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The enclosed material is a compilation of computer programs
developed during the period May, 1968 to September, 1970, These
(\ . programs were developed by teachers and students in the high schools

which participated with us, and by the Project staff,

All of the enclosed programs have been tested on a Digital
Equipment Corporation TSS-8 time~shared computer during the summer
v of 1970, To the best of our ability, we have assured ourselves
that the programs actually run, It should be pointed out, however,
that we were not able to make an exhaustive exploration of the pro-~
grams, There may be undiscovered buvgs (if there aren't, it may be
the first time in the history of computing), We would appreciate

hearing of any which emerge in the future,.

These programs run in the version of BASIC which existed on

the TSS-8 in August, 1970, and should run on most other versions of
BASIC, The major potential problem on other machines is the output
format (DEC uses 14 columns pe.” print zone, while some other manu~
facturers use 15; we used the TAB function, which doesn't exist in
all BASIC compiles), It may be necessary to make some minor

T changes in programs to adjust this forhat. Another possible

{h problem is in the use of the RANDOMIZE cémmand in some pirograms
to start the random-number generator at a random point, If this
command is not available, some other means should be devised for

randomizing the start,

It is our sincere hope that these programs aﬁd their sup-
porting documentation will be helpful to educators who are explor-

ing the uses of computers in education,

We are anxious to hear of any bugs, errors, or improvements
in these programs, and are especially anxious to hear of any novel

s ways of using them,

Ludwig Braun
Marian Visich, Jr,

D
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Simulates the effects of the relationship between costs

of production and revenues. "
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Solves financial problems concerning installment buying,

long term loans, and savings accounts. f
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Simulates the effect of a change in consumption of the
"Circular flow model of goods, services and money."
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Volume VI /

TEACHER ASSISTANCE ) ,

AVERG1 /

Averages grades, lists value of curve, and adjusts

grades.

/ ;

AVERG2 / J

Sorts and averages grades. ' . /

K K

FREQ / /

Prints a frequency distribution (bar graph) of grades.
GRADE /

Prints a table of grades (in percentages), number of

questions missed, aud number of quesfions answered

correctly. .

/
/

ITEM1 //
Counts and prints number of tjmes questions are missed.

ITEM2 / / /

Sums item analysis. //,

STAT Ve
A statistical analysis of laboratory data. (For teachers'
use)

STATAL
Calculates the arithmetic mean (average) of a set of
numbers.
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DISCIPLINE MATHEMATICS 9th YEAR

SUBJECT_MULTIPLICATION INVOLVING

ONE AND TWO DIGIT MULTIPLIERS

PROGRAM NAME ARITH

DESCRIPTION:

This program calls upon students, in a random fashion, to perform
multiplication problems. Each student calculates five separate problems, and is
allotted three chances to respond with the correct answer. At the conclusion of
three incorrect responses, the computer will report to the student the correct
answer. Atthe'conclusion of five problems, the student will be given a score, and
a new student will be called. Each factor will not exceed 100.

OBJECTIVES:

To review and reinforce students’ ability to multiply by one and two
digit multipliers.

PRELIMINARY PREPARATION:

None

DISC USSION:

A Operational Suggestions - This particular program is designed for group study,
and may be use§ for an entire period. A pcrtable TV was originally used to

display computer output.

B. Follow-up - By modifying line numbers 52¢ and 560 to
520 LET X =A + B
560 PRINT A" B "',

this program becomes practice in addition. Modifications may also be made for
division, subtraction and individual remedial work.

C. MODIFICATION-If ycur computer has string capability, student names may be used
rather than student numbers, by making a few minor programming changes. This
change (having the computer type out the student's name) increases the student
interest.

