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Sinpl e Kinematics
Teacher Gui de

Overvi ew:

Students will translate their experience with sinple kinematics (Ilinear
notion) into a conmputer nodel. |In an extension activity, students may sol ve
sinpl e kinematics problens using a variation of their nodel.

Prior Know edge/ Skills Required:

Prior to this activity, students should have perforned one or nore sinmple
linear notion activities. This is an introduction to STELLA, so they do not
require any prior know edge of this software. They should have been

i ntroduced to the notion equations and they should be aware of the graphs that
result fromconstant velocity and constant accel eration of notion

Activities at a Gl ance:

Activity Title Mat eri al s Estimated Ti me
1 Build a First STELLA, computers 45 mn
Physi cs Model
2 Ext ensi ons STELLA, computers 30 min

Core Learning Goals:
Core Goal 1: Skills and Processes

4. Expectation: The student will denpbnstrate that data analysis is a vita
aspect of the process of scientific inquiry and comuni cation

(3) The student will determine the relationshi ps between quantities and
devel op the mat hematical nodel that describes these rel ationships.

(8) The student will use nodels and conputer simulations to represent
syst ens.

Core Goal 5: Concepts of Physics

1. Expectation: The student will know and apply the laws of mechanics to
expl ai n the behavior of the physical world.

(2) The student will use al gebraic and geonetric concepts to describe
an object's notion.
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Best Practices:

Prior to this activity, students have experinented with |inear notion.
This could involve a variety of activities including Cal culator Based Lab
(CBL) activities with the Motion Detector and/or notion |abs where students
graph the notion of a noving object versus tinme. These |labs are easily found
in all Physics Textbook Lab manuals and in several workbooks avail able for the
CBL. Students shoul d have been introduced to the equations of notion and the
termrate should be used in these |ectures. For exanple, students should hear
that the speed or velocity of an object is the rate of change of distance over
time. Using these terns early in the classroomw |l facilitate students use
of the nodeling software for future activities.

Students shoul d al so have begun to relate type of notion to appearance
of graphs. They should be aware of the appearance of distance-tinme and
vel ocity-tine graphs when an object is traveling at constant velocity and when
it is traveling at constant acceleration. They should al so understand the
physi cal rel evance of the slope and y-intercept and what it neans if the sl ope
is negative on a distance-tine or velocity-tinme graph

This first nodel is the basis for dozens of nodels which can be
i ntroduced in the classroom Students should be given tine to understand the
basi ¢ functions of the software and how to build the nodel. When they are
finished they should save the basic nodel. Subsequent nodels that derive from
this nodel shoul d al ways be saved with other names so the basic nodel is
avai l able. The extensions introduce further skills.

A scoring tool based on the Conmon Thenes section of the AAAS Benchnar ks
for Science Literacy is included. A copy of the rubric should be displayed for
the students to refer to as they performthe activities. The teacher should
explain to the students that the questions marked with an asterisk (*) will be
scored using the rubric.
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Activity 1: Building a First Model in Physics

Doubl e click on the STELLA icon. Wen the full screen appears,

z

&3 X
click on the icon of the world :] once. It should change to an . The
top bar | ooks like this:

O[z|0lk] [BHol [m=lal B[]

This is the source of the icons we will use to build our nmodel. First click

on the icon that |ooks like this :D. This is known as a stock. Now slide
your pointer out into the open field and click again. A large stock should
appear with the word Noname 1 highlighted. Before doing anything else, type
the word Di st ance.

Now click on the icon which |ooks like this: %‘& This is a flow Slide
your pointer to a position sone distance to the left of the stock, click and
drag until the arrow just touches the stock and the stock becones shaded.

Let go of the nouse button. Type the word Rate of Change of Distance.
Your diagram should | ook Iike this:

Distance

@) =S >
©

Rate of Change of Distance

To get rid of the question narks, double-click on the D stance stock. When
t hat wi ndow opens, enter 0 (that's a zero) and click on OK. Next

doubl e-click on the Rate of Change of Distance flow. Wen that w ndow
opens, enter 7 and click on OK

What about units? In physics, all val ues should be acconpani ed by units.
STELLA can work with any systemof units, so the 0 above could be zero feet or
zero neters. Likewi se, the 7 could be 7 feet per sec, or 7 neters per sec or
7 mles per hour. Unfortunately, STELLA cannot do the math if the nunbers
have units behind them There are two ways we can deal with this. W can
renmenber what units we are using or we can put the units in brackets (Ilike
this {}), for exanple 7 {nms}. Your instructor may want units added.

