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. NEWTON'S LAW: A COMPUTER-BASED 5IMULATION FOR INTRODUCTORY PHYSICS

PURPOSE

These four individualized programs simulate physical
~experiments in force and motion, graph the unique data
collected by individual students, and provide feedback to
-each student relative to his generalizations. Film Toops
are available to improve the realism of cacin simulation.

ACCESS INSTRUCTIONS

Get-FORCEA
RUN

(Instructions for accessing successive progratis are included
within the f1rst prooram of the Jer1ca)

DESCRIPTION

These programs. introduce Newton's Second Law through simulated
laboratory expericnces, and the iHewton and Kilogran are defined.
In using the programs, studoiits improve their ability Lo wake
generalizations from graphed data and they will improve their
understanding of motion and the property of 1inertia (re'ton S
First Law). The simulated experiments parallel a series of
fundarental, inductive experiments developed by the Physical
Science comm1tteo The GXDPPTPPHLQ are basic, yet to sct up
and adjust the real apparatus is a very time copsuming process
‘This Yaboratory simulation is not desianed to replace.all
first-hand experience with materials; however, the. 1ourning
process can becoiic nore effactive and efficient if appropriate
laboratory work is supplemented with 1nd1v1oua11zed, simulated
oxperiments.

~ In each of the four programs the student must specify the
variables for the particular cxperiment, e.g., the amount of
force to be applied and the mass of the cart, in response to
specific questions from the computer. The computer acts as
"Tab partner" and graphs the data: it then asks numerous:
questicns about the regularitics which arce present. For example,
the student. has to determlne acceleration from a graph of
've10c1ty vs. time 1n a couplc of places.




If the student responds 1ncorrect1y, he is’ g1ven assistance,
and if he fails to grasp the concept after help has been provided -
more than once by the computer, he is 1nstructed to see his '
teacher before preceding; the program is then automatically
terminated. Each, completed simulation ends by instructing
the student to 1ist the sources of experimental error as he
‘envisions them and to state the conclusions which can be

"~ drawn from the experiment. He is encouraged to pursue the
investigation further at home or in the lab.

‘SUGGEQTIONS FOR TEACHERS

This simulated experiment series is most appropr1ate]y

utilized after linear motion and the property of inertia have
been discussed but prior to introducing Newton's Second Law.
Since students will spend approximately 30 minutes -on each

of the four programs, scheduling is critical when large numbers
of students are invoived. If multiple terminals are not ,
available, other materials such as vectors and circular motion
‘may' be discussed in class while students progress through the
simulated experiments on their own time.

To insure that students comp]ete the series of programs,
teachers should ask them that they turn in completed prograins
or that they include them in their laboratory notebooks. When

~a student reports to his teacher because his program was
terminated early and he needs additional help, he should bring
the computer output with him for review with his teacher. The
concept causing the difficulty will be apparent in the closing
lines of the program output. o :

)

1
Physical Science Study Comm1ttee, PHYSICS LABORATORY GUIDE, 2nd Ed1t1on
Heath 1965, 35-37
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Description of the Force and Motion Unit

The series of simulations produced in this étudy pérailel the fun-
damentﬁl, induttive experimenté deveioped by the Physical Science Study
' Committee (PSSC) through which students generalize Newton's Second Law.T
General objectives of the Force and Motlon Unit for experlmental and con;
trol groups are:

A; To brovide the student‘with a detailed understaﬁding of Néwton'S‘
Second Law; ~ | | |

B. To help the student develop graphical skills and an ability to
interpret graphed data;

C. To help the sgtdent develop inquiry skills.

A more detailed list of specific objectives for the unit stated in

behavioral terms is included in a subsequent section of this repoft.

Film Loops. The simulgted investigﬁtions begin as the student views
a film loop showihg a Jet plane during take-off."The film loop places
the student in.the role of expegimenter, and through over-printing he is
asked questions which cause him to consider the variables affecting the
acceleration of the plane. The film fades from the eirplane to a labof—
atory environment wherein the student is shown how to measure thé effects
of varisbles upon the acceleratlon of a dynamlcs cart. After viewing'
‘a person working with the apparatus, students acqulre simulated data that
they must analyze.: After their analysis of the data, they move through
succeséivg viewings of film loops and interactions with the simulated

experiments.

1 Physical Science Study Committee. Phy51cs Laboratory Gulde.‘ Englewood;
N.J.: D.C. Heath and Co., 1965 p. 35-37.




Proérams. The simulations are broken into four major‘components,
each developing one maJor idea,as depicted’in Figure l.' Program #1
(FORCEA) develops the concept that the velocity of an object changes at
’a constant rate when a constant force is applled, i.e., a constant force
produces a constant acceleratlon It also 1ntrodu--s the notion that the
acceleration of a body is in.some way'inversely related to its mass.
Programx#2 ( FORCEB) develops‘the idea that the acceleration of an object
is difectly related tokthe applied force. Program #3 (FORGEC).develops
the idea that acceleratiou is inversely proportional to mass when thﬁv'
applied force is held constant. Program #4 (FORCED) synthesizzs theSe
concepts and develops Vewton s Second Law from them, it aiso introduces
the newton as the unit of force in the MKS syste». Each program concludes
wiih problems reviewing the concepts ueveloped in the'unit up to that
point. Also, the student is asked to list the sources of experimental
_error asnhe envisions them and tobstate the conclusions which can be
drawn from each inyestigation. He is encouraged to pursue each investi-"
getion further at home or in the laboratory.
| Students interact with the conpnter through remote terminals using
natural language messages to get unioue data they are to analyze. Each
computer_progpam‘begins with a short qguestion to}assess whether or‘nott
the student has attained the competencies necessary‘to enter that phase
of the unit. If he does not meet’the entrance‘competency required in
programs #2, #3, and #k, he‘is given a:second chance to do so without any
assistance. If he responds incorrectly the‘secondttime, he is told tov
review the previous program. If the computer determines that he dces not

meet the entrance competency at the beginning of program #1, he is given



\ : ‘ Objects have constant velocity
. Entry Concept: - : _ o 2
' when no net force acts upon them.|"

Constant force causes velocity

: S to change at a,con&tant rate.
Program #1: ' :

T S S G > G > G G T (o T W A G G T Gt i ke, Gt S G G S0

Determine acceleration from

velocity versus time graph.

l

Acceleration is directly
Prégram #2: K proportional to force.

ANF

,

Acceleration is inversely

Program #3: o proportional to mass

Acl1l/M

Program #4:

Newton introduced as force

unit in the MKS system.

Figure 1. Sequence of Major Concepts in the
' Instyxuctional Unit :




ASSistaqce Bj means of tyred messages, If‘he fails to respond cofreCtly
in three atﬁémpts, he‘is toid fo'reviey certain méterialsgbefore returning
to the cbmﬁuter termiﬁal.

‘Aftérithe student enters.a particular program, the computer plays
the role of the‘student's lab partner in a dialbg mode. It asks questions -
which allow the student to specify‘the independent var;ables in the inves-
tigation such as the amount of force to be appliéd ahd the mass of the
carﬁ,.and it generates. unique daﬁa for the dependent variable ‘very
similar to that obtained by experimenters uaing the real appgratus shown_i
in the film»loop.“ Iﬁ data collection, the computer types out statementé
such as: '"You make the simulated run with the cart applying a force of |
XXX (sprcified previously by the studéﬁt), fﬁﬂn I'll_analyze the tickér
tape; meke a data téble, and plot a‘graph of veiocity vgrsué time..."

The‘cémputer organizes and'plots‘the dats many times faster than the
studént can, thus allowing him to focus on the feéularities apparent, in
the data instead of the algebraic manipulatiopé necessary to graph the
daﬁa. An evenAmpre important aspect of these dialogs‘dfe the questions
the computer asks the student concerning generalizations which shogld be
aéparent in the data. 'At some points ﬁhe student is asked to dete;mine
acééleration from a‘velociﬁy versus time gfaph (slope). At another point
he‘must‘note that a cu;Ve does not pass through the origin, and he is
asked to explain why it.does not én so. |

Typed below is a short extract from program #2 which conveys the

hature of the interactive dialog concerning graphed'data:2



NOTE THAT THE GRAPH DOES WOT PASS THROUGH THE v
ORIGIN. - APPARENTLY THE CART DOES ‘NOT ACCELERATE
WHEN WE APPLY A SMALL POSITIVE FORCF WHAT
CQULD CAUSE THIS?
? FRICTION
THERE IS FRICTION BETWEEN THE CART AND THE FLOOR
WHICH OPPOSES THE FORCE WE APPLY. STUDY THE GRAPH
ND DETERMINE FROM IT THE FORCE or FRICTION (IN LOOPS)
2.5,
FINE! THE PORCE OP FRICTION IS REPRESER 'TED BY THE
~ INTERCEPT-OF THE GRAPH WITH THE FORCE AXIS.
- HAD WE USED A CART WITH GREATER FRICTION THAN IN
OUR EXPERIMENT WQULD THIS INTERCEPT BE TO THE
- RIGHT OR LEFT OF ITS PRESENT LOCATION?
?RIGHT :
CORRECT! NEXT, I'M GOING TO~TAKE THE DATA WE
COLLECTED AND PLOT THE RESULTANT FORCE ACTING ON
THE CART, INSTEAD OF THE ¥ORCE YCU APPLIED .IN EACH
RUN. (THE RESULTANT OR NET FORCE IS THE FORCE
YOU APPLIED MINUS THE FORCE OF FRICTION.)
TYPE IN THE POINT WHERE YOU THINK THE NEW PLOT WILL
INTERSECT THE FORCE AXIS.
20
RIGHT! HERE'S THE NEW GRAPH:

For brevity only correct fesPOnSes have been shown. Had a response
been incorfect, a discussion of fhe particular'item weuld have appeared,
followed by further questions on the same point. . If the student exceeds
a certain error rate, he is told to consultrﬁith his teeacher béforercon—
tinuing the program. A sample error branchlng sequence is shown dlagram—
matically in Figu#e 2. The dashed line in the Figure 1ndicates that after
proQiding help the teacher has the option of sending the student on to
the nextvinstructional sequence or retufniﬁg him to the same instructional

sequence in which he encountered difficulty. This particular program

2 Question marks at the left edge of a line are followed by the
student's response
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.{ © : - Interactive

Simulation

<7
Brief. Instruction

Sequence for Concept n
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L e

l\?

- 7rest for Concept n

Simulated Data:

as Related to Graph of lon

Help #2
on Concept n

Help #1
Concept n

I

Ist | ‘
No | i :
orxrect . . Time
9 _ \/ e

A

—— e —— i s i i s s o s '

T
l
¢
{
l
$
f
!

L

Yes 3rd
t‘!’ - ] t]!’
. Brief Imstructional 1 1 To Teacher
. T oy e ]
Lfequence for Concept n+l:k“ for help
v

etc.

Figure 2., Sample Branching Sequence




‘segment extracted from pfogram #2 is féllowed by the plotting of a new
graph,,a brief diséussion of thét graph, and a diaiog which asks_the‘
student to write an equation to fit the;graph. The sémple computer
dia;og runs included in this report shéuld be reviewed individually for

8 more thorough overview of the interactive simulations.

Simulated Data and Problem Sheets. Dsta and problem sheets providing
information very similar to that in the computer programs are incLuded in
the fiﬁal éection of this report. They are designed for use by students
who doinot have access to an appf0priate computer facility. Eachvdata
énd problem sheet reviews briefly the 6bJectives of the particular in-
vestigation and then provides data."the experiménters’gathered... from a
careful analysis of the ticker tape pulled by the cart." Each student
is asked to graph the data and discuss specific questions relating to the

graphs on an "investigation work sheet."

Unit Development

. ‘The particular concepts taught in this instructional unit were
selected for several reasons. They are fundamental_in‘mechanics, théy
are readily amenable to graphical display as linear relationships, and
‘the author has observed that few physics teachers have students do
lavoratory work in tﬁe area.  Initial program writing was done .in
English languagé. During the lesson vriting, main programs were com-
pleted‘before error loops were written. (Error loops provide help
following the éntry of an incorrect student response). The éompleted

programs were then coded in BASIC. Certain other computer languages
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would hgve expedited program coding, but the BASIC ianguage was the only
language available»to the author's students at that time,.and it did not
excessively constrain his initial objectives. In order to remein within
a 5000 word core, each program in the series references a file in which

messages are stored that do not contain variable quantities.

The lessons were altered in minor ways during encoding. Later they
were revised based upon feedﬁaék from a small number of students who
used the materials prior to widespread use of the programs.

The simulated déta and problem éheets were prepared from the computer
lessons after.the computer lessons had been revised.. Data appearing on
these sheets were simiiar_to that which is obtained by computer students,
" and the outline of the sheets parallels that of the computer programs.
Quesﬁiéns and problems included in the computer programs are.included onv
the simulated data and problem sheets. Correct answers are included for
some of the pfoblems, but most often the étudent is not provided with
correct responses on the sheets. Feedback regarding the accuracy of his
responses, if he is to get it, will come from other students, his teacher,
or the graphed data.

Scripts for the film loops'Were written and initial filming was con-
ducted concurrently with the initial program writing. Filming was done
in‘Super 8mm on Kodachrome II film. After commercial processing,‘film
clips were spliced into final form, and they were then commercially
reproduced and placed in cartridges. (Titling'was accompiished‘by filming

through plates of glass on Which block letters had been placed;)
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Classroom Implementation
Teachers who use the Force and Motion simulations may bring their
students through preliminary materials in a variety of conventional vays
(See Behavioral Objectives 1-4.) The students then progress individually
at their own rates through the programs. Students normally schedule
their programs outside of class time. Completed programs are to be

submitted on certain dates which are specified in advance,
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SET-FORFCEF
Foritd
FORCER

MELCOME TO CF TIMATED FRYSICT LAR. THROUGH THIS SERIES UF
PROSAAT G0 FTLM LORRS WS WILL INVEITIGRTE HOW

FGPLE RFEFECTT The MOTIOM GF RN DELTCT,

HAVE YOU MATCHED THE FILM (LGOP FOFCE 2 HOTIGH 17

UZE GisLY NUMCTSLS AND CRFT FIR ANSWERS
TVET

OHE IHSTRUCTION EEFIE ME EEATHT WHEN YHCFE RTEED TO TYFE

I MUMECICHL DSTRe DO HOT TVIEE THE UHTTS DF THE MTMER.  FOR
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1100

E R

v
. L

Hid
TER T

Im

fHTFFFT' TNEOTO THE FSTEERTY GF IHNESTHY C2O0METILES CRLLED
HSMTEEND 37070 e vl RGO T S STLECITY WILL LE LI TENT
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THE CRHTTHNT FOACT WS ACPLIED IN THIC 0 DID CEPILCE R CONTSTAMY
P CELE T Y0,
AHALYSE THE G D DETERHINE THf—' FCCELERATION IN CMAYECATEC,

OF . Ol CONSTHENT FUFCE LOF " CM CAUZEDR OUP CART TO HAVE A COMNTTHENT
ACCELEERTION OF 12,2 TECALEL.

B3 YN CSNTEE DU O TATH ALSD INDICATE THAT THE MAtS OF THE CARTY DID
RFFECT TH- ROCFLLL - TI10N. .

MRS THEC 0 TELERLINTD M GREEARTER UP SMRLLER WHEN THE TMALLER MATS LIRS
RCCELESTINT

PEREARTER

.

CORFPECTS THE ZHMALLEF MASS LMDIEFMENT R LARCER ROCFLERATINH.
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A RCECL . OF @MCTEC. TEO RHD MATS B AN PCOEL. OF GReIECHIEC,
WHAT T3 THE ACCCLs 1IN MATECASECH MMEN THE TWO HFE FASTENED
TOGETHER FMD THE SHNE FOSCE 1S APPLIENT

1.5

CIRIRNLH
THE LAIT FEW QUEITIONS DERL WITH THE SRAMH FRIMTED IELOM

WMHICH THOWL THE VELOCITY GF A 10kG  DRJECT ALDOMS A STRAIGHT
FriTH.

10+
l.._l o+
= o4 b » k4
- + *
L+ X ;
COCMeTEDY o+ ® T
I E R b
T + h
f 2+ ks
+ s
O+ + + + + + + + 4+ + + + + + + + + + M + +
0 c 4 & = 10 12 14 1a 18 20

TIME C(SEC)

IMH THE HEXY 3 QUESTIONHS TYPE IM THE LETTERP OF THE EBESRT
FEZFONIE -

THE MET FORCE ACTIMG ON THE DORJECT HMAS 0 AT <R O TECS CB>
[

i.
4 E- CCD O10TECS (D> 12TECS CEX 163ZECH (F) NOME OF THE RAEIYE

1‘|vv

COFRRECT !

&. THE MET FCOFCE RCTING DN THE OFRJECT WSS GRERTEST AT: ‘
CRY 0 ZECS CBM 4 SECE Q) 10 IECS <) 13 SECT CEY 15 SECS
oF> MOME OF THE AROYE. ‘

TD

H00n:e

%. THE NET FOFCE MAZ CONSTANT BETWEEN:(R) 6~9SE0i
(CY ES-1S2ECE D) 15-18SECS C¢EY NOWE OF THE AEOYE
-?- E:

INCOPFECT . THE FORCE IZ COHTTAMT WHERE THZ QOCElL . IS COMSTEHANT.
FEMZMEES THAT THZ ACCEL. AT ARY POINT I3 THE SLOFE OF THZ ¥ ”’FEU- T
GROGH, FIND THE LTTTED TIME INTERWAL IH UHICH WELDCITY CHYUGES AT H
CONZTAMT PATE. AMD TYPE IM THE CORFICT CMILER.

“In

- . & . . =
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4. WHAT WAY THE ®CCEL . OF THE DOBJECT C(IN MsSEC-SEC)H AT & SECT

FINE
S. DETERMINE THE NET FORCE ¢IN N> AT & SEC. ¢OBJECT HAS MASS OF 10KG)
TEO

WREOMS, F=MA. MULTIFLY THE PMRSSCIOKGY EY THE ACCEL. CALCULAYTED IN THE
LAZT FROELEM. CHECK YOUR CARLCULATIDNS AND TYFE IN THE CORKFECT RAHIWER.
TS

YERY MICE.

YOUSLL NOTICE ON THE GRAPH THAT THIE CONSTANT FORCE OF SN LRSS APPLIED
FROM QZEC THROWUGH = ZEC. MOWs THE FIMAL FROLGLEMS

&. DETEFMINE THE FORCE <IN N} ARCTING AT 13 ZEC.

a0

rll ']

Okt IT“S A SO00D IDER TO LWRITE THIS FORCE AS —-20M EZINCE
THE FORCE IS OPFOSITE THE DIRECTION IN WHICH THE ORJECT IS
MOW MG,

THE IDEAS WMEYE BEEN DISCULSIING IN THESE FOUR FROGEHMS RAFE

FUMDSMENTRL TN CLASEICAL MECHANICE. OUR UNLERITENDINMS (OF THEM

HAZ LEEN GREATLY ENHMRHCIZD BY THE ERILLIAMT INSIGHTE HEOVIDED

EY GRLILEGs HEUTONC RND THEIR SUCCEZSORT, THE STORY OF THE WOREK

DF THEZE ERELY ICIENTIITE IS FRTCINATING REALING,

THESE ITLEZAE PRUIVIDE A STRRTING FOINT FOR FURTHER STUDY IN

MECHANMICT. “ERY Z0DMs FOR EXAMFLEs 00 WIILL STUDRY FARLLINMG

FODIES, WHEN A EOQODY FRLLES THE FORCE CAUSIMG IT TO ACCELESRATE

IS ITE WEIGHT...

IT HAZ EEEN %ERY MICE WOREING WITH ¥YOU INM THESE FRAST FOUR
ERPERIMTNTI, PEFHRPS HEZLL MEET AGHIN IF SOMEGHE WILL WRITE

HDF“ FROSCAME...7

FEEFORE WE PART. YOU'LL HAYE 7O TYFE INM THE EOUATION REPFRE-

IEMTIMG HMEWUTOM S gnD LAW WHICH WME DEVELORED IN THIZ FROSAEM,

EZEIH THE EQUATIGN: F= ... AMD DO HOT IMCLODE A MULTIFLICHTION ZIGH.

YF=MA ‘ ‘

AUF WIEDERSEHEN

TO =IGH OFF THE TERMINSL TYPE “EBYE“ RND FRESS THE RETURH KEY.

LGV IE
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GENERAL OBJECTIVES

General instructional objece¢tives of the Force and
Motion unit are:

A. to provide the student with a detailed under-
~standing of Newton's Second Law;

B. to help the student chelop graphical skills
and an ability to interpret graphed data:;

C. to help the student develop inquiry skills;

D. (for Group I students only) to familiarize the

student with the computer.

BEHAVIORAL CBJECTIVES

The instructional objectives may be stated in more
specific bchavioral form. Prior to beginning the Force
and Motion unit the student should have studied certain
prerequisite concepts and skills for which the unit does
provide reinforcement and a limited amcunt of assistance:
in the event of conceptual difficulty. When the student
has ﬁastcrcd the entry concepts and skillz he will be able
‘to; -

1. determine the accelcration of an object given‘
data describing its charnge in velocity; |

2. describe the velocity and accelcratio£ of an object

when no net force is agpplied (Newton's First Law):
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3. determine the slope and intercept vaiues when
given a.linear graph;

4. write an equation to fit the data when given a
linear graph.