14
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Math
ARITH

HELLO CLASSee«««TODAY I WANT TO REVIEW MULTIPLICATION
WITH YOUs WHEN I CALL ON YOU PLEASE COME UP AND TYPE IN
YOUR ANSWERS. IF YOU ARE WRONG YOU GET TWO MORE CHANCES.
HOW MANY STUDENTS ARE THERE IN THE CLASS TODAY? 30

TEACHER! « « « GIVE EVERYONE A NUMBER FROM 1 TO 30

OK, STUDENT NO« 27 1IT'S YOUR TUHKN!

GIVE ME YOUR LUCKY NUMBER
25

81 X 54 = ? 4374
YOU*RE RIGHT STUDENT NO. 27

63 X 97 = ? 6111
YOU*RE RIGHT STUDENT NO. 27

62 X 17 = ? 1054
YOU'RE RIGHT STUDENT NO. 27

S50 X 78 = ? 3900
YOU'RE RIGHT STUDENT NO. 27

93 X 81 = ? 7533

YOU'RE RIGHT STUDENT NOe 27

YOU GOT S5 RIGHT OUT OF S PROBLEMS.
GOODBYE e+« « STUDENT NO. 87

‘OK» STUDENT NOe. 25 IT°'S YOUR TURNI

GIVE ME YOUR LUCKY NUMBER
?
tC

READY
2

@ Copyright 1971, Polytechnic Institute of Brooklyn
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100
105
106
110
120
130
140
150
151
152
160
170
180
190

210
220
230
240
250
260
270
272
275
280
290
00
310
320
330
340
350
360
370
380
390
40
410
415

430
440
450
455
460
470
480
490

X R N e . - Teyiiensran P, A e A bt 9, e 8 s

Math
ARITH

REM W. TEPPER» WYANDANCH HS» 4/21/69

REM REVISED BY C.LOSIK &=5-70

REM WE DO A RANDOM PROBLEM FOR EACH STUDENT», A -OP- B
REM THIS PROGRAM CALLS STUDENTS IN A RANDOM FASHION TO DO INDIVIDUAL
REM PROBLEMS. BY MODIFYING A FEW STATEMENTS I CAN CHANGE THE
REM TYPE OF PROBLEMS.

REM REVISED 5/7/69

PRINT "HELLO CLASSeee+¢+TODAY 1 WANT TO REVIEW "}

REM CHANGE BELOW FOR YOUR OPERATION

PRINT " MULTIPLICATION"

PRINT .

PRINT "WITH YOU. WHEN I CALL ON YOU PLEASE COME UP AND TYPE IN"
PRINT :
PRINT "YOUR ANSWERS. IF YOU ARE WRONG YOU GET TWO MORE CHANCES."
PRINT

PRINT “HOW MANY STUDENTS ARE THERE IN THE CLASS TODAY":
INPUT S

PRINT

PRINT “TEACHER!«..GIVE EVERYONE A NUMBER FROM 1 TO"S
PRINT

PRINT

PRINT

REM ' YOU MUST RANDOMIZE THE PROCESS FOR BEST HESULTS
RANDOMIZE

LET QeINTCRNDC-2)%S) :

PRINT "OK» STUDENT NO. "Q@" IT'S YOUR TURNI"

LET J=0

LET L =0

PRINT

PRINT

PRINT "GIVE ME YOUR LUCKY NUMBER"

INPUT 2

FOR T=1 TO Z

LET A=INTCRNDC-2)%100)

LET B=INTCANDC=5)*100)

NEXT T

LET N=0

LET JsJ+l

REM X 1S THE ANSWER TO A -OP-~ B

LET X=A*B

PRINT -

PRINT

PRINT :

REM PRINT A =0P- B =

PRINT A" X "B" = "3

INPUT K

IF ABS(K=X)<.005 THEN 590

LET N=N+1

18
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520
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550
560
570
580
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600
610
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Aruitoxt provided by Eic:

Math
ARITH

IF N=3 THEN 530 o .
PRINT "YOU'RE WRONG...TRY AGAIN"

GO TO 460

PRINT "YOUR WRONG AGAIN"