Now go back to the nenu bar and click on the graph icon, which |ooks |ike

this: ["3 Slide your nmouse pointer to a clear spot in the window and click
again. A small graph icon should appear and i nmedi ately be replaced by a

| arge gray graph. Doubl e-click anywhere in this graph and a new wi ndow
will open. |In the top center of this window, you will see two boxes which

| ook Iike the two on the next page:
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Allowable Selected
] Distance

- Rate_of_Change_of_...
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Click on the word Distance, then click on the >> synbol. Repeat for
Rat e_of Change_of Di stance. The boxes would now | ook |ike this:

Allowahble Selected
. |C] Distance
. |7 Rate_of_Change_of_...

-

LR

A oHnie of Dhange i

-~

<

b D P o

i
.\\:__. e

Click on OK.

You shoul d be back at the graph, with the word Di stance in red at the top
and Rate of Change of Distance in blue. Fromthe very top nmenu, Click
and hold at the word Run, then without letting go of the nobuse button, slide
down to Run on the nenu and rel ease. Two graph lines should formon the

gr aph.

Question 1.1: Sketch the graph.

See Appendi x A for answer

Note that there are two scales on the y-axis, one for Di stance and one for
Rat e_of _Change_of _Di stance. Lock the graph by clicking on the padlock in
the lower left-hand corner of the graph w ndow.

Question 1.2*: Expl ai n why the graph appears as it does.

The velocity is constant, so the graph is a flat line
of zero sl ope. The velocity is causing a constant
change in the distance, so the distance graph is a
straight line with a positive slope of 7.

Cl ose the graph window by clicking in the square in the upper |eft-hand
corner. Bring a second graph icon to a clear spot in the wi ndow and doubl e-
click to open it. Select Di stance and Rate_of Change_of Di stance as the
items to graph. To set the scale on Graph 2 to be the same as the scale on
Graph 1, highlight Di stance, click on the doubl e-headed arrow to the right
of the Sel ected Box, and set Min to O and Max to 90 and press Set.
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Hi ghlight Rate_of Change_of Distance,
to the right, set
this graph to answer question 1.3.

Maki ng Predictions:

nodel . After you have nade your predictions, you can r

Question 1.3: How do you think the appearance of the

why

a. if the initial distance was changed to 5?

M n to 0O and Max to 14 and press Set.

Answer the followi ng question w thout

click on the doubl e-headed arrow

Click OK and use

runni ng the
un the nodel

graphs wi |l change and

The distance graph will have a y-intercept
the slope will be the same. The vel ocity
be unaffected. See Appendi x B.

of 5, but
graph will

b. if the initial
Di stance was changed to 37

di stance remai ned at 0, but the Rate of Change of

now have a | esser
be a fl at
St uden

The di stance graph wil
bef ore. The velocity graph wil
| ower val ue. See Appendi x C. (Note:
see this if the graph axes have been set
changi ng) .

and are not

sl ope than
line at a
ts will only

Now check your predictions. To do this,
check your
replace the O with 5.

changes. To check your

Cick OK, run the nodel
prediction to Question 1. 3b,

back to 0 and then change the Rate of Change of Distance flowto 3.

run the nodel and check the G aph 2.

Question 1.4: Wre your predictions correct?
and explain why the results were different from your

Student answers will

vary.

Addi ng Accel eration:

upper left hand corner. Change your nodel so that it

Distance Velocity

first close the graph w ndow.
prediction to Question 1.3a, double-click on the Di stance stock and
and check Graph 2.
change t he Di stance stock

To
Not e any

Cick K

Descri be any di screpenci es
predi ctions.