At the completion of the Force and Motion unit the

student should have mastered additional concerts and process
skills such that he should be able to: _
5. determine the acceleration given the force applied
to an objéct;
6. determine the force acting on an object given its
acceleration (in Newtons or in arbitrary force units);
7.v determine the mass of an object given the force
applied and the resulting acceleration; |
8. determine the applied forces given data describing
the velocity of an object at various times;
9. describe the effects of forces on an inertial mass;
10. describe the effects of a constant force on the
motion of an object;
11. determine the frictional force from a graph-'of
force versus acceleration for an cbject;
12. describe the effects of friction on the acceleration
of an object when a force is applied;
13. determine where velocity, acceleration, and force
‘are maximum, constant, and minimum respectively given a

velocity versus time graph;
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14. fit an eguation to a first order inverse re-
lationship;

15, plot the velocity of an object as a function of
time given a ticker tape pulled by the object through a
timer; .

16. describe the effects of experimental error on

the variables under investigation.




NEWTON'S LAW: A COMPUTER~BASED SIMULATION FOR INTRODUCTORY PHYSICS

MESSAGES TO STUDENTS AND TEACHERS

technical report

35



36

FORCE & MOTION
Computer Simulation

Message £o Students

These four computer programs which you are about to use simulate
experiments in force and motion. They will help you understand somne
basic idcas in physics. [If you have never used a computer terminal
before, don't panic, for it is much less intelligent than you are. It
can, however, do some things faster than you can - as you will see.
You don't have to know any special computer language to use these
programs; it will help though, it you know how to use the English
language! !

" Typed below are some special instructions which will enable you to
use the physics programs which are available in the computer.

1

1. Turn on Power (Power Ol)
2. Dial - ___. ___- and listen for high pitch tone
3. Place phone in coupler '
. At Keybvard type: HEL - ____, ___ 5 then press

RETURIL  Key. = (1f all is well the computer will.
type: READY

5. Type:, GET - PFORCEA, then press RETURN Key

6. Tpr' RUIL

From here on all other instructions uu!l be typed out for you by

~ the computer. HRcad the sessages carefully. Whenever a question mark
appears on the left-hand side of the paper and the teletypewriter stops
printing, you must type in a response and then press the RETURH key. 'The
computer is looking for short responses in answer to its questions like:
DIRECT, or 27, or COUSTAIT.

Hcre are three notes of procedure: ,

1. To represent the number one (1) you must use the key labeied
with the numeral | which is located at the left of the top line on the
keyhoard. . '

2. To represent the quantity zero, you must use the key labeled O
located at the right of numeral 9 on top line of keyboard.
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3. When making your responses, do not tvpe in any
extra swvaces. The computar has not been programmed to
recognize them in these simulations.)

If you make an error in typing which you wish to
correct before vou press the RETURN key, one method you
may use to correct your answer is: Hit the ESC (ZSCAPE)
key which is located in the urper left corner of the key-
board and then retype the correct answer.

 To terminate: Type BYE then press RLTURN key.
Then Push Power O switch and licht will go off.

Make approeoriate entry in LUNET LOG (time 1is
expressed in minutes on data sheet such as: "006
minutes of terminal time."

The four Force and Motion programs are named:
FORCEA; FORCEB; FORCEC; FORCED.
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FORCE & MOTION

Computer Simulatlons

To: Physlcs Teachers

]

SUBJECT: Instructions regarding students whese programs have
been terminated due to pooer understanding of a concept.

A non threatenlng attitude should exist such that students whose
programs have been terminated due to poor understanding of a concept
readily come for consultatlon with thelr tecachers. After discussing the
concept thoroughly with the student, the teacher may rccommend one
.of the following threc options:

1. The student should rerun the entire program from the
beginning In order to galn additional experience.

2. The student should proceed with the next program in the
scries If the tcacher feels that the student understands
the concept well and would not profit from rerunning the program.

3. The student should begin again, In the middle of the program
which was terminated, and complete the remalning part of the
_program,

The following table Indicates line numbers at which students can
restart thelr programs. The Instructions to be typed Into the computer
after sligning on are, e.g.

GET~-FORCEA

RUMN~910
Program. Starting Point - RUN
FORCFA | Problem at the end of the program 910
FORCER Problems at the end of the program 1260
FORCEC Problems at the end of the program ‘ 1270
FORCED | , 80 kg astronaut problem 460
Braking car probtem | 580
Kitchen stove problem ‘ : 700
2 masses fastened togethear - | 800

Graph problems ‘ 880
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Evaluation Instruments

The iﬁstruments used in data collection for this unit include a
criterion-referenced pretest, a criterion-referenced posttest, and a
student attitude survey. A description of the evaluation instrument
follows:

Pretest. This examination is a forty item, multiple choice response,
criterion-referenced test which measures cognitive skills. Test items
were adapted from several sources. The largest number of items were
adapted from a set of tests developed by HarQard Project Physics.3
Other items were written by the author, and some were constructed from

problems ‘in the PSSC text.h

In a study conducted by the author, the KRZl
reliability estimate was .85. The test may be administered to assess the
entry behaviors of the students participating in the unit.

Posttest. This final examination is an alternate form of the Pretest.
Numerical values in the items and the names of objects described in the
test have been changed from those in the Pretest; also the item séquence
‘is changed. Ttems on the test measure the attainment of the behavioral
obJectivés specified in the objectives section of this report. The KRéO
reliability estimate is .78. The test measures the student’s cognitive

growth attained through the unit when his score is contrasted with that

on the Pretest.

3 Harvard Project Physics. Testé, Unit I. New York: Holt, Rinehart,
and Winston, Inc., 1968.

-~

L Physical Science Study Committee, op. cit., p. 332-33L.
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Student Attitude Survey. This survey was designed to assess the

student's attitudes toward the method of presentation of the unit. The
majority of items in the survey were adapted from items on an instrument
developed to measure student attitudes toward Computer Assisted Instruction

by Bobby R. Brown.5

> Bobby R. Brown. "Student Attitude Toward Computer-Assisted Instruction."
Computer-Assisted Instruction Center, Florida State University,
Tallahassee, Florida.
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. FORCE & MOTION

TEST

DIRECTTONS: This is a 30 minute test. Do not open this test boolilet until

you are asked to do so.
WYhen you do write on the answer shoet, be sure to usce only an
ordinary #2 pencil. No ink or ball point pans may ™2 used.

Turn your answer shect so that the blue striped area is on your
right. In the upper left corner, write in the name of the school and your
instructor on the appropriate lines. On the line labelled CITY write in the
datc. .

In the upper ripght correr you will sce a group of columns labelled
"Print your name in the boxes provided...". FPrint yeur last name, vour first
name, and your middle initial in the boxes provided. 1f there are extra boxes,

leave them blank.

: In the lower right section of the answer sheet, print your GRADE,
BIRTH DATE, and SEX in the columns provided.

Go down the coluan under each of the boxes in which you have
entered a letter and blacken the space that contains the letter.

Make sure that all marks on the answer sheet are black and heavy
and completely fill the answer spaces. Do not place any marks on the test
booklet. :

Ansver all questions in the test by marking the letter on the
answer sheet corresponding to the one best answer.

DO NOT OPEN THIS TEXT BOOKLET UNTLL YOU ARE ASKED TO DO S0.

O

RIC

Aruitoxt provided by Eic:
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1. An experiment yielded the data given in the table and graph below. .

24 )
t_(sec) d (m) A .zo[: ) ¢
¢ 3 ke
2 8 (n 3’[ o
4 16 lf%
6 24 Obe bt d oy 1
, T (sec)
If these data are cxpressed as an equatien, d=kt, the value of k is
A, 2 m/sec
B. 2 sec/m
C. 4 m/sec
D. 4 sec/m
E. 0.5 m/sec

2. Which of the following increcases with time if a car moves with uniform

velocity?

A. dircction

B. displacement

C. acceleration

D. applied force

E. average velocity

Questions 3~7 refer to the graph at the right.

3. The speed is greatest at the time 1
corresponding to point

A. a : D. e
B. ¢ E. k
C. d

4. The magnitude of the acceleration
is greatest in the time interval

A. atoc D, gtodl
B. c toe E. 1 to k
C. etog ‘

5. The applied force was 0 in the time interval

A. atoc : D. gtoldl \
B. c toe E. 1 tok |
C. etog

6. The magnitude of the applied force is greatust in the time interval

A. atoc D. g to i
B, © to e E. 1tok
C. etog

7. The applied force reaches its mnximum'negative value in the time interval

A. atoc D. g todi
B. c to e F. 1 tok
o C. etog
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8. A car has a maxinum acceleratkon of 4 m/sccz. If it tows a second car

having the same mass and design, the maximu acceleration will be

A.' 0 m/scc?
B. 2 m/scc2
C. 4 m/sec2
D. 6 m/sec2
E. 8 m/sec2

9. A cart, inltially at rest, is pulled with a constant, unbalanced force.
Which graph best rcprcscntg how the spced of the cart changes with time?

hel ©
SJ) 8 Q) g- Ql .
vy & & 27
Time Til[ne Tlme Tme Tlme
10, The equation of the line for the graph at the right is
P
A. P - -S = KUYR
= p. P =kg/R
B. P = KR " E. P - KRr?
c. p=K 0

1/R

11. A man pushes a puck on a frictionless horizontal supface with a force of
20 newtons. The resulting acceleration is 8.0 m/scc”. What is the mass
of the puck?

A. 0.4 kg . .
B. 2.5 kg
C. 4.0 kg
D. 10 kg *
E. 40 kg

12. A car is slowed by a braking force that it comes to rest in-20 sec. If

the car travels at the same spced and the braking force is doubled,

A. the acceleration will be for times the previous value.
-B. the change in velocity will be doubled.

C. the car will cone to rest in 10 seconds.

D. ‘the car will come to rest in 49 seconds.

E. the car will come to rest in half the distancc.

13. To push wy desk across the floor at a constant specd of 2m/sec, I must
apply a force of 200 newtons. The force of friction acting on the desk is

A. 0 ncwtons D. 400 newtons
B. 100 newtons E. Impossible to determine from the information gziven
C. 200 newtons '

14. Which of the following graphs shows the effeccts of a constant force?

A A A A A
* C c C c |-
c c c c c
e e e e . e
1. 1. 1. 1. 1.

Tine Tipe Time Time Time
‘ b C D .
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17,

18.

“A. Square the P variable and praph Q vs. p2

L5

An astronaut in space gives a sudden push to a box that sends it away from
him, Consider the folloving statements (assume {riction is negligible).

1. The force exerted on the box by the astronaut is equal in magnitude
to the force exterted on the astronaut by the box.

2. During the push the acceleration of the astronaut is equal in
magnitude to the acceleration of the box.

3., The astronaut will accelerate for the same length of time as the box.

Which of 'the statements is true if the astronaut and the box have the same
mass?

A. 1 only D. 2 and 3 only
B, 2 only E. 1, 2, and 3
C. 3 only

For the graph shown on the right, indicate the action
you would take in order to work toward finding the
relationship? Q

Take square root of P variable and graph Q vs. VT

B

C. Yo additonnal graph is needed. p
D. Take inverse of P variable and graph  vs. }/P

E. " Take square root of Q variable and graph yQ vs. P

Measurencnts made on a ball rolling down a hill of unknown shape provided
the following data:

Instantancous

Time Speed

0 sec 0 m/sec

1 ' 6

2 12

3 18

4 20

5 : 22

6 24

Which of the following diagrams represents the shape of the hill?

F -
P D 4 :\ E
| i \\\
LD e . =
‘I_, . [y . . ' . . . . . v . /L" PR ’
| S ———— Z i
/ N I

The graph most nearly describinp the motion on the ticker tape above
from the beginning of interval 2 is: '

T]mQ T‘imn . Timn T & onaan o
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19. The acccleration of an object may %e doudled by

A. doubling its mass

B. doubling its velocity

C. doubling its weight

D. doubling the net force acting upon 1t
E. nonc of the above

20. A railroad passenger car is at rest in a railway station. A boy sitting in
the car flips a dime into the air; the dime hits the floor. Later, when tlhe
car is moving at a high constant speed, he flips the dime again in exactly
the same way. Where does the dime hit the floor?

A. At the same spot on the floor as before

B. Ahead of where it hit before

C. Behind where it hit before

D. Impossible to determine from the information given

(=

Questions 21 - 24 refer to the graph at the right.
In each of scveral trials, a cart was pulled with
a different number of equally-stretched, identical 41—
rubber bands. A constant acceleration was A
observed in cach trial. 1

' .

SQC
21. From the graph and your knowledpe of the [~
system, determine the number of bands of 0 t ! ) I A
frictioual force in the system. | 1 ? 3 4 5 6
-21-
A. O ‘ } F
B. 1
c. 2
D. 3

FE. 1Impossible to dctermine from the information given.

22, From your knowledge of the system and from the praph, predict the acceleration
of the cort when a force of two bands is applied. '

A. 2 m/sec/sec
B. =2 m/sec/sec
C. 1 m/sec/sec
D. -1 m/sec/sec
E. 0 m/sec/scc

23. If we change the surface on which the cart is pulled which of the
followiny characteristics of the graph will probably change?

A. Slope and F-intercept

B. F-intercept only

C. Slopce only

D. Neither the slope nor the F-intercept will chage
E. None of the above

24, An extrapolation of the gpraph produccs an intercept on the fUlLL axis which
is not 0. What does this indicute?

A. The mass of the cart was neplected

B. There was a deviation {rom Newton's Laws

C. There was awothér force acting in the dircction of motion

D. There was another force acting opposite the direction of motion

[ERJ!:" E. HNone of the above
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25. A 1000 kg car is travelling at 40 m/scc when-the brakes are applied. 1If
the car stops in 10 sec, the averape force applied to stop the car is

A. 1000 ncwtons
B. 25 ncwtons )
C. 250 newtons . E.

D. 400,000 newtons
none of the above

26. All cxcept one of the following require the application of a net force.
Which one 1s the exception?

. to maintain an object in uniform circular mction.

. to change an object from a state of rest to a state of motion

. to change an object's speed without changing its direction of motion
. to change an object's direction of motion without chanping its speed
. to maintain an object in wotion at a constant velocity

nHOoOOE>

27. A book 1is sitting at rest on a table, Which of the following
statements best describes this situation?
A. There are no forces acting on the book.
B, The book is at rest in any coordinate system.
€. The book excerts no force on the table,
D. There are many forces acting on the book, but they balance each other.
E. None of the above.

28. then the force applied to an object is constant, the object's acceleration
and mass are

A. directly proportional
B. equal

C. unrelated

D. O

E. dinversely proportional

29. When the net force acting on a cart equals 0, the cart
A mu#® be at rest
B. may be in motion
C. mway be speeding up
D. may be slowing down
E. none of the above

30. A planc having a mass of 10,000 kg. is launched from a catapult in 2.0 sec
by a force of 400,000 newtons. Its average acceleration during launch was
A. 40 cm/sec? ‘
B. 1/40 m/sec?
C. 400 m/scc?
D. 1/400 m/sec?
" E. 40 m/sec?

31. Given the velocity vs. time data at the right, select the force

v t
vs. time graph below that best illustrates that motiomn. 4 1
F A 7 B d c 8 2
12 3
; 16 4
1 ' N ) N I l — 1 T~ == oy 18 S
Py r ¢ g Py o o ¥ 2 Y # & s 20 6
4 c 20 7
D s E o 20 8
"/'\‘\ ) ‘/, ' ' A -
X Yy L o . A Yy @ g
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32. The diagram at the right shows a cable car supported by an overhead cable

and- pulled uphill by a

secomd cable. Which of the following forces is 0

when the cable car moves with constant velocity? P

P///nf /\/’-/
A. force of gravity on the car and carriage cabile EL

B. force exerted by supporting cables
C. net unbalanced force on the car and carriage
D. f{rictional force on the wheels of the carriage

E. force exerted by the cable that pulls the car upward A?ﬁaﬂ

Given the graph at the
one at the right which

left in cach of the next three questions, pick the
most nearly describes the same phenomena. Examine

the variables on the graphs carefully.

33.

£ Fl__ F
A B C

I + -
. 1M M J VA '-‘L— B ‘;Lf | ¢
— U c
C +} D ’“[ £
“ \k\ /t ﬁ‘ — / ¢
. f A o I R I C
35
2 i [ LR
y .
¢ +H.oop # £
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‘The graph at the right shows the rclationship between
A

the time and the total distance traversed by a plider S
. : X . DL~ ,
moving on a nearly frictionless air track. Points Py ,
P&’ and P represent the experimental measurcments. ¥ 0. ,
. I =N ;'.“
The dotted curve is a smooth curve drawn through these \3'Of ()’
points. Questions 36 and 37 refer to thils graph. X 2 T P
, ' c;'o), . L@~
. The slope of the curve at tG represents the :§ -0
- . D i | + i L 4 1 i
36. . total distance traversed = T, I t3 ty ty t, C, z
. rate of change of speed o — -
instantancous speed Tolel Flepsed [Jye (Sce)

acceleration
. averaye spceced

o>

37. If the values of the total distance traversed at times Loy Lo and tg are

arranged in order of uncertainty with the most uncertain value of distance
first, the order 1s:

6 8
B. tg te t.
c. ts‘ tg €
D. £, to €
E. t, t, t,

38. A player kicks a .5 kg ball so that it acquires a speed of 20 m/sec in
.4 sec. What was the average force applied to the ball during the kick?

. & nevtons

. 2.5 newtons

. 25 newtons

. 100 newtons
E. 10 newtons

39. A low-friction cart is filled with sand and a constant force is applied.
As the cart moves, the sand falls out through a liole in the Lottom of the
cart. Which graph most nearly describes the motion of the cart?

t.-/\ - . |~ o | __
A B c ‘ D E :
40. ‘Ca: A has a mass of 400 kg; car B has a mass of 1200 kg. 1If both cars are

given the same acceleration, what is the ratio of the force applied to car A
over the force applied to car 8? :

A, 3
B, 1

c. .33
D

E

ocaox >

. 67
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FORCE & MOTION

TLST

DIRECTIONS: This is a 30 minute test. Plecase do not open the test booklet
until you are asked to do so. : -
I
When you do write on the answer sheet, be sure to use only an
ordinary #2 pencil. No ink or ball peint pens may be used.

Turn your answer sheet so that the blue striped area is on your
right. In the upper right corner you will sece a group of columns labelled "Y'rint
your name in the boxes provided ...". Print your last name, your first name,

and your middle initial in the boxes provided. If there are extra boxes, leave
them blank.

Go dowvn the column under each of the boxes in which you have
entered & letter and blacken the space that contains the letter. Do this
for your last name, your first name, and your middle initial.

Make sure that all marks on the answer sheet are black and heavy
and completely £111 the answer spaces. Do not place any marks on the test

hooklect.

Answer all questions in the test by mquinL the letter on the
answer shect corresponding to the one best answer. ‘

PLEASE DO NOT OPEN THIS TLST BOOKLET UNTIL YOU ARE ASKED TO DO SO.
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1. When the net force acting on a car equals 0, the car
A, mnust be at rost
B. may be in wmotion
C. may vpe speeding up
D. may be slowing down
E. none of the above

2. This test paper 1is sitting at rest on your desk. Which of the following
statewents best describes this situation?
A.- There are no forces acting on your paper.
B. Your paper is at rest in any coordinate system.
C. Your paper exerts no force on the desk.
D. There are many forces acting on your paper, but they balance cach other.
E. None of the above.
3. All except one of the following require the application of a net force. Which
one is the exception? -
A. to change an object from a state of rest to a state of motion
B.  to maintain an object in motion at a constant. velocity
C. to change an object's speed without changing its direction ofs motion
D. to maintain an object In uniform ecircular motion.
E. to change an object's direction of motion without changing its speed

4, The diagram at the right shows a cable car supported by an overhead cable and
pulled uphill by a second cable. Which of the following forces is 0 whaen the
cable car moves with constant velocity? Puliin, N -

A. net unbalanced force on the car and carriage Lot \L//// A

. frictiomal force on the wheels of the carriage

. force of gravity on the car and carriage

. force exerted by supporting cables

. force exerted by the cable that pulls the car upward

.‘;,1/,/11’1'[4,,_[
Cidi/_

mouOokx

5. A subway car 1Is at rest in a subway station. A boy sitting in the car flips
a dime into the air; the dime hits the floor. Later, when the car is moving
over a straight, level section of track at a high constant speed, he flips
the dime again in exactly the same way. Where does the dime hit the floor?
A. at the same spot on the floor as before
B. ahecad of where it hit before
C. behind where it hit before
D. impossible to determine from the information given
E. none of the above -

6. Li"'; . . . , , . . .
——— ~————— | T —— ‘
The graph’most nearly deseribing the motid% shown oun the ticker tape above
from the beginning of interval 2 is:

v | v v - /]

7

/

¢ tme ('"“a tfnr.‘.’ tl.l)/é‘ g

Aruitoxt provided by Eic:
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7. When the force applied to an object is constant, the object's acceleration
and miass are :
A. directly proportional
B. equal
C. inversely proportional
D. unrelated
E. O

8. The acceleration of an object may be tripled by
A. tripling its mass
‘B. tripling its velocity
C. tripling its weight
D. tripling the net force acting upon it
E. munone of the above

9. Which of the following increases with time if an object moves with uniform
velocity? '
A. applied force
B. averape velocity
C. acceleration
D. direction
E. displacement

10. Measurements made on a ball rolling down a hill of unknown shape provided
the following data:

Instantaneous
Tiwe Speed
0 sec 0 m/scc
1 6
2 12
3 : 18
4 20
5 22
6 ' 24

Which of the following diaprams represents the shape of the hill?
[

R R

11. Uhich of the following graphs shows the effects of a constant force?

s

Tt T : Foia Toryyr o Timt
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A
¢
t
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I
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12. A car initially at rest, iIs pulled with a constant, unbalanced force.
Which praph best represents how the speed of the cart changes with time?