PRINT "THE ANSVER IS "X

IF J<5 THEN360 ¥
PRINT "YOU GOT "L" RIGHT QUT OF 20 PROBLEMS"

PRINT "GOOD BYE «.ss STUDENT NO."Q

GO TO 250

PRINT "YOU'RE RIGHT STUDENT NO."a

LET L = L+l

IF J<5 THEN360

PRINT "YOU GOT "L" RIGHT OUT OF S PBOBLEMb."
PRINT " GOODBYE..««.STUDENT NO."@

GO TO 2690

END

8 Copyright 1971, Polytechnic Institute of Brooklyn
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DISCIPLINE MATHEMATICS-SOCIAL SCIENCE

SUBJECT FINANCIAL PROBLEMS

: PROGRAM NAME BANK

DESCRIPTION:

This program solves financial problems concerning installment buying,
long-term loans, and savings accounts. The program gives you a choice of these
three types of problems, and asks for the information needed to do said problem.

OBJECTIVES:
A. This program aids students in learning the terms used in certain financial
problems.

B. Student will hopefully be motivated to learn the mathematical logic behind
the solution of these problems.

PRELIMINARY PREPARATION :

A. Student - A review of decimals and fractions would be helpful.

B. Materials - A terminal, and a means by which to display the output to an
entire class (e. g. overhead projector, claedcircuit TV, etc.)

DISCUSSION:

A type of problem may be demonstrated through the use of the computer,
then the mathematical logic behind the solution of the problem may be developed
through the use of a flow chart similar to the one that follows.

Terminology may be taught when the computer asks for input (see sample
run).

Since the execution time of one run is extremely short, many more
problems may be demonstrated. Depending upon the ability of the class or student,
a variety of relationships may be discovered.

18
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Math
BANY

FINANCIAL PROBLEMS
TH1S PROGBAM SOLVES THREE TYPES OF PROBLEMSS
€1> INTEREST ON INSTALLMENT BUY1NG
(23 PAYMENTS ON LONG TERM LOAN
(3) BALANCE OF A SAVINGS ACCOUNT
Wi1CH PROBLEM WOULD YOU LIKE TO UORK WITH (TYPE 1» 8 OR 3)? 1
L2t 1

THIS SECTION WILL DETZRMINE THE ACTUAL INTEREST YOU PAY
HEN YOU PURCHASE SOMETHING ON CREDIT.

WAT IS THE CASH PRICE OF THE ARTICLE ($)? 88099
DOUN PAYMENT ($)? 10
NUMBER OF PAYMENTS EXCLUDING THE DOWN PAYMENT? 18
NUMBER OF PAYMENTS PER MONTH? |
AMOUNT PER PAYMENT ($)7 4.85.

THE RATE OF INTEREST CHARGED UAS 5,69 PERCENT.

whEkD

WOULD YOU LI1KE TO RUN THE PROGRAM AGAIN C1-YES» 0~NO0)? 1
WHICH PROBLEM GOULD YOU L1KE TO WORK WITH CTYPE 1, 2°OR 3)%7 8