Cl ose the graph wi ndow by clicking on the box in the

ooks |ike this:

Acceleration

The circul ar icon, Acceleration,
the right of the flow on the tool bar.

T-5

is known as a converter.
Click there once,

Rate of Change of Velocity

It can be found to
then position the
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cursor on the diagramand click again. The line with a circle on one end and
an arrow on the other is a connector. It is to the right of the converter on
the tool bar. dick on the red arrowin the tool bar, then position the
cursor inside the Acceleration converter, click and drag until the arrow
touches the Rate of Change of Velocity flow and rel ease. Repeat for
connecting Velocity to Rate of Change of Distance.

Doubl e-click on the Rate of Change of Distance icon, and when the w ndow
opens, choose Velocity fromthe Required Inputs box. Click OK. Doubl e-
click on the Velocity icon and type 0O (zero) and OK. Double-click on the
Rat e of Change of Velocity icon and choose Accel eration fromthe Required

I nputs box and OK. Double-click on the Acceleration icon and type 3 and
OK.

Question 1.5: Earlier the Rate of Change of Distance was equal to a
constant (7). Wiy can we now equate Rate of Change of Distance with Velocity?

Vel ocity and Rate of Change of Distance are the same
thing (definition). The object is accelerating, SO
the velocity will be changing as will the rate of
change of distance.

Create a third graph as you did with the other twd, but select Distance,
Vel ocity and Accel eration this tine. Do not set the scales. Run the nobde
agai n.

Question 1.6*: Sketch the graph and explain the appearance of the graph

The acceleration graph is a flat line because it is
const ant. The velocity graph is a straight line with
a slope equal to the acceleration because it is
changi ng. The di stance graph is a half-parabola
because as the velocity keeps increasing, |arger

di stances are being covered every second. See
Appendi x D.

Maki ng Predictions: Answer the follow ng question wi thout running the
nodel . After you have nade your predictions, you can run the nodel

Question 1.7: Descri be how you think the appearance of the graphs will
change and why:
a. if the initial velocity was changed to 5?

Vel ocity graph starts with a y-intercept. Di st ance
graph will have a sharper upward curve.
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b. if the initial velocity remained at 0, but the Accel erati on was
changed to 57

The acceleration graph will be in a different position,
the velocity graph will have a steeper slope and the
di stance graph will have a sharper slope or rise.

Run the nodel and check your predictions.

Question 1.8: Wre your predictions correct? Describe any discrepencies
and explain why the results were different fromyour predictions.

| Student answers will vary. |

Activity 2: Extensions

In the first worksheet, you were asked about the effects of changing initial

di stances and velocities and about the effect of changing the flow val ues.

In this activity, we will exanine the effect of several changes on the nodel.
At the sane tine, we will learn about some other features that STELLA has to
of fer.

Experiment with changing the acceleration values, the initial velocity and the
initial distance. Renenber to use appropriate testing procedures (change one
variable at a tinme). For the nmonent, keep all val ues positive.

Question 2.1*: \Wat were the effects on the graphs when you changed each of
t hese vari abl es.

Changing the initial value of either the distance or
vel ocity changes the position of the y-intercept for
t hat vari abl e. In addition, changing the initia

val ue for the velocity.

Question 2.2: Predict the effect of having a negative accel eration. What
will all the graphs looks like, if the initial distance and velocity start at
zero? You can answer with sketches.

|Student predictions|

To check your prediction, you need to nmake the followi ng changes in the nodel.
Doubl e-click on the Distance stock and in the upper |left corner of the

di al og box, click in the Non-negative box so that it is blank (no X). dick
on OK. Repeat this for the Velocity stock. This allows both of these
variables to go negative. Now doubl e-click on the Rate of Change of
Distance flow and in the upper left corner of that dialogue box, click in the
bi-flow bullet. dick OK. Repeat for the Rate of Change of Velocity flow.
This allows the flows to add or subtract anpbunts fromthe stock. Now change
the acceleration to a negative value (try -3) run the nodel and observe the
graph.
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Question 2.3*: Sketch and expl ain the appearance of the graph.