3 W x “' i Y //”’—
%, & R -& a-——?———
Tirme Tiome Time time Tione
A B C D E
13. Given the velocity vs. time data at the right, select the force v t
vs., time graph below that best illustrates that motion. 4 1
s 8 2
F F / 12 3
i6 4
" . - ! 3 N
PR 3’t 5 o § ¢ v & 5
A _ 20 6
g B 20 7
F 20 8
{ {
] 1 e [' 2 Ly T v r
SR v
» C D
F |
L . | ’ ’
X oL g’c‘
£
1l4. An experiment yieclded the data given in the table and graph bhelow.
t Q ec) e
3
2
4 <
6 1 i f
KT 6 ¢ Lsec)
If these data arc expresscd as an equation, d=kt, the value of k is
A.. 1 m/sec £3
B. 1 séc/m ~
C. 2 m/scc 3
D. 2 sec/m iy
E. 0.5 m/sec 89 ok
. ~a .
The graph at the right shows the relationship between P g
the time and the total distance traversed by a glidcr-”v ’%19'
moving on a nearly frictionless air track. Pointsg P2, p -
PA’ and P6 represent the experimental measurements. U P f w7
ke "
The dotted curve is a smooth curve drawn through these e . o
. y 4 'y 4
points. Questions 15 and 16 refer to this graph. 6, ¢, & ty s L

. . fﬂf‘"/-’o,”d Trouc (,
15, 1If the values of the total distance traversed at times tr , t . and t_are
arrvangad in order of uncertainty with the most unccrtuin vnlun of distance
first, the order is
A, t t t
5

6 '8

B. ¢ ¢
6 ‘8 Us

C. ts t8 t6

D. te tg tg

F . - - -
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16. The slope of the curve at t, represents the
A, total distance traversed
B. instantancous speed
C. acceleration
D. rate of change of specd
E. average speed

Given the graph at the left in cach of the next three questions, pick the one
at the ripht which most nearly descirbes the same phenomena. Examine the
variables on the graphs carcfully.

17. 4

N s h
- ) \f 3 C l L J*

-~

18. ' A - B c

g — .

/

19.
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Questions 20 - 24 refer to the graph at the right. Re
20. The magnitude of the acceleration <
is greatest in the time interval 'E
A, a toe D. g tod
B. ctoe E. 1 tok
C. etog

21. The speed is greatest at the time correspondiing to point

A, ¢ D. 1
B. g E. k
C. h
N
22. The magnitude of the supplied ferce is greatest in the time interval
A. atoc D. g to i
B. ctoe E. 1itok
C. etog
23. The applied force was 0 in the time interval
A. a toc D. g to i
B, ctoe E. i tok
C. etog
24. The applied force reached its maximum negative value in the time interval 5
A. atoc D. g to i
B. ¢ to e E. 1 tok
C. etog

25. To push my desk across the floor at a constant speed of 2 w/sce; I must
apply a force of 150 newtons. The force of friction acting on the desk
is :

A, 0 newtons D. 300 newtons

B. 75 newtons D. Impossible to determine from the information given
C. 150 newtons

26. An ice skater gives a sudden push to a sled that sends it sliding away firom
him. Consider the following statemepts (assume friction is negligible).

1. The force exerted on the sled by the skater is equal in magnitude to
the force exerted on the skater by the sled.

2. During the push the acceleration of the skater is equal in magnitude
to the acceleration of the sled.

3. The skater will accelerate for the same length of time as the sled.

Which of the statements is true if the skater and the sled have the same

mass?

A. 1 only
B. 2 only
C. 3 only

D. 2 and 3 only
. 1, 2, and 3
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27. A car is slowed by a braking force so that it comes to rest in 10 sec. If
the car travels at the same speed and the bLraking force is doubled,
A. The acceleration will be four times the previous value.

B. The change in velocity will be doubled.
C. The car will come to rest in 5 secconds.
D. The car will come to rest in 20 seconds.
E. The car will come to rest in half the distance.

28. A low-friction cart is filled with sand and a constant force is applied.
As the cart moves, the sand falls out through a hole in the bottom of the
cart. Which graph most nearly deseribes the motion of the cart?

<

l Z‘ Jéii:jﬁx___ T +
A B C .

Questions 29 - 32 refer to the pgraph at the right.
Tn each of several trials, a cart was pulled with (L4

rubber bands. A coustant acceleration was observed

-
5:¢
in each trial.

a different number of equally-stretched, identical (W%/

29, An extrapolation of the graph produces an o

Intercept on the forece axis which was not O.

What does this indicate? -2
A. The wmass of the cart was nerlected.

B. There was a deviation from Hewton's laws.

] 11

1

C. There was another force acting in the direction of motion.
D. There was another force acting opposite the direction of motion.

E. MNone of the above.

30. Froum the graph and your knowledge of the system, predict the acceleration

of the cart when a force of one band is applied.
A. 2 n/sec/sec :

B. -2 m/scc/sec

C.. 1 m/sec/sec

D. ~1 m/sec/sec

E. 0 m/scc/sec

31. If we change the surface on vhich the cart is pulled which of the
follouiny characteristics of the graph will probably change?

A. slopc and F-intercept
B. F-intcrcept only
C. slope

D. tleither the slope nor the F—intercépt will change

N

. none of the above

32. Frou the yraph and your knowledge of the system, determine the number

of bands of frictional force in the system.

A. 0O
B. 1
c. 2
D. 3

E. idimpossible to determine from the information given

O

RIC

Aruitoxt provided by Eic:
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33. The equation of the line for the graph at the right is
A K Q
R Q = o
P p. Q=KD
B. Q = KP E. Q = KPZ
_K
L. Q= ;5 0 V{4

34. Tor the graph shown on the right, indicate the action
"~ you would take in order to work toward finding the
relationship. }/
A. take inverse of x variable and graph Y vs. 1/X )
B take square root of x variable and graph Y vs. Ix
C. mno additional graph needed
D. square the x variable and graph Y vs. x2
E

take square root of y variable and graph \Y vs. X =
35. A 2000 kg car is traveling at 50 m/sec when the brakes are applicd. If
the car stops in 10 sec. the average force applied to stop the car is
A. 8000 newtons D. 800,000 newtons
B. 300 newtons E. none of the above
C. 5 necwtons

36. A man pushes a puck on a frictionless horizontal surface with a force of
10 newtons. The resulting acceleration is 4.0 m/sccz. What i{s the mass
of the puck?

A. 0.4 kg
B. 2.5 kg
C. 4.0 kg
D. 10 kg
E. 40 kg

37. Car A has a mass pf 500 kg; car B has a mass of 1500 kg. If both cars are
given the same acceleration what is the ratio of the force applied to car A
over the force applied to car B?

A. 3 D. .67
3. 1 E. O
Y 33

38. A plane having a‘maés of 10,000 kg is launched from a catapult in 2.0 sec
by a force of 300,000 newtons. 1Its average acceleratjon during launch was

30 cm/sec2
1/30 m/sec?
300 m/secc?
1/300 m/sec?
30 m/sec?

Moo= >
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40.
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A car has a maximum acceleration of 5 m/sccz- If it tows a second car
having the same mass and design, the maximum acceleration will be

A. 0 m/scc2

B. 2.5 m/scc2

C. 5 m/scc?

D. 7.5 m/scc?

E. 10 m/sec?

A player kicks a .5 kg ball so that it acquires a speed of 10 m/sec in
.2 sec. What vas the average force applied to the ball during the kick?
A. 4 ncvtons

B. 2.5 ncwtons

C. 25 ncwtons

D. 100 newtons

E. 10 ncwtons
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FORCE & MOTION

Attitude Survey

DIRECTIONS: This is not a test of information; therefore, there is no

one "right" answer to a question. We are interested in your opinion on
cach of the questions in this survey. Your opinions will be held strictly
confidential. Do not hesitate to state exactly how you feel about cach
iteri. Ve arc secking information for an evaluation of the Force and Motion
unit; pleace be "frank'", and thank you for your help.

Please respond to each statement in-the survey by marking your answer
sheet according to the following code:

. Strongly disagree
. Disagrce

. Uncertain

. Agree

. Strongly agrec

Vi =

When you write on the answer shcet, be sure to use only an ordinary ft2
pencil. No ink or ball point pens may be used.

Turn the ansver sheet so that the blue striped area is on your right.
In the upper left corner, write in the name of the school. On the line
labelled CITY write in the date. '

In the upper right corner you will see a group of columns labelled "Print
your name in the boxes provided...'. Print your last name, your first
nane, and your middle initisl in the boxes provided. If there are extra
boxes lecave them blank. Go down the columns under each of the boxes in

~letter.
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. STRONGLY DISAGREX

RESPONSLS: 1
2. DISAGREE
3. UNCERTAIN
4.  AGREE
5. STRONGLY AGREL
1. I felt I could work at my own pace in the Force & Motion unit,
2. The unit made learning too mechanical.
3. I found it difficult to concentrate on the unit because of the method of
presentation. '
4. The method of presentation of the unit made me feel tensec.
5. While working in the unit, I felt isolated.
6. Responses to my answers werc helpful and appropriate.
7. The Force & Motion unit was an efficient use of a student's time.
8. 1 could have learned more if I hadn't felt pushed.
9. Lven interesting material will be bLoring, if it is presented as the Force &
Motion unit was.
10. I am not in favor of this kind of instruction because it depersonalizes
education.
11. After studying the Force & Motion unit, I was interested in finding out more
.about the subject matter.
12. The method of instruction was too inflexible.
13. VWhile working in the unit I felt as if someonc were cngaged in conversation
with me. ‘
14.  The Force & !Motion unit made it possible for me to learn quickly.
15. I was not concerned when I missed a question because no one was watching me.
16. VWhile workins in the unit I felt as if I had a private tutor.
17. The Force & lotion unit made allowances for students with different levels of
understandling, ‘
18. I enjoyed the method of imstruction used in the unit.
19. The Force & Motion method of instruction denied me the opportunity for self
expression.
20.

1 prefer lectures and demonstrations to the method of instruction used in the
unit. ‘
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21. The Force & Motion.unit helped me in understanding the role of computers.

22. The flexibility of scheduling the unit caused me to be too casual about getting
on the computer system, and 1 let things go for too long before I tried to run
the programs. )

23. During the unit I was more involved in running the computir than in understandi
the material.

24, VWhile using the Force & Motion unit, I encountered serious mechanical mal-
functions in the computer systom.

RESPONSES: 1. STRONGLY DISAGREE
2. DISAGREE
3. UNCERTAIN
4. AGREEL
5. STRONGLY AGRLE
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FORCE & MOTION
TEACHER REPORT

o

Name: Schiool: Group:
Beginning date of unit (Pretest): Fnding date of unit (lst Posttest):
## of class periods in unit: Length of class period:

Approximate homework time per class period/student: .
Date of 2nd losttest:

Texts used by physics classes in the study:

What portion of a typical week would you normally devote to student experimentation?

(Ex. 40 min/week)
To what extent did the experimental unit take the place of your usual coverage of
the material?

How would you rate your teaching facility (equiprent, supplies, room size)?

Ex. CGood _ 0 Fair__

___ Poor_

How many years have you taught physics?
How many semester hours of course work have you had in the Physical Sciences?

0-10___ 10-20 _ 20-30_____ 30 or morc__

Did the work with the experincental unit make excessive demands upon your time?

Yes,

HNo _ Comnents:

tWhat other area of science teaching do yvou think would benefit most from the
developrnent of a computer supplemented unit similar to Force & !lotion?

O

[SRJ!:nsc use the reverse sjde Lo state other observations and evaluative comments,
s



NEWTON'S LAW: A COMPUTER-BASED SIMULATION FOR INTRODUCTORY PHYSICS

" EVALUATION OF CLASSRCOM USE

technical report 1

63
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‘Students learned the concepts gsing the two simulaticn modes described
in thié Réport, and they participated in;one of the following thrée in- -
structional groups: \“

95952_1_(Experimental). These students interacted only with the film
loops developed in the study and_with computer interactive dialogs in |
which the <computer played the role‘of the student's lab partner. The dia-
logs simulated physical experiﬁents in force and motion, graphed the
unique data'collected by individual‘students, and provided feedback to
each student relative to his generalizations.

Group IL (Experimental). These students did not have access to
computer'terminais and interacted with the film loops and with simulated
data and problem sheets and their teachers. The simulated data and
problem‘sheets vere prepared from the computer lessons after the cdmputér
lessons had undergone initial revision.

QEQEP.:IL (Control). These students studied the same concepts as
did students in the experimental groups interacting wi£h their teachers
and with real laboratory materials as a normal part of their physics'
éourse. (The particular units were built largely around laboratory
exercises ITI-1 and III-2 and éupporting text materials of the Phyéical
Seience Study Committee.)

METHOD
Subjects

Subjects ih the study were physics students in five public high

‘schools in Massachusetts and Connecticut. These students were in

classes which met the following criteria:
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1. The Physics teacher was.reéarded as hizghly competent by
colleagues in science education;

2. The teacher was interested in having his classes participate
in the study and was able to coordinate necessary arrangeménts;

3. Group I classes were in schools having access to the computer
system which was to be used in the study;

4. Group IIT classes used PSSC laboratory materials with teachers
who had used the particular materials in previous years and
who regarded the particular PSSC laboratory exercises as very
important and effective learrning modules;

5. The student groups had similar academic and socio-economic
environments.

Procedure

Studénts participating in the study were selected from physics
classes which were as similar as possible. All students within a particular
class were members of the 'same group and wsre not aware of the activities
of any oflthe other experimental or control groups.

Teachers in all groups brought their students through specified
preliminary activities and then‘administered‘Pretests Just prior to
having their students begin the experimentel unit. Immediately upon
concluding unit activities, quttests were administered to all students.
The experimental unit was conducted in all classes within the first
three months of the school year‘(September - December 1970), and
activities during this period were carefully controlled and recorded.
Following the first Posttest (Posttest #1) the classes participating
in the study procseded independently throﬁgh various materials which

were not experimentally controlled or recorded by the researcher.
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In June of 1971, a second Posttest (Posttest #2) was administered
to all sludents .participating in the study. This second Posttest was
identical to the one Wbich had been taken by the students at the con-
clusion of the experimental unit. It waé used to assess retention in
the various experimental and control groups when scores were contrasted
with those on the first Posttest; The Student Attitude Survey was
also administered at this time to studeﬁts in Groups 1 and II to
assess their attitudes toward the'experimental unit in the context of

the entire physies course,

RESULTS
1. Which of the three instructional treatments produced best
student. performance?

Before the instructional groups were compared with each
other, a L test was used to study the change in conceptual
understanding from Pretest to Posttest #1 for each instruc-
tional group. Test data for each of the three instructional
groups displaycd‘in Table I indicatéd that student knowledge
of physicﬁl concepts as measured by the tests waé signifi-b
cantly higher at the conclusion of the unit than it was at
t.he begihning.

To obtain a gross comparison of the effects of the'instrgc-
tionnal treatments, an analysis of variance (ANOVA) was conducted
bn the Prgtest—?osttcst #1 differcnce‘scores for the three groups.
The énalysis shcwed‘(Table iI-A) that there were significaent dif-
‘fcrencés between the ‘instructional groups; students in Group 1 had
-made the greatest gains félloﬁcd by students in Groups II and T17

in Lhat order.
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TABLE T

PRETEST - POSTTEST #1 COMPARISON
WITHIN EACH INSTRUCTIONAL GROUP

Group 1 Group 11 Group I11
Pre Post #1 Pre Post #1 Pre Post #1
H 30 39 23 3h 36 7
Qg 19 28 17.5 26 22.5 26
Md 17 25 15 22 18 23
Q 13.5 22 13 18 15.5 20
L 9 12 5 10 10 1h
X ‘ 17.21 25.21 15.72 21.68 19.21 23.75
SD L. L9 5.37 3.85 5.01 5.27 5.05
N 57 57 57 57 57 57
t 13.27 11.95 9.45
= = .l 3
t o1 (56df) = 2.67 t o0l (56dr) = 3.u¢
TABLE II-A
ANOVA OF PRETEST ~ POSTTEST #1 DIFFERENCE SCORES
BY THE THREE INSTRUCTIONAL GROUPS
Source of Sum of - Mean .
Variation df Squares Hquare F
Between groups 2 34hL .88 172 Lk “ 10.82
Within groups 168 2677.86 15.9h
Total 170 3022.7h

=k, F .2
F o1 (24f,1684f) 73 001 (2d4r,1684r) | T

. .
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In order to further isolate the effects of instructional
treatment upon concept learning, Tables [1-B, ¢, and D display
secondary analyses of variance comparing pairs of instructional
treatment groups. Although secondary analyses must be intér-
preted with special care since a more rigorous basis than usual
is rcqui?ed for rejection of the null hypothesis, theéc second-
ary analyses do show that differences between all fairs of

groups were significant.

TABLE II-B

ANOVA OF PRETEST - POSTTEST #1 DIFFERENCE SCORES
BY GROUPS I AND 11X

P e

Source of Sum of Mean

Variation af Squares Square F
Between gmroups 1 340,k 340,43 20.09
Within groups 112 1898,1k 16.95

Total . 113 2238.57

¥ 14fr,1124f) = 6.8 F ld4f,1124f) = 11.bh
o1 (X ; _ T 001 ¢ )
TABLE I1-C

ANOVA OF PRETEST - POSTTEST #1 DIFFERENCE SCORES
BY GROUPS I AND II '

Source of Sum of Mean

Variation ar Squares Square F-
Between groups 1 122.1k 122.1h - T.05
Within groups 112 1939.72 17.32

Totnl 113 2061.86

F 01 (1d4f,12024f) = 6.87 F (1dr,112df) = 11.h
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TABLE II-D

ANOVA OF PRETEST - POSTTEST #1 DIFFERENCE SCORES
BY GROUPS II AND III

Source of Sum of Mean

Variation df Squares Square F
Between groups 1 o skus 5L.75 h.oh
Within groups 112 1517.86 13.55

Total 113 1572.61

F.OS (1d4f,112dt) = 3.93 F.01 (1dr,112dr) = 6.87

2. Which of the three instructioral treatments produced greatest
efficiency of learning (gain in achievement per unit time)?

Table IIl displays a list of the mean time which students in
the three instructional groups spent in unit activities, exclusive
of time used for testing. Students in Group I spcnt'u minimunl
of one hour and forty minutes at the computer terminals. HNo
homework was done as part of the unit by students in this group.
Group Il classes spent Six forty-minute periods on unit activ-
ities in clasé and approximately forty-five minutes were spent
by each student in activities which were completed outside of
class. Group III classes spent bepwecn nine and eleven fifty-
minuﬁe periods in the unit and completed approximately twenty
to thirty minﬁtes of homework outside of clgss for qach of these
pcriods. In other vwords, Group LII students spent approximately
two full weeks in physics class on unit activities exclusive of

test time.




TABLE IL1I

TIME IN INSTRUCTIONAL ACTIVITIES

ot i, e

Mean Time Group time Group time
Group in Unit + +
(minutes) Group 1 time Group III time
1 90 1.0 0.12
II 285 3.2 0.38
111 Ths 8.3 1.0

The two columns at the right side of Table I[II compare mean
completion time for ecach instructional group with the mean com-
pletion time for Grqup I and Group IlI respectively. For example,
on the average, Group ILI students worked in unit activities
8.3 times as long as students in Group I. Had concept learning
been egquivalent in all groups, then Groups I and II would have
been 8.3 and 3.2 times more efficient respectively than Group I1l
(control). However, concept learning was not equivalent. Infor-
mat.ion has already been presented indicating that Group I students
achlieved signifiénntly higher gains during the instructional unit
Lhan‘diﬁ students in Group III. '"This means that thé efficiency
of léﬁ}hing in Group I was substantially greater than 8.3 to 1

» wheﬁ compnrcd.WiLh learning in Group III. {Group Il students
fell between thosc in Groups 1 and 111 in both nchié?cment and
in time spent‘in instructional acti?itieS.)

3. What were the effeets of the three instructional treatments

upon relention?
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The mean scores on Posttests #1 and #2 and the respective
standard deviations for each instructional group are displayed
in Table "IV, It should be noted that Tablc v includés only

.the Scores of thuse students presented in Table 1 who also
took Posttest #2. (Since Posttest #2 was administered late in
the school year, some students in the study were not available

to take that test.)

TABLE IV

POSTTEST #1 - POSTTEST #2 COMPAR1GON
WITHIN EACH INSTRUCTIONAL GROUP

Number of Standard Mean Test
Group Test Students Deviat.ion Score t
I Post #1 51 5.27 25.29 1.58
Post #2 51 5.h46 2. L9
11 Post #1 b1 4.98 22.k2 h.h9
Post #2 L1 L, 62 20.20
TII Post #1 Sk 5.06 23.57 0.65
Post #2 5k 5.75 23.89

t.05 (LO-604dr) = 2.0

After analyzing the data using a Related t test for paired
variables, Table IV shows that the null hypothesis was not rejected
for Group I and Group III, i.e., & significant loss in knowledge
during the six month period éfter the unit was not measured by
the tests administered to these groups. Table IV shows that‘
there was a gignificant drop in score from Posttest #1 to

Posttest #2 for the students in Group II.
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Table V displays o review of Pre£c5t and Posttest #2 scores.,
The table shows that the null hypothesis was rejected for each
of the Lhrcc instructional groups. Thus, the geins in concept
learning made by all instructional groups werc still significant

six months after completion of the unit.

TABLE V

PRETEGT -~ POSTTEST #2 COMPARIGON
WITHIN FACH TNSTRUCTIONAL GROUP

Number of Standard Mcan Test
Group Test students Deviation Score L
1 Pre 51 h.2h 17.h41 12.5%
Post #2 51 P 06 2h .49
I Pre 1 3,55 16.02 9.48
Post #2 n h.62 20.20
111 Pre 51 5.08 18.87 9.48
Post, #2 54 5.75 23.89
1 (ho-60dr) = 3.5

“.0nl

. How did the input, variables of initiu} student intelligence,
aptitade, orade level, and sex affect achievqmcnt?