T I
‘l'lzllS SECTION U[.LL DETERM!NE PAYMENTS VOR A LONG TERM LW-
H-!A'l' 15 THE AMOUNT BORROWED (5)? 3000

INTEREST CHARGED ¢2>? 8

INTERVAL BETUEEN PAYMENTS CMONTHS)T 1

TERM OF THE LOAN (YI‘ARS)? e

DO YOU UISH TO SEE THE TOTALS ONLY = INSTEAD OF THE ENTIRE
TABLE = t1=YES,» 0-NO3? O

OUTSTANDING ,
PRINCIPAL AT PRINCIPAL
BEGINNING INTEREST DUE AT REPALD AT
PERI0OD OF PERIOD END OF PERIOD END OF PERLOD
1 3000 20 115.68
a 2884.32 19.23 116+45
3 2767487 18445 117.23
a 2650064 17067 118.01
5 £532.63 16.88 118.8°
6 2413.83 16.09 119,59
7 2294424 15429 120439
8 £173.85 14049 121419
9 2053466 13068 122
10 193066 12087 122.81
1 180785 12.05 123.63
18 1584.22 11.83 12a.45
13 1559477 1044 135.28
14 1434449 9.56 126.12
15 1308437 8.72 126.96
16 1181.41 7.88 137.8
17 1053.61 7.08 128466
18 924,95 6e17 129.51
19 795.44 5.3 130.38
£0 665406 4.43 131.85
21 © 533081 3.56 132.18
a2 401469 2068 133
23 268469 1279 133.89
84 1348 09 ' 134.78
. TOTALS 056434 3000

YOUR MONTHLY PAYMENT IS5 © 335.60 AND TOTALS $ 3056.34

@ Copyright 1971, Polytechnic Institute of Brooklyn
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Math
BANK

bl Ll

WULD YOU LIKE TO RUN THE PROGRAM AGAIN (1-YES» 0-NO>? |
% WICH PROBLEM WOULD YOU LIKE TO WORK WITH (TYPE 1» 2 OR 3)? 3

nIve

THIS SECTION CALCULATES THE BALANCE OF A SAVINGS ACCOUNT
IN'VHICH DEPQSITS ARE MADE REGULARLY.

' \HAT 1S THE AMOUNT DEPOSITED PER INTEREST PERIOD ¢$>? 10000
/ HOV OFTEN 1S THE INTEREST COMPOUNDED (MONTHS.? 3
‘ WHAT 1S THE RATE OF INTEREST PAID (%)? § '

FOR HOV LONG VILL YOU DEPOSIT MONEY U(YEARS)? S

THE BALANCE OF YOUR ACCOUNT AFTER S YEARS VILL BE $ 208500

shedh .

WULD YOU LIKE 70 RUN THE PROGRAM AGAIN (1-YES, 0-NO)? O

READY

e

O ,
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ERIC

100

101

110
115
120
130
13¢g
134
136
138
140
143
124
146
147
148
150
155
16"

{fath
BANN

REM FINANCIAL PROBLEMS A. WEBB 18{61

REM REVISED 8/25/70 (D. PESSEL)

PRINT TAB(20I3*FINANCIAL PRODLEMS™

REM REulSED BY We TEPPERs WYANDANCH HeS. 1{!0(69
PRINT

PRINT#THIS PROGRAM SOLVES THREE TYPES OF PROBLEMS:"
PRINT

PRINT C1) INTEREST ON INSTALLMENT BUYING“
PRINT" <(2) PAYMENTS ON LONG TERM LOAN"’

PRINT® (3) BALANcE OF A SAV§NGS GCCOUﬁT"

PRINT :

PRINT"WHICH PROBLEM WOULD YOU LIKE TG WORK WITH (TYPE 1, 2 OR 3)*J
INPUT QL1°

PRINT

PRINT"Saaag®

FRINT

IF Ql1>2 THEN 820

IF Ql>1 THEN 260

GO TO 590

L6OPRINT “THIS SECTION WILL DETERMINE PAYMENTS FOR A LONG TERM LOAN."

270
280

PRINT

PRINT“WHAT 15 THE AMOUNT BORROWED ($)"3

INPUT A’

PRINT"™ INTEREST CHARGED (%)"3

INPUT I ) T

PRINT"" INTERVAL BETWEEN PAYMENTS (MONTHS5)*™3 *

INPUT P ) D

PRINT® TERM OF THE LOAN (YEARS)'3

INPUT Y ' oot

PRINT

PRINT"DO YOU ¥iISH TO SEE THE TOTALS ONLY = INSTEAD OF THE ENTXBB"
PRINT"TABLE - {1~YES. O-NO)“J

INPUT PS

FaaNg

IF P50 THEN 430

PRINT" QUTSTANDING"

PRINT® PRINCIPAL AT PRINCIPAL"
PRINT® BEGINNING INTEREST DUE AT REPALD AT®
PRINT"PERIOD OF PERIOD END OF PERIOD’ END OF PERIOD™
PRINT . .
LET Zm(Y#12)/P

LET Km(1%(P7{2))/100

LEY EmA%K/C1=17814K)12)

LET E-lNT(EthO#.S)?lOO

LET C=A

LET Fa0

LET Di=Q

LET TisQ

LET Ti=Tl+}

IF T1>Z THEN 554

LET B=T}

LET C=C-F

LET D=CsK

LET FmE=D

LET C=INT(C21004.5)/100

LET D=INT(D#»100+.5)7100

LET FalNT(F#100+.537100

LET DIsDi+D °

IF PS>0 THEN 460

PRINT QITAB(l!)lClTAB(G9?JD{TAB(48)IF

@ Copyright 1971, Polytechnic Institute of Brooklyn
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553
554
555
556
558
559
560
561

565

730

750
760
770
778

Math

G0 TO 480
IF PS5<l THEN S61

PRINT

LET DIsINT(DI*300+4.5)/7100

PRINT”TOTAL INTEREST PAID =~ i”Dl

PRINT'TOTAOL PRINGIPAL REPAID - S”A

GO TO S6S

PRINT" sesesseevwasesan acovncesvcavnan?
PRINT®TOTALS"3TABC29)3DIITAB(AB)IIA ’ ' -
LET ES-INT((DloA)thOons)lloo o

PRINT

LET E6=ES/((Y*13)/P)

LET E6=INT(J00*E&+.5)/100

PRINT"YOUR MONTHLY PAYMENT IS S“Eo“ AND TOTALS S“ES

GO0 'TO 1060

PRINT”THIS SECTION VWILL DETERMINE THE ACTUAL INTEREST YOU PAY"
PRINT'UHEN You PURGHASE SOHETH!NG ON GREDIT-”’
PRINT’

PRINT"WHAT IS THE CASH PRICE OF THE ART1CLE (8)“)

PRINT®’ DOWN PAYMENT ($)%3

PRINT® NUMBER OF PﬁYHENTS EXCLUDING THE DOWN PAYMENT")
PRINT" NUMBER OF PAYMENTS PER MCNTH")

PRINT" AMOUNT PER PAYMENT ($)"}

LET BsR#N+D

LET 1=B=C

LET M=N/(5*12)

LET TIIiXOOI(Btﬂ)
PRINT "~

PRINT

LET TaINTC(100#T+.5)/100

780PRINT “THE RATE OF INTEREST CHARGED WAS“T" PERCENT«"

790
oau
830
840
860

G0 TO 1060
CAMNG IDaO SV aUN VALUUALALED 1HE ohisule Jr A anvtnua nvvuuuu
PRINT"IN~ UHIGH DEPOSITS ARE MADS REGULARLY-
PRINT °
PRINT"UHAT IS THE AMOUNT DEPOSXTED PER INTEREST PERIOD (8)'!
1NPUT
PRINT"HOH OFTEN IS THE INT!REST COMPOUNDED (HONTHS)"J

INPUT B
PRINT"WHAT IS THE HATI or INTEBIST PAXD (3)"]

INPUT C
PRINT"FOR HOW LONS HILL You DIPOS!T MONEY (Y!ARS)"I

INPUT D
LET Fe0
LET E=(C/100)/(12/P9)
LET G=Cl2/B)3D ~ °°°
LET Ti=0 :
LET TiaTl+l

1IF Ti=@+l THEN 1030

LDT F-(S.A)O(AOP) ’

G0 TO 990°

1030 PRINT

PRINT

1045 LET FesINT(100%F+.5)/100

PRINT®THE BALANCE OF YOUR ACCOUNT AFTER “D"YBARS VILL BE s"F
PRINT’

PRINT

PRINT

PRINT"$#%as%

{082 PRINT '

1084 PRINT*WOULD YOU LIKE TO RUN THE PROGRAM AGAIN ¢1-YES» 0‘80)”]
1086 INPUT Q4

1090 1F Q4>0 THEN laR

1100 END

22



DISCIPLINE CALCULUS-GRADE 13

SUBJECT LENGTH OF ANY CURVE

PROGRAM NAME CRVLEN

DESCRIPTION:

This program approximates the length of any curve between two
fixed points on the curve, by taking an increasing number of subintervals
and computing the sum of the secants involved.

OBJECTIVES:

A, Time saving factor for computations.

B. By typing out successive approximations, the machine displays the
manner by which the limit is approached.

C. The attendant discussion focuses attention upon the techniques needed
to build up the analytic method for finding the length of a curve.

PRELIMINARY PREPARATION: None

DISCUSSION:

The operator inserts any function, sets up his own limits, and the
computer proceeds to print out several approximations to the actual length
a diagram (such as belew) should be displayed, indicating the geometric
basis for the computations.

Piecewise linear approximation of a smooth curve

10
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LENGTH OF A CURVE

THIS PROGRAM APPROXIMATES THE LENGTH OF ANY CURVE BCTVEEN
TUO POINTS HAVING P AND Q AS THEIR AESPECTIVE ABSCISSAS.

THE PROGRAM DIVIDES THE CURVE INTO INCREASING NUMBERS OF

SOBINTERVALS, "JOINS TRESE VITH SECARTS AND FINDS THE SUM

0F THESE SECANTS.

T0 INPUT THE PUNCTION WHICH YOUR CURVE REIPRESENTS, TYPE AS
FOLLOVS AFTER THE PROGRAN STOP3S .
CFYPE THE °RETURN® KEY AFTER KACH LINE INCLUDING °RUN®)

1 @0 T0 200
300 pxr '“(x,-oooo(rom m"l“ or x,oooo
RUN

POR EXAMPLE, TO USE THE FUNCTION 28Xt3+3sX12-8¢X+3
YOU WOULD TYPES

i1 60 TO 800
300 DEF FNY(X)=g#Xt3+38X18=-80K+3
RUN

YOU MIGHT TRY THAT AS YOUR FIRST RUN.

READY
i 80 710 $00

300 DEF FNY(X)e8sX?13¢3eX18=80X+d

WHAT ARE THE ABSCISSAS OF THE END POINTS OF THZ INTERVAL
WHOSE LENGTH YOU GANT (SMALLER ONE FIRSTiP @) ? -1,6

MNUMBER 07 SUn or
SUBIATERV..LS SECANT LENGTHS 3 CHANGE 1N LENGTH

[ 428.0467 N0 PREVIOUS VALUB

2 * 589+1383 «081851a8 ’

4Q 589.6588 «83%$7383

8 831017¢ 2576987

ié 5319448 «1783583

28 532.0166 9:.83406888-3

4 538.0416 4+7137992-3

188 $328+0483% 180771883
256 538:0801  3:0686875-4

o _
WOULD YOU LIXE TO TRY NEV EMD POINTS C1-YES, O-N0)? 0
TO TRY ANOTHER FUNCTION, RETYPRE LINE 300, AND °RUN®.

SRR IMSTRAUCTIONS FOR MOAR BRTAILS: IF YOU ARE FINISHED,
TYPE °1° AND °RETURN® KEY AFTER TME PROGRAN STOPS.”