Student sketch

The accel eration graph will still be a flat line, but
the value of that line will be negative. The vel ocity
graph will be a straight |ine of negative slope equa

to the acceleration. The distance hal f-parabola wil
arch downward traveling increasing |arger negative
di stances. See Appendi x E.

Model a car accelerating, traveling at constant velocity and then
decel erating. Doubl e-click on the acceleration converter. Type the
following in place of the value you used above

If (Time < 3) then 5 else if (time >9) then -5 else 0
This statenent says, that if tinme is less than 3 seconds, the car will
accelerate at 5, it will stop accelerating at all between 3 and 9 seconds and
then at 9 seconds, it will decelerate at the rate of -5

Question 2.4: What do you think the velocity and di stance graphs will | ook
like? Wy?

Student predictions

Run the nodel and observe the graphs.

Question 2.5: Conpare the graph created by the nodel to your prediction.

The model graph shows the stepwi se nature of the
acceleration, the velocity graph rising for three secs,

flat-line for 6 secs and then falling for 3 secs. The
di stance graph shows a parabolic section for the first 3
seconds, a straight line portion for 6 secs and a

decreasi ng parabola for the | ast 3. See Appendix F
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Appendi x A
Stell a Model - Constant Vel ocity

Distance

Rate of Change of Distance

ﬂ 1: Distance 2: Rate of Change of Distance

1: 90.00~-

2: 8.00
7 1

1: 45.00 ] ] o ;

2: 7.00 < < 1= <
- 1

1 0.00 | 1

2 6.00 T T T 1
0.00 3.00 6.00 9.00 12.00

a =S Graph 1 (Untitled) Time 8:24 PM 6/10/98
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Appendi x B

Stella Model -New I nitial

Distance

Rate of Change of Distance

Di st ance

ﬂ 1: Distance

1:
2:

90.00+
14.00

2: Rate of Change of Distance

45.00 ]
7.00

N
N

0.00

N

N

T
0.00 3.00

T I=P Graph 2 (Untitled)

T
6.00

Time

T 1
9.00 12.00
9:18 PM 6/10/98
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Appendi x C
Stella Model - New Vel ocity

Distance

@

Rate of Change of Distance

ﬂ 1: Distance 2: Rate of Change of Distance
1: 90.00-

2: 14.00

1: 45.00]

2: 7.00

1/
- _— |

1
2: 0.00- 1 r r r .
0.00 3.00 6.00 9.00 12.00
8=/ Graph 2 (Untitled) Time 9:14 PM  6/10/98
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Appendi x D

Stella Model -Positive Accel eration

Distance

Rate of Change of Distance

Acceleration

Velocity

Rate of Change of Velocity

9
1:
2
3

wNhkE

wne

1: Distance

300.00-
40.00
4.00

150.00

2: Velocity

3: Acceleration

—
Falvd

20.00
3.00

0.00

w

ooo|l /% ~—1

1

2.0046 1=

0.00
8=/

]
3.00
Graph 3 (Untitled)

T
6.00

Time

T 1
9.00 12.00
11:01 PM 6/10/98
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Appendi x E

Stell a Model - Negative Accel eration

Distance Velocity

@

Rate of Change of Distance Rate of Change of Velocity

Acceleration

ﬂ 1: Distance 2: Velocity 3: Acceleration

50.00-
0.00 \

-2.00

1.
\
1
-100.00 _

-20.00
-3.00

wnhe

W

wNhkE

w
G

-250.00
-40.00
-4.00

wnke

| | | | | | 1
0.00 3.00 6.00 9.00 12.00
g =/ Graph 1 (Untitled) Time 9:57 PM  6/10/98
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Appendi x F

Stell a Model -Varying Accel eration

Distance Velocity

Rate of Change of Distance Rate of Change of Velocity

Acceleration

ﬂ 1: Distance 2: Velocity 3: Acceleration

200.00+
20.00
10.00

wnke

W
N
N

100.00
10.004
0.00

W
W

wnke

2

1
0.00
0.00
-10.00f= 1= T T T 1
0.00 3.00 6.00 9.00 12.00

a = J‘ Graph 1 (Untitled) Time 10:00 PM 6/10/98

wnke
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