Yo nssesdd Lhe effects of learner characteristics upoﬁ con-
cept lesrning wunder the three instructional treatments, two way
analyses of variagce were run with Pretest - Posttest #1 dif-
forunéc scores for individual students as the dopondcht variable.

Tnnle 71 summarizes the results of the analysces for six independent,

wariabdles representing learner chnaracteristics.

ERIC

Aruitoxt provided by Eic:
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TABLE VI

TWO-WAY ANOVA OF PRETEST - POSTTEST #1 DIFFERENCE SCORES
BY VARTABLE AND INSTRUCTIONAL GROUP -~ SUMMARY

Groups Compared

VARIABLE I - 1II I - 11 11 - 111
1% 9] . N 0
VPSAT N 0 ]
VFSAT interaction

with instructional 0 c ¢

method
MDPSAT 0 0 0
Prerest b n L
Gradc 0 0 n
Sex c c 0

foe
i

HO rejected at .01 level.

c HO rejected at .05 level.

N = ”n not relected.

The table shows that IQ, VPSAT, MP3AT, and Grade did not
significantly affect the concept learning which occurred during
phc instructional unit as measured by the evaluation instruments
nsed in the study. Between Groups I and It and Groups 1I and
ITI some interaction was observed between verbal aptitude and
instructional method. Group IT students having hipgh verbal
scores had substantially greater difference scores from Pretest
to Posttest #1 than did sﬁudunts with iowur verbal aptitude,
and this phenomenon was not apparent in Group I or in Group
ITL. From this data we might infer thiat rending nbility was
i greater factor contributing Lo nchicvement in Group ! than

in the other two instructional groups. [t should be noted,
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however, that the Group II high verbal cell size was considerably
smaller thaan the corresponding cells in the other two groups.
Table VI indicates that Pretest score did significantly
affect concept learning when Group 1 was compared with Group
Il and when Group II waé compared with Group III. With the
exXception of an inversion in Group II1, mean Pretest-Posttest #1
difference scores were greater when mean Pretest scores were
lower in a2ll instructional groups. Concept learning means
from Pretest to Poéttest #1 were lower for the girls than for
the boys in all instructional éroups. Table VI indicates that
~secondary nnalyses of variance showed that Sex did significantly
affect concept learning when Group I was compared with Group III
and when Group [ was compared with Group IT.
5. Whaot effect did thelunit have upon student attitude in the
two instructional treatment groups using simulated materials?
A mean attitude score was developed for each student from
responses on the Attitude Survey which was administered to
students in Groups [ and II six months after the conclusion of
the instructional unif, and correlations between these scores and
other varijablesg wefe investigated. ‘'he grand mean scores on the
survey for both groups indicated generally favorable attitudes
townrd the mode of instruction; the Group I mean was slightly
higher than the Group II mean. A review of individual item means
for each mroub is presented in Table VII. A score of five represents
maximum favorable attitude, a score of ggg_represents~maximum
negative attitude, aﬁd a score of Egﬁgg_represénts a neutral

attitude toward the instructional unit. Responses should be
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TABLE VIIL

INSTRUCTIONAL GROUP ATTITUDE PROFILES

Item and Description Ttem and Description
Scale Values Scale Values
2 3 4 -2 3 4
t . t + + —+
1. Work at own 13. Conversa=
pace 4 et tional ————l e ———F
2. -Not too mech- . 14. Learn
anical + O—3—1t guickly ——a— ey
3. -Easy to : 15. -Cared
work . e § 2 S % CA——4
16. Private
4, -pDidn't feel : tutor R S +
tense 4 Gt
17. Personal
5. ~Didn't feel . attention 4 IR $
isolated ; X 0 o
‘ 18. Enjoyed
6. Responses ~4 G

LY 1
v et ¥

expression

4=

7. Efficient

-~ 3 LS o Y Y
use of time 0 20. prefer
‘ O
8. -Pace not format ' ! +
frustrating -
9. -Not boring
‘ ‘ + + 23 Grand Mean
10. -pid not de- 4 s

personalize + LGt

1ll. wWanted .to

learn more PN - Reversed Scales

+

X Group I mean
12, -Method was

flexible ; Pt 0 Group II mean

S
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carefully scrutinized individunlly, but a review indicates,
among other things, that students liked the instructional units
(Group [ higher than Group II) and that they felt the units
were easy to use. Also, it is interesting to note that stu-
dents in Group Il perceived the unit as making more efficient
use of their time than did students in Group I, Yet, cognitive

data in the study showed the reverse to be true.
CONCLUSIONS

Analysis of data in this study showed that student learning of
fundamental concepts in force and motion was significant in the two
experimental groups nrd in the contreol group. It also showed that
learning was significantly urentef fur students studying the concepts
Lthrourh ecomputer simulation dialogs than for students in the second
cxperimental swroup and in the control group. Furthermore, control
students spent 8.3 times as long in instructional unit activities.

Students in the control group spent 3.2 times as long in
instruertional activitics:as 4id students in =a second simulation group

which did not, have access to the computer dialogs. The achievement

of this second group was significantly areater than that of the

- control group. This simulation Froup, however, had conceptual los-

se3 not. uzperienced by the control group as measured on a second
postiest admipistered six months after the completion of the
instrustional unit. (Students using the computer simulation dialogs
showed no significant losses in conceptual understanding as measured

on the sccond posttest.)

P
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Student attitudes toward both simuwlated units were favorable.

The data indicated that in spite of limitations, the computer
does have extensive pdtentia.l for individualiiing instruction. The
design of the instructional materials produced in this study may
well provide a model for the design of other simulated experiments

which will be effective supplements to science curricula,
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list
FORCEA

10 PRINT °*

20 FILES LUNF}

30  OIM A3C641,NC14,103

40 MAT N=ZER

50 Lw=0

60 PRINT "WELCOME TO OUR SIMULATED PHYSICS LAB. THROUGH TH1S SERIES OF"
70 PRINT “PROGRAMS AND FILM LOUPS WE WILL INVESTIGATE HOW"

60 PRINT “FORCE AFFESTS THE MOTION OF AN OBJECT."

90 PRINT "HAVE YOU WATCHED THE FILM LOOP FORCE & MOTION 1?°

100 PRINT

110 PRINT “USE ONLY NUMERALS AND CAPS FOR ANSWERS"
120 PRINT

130 INPUT AS

140 Z=}

150 GOSUB 1350

160 READ ¢1,1

170 FOR Is=1 TO 13

180. READ #1}A3%

i90. PRINT AS

200 MNEXT 1 ' . '

210 PRINT “IF A ROCK IS TRAVELLING THROUGH SPACE AT 100 M/SEC AND THERE ARE NO°
220 PRINT “FQRCES ACTING ON IT, WHAT WILL BE ITS SPEED (IN M/SEZC) 5 SEC. LATER?"
£30 INPUT D

240 IF Del00 THEN 1520

250 READ 21,14

260 FOR I=}1 TO 9

270 READ ¢l}As

280 PRINT AS

290 NEXT 1

300 PRINT “TYPE BELOW THE AMOQUNT OF STRETCH IN CM WHICH YOU INTEND TO APPLY DURING®
310 PRINT “THE RUNS. THROUGHOUT THIS EXPERIMENT.”

320 INPUT B

330 IF B«30 THEN 2570

3a0 IF B»100 THEN 2600 - :

350 PRINT “vyQu MAKL THE SIMULATED RUN WITH THE CART APPLYING A FORCE OF"1B5j"CM, "
360 PRINT “THEM I°LL ANALYZE THE TICKER TAPL, MAKE A DATA TABLE, AND PLOT A GRAPH"
"370 PRINT "OF VLLOLKTY VER3US TIME."

380 PRINT "HOW MANY BRICKS SHALL VE PLACE ON THE CART FOR A LOAD IN THIS RUN?"

390 INPUT'C

400 IF C<l THEN 2470

410 IF C>% THEN 2530

420 IF CuINT(C) THEN 450

430 PRINT "WE DON'T HAVE PARTIAL BRICKS IN OUR LAB. TYPE IN A WHOLE HUMBER!”

440 - GOTO 390 ‘

450 GOSUD 1030 ‘ '
460 " PRINT “WHAT KIND OF RLLATIONSHlP EXISTS BETWEEN VELOCITY AND TIME UNDER THESE®
470 PRINT "CONDITIONS (DIRECT OR INVERSE)?”

480 INPUT As

499 IF A53¢"DIRZCTT THEN 2370

500 READ #1,22

510 FOR I=} TO 11

520 READ #1;Aj

530 PRINT A

5S40  NEXT 1
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550
560
570
580
59
600
610
620
630
640
650U
6610

G%0
1600
10190
1020
1032
1040
LS R0
Lol
1070
1080
1040
§103
1110

80

PRINT “FROM THE GRAPH W& CAN SEE THAT THE CONJrnNT FORCE GAVE QUR”

PRINT “"CART WHAT KIND OF ACCELERATION?®

INPUT AS

PRINT -

IF ASs~CONSTANT™ THEN 1700

LET L=l

COSUB 1260

PRIMT “HBUT IS THE ACCELERATION ALWAYS CONSTANT UNDER THE INFLUENCE OF AT
PHIHT “CONSTANT FORCE? ™ .

PAINT "HOW WOULD THE DATA DIFFER IF WE HAD UScD A DIFFERENT LQaD?”

PRLNT “TO FIHD OUT, LET S CHANGE THE HUMBER OF LRICKS OGN THE CART AND MAKb
PRINT “ANDTHLEIR RUN APPLYING THE SaAME FORCE OF ;ib; " CM.™

PRINT “HOW MANY BHRICKS SfALL WE PLACE ON THE CART FOR A LUOAD IW THIS RUN?T
LET a2

INFUT D

IF D<} THEN 2470

IF D>»9 THEN 25390

1F 0=C THEN 2130

1F L=INT(D) THIN 760

PRINT “WE DON"T HAVE PARTIAL BRICKS IN OUR LAB. TYPE IN A Wi{OLE NUMBER!”
GOTO 690

LET C=D

MAT N=ZER

GOsUB 1030

595U 1260

PRINT "AS YOU CAN SEE OUR DATA ALJO INDICATL THAT THE MASS OF THE CART DID"
PRIMT “AFFECT THE ACCZLERATION

PRIUT "WAS THE NCCELERATION GRQATER OR SMALLER WHEN THE SMALLER MASS WAS™
PHINT "ACCELEZRATED?”

{MPUT A%

1¥ Ao " GREATER™ THEN 1958

READ ¢1,34

FOR I=a] TO 9

_REaD #L3As

PRINT A3
NEXT 1
LET Leg
FPRINT “IF AN AIRPLANE’S ENGINES PRODUCE A NET FORCE WHICH IS CONSTANT ANDU WHICH
PRINT “ACCELERATES THE PLANE FROM 0 TO 100 M/SZC IN 20 SEC, WHAT WILL BE THE"
PRINT TPLANE’S VELOCITY IN M/SEC AT THE END OF 40 SEC?~
MEUT D .
1F Dé200 THEN 2020 :
PRINT "RISHT! AGAIN, A CONSTANT FORCE CAUSES A MASS TO HAVE A CONSTANT”™
PRINT “ACCELERATION. ‘
PAINT “BUT )0V WOULD THE ACCELERATION HAVE DIFFERED HAD Ui APPLIZD A DIFFERENT”®
PRINT “FORE?~-~THIS QUESTION WILL FORM THE BASIS FOR THE NEXT®
PRIMNT "EXPERIMENT IN THIS SERIES.”
G3TO 2640
PRINT “I1°VE GOT THE BUZZER ONj --~<« AND THERE YOU GO PUSHING THE CART DOWN THZ"
PRINT “HALL FLEET-FOOTECG AS A DEERIf! 177
LET A=4%B/((C+1)%5)
LET AsIMT(10*AY/10
PRINT “HERE IS A DATA TﬂELu 1°VE Hﬂﬂn FROM THE TICKER TAPE PULLED BY THE®
PRINT “"CART IN THIS RUN:IT ‘ ‘
PRINT : ‘ ‘ ‘ »
PRINT “TIMA (SEC) VELOCITY (CM/SEC) C(LNAD u"3C3~ BRICKS FORCE ="3B; " CM4)”
FOR To.l TO | STEP .1



1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1239
1240
1250
1260
1270
12810
1290
1300
1310
1320
1330
1340
1350
1350
1370
1380
1320
1anin

lalg

lang
143y
la4gg
1450
1450
1470
140
lav
1500
1510
1520
1540
15340
15910
1550
1579
13830
1590
1600
1610
1600
10630
lean
1650
1660
1670
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PRINT TAB(3)3T3TABCIG)JA*T

LET Vua®Te}

IF V<13:5 THEN 1160

LET Vaig

LET NCV,T*#101al

NEXT T

PRINT

PRINT "HERE 1S A GRAPH OF THE DATAt"

CI5UB 2160 o

PRINT "STUDY THE DATA AND GRAPH. CAN YOU OBSERVE ANY REGULARITIES?”

INPUT As '

Zn2

51SUYB 1350

RETURN

PRINT "THE CONSTANT FORCE WE APPLIED IN THIS RUN DID PRODUCE A CONSTANT®
PRINT "ACCELERNTION.T

PRIINT “ANALYZE THE GRAPH AND DETERMINE THE ACCELERATION IN CM/SEC/SEC.”
YT D

IF (D »= A+e5) O (D <= A-.5) THEN 1790 )
PRINT "OKX. OUR CONSTANT FORCE OF”;3;°CM CAUSED OUR GART TO HAVE A CONSTANT®
PRINT T"ACCELFRATION OF";A;- CM/SEC/SEC.”™

PRINT :

RETURN

1F A3="YES™ THEM 1410

IF As="yeg™ THEN 1410

I A>="no~ THEN 1470

{F AS="NO" THEN 1470

PRINT "PLEASE TYPE YES OR N2~

(T Z OF “0,1210

{70 2 OF 160,1250

PRINT “CALL PROCTOR - ERROR IN LINE 1296°

CITO 26990

LETURN :

PRINT "PLEASE TYPE IM °YES® OR °“NO°} 1°LL ASK THE QUESTION AGAIN,"

GOTO 90

{F Za2 THEN 1670 :

DRINT "TO MAKE THE SINMJLATION AS REALISTIC AS POSSIBLE YOU SHOULD VIEW FILM®
PRINT "LOOP FORCE & MUT{ON 1 PRIOR TO PROCEEDIMG. THE FILM WILL HELP yOQu~©
PRINT “UNODERSTAND THE HATUREZ OF THE APPARATUS WE WILL USE.”

GUTH 26950

IF Dé0 THEN 1550

PRINT “BE CAREFUL TO TYPZ NUMBERS = TRY AGAINT

CITO 230

LET LulL+|

1F L=2 THEN 1630

READ #1,43

FOR 1=} TO. 6

HEAD #13A8

PRINT A3

UEXT |

71O 210 ’ :

TIUNT MO APPARENTLY YOU NEED TO REVIEW THE PROPERTY OF 'INERTI!IA (NEWTOMN®S 1ST”
PRINT TLAVY BEFORE CONTINUING. COHSULT YOUR TEACHER OR YOUR TEXT AS SOON AS” '
PRINT "POSSIBLE. . ‘ ‘

(ITY 2690

FRINT "LOOK AT THE GRAPH AGAIN. THE PLOTTED FOINTS SHOW THAT AS TIME INCREASED™



a2

1680 PRINT "“THE VELOCITY INCREASED IN A RATHER SIMPLE MANNER.”
1o%0 GOTO 1250

1700 IF As="constant™ THEN 600
1710 IF A3="UNIFORM™ THEN 600
1720 IF Az="untform”™ THEN 600
1730 READ #1,49 p
1740 ‘FOR 1=} TO 8
1730 READ #13A3
1760 PRINT Al
1770 NEXT I
1750 GOTO SS¢
1790 LET LuslL+!
1300 IF L »>= 3 THEN 1920
1810 IF Ls=2 THEN 1560
1620 PRINT °“SGRAY, YGUR CALCULATION IS INCORRECT. I°LL GIVE YOU ANOTHER CHANCE."
15630 PRINT "REMEMBER AGCCELERATION 1S THE SLOPE OF THE VELOCITY V.TIHE GRAPH} "
1340 PRINT "SLOPE = RISE/RUN = CHAMNGE. IN V/CHANGE IN T.~
1850 GOTO 1280 _
1850 PRINT “YOU'RE NMOT MEASURINIG THE SLOPE PROPERLY. STUDY THE GRAPH AND CALCULATE®
1679 ERINT "A AGAIti. IT SHOULD EQUALT;A; CM/SEG/SHC. TYPE “GO° I1F YOU SEE How 10 G
1850 PRINT “THIS AND YQU WANT TO RETURN TO THE EXPERIMENT, OTHERWISE TYPE “HELP'.”
1390 INPUT AS .
1900 IF A3="G0" THEN 1340
1o10 IF A3="go" THEN 1344
1920 PRINT "YOU NEZD ASSISTANCE IN MEASURING THE SLOPE OF A STRAIGHT®
1930 PAINT “LINE. SEE YOUR TEACHER FOR HEZLP BEFORE RETURNING TO THIS PROGRAM.”
19408 COTQ 2690 )
1050 IF A3="LARGER" THEN 560
1$00 IF Az="greater” THEN 880
1970 1IF Ass"larger™ THEN Bé&0D
1980 PRINT "NO. LOOK AT TFOUR GRAPHS AGAIN., THE ACCELERATIUNS ARE REPRESENITED BY THEH
1990 PRINT “SLOFPES OF THE VELNCITY V. TIME GRAPHS. THE LARGER MASS HAS THE S:ALLER"|
2000 PRINT "ACCELERATION! LET’S TRY THE QUESTION AGAIN." : '
2010 GOTO B2¢
2020 IF L »= 2 THEN 21400
2030 LET LaL+l :
2040 PRINT "NO. SINCE A CONSTANT NET FORCE 1S PRESENT THE PLANE WILL UNDERGO A" L
2059 PRINT “CONSTANT ACCELERATIOMN. THE SAME CHANGE IN VELOCITY WILL OCCUR 1u EACH™
2060 PRINT "TIME INTEKVUAL.FROM THE DATA IN THE PROSBLEM Wi CAN SEE THAT Tiid PLANE’S®
2073  PRINT "VELOCITY IHCREASES a8Y 5M/3EC EACH SEC.WHILE THE WET FORCE 1S PRESENT.”
2060 PRINT "LET’S TRY THE QUESTION AGAIN.” : : '
2090 GO10 920 ‘
2100 PRINT "“NO. THE CORREGT ANSWER IS 200M/SEC. IF YOU DON'T UNDERSTAND WHY DISCUSS
2110 PRINT "“THIS WITH YOUR TEACHER AS SOON AS POSSIBLE.”
2120 GOTQ 990 .
2130 PRINT "NO3 DOM T USE"3DI" GRICKS AGAIN. WE UANT TO MAKE A RUN WITH A LOAD"
2140 PRINT "THAT IS DIFFERENT FROM OUR FIRST RUN. S0, AGAIN--~ o
2150 GOTO 670 : .
2160 - PRINT
2170 FOR v=212 TO | STEP =1
2180  READ A3
2190 PRINT AS}
2200 fF Y/2¢INTC(Y/2) THEN 2220
2210 PRINT TaB(7)i1Y3
2220 FOR X=1 TO 10
2230 IF NCY+1,%X)=} THEN 2270
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2240
2250
22060
22170
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
23b0
2390
2400
2410
2420
24230
2440
2450
240690
2470
2480
2490
2500
2519

asho

2530
2540
2550
2500
25708
2561
25910
2600
2610
2020
2631
2649
26510
2060
20670
26819
26910
2700
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NEXT X

PRINT TABC13)3 +"

GOTO 2280

PRINT TABC13)3 + i TABCI3+X*a)}3 X"

NEXT Y

PRINT TAB(8)>;"0 L I R I I R I

PRINT TABC13)370 1 o2 43 .24 5 46 +7 .8 .9 1t.0°

PRINT TAB(26)3 TIME (SECY"

PRINT “CLOAD ="3C}~ BRICKS FORCE = jmg "™ CMI°

PRINT

DATA ~°,%","V","E","L7,70 (CM/SEC)™,"C", 1", T ", Y™, """

RESTORE

RETURN

IF Ai="direct™ THEN 500

IF AS="INVZRSE" THEN 2420

IF A»e"{inverse™ THEN 2420

PRINT “YOUR ANSWER MUST BE °‘DIRECT” OR °INVERSE . SO0, AGAIN-="

CUTO 460

PRINT “WRONG. WHEN TWO VARIABLES ARE INVERSELY RELATED ONE DECREASES AS THE"
PRINT “OTHER INCRENSES. LOOK AT YOUR GRAPH AGAIN. IT SHOWS THAT THE VILOCITY”
PRINT TINCREASED WHILE TIME INCREASED. THIS MEANS THAT THE VARIAEBLES ARE™
PRINT "DIRECTLY RELATED. SO, AGAIN-.~

GOTO 460’

PRINT "IF YOUR CART HAS LESS THAN | BRICK.ON IT AND YOU APPLY THE FORCES"
PRINT TAVAILAKLE WITH QUR APPARATUS, THE CART VILL TAKE OFF SO FAST YOU WON'T"
FRINT “BE ACLE TO APPLY A CONSTANT FORCE. 1 SUGGEST A LOAD OF 1 OR MORE BRICKS?!
PRINT S50, AGAIN-."