11
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Math
CRVLEN

160 R LENETH OF N CURVESQodo 0°COUMOR 7-89-60 ’
101 DI RCYLSED So7-70 (Do PISSEL) CCOMBIBATION OF LICUR & LEPUA)

103 AN INPORTAUT UNRIARLEST SoSECANT LENGTES S3-PREVIGUS SZCAMT

104 RIS LUKGTE) L-PERCSNT GRANSE 16 SECANT LZIGTR .
110 PRINT FABCI035 “LONGTH OF A GORVD® -

£11 PRINT

180 PRINT ©§MES PROCAA) APPROXIMATES THE LENGTH OF AGY CURUR AB7UERN"

181 PRINF CTUO POILTS HAVING P AND € AS THZIR ANSPLCTIVE ABSCISSAS.™

108 PRILT “THR PROGRAM DIVIDZS THE CUAUE INTO ILCAPASICIO MOMBERS Si™ .

183 PLInT ©SUDIOTRRUALS: JOINS THESE UITH SECAATS AND FIUDS THE SUM™ ‘
184 PRINT “OF TUESE SECANTS:”

23 PRIDY

i06 PRINT “T@ SLPUT THD FULCTION UNICH YOUR CURVE RUPRUSINTS. TYPE AS®

107 PRINT CPOLLOUS AFREL THC PROGRAR STOPS:™

$88 PRINT CCTYPD THR ‘SPTURN’ KBY AVTOR BACH LINE SNCLUDING ORUMN®)™

129 PRINY

130 PRINT = !} GO TO 850°

131 PRiwT © 300 Bor mexx)ﬂrooa‘vom M"c‘l'mu oF xloooo"
338 PREMT AL

£33 PRINT

134 PRINT ¥FOR BXAKPLE, T0 USE T8 FUBCTION B0Xt3+Jcdif-paied”
138 PRIMT “YOU WOURD TYPL®

136 PRINT

137 PRI®T © 1 89 TC 200"

138 PRENT © 300 BB FHY(X)afoX03¢308 00=-00e3%
130 pRINY © P Tt :
340 PRINT - ’

14l PRINT *YOU MIGHT TRY THAT AS YOUR FIRST BUN®

180 STOP N ) )

800 REM CALOSULATIO AND PRINTRG IF RESULTS

805 PRIBYT “WIAT ARR BHE ARSCISSAS OF THE EUD POINTS OF THE INTERVAL™
06 PREINT “WROLE mm vouU Wﬂ ¢m o Fszﬁﬂ’%e’")

07 11PYT Po8

908 1P Pce THEY 239

909 PRINT “P [UST BE LESS TN @87

810 €0 TC &7

848 IEPUT 200

a3 PaInr

814 PRIVT © MROEDR 0F<,% s op®

815 PRINT "SUBKWEBVM" ”sucam unsms" @ 4 CHANGE IN LENGOTE™
814 PRIMNT TFocas p® p0 ac®

817 PRIWT © 2. : AL SO
230 LE? 3i=0

280 roR 6t 70 92

300 DB FATNIS0NRIICIAID-00L0D
316 LBY B=oR0¢Oe8)

380 BT HOCQ-PYIB

330 LT 88 o
e
e
360
3%
;]
373

wx‘

roR 168 T Bl .
LY [Jasmﬁ¢m¢?¢ﬂ@m¢3§3°m"°!¢u’)'ﬂom’ .
LEY 865eL
MRET £
I 8150 TREM 379
PRIHT Ba0s° &S PESVISNS YALYR™ : 7
376 3079 388 ~
378 L3T PoelCADSISL=822/51)<000
380 PRINT Easa‘ '?5 0T
383 Lt Sia3

9
B

- 13
1 PRIET “ogHno®
08 PRIDT -
403 PRINT “EULD Y& c.nm F0 TRY HBY GXHD Ponm‘s u-mo o-uow:
N4 IWPTT G1
408 ir Q1s0° TREN 030

SA3 DPRINT ©T0 TRY AMOTMEIR PUNCTICH, DETYPD LINE 200, QARD °"RRI°.®
440 PRINT “SEE IMSTRUSTIONS FORIICAB DETAILS. IF° VW ORE "PEUICREDS"
447 PRINT CTYPRT°8° ATD” CRISTUBI° KEY ATTER THE PROCRAN STOP82

.12
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DISCIPLINE CALCULUS - GRADE 13

SUBJECT AREA UNDER ANY CURVE,

(ANALYTICALLY DEFINED)

PROGRAM NAME (CVAREA

DESCRIPTION:

By numerical methods, this program evaluates the definite integral
of f(x), from x=a to x=b, by four different methods of successive approxi-
mation:

I Rectangles (starting with f(a) as height)
II Rectangles (starting with f(a+h} as height)
Il Trapezoids

IV Parabolas (Simpson's Rule)

OBJECTIVES:

A, Enhances comprehension of the analytic procedures for finding the area
under a curve,

B, Dramatizes the limiting processes involved.

C. Decreases the time needed for lengthy computations.

PRELIMINARY PREPARATION:

Prior to the computer run, diagrams should appear on the board,
or on the overhead projector screen to demonstrate the geometric significance
of the computer output,

y

Starting with
f(a) as height

a D

Inscribed Rectangular Approximation



Mathematics
CVAREA

v = f(x)

y o r"/
1

iy
.

-

Starting with
f(a + h) as height »

x

a i b o
Circumscribed Rectangular Approximation
DISCUSSION:

This program may berun as an introduction to the problem of
finding the area under a curve. In some classes, the consideration of
Simpson's Rule may be omitted or briefly hinted at. With the more
mathematically talented classes, an explanation of this parabolic
approximation should precede the running of the program.

y T T~ ' D

/
Cad
g
(4
’
y = f
| 4
h
= x
a . b
Trapezoid Approximation
14
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Mathematics
CVAREA

AREA UNDER A CURVE = INTEGRATI1ON

THIS PROGRAM EVALUATES THE DEFINITE INTEGRAL OF F(X)
FROM A=A TO A=B BY FOUa METHODS OF NUMERICAL APPHOXIMATIONS

.1 RECTANGLES (INITIAL HEIGHT OF F(X))
11 oECTANGLES (INITIAL HEIGHT OF F(X+h))
111 TRBAPELOIDS
1V PARABOLAS (SIMPSON'S nrULE)

AFTER THE PROGHAM STOPS, YOU MAY ENTER YOUR FUNCTION AS FOLLOWSS

1 GO TO 200V '
300 DEF FNY(X)=eo0e(YOUX FUNCTION OF Xdess
RUN

FOR EXAMPLE, TO FIND THE AHREA UNDERr THE CURVE Y=X13 YOU
WOULD TYPES

1 Go TO 200
300 DEF FNY(A)=xrt3
RUN

YOU MIGHT TRY THAT AS YOUR FIRST RUN.
END EACH LINE» INCLUDING 'RUN', WITH THE °*RETURN' KEY.
READY

1 GO TO 200

300 DEF FNY(X)=sX13

RUN

WHAT AKE YOUR VALUES FOR A AND B (SMALLER FIRST:A»B)? 1,10

NUMBER OF I. SUM OF I11. SUM OF 111. SUM OF IV. SUM OF

SUBINTERVALS RECTANGLES RECTANGLES TRAPEZO01DS PARABOLAS
Y Y Y TP LT T Y T LT X T Y T Y P L L cacscssesasas
2. 753.18175 5248.687 3000.937 2499.75
4 1501.172 © 3748.922 2625.047 2499.75
8 1969137 3093.012 2531.074 2499.175
16 2226612 . 2786.+55 250 7.581 2499.175
32 2361.223 2642.192 - 25014708 2499.75
64 2429997 2570.481 2500.239 2499.175

NOTE THAT SIMPSON®'S RULE (1V) CONVERGES FASTEST.

WOULD YOU LIKE TO TRY NEW VALUES FOR A AND B (1-YES, 0=NO)? O

ek o o 3

TO USE A NEW FUNCTION YOU NEED ONLY RETYPE LINE 300

AND °*RUN'. SEE INSTRUCTIONS FOR MORE DETAILS.

IF YOU ARE FINISHED, TYPE '1°® AND THE 'BE?UBN' