizontal shift left or right, and by how many units, increased or decreased slope, reflected over the x-axis, etc. to
illustrate the relative changes. The "Conjecture" blanks can be used for writing the general transformation that
will occur relative to the reference function. Students can challenge each other by writing their own function,
plotting it, and giving it to another student for a prediction of the actual equation that produced the graph.

DIRECTIONS FOR USING THE HP 48G:

1. Let's begin by purging unwanted objects from the HOME directory. Pressing the VAR key will display the
objects in the HOME directory on the menu labels. The fast way to purge is to create a list of unwanted objects
and then purge the list. Press PURPLE { then press the white menu keys under the menu labels of those
objects you want to purge, press ENTER then PURPLE PURGE.

2. Use the Equation Writer to key in the functions next to Reference, Transformation, and Prediction in an
Investigation. Example: Enter y = 3sin(x). PURPLE EQUATION a Y PURPLE =3 SIN o X, fig. 1,
now press ENTER, fig. 2

3. Name and store each function using the corresponding names, Y, Y1, Y2, etc. given in the Investigations.

Press ‘oot XMPL @, fig. 3, then press the STO key. Notice that your equation and the name you stored it
under have disappeared from the stack. If you press VAR, you will see XMPL on  the menu, fig. 4.

4. Plot the reference function and one of the transformed functions. Press GREEN PLOT, set the top of the
screen to FUNCTION and RADIAN mode, fig. 5, then press CHOOS and CHK the functions you want
graphed on the same set of axes, fig. 6. Now press OK, fig. 7.

5. Press the menu keys under the ERASE and DRAW menu labels, then analyze and note the differences and
similarities between the two graphs, fig. 8.

6. Repeat steps 4 and 5, always including the reference function and another transformed function until all pairs
have been analyzed.

7. Repeat steps 1 through 6 after each Investigation is completed.

RAD RAD ALG RAD

{ HOME } { HOME } { HOME }
¥=3.SIN(XD i 3 3

5: T y=3GINCR) | |3+

T y=3SINCR) || FipL it

.
:
jrec {1 1 1 1 Weerl 1 1 [ [ Jpleeel 1 1 [ §  Wlsecleee{ 1 [ [ ]

Fig. 1 Fig. 3 Fig. 4
'Lﬂfm v——— onenorpononecotoon ooy
TYPE: Funct ion £: Rad TYPE T : Rad A m
eo: [ = ee: [ . .
INDEP: ¥ H=VIEW: =6,5 6.5 INDE ) - . INDEP: X H=VIEW: =6.5 6.5 —t
~AUTOSCALE V-viEW:—3,1 3,2 || _su|udid Iy (LN _AUTOSCALE v-viEw: -3.1 3.2 ||7
ENTER FUNCTIONCS) TO PLOT BN T ENTER FUNCTIONCS) TO PLOT
[ecit [owoo:] —  Topvs Jernce[ckned |l [oHoos[vcHE[NEMW [ianic] ok JR[EwT Johons] — [opis [Eknse]okned|MLs00m ] v [TRRCE] FON | EGIT [inNiL]

Fig. 5 Fig. 6 Fig. 7 Fig. 8

Transformation_The graph of XMPL is vertically stretched by a factor of three relative to the reference function.
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TOPIC: TRANSFORMATIONS

ACTIVITY 6..TRANSFORMATIONS WITH TRIGONOMETRIC FUNCTIONS

APPLICATIONS SECTION

You will be analyzing the trigonometric function y = sin(x) in this activity. We will call this the reference
function. Any mathematical changes we make on this reference function will produce a graph that is different
from that of the reference function's. These changes will result in what is known as a transformation of the
reference function. Ultimately, you should be able to predict the shape and placement of the graph of any
transformed sin(x) function. These transformations generalize to the graphs of the functions y = cos(x),

y = sec(x), y = csc(x), and some transformations of the functions y = tan(x) and y = cot(x).

INVESTIGATION 1:

Reference: y=sin(x) Basic description

yl =2sin(x) Transformation

y2 =-1sin(x) Transformation

y3 =1sin(x) Transformation

3

y4 = -3sin(x) Prediction

y5 =4sin(x) Prediction

y6 = -1sin(x) Prediction

2

y7 =a-sin(x) Conjecture

INVESTIGATION 2:

Reference:  y =sin(x) Basic Description

yl =sin(x) + 1 Transformation

y2 = sin(x) - 2 Transformation

y3 =sin(x) + 3 Transformation

y4 = 2sin(x) - 1 Transformation

y5 = -3sin(x) + 1 Prediction

y6 = -1sin(x) - 2 Prediction
3

y7 =a-sin(x) +d Conjecture
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TOPIC: TRANSFORMATIONS

ACTIVITY 6...APPLICATIONS SECTION CONTINUED

Reference:  y = sin(x)
yl=sin(x-1)
y2 = sin(x + 3)
y3 =sin(x - 2)
y4 = sin(x + 2) -1
y5 =2sin(x -3) +2
y6 = -1sin(x +4) - 3

y7=a-sin(x-c)+d

Reference: y =sin(x)
y1 = sin(2x)

y2 = sin(1x)
2

y3 = sin(4x)

y4 = sin(-1x)

y5 = sin(-2x)

y6 = sin(bx)

y7 =3sin(2x) + 1

y8 =sin[2(x - 1)] + 3
y9 = 2sin[4(x + 3)] - 5

y10 = a-sin[b(x - ¢)] +d

HP 48G RESOURCE

INVESTIGATION 3:

Basic Description

Transformation

Transformation

Transformation

Transformation

Prediction

Prediction

Conjecture

INVESTIGATION 4:

Basic Description

Transformation

Transformation

Transformation

Transformation

Transformation

Conjecture

Transformation

Transformation

Prediction

Conjecture
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TOPIC: FUNCTIONS

ACTIVITY 1..ROOT FINDING OF POLYNOMIAL FUNCTIONS

INSTRUCTIONAL SECTION

This activity explores finding roots of polynomial functions using several different methods. The HP 48G can be
used in several different ways to find the zeros of polynomial functions. We will use the TRACE and (X,Y)
features to locate and view a zero, the FUNCTION and ROOT features, and the SOLVE environment. Functions
will progress from real roots to mixed complex and real roots.

DIRECTIONS FOR USING THE HP 48G:

1. Use the Equation Writer to key in a function. PURPLE EQUATON a Y PURPLE=a Xy*2V -4a x+
3 ENTER, Fig. 1.

2. Name and store the equation with the name suggested in 'ticks' next to each equation. ' e XMPL o STO,
fig. 2.

3. Plot the function. GREEN PLOT CHOOS , CHK (check) the function , then pressOK, ERASE, and
DRAW, fig. 3.

4. Use the TRACE and (x,y) features to find the roots. Press Trace from the menu bar, use left or right arrows to

trace along the graph, when crosshairs are on an x-intercept, press (X,Y), the ordered pair is displayed. Fig. 4
Press any white key to return the menu labels.

5. Use the FUNCTION and ROOT features to find the roots. Plot the function, press menu label FCN, then
press ROOT, the crosshairs should be on the root it was nearest when you pressed ROOT.
Activate the menu labels by pressing just about any key, arrow the crosshairs close to another root, and press
ROOT. Fig. 5

6. Use the SOLVE environment to find the roots. GREEN SOLVE, arrow to solve poly..., OK , enter
cocefficients of the polynomial in square brackets. PURPLE [1 SPC 4 + SPC 3 OK . Fig. 6. Press menu
label SOLVE, the roots are displayed, fig. 7. Press menu label SYMB , you won't see anything new on the
current screen, but the factored version and the roots will be on levels 1 and 2 of the stack respectively.
You can view them by either pressing NXT then menu label CALC, or by pressing ON twice. Fig. 8.

y=xZ-4%+30 %fﬁins } - [\v/ i\v/

'Y=R"2-4xK+3"
! 4
. 1 1 1 1 1 ﬂ)L-——-- [zoom i v JTence[ FON [ EmT [inNil | RESRY ¥:0
Figure 1 Figure 2 Figure 3 Figure 4
N i | o
ROOTS: nnErs} 43 3: Roots: [ 1 31
i NS L1z 2 TR=-1)%(K-3)]
[1 -4 3] ENTER RDOTS OR PRESS SULVE 1: [13]1]
ROOT: 1 [ N N AN (T AT | | T I O N ETTS TS | | I R I T T
Figure 5 Figure 6 Figure 7 Figure 8
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TOPIC: FUNCTIONS

ACTIVITY 1..ROOT FINDING OF POLYNOMIAL FUNCTIONS

APPLICATIONS SECTION
1. P1: y=x2+3x 2. P2: y=x2-x-2
Roots are: x = and x = Roots are: x = and x =
P1 factored is y = ( ¢ ) P2 factored is y = ( X )
3. P3: y==x2-2x+15 4. P4 y=x2-2
Roots are: x = and x = Roots are: x = and x =
P3 factored is y = ( X ) P4 factored is y = ( X )
5. P5: y=x3-2x2-5x+6 6. P6: y=x2+4
Rootsare: x=__andx=__andx=___ Roots are: x = and x =
P5 factored is y = ( X )¢ ) P6 factored is y = ( X )
7. P7:y=x2-4x+5 8. P8:y=x2-2x-1
Rootsare: x=__andx=___ Roots are: x = and x =
P7 factored is y = ( X ) P8 factored is y = ( X )
9. P9 y=x3-7x+6 10. P10: y=6x%+67x3 + 118x2 + 7x - 18
Rootsare: x=__ _andx=___ Rootsare: x=__, |  and ___
P9 factored is y = ( X X ) P10 factoredisy=( ) ) ) )
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TOPIC: FUNCTIONS

ACTIVITY 2..POLYNOMIAL MAX/MIN FINDING

INSTRUCTIONAL SECTION

The emphasis on this activity is to introduce the concepts of maximum and minimum points of a polynomial
function. We will present a few theoretical functions and find their maxima and minima, which will then be
followed by several problems with connections to the 'real' world. Use the TRACE feature to get the crosshairs on
what appears to be a maximum or a minimum, select the (X,Y) feature to note the ordered pair, then check your
hypothesis by selecting the FUNCTION and EXTREMA features.