IF I=2 THEM 690

GOTO 390

PRINT “1 CaAM ONLYY FIND NINE BRICKS IN THE LABORATORY. BESIDES, THE CART WILL"
PRINT “BE PRETTY HARD TO HANODLE WITH MORE THAN NIMNE BRICKS ON IT. SO, AGAIN--~-"
IF 1=2 THEN 690

GOTO 390

PRINT “"THE UMNSTRETCHED RUBSER LOOP 'IS ALMOST 530 CM LONG. WHEN WE STRLTCH THE®
PRINT "LOOP LESS THAN 50 CM WEZ’RE HOT APPLYING A SIGNIFICANT FORCE.S0, AGAIN--"
COTO 300 :

PRINT “WERY STRETCHING THE RUBBER BAND WITH A METER STICK WHICH IS”

PAINT ~100CHM LONG. YOU CAN’T APFPLY A CONSTANT FORCE ACCURATELY WITH®

PRINT “THESE MATERIALS [F THE STRETCH EXCEEDS 100CM. SO, AGAIN~-=~"

GOTO 300 ‘

WIAD 21,57

FUOR 1=l TO 14

READ #13AS

PRINT A3

MEXT 1 .

PRINT “TO SIGN OFF THE TERMINAL, TYPE °‘BYE" AND PRESS THE RETURN KEY®

END



8k

1

ONE INSTRUCYTION HEFORE WE BzGIN: WHEN YCU RE ASKEU TG TYPE

a

IN NUMERICAL DATA, DO NOT TYPE THE UNITS OF THE ANSWER. FOR
EiGMPLE, AN NNSWZR OF 10M/SEC SHOULD BE TYPED “10°.
EgPERIENCE TELLS US THAT WE MUST APPLY A FORCE TO CAUSE

A; CEJECT TO MOVE. IN THIS SERIES OF SIMULATED EXPERIMENTS VE
SgﬂLL INVESTIGATE PHYSICAL VARIABLES WHICH AFFECT THE MITION
O: AN OBJECT. THE DATA VHICH W& VWILL GENERATE WILL BE VIR,
S?NILAR TO THAT CBTAINED BY EXPERIMENTERS USING THE REAL
AgPARATUS S:{0WN IN THE FILM LOOP. I WILL BE YOUR LAB
PAgTNER.

11 - | )
BLFORE WE CONTIMUE, YOU SHOULU nn FAMILIAR WITH THE
12 ,
PROPEATY OF INERTIA WHICH WAS DL=ESCRIocD BY GALILEZ0 AND
12
NEUTON.
b4

COIRRECT! DUE TO THE PROPERTY OF INERTIA (SOMETIMRS CALLED

NQSTON'S 1ST LAY AN OBJECT’S VELOCITY VILL BZ CONSTANT
d&?ih AN UNBALANCED FORCE IS5 APPLIED. YET; I UHA? WVAY WILL
Aé7UNBALANCED‘FORCE CAUSE THE VELOCITY TO CHANGE?

18

INCTHIS FIRST ZXPERIMENT WE SHALL INVESTIGATE HOW AN
OéSECT'S VELOCITY CHANGES WHEN WE APPLY A CGNSfANT FORCE.
WEOSHALL APPLY A CONSTANT FORCE. TO THE CART BY KEEPING ONE
LgéP OF‘RUBEEﬁ STRETCQED A COMNSTANT LENGTH. (WE CaN

22 '

STRETCH OUR LOOP TO ANY LENGTH BETWEEN S0CM AND [ 00CM.)
23

RIGHT! IN FACT, THERE APPEARS TO BE A LINEAR RELATIONSHIP
24 :
[]iﬁ:BETUEEN VELOCITY AND TIME IF VE OVERLOOK THE SMALL 1RREGU-

IToxt Provided by ERI
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’ésﬁ
LARITIES PROGABLY CAUSED BY EXPERIHZEWNTAL ERROR -- SUCH AS
vigznrxous IN THE FORCE APPLIED. THE CHANGE IN VELOCITY WAS
ngPORTIONAL fo THE TIME INTéRVAL DURING WHICH THE FORCE
Aggao. WHEN WE APPLIED A CONSTANT FORCE TO THE CART THE
vgzocxrv INCREASED AT A CONSTANT RATE.
F;gM YOUR STUDY OF MOTION YOU WILL RECALL THAT ACCELERA-
T?éN 1S THE RATE OF CHANGE OF VELOCITY. THE ACCELERATION
O;EAN OBJECT 1S THEN THE SLOPE OF ITS VELOCITY V. TIME
Gggpﬂ. (CHANGE IN V/CHANGE IN T).
34 :

CORRECT; THE SMALLER MASS UNDERWENT A LARGER ACCZLERATION.
AggARENTLY THERE IS SOME KIND OF INVERSE RELATIONSHIP
ngwasm THE MASS OF AN OBJECT AND ITS ACCELERATION WHEN A
cggsrnmr FORCE IS APPLIED. WE WILL FURTHER INVESTIGATE THIS
RgEATIOHSHIP IN THE THIRD EXPERIMENT IN THIS SERIES.
ngsummnnxzax WE CAN SEE FROM THE GRAPHS OF OUR DATA THAT
u:gn A CONSTANT FORCE WAS APPLIED TO A CART WITH A PARTI-
cgiaa MASS THE ACCELERATION WAS CONSTANT.

4H42

NOW, LET’S TRY ONE LAST PROBLEM.
43

NO; YOUR ANSWER IS INCORRECT. BY THE PROPERTY OF INSZRTIA WE
44 '

MEAN THAT AN UNBALANCED FORCE 1S NEGESSARY TO CHANGE THE

43

VELOTITY OF AN OBJECT. IN THIS PROBLEM WE WERE TOLD THAT NO

46 ‘ ‘
FORCES VERE ACTING, AND HZNCE, NO CHANGE IN VELCCITY WILL
41 . )
OCCUR. APPARENTLY EVEN FRICTION 1S NEGLIGIBLE IN THIS
48
PROBLEM. I LL ASK THE QUELTION ONE MORE TIME.
49

INCORRECT. THIS GRAPH OF VELOCITY VS. TIME CAN BE REPRESENTED
50 : L
BY A STRAIGHT LINE. THE SLOPE OF A STRAIGHT LLNE IS5 THE SAME

ERIC
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A?iALL POINTS ON THE LINE. AN 0BJECT"S ACCELERATION IS5 ITS
CgRNGE IN VELOCITY PER UNIT TIMZ; IT IS THE SLOPE OF THE
V;;OCITY V. TIME GRAPH. THEREFORE THE‘CONSTANT FORCE HAS
CSQSED A CONSTANT ACCELERATION. IF YQU HAVE DIFFICULTY

U;gERSTANDING THESE IDEAS, DO TALK THE!M OVER WITH YOUR
ngCHER AS SOON AS PJSSIBLE. LET"S TRY THE QUESfEON AGAIN--
5

SINCE YOU HAVE BEEN STUDYING FORCE AND MOTION USING A SIMU-
LiEED EXPERIMENT, YOU HAVE NOT HAD'TO COPE VWITH THE MANY
533RCES QF EXPERIMENTAL ERBROR PRESENT IN THE ACTUAL
AggARATUS. IF YOU WERE TO DO THE REAL EXPERIMENT YOU WOULLD
Hgbﬁ TO HEDUCE SUCH ERROR BEFORE THE GENERALIZATIONS WE'VE
SSEN COULD ®C OESERQED- PERHAPS YOU WILL B& ABLE TO PURSUZR
ng INVESTIGATION FURTHER AT HUME OR IN YOUR LAB.

4% :
Ag;ER YOU'VE SIGNED OFF THE TERMINAL ROLL OUT SEVERAL
EQ?RA INCHES OF PAPER. ON THIS PAPER LIST THE SOURCES OF
EggERIMENTAL ERROR AS YOU ENVISION THEM AND STATE THE
Mgch CONCLUS{ONS YOU CAN DRAW FROM THE EXPERIMBNT.
IggLUDE THIS PAPER IN YOUR PHYSICS NOTEBOOK. AS s00nN AS
Ygg HAVE THE OPPORTUNITY VIEW THE NEXT FILM LOOP °‘FORCE &
M;$ION I1° AND THEN RUN °“FORCEB°. :

71

72
73

74
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EB

FILES LUNF2
DiM Aa[ﬁd] N[llnlﬂ) 0['!010]
PRINT “WELCOME AGAIN TO OUR SIMULATED PHYSICS LAB. IN THIS SECOND~
PRINT "EXPERNIMZNT OF THE SERIES WE WILL INVESTIGATE HOW FORCES AFFECT"®
PRINT “THE ACCELERATICN OF AN O0BJECT. HAVE YOU COMPLETED FORCEA &°
PRINT "WATCHED THE FILM LOOP “FORCE & MOTION 11°7°

IHPUT Al

IF AS="YES™ THEN 90

IF As#"yes”™ THEN 2760
LET L=Q
MAT N=ZER
MAT OnZER

PRINT "IN OUR LAST EXPERIMENT WE OBSERVED THAT A CONSTANT FORCE GAVE OUR CART"
PRINT “WHAT KIND OF ACCELERATION?"

INPUT A3

IF A3="CONSTANT"™ THEN 150

IF Asa“constant™ THEN 150

IF As="uniform™ THEN 150

IF A>3 "UNIFORM™ THEN 2800

PRINT "RIGHT! NOWY TO STUDY HOW ACCELERATION VARIES WHEN THE APPLIED FORCE 1§”
PHRINT "CHANGED WZ°LL HOLD ALL OTHER VARIABLES (SUCH AS MASS) CONSTANT.®



170
180
190
200
210
220
230
240
258
260
270
280
290
300
310
320
330
340
3s¢
360
370
3890
390
400
alo
420
430
440
450
460
470
430
4910
500
510
520
530
540
550
560
570
5890
590

595

600
605
610
520
630
640
6590
655
630
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PRINT “HOV MANY BRICKS SHALL WE PLACE ON THE CART THROUGHOUT THIS EXPERIMENT?]
INPUT C

1F C<2 THEN 2660

IF C»10 THEN 2720

LET M=s(C+1)*5

LET F=2.5

IF C>9 THEN 310

LET Fa2

IF C»7 THEN 319

LET F=!.5

IF C»5 THEN 310 eﬁﬁﬁ

LET Fs=l

IF C>»3 THEN 310

LET F=.5

READ #1,1

FOR 1=l TO 7

READ #13AS

PRINT AS

NEXT 1

FOR L=]1 TO 11

PRINT "HOW MANY LOOPS ARE YOU APPLYING IN THIS RUN?™
INPUT B :
IF B=INT(B) THEN 420

PRINT “WE DON’T HAVE ANY PARTIAL LODOPS IN OUR LAB. TYPE IN A WHOLE NUMBER."
GOTO 3810

IF Bel THEN 14780

IF B»10 THEN 1500

LET Al=240%*(B=-F)/M

LET Al=INTCI10®Al+.5)/10

LET A2=240%B/M

LET A2=INTC10%A2+.5)/10

IF al1>0 THEN 500

LET Al=0

PRINT “THE ACCELERATION IN THIS RUN WAS:“3Al; " CM/SEC/SEC."

IF A2 »= 105 THEN 560 ’

IF Al >= 105 THEN. 560

IF p=0 THEN S60

LET N(AL/10+1,Blsj

LET O(A2/10+}),Bls=]

IF L<S THEN 620 o

PRINT “1IF YOU'D LIKE TO MAKE ANGTHER RUN, TYPE °‘RUN"} IF YOU'D LIKE ME®
PRINT “TO GRAPH A V5. F, TYPE °‘PLOT .” .
INPUT AS

IF ass"plot”™ THEN 630

IF as="PLOT" THEN 630

IF as="prun” THEN 620

1F A3#°RUN" THEN 1540

NEXT .

§50sUB 21840

PRINT “CAN YOU OBSERVE ANY REGULARITIES -IN TH!S GRAPH?"

INPUT A3

IF A3="yes™ THEN 67¢

IF A3#2°YES"™ THEN 1560
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670 PRINT “"WHAT KIND OF RELATIONSHIP EXISTS BETWEEN ACCELERATION AND FORCE °
680 PRINT “(DIRECT OR INVERSE)?"

690 INPUT AS

695 IF AS="direct” THEN 710

700 IF AS¢ DIRECT™ THEN 2570

710 READ #4,8

720 FOR I=} TO 6

730 READ #}}AS

74¢ PRINT A3

750 MEXT 1

760 INPUT AS ~

770 LET L=0 ‘

780 PRINT “THERE IS FRICTION BETVEZEN THE CART AND THE FLOOR WHICH GPPOSES THE®
790 PRINT “FORCE WE APPLY. STUDY THE GRAPH & DETERMINE THE FORCE OF~

800 PRINT “FRICTIONCIN LOOPS)."

810 INPUT D

820 IF De(F-.5) THEN 1620

830 IF D>(F+.5) THEN 1620

B40 READ ¢1,15
-850 FOR [=] TO 5

860 READ s13AS

870 PRINT AS

880 NEXT 1

890 INPUT AS

895 IF A3="left~ THEN 1750

900 IF AS<"LEFT" THEN 1750

905 IF A$="right™ THEN 920

910 IF A3#° RIGHT™ THEN 1810

920 READ ¢1,20

$30 FOR i=} TO 4

$40 READ #13AS

850 PRINT AS

560 NEXT 1

976 LET L=0

950  PRINT “TYPE IN THE POINT WHERE YOU THINK THE NEW PLOT WILL INTERSECT THE®
930 PRINT "FOHCE AX1S.~ : .

1080 INPUT D '

1010 IF De0 THEM 1830

1020 PRINT “RIGHT! HERE’S THE NEW GRAPH:"

1030 MAT N=0

104  GOsUB 218¢

1050 PRINT "AGAIN, VE SEE A LINEAR RELATIONSHIP BRTWEEN FORCE AND ACCELE-"
1060 PRINT "“RATION. NOTE THAT THOUGH THE INTEZRCEPT WITH THE FORCE AXIS®
1070 - PRINT "HAS BEEN MOVED, THE SLOPEZ OF THE GRAPH HAS NOT CHANGED. ~

1088 PRINT “FRICTIONAL FORCE CDOES NCT APPEAR TGO AFFECT THE SLOPE OF THE®
1090 PRINT "ACCEL. VS. FORCE GRAPH."

1100 LET L=0

1110 PRINT “VRITE AN EQUATIOM TO FIT THIS GRAPH. USE °“A° TO REPRESENT ACCELERATION®
1120 PRINT “AND °“F° TO REPRESENT FORCE. USE “K° TO REPRESENT THE SLOPE (DON'T®
11306 PRINT "BOTKER TO CALCULATE IT). BEGIN THE EQUATION: A=  «oe”

1140 INPUT A3

1145 IF As="a=kf™ THEN 1160

1150 IF AS¢"A=KF" THEN 2400

ERIC

Aruitoxt provided by Eic:



1160
1170
1180
1193
1165
1200
1210
1220
1230
1240
1250
12690
1270
12a0
1290
1300
1310
1320
1320
1340
1359
1360
13170
1350
1390
1400
1410
1420
1430
1440
1450
1460
1470
148¢
1490
1500
1510
1520
1530
15473
15590
1560
15710
1550
1610
1620
1630
1640
1650
1660
1670
1680
1690

17090

ERIC

Aruitoxt provided by Eic:

PRINT
PRINT

PRINT
INPUT

g0

“NIGHTt--BUT WHAT FACTORS VILL CAUSE THE SLOPE TO CHANGE? UE’UE"
“OBSERVLD THAT FRICTION HAS MO SFFECT. WHAT QTHER VARIAGLE®

“MIGHT CAUSE THE SLOPE TO CHANGE?"

AS

IF As="mass”™ THEN 1210
IF As#~"MASS™ THEN 1%30
READ #1,24

FOR I=1 TO 10

READ #13AS

PRINT

NEXT 1

AS

LET L=Q

PRINT
PRINT
SRINT
PRINT
INPUT

“A SPACESHIP IS ACCELERATING IN SPACE AT 10M/SEC/SEC DUF TO THE FORCE"
“PROVIDED BY ONE ROCKET EJGINE. SUDDENLY 2 MORC IDENTICAL ROCKETS ARE®
“IGNITED PROVIDING THRUST IN THE SAME DIRECTION A3 THE FIRST. WHAT™
“ACCELERATICN IN M/SEC/SEC DOES THE SHIP NOW EXPERIENCE?"

D

IF Da30 THEN 1950

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
INPUT

“GOOD! HERE®S ANOTHER PROBLEM FOR YOU TO TRY:1"

“IN 10 SEC AN OBJECT ACCELERATES FROM REST TO A SPEED OF 300CM/SEC
“WHEN ACTED UPRJil BY A MET FORCE(F). AT THE EUD OF TdZ 10SEC”
“INTERVAL F BECOMES OWE-THIRD ITS ORIGIIAL STRENGTH.®

“WHAT IS THE SP<ZED OF THE 0OBJECT AT THE END OF THE FIRST 28 SEC IN
“CM/SEC?”

D

IF Dea0Q THEN 2060
READ #1,34

FOR =] TO 11

READ #13AS

PRINT

NEXT 1

AS

COTO 2880

PRINT
PRINT

“A NEGATIVE NUMBER OF LOOPS?? WZ CAN ONLY APPLY POSITIVE®
“FORCE WITH OUR APPARATUS. 50, AGAIN «.~°

GOTO 370

PRINT
PRIUT
PRINT

“VITH MORE THAN 10 LOOPS STRETCHED 60CHM THE C/RT MOVES SO FAST”
“You CAN’T APPLY A CONSTANT FORCE, DON’T USE MORE THaAN 10°
“LJ0OPS. S0, AGAIN --"

GOTO 370
PRINT “YQU DIDN’T TYPE “PLOT® OR "RUN®. WHICH DO YOU WANT TO DO?"

GOTO 990

PRINY “ARE YOU LOOKING CANEFULLY AT THE DATA?"

PRINT “NOTICE THAT AS FORCZ INCREASES, ACCELERATION®

PRINT “ALSO INCREASES." . ’

GOTO 670 :

IF L»! THEN 1690

LET L=L+1l

PRINT “SORRY, VRONG ANSWER. THE FORCES WE HAVYE PLOTTED ARE THE FORCES®
PRINT "WE APPLIED. FRICTIO! OPPISES THE APPLIED FORCE. UNTIL THE®
PRINT “APPLIED FORCE EXC:ZIEDS FRICTION THERE VWILL BE O ACCELERATION."
PRINT “FIND THAT POINT Ol YOUR GHAPH. LET®S TRY THE QUESTION AGAIN. ™
GOTO 810

PRINT °NO. THE FRICTIOQNWAL FORCE IS'!F;"LOOPS. 1T 1S REPRESENTED®
PRINT T8BY THE INTERCEIZPT OF THE GRpPH WITH THE FORCE AXIS. IF YGU©



1710
1720
1730
1740
1750
1760
1770
1771
1772
1773
1774
1775
1300
1610
rg2g
1830
‘o4
- 350
1860
1870
1840
1890
1?00
1510
1920
1930
1940
1950
1960
1970
1950
19990
2000
2010
2620
2030
2040
24590
2060
2970
20150
2090
2100
2110
212)
2139
2149
2159
2150
2179
2140
2190

2200

221¢

E

PRINT “DON®T UNDERSTAND DISCUSS THIS WITH YOUR TEACHER AS SOON®

. PRINT "AS POSSIBLE. NOW, ANSWER THE QUESTIGN CORRECYLY. VHAT 1S THE FORCE OF
PRINT “FRICTION SHOVM OGN THE GRAPH?®
GOTO 810
PRINT “THINK IT THROUGH AGAIN. THE"
PRINT °"MORE FRICTION, THE MORE FQRCE®
PRINT “REQUIRED TO CHANGE THE INTERCEPT.”
READ #1,17
FOR 1=} TO. 3
READ #13A3
PRINT AS
HEXT 1
GOTO 890
FRINT "YOUR ANSWER WUST BE °“LEFT® OR “RIGHT . SO AGAIN «-"
GOTO 890
IF L.>1 THEN 1890
LET Ls=L+1
PRINT °"NO. PLOTTING THE RESULTANT FORCE 1S EQUIVALENT TGO SUBTRACTING®
PRINT "THE FRICTIONAL FORCE FROM THE APPLIED FORCE. THE GRAPH WILL"®
PRINT "REPRESENT A FRICTIONLESS CONDITION. TRY THE QUESTION AGAIN."
GOTO 980
PRINT “MO. THE NEW GRAPH SHOULD PASS THROUGH THE ORIGIN. IF YOU DON‘T”
PRINT °UNDERSTAND WY, DISUUSS THIS WITH YOUR TEACHER AS SOON AS ° -
PRINT "POSSIBLE. HERZS THE NEV GRAPH. "
GOTO 1040
PRINT "WHAT ABOUT THE MASS OF THE CART?"
GOTO 1210
IF L>1 THEN 2010
LET LsLe}
PRINT “WRONG. THE APPLIED FORCE INCREASED TO 3 TIMES ITS ORIGINAL®
PRINT "VALiE. THE ACCELERATION OF THE SPACESHIP 1S PROPORTIONAL TO®
PRINT “THE APPLIED FORCE. TRY THE QUESTION AGAIN.®
caTa 12170
PRINT “SINCE THE FORCE INCREASER TG 3 TIMES ITS ORIGINAL VALUE, THE®"
PRINT “ACCEL. INCREASED TO 3 TINES ITS ORIGINAL VALUT, AND 3X10=230.°
PRINT "IF YOU LON'T UNDERSTAND DISCUSS THIS WITH YOUR TEACHER AS SOON®
PRINT “AS POSSIBLE. NOW, HERE"S ANOTHER PROJLEM.™
GOTO 1340
IF L>»2 THEN 2140
LET LeL+}
PRINT “SORRY, WRONG ANSWER, IN THE SECOND TIME INTERVAL THE FORCE"
PRINT “1S 173 IT5 ORITINAL VALUE ‘AND HEMCE THE ACCEL. IS 173 1TS”
PRINT "ORIGINAL VALUL, IF THE 0RJLCT GAIMED 30GCH/SEC IN THE FIRST®
PRINT "1Q SEC, IT WILL GnAIN 1/3 THAT IN THE UEXT 10 SEC. TRY THE"™
PRINT “QUESTION AGAIN, " e
GOTO 1370 : ©
PRINT "MNO  ¥/3 OF 300 1S 100. YOU NEED FURTHER HELP IN UNDERSTANUDING™
PRINT *7HIG CONCEPT. CONSULT YOUR TEACHER BEFORE COHTINUING THIS®
PRINY *PROGRAM. " -
GATY 2850
PRINT
FOR Y=]0 TQ } STHEP -1
READ As
PRINT A3}

-

QO

RIC

Aruitoxt provided by Eic:



2220

2230

2240
2250
2260
2270
223840
2290
2300
2310
2320
2330
2340
2350
23560
23170
2330
2390
2400
2465
2410
2415
2420
2425
2430
2435
2440
2443
24386
2460
2470
24890
2490
2500
2510
2520
2530
2540
2550
2560
2570
2575
2580
25990
2690
20610
2620
2630
2649
2650
2660
2670

2680.

27190
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IF Y/22INT(Y’2) THEN 2270

IF Y#10 THEN 2260

PRINT TAB(6)3" “10*Y}

GOTO 2270

PRINT TAB(7)310*Y3;

FOR X=! TO 10

IF NCY+!,X1=? THEN 2320

NEXT X .

PRINT TAB(13)3"+°

GOTO 2330

PRINT TAB(13)3 "+ 3 TAB(13+X®*43)3"X"

NEXT Y

PRINT TAB(9);°0 T A O O T T S SO TGO O N
PRINT Ta3(13>31°0 i 2 3 4 5 6 7 8 9 18°
PRINT TAB<29'; FORCE (LOOPS)" |

DATA ~" ), " ,"A","C","C","EC(CM/SEC/SEC) ", "Le ", ", """~

RESTORE

RETURN

IF ASus“"AxK®F" THEN 1160
IF As="axk*f" THEM 1160
IF ASa"AsFK” THEN 1160
IF A3="aarg” THEN 1160
IF AS="AnKXF" THEM 1160
IF As="a=kxf" THEN 1160
IF AS="A=FXK" THEN 1160
IF ASa"aufxK™ THEN 160

_1F As="AsF*K" THEN 1160

1F Aass"aar®x™ “HEN A160°
IF L>1 THEN 2530
LET L=L+}

"EAD #1,45

FOR 1=} TO 7
READ #13AS

PRINT A%

NEXT !

GOTO 1110

PRINT °“NO. THE EQUATION ISt A=KF. IF YOU DON°T UNDERSTAND®
PRINT “VWHY DlsCU%S THIS WITH YOUR TEACHER AS SOON AS POSSIBLE."
PRINT “NOW, HERE®S THE QUESTION ONCE MORE."

30TQ 1110

IF AS="INVERSE" TWHEN 2600

IF as="inversa® THEN 2600 =

FRINT “YOUR ANSVWi3R MUST BE °DIRECT” OR “INVERSE®. SO, AGAIN -="
GOTO 670

READ #1,243

FOk I=1 TO 4

READ #13A3

PRINT AS

NEXT )

GOTO 670

PRINT “THE EXPERIMENT MUST HAVE AT LEAST 2°
PRINT “"BRICKS O¥N THE CART."®

PRINT "SO, I°LL NEED ANOTHER NUMBER."

GOTO 170



2720
2730
2740
2750
2760
2770

2780 .

2790
2300
2810
2820
2330
2840
24350
2860
2370
2880
2890
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PRINT “YOU'LL FIND THAT THE CART WILL BE VERY SLOW AND HARD TO HANDLE®
PRINT “WITH MORE THAN 10 BRICKS ON. IT. DON'T USE MORE THAN 10 BRICKS."
PRINT “SO, AGAIN --° :

GOTO 170

PRINT °THIS PROGRAM IS THE SECOND IN A SERIES. SINCE THE CONCEPTS®
PRINT “DEVELOPED ARE SEQUENTIAL YOU SHOULD BEGIN BY VIEWI{NG THE FILM®
PRINT “LOOP “FORCE & MOTION 1°, THEN RUN FORCEA."

GOTO 2880

IF Lé0 THEN 28630

LET LwL+l

PRINT “YOU SHOULD KNOW THE CORRECT ANSWER TO THIS QUESTION IF YOU°VE®
PRINT "BEEN THROUGH “FORCEA". I°LL GIVE YOU ONE MORE CHANCE TQ®

PRINT “TYPE IT PROPERLY."®

GOTO 100

PRINT “RUN “FORCEA® BEFORE CONTINUING.-

GOTO 2880 :
PRINT “TO SIGN OFF THE TERMINAL TYPE “BYE® AND PRESS THE RETURN KEY®
END
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WHAT FILE 1S TO BE LISTED?
?lunfa

STARTING RECORD NUMBER?
71

i

AS YOU OBSERVED iN THE'FILM. WE CAN VARY THE FORCE WE APPLY
B$ USING DIFFERENT NUMBERS OF RUBBER LOOPS STRETCHED A CON-
SgANT LENGTH$ 1 SUGGEST 60 CM FOR ALL LOOPS IN THIS EXPERIMENT
YgU'SPECIFY THE FOBCE YOU°LL APPLY IN EACH TRIAL AND

NiKE THE SIMULATED RUN; THEN I'LL DETERMINE ACCELERATION
FgOM THE TICKER TAPE AND PLOT A GRAPH OF ACCELERATION V.

FgRCE VHEN WE HAVE ENOQUGH DATA.

8

RIGHT! IN FACT, THERE APPEARS TO BE A LINEAR RELATIONSHIP
9

BETWEEN FORCE AND ACCELERATION IF WE OVERLOOK THE IRREGULARITIES
10 _ :

PROBABLY CAUSED BY EXPERIMENTAL ERROR.
1t '

NOTE THAT THE GRAPH DOES NOT PASS THROUGH THE ORIGIN.
12

APPARENTLY THE CART DOES NOT ACCELERATE WHEN WE APPLY A
13 '

SMALL POSITIVE FORCE. WHAT COULD CAUSE THI1S?
14

CQULD IT BE FRICTION?
15

FINE!Y THE FORCE QF FRICTION IS REPRESENTED BY THE INTERCEPT
16 '

OF THE GRAP WITH THE FCRCE AXlS.
17 :

HAD WE USED A CART WITH GREATER FRICTION THAN IN QUR EXPERIMENT
18

WOULD THiI3 INTERCEPT BE TO THE RIGHT OR LEFT OF ITS
19

PRESENT LOCATION? (TYPE “RIGHT’ OR “LEFT")
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20

CORRECT! NEXT, I"M GOfNG TO TAKE THE DATA WE COLLECTED AND PLOT
Tﬁé RESULTANT FORCE ACT!NG ON THE CART, INSTEAD OF THE
Fg§CE YOU APPLIED IN EACH RUN. (THE RESULTANT OR NET FORCE
I§3THE FORCE YOU APPLIED MINUS THE FORCE OF FRICTION.)

24
A5 WE OBSERVID IN Tﬂgfz2§T EXPERIMENT, MASS HAS AN INVERSE
RgiATIONSHIP TO ACCELERATION WHEN A CONSTANT FORCE 1S
AggLIED. IN THE NEXT EXPERIMENT WE°LL CONDQFT A QUANTITATIVE
SngY OF.TﬁIS RELATIONSHIP, |

TO SUMMARIZE, VE CAN SEE FROM OUT DATA THAT ACCELERATION 1S
D?§ECTLY PROPORTIONAL TO TRE NET FORCE WHEN THE MASS REMAINS
ngSTANT. THE EQUATION FOR THE RELATIONSHIP 1St AsKF. I
SgéULD EMPHASIZE THAT F REPRESENTS THE NET OR RESULTANT
Fg§CE§ IT 1S THE VECTOR 5UM OF ALL FORCES ACTING ON THE
0§SECT. NOW, TRY THIS PROBLEM:

4

CORRECT!
35

YOU HAVE NOW COMPLEVED THIS SIMULATED EXPERIMENT. PERHAPS
36

YOU VILL BE ABLE TO PURSUE THE INVESTIGATION FURTHER AT
37

HOME OR IN YQUR LAE.
38

AFTER YOU’VE SIGNED OFF THE TERMINAL, ROLL OUT SEVERAL
iggnzs OF PAPER. ON IT LIST THE SOURCES OF EXPERIMENTAL
Eggoa AS YOU ENVISIGN THEM AND STATE THE MAJOR CONCLUSIONS
ng CAN DRAW FROM THE EXPERIMENT. INCLUDE THIS PAPER IN
YgSR PHYSICS NOTEBOOK. |
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a3

AS SOON AS YOU HAVE THE OPPORTUNITY VIEW THE NEXT FlLM
44

" LOOP °“FORCE & MOTION !II°, THEN RUN °FORCEC”.
45 '

URONG. THE GRAPH CAN BE REPRESENTED BY A STRAIGHT LINE
46

PASSING THERAIUGH THE ORIGIN. FROM YOUR WORK IN ALGEBRA
47

YOU KNOW THE EQUATICN FOR ~ STRAIGHT LINE: Y=MXe+B. (M
48

1S THE SLOPE ANb B THE X-INTERCEPT.> IN THIS CASE, WE’RE
49

USING “A° TO REPRESENT ACGELERATION CON THE VZRTICAL AX1IS
-1 :

AND °F° YOR THE FORCE ON THE HORIZONTAL AXIS. THE FORCE
51 ’
INTERCEPT IS 0. TRY THE QUESTION AGAIHN.
- H

52

52 RECORD3S 1IN FILE lunr2
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RESTRRE
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FRINT “GRAPH A YERPSWUS M TYPE 7PLOT .Y

INPUT BE

IF As="ML.OT" THEH 52

IF AT="rFLunT" THEM 3

IF /AE="FLUN" THEN S70

IF Ass"amun” THEN 152

MEXT L

FRIMT

GOSUE 2730

ERIHT "STUDY THE GBFRASH. CAREFULLY . CAN YOI OBSERVE ANY PEGULRRITIEETT

IHEIT AT

IF AE=""E2" THEH A4

IF HEavEs" THES 15490

FRIMT "WHAT KIMD GF PELETIOHSHIF EXOSTS EBEETWEEM RCCELERATION RMD MR

(DIRECT"

FRINT "0 IHWFP?E}?"

IHFIIT FAE .

I H'" IMHYERSE" THEM &9 ‘

IF A3 rrveerss” THEN 2450

FEAD 1015

Foe I=1 T 10

Fppﬁ #1 39E

FRINT feE

HEsT T

MET =0

LET L=1

i) cidn o 20sn

FarTHT “HHA WERY O INTEDERY :

BRIy CTHILE Gwﬂfd POSS pf THE FELATIONIHIP PORE URYIOUT . LN 50U ZEC LYE

FETHT "1 MERFT '

e Al

LET L=0 _

PEIMT OCTHE LIMEAE GRESH IMDICSTES A DIFECT PELATIONSHIR BETWEE! THE Tl

CRINDT "WATIARLED WEINVE FLOTTED. -

FE LT “'*ITF S OETULAT IO TIT I T OTHIS GRSE . L) HOT ROTHES T DR fnTE T8

Rt LR At THETERD rr"fEEEHT THI TLOFE VITH THE COURTAHT TR

FRrer O CEELIH YT B0 Y I 1. A= cea

IHMFOT A

IF AE="1-A=kM" THEM 10410

[F Aaf="1 mpzwn” THeMN 1040

IF ¥ "ioREReMt THIZH Lodgn

IFF * Lom=rent” THEZM 1044

LoR=REMT THEM 10440

i-f=kKx-0" THEM Lndg

IF AL="1-Aa=sken® THEH 1040
"1
1.
$
1-
1

Akt THEM 1040
FH=E " THEM 10449
et THeM 1040
H-HHV” THEH 1049
=Mk THEM 10490
fﬁfMHr" THEH 10640
=pde " THEH 140

AN

SErqerr” THIETE 1040
H=H4l<' THITH 251

REST COPY AVAILABLE
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LET L=0

PEAT i +25

Fae I=1 TO 23

FEAD 1A%

FPIMT RE

HEXT 1

LET E=4eB/7S

FRIMNT "MATS OF POCK AND CRART <70 THE MERFEST LOTH ERICKY™
LET L=1 '

IMFLIT T

LET F=IHTCDO+,

IF F: IHrf&+ S THEH 15e0

PEIMT "0Is THE MAZI OF ROCK AMD CARY IS sE8" BRICKS.®
FRIMT "MHEAT IS THE MAIZZ OF THE ROCK RLOME?D"

LET i=u

INFUT F

IF F=0-1 THEM iz20
IF IHTOF+ .50 IHTY
FEAL w1 332

FOi TI=1 T0 5

FEAD 1 3AB

HRINT AT

HEST 1

LET L=0

FRINT “HOL TEY THIE PROBLEMDT

FRINT "R TAF ML A MH”IV”“ FOCELERSTION OF 2 MoZECCSEC. IF THE CORF TOWLT
FETHT “RHDTHES Calr s TLOHTIORL 0SS AND REST0N s R WL BE THE MR TR
FRIOT "AolC0 . TN M--':;"’-- _ECT' ‘
[MHFT I

IF D24 THEN 1200

FREIMT "GOODS HOW HERD <5 ANOTHER FFUE!EP:"

FEIHT “MRes [ PCCELYEOTES AT 20 T ﬁt»:Ll FiHD MSET E HFFELEPHTES #re”
PR "E0 FT-ZECSE0 MHEN IDENTICAL FURCES  RRE AFPLIEL.

FRIMT “WHAT 1% THE RATIO: MYTI /-HRED BYT

[HFUT £

IF A=t a@s™ THEH 14840

IF A" 1ed” THEH 1420

IF FAa"fsg” THEH 1310

FEINT "COFFECT I ‘

FRINT w00 HONSD MO CONPLETED THIS SIMMLATELR ExFERTLENT . FEEHARS YOU MILL
GE"

FREIAT “FARCE  TO FRIWE THE THWETTIGNTION S0 [Emr /0 KOG 07 Td Vol LRE.
FIEINT "AFTER YOLUCVE  STCCED OFF Tree TERMTHG, FOLL OUT IEVERRL ENTER THWHES
QF" '

FETIHY cprseEo L O 1T LTET THE SUeeEs 5 Frelo IRIH Frﬁﬁv F5 gl BHY TS T
CETHT DTHER B STAEE (HS B CULCLUE IO WU CRH RER PRI THE

AR NN

FREINT "IMCLUIDE THIS FAFFR TH WO PHEHVITICT HOTERCOE .

PRINT Es S00H G YO HAYE THE U"UiTUHIlr VICW THE HEAT FIUM LO0OF "FORCE

)
]

FRINT “MOTION IV AHD UM S FOPCEDC .
SOTO =m0

FRINT w00 UIOH-T TYFE “FILOT. OF “@ne
OTN sz

FRINT “LOOF AT THE GRASH RGARIM. THE CLOTTED FOINTS Z45CW THAT [T MAST

f
E-.5» THEM 1430

o PEETHe WSTOH ZHDULD e poy”

- [HCREASES™
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FRIMT "ACCELERATION DECRERASESS THE FLOT FOFME A SMIOOTH CURVE.”

GOTO =40

TF L>t THEM 1540

LET L=L+1

591HT "EORRYy YOURE WRONG., AM EARSY WAy TO DETESMINE THE TOTRL MALZE I
" .

FRIMY "EACE TO THE FIFST GRAPH OF A Y. M AND FERD THE MAET DIFECTLY Fi
FCINT "THE GFAFH FOR AN RCCELERATION OF 1S.00p-3EC-2E0 . AZMER THE
GQUESTION®

FRINT “RGEAIM."

SOTO 1130

SRIMT "LRCHS AGRIN. THE RApSWER 12 :"3ES” BRICKS. IF YOUW DOMT LIHDEEET
,z%ng COIEZCHES THIS WITH vOouie TERCHER AY 2004 RS POSEISLZ. fb LHOT I
A2 '

FRINT "OF THE ®OCE RLONET?"

SOTO 1190

I£ L1 THEM 1750

LET L=L+1
FERD 1 .53
Faoe I=1 T0O
FEAD #1iA%
FFRINT HE
HENT 1
30T 11390 C

FRIMT "ML THE MARZE OF THE RICK IS E~18" BRICEL. vOU HEED RZITITHNICE
FRIMT "INTERFRETIMG THZ @BraRi.” : :

FERIMT "COMIOLT WITH YOLe TERCHER BEFOCE COMTIHUING THIS FEOGPREAM.T
FOTO &3on

IF L=l TH=Ep 1250

iET L=L+1 ,

FRINMT "THCORRECT . REMEMEEE, ACCEL. IS IMWERIELY FPOGROERTICNSL TO MR,
iuIceE”

FRINT "THT MASS IS PRESENT IH THE oMD ACCELEFRATIOHN. Alizwds THE QLCITI
RCAINY S

=OTO 1220

FERD #1532

Foie I=1 TO 4

RERT #13§1%

FRINMT RE

HEWT 1

ST 1350

IF Lx& THEN S000

LET L=L+1
FERD 2 lea2
i I=1 70
FEAD 21 5RY
FRIMY R#E
HEXMT 1
FRINT “TEY THE QUEZTION
0T 1370

FI2IMT "THE ACCELEFATICH FATIN I3 THE IHWYERIC OF THE MAIID FATIO OF 1-3
FRIMT 00 HEED FUPTHER ATT(Z0ANCE IH BRDERITHHOT0S THTDY CONCERT .Y
F0TO 1720

FOi w=12 T3 1 ZTEP -1

FEnTt D

PRINT A

N

o

IH."

I
)
I
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IF

Slet .

101

Y2 IMT Y 2) THEM S170

IF L=t THEM 2100

FFRINT THECAX528YS

ROTO 2170

IF 2eY=12 THEN =

IF ZeY¥=d THEN &

FEINT TRAECSM "

BOTO 2170

FRINT TARCA» "

aT0 2170

FRINT TADCS»s”,

F0r N=1 70 10

IF MIY+1 2 ]=1

HENMT

FRINT rHEf13)3"+"

G070 2820

FEINT THBu13>="

HEMT v

PPINT ¢ ]
FINT TiBCL122i"n0 1 &

FFIHT TABCSF3TOTAL MAZE

FRIMT

CHTH "R "C "D "E e L"

DF‘TF’ e .'" " .'" " .‘" " .!" " .'" * .'"

e TUEM

IF L»t THEN &3

LET L=L+1

CEAT ] a2

=
:

_.‘
I
T
Iy
o
(]
Bt

CATABCIZ+ M+l eq4d 5"

R T T S S A T TR S T S T S S S SR S S
2 4 5 Z v [
CERICES

T

CECTM "E' ECa™ s "F e A" T "I " «"0" s "H"

- ™ [1] LX) "o LIENYT) @ " " e "N ‘"
1-H R . » * . *

GOTO =40
WERTE 4] adn
SOF =1 T o4
SRR TS BH TR
FREINT AL
HERT I

SOTO 2410

IF 84="DTFE0T™ TS
IF Ft="novr=ot” THEM
FEIHT UVDUR ARSI
BOTO 240

FEAD 2] 309

FOR I=1 10 4

FEAD =135t

FEINT AT //
HENT 1

SATO BN

HETIMNT toLng T,
Fle[HT “irnece aoFe

S
=40

MUET BE “DIRECT OF “IMYERIES. Z0s AoRIN -7

1T Wil YU REFLY oF
YL W T BE RELE

T HFET MY BERICKT OH
TREE OFF 20 FRET

F1in
SR

THAT F
CHOTHIE

YOUe T
NEICH T

T

A CONZTANT FORCGE. 1
HEHIH —-="

TREreLy

“ 1]
Xt

“"WITH MOFE

FRIMT
FIEINT
GOTO

PRINT

SUGGEST AT LEATT 1 EBRICK FOF A/ LOsRD.

THE CART I3 YERY ZLOW AND HERD

-_\.j UUFY it " 'L!
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FRINT "DOMT USE MOFE THAM 10 ERICKS, Z0s ASHIN —-="
3070 <430 ‘
FEINT "THE UNSTRETCHED RUEREER LODP IS ALMGET S0 CM LOMS BHEN WE ZTRETCH
THIS"

FRIMT "LOOF LEST THAM SCCM WE-FS NOT ARFFPLYING A SIGHIFICAMT FORCE TO T
FREINT "CAR:T. 20y AGAIN--"

ROTO 250

FRIMT "WE“FE STRETCHIMG THE LOOF WITH & METER STICK WHICH IE 00CH LOM
YOU (1]

FRIMT “CRHYT ARPPLY A CONITANT FURCE ACCURATELY IF THE STRETOH EXCECDST
FRIMNT “iancr, Z0s BA6RlHd ——" -—

FRIMT " THIZ FPROGEAM IS THIFD N A ZRERIEI . ZTHIE THD CONCFETI DEWILGRE]
FEIMT "ASE SZEDUENT A Y00 ST BEGTIH EBY MIEWMING THEZ v ILM OO Tr Tl
FEOHT “MOVION 17 HMHU THEM fUM “FORCER- -

BTN #2230

IF La0 THEM 2319

LEY L=L+1 |
PETHT UV TVTULD KNI T CGEOCT RMTLCR TOOTHIS CUOETTICN IF DU ME RE
FRIMT "THYGiH FORCEE. [7LL GIVE 700 CHE Bk CHOGMCE TO TYRE TTE

FLelHT TRROERILY

U101 _

FETHT RN THE PROGHRAM “FORCER- BEFORE COMTINUIMG,T

cOTO g2z

FEINT "TO SI6M OFF THE TERMIMAL TYFE “BYES AND FRESE THE PETURN KEY.T
EHD

BEST COPY AVAILABLE



103

-lunf3
{

USHT . HOW TO ZTUD RitELEFﬂTiDH.?HFIEI MHERN THZ OZ 4T X
i'!llv"l;"Z? I: '}'.léi"i‘l!3r';'ll WE“w TRY TO HOLL ALL BTHEE MReeIATLET COH-
“iﬁHT. WE Ll BERLY THE TAME FOSCE TO THE CRFT IM ALL FUEI B
¢2EPING Ors LOOF 0Oy FUTEERP STEFETCHED A CONITRANT LSMETH, JWE

Eﬂﬂ ITRETCH OUR LOOF DETHEEM S0 pRHD 100TH, 2

Wiz CAM YAPY THE CARFT-Z MAZT By UZIMs DIFFEFENT MUMEEFT OF

LOENTICAL ERICKS FRR A LCRD, THE MALE OF THE ENFTY CRET

'-”LL ZE HHE BEEN A2 TED TD Eoibsl THE MPsi OF OHe BFICK.

=

VI ZFECTIFY THe HUMEER OF BRICES SO LL UIe FOR & LORD IN
EASH TEIFL AML FIaeE THE SIMOLATED FUM.  THEH [-LL DETERMINE
HEEELEPHTTHH FFOM THE TICKER TREE AMD FLOT A GFAFH OF
.ﬂéEELEPﬂYIDH Yo MEE ., FPEREMENF . THE MRLE VO FE RCOCCLEFOTINGS
IEJUNE RO LARFGER THHAN THE LCAD YOW ZRECIFY ZINHCE THE CRET
Héi FHOoME:E OF 1 BRICH.

13

FLAGHT Y A2 THE CAPT-Z MASE SETE LHPGEP THE ACCELYEATION GETE
Lz ‘

ALLER UNDEF THE [ISLUENCE OF A CONITANT FORCE.
17

HUR MEST TAGE 13 T FIND SH ALGEERPAIC EXFFESTION FOR THE
Ffl.'t:t:'iTIDNZI-HF' EETWENH MCCELESATION AT MASS ., n 274Dy OF Due

S
”é@“” IGGESTE THAT TT AIGHT 2E R LZT POMES IHYERSE FELATIONH-
o
:Q;P- THAT [5: "wCEl . [2 DIFECTLY FROFOETIONGCL TA {-MASS.
n?fnm:; 1% DIFECTLY PRAFDFTIOMEL TO L-ACCSLERATION.  TO CHECK
m;? THIG FRCDICTION T WILL FLOT A HEW GEARH GF 1A VERILG
Hag? FOR EAcH OF U BTALS USIHE THE DRTAH ME COLLECTED.
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HT ! THEFE IZ A DIFRECT FPELATICHIAIF BETHEEH 1oR RN ML s
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Doy )
Fi3

[x] D b B e SRy

DHLU OF COUsIE EBE PESLACED EY THE HUMERICHL YARLLUE FDF THE

FE OF THE LINE.

£

vl
o & fur

HERE IE A PROTLEM FOR YOO TO TEY UITHG VOUR GRASH A8D THE

E?%ULHTED FEPREATZ D ROFOCKE DF NN MHSS [T FLACED OM Ok
UGEDHDED CAST. YOU NMAKE A FLN WITH IT AFFLYTHG THZ TRME FORCE
Rélnﬂ“ DID IM THE OQTHER FUMEZ L MY RHRLYITT 07 THE TRFZ IRDI-
e

EZ AH ACCELERATIOM OF 1S.00M-2EC-ZEC, WHAT I THE TOTHEL

X ‘T; [ '1

SOODY THIZ T2 OME METHOD WMHICH ChaM BE UIED TO DETERMINDG THE
=g
IMERTIAL 1SS OF AN ORIECT.

e
. 3

T ZUMMARIZCs UE CAN ZEE FROM THE GRARPHT O DU DRTE THAT
I
THC ACCELERATION OF AN OBIECT T3 IMWERIELY PROFORTICHAL TO

IT; IMERTIRL MAEE WHEM & COMEITRHT FORCE 15 APFLIED. AND
}t ERUATION YOU WRIFE FOR THE RELATIONZHIF IZ: 1-A=kEM,
ely .

WEONG . WHEN & WARIABLED ARE DIRECTLY RELATZDs ONE IMCEENSES
40

i THE OTHER IMIREAZES. LOOE a7 v3UFR GRAFPH \/GAIM. IT ZHOWE

41

THAT THE ACCELEFATION BECAME ZMRLLER RS THE MALE IMCFERSED.
4 -

THLZ MERITS THRT THE YAk IARELES SFE THVERIELY RELATEDR. Z0

43

MECHZ . THE GRRIPFH CAN BE F:EF'FTE‘-'S'Ei'iTFfﬁ BY A STERIGHT LIME PHYTZ-
[;% THROLGH THE ORIGIM. FROM VOUR WORK TH ALGERRER YO & MO
T:% EDUHTIUH FOR A STRAIGHT LIHE . CVs=HeeR MHEEE M TS THE
'QZEPE ARD B THE X-IMTEFCERPT .3 IH YHIZ CRIE WE-FE FLOTTIMG 1-#

a7

O THE YERTICAL RSIS AHD MALY O Yhe nlssoonrnl vl s, THE
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iy
Pl INTERCERT I 0. TRY THE DIFETTION AGAIM.

43

HO. THE ESUARTION ZHOULD BE ESFFESSED AT: 1-fA=pM. IF 50U
=0
DOMYT UNHTERZTRAD WHEY DIZCUES THIE WITH YOU TERCH:zZR AT

':'1

SOOM A2 POZITELE . HOW HERE S THE OUCZTION ONCE MORE. TYRE
IH THE ECUATION I°%WE STATED.

L

M YOUTRE WRONG. FEMEMEES THAT WE ACCELERATED THE FOCK AMD

NI e a

T CHRET AMD WE HAVE FLOTTED THE TOTAL MA:s. TO FIND THE

3 I A 0

MAZTS OF THE FPOCK 9E MUET SURTRERCT THE CARTZ MASE ©1 ERICK?
=)
FROM THE TOTAL #MASS DETEFMMHED IM THE LAST DUEITION.

S

TEY THE QUESTIOH mapIf.

i

o0

WMEOMHG . WITH TWICKE THE MASE THE CONSTAMT FORCE CRUSES 1.2
Taé OFD3INAL ARCCELEFATION COF 4m-sTEC-ZEC. IF YOU LONCT
UEBEPSTHHD DIECU?E THIS WITH YQus TEACHER R% 200M AL

=

PééSIELE. MO HERE % ANDTHER PROEBLEM.

5

HO. THE FROELEM NZES FORE THE PATIO OF MASS A-MASS B, THIS I3
53

EQUIVALENT TO RUCEL.E-ACCEL WA DUE TO THE IMYEREE RELATIONIHIR.
6
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1ist
FORCED

10 FILES LUNFA
20 DI ASL6S)

30 READ #1,1

40 FoR 1=1 TO 4

58 READ #13A3

60 PRINT A3

70 NDXT I

80 INPUT A%

$0 IF Az="yes” THEN 110

1066 1IF A3#"YES"™ THEN 2870

110 READ 41,5

120 FOR 1=1 TO 6

130 RECAD ¢13A8

140 PRINT AS

150 NEXT 1

160 LET L=0

170 INPUT AS

160 1F As="inverse” THEN 200
1906 IF AS¢"INVERSE"™ THEN 2930
200 READ #1,11

210 FoRr t=1 T0 12

220 READ ¢1;AS%

230 PRINT AS$

240 HEXT 1

250 PRINT "!°VE JUST TYPED A LOT OF IMFORMATION HERE. READ I!T CAREFULLY AND TYPE"
260 PRINT “°GD° VWHEN YOU UANT ME TO CONFTINUE. "
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270 1NPUT AS

280 IF As="G0" THEN 330

200 IF As="qgo" THEN 330 :

300 PRIUT “YOU DIDU'T TYPE G0« 1 CAN'T CONTINUE UNTIL YOU DO."

310 PRINT “PYpPE “GC” AND WE’LL CONTINUE."

300 GOTO 270

330 PRIUT "IN THE EQUATION K IS A CONSTANT OF PROPORTIONALITY AND ITS”
340 PRINT “NUMEZRICAL VALUE DEPENDS UPON THE UNITS USED TO MEASURE FORCE,*
350 READ ¢1,23 .

360 FOR I=} TO 18

370 READ o13aAS

360  PRINT AS

390 NEXT 1

400 LET L=

410 PRINT “UHAT 1S THE NET FORCE (IN NEWTONS) ACTING OM THE SPACESHIP?"
ang  INPUT NS

430 IF AZa"12007 THEM 450

440 IF A5e°1,2007 THEN 1660

450 PRI TCORNECTY NOW HERE®S A SLIGHT VARIATION OF THE SAME PROBLEM:®
460 PRIUT “r BO0XKG ASTHONAUT IN FAUILISBRIUM QUTSIDE HI5 SPACESHIP RECEIVES A®
270 PRIUT “40H FOICE FROM A PROPULSION JET ATTACHZD TO HIM.®

ng0 LZT L=0

400  PRINT “VHAT ACCEL. (IN M/SEC/SECY DOES HE EXPERIENCE?"

500 INPUT AS

510 IF A5=".5" THEN 530

520 IF ns."1/2" THEMN 1820

520 READ 01,4]

540 FOR I=) TO 2

550 READ a13a45

560 PRINT AS

570 NEKT I ' : '
560 PRINT "TRY THIS PROBLEM AGAIN WHICH INVOLVES NEGATIVE ACCELERATION: A 2000"
590 RLAD 71,43

600 FQOR 12! TO 4

610 READ 61305

620 PRIUT NS

630 NEXT |

640 LET L=0

650 1EPUT AS

660 IF ASe™4000° TIHEN 700

610 IF A%="4,060" THEN 700

€80 IF AS="=4000" TIEN 700

(U0 IF ALy =4,000" THEN 1880

700 LET L=0

710 RLED 01,47

720 FOR i=1 TO 6

930 RIAD #13as

740, PRINT AS

750 NEXT 1

160 PRINT “WHAT 15 THE FRICTIONAL FORCE ACTING ON THE STOVE IN N?°

710 INPUT As

760 IF nc==250" THEN 800

0 IF ASe°~-250" THEN 2000

G00 LET L=g

510 READ 21,53




820
830
840
850
860
870
&G0
89¢
900
910
920
930
940
o5¢
960
o0
980
960
1000
1050
1028
1030
1040
1050
1060
1070
1089
1090
1100
1110
1120
1130
1140
1150
1160
1170
11060
1190
1200
1210
1220
1230
1840
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
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FOR I=1 710 4
READ #13AS
PRINT AS
NEXT 1
INPUT D
IF Ds1.5 THEN 2100
READ 61,57
FoR 1=1 TO 4
READ #13AS
PRINT AS
NZXT 1 .
PRINT TAB(9); ™ 10+"
PRIUT “V™3TASBCL1); "+"
PRINT "E"3TABCI0); "8+";TADC27)3 X X x°
PRINT “LT3TABC11) 3"+ TABC23);°%X"
PRINT "0%iTASCI0);"6+ X"3TABC37); °X"
PRINT “C GiszsSECy)  + X"
PRINT "I173TA3C10); "a4X"3 TAB(39)3 X"
PRINT “T"3TAGCI1); "+ "3 TABC4L); " X"
PRINT "Y"3TABCL10);"2+73TABCA3) 3 "X"
PRINT TABCEL)§“+“3;TABC45)Y} X"
PRIIT TABCLO0);"0+ + + + & + + 4 4+ + 4+ + 4 4 4+ 4+ + + X &+~
PRINT TALC11);"0 2 4 6 8 10 12 14 16 18 20°
PRINT TAB(26); “TIME (SEC)>"
LET L=0
READ ¢1,61
FOR I=] TO 2
READ ¢13AS
PRINT A3
NEXT 1
pa1T "1. THE WNET FORCE ACTING ON THE DBJECT WAS 0 AT: CA) 0 SEC} <B)”
PRINT "4SEC; (C) !10SEC; (D) 13SEC; (E) 1&SEC; (F) NONE OF THE ABOVE"
111PUT AS '
IF AS="¢c™ THEN 1170
IF a506°C™ THEN 2260
READ §1,64
FOR I=! TO g
RZAD @13A3
PRINT AS
NEXT I
INPUT A3
IF AS=3“d® THEN 1250
IF A30s"D" THEN 2360
PRINT "CGOODI"
PRINT "3. THE NET FORCE WAS CONSTANT BETWEEN:(A) 6-9SEC} (B) 9-13SEC;”
PRINT “¢C)> 13-15SEC; (D) 15-185EC; (E) NONE OF THE ABOVE"
1PUT AS
I¥ AS="d" TIEN 1310
IF AS6"D" THEN 2450
PRINT “CORRECT!"
LET L=0 .
PRINT “4. WHAT WAS THE ACCEL. OF THE OBJECT (1N M/SEC/SEC) AT 6 SEC?"
INPUT AS .
IF AS»".S" THEN 1370
IF ASé™1/2° THEN 2540
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1370 PRINT “FINE1"

1330 PRINT "S. DETERMINE THE NET FORCE (IN N) AT 6 SEC. (OBJECT HAS MASS OF 10KG)"
1390 INPUT D

1400 IF D#S5S THEN 2630

1110 PRINT "VERY NICE."

1429 PRINT "YOU'LL NOTICEZ ON THE GRAPH THAT THIS CONSTANT FORCE OF SN WAS APPLIED”
1430 PRINT “"FROM 0SEC THROUGH 8 SEC. NOW, THE FINAL PROBLEM:*

14490 PRINT “6. DETERMINE THE FORCE C(IN N) ACTING aT {3 SESZ."

1450 LET L=0

1460 INPUT D

1470 IF ABS(D)Y#20 THEN 2700

1450 READ ¢1,68

1490 FOR 1=} TO 17

1500 READ #11AS

1510 PRINT AS

1520 NEXT 1

- 1530 LET La=0

i540 PRINT "BEGIN THE EQUATION: F= .,,. AND DO NOT INCLUDE & MULTIPLICATION SIGN.~
1550 INPUT AS

1560 IF ASa"F=MA" THEN 1640

1770 IF Aas="f=ma" THEN 1640

1580 1IF AS="F=KMA™ THEN 1640

1560 IF £5="faknae"™ THEM 1640

1600 IF ns$="A=F/M" THEN 1640

1618 1F ns="a=f/m" THEN 1640

162 IF a3="a=Kf/m" THEN 1640

1630 IF ARs"A=KF/M™ THEN 2780

1640 PRINT "AUF WIEDERSEHEN"

1530 GGTN 3030

1660 IF L>»1 THEN 1740

1670 LET LalL+l

1680 READ #1,91

1690 FOR 1=1 TO 3

1700 READ #13AS

1710 PRINT AS

1720 NEXT 1

1720 GOTD 4lo0

1740 READ 91,94

1730 FOR I=) TO 3

1760 READ #13A$

1770 PRINT AS

17680 NEXT 1

1790 GOTO 460

16490 IF L>1 THEN 1840

1510 LET LubL+l

1820 PRINT “NO. SINCE F=lA, A=F/M. TRY THE PROBLEM AGAIN:"

1530 GOTO 490

1840  POAINT “40N/B80KGn)/2M/SEC/SEC. ™

1650 PRINT “YOU MEED FURTHER ASSISTANCE IN UNDERSTANDING THIS CONCEPT. CONSULT®
1860 PRINT “VYITH YOUR TEACHER BEFORE CONTINUING THIS PROGRAM."

1870 019 3030

1830 LET LebL+l

1320 1IF La3 THEN 1940

1900 IF L>3 THEN 1850 :

1910  PRINT "WAONG ANSWER. FIRST FIND THE CAR‘S ACCEL. (IT LOSES 3UM/SEC IN 15 SEC."
1920 PRINT "THEN: F=MA, CHECKX THE PROBLEM AND TYPE IN YOUR NEW ANSWER."

ERIC
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1940
195¢6
1960
1970
19840
1950
2000
2010
2020
2030
2044
2050
20560
2070
20890
2090
210¢
2110
2120
21390
2149
2151
2160
2170
21380
2199
2200
2210
2220
2230
2240
2250
2060
2270
2281
22990
2300
2210
2320
2330
23490
2350
2360
2370
2380
2390
21400
2410
2420
2439
2440
2450
24160
24790
2480
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GOTG 6586

READ #1,97

FOR 1I=1 TO &

READ #13AS

PRINT AS

NEXT I

GQTO 650

IF L>1 THEN 2080

LET L=L+}

READ 41,101

FOR I=1 TO S

READ #13AS

PRINT AS

NEXT 1

GOTO 760

PRINT “NO, THE FRICTIONAL FORCE 13 250N."

GOTO 1850

LET L=L+1}

IF L=3 THEN 219¢

I1F L>3 THEN 1850

READ #1,106

FOR- I=1 TO 4

READ #13AS

PRINT AS

NEXT 1

GOTO 860

PRINT "NO. MASS AsF/A=12/2=6KG} MASS B =j2/6=2KG,”"

READ #1,110 '

FOR I=] TO 4

REND ¢13AS

PRINT AS

MEXT 1

GOTO 860

17 L>! THEN 2320

LET LsL+}

PRINT “WRONG. SINCE Fs=MA, THE FORCE @ (0 WHERE THE ACCEL. = 0."

PRINT “THE ACCEL. = 0 WHERE THE VEL&AITY 1S NOT CHANGING. TRY THE PROBLEM®
PRINT “AGAIN AND TYPE IN THE CORRECY ANSVER"®

GOTO 1140 '

PRINT “NO. THE ACCEL. !S 0 BETWEEN # AND 12 SEC. 1F YOU DON°T UNDERSTAND"
PRINT “DI!SCUSS THIS WITH YOUR TEACHER AS SOON AS FPOSSIBLE. NOW, TYPE IN THE"
PRINT “LETTER OF THE TORRECT RESPOR&EZ."

GOTO 1140

IF L>2 THEN 2430

LET L=L+1{

PRINT “WRONG. SINCE F=MA, THE FORCE IS GREATEST WHERE THE ACCEL. 1S GREATEST."
PRINT “REMEMBER THAT THE ACCEL. AT ANY POINT 1S THE SLOPE OF THE V VERSUS T°
PRINT “GRAPH, FIND THE PLACE WHERE THE VELQGCITY IS CHANGING AT THE GREATEST’
PRINT “RATE. NOVW TYPE IN THE CORREGT ANSWER."™

GOTO 1220

PRINT "NOj; THE FORCE 1S GREATEST AT 13 SEC.”
GOTO 1850

IF L>! THEN 2520

LET L=L+1

PRINT “INCORRECT. THE FORCE IS CONSTANT WHERE THE ACCEL. IS CONSTANT."
PRINT “REMEMBER THAT THEZ ACCEL. AT ANY POINT 1S THE SLOPE OF THE V VERSUS T"
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2490 PRINT "GRAPH. FIND THE LISTED TIME INTERVAL IN WHICH VELOCITY CHANGES AT A"
2500 PRINT "CONSTANT RATE, AND TYPE IN THE CORRECT ANSWER."

2510 GUTO 12840

2520 PRINT "NO. THE CORRECT CHOICE WAS 15-18SEC.”

2530 PRINT “NO. THE CORRECT CHOICE 135 15-18 SEC."

2540 IF L>] THEN 2600 .

2550 LET LeL+1

2560 PRINT “WRONG. ACCEL. AT ANY POINT 1S THE SLOPE OF THE V VERSUS T GRAPH.®
2570 PRINT “A=CHANGE IN V/CHANGE IN T. CHECK YOUR CALCULATION AND TYPE !N THE®
2580 PRINT "CORRECT ANSWER.”

2590 GOTO 1340

26060 PRINT "NO. THE SLOPE 1S .S5M/SEC/SEC. LOOK AT THE GRAPH AND SZE IF YQU AGREE."
2610 PRINT "THEN TRY THIS QUESTION:"

2620 GOTO 1380

2630 IF L>2 THEN 2680

2640 LET LaL+1

2650 PRINT °“WRONG. FsMA. MULTIPLY THE MASS(10KG) BY THE ACCEL. CALCULATED IN THE"
2660 PRINT "LAST PRNOBLEM. CHECK YOUR CALCULATIONS AND TYPZ IN THE CORRECT ANSVER."
2670 G3TO 1390 :
2680 PRINT “NO. FeMA=]10X.S5aS5N."

2690 GOTO 1850

2700 IF L>»1 THEN 2760

2710 LET L=L+!}

2720 PRINT "INCORRECT. FIND THE ACCEL. AS YOU DID IN PROBLEM #4 ABOVE"

2730 PRINT “(CHANGE IN V/CHANGE IN T). THEN F=MA., CHECK YOUR CALCULATIONS AGAIN®
2740 PRINT "AND TYPE IN THE CORRECT FORCE."

2750 COTO 1460

2760 PRINT °"NO, THE ANSWER ISt =~20N."

2770 GOTO 1850

2760 IF L>0 THEN 2840

2790 LET LuL+l

21400 PRINT "YOU MUST BE KIDDING! I°VE SPENT ALL THIS TIME WITH YOU AND YOU CAN’T"
2810 PHINT ° SAY °‘FaMA°“??°” ;
2820 PRINT "0H, THIS IS AWFUL! TRY TYPING THE EQUATION AGAIN."

2830  GOTO 1550

2649 PRINT °"NOW I°LL BELIEVE YOU’RE KIDDING. I°LL TYPE IT FOR YOU:~

2850 PRINT “"F=MA"

2650 GOTO 1640

2870 READ #1,35

2880 FOR le) TO 3

2890 READ #13AS3

2900 PRINT AS

29106 NEXT 1

2920 GAOTO 32030

2930 IF L#0 THEN 3010

2940 LET LuL+1

2950 READ 51,88

2960 FOR 1=} TO 3

2970 REaD ¢#13AS

2980 PRINT AS

2990 NEXT 1

30900 GOTO 170 :

3010 PRINT "RUN °FORCEC® BEFORE CONTINUING."

30206 GOTQ 3030

303¢ PRINT "TO SIGN OFF THE TERMINAL TYPE °“BYE® AND PRESS THE RETURN KEY.~

3040 END
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WAAT FILE IS TO BE LISTED?

?2lunf4

STARTING RECCRD NUMBER?

