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4 -- L earning with Geometer’s Sketchpad

*a story can be added or one could choose to use the activities alone and add

heir own fun and games to make it interesting!

Getting Started with Sketchpad

What is Sketchpad?

Sketchpad isacomputer program specially designed for drawing
and mani pulating geometric figures. Using Sketchpadisafunway to
learn about and experiment with geometry.

Activities in this booklet

Thereare 14 activitiesinthisbookl et covering awide-range of
geometric concepts. You will work with apartner to complete each
activity. You and your partner will share uniquejobsthroughout these
activities. For each activity you will beeither aM ouse Operator or an
Activity Recor der. Attheend of each activity you will changejobswith
your partner.

A lot of geometry termsarenot described inthisbooklet. When
you seewordswith which you are not familiar, you should look inyour
textbook to find out more about the subject. Wordsthat you seein bold
may be new wordsfor you.

Using Sketchpad

Inthissection, youwill learn some of the basics of using Sketchpad.

Youwill find other information about using Sketchpad in other sectionsof
thisbooklet. All theinformation about Sketchpad you needto dothe
activitiescan befoundinthisbooklet.

Creatinganew sketch
Createanew sketch by clicking onthe Filemenu and selecting
New Sketch. A blank sketchpad will appear.

Saving asketch

During these activities, you may want to save your work to adisk.
To saveasketch, click onthe File menu and select Save. You will be
asked to typeinanamefor your file. (The namemust be 8 charactersor
less)

=g
. J

IMPORTANT: Before
beginning, turn on Auto Show
Labelsfor pointsand circles.
Todothis, click onthe Display
menu and sel ect preferences.
Click ontheboxeshbeside
Pointsand Circlesif they are
not already selected. Also,
whileinthe Preferencesdiaog
box, changethe Distance Unit
preferenceto centimeters (cm)
and set the precisionsto tenths.
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Thetoolbar

Selection arrow

* | Point tool

®| Compass (Circle) tool

/ Stroightedge {(Segment) tool

. Text tool

* Selection arr ow—usethistool to click on objectsto movethem
or resizethem. Also usethistool to select (or highlight) objects.

Important: To select oneor moreobjectsat the sametime, hold
down the Shift key and click on all of the objectsyou want selected.

* Point tool—useto place pointson your sketch.
» Compasstool—useto draw circles.
* Straightedgetool—useto draw segments, rays, and lines (you

will learn more about thesein Activity 1). Click and hold downthe
Straightedgetool to seethe optionsfor segments, rays, or lines.

k

)

* Text tool—useto change object |abels. Click on an object to
display or hideitslabel. Doubleclick onalabel to changeit.

Clickingand dragging

Something youwill bedoing alotin Sketchpadis* clickingand
dragging” objects. Click meansto position the pointer over an object
and pressthe mouse button (and not let go) to select it. Drag meansto
then move the mouseto movethe object on the sketchpad.
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|nvestigating Points & L ines

How to draw a point

1. SelectthePoint tool by clicking onitinthetoolbar.
2. Position the cursor where you want to placethe point. Click. The
point appearson your sketchpad.

How to draw a line segment
1. Select the Segment tool by clicking onitinthetoolbar.

k
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2. Click and drag the mouse acrossthe pageto draw aline segment.

A B

How to draw aray
1. Click and hold the Segment tool on thetoolbar. Select the Ray tool.

K

2. Click and drag the mouse acrossthe pageto draw aray.

|
A B |

Notice how theray startsat point A, passesthrough point B and
extends off the sketchpad on oneside.

How to draw aline
1. Click and hold the Segment tool onthetoolba. Select theLinetool.

///-

2. Click and drag the mouse acrossthe pageto draw aline.

|| ' ©

Noticethat theline extends off the page on both sides.
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| nvestigating Angles

How to draw an angle

1. Select the Segment Tool by clicking onitinthetool bar.

2. Click and drag the mouse acrossthe pageto draw aline segment.

3. Whilethe segment tool isstill selected, movethe mouse cursor over
point A, then click the mouse button and drag to makeanew line
segment abovethefirst line segment (likeFigureb. below).

a. B
b./

How to measure an angle

1. Click theselection arrow inthetoolbar. Click on one of theendpoints
(for example C or B below), then hold the Shift key down and click
onthevertex and then the other endpoint. (You must select the
vertex second.)

2. Click ontheMeasuremenuand select Angle.
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You should now seethe measure of the anglein the upper left-hand
corner of your sketch. Noticetheway theangleislabeled. Theletters
should beinthe sameorder asyou sel ected them.

miCAE = 34° C
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| nvestigatingthe
Pythagorean Theorem

A specid relationship existsbetween the sides of aright
triangle. InActivity 11, youwill investigatethisimportant rel ation-
ship. Beforeyou get started, though, you need to know acouple
of termsused when talking about aright triangle:

« theside oppositetheright angleiscalled thehypotenuse
« the other two sidesare called legs.

* Activity 1«

Swap jobswith your partner. Create anew sketch.
1. Follow the stepsbelow to createaright triangle.
Sel ect the Segment tool from thetool bar. Hold down the Shift

key (thiswill keepthelinehorizontal) and drag themouseto
createaline segment about thelength of AB below.

Click the Construct menu and select Perpendicular line.

Placeapoint onthe perpendicular linealittleabovetheoriginal
endpoint (like point C below).
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Select the new point you just added and both endpoints of the
origind segmert.

Click the Congtruct menu and select Segment.

Click the perpendicular line, then click the Display menuand
selectHideLine,

Thiswill completeyour triangle. It shouldlook similar tothis
one

2. Veify that thisisaright triangle by measuring theright angle.

What measuredid you get?

3. Measurethetwo legs and the hypotenuse. Write your measures
below.

* hypotenuse

3. Dragany of the pointsof thetriangleinany direction.

What happens?
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4. Useyour calculator to squarethe length of thelegsand the hypot-
enuse. Writethe squared measuresin the blanks bel ow.

*leg 1?

*leg 22

* hypotenuse?

5. Add thetwo squared measuresfor thelegsand comparethisto the
sguared measure of the hypotenuse.

What do you notice?

6. Dragany point of thetriangleto makeit larger.

7. Repeat steps 1 and 2 above. Fill inyour answersbel ow.

* hypotenuse

*leg 1?

*leg 22

* hypotenuse?
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8. Again, add the squared measures of thelegsand comparethat to the
sguared measure of the hypotenuse.

What do you notice?

Doyouthink al right triangleswould giveyou the sameresults? Why
or why not?

Will you get the sameresultswith atrianglethat isnot aright triangle?
Why or why not?

9. Explainthereationship between the 2 legsand the hypotenuse of a
righttriangle.

10.  ThePythagorean Theoremis:
CZ = a2 + b2

Doesthistheorem resembleyour answer for number 9?

ENDOFACTIVITY 1
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Angle Bisectors

* Activity 2«

Swap jobswith your partner. Create anew sketch.
1. Construct a45%2angle. Be sureto measuretheangle.

2. Click onthethree points ( theangleside, thevertex, and the other
angleside) just likeyou aremeasuring theangle.

3. Click onthe Construct menu and select Angle Bisector.
4. Placeand label apoint ontheray.

Your sketch should look similar tothis;

5. Measure each of thenew smaler angles.

What isthe measure or each angle?

Sumthetwo small angles. What do they add up to?

6. Drag the endpoint of segment CA totheleft.

Sumthetwo smaller anglesagain. What do they add up to?

Ray AD bisects angle CAB. What do you think isagood definition
of ananglebisector?

END OF ACTIVITY 2
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Measuring Perimeter and Area

Inthissection, youwill look at different measuresof other two-
dimensona geometricfigures.

» Activity 3¢

Swap jobswith your partner.
1. Open the sketch named Activ3.gsp.

2. Measurethelength of each sideof quadrilateral CDBA.

3. What istheperimeter of thisfigure?

4. Drag point B to resizethefigure. Writeyour new lengthsfor thesides.
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5. What isthe new perimeter?