DIRECTIONS FOR USING THE HP 48G:

1. Use the Equation Writer to key in a function. PURPLE EQUATION 0 Y PURPLE=a Xy*3V -7a X+
6 ENTER.

2. Name and store the equation with the name suggested in 'ticks' next to each equation. 'act XMPL aSTO
Figure 2. Note: after pressing STO, the function and the name you give it will disappear from the stack.

3. Plot the function. GREEN PLOT, from the menu labels press CHOOS then CHK (check) the fucntion,
fig. 3. From the menu labels, press OK, ERASE, then DRAW. Fig. 4.

4. Use the TRACE and (X,Y) features on the menu bar to find the maximum and minimum points; these are the
highest and lowest points respectively, along a turn of a graph. Fig. 5

5. A greater degree of accuracy can be found using the FUNCTION EXTREMA features. Get the crosshairs near
a max. or min. point using the arrow keys, from the menu labels, press FCN, then EXTR. The crosshair will
jump to the the point the calculator finds as the max. or min. point. Fig. 6. The data is automatically copied to
the stack, fig. 7, which you can access by pressing ON twice. Use the VIEW key to see the ordered pair with
better detail, fig. 8.

ALG

1 WOME } aar¥
Y=4>-7%+60 3
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Figure 1 Figure 2 Figure 3 Figure 4
/\% / m / { HOME } { HOME } PRa
3J:
2t
L 2|1z Extrm: tExtrm:
-37 I = |32 | L (-1.52752523165, 13..||(-1.52752523165, 13. 12..
#: =1.52E0 ¥: 1.31E1 EXTAM: (-1.52752523165.13.12845108: | | INETA IR A BIETS I I | | CHE AR BN (R ITED BEE
Figure 5 Figure 6 Figure 7 Figure 8
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TOPIC: FUNCTIONS

ACTIVITY 2..POLYNOMIAL MAX/MIN FINDING

APPLICATIONS SECTION

Polynomial Functions: Locating maximum and minimum points.

1. P1" y=2x3-x+2 2. P2 y=x3-3x2+3
Minimum: Minimum:
Maximum: Maximum:

3. P3: y=x2-2x+15 4. P4 y=x4-5x2+4
Minimum: Minimum:
Maximum: Maximum;

When a projectile is fired straight up, its height equation is given by y = 4.9 + Vot + Yo where y is measured in
meters, t is time in seconds, v, is initial velocity, and y, is initial height. This equation will yield ordered pairs
(ty); remember v, and y,, are constants, not variables. If you enter the functions on the calculator using t instead
of x, be sure to change the independent variable selection to t instead of x in the PLOT menu. Finally, the graph
this function produces is not the path the projectile takes, rather, it represents time vs distance from the ground.

5. 'P5": You shoot a rock from a sling shot straight up with an initial velocity of 10m/s, and let's say you fired the
the rock exactly 2 meters from the ground.

A) Write the height equation from this given.

B) Use the HP 48G to graph the function.

C) Use the HP 48G to find the maximum height the rock reaches during its flight.

D) At what time does the rock hit the ground?

E) Describe the real world interpretation of the y - intercept for this problem.
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TOPIC: FUNCTIONS

ACTIVITY 2...APPLICATIONS SECTION CONTINUED

6. 'P6": Suppose you fire a model rocket straight up. At the end of the burn of the rocket engine, we will start
counting time. At the end of the burn it has an upward velocity of 250m/s and is 37 m high.

A) Write the height equation from this given.

B) Use the HP 48G to graph this time-height function.
C) What is the maximum height the rocket attained?
D) At what time was maximum height attained?

E) How much time is required for the rocket to come back down and hit the ground?

7. 'P7": Your job is to build a rectangular pen using extactly 120m of fencing. There are infinitely many different
dimensions you could use, however there is exactly one set of length and width dimensions that will yield
maximum area in the pen.

A) Write an area function in terms of length and width. (hint: use one variable to
express length and width)

B) Use the HP 48G to graph the function.

C) Use the graph to interpret the maximum area and the corresponding length and
width dimensions. Length = Width =

D) What is the common geometric name for this rectangle of maximum area?

E) The x-intercepts represent zero area, why?

8. 'P8': An open box is to be made from a square piece of material by cutting 3 inch squares from each corner
and turning up the sides. You want the finished box to have a volume of 300 in3

A) Write a volume function in terms of the length, width, and height of the box.
B) Use the HP 48G to graph the function.
C) Use the graph, along with the trace feature to find a volume of 300 in.3 and the
corresponding length of the original piece of square material. Original
length including the three inch squares on the ends is .

D) If you want the finished box to have a volume of 192 in.3, what must the length
of the original piece of square material have been?
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TOPIC: FUNCTIONS

ACTIVITY 3...USING SLOPE OF LINES AND CURVES AS RATES

INSTRUCTIONAL SECTION

This activity explores finding rates of change in quantities using the slope of the curve at a given point. The
emphasis on this activity is to develop the concept of rates of change as they relate to the slope of a curve at a point
on the curve. We will start with lines and progress to non-linear functions. Problems are written to create
connections in the ‘'real' world. Slope of a line is defined as the change in vertical distance divided by the change
in the horizontal distance between two points on the line. Suppose we have a graph showing time -vs- distance,
1.e. time on the horizontal axis, and distance on the vertical axis. Now, if we include the units when we calculate
slope, the result is a ratio of distance to time which is a rate of speed quantity. Hence, slope is valuable for
determining rates of changing quantities. To determine the slope of a curve at a given point on the curve, we must
do so by considering the slope of the tangent line to the curve at the given point. The HP 48G has a very handy
feature for determining the slope of a curve at a given point in the FUNCTION sub-menu.

DIRECTIONS FOR USING THE HP 48G:

1. Use the Equation Writer to key in a function. PURPLE EQUATION o D PURPLE = 2.6 0. T ENTER,
fig. 1.

2. Name and store the equation with the name suggested in 'ticks' next to each equation. ' c0’XMPL o STO,
fig. 2.

3. Plot the function. GREEN PLOT, from the menu labels, press CHOOS, then CHK (check) the function,

fig. 3. Press OK, then arrow down to INDEP: X and change to the independent variable used in the function,

fig. 4. Now press ERASE, then DRAW from the menu labels. Zoom appropriately. Figure 5

From the menu labels, press TRACE to lock the crosshairs on to the graph, then FCN then SLOPE, fig. 7

6. If we wanted to know the slope of curve at a particular point on the curve, press TRACE, (X,Y), left or
right Arrow until the ordered pair shows the coordinates you want, press FCN, then SLOPE from the menu
labels, fig. 8.

b
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TOPIC: FUNCTIONS

ACTIVITY 3...USING SLOPE OF LINES AND CURVES AS RATES

APPLICATIONS SECTION
1. 'P1' You have started to sell some software you recently wrote, and you sell each application for $49. It costs
you $3 to produce each application, and the original time required to develop the software cost you
$4,000. An income equation for your business is I =46A - 4000, where I is income and A is number of
applications sold.
A) Graph this function on the HP 48 G, zoom appropriately.
B) Find the slope of the line you have graphed.
C) What is your rate of earnings according to this model?

D) How many copies must you sell to break even?

E) Does your rate of earnings ever increase in this model? Why or Why not?

When a projectile is fired straight up, its height equation is given by h = 4912 + Vot + hy where h is measured in
meters, t is time in seconds, v, is initial velocity, and h, is initial height. This equation will yield ordered pairs
(t,h); remember v,, and h, are constants, not variables. If you enter the functions on the calculator using t instead
of x, be sure to change the independent variable selection to t instead of x in the Plot menu. Finally, the graph this
function produces is not the path the projectile takes, rather it represents time -vs- height from the ground.

Notice that the slope calculation, Ah/At, has units in meters / seconds, a speed or velocity quantity. Hence, again

this simple slope calculation (on the calculator) can provide powerful information about the object's speed at any
time during its flight.

2. 'P2' You shoot a rock from a sling shot straight up with an initial velocity of 10m/s, and let's say you fired the
rock exactly 2 meters from the ground.
A) Write the height equation from this given.
B) Use the HP 48 G to graph the function.
C) What is the speed of the rock at one second into its flight?

D) What is the speed of the rock at 1.6 seconds into its flight. Why is this quantity negative?

E) The speed of the rock is approximately 7 m/s at what time during its flight?
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TOPIC: FUNCTIONS

ACTIVITY 3...APPLICATIONS SECTION CONTINUED

3. 'P3": Suppose you fire a model rocket straight up. At the end of the burn of the rocket engine, we will start
counting time. At the end of the burn it has an upward velocity of 250m/s and is 37 m high.
A) Write the height equation from this given.
B) Use the HP 48 G to graph this time-height function.
C) What is the speed at approximately 10 seconds into the flight?

D) What is the speed when the rocket is approximately 3000 m in the air?

E) What is the speed of the rocket at the instant it hits the ground?

4. 'P4' A particle moves about the Cartesian plane according to the equation y = x3 - 7x + 6. Enter and graph

this motion function with the H-VIEW set to 0 on the left and 5 on the right, see figure below. Check
AUTOSCALE, then press ERASE and DRAW.

: Function <:Deg
ER: ' Y=KA3-7EXA2+10%..
INDEP: X H-VIEW: B 5
WAUTOSCALE Y-VIEW: Aut o

AUTOSCALE VERTICAL PLOT RANGE?
I N T T T [T

A) What is the speed of the particle at (.5, 3.375)?
B) What is the speed when the particle intersects the x-axis at x = 27
C) What is the speed of the particle at y = -5.625?

D) What are the coordinates on the points where the particle comes to rest for an
instant of time?
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TOPIC: FUNCTIONS

ACTIVITY 4...CONICS AS COMBINATIONS OF FUNCTIONS

INSTRUCTIONAL SECTION

This acitivity will guide students through breaking conic equations down into functions and graphing the two
functions simultaneously to complete the graph. The HP 48G does have a conic mode for graphing conics directly,
however, the emphasis of this activity is to understand how conic equations implicity define two, (or more),
functions. The calculator will be used to find the principal function y, in terms of x, the user will negate a copy of
function y. For example, a circle can be thought of as a combination of two semi-circles; one function can
represent the upper semi-circle, and the other can represent the lower semi-circle. Finally, the calculator will be
used to graph both fucntions y and -y simultaneously to complete the graph of the original conic equation. It
should be noted that in general, conic equations are not functions in and of themselves.

DIRECTIONS FOR USING THE HP 48G:

1. Use the Equation Writer to key in the equation of each conic section. PURPLE EQUATION a X yX2 V+a

Y y* 2 VPURPLE = 4 ENTER, fig. 1.

Name and store the equation with the name suggested in 'ticks' next to each equation. ' *0tCIRCL o STO,

fig. 2.

Get into the Symbolic Environment, GREEN SYMBOLIC.

Select Isolate var... from the menu using the down arrow, then press OK from the menu label, fig. 3.

When the highlight is on EXPR:, select CHOOS from the menu label.

Highlight desired equation, then press OK from the menu label, fig.4.

Enter the variable you wish to isolate in the VAR: line on the menu, move the highlight to VAR: and press

a Y, then OK from the menu label, fig. 5.

8. Highlight and CHK (check) PRINCIPAL, fig. 6.

9. Press OK from the menu label.

10. The variable should now be isolated; the result is transfered to the first level of the Stack, fig. 7.

11. Make a second copy of this function by pressing the ENTER key.

12. Name and store the function on level 1 of the stack, ' *c0SMCUP o STO {Abbreviation for semi-cirlce up}

13. Negate the right hand member of the remaining function on the stack . PURPLE EDIT right arrow three
times —1 x ENTER.

14. Name and store the function on level 1 of the stack, 'SMCDN!', { Abbreviation for semi-circle down}, see

instruction #12.
15. Plot the two fucntions 'SMCUP' and 'SMCDN' simultaneously. GREEN PLOT, set the PLOT TYPE to

Function; from the menu labels press: CHOOS , CHK (check) the functions 'SMCUP' and 'SMCDN' , press
OK, then ERASE, then DRAW, fig. 8.
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TOPIC: FUNCTIONS

ACTIVITY 4...CONICS AS COMBINATIONS OF FUNCTIONS

APPLICATIONS SECTION

INVESTIGATION WITH CIRCLES.
Equation 1: x2+y2=9
Solve the equation for y either by hand or using the calculator (see directions 1-14).
y=_____ and y=
Using the calculator, graph the two functions you found above to varify that taken
together, the functions' graphs create that of the circle (see direction #15).
Equation 2: x2+y2 =16
Solve the equation for y either by hand or using the calculator (see directions 1-14).
y=___ and y=

Using the calculator, graph the two functions you found above to varify that taken
together, the functions' graphs create that of the circle (see direction #15).

INVESTIGATION WITH ELLIPSES.

Equationl: 52 +y2 =1
16 4

Solve the equation for y either by hand or using the calculator (see directions 1-14).
y= - and y=

Using the calculator, graph the two functions you found above to varify that taken
together, the functions' graphs create that of the ellipse (see direction #15).

Equation 2: x2 +12 =1
9 16
Solve the equation for y either by hand or using the calculator (see directions 1-14).
y= - and y=

Using the calculator, graph the two functions you found above to varify that taken
together, the functions' graphs create that of the ellipse (see direction #15).
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TOPIC: FUNCTIONS

ACTIVITY 4..INSTRUCTIONAL SECTION CONTINUED

INVESTIGATION WITH PARABOLAS.
Equation 1: y2 =2x
Solve the equation for y either by hand or using the calculator (see directions 1-14).
y=_______ and y=
Using the calculator, graph the two functions you found above to varify that taken
together, the functions' graphs create that of the parabola's (see direction #15).
Equation 2: (v -3)2 =-1(x +2)
Solve the equation for y either by hand or using the calculator (see directions 1-14).
y= and y=
Using the calculator, graph the two functions you found above to varify that taken
together, the functions' graphs create that of the parabola's (see direction #15).
INVESTIGATION WITH HYPERBOLAS.

Equation 1: 52 _!2 =1
9 4

Solve the equation for y either by hand or using the calculator (see directions 1-14).

Using the calculator, graph the two functions you found above to varify that taken
together, the functions' graphs create that of the hyperbola's (see direction #15).

Equation 2: (x- 1)2 -(y- 12=1
12 3
Solve the equation for y either by hand or using the calculator (see directions 1-14).

Using the calculator, graph the two functions you found above to varify that taken
together, the functions' graphs create that of the hyperbola's (see direction #15).
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TOPIC: SYSTEMS OF LINEAR EQUATIONS

ACTIVITY 1..GRAPHICAL SOLUTIONS TO LINEAR SYSTEMS

INSTRUCTIONAL SECTION

This activity explores the graphing environment for finding solutions to systems of linear equations. We will keep
this activity limited to systems of two equations in two variables. The graphical solution method is the most
concrete of the many methods for solving two equations in two unknowns. While the graphical method is the most
time consuming of all the methods, it is well worth the time invested; students will have a firm grasp of the
concept of "solution to a system". The Applications Section will begin with four theoretical systems of equations
so students can get used to using the calculator as well as the general set up for systems of equations. The
Applications Section will then finish with 'one real world' analysis problem.

DIRECTIONS FOR USING THE HP 48G:

1. Convert all linear equations to functions of the form y = function of x. This way you can graph the equations in
the function mode, thus giving you access to all its features.

2. Enter the first equation using the Equation Writer. PURPLE EQUATION a Y PURPLE=-a X + 4,
fig. 1, ENTER.

3. Name and store this linear function. 't Y1, fig. 2, STO. Note: The object and variable you stored the object
under should disappear from the screen.

4. Enter, name and store the second linear function: y =x - 2 following directions 2 and 3 above.

5. Plot functions Y1 and Y2. GREEN PLOT, from the menu labels press CHOOS, then CHK (check) the
functions Y1 and Y2 from the menu, fig. 3, now press OK, then ERASE and DRAW, fig. 4.

6. When zoomed so that the intersection is visible, find the coordinates of the intersection between the two
functions. Press FCN, then ISECT from the menu labels, fig. 5. You can bring the menu labels back by
pressing any of the white keys. To return to the main menu labels for the 'PICTURE', press NXT, then from
the menu labels press PICT, fig. 6.
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TOPIC: SYSTEMS OF LINEAR EQUATIONS

ACTIVITY 1...GRAPHICAL SOLUTIONS TO LINEAR SYSTEMS

APPLICATIONS SECTION

System 1: y=2x+1 System 2: 2x—-y =4

y=—-x-2 S5x-y=13
Solution: (x,y) = (_,_) Solution: (x,y) = (_,__)

1 67

System 3: y=-—~3—x—1 System 4: y=?x+235

yz_%x_é y=-;§x+300
Solution: (x,y) = (_,__) Solution: (x,y) = (_,__)

System S: Car Purchase Problem.

You are buying a new car. You have narrowed your choices to two.

Car 1: Price $4,700 Car2: Price $5,995
Mileage: 23 miles per gallon. Mileage: 35 miles per gallon.
Current price gasoline: $1.22 per gallon. Current price gasoline: $1.22 per gallon.

Car 1 costs less than car 2 initially, but gets worse gas mileage. Car 2 costs more than car 1 initially, but gets
better gas mileage. Before buying either car, you would like to analyze this information so you can make an
educated decision about which to buy. It seems reasonable given the price relationships for costs of both autos and
their respective gas mileage that after driving a certain number of miles both vehicles will cost you the same
amount of money overall. After that point, you will spend more on car 1 than on car 2 since its gas mileage is less
than that of car 2.

A) Write an equation relating current total costs vs miles driven for each car. Assume the price of gasoline
will remain constant for this analysis.

B) Graph each of these equations on the HP 48G. Note: The AUTOSCALE feature of the HP 48G is very
helpful in these situations where zooming out by factors of hundreds or even thousands becomes a
hit-and-miss game. The key to successful use of the autoscaler is entering a good estimate for the lower
and upper bounds of the horizontal axis. Once chosen, the autoscaler determines the vertical range that
will produce the best graph. You know you will drive a car more, but not less than zero
miles, and you might assume you can drive either car 100,000 miles, so these may be good upper and
lower bounds to try in H-VIEW in the PLOT menu. Then check AUTOSCALE before pressing ERASE
and DRAW.

C) How many miles must you drive either car to pay the same amount in total costs?

D) Assuming you will drive either car less than 70,000 miles, which car would you buy assuming you want to
keep costs at a minimum?
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TOPIC: SYSTEMS OF LINEAR EQUATIONS

ACTIVITY 2..CRAMER'S RULE

INSTRUCTIONAL SECTION

This activity explores Cramer's Rule for finding solutions to systems of linear equations on the HP 48G. Cramer's
Rule uses determinants of matrices to arrive at solutions. The process can be extremely time consuming if done
with pencil and paper only, especially if the system is larger than a 3x3. The benefit in using the calculator for this
application is in its time saving capacity. We encourage the set up of each determinant on paper before transfering
them to the calculator. Storing and naming each determinant with a descriptive name will help with the
organization of this process.

DIRECTIONS FOR USING THE HP 48G:

1. Cramer's Rule: If a system of n linear equations in n variables has a coefficient matrix with a nonzero
determinant IAI then the solution to the system is given by

A
|4l 4]
where the ith column of A; is the column of constants in the system of equations.

2x,—-x, =4
Example: System: Sy —x. =13
1 2 =
. 2 -1 4 -1 2 4
Matrix form: |4| = , |4,|= ) |4,|=
5 -1 13 -1 5 13
A
Cramer's Rule yields: xl—m=§=3, xzzﬁzg_-:Z

2. Enter matrix A in the Matrix Writer. GREEN MATRIX 2 ENTER 1 +/- ENTER, arrow to cell 2,1 by
pushing the down arrow one time. In the Matrix Writer, the new location of the highlight after pushing
ENTER is determined by GO— and GOY menu label items. The directions above apply when the GO—>
menu label has the white bullet next to it, fig. 1. Now press S ENTER 1 +/- ENTER ENTER, fig. 2.

3. Calculate, name, and store the determinant of this matrix. Press MTH, menu labels MATR then NORM,
NXT, and finally, menu label DET , fig. 3, oo A STO.

4. Enter, calculate, name and store the determinants of matrices A and A, following directions 2 and 3 above.
Store the determinants with their corresponding names Al and A,.

5. Calculate the value for x;. Press VAR, press Al then A from the menu labels, press + | fig. 4.

{ HOME } { HOME } { HOME )}
3: 4: 4:
2t 3: 3:
: Y] ol 3| 3
mnmm |11 1 [ [ JJleeNe]cer Tremcel [ [rinTe] IEI!“----
Fig. 1 Fig. 2 Fig. 3 Fig. 4
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TOPIC: SYSTEMS OF LINEAR EQUATIONS

ACTIVITY 2..CRAMER'S RULE

APPLICATIONS SECTION
S5x; +8x, =1 -2x, +4x, =3
System 1: System 2:
3x,+7x, =5 6x, +-14x, =2
2x, —2x, +4x;, = -6 3x,—x, +2x, =1
System 3: x, +2x, +3x, =4 System 4: x, —x, +2x, =3
-2x,-x,-x, =3 —2x,+3x, +x, =1
X, —2x,—x;—2x, =1 X, —2x,-x,-2x, =1
3x,-5x, -2x, -3x, =-2 3x, —5x, —2x,-3x, =-2
System 5: ' 2 } ¢ System 6: : g ’ ¢
2x, -5x,-2x,-5x, =0 2x, —5x,-2x,-5x,=0
-x, +4x, +4x, +11x, = -3 -x, +4x, +4x, +11x, = -3
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TOPIC: SYSTEMS OF LINEAR EQUATIONS

ACTIVITY 3...SOLUTIONS USING INVERSE OF A MATRIX

INSTRUCTIONAL SECTION

This activity explores using inverses of matrices for finding solutions to systems of linear equations. The process
of finding the solution to a linear system of n equations and n variables can be extremely time consuming if done
with pencil and paper, especially if the system is equal to or larger than a 3x3. The benefit in using the HP 48G
calculator for this application is in its time saving capacity. We encourage the set up of the matrix equation on
paper before transferring the matrix of coefficients and constants to the calculator.

DIRECTIONS FOR USING THE HP 48G:

2x,-x, =4
1. Example: System:
Sx,—x, =13
) 2 1| x, 4
Equivalent Matrix Equation: = or Ax=B
5 -1 x, 13

A b ¢ B
The solution is found by /eft multiplying both sides of the above matrix equation by Al read A inverse.
Thatis: A-l-A-x = A"1.B, which yields: Ix=A-1-B, therefore: x=A"1-B.

2. Enter, name, and store matrix A. GREEN MATRIX 2 ENTER 1 +/- ENTER, arrow to cell 2,1 by pushing the
down arrow one time. In the Matrix Writer, the new location of the highlight after pushing ENTER is
determined by the GO—> and GOY menu labels. The directions above apply when the GO—> menu label has
the white bullet next to it, fig. 1. Now press S ENTER1 +/- ENTER ENTER, fig. 2. Finally, press 0 A
STO.

3. Enter, name, and store matrix B by following the directions above.

4. Solve the system. Press VAR, menu label A, press 1/x, fig. 3, (This is A'l), press menu label B, now press X,
(multiply), fig. 4. This is the solution matrix.

1.2 -2-i_-_-:l
- { HOME }
3:
2
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Fig. 3 Fig. 4
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TOPIC: SYSTEMS OF LINEAR EQUATIONS

ACTIVITY 3..SOLUTIONS USING INVERSE OF A MATRIX

APPLICATIONS SECTION
Sx, +8x, =1 —2x,+4x, =3
System 1: System 2:
3x,+7x, =5 6x, +—14x, =2
2x, —2x, +4x; =6 3x,—-x, +2x, =1
System 3: x, +2x, +3x, =4 System 4: x, —x, +2x, =3
-2x,-x,-x,=3 —2x,+3x,+x, =1
X, —-2x,-x;-2x, =1 X, —2x,-x,-2x, =1
3x, -5x, -2x,-3x, =-2 3x, -5x, -2x,-3x, = -2
System 5: _ ' 2 ’ ¢ System 6: “ 27 %
2x, —5x,-2x,-5x,=0 2x, —5x, —2x,-5x, =0
=X, +4x, +4x; +11x, = -3 -x, +4x, +4x;, +11x, = -3
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TOPIC: SYSTEMS OF LINEAR EQUATIONS

ACTIVITY 4..SOLUTIONS USING HP 48G SOLVE ENVIRONMENT

INSTRUCTIONAL SECTION

This activity uses the HP 48G's SOLVE Environment for solving systems of linear equations. The process of
finding the solution to a linear system of n equations and n variables can be extremely time consuming if done with
pencil and paper, especially if the system is equal to or larger than a 3x3. The benefit in using the calculator for
this application is in its time saving capacity. We encourage the set up of the matrix equation on paper before
transferring the matrix of coefficients and constants to the calculator.

DIRECTIONS FOR USING THE HP 48G:

2x,-x,=4
1. Example: System:
5%, —-x, =13
2 -1§ x, 4
Equivalent Matrix Equation: = or Ax=B
5 -1 x, 13

A X B

2. Enter, name, and store matrix A. GREEN MATRIX 2 ENTER 1 +/- ENTER, arrow to cell 2,1 by pushing the

down arrow one time. In the Matrix Writer, the new location of the highlight after pushing ENTER is

determined by the GO—> and GOY menu labels. The directions above apply when the GO—> menu label has

the white bullet next to it, fig. 1. Now press S ENTER1 +/- ENTER ENTER, fig. 2. Finally, pressa A

STO.

Enter, name, and store matrix B by following the directions above.

Solve the system. GREEN SOLVE, highlight Solve lin sys... fig. 1, press menu label OK, fig. 2. Press menu

label CHOOS , highlight A:, fig. 3, and press OK, fig. 4. Press the down arrow to highlight B: and press

CHOOS , highlight B: and press OK, fig. 5. Highlight x: and press menu label SOLVE , fig. 6. This is the

solution matrix.

5. Matrices A and B can be directly entered by pressing EDIT from the menu bar when in the SOLVE SYSTEM
menu. This method is slightly faster, but matrices A and B will not be stored in memory.

halihed

- SOLYE SYSTEM A-¥=B3
tuniSolve equation.| || [
4: |Solve diff eq. B
J: |Solve poly. %
25 Solve finance.
1t ENTER COEFFICIENTS MATRIX A EN TE ———
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Fig. 1 Fig. 2 Fig. 3
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HP 48G RESOURCE 38



TOPIC: SYSTEMS OF LINEAR EQUATIONS

ACTIVITY 4..SOLUTIONS USING HP 48G SOLVE ENVIRONMENT

APPLICATIONS SECTION
5x, +8x, =1 -2x, +4x, =3
System 1: System 2:
3x,+7x, =5 6x, +-14x, =2
2x, -2x, +4x;, =-6 3x, —x, +2x; =1
System 3: x, +2x, +3x, =4 System 4: x, —x, +2x, =3
-2x,—X,— X, =3 =2x,+3x, +x; =1
X, —2x,—-x;—-2x, =1 X, —2x,—-x;—-2x, =1
3x, —5x, -2x,-3x,=-2 3x, —-5x, —2x, -3x, = -2
System 5: 2 : ¢ System 6: ! : : ¢
2x, -5x,-2x,-5x,=0 2x, —5x, —2x,-5x, =0
-x, +4x, +4x; +11x, =-3 -x, +4x, +4x, +11x, =-3
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TOPIC: MATRICES

ACTIVITY 1..MATRIX ADDITION AND SCALAR MULTIPLICATION

INSTRUCTIONAL SECTION

This activity explores the use of matrices for organizing data, and for manipulating this data, with emphasis on
addition of matrices and multiplication by scalars. Students will need to know common characteristics of matrices,
especially the dimension naming system, entry naming system, and labeling the rows and columns of a matrix.
Students are encouraged to set up each matrix and enter the values using pencil and paper, as well as formulating
and writing descriptive row and column labels. The solutions will usually be in the form of a matrix, so we have
included a solution matrix with blank entries. After students find solutions on the calculator, the blanks may be
filled in. The HP 48G calculator will play the role of the 'number cruncher' in this activity, it should not be a
substitute for the organization and presentation of the problems and solutions.

DIRECTIONS FOR USING THE HP 48G:

1. ENTER a matrix using the Matrix Writer. GREEN MATRIX 2 ENTER 3 ENTER 4 ENTER down arrow 7
ENTER 14 ENTER 25 ENTER 14 +/- ENTER 0 ENTER 30 ENTER, fig. 1.
2. Enter this 3x3 matrix from the Equation Writer to the stack by pressing ENTER, fig. 2.

w

X. VAR, press menu label M, press 5, fig. 4, now press X, fig. 5.

“w

Name and store this new matrix under the name 'N', ' o N STO.
Add matrices M and N. Two ways to do this:

Name and store this 3x3 matrix. ' o0 M STO, fig. 3. After pressing STO, the object you stored will disappear.
Multiply matrix M by the scalar 5 by getting a copy of M on the first level of the stack, entering 5, and pressing

A. Press VAR, then from the menu labels press M and then N, fig. 6, now press +, fig. 7.
B. Press 'M + N ENTER, fig. 8, then press EVAL, fig. 7.
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TOPIC: MATRICES

ACTIVITY 1..MATRIX ADDITION AND SCALAR MULTIPLICATION

APPLICATIONS SECTION
Problem 1: The recycling program

Your school is running a recycling program. Recycled items are white paper (W), colored paper (C), and printer
paper (P). Each quarter the weight of each recycled paper type is recorded individually for the Math / Science (M),
Business (B), and Language Arts (L) departments. Below is the data for the first quarter of the school year.

Math / Science: white - 312 Ibs; colored - 96 Ibs; computer - 17 Ibs.

Business: white - 275 Ibs; colored - 71 Ibs; computer -73 Ibs.
Language Arts: white - 417 1bs; colored - 63 Ibs; computer - 27 lbs.

A) Represent the recycled products in matrix Q below.

w C P

B) ENTER, name, and store Q on the HP 48G

C) If the rate of recycling remains the same all year, use matrix multiplication by a scalar on your calculator to
predict the total weight of each recycled item for each department at the end of the fourth quarter. Name and
store this matrix of totals as "Y'. Write the predicted totals in matrix Y below. Use labeling that is consistent
with matrix Q above.

D) If the rate of recycling remains about the same for the four years you spend in high school, use matrix
multiplication by a scalar on your calculator to determine the predicted weight of recycled items after four years
for each department. Write the expected grand totals for four years in matrix F below.
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TOPIC: MATRICES

ACTIVITY 1..APPLICATIONS SECTION CONTINUED

Problem 2: School sports win - loss records.
Three sports that both boys and girls participate in are soccer, basketball, and track. Below is a listing of the win -
loss records for both boys' and girls' programs.

Girls soccer: won - 12; lost - 2 Boys soccer: won - 8; lost - 6
Girls basketball: won-12; lost - 10 Boys basketball: won - 14; lost - 8
Girls track: won -3; lost-5 Boys track: won - 4; lost 4

A) Represent both sets of data with matrices. Let G be the girls' and B be the boys'.

G= B:

B) ENTER G an_d_B on the calculator, name and store them.

C) Calculate the matrix representing the records of the girls and boys together. Call this matrix T.

D) In which sport did the school do the best overall? Explain the criterion you used to determine 'the best'
overall record.

Problem 3: The Bookstore Problem?

The Campus Bookstore's inventory of books consists of the following quantities:
Hard cover: textbooks - 5280; fiction - 1680; nonfiction - 2320; reference - 1890
Paperback: textbooks - 1940; fiction - 2810; nonfiction - 1490; reference - 2070

The College Bookstore's inventory of books consists of the following quantities:
Hard cover: textbooks - 6340; fiction - 2220; nonfiction - 1790; reference - 1980
Paperback: textbooks - 2050; fiction - 3100; nonfiction - 1720; reference - 2710

A) Represent the inventory of the Campus Bookstore as a matrix. ENTER, name and store S on the calculator.

S=

B) Represent the invent-ory of the Colle-ge Bookstore as a matrix. ENTER, name and store E on the calculator.

E =

1 New Topics for Secondary School Mathematics, Material and Software: Matrices. 2.1 Exercise 1, page S. NCTM, 1988.
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TOPIC: MATRICES

ACTIVITY 1..APPLICATIONS SECTION CONTINUED

C) Use matrix algebra on the calculator to determine the total inventory of a new company formed by the merger
of the College Bookstore and the Campus Bookstore.

Problem 4: The Lucrative Bank problem?

The Lucrative Bank has three branches in Durham: Northgate (N), Downtown (D), and South Square (S). Matrix
A shows the number of accounts of each type--checking (c), savings (s), and market (m) -- at each branch office on
January 1. c S m

N|[40039 10135 512
A=D| 15231 8751 105
§125612 12187 97

Matrix B shows the number of accounts of each type at each branch that were opened during the first quarter, and
Matrix C shows the number of accounts closed during the first quarter.

c s m c s m

N|5209 2506 48 N|2780 1100 32
B=D|1224 405 17 C=D| 565 189 25
§12055 771 21 S| 84 235 14

A) Calculate the matrix representing the number of accounts of each type at each location at the end of the first
quarter. Let's call this matrix F.
c s m

N
F=D|_ _
S

B) The sudden closing of a large textile plant has led bank analysts to estimate that all accounts will decline in
number by 7% during the second quarter. Calculate a matrix that represents the anticipated number of each
type of account at each branch at the end of the second quarter. Assume that fractions of accounts are rounded
to integer values. Use matrix F for the end of the second quarter before the 7% decline. Call the new matrix S.

c s m

N
S=D| _
S

2 New Topics for Secondary School Mathematics, Material and Software: Matrices. 2.1 Exercise 2, page 5. NCTM, 1988.
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TOPIC: MATRICES

ACTIVITY 1..APPLICATIONS SECTION CONTINUED

C) The bank president announces that the Lucrative Bank will merge with the Me. D. Okra Bank, which has
branches in the same locations as those of the Lucrative Bank. The accounts at each branch of the Me. D.
Okra Bank on January 1 are: c 3 m

N|1345 2531 52
M=D]| 783 1987 137
§12106 3765 813

Calculate the total number of accounts of each type at each branch of the bank formed by the merger of the two
banks. Use the January 1 figures and assume that the accounts stay at their current branch offices. Call this
matrix T. c s m

N __ __ __
T=D| _
S
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TOPIC: MATRICES

ACTIVITY 2..MATRIX MULTIPLICATION

INSTRUCTIONAL SECTION

This activity explores the use of matrices for organizing data and for manipulating this data, with emphasis on
multiplication of matrices. Students will need to know common characteristics of matrices, especially the
dimension naming system, entry naming system, and labeling the rows and columns of a matrix. It would be
optimal if students already had some experience multiplying matrices. This activity helps to make the matrix
multiplication process applicable to 'real world' situations. The HP 48G calculator will primarily be used for
‘number crunching' in this activity; it should not be a substitute for the organization and presentation of the
problems and solutions.

DIRECTIONS FOR USING THE HP 48G:

1. ENTER a matrix using the Matrix Writer. GREEN MATRIX 2 ENTER 3 ENTER 4 ENTER down arrow 7
ENTER 14 ENTER 25 ENTER 14 +/- ENTER 0 ENTER 30 ENTER, fig. 1.
2. ENTER this 3x3 matrix on the stack. ENTER, fig. 2.

3. Name and store this 3x3 matrix. ' o M STO, fig. 3. After pressing STO, the object you stored will disappear.
4. ENTER, name, and store matrix N below following directions 1 and 2 from above.
32
N=|-8
47

5. Multiply Matrices M and N. Press VAR, press M, then N from the menu labels, press multiply, X. fig. 4.
6. Try multiplying N by M, in this order. What happened and why?

1 HOME }
2
1: [[ 23 4]
[ 714 25 ]
[ -14 8 38 1]
| ECIT | VEC @] <HID [HID+ |50+ ] 504 | | F 1| # | W | T [MEFD
fig. 1 fig. 2
ALG
{ HOME } _ 1 HOME }
1: [[ 23 4] 2t
[ 7 14 25 1: [[ 228 1]
[ -14 8 38 1] [ 1287_]
M4 [ 962 1]
| F | M1 | % [ W | T |rMEFD] | N |+ [sPR] o | F [HMEFD]
fig. 3 fig. 4
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TOPIC: MATRICES

ACTIVITY 2..MATRIX MULTIPLICATION

APPLICATIONS SECTION

Problem 1: The recycling program: Estimating the number of recycled sheets of paper.

Your school is running a recycling program. Recycled items are white paper (W), colored paper (C), and printer
paper (P). Each quarter the weight of each recycled paper type is recorded individually for the Math / Science (
M), Business (B), and Language Arts (L) departments. Below is the data for the first quarter of the school year.

Math / Science: white - 312 Ibs; colored - 96 lbs; computer - 17 Ibs.
Business: white - 275 Ibs; colored - 71 lbs; computer -73 Ibs.
Language Arts: white - 417 lbs; colored - 63 Ibs; computer - 27 Ibs.

White paper: 120 sheets/Ib.
Colored paper: 110 sheets/Ib.
Printer paper: 90 sheets/Ib.

Matrix R represents the recycled products in pounds for quarter 1. Notice that the labeling system of matrix R
shows department by paper type. Matrix S represents the number of sheets per pound for each paper type. Matrix
S labels are paper type by sheets per pound. ENTER, name, and store R and S on the HP 48G.

w C P sheets/Ib.
M|312 9% 17 w1120
R=B|[275 71 73 s= C|110
L|{417 63 27 P| 90

Using the information from matrices R and S, we can find the number of recycled sheets manually. For example,
the number of sheets recycled by the Math/Science departments is:

(312 Ibs. x 120 sheets/Ib.) + (96 Ibs. x 110 sheets/Ib.) + (17 Ibs. x 90 sheets/Ib.) = 49,530 sheets.

A similar operation can be done to find the number of recycled sheets for the other two departments, however,
matrix multiplication lends itself to this very sort of calculation. Note that if the row and column labels are lined
out such as (department x paper type) X (paper type x sheets/Ib), the inside labels are the same, and the outside
labels are the row and column labels respectively for the solution matrix. These facts will always hold for matrix
multiplication, so in future problems with matrices let the row and column labels be a problem solving source for
you. This issue is especially important because the order of multiplication does make a difference, i.e. matrix
multiplication is not commutative. From the menu bar after pressing VAR, press R and S, perform this
multiplication operation by simply pressing the multiplication key (X). Your solution matrix should now be
displayed.

A) Fill in the solution matrix below on the right.

W C P sheets/lb. sheets
M|312 96 17 w120 M| ...
B|275 71 73| x C{110 = B....

L1417 63 27 P| 90 Li....

B) Adjust the above matrix equation so the solution matrix reflects all four quarters of recycling. Assume the
quarterly amounts are the same for this problem.

C) Adjust the above matrix equation so the solution matrix reflects four years, (your stay in high school), of
recycling. Again, you may assume the recycling rates remain constant for the four years.
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TOPIC: MATRICES

ACTIVITY 2..APPLICATIONS SECTION CONTINUED

You may want to follow the discussion below using your calculator to verify the results. Note: the HP 48G

will do matrix algebra on matrix objects only. The matrix [1 1 1] will not be interpreted as a matrix on the
calculator, it will be interpreted as a vector instead. To make the calculator interpret this as a matrix, get
into the Matrix Writer, and from the menu labels press VEC 0. That menu label should now read VEC.
Matrices other than single row matrices will not require clearing the bullet next to VEC.

D)

E)

G

Suppose we are interested in adding all the entries in each row or each column of a matrix. Let A be
an m x n matrix; if we right multiply A by matrix B such that B is an m x 1 matrix whose entries are all ones,
we will have a new matrix, C, whose entries are the sums of the entries in each row of matrix A. Example:

2 3 4 1 9
7 14 25|x|1|=]|46

-14 0 30 1 16

A B C
A similar procedure can produce the sums of the all the entries in each column of an m x n matrix. Let A be
an m x n matrix; if we left multiply A by matrix B such that B is a 1 x m matrix whose entries are all ones,
we will have a new matrix, C, whose entries are the sums of the entries in each column of matrix A. Example:

2 3 4
[1 1 1]x| 7 14 25|=[-5 17 59]
-14 0 30
B A C

Relating this to our recycling problem; we can now find facts using matrix algebra such as the total number of
pounds of white paper all three departments recycle, or the total number of pounds of all three types of paper
each department recycles. We can also extend these facts using matrix algebra for finding the total estimated
number of sheets of recycled paper there is for each quarter.

Use matrix R and the information from above to calculate the total number of pounds of each type of paper
that was recycled for the first quarter. Write the resulting matrix below, label the rows and columns with
descriptive labels.

Use matrix R and the information from above to determine the total number of pounds of paper each
department recycled in the first quarter. Write the resulting matrix below, label the rows and columns with
descriptive labels.

Use the results from parts D and E, add the entries in each matrix either with common arithmetic, or by the
matrix operations discussed above. Your results should be scalars. Are they equal? Briefly explain why or
why not.

Repeat exercises D, E and F for a year (four quarters), and for four years (your duration in high school).

HP 48G RESOURCE 47



TOPIC: MATRICES

ACTIVITY 3..POLYGONS IN THE CARTESIAN PLANE

INSTRUCTIONAL SECTION

In this activity, you will be using a matrix to store the coordinates of the vertices of a polygon in the Cartesian
-5 1
Plane; we will call this a vertex matrix.. For example, let A = _3 3| Matrix A contains the coordinates of the

-1 2

triangle with vertices (-5,1), (-3,3), and (-1,2) , see figure 1. Now, letB=

- W W

1
3 |- Figure 2 shows the graph of
2

matrix B. Notice in figure 3 that when the triangles are graphed on the same set of axes, each is a reflection of the
other over the y-axis.

Matrix B was found by right multiplying matrix A by a matrix. i.e. A+ M = B where M is the mystery matrix.
The challenge in this activity is finding the mystery matrix that will produce a given transformation. Once
discovered, you can enter the coordinates of any polygon, multiply by matrix M and the result will be matrix B.
Finally, both matrices A and B can be graphed to verify the transformation.

The calculator will aide you in doing the matrix algebra, and graphing the solution, or non-solution for visual
verification. This activity requires some calculator preparation prior to working the problems. There is a short
draw program that must be entered and stored on the calculator, and there is an optional dot drawing program that
you can enter and store on your calculator; figures 1-3 show the dots, figure 6 shows a graph without the dots.

DIRECTIONS FOR USING THE HP 48G:

Enter the Draw Polygon program below on the command line of the calculator.

<<DRAX —COL DROP R—>C 0BJ—> EVAL —LIST DUP HEAD + {#0d #0d}
PVIEW 2 <<LINE >> DOSUBS 7 FREEZE >>

Put this on the first line of the stack by pressing ENTER. Name and store this program. Press ' a0t DRPG
a STO. DRPG should now be in your variable list. Let's test DRPG. Enter the vertex matrix found in figure
4: Press GREEN MATRIX, enter the values and press ENTER to copy the matrix to the stack, see fig. 5.
Note: DRPG does not contain an ERASE command, so the graphics screen may not be clear prior to running
DRPG. Clear the draw screen by pressing: PURPLE PLOT, then press menu label ERASE. Run DRPG by
pressing VAR and NXT if necessary to find the page DRPG is on, from the menu labels press DRPG, sec
fig. 6.
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TOPIC: MATRICES

ACTIVITY 3..INSTRUCTIONAL SECTION CONTINUED

-Hg_-l L :nME ¥ p |
e I: [[-51 1
: Eil |
lﬂﬂ | DROT JORPS [PRTPH[OCTS [HERS [ TRDS |
fig. 4 fig. 5 fig. 6

Optional: Enter the Draw Dots program below on the command line of the calculator

<< ERASE DRAX {#0d #0d} PVIEW 7 FREEZE PPAR 1 2 SUB C—R EVAL — xmn
ymn xmx ymx << xmn CEIL xmx FLOOR FOR i ymn CEIL ymx FLOOR FOR j i j
R—C PIXON NEXT NEXT >>>>

Put this on the first line of the stack by pressing ENTER. Name and store this program. Press ' oot DRDT
o STO. DRDT should now be in your variable list. Try running it by pressing DRDT from the variable
menu. Your screen should look like figure 7. Note: DRDT does contain an ERASE command, so it will clear
the draw screen when it is run. If you want to graph more than one polygon on the same set of axes, run DRDT
before running the DRPG program. Any subsequent run of DRDT will erase the current draw screen.

©

fig. 7
Pressing ON will return you to the STACK, but the PICTURE screen is not erased; you can verify this by
pressing PURPLE PICTURE.

We are nearly ready to solve some problems, however, first we will review the transformations this activity will
use. Figures 8 and 9 show reflections over the axes, figure 10 shows a reflection through the origin, and finally,
figure 11 shows a horizontal translation of five units to the right.

ST
R = s
<7 ||

fig. 10 fig. 11.
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TOPIC: MATRICES

ACTIVITY 3...POLYGONS IN THE CARTESIAN PLANE

APPLICATIONS SECTION
REFLECTIONS THROUGH THE Y-AXIS.

PROBLEM 1

Let's return to matrices A, M, and B from page 1 of the Instructional Section. We have asserted that A-M =B, we
know the elements of matrix A, and we know the elements of matrix B. Our job now is to figure out what the

elements of matrix M must be such that A-M = B. To solve this problem, you must know how to multiply
matrices, and you must know how the dimensions of matrices relate for matrix multiplication to be defined. Below

is the matrix equation A-M = B. Determine the dimensions of M by reasoning through what m and n must be.

=5 1 51

-3 3 I: ]= 33

-1 2 1 2
A M B

Dimensions: (3x2) (mxn) (B3x2)

Next, determine the elements of matrix M and fill them in the equation above. Test your solution: Enter and store
matrices A and M. Put A and M on the stack; A in level 2 and M in level 1, press multiply. Did you get matrix B?
Finally, let's graph A and B. If you typed in the Draw Dots program, run it, otherwise erase the draw screen. Put
A on level 1 of the stack, run the Draw Polygon program, calculate matrix B and run the Draw Polygon program
again. Are the triangles reflections of each other over the y-axis?

PROBLEM 2

Use the grid below to choose three points, preferably all in one quadrant. Connect the points to form a triangle.
Use blank matrix C to write the coordinates of the three points you chose. Fill in matrix M from the work you did
in problem 1. Calculate matrix D and fill it in below. Finally, use the calculator to graph both matrices C and D
to verify that D is a reflection of C over the y-axis.
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TOPIC: MATRICES

PROBLEM 3

ACTIVITY 3...APPLICATIONS SECTION CONTINUED

Use the grid below to choose four or more points, preferably all in one quadrant. Connect the points to form a
polygon. Use blank matrix E to write the consecutive coordinates of the polygon. Fill in matrix M from the work
you did in problem 1. Calculate matrix F and fill it in below. Finally, use the calculator to graph both matrices E

and F to verify that F is a reflection of E over the y-axis.

EXPERIMENT 1

E M

Thus far, you have probably been using the default H-VIEW and V-VIEW values, see figure 12. You can change
these settings if you wish to have a larger selection of points to choose from when drawing polygons. Figure 13
shows a triangle on a screen with the default settings. Figure 14 shows the VIEW settings used for the same
triangle which is displayed in figure 15. Change the VIEW settings by pressing GREEN PLOT, highlighting and
changing the H-VIEW and V-VIEW settings and pressing ENTER. If you are using the DRAW DOTS program,
you will notice that it is sensitive to the changes you make in the VIEW settings. Anytime VIEW settings are

changed, DRDT will need to be rerun.

Try changing the VIEW settings and graphing a new polygon and its reflection over the y-axis.

3 % PLOT 338
WPE: Function <:Deg
EQ:

mper: ¥ H-view:EE 6.5
_AUTOSCALE v-viEm:=3.1 3.2

ENTER MINIMUM HORIZONTAL VALUE

[ecir] [ [opTs Jernze[oRab
figure 12

i 25 PLOT 33

TPE: Function  &:Deg
EQ:

INDEP: ¥ H-VIEW: =13 13
_AUTOSCALE v-view: [ 6.4

ENTER MINIMUM VERTICAL VALUE

[eir ] 1 [opr:JemzE]okab]
figure 14
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TOPIC: MATRICES

ACTIVITY 3...APPLICATIONS SECTION CONTINUED
REFLECTIONS THROUGH THE X-AXIS

PROBLEM 4

Examine figure 9 and notice that the triangles are reflections over the x-axis. Let's continue to call the vertex
matrix representing the triangle in quadrant two matrix A, but let's name the vertex matrix representing its
reflection over the x-axis matrix G, and let's name the 'mystery’ matrix P. We then have the matrix equation:

-5 1 -5 -1

-3 3 { ]= -3 3

-1 2 -1 -2
A P G

Use a similar problem solving approach used in problem 1 to determine the elements of matrix P. Enter and store
matrix P on the calculator. Put A on level 2 and P on level 1 of the stack, press multiply and verify that this
product gives matrix G. Finally, graph matrices A and G to visually verify the reflection.

PROBLEM §

Use the grid below to choose three points, preferably all in one quadrant. Connect the points to form a triangle.
Use blank matrix H to write the coordinates of the three points you chose. Fill in matrix P from the work you did
in problem 4. Calculate matrix J and fill it in below. Finally, use the calculator to graph both matrices H and J to
verify that J is a reflection of H over the x-axis.
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TOPIC: MATRICES

ACTIVITY 3...APPLICATIONS SECTION CONTINUED

PROBLEM 6

Use the grid below to choose four or more points, preferably all in one quadrant. Connect the points to form a
polygon. Use blank matrix K to write the consecutive coordinates of the polygon. Fill in matrix P from the work
you did in problem 4. Calculate matrix L and fill it in below. Finally, use the calculator to graph both matrices K
and L to verify that L is a reflection of K over the x-axis.

[] . . L] L ] L] L] (] . . L]
. . . L] . . L ] . L] (] L] L]
. - - . L J - - . .
2 2 2 2 2 2 2 'y
T Ly Ly T g - v L L L] v L
. . . . L] L J . . . L] L] L]
(] L] L] . L] . L J . (] . L]
L] . [] [} L J . . .

K P L

EXPERIMENT 2
Apply the concept and directions of Experiment 1 for reflecting a polygon of your choice over the x -axis.
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TOPIC: MATRICES

ACTIVITY 3...APPLICATIONS SECTION CONTINUED
REFLECTIONS THROUGH THE ORIGIN.

PROBLEM 7

Examine figure 10 and notice that the triangles are reflections through the origin. Let's continue to call the vertex
matrix representing the triangle in quadrant two matrix A, but let's name the vertex matrix representing its
reflection through the origin matrix A, and let's name the ‘'mystery' matrix Q. We then have the matrix equation:

-5 1 -5 -1
-3 3 [ ]: -3 -3
-1 2 -1 =2
A 0 R

Use a similar problem solving approach used in problems 1 and 4 to determine the elements of matrix Q. Enter
and store matrix Q on the calculator. Put A on level 2 and Q on level 1 of the stack, press multiply and verify that
this product gives matrix R. Finally, graph matrices A and R to visually verify the reflection.

PROBLEM 8

Use the grid below to choose three points, preferably all in one quadrant. Connect the points to form a triangle.
Use blank matrix S to write the coordinates of the three points you chose. Fill in matrix Q from the work you did
in problem 7. Calculate matrix T and fill it in below. Finally, use the calculator to graph both matrices S and T to
verify that T is a reflection of S through the origin.
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TOPIC: MATRICES

ACTIVITY 3...APPLICATIONS SECTION CONTINUED

PROBLEM 9

Use the grid below to choose four or more points, preferably all in one quadrant. Connect the points to form a
polygon. Use blank matrix U to write the consecutive coordinates of the polygon. Fill in matrix Q from the work
you did in problem 7 Calculate matrix V and fill it in below. Finally, use the calculator to graph both matrices U
and V to verify that V is a reflection of U through the origin.

L] . . . . L] L L] . . L] . -
. L] . . . [] L J . . . . L]
L] L] . L] . L 3 L] L] L] . L]

L] . . (] - L . L] - - .
. L] . - L] - L J . L] . L] L] L]

U 0 4

EXPERIMENT 3
Apply the concept and directions of Experiments 1 and 2 for reflecting a polygon of your choice through the origin.

® ® ® @® 3 & 8 & s ® ® @ ©® g s 5 ® 5 ® & 3 ® ® 3 ® 8 °®
® 8 ® ® 8 8 8 ® ® = 8®3 8®s &® "= 8 ®= = s 8 8 8 8 8 =8 = &=
® 8 8 8 ® 8 8 & 3 8 = ® ® g s 8 8 ® 8 = 8 ®8 ® 8 ®» ==
® = = & ® 8 & 53 3 = = s @® "= = = = ® 8 8 = = s ®» =8 &=
= ® ® = 3 8 5 s 8 8 3 ® =5 g s &8 8 ¥ " & 8 3 8B & ®» = 6w
= ® ® ® ® 8 ® ® 8 ® =8 =8 = "= 8 ® ® 8 s =8 ® ®» ® 8 = &®

a 2 2 2 2 2 2 2 2 2 ' a

] L] L} LJ 4 L] L3 ] L L] 1 L
® = ® ® =8 83 3 3 3 ® 8 s &® "= = ® ® ® ® 8 ® 3 8 8 &8s =®
s @ s ® 5 @ & 8 & & 3 ® S gz = &8 ® 8 8 53 8 ® ® S ® = ®
- & s 5 3 8 8 8 8 8 ® ®» =® = 8 @& & = 8 ® s s s s = &®
" = 8 ® 8 5 5 = 8 8 85 8 3 s s 8 8 8 8 5 8 ® 8 3 3 = 8=
= = 8 ® 8 = 3 =3 8 ® s 3 = " = = = s = ® = 8 5 = 8= ®
@ = @ 8 8§ & 8 5 8 ®§ ® s 8 s @ § 8 ® = ® 8 8 ® ® w 8=
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TOPIC: MATRICES

ACTIVITY 3...APPLICATIONS SECTION CONTINUED
TRANSLATIONS OF POLYGONS

PROBLEM 10

Examine figure 11 and notice that the triangle on the right is a horizontal translation of the triangle on the left.
Let's continue to call the vertex matrix representing the triangle in quadrant two matrix A, but let's name the
vertex matrix representing the translation matrix B, and let's name the 'mystery' matrix Z. We then have the
matrix equation:

=5 1 -5 -1

-3 317 =l-3 -3

-1 2 -1 -2
V| zZ B

Compare matrices A and B and determine what matrix operation is required between matrices A and Z, and
finally, determine the elements of matrix Z. Enter and store matrix Z on the calculator. Put A on level 2 and Z on
level 1 of the stack, press the proper arithmetic operation and verify that this gives matrix B. Finally, graph
matrices A and B to visually verify the translation.

PROBLEM 11

Use the grid below to draw the triangle produced by vertex matrix A. Now draw a second triangle, call it triangle
C so that it is a vertical translation of triangle A. Use matrix C to write the coordinates of triangle C. Determine
the elements of matrix Y so that this vertical translation will be produced by the equation A + Y = C. Enter
matrices A and Y, press + and verify that C is produced. Finally, use the calculator to graph both matrices A and
C to visually verify C is a vertical translation of A.
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TOPIC: MATRICES

ACTIVITY 3...APPLICATIONS SECTION CONTINUED
TRANSLATIONS OF POLYGONS CONTINUED

PROBLEM 12

Use the grid below to draw the triangle produced by vertex matrix A. Now draw a second triangle, call it triangle
D so that it is a diagonal translation of triangle A. Use matrix D to write the coordinates of triangle D. Determine
the elements of matrix X so that this diagonal translation will be produced by the equation A + X =D. Enter
matrices A and X, press + and verify that D is produced. Finally, use the calculator to graph both matrices A and
D to visually verify D is a vertical translation of A.

L
C
-

EXPERIMENT 4

Use the grid below to draw a polygon of your choice. Enter, name, and store the consecutive vertices of your
polygon on the calculator, let's call it matrix P. If you haven't already done so, enter, name, and store matrices X,
Y, and Z from problems 10 through 12. Now place matrix P on the stack and experiment with different
translations using X, Y, and Z. You may want to make changes on matrices X, Y, and Z to produce translations of
greater or lesser distance. Another idea to experiment with is adding combinations of transformation matrices like
X, Y, and Z to vertex matrices. You many even experiment with adding transformation matrices to vertex
matrices, then multiplying by a matrix that produces a reflection.
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TOPIC: FORMULAS

ACTIVITY 1..FORMULA EVALUATION

INSTRUCTIONAL SECTION

This activity investigates the use of the HP 48G for evaluating formulas. This activity is best used as a
demonstration of the 'number crunching' abilities the HP 48G has. Students should understand that the calculator

is used as tool for speed in this case. The list of formulas below can be extended to accommodate any formula or
list of formulas students are ready to handle.

DIRECTIONS FOR USING THE HP 48G:

1. Use the Equation Writer to key in the list of formulas presented below. Press PURPLE EQUATION.
Variables are accessed by pressing the o key prior to selecting desired letter of alphabet. Lower case, use &
PURPLE letter. To lock the a key, press it twice; to unlock, press the o key again.Press ot A PURPLE =
PURPLE 7t o R yX 2, figure 1.

2. Name and store each formula with the name inside 'ticks' listed next to each below. ‘oot ACIRC q, fig. 2,
STO. Remember, pressing STO will cause the object and its name to disappear from the stack.

3. Get into the Solve Environment, GREEN SOLVE.

4. Select Solve equation...by pressing menu label OK, figure 3.

5. Press menu label CHOOS.

6. Highlight desired formula by pressing up or down arrows, and press menu label OK, figure 4.

7. Move highlight to variables of know quantities, and enter these quantities, figure 5.

8. Move highlight to unknown variable, and press menu label SOLVE, figure 6.

9. Move highlight to EQ: when finished with current formula, and press CHOOS to select another

formula.
RAD ALG RAD — -
{ HOME } Qs lue equation..
20 : : |Solve diff eq..

A=nR %: g: Solve poly.
1 'A=wr=R"2'| |2: Solve lin sys..
'ACIRC' i: Solve finance..

| Ec: [ PPiF ] HTEI RRECTIHCIRC] ORT JEM) Ec [ PPaF | wTRI JhRECTIRCIC] kT JO) 1 1 [ JeNeL] O]

Figure 1 Figure 2 Figure 3
: . mcsﬂ;'nm:t ;liﬁsﬂ;“ ; . HiuRLlszslaunnnn g . % SOLYE EQUATION $
EQ: 'A=wxR"2’ At . RS
ATEET: taager T
ENTER VALUE OR PRESS SOLVE ENTER VALUE DR PRESS SOLVE
rezeTfcacc [Tvpes]  [owNic] o JEJEwT] | Tuhks [ INFO [0LYE]
Figure 4 Figure 5 Figure 6
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TOPIC: FORMULAS

ACTIVITY 1..FORMULA EVALUATION

APPLICATIONS SECTION

Formulas to enter on the calculator and values for the variables. Solve for the unknown variable.

1. A=7r2 'ACIRC [Area formula for circles when radius is known]
r=2units. A=
r=4units. A=
r= 10 units. A=

2. d=rt DRT' [Distance formula for known rate and time]
r=20, t=2 d=
r=32, t=44 d=
r=32 t=5 d=

3. A=L-W 'ARECT' [Area formula for rectangles]
L=13, W=21 A=
L=314, W=47 A=
L=3,017, W=912 A=

4. C=5(F-32) 'CTEMP' [Temperature conversion from Fahrenheit to Centigrade]

9
F=212, C= F=8, C=___
F=9, C= F=-23 C=
F=32 C= F=3429 C=
5. A=1b-h 'ATRI' [Area formula for triangles]
2 b=13, h=3.045 A=

b=3.67 h=2172 A=
b=1,760 h=4,081 A=

6. V=wlh 'VPRSM' [Volume formula for a rectangular prism]
w=41 1=13 h=23 V=

w=.23 1=17.09 h=2177 V=

7. V=1B-h 'VPRMD' [Volume formula for a pyramid.]
3
B=100 h=6q =
B=213 h=17 =
B=1,029 h=54917 =

8. A=]1h®+0¢) 'ATRAP' [Area formula for a trapezoid.]
2
h=16 b=4 c¢c=10 A=
h=82 b=21¢=189 A=
h=78 b=45¢=223 A=
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TOPIC: FORMULAS

ACTIVITY 2..EQUATION MANIPULATION

INSTRUCTIONAL SECTION

This activity investigates the use of the HP 48G for manipulating variables in equaitons. This activity is best used
as a demonstration of the 'equation solving' abilities the HP 48G has. The list of equations below is only a sample
of all the possibilites. Note: some equations use upper and or lower case variables; the calculator interprets an
upper case letter such as B, as a different variable from lower case letter b.

DIRECTIONS FOR USING THE HP 48G:

1. Use the Equation Writer to key in the list of formulas presented below. Press PURPLE EQUATION.
Variables are accessed by pressing the  key prior to selecting desired letter of alphabet. Lower case, use o
PURPLE letter. To lock the o key, press it twice; to unlock, press the @ key again. Press a D PURPLE =
o R x (multiplication) o T, figure 1.
2. Name and store each formula with the name inside 'ticks' listed next to each below. 'act DRT a,, fig. 2,
STO. Remember, pressing STO will cause the object and its name to disappear from the stack.

3. Get into the Symbolic Environment, GREEN SYMBOLIC.
4. Select Isolate var... from the menu using up or down arrow keys, then press menu label OK, figure 3.
5. Press menu label CHOOS.
6. Highlight desired equation by pressing up or down arrows, figure 4.
7. Enter the variable you wish to isolate in the VAR: line on the menu, figure 5.
8. Highlight Symbolic on the menu, and press menu label OK, figure 6.
9. The variable should now be isolated; the result is transfered to the first level of the Stack, figure 7.
RAD aLG RAD
{ HOME } { Ho|Integrate.. ¢
: : |Differentiate..
D=R-TO %: g: Taylor poluy.
. N= ] H
l|' E]RT ' D=R=T % . Solve quad.. 4
1 1 1 1 1 1 1 1 ‘;m 1 [ 1 Tawic] ok ]

Figure 1 Figure 3

ISOLATE A VARIABLE 3%

FUNCS IN_{ HOME }

: 'FI=1/2*.:.1' .
. RESULT: Symbolic _PRINCIPAL RESULT: ENIITaS) S _ PRINCIPAL
ENTER YARIAELE NAME CHOOSE RESULT TYPE
[(eeT | T [ [ownccf ox |l Jewoos] | [ehNel] O
Figure 5 Figure 6
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2= 1 ]

1: R=D-T
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TOPIC: FORMULAS

ACTIVITY 2..EQUATION MANIPULATION

APPLICATIONS SECTION

Formulas to enter on the calculator. Solve for the unknown variable.
1. D=RT 'DRT' [Distance formula for known rate and time]

Solve forR: R=__ Solve for T: T=
2. A=L-W 'ARECT' [Area formula for rectangles]

SolveforL: L=__ Solve for W: W=

3. C=5(F-32) 'CENT' [Temperature conversion from Fahrenheit to Centigrade]
9

Solve for F: F=
4. A=1bh 'ATRI' [Area formula for triangles]
Solve forb: b= Solve forh: h=

5. V=wlh 'VPRSM' [Volume formula for a rectangular prism]

Solveforw: w=__  Solveforl: 1I=___ Solveforh: h=
6. V=1B-h 'VPYMD' [Volume formula for a pyramid.]
’ SolveforB: B=__ Solveforh: h=__
7. A=1h®+0) 'ATRAP' [Area formula for a trapezoid.]
: Solveforh: h=___ Solveforb: b=__ Solveforc: c=
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TOPIC: PARAMETRIC EQUATIONS

ACTIVITY 1... TWO-DIMENSIONAL MOTION

In order for a graph to simulate the motion of an object, parametric equations must be used. Parametric
equations consist of an x-component and a y-component each expressed in terms of the same independent
variable t. Using parametric equations, we can graph the horizontal and vertical position of an object at
any time t if we know the initial velocity, Vo , and the angle of elevaton, ® .

We will be using the following generic parametric equations in this activity:

The horizontal component described by the equation:

Xx(r)= Vot(cos®) +c

The vertical component described by the equation:
Y(¢) =V t(sin®) - 167T* +d

The second equation is only appropriate when the velocity is measured in ft/sec since the —16¢> term of
the vertical component represents the force due to gravity. ¢ and d are constants that represent any other
forces that might be acting in the horizontal or vertical direction.

Exercise 1
An object is launched with an initial velocity of 100 ft/sec at an angle of elevation of 60° with the positive
x-axis. Assume that the only force acting on the object is due to gravity.

a) Find parametric equations that model the motion of the object.

b) Sketch a complete graphical representation of the path of the object. Use {0 <t <6}
{-20 < x <500}
{-125<y< 125}

e
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L
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L
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C ]
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TOPIC: PARAMETRIC EQUATIONS

c) How far does the projectile travel in the horizontal direction?
d) Find the maximum height of the projectile and when it is attained.

e) How long is the projectile in flig<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>