71
i

HIt IN THIS FINAL PROGRAM QF THE SERIES WE WILL DISCUSS WHAT
2

WE‘VE LEARNED ABQUT FORCE AND MOTION AND INTRODUCE A SYSTEM
3

OF UNITS IN COMMON USE. HAVE YOU COMPLETED “FQORCEC® aND THEN
a

VIEWED FIlLM LOOP °“FORCE & MOTION 1V°?
<]

IN THE FIRST EXPERIMENMNT WE OBSERVED THAT A CONSTANT FORCE
6 :

CAUSES A BODY TO UNDERGO A CONSTANT ACCELERATION. IN THE
7

2ND EXPERIMENT WE OBSERVED THAT ACCELERATION WAS DIRECTLY
8

PROPORTIONAL TO THE NET FORCE. IN THE 3RD EXPERIMENT WE
9 ,

OBSERVED WHAT KIND OF RELATIONSHIP BETWEEN ACCELERATION AND
10

MASS?
11

CORRECT! WE MAY WRITE THIS LAST STATEMENT AS:
12

f» M 1S DIRECTLY PROPORTIONAL TO 1/A OR
13
2) A 1S DIRECTLY PROPORTIONAL TO 1/M

14

FROM THE RESULTS OF EXPERIMENT 2 WE CAN WRITE:
15

3) A 1S DIRECTLY PROPORTIONAL TO F
16

STATEMENTS (2) & (3) CAN BE COMBINED AND WRITTEN AS:
17

A 1S DIRECTLY PROPORTIONAL TO F/4
18

AN EQUIVALENT STATEMENT 1S3
19
MA 1S DIRECTLY PROPORTIONAL TO F
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20
OR: F 1S DIRECTLY PROPORTIONAL TO MA
21

IN EQUATION FORM:
22

FaKMA
23

MASS, AND ACCELERATION. IT WOULD HAVE A SPECIF1C VALUE IF VYE
24

CONTINUED TO MEASURE FORCE IN °EANDS® AND MASS IN “BRICKS®.
25

THE UNITS WE USED HAPPENED TO BE CONVENIENT FOR US, BUT

. 26

THEY ARE NOT IN COMMON USE IN THE WORLD. THE EQUATION, OFTEN
27 :

REFERRED TO AS NEWTON’S 2ND LAW, 1S PERHAPS THE MOST FUNDA-
28

MENTAL EQUATION IN CLASSICAL MECHANICS, AND THE UNIT OF FORCE
29

COMMONLY USED IS DEFINED SO THAT X IN THE EQUATION = }.
30

IN SCIENTIFIC WORK A VERY COMMON UNIT OF MASS IN USE TODAY
IngHE KILOGRAM (KG>. THE BASIC UNIT OF FORCE WiLL CAUSE A
Mggs OF ! KILOGRAM TO ACCELERATE AT IM/SEC/SEC. THIS UNIT OF
FggCE 1S CALLED THE NEWTON (N). IN bTHER WORDS A FORCE OF 1IN
U?ﬁL CAUSE A MASS OF 1KG TO ACCELEéATE IM/SEC/SEC. USING THESE
U§ZTS THE EQUATION IS WRITTEN:

F=MA
37

INs]1KG M/ SEC/SEC
38

TRY THE FOLLOVING PROBLEM USING THE MKS (METER.KILOGRAM,
39

SECOND) SYSTEM OF UNITS. A 600KG SPACESHI? 1S PROPELLED BY
40

A ROCKET ENGINE. ITS ACCELERATION 1S 2M/SEC/SEC.
4t

RIGHT! IT 1S IMPORTANT TO POINT OQUT AS I DID IN EXP. 2 THAT F
42

REPRESENTS THE VECTOR SUM OF ALL FORCES ACTING ON THE OBJECT.
43

KG CAR 1S TRAVELLING AT A SPEED OF 30M/SEC WHEN THE BRAKES
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=

44
ARE APPLIED. THE CAR STOPS IN 15 SEC. IF WE ASSUME A CON-
45
STANT ACCELERATION, WHAT WAS THE FORCE (IN N) APPLIED BY THE
46
BRAKES?
a7

GOOD! THE NEGATIVE BRAKING FORCE PRODUCED A NEGATIVE ACCEL.
48 -

IF THE VECTOR SUM OF THE FORCES ON A OBJECT = 0, THEN THE
a9

OBJECT WILL UNDERGO 0 ACCELERATION. IN OTHER WORDS ITS

50

VELOCITY WILL NOT CHANGE. HERE’S A PROBELEM ON THE SUBJECTS
51

TO PUSH MY STOVE ACROSS MY KITCHEN FLOOR AT A CONSTANT
82

SPLED OF IM/SEC, 1 MUST APPLY A FORCE OF 250N.
53

SUREt NOW TRY THIS PROBLEM: A FORCE OF 12N GIVES MASS A
ASQACCEL. OF 2M/SEC/SEC AND MASS B AN ACCEL. OF 6M/SEC/SEC.
Wng IS THE ACCEL, (IN M/SEC/SEC) WHEN THE TWQ ARE FASTENED
T§§ETHER AND THE SAME FORCE 1S APPLIED?

GO0 D!

58
THE LAST FEV QUESTIONS DEAL WITH THE GRAPH PRINTED BELOW
59
WHICH SHOWVS THE VELOCITY OF A 10KG OBJECT ALONG A STRAIGHT
60
PATH.
6?

IN THE NEXT 3 QUESTIONS TYPE IN THE LETTER OF THE BEST
Rggpousa:
63
64
SORRECT!
65
2. THE NET FORCE ACTING ON THE OBJECT WAS GREATEST AT

66
(A) 0 SEC3 (B) 4 SEC3 (C)> 10 SE%3 (D) 13 SEC3 (E)> 16 SECs
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67
(F) NONE OF THE ABOVE.
68

OK! IT°S A GOOD IDEA TO WRITE TH1S FORCE AS -20N SINCE
69
THE FORCE 1S OPPOSITE THE DIRECTION IN WHICH THE OBJECT IS
70 ,
MOVING.
7

THE IDEAS WE°VE BEEN DISCUSSING IN THESE FOUR PROGRAMS ARE
F;EDAMENTAL IN CLASSICAL MECHANICS. OUR UNDERSTANDING OF THEM
JZg BZEN GREATLY ENHANCED BY THE BRILLIANT INSIGHTS PROVIDED
B;QGALILEO, NEWTON, AND THEIR SUCCESSORS. THE STORY OF THE WORK
OZSTHESE EARLY SCIENTISTS 1S FASCINATING READING.
T%gSE IDEAS PROVIDE A STARTING POINT FOR FURTHER STUDY IN
ME;HANICS. VERY SOON, FOR EXAMPLE, YOU WILL STUDY FALLING
EgglES. WHEN A BODY FALLS THE FORCE CAUSING IT TO ACCELERATE
I;ngS WVEIGHT .o

80

IT HAS BEEN VERY-NICE WORKING WITH YOU Iﬁ THESE PAST FOUR
61 :

EXPERIMENTS. PERHAPS WE’LL MZET AGAIN IF SOMEONE WILL WRITE
82

MORE PROGRAMS.+.?

83

BEFORE WE PART, YOU’LL HAVE TO TYPE IN THE EQUATION REPRE-
Sg:TING NEWTON’S 2ND LAW WHICH WE DEVELOPED IN THIS PROGRAHM.

Tg?s PROGRAM 1S THE 4TH IN A SERIES. SINCE THE CONCEPTS DEVELOPED
Agg SEQUENTIAL YQU SHOULD BEGIN BY VIEWING THE FILM LOOP

'ggacz & MOTION 1° AND THEN RUN °FORCEA’.

88
YOU SHOULD KNOW THE CORRECT ANSWER TO THIS QUESTION IF YOU’VE
89

BEEN THROUGH °‘FORCEC’. I1°LL GIVE YOU ONE MORE CHANCE TO TYPE
90

IT PROPERLY.
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91

VRONG. THE FORCE (IN N) = MASS (KG) X ACCEL (M/SEC/SEC).
92
MULTIPLY THE MASS TIMES THE ACCELERATION TO FIND THE FORCE IN
93
NEWTONS. TRY THE PROBLEM AGAIN.
94

NO. 600KG X 2M/SEC/SEC = 1200N. 1F YOU DON°T UNDERSTAND
95

DISCUSS THIS WITH YOUR TEACHER AS SOON AS POSSIBLE. NOW HERE’S
96

ANOTHER PROBLEM.
97

NQ. THE ACCELERATION IS 30/15 = 2M/SEC/SEC. F=2000 X 2 = 4000N.
IgSYOU DON°T UNDERSTAND DISCUSS THIS WITH YOUR TEACHER AS
SggN AS POSSIBLE. READ THE PROBLEM AGAIN AND ANSVER 1T
CORRECTLY.

101

INCORRECT. THE STOVE IS TRAVELLING AT A CONSTAN? SPEED3 THERE
1;030 ACCELERATION. THEREFQRE THE SUM OF ALL FORCES ON THE
S;ggE MUST =0. IF 250N IS BEING APPLIED TO PUSH THE STOVE,
TéggE MUST BE AN EQUAL AND OPPOSITE FORCE DUE TO FRICTION.
A%%gaﬂ THE PROBLEM AGAIN.

6

SORRY, WRONG ANSWER. YOU CAN FIND MASS A AND MASS B BY
107 .
USING NEWTON®S 2ND LAW FOR EACH. THE NEW MASS BEING ACCEL.

108 :
RATED 1S THE SUM OF MASS A AND B. USE THE 2ND LAW TO FIND

109
THE NEW ACCELERATION. ANSVWER THE QUESTION AGAIN.

110
THE TOTAL MASS = 6+2=8KG. THE NEW ACCEL. =F/M=12/8=f.5.

11

IF YOU DON'T UNDERSTAND, DISCUSS THIS WITH YOUR TEACHER AS
112

SOUON AS POSSIBLE. READ THE PROBLEWM AGAIN AND ANSWER IT
113 .

CORRECTLY.
14
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FORCE & MOTION I

In this first investigation the experimenters are studying how an object's
velocity changes when a constant force 1s applied. Throughout all the runs of
today's cxperiments the rubber band has been stretched 60 cm. and the force is
held constant as you observed in the film loop.

In the first run there were two bricks on the cart, and the experimenters
gathered the tollowing data from a careful analy51s of the ticker tape pulled by

the cart.

TIME (sec) VELOCITY (cm/sec)
.1 1.6
.2 3.2
.3 4.8
! 6.4
) 8.0
.6 9.6
o7 11.2
.8 12.8
.9 14.4

1.0 16.0

To see how the data would differ unaer the influence of a different load,
the experimentcrs made a second run with four bricks on the cart. The follow-
ing data was gathered from a carcful analySLs of the ticker tape made in the run.

TIME (sec) VELOCITY (cm/sec)
.1 1.0
.2 1.9
.3 2.9
A 3.8
e3> 4.8
.6 5.8
.7 6.8
.8 7.7
.9 8.6

1.0 9.6

To study the data, construct a graph plotting both curves on the same

velocity vs. time axes for ease of comparison.

Next, discuss the following questions in your experiment reports:

1. What kind of relationship exists between velocity and time under these
conditions?

2. The constant forcu fave the cart what kind of acceleration? (Remember
that the acceleration of an object at any point is the slope of its
velocity vs. time graph at that point.) :

3. Analyze the graph aud determlne the acceleration in cm/sec? produced by the
force in both runs.

4, Vas the acceleration greater or smaller when the smaller mass was
accelerated?

Next, list the sources of experimental error as you envision them and state
the major conclusions you can draw from the experiment.

After you have completed the write-up of the experiment, do the following
problem:
TF an airplane's cnpines produce a net force which is constant and which
[:R\!:clcraLcs the plane from 0 to 100 m/sec 1n 20 vcc., what will be thc planL [
s ocity ate the end of 40°Sec.? o




FORCE & MOTIN I BRY;

In the first experiment, we observed that a constant force gave our cart
a constant acceleration, In this investigation the experimenters are studying
how differcnt forces affect the acceleration of an object. As you observed in
the film, we can very the force we apply by using different numbers of rubber
. loops stretched a constant length.

In this particular experiment the loops were always stretched 60 cm, and
the cart was loaded with 2 bricks throughout all the runs. A different value
of force was applied in each run, and the corresponding value of acceleration
was determined from a careful analysis of the ticker tape pulled by the cart in
each run. Here is a table of the data collected in this experiment.

FORCL (loops) ' ACCELERATION (cm/sec?)
1 8
2y 24
3 40 ,,
& 56
5 72
6 88

To study the data plot a graph of Acceleration vs. Force.
Next, discuss the following questions in your experiment report:

1. What kind of relationship exists between acceleration and force under these
conditions?

2. (A) 1f we extend the graph, what acceleration do we predict for a force of
0 loops?
(B) 1s this extrapolation justified?

3. Note that the graph does not pass through the origin. Perhaps a frictional
force keeps the cart from accelerating wvhen we apply a small positive force.
If this hypothesis is true, determine from the graph the force of friction
in the system.

4. Had we used a cart with greater friction then in our experiment, would the
intercept on the force axis be to the right or to the left of its present
location?

If, the experimenters had plotted the resultant force acting on the cart
instead of the applied force, the graph would have passed through the origin.
(The resultant force is the applied force minus the force of friction; a graph
of the resultant force vs. acceleration represents the rclationship for a

frictionlegs cé;f.) On your graph paper, sketch a dashed line to display the
F vs. A rclationship if the cart had been frictionless. '

Write an equation to fit the dashed line. Use K to represent the slope
(don't bother to calculate it). '

List the sources of experimental crror as you envision them, and state
the major conclusions you can draw from the experiment.

After you have completed the write-up of this experiment do the following
problens:

1. A spaceship is accelerating in space at 10 m/sec2 due to the force provided
by one rocket engine. Suddenly two more identical rockets are ignited
providing thrust in the same direction as the first. What acceleration
does the ship now experience? '

In 10 sec. an obicct accelerates frum .o to a speed of 300 cm/sec when
. acted upon by a nct force. (I'). At-the cnd of the- 10 sec. intervalsF - -
becomes one-third its original strength. What is the specd of the obiect



FORCE & MOTION III
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In the first experiment of this series we observed that a constant force
caused a body to have a constand acceleration. In the last experiment we held
the mass constant and obscerved that the acceleration of the cart was directly
proportional to the applied force. In this investigation the experimenters arc
studying low a constant force accelerates different masses. As you observed in
the film, we can vary the cart's mass by using different numbers of identical
bricks for a load.

In this particular experiment the mass of the cmpty cart was adjusted to
equal the mass of one brick, and a constant force of SO cm was applied to the
cart throughout all runs. A different number of bricks was placed on the cart
in each rum, and the corresponding value of acceleration was determined from a
careful analysis of the ticker tape pulled by the cart in each run. Here is a
table of the data collected in this experiment.

TOTAL lASS

of Load and Cart (brkcks) ACCELERATION (cm/sec?) /A
2 32.0 .031
3 21.3 047
5 12.8 ' .078
7 9.1 .109
9 7.1 141

To study the data plot a graph of Acceleration vs. Mass.

Next, discuss the kind of relationship which exists between acceleration
and mass under these conditions.

Our primary task as physicists is to find an alpebraic expression for the
relationship hetween acceleration and mass. A study of the graph you've just
constructed sugpests that it might be 2 1st power inverse relationship, that is:
acceleration is directly proportional to 1/mass, or mass is directly proportional
to 1/acceleration. To check out, this prediction, plot a new graph of 1/A vs.
Mass for each of our trials using the data collected in the experiment.

What kind of relationship exists between the two variables which you've

plotted]

\\\1‘_

Urite an cquation to fit this graph. Use K to represent the slope (don't
bother to calculate it).

Here 1s a problem for you to try using your graphs and the experimental
apparatus: A rock of unknown mass was placed on the unloaded cart. A run was
made with it applying the same force as in thg other runs. An analysis of the
tape indicated an acceleration of 15.0 em/sec”“. What was the total mass of rock
and cart?

What is the mass of the rock along? (This method you're using is onc
means of determining the inertial nass of an object.)

List the sources of experimental error as you envision them, and state
the major conclusions you can draw from the experiment.

After you have completed the write-up of this experiment do the following
problems:
1. A car has a maximum acceleration of 8 mlsecz. If the car tows another car
of identical mass and design, what will be the maximum acceleration?

Q . cee- o .
1534!: Mass A

accelerates at 89 ft/scc2 and mass b accelerates at 20 ft/sec? when
identical forces are applied. What is the ratio: MassA/MassB?

Full Tt Provided by ERIC.

-




FCPCE & MOTION IV A,

In this final section of the series, we will discuss what we've Learned
about force and motion and introduce a system of units in common use. 1n the
first experiment we observed that a constant force causes a body to undergo a
constant acceleration. In the second experiment we observed that acceleration
was directly proportional to the net force. In the third experiment we observed
what mass and acceleration are inversely related when a constant force is

applied.
We may write this last statement as:
1) M is directly proporti..al to 1/A or
2) A is directly proportional to 1/M
From the results of Experiment 2 we can write:
3) A is directly proportidnal to F

Statements (2) and (3) can be combined and written as:

A is directly proportional to F/M

An equivalent statomeonl is:
MA is dircctly proportional to F
or: F is directly proportional to MA

In equation form:
F = KMA

In this equation K is a constant of proportionality and its numerical
value depends upon the units used to measure force, mass, and acceleration.
It would have a specific value if we continued to measure force in LGOPS and
mass in BRICKS. The units ve used happened to be convenient for us, but they
are not in common use in the world. The equation, often referred to as lewton's
2nd Law, is perhaps the most fundamental equation in classical mechanics, and
the unit of force coumonly used is defined so that K in the equation equals 1,
In scientific work a vary common unit of mass in usc today is the kilogram (kg).
The basic unit of force will cause a mass of 1 kilogram to accelerate at
1 m/sec”. This unit of force is callcd the Newton (N). In other words, a force

of 1 Newton will cause a mass of 1 Kilogram to accelerate 1 m/secz. Using these
units the equation is written:

F = 1A
1N=1kg m/sec?

Read the information above carefully. After you understand it, do the
following problems.

1. A 600 kg spaceship is propelled by a rocket engine. Its acceleration is
2 m/sec”. What is the net force acting on the spaceship?

2, An 80 kg astronaut in equilibrium outside his spaceship receives a 40
Newton force from a propulsion jet attached to him. What acceleration does
he experience?

3. A 2000 kg car is travelling at a speced of 30 m/sec when the brakes are
applied. The car stops in 15 scc. If we assume a constant acceleration, wha.

was the force =spnifad hr rhe brakes?

— g, s =

S I must apply a force of 250 N. What is the frictional force acting on the

PN

EI{i(:b. 10 push my stove across ny kitchen slc.c :i a constant speed of 1 m/sec.
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5. A force of 12 N gives mass A an acceleration of 2 m/sec2 and mass B an
acceleration of 6 m/sec?2. What is the acceleration when the two are
fastened together and ghe same force is applied?

The last few questions deal with the graph printed below which shows the
velocity of a 10 kg object along a straight path.

0
\Y f
E s T T T T2 )
L s e
0 (m/sec) 9 (N BRI
¢ - T
I 2+ ;! o (.
T B I ! | . | [
oL L1 v 1\ ’lll_[#utg_‘ll-j;|;,,
Y O A K 4 & i X 1oy 1S 2w

TIME (sec)

6. The net force acting on the object was 0 at: (A) O sec; (B) 4 sec;
(C) 10 sec; (D) 13 sec; (E) 16 sec; (F) None of the above.

7. The net force acting on the object was greatest at: (A) O sec;
(B) 4 sec3; (C) 10 sec; (D) 13 sec; (L) 16 sec; (F) None of the above.

8. The nct force was constant between: (A) 6-9 sec; (B) 9-13 sec;
(C) 13-15 sec; (D) 15-18 sec; (E) None of the above.

9. What was the acceleration of the object at 6 sec?
10. Determine the net force at 6 sec. (The object has a mass of 10 kg.)
11. Determine the net force acting on the object at 13 sec.

The idecas we've been discussing in these four "experiments" are
fundamental in classical technics. Our understanding of them has been greatly
enhanced by the brilliant insights provided by Galileo, Newton, and their
successors. The story of the work of these early scientists is fascinating
reading.

These ideas provide a starting point for further study in mechanics.
Very socn, for example, you will apply them in the study of falling bodies.
When an object falls the force causing it to accelerate is its own weight...

F = MA

Answers to some of the above questions are:

1. 1200 N

2. .5 m/sec
3. 4000 N

4. 250 N

5. 1.5 m/sec?

Elﬁl(;.zo N . . .

IToxt Provided by ERI
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Acquisition and Use of Materials

Computer Programs. The author authorizes non-commercial use of the

programs in the unit without his approval. A magnetic tape of the computer
programs and files may be obtained for a total cost of $25.00 including
all mailing and handling charges. The tape may be obtained by writing:
Librarian
Computer Center
Lindquist Center for Measurement
University of Iowa

Iowa City, Iowa 52242

Printed Materials and Evaluation Instruments. The author authorizes

non-commercial users to reproduce, citing the source, the printed
materials included in this Technical Report. The Project Physics Test
items which are included in the evaluation instruments were selected
from preliminary editions which are in the public domain.

Film Loops. Four film loops are available t§ support the unit.
They are not essential to effective use of the unit, but they may be
obtained from the author for a total cost of $80.00 including all

mailing and handling charges.