6. Check your answers by using the measure menu to measurethe
perimeter.

Select al four pointsof thefigure (hold down the Shift key and click
onal four).

Click onthe Construct menu and select Polygon Interior.
Click onthe M easure menu and select Perimeter.

Does Sketchpad give you the same answersyou came up with?1f not,
list theanswers Sketchpad gaveyou.

7. Giveyour definition of perimeter.

ENDOFACTIVITY 3
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How to measurethe height of atriangle

You will need to measurethehieght, or adtitude, of atriangleto beable
tocaculateitsarea. Here'show you doiit.

1. Select the base of the angle and the vertex opposite the base.
AN
E F
2. Congtruct aperpendicular lineby clicking on the construct menu and

choosing perpendicular line.

3. Placeapoint at theintersection of the base and the perpendicular line.

&
E LoF

4. Click onthe perpendicular lineand choose Hide Linefromthe
Display menu.

5. Select the new point on the base and the vertex opposite the base.
(Remember to hold down the shift key and click on both points.)

6. Click onthe Construct menu and select Segment.

m
= o

7. Whilethenew line segment isstill selected (asshown above) click on
the Measure menu and select Length. Thelength of that segmentis
adsotheheight of thetriangle.

m G0 = 2.0 om G
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FORMULA:

Area of rectangle = base x hieght
or
length x width

Par allelogramsalso have height, or altitude. L ook at segment j bel ow.

You need the height of aparallelogram to calculateitsarea.

You also need the base.

* Activity 4 «

Swap jobswith your partner.
1. Openthe sketch named Activ 4.gsp.
2. Measurethe Baseand Height of figure 1.

Base=

Height =

3. Using acdculator (or by hand), calculatethe ar ea of therectanglein
figurel. Theformulaisat theleft.

What unit of measure did you useto state your answer? Why?




18 -- Learning with Geometer’s Sketchpad

4. Measurethebaseand height of thetriangleinfigure 2.

Base=

Height =

5. Usingacalculator (or by hand) calculatetheareaof thetriangle. The

formulaisat theright. FORMULA:

Areaof triangle=1/2 hb
histhe height

6. Measurethe baseand height of the parallelograminfigure 3. bisthebase
Base=
Height =

7. Using acalculator (or by hand) calculatethe areaof the parallelo- FORMULA:

gram. Theformulaisat theright.
Area of parallelogram = hb

histhe height
Takethefollowing stepsto check your answersusing the Measure bisthe base
menu.

8. Select the4 verticesof thequadrilateral in Figure Linthisorder: A,
B, D, then C. Click on the Construct menu and sel ect Polygon
Interior.

9. Click onthe Measure menu and salect Area.

What isthemeasure?

10. Select the 3 verticesof thetrianglein Figure 2. Click onthe
Construct menu and select Polygon Interior.

1. Click onthe M easure menu and select Area.

What isthe measure?

12. Select the4 verticesof thequadrilatera in Figure 3inthisorder:




L earning with Geometer's Sketchpad -- 19

S, T, U, then V. Click onthe Construct menu and sel ect Polygon
Interior.

13. Click onthe M easure menu and select Area.

What isthe measure?

14.  Usingtheinformationyou aready know about area, determine
theareaof the polygonin Figure4?Record your answer below.

15.  Whatisyour definition of area?

ENDOFACTIVITY 4
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Activity 5

Swapjobswithyour partner.

1. Openthesketch caled Activs. Answer the questionsfor both Figures

land 2.

Areaof SquareinFigurel=

Areaof CircleinFigurel=

Circumferenceof CircleinFigurel=

Areaof Yellow SectioninFigure2 =

Circumferenceof CircleinFigure2=

2. Look at Figure 1and answer thefollowing:

If you only knew theareaof thecircle, would you be ableto answer
thethree above questions about Figure 1? How?

3. Look at Figure 2 and answer thefollowing:

If youdidn’t know theradiusof thecircle, could you answer thelast
two questions? Why or why not?

END OF ACTIVITY 5

Formulafor Areaof asgquare

82

S=Side

Formulafor areaof a
Circle=
Pi x r2
r=radius
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Activity 6

Swapjobswithyour partner.
1. Openthesketch called Activ6.gsp.

2. Measurethear ea of the bluetriangle using the M easure menu.
Remember to construct the Polygon Interior first.

What isthearea?

3. Drag point E back and forth.

Doestheareaof thetriangle change?

2. Look at Figure 1 and answer thefollowing questions:

What isthe area of the square?

What istheareaof thecircle?

What isthe circumferenceof thecircle?

If you did not know thelength of one of the sides of the square, what
information would you want to helpyou

ENDOFACTIVITY 6
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» Activity 7e

Swap jobswith your partner. Create aNew Sketch.
1. Congtructasmall circle.

2. Congtruct thecircle sradius, from the center point to the control
point. Your sketch should look smilar tothis:

B
cl

3. Add another point onthecircle, awvay from the control point.

4. Construct another segment to connect thisnew point with the center
point. Your sketch should look smilar tothis:

B
cl

Try to drag the new point. What happens?

In Sketchpad, you can only drag the center point or control point to
changethesizeof acircle.

5. Measurethelength of each segment.

What do you notice about the measures?

6. Dragthe control point to changethesizeof thecircle.

What happened to the measures?
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| sthe second segment you created al so aradius? Why or why not?

Giveyour definition of aradiusof acircle.

7. Construct achord onyour circle (but do not usethe control point as
one of theendpoints). Refer back to page 18 for areminder.

8. Click on oneendpoint of the chord and drag it. Movethe point to
different placesadongthecircle.

What happenswhen you drag the point of the chord?

When you movethe endpoint, doesthe segment remain achord?
Why or why not?

END OF ACTIVITY 7.

L eave sketch open for Activity 8.
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Activity 8e

Theradiusisanimportant part of acircle. When you know the
radiusof acircle, you can also determineitsdiameter, circumference,
and ar ea. Inthisactivity youwill measureacirclesradiusand thenuse
formulasto find thecirclé'sdiameter, circumference, and area.

Swap jobswith your partner. Make sureyou havethe sketch from
Activity 7 open.

1. Using themeasure of theradiusin your circle and the appropriate

formulasfind thefollowing:
 thediameter 2r

« thecircumference 2Mr
e thearea Mr?
Radius=

Diameter =

Circumference=

Area= (your answer should be
insquareunits)

2. Click and drag the control point so that theradiusof your circleis3
cm. Determinethefollowing:

Radius=

Diameter =

Circumference=

Area=
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Usethe Measure menu to check your answers. “ r.

Y
1. Click anywherea ong thecircleexcept on apoint. ‘,
2. Click onthe Construct menu and select CircleInterior.

3. Whiletheinterior of thecircleishighlighted, click onthe Measuremenu
and select Radius.

4. Click theMeasure menu again and select Circumference.
5. Click theMeasure menu again and select Area.

To double check thediameter, just multiply theradiusmeasure by 2.
6. What measuresdid Sketchpad come up with?

Radius=

Diameter =

Circumference=

Area=

END OF ACTIVITY 8
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Vertical Angles

» Activity 9«

Swap jobswith your partner. Create anew sketch.
1. Click ontheLinetool inthetoolbar and construct aline segment.

2. Construct asecond line segment that intersectsthefirst at about the
midpoint.
3. Placeapoint at theinter section of thetwo segments.

Your sketch should ook smilar tothis:

How many anglesdo you see?

What kind of anglesdo you see?

Nameapair of vertical angles.

2. Measuretwo vertical angles. What do you observe?
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3. Click theendpoint of either one of the segmentsand dragit in either
direction.

What happensto the angle measures?

Explainwhat makestwo anglesvertica angles.

END OF ACTIVITY 9
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| nvestigating Special Linesand Angles

Using the Construct Menu to draw lines

In Sketchpad, you can use shortcutsfrom the Construct Menuto
helpyou draw figures. Intheactivitiesinthissection and later activities,
you will usethe Construct Menu to help you construct many of your
sketches.

How to construct a segment

1. Select two pointsthat you want to be the endpoints of asegment.
Remember to hold the shift key and click on both of them.

e, B

2. Click onthe Construct Menu and select Segment. You should now
seealine segment with thetwo selected pointsasthe endpoints.

You could quickly construct atriangle by selecting three pointsand
choosing Segment from the Construct M enu. Sketchpad draws seg-
ments between each of the pointsto makethetriangle.

How to construct a perpendicular line

1. Construct asegment.
2. Placeapoint ontheline.
a. Click thePoint tool onthetoolbar.

b. Movethemouse over theline segment and click whereyou would
liketo placethe point.
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3. Click thesdlection arrow inthetool bar. Select the new point and the
linesegment by holding down the shift key and clicking both the point
andthelinesegment.

—=— ==
A cC B

4. Click onthe Construct Menu and sel ect Perpendicular Line.

You should now seeanew linerunning through thepoint ontheline
segment. Thisnew lineisaperpendicular line.

How to construct a parallel line

1. Construct aline segment.

A B

2. Placeapoint aboveor bel ow theline segment.

Dﬁ DB

3. Select both the point and the line segment.

4. Click onthe Construct Menu and select Parallel Line. You should see
anew lineabovethefirst linesegment. Thisisapardld line.
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 Activity 10 »

Swap jobswith your partner. Create anew sketch.

1. Congtruct aline segment. Usethe method described inthissection
(usingthe Construct menu).

Label thelinesegment j. Click onthe Text tool and click onceonthe
line segment. Then double-click onthelabdl . Enter theletter j and
pressreturn

2. Congtruct aline parallel tolinesegment j. Remember to placeapoint
abovelinesegment;.

3. Placeapoint on segment j (point D in the sketch bel ow—remember,
your |etter may bedifferent).

Construct aline perpendicular to segment j that runsthrough the
point.

4. Placeapoint at theinter section of theparallel and perpendicular
linesyou created (point E below).

5. Add pointsto theright of theintersection (F) and just abovethe
intersection (G). Also add apoint (H) at the bottom of the vertical
linesegment.

Your sketch should now look similar to thisone:

}

G

* How many anglesdo you see?
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» What kind of anglesdo you see?

6. Measureone of the anglesusing the Measure menu. Writethe mea-
surebelow.

7. Measureany other angle. What isits measure?

| sthe perpendicular lineyou constructed a so perpendicular tothe
paradle lineorjusttolinej ?Explain.

ENDOF ACTIVITY 10

o Activity 11 «

Swap jobswith your partner. Create anew sketch.
1. Refer tothediagram below to help you with thissketch.

Construct alinesegment and aparaldl lineto the segment (just like
Steps1and 2inActivity 4).

Place onepoint abovetheparalld lineto theright of the midpoint of
theline segment (like point D below).

Place another point below theline segment to theleft of the midpoint
of thelinesegment (likepoint E).

Select both pointsyou just made and construct asegment. The
segment should cross, or intersect both thefirst line segment and the
pardld line.

Placeapoint onthepardle linetotheright of theline segment (like
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Your sketch should look smilar tothisone:

How many anglesdo you see?

What kind of anglesdo you see?(e.g., obtuse, acute, right, straight)

A linethat passesthrough two or more other linesiscalled a
transversal. A transversal that intersectstwo linescreates
threedifferent typesof anglepairs.

1. Nameapair of corresponding angles.

2. Nameapair of vertical angles.

3. Nameapair of adjacent angles.

4. Measureapair of corresponding angles(refer to page 6 for are-
minder). What istheir measure?

5. Measureapair of vertical angles. What istheir measure?
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6. Measureapair of adjacent anglesand then add them. What istheir
um?

7. Click on one endpoint of thetransversal and dragit to theleft or right.

What happensto the measures of theangles?

8. What do you noti ce about the measures of corresponding,angles?

What do you notice about the measures of vertical angles?

What happensto the sum of the adjacent angles?

ENDOFACTIVITY 11
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Congruence

Activity 12

Swap jobswith your partner.
1. Openthefile named act9.gsp.
2. Look at theanglesinexample 1.

What do you notice about the angles?

Arethey congruent?Why or why not?

3. Look at example 2.

Nameapair of corresponding angles.

Arethetwo anglesyou just named congruent?Why or why not?

Arelinesx andy congruent?

Arethetwotriangles congruent? Why or why not?
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Click ononeof the pointsof either triangleand drag to changethe size of thetriangle.

What do you notice about the other triangle?

3. Study example 3.

Arethetwo polygons congruent? Explain your answer.

Is XY Scongruentto ABC?Why or why not?

4. What do you think congruent means?

ENDOFACTIVITY 12
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| nvestigating Polygons

Polygons can be classified inanumber of ways. They canbe
classified by the number of sidesthat make up the polygon. They can
asobeclassfied asregular or irregular. Inthefollowing activity, youwill
look construct and classify anumber of polygons.

» Activity 13 «

Swap jobswith your partner. Create anew sketch.
How todraw apolygon

Usetheline segment tool to click and draw segments connected at the
vertices.

1. Congruct thefollowing polygons.

striangle

e quadrilaterd
* pentagon

* hexagon

* heptagon

* octagon

2. Writethenumber of sidesthat make up each polygon.

e triangle

e quadrilateral

* pentagon

* hexagon

* heptagon

« octagon
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3. Classify your polygonsasregular orirregular.

e triangle

e quadrilateral

* pentagon

* hexagon

* heptagon

« octagon

ENDOFACTIVITY 13
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Classifying Triangles

Triangles can be classified by their anglesand by their sides:
Classify by angles
Acutetriangle ALL anglesare acute

ObtusetriangleONE angleis obtuse

Right triangle ONE angleisright
Classify by sides

Equilateral ALL sidesare equal
Scalene NO sides are equal

I sosceles TWO sidesare equal
Example:

A triangle with al acute angles and all equal sides would be classi-
fied as acute and equilateral.

» Activity 14 «

Swapjobswith your partner. Openthefile named act11.gsp.

1. What do you notice about all of the sides?

What do thethree anglesadd up to?

AretheanglesALL acute? How would you classify thistriangle
(check above or the Intro to Geometry program to check triangle
classficaions)?

and
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2. Click anddrag point A totheleft and make ONLY two of the sides
congruent. Your sketch shouldlook somethinhlikethis.

r = 1.60 inches
g =1.30inches

p = 1.30inches
mZACB = 76°
m£ABC = 52° r

mZACB = 76°

3. What do you notice about the angles oppositethe equal sides?

4. Aredl theanglesdtill acute?

How would you classify thistriangle (check age 34 or theIntro to
Geometry program to check triangle classifications)?

and

5. Click and drag point A totheleft again until angle A isobtuseBUT
keep still two sidescongruent. Thetriangle might look something like

this

r =2.25 inches
g =1.30 inches

p =1.30 inches
m/ACB £19°
mZABC 30° D

mZACB 419°
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MeasureangleC. Isit obtuse? Why?

How would you classify thistriangle (check page 38 check triangle
classficaions)?

and

6. Click and drag point A totheleft until angleCisaright angleand all
thesidesarenot equal.

Areall thesdesunequa ?
Canyou classfy thistriangle?

and

7. Draw aright isoscelestriangle.
8. Draw an obtuse scalenetriangle.

9. Draw an acutescaenetriangle.

ENDOFACTIVITY 14
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| nvestigating Transfor mations

Trandations. Follow theingtructionsin Activity 1 onthefollowing
page.

Openthefilenamed Tranlation Tesselation for afun sketch.

Reflections. Follow theingtructionsin Activity 2 onthefollow
ing pagse.

Openthefilesnamed Coordinate Reflection, Glide Reflect, Half
Head, More Reflection, Reflect, and Reflect Segment for some
fun sketches.

Rotations. Follow theingtructionsin Activity 3onthefollowing
pages.

Openthefilenamed Rotatefor afun sketch.

Open other fun sketches named Symmetry and Twisted Triangles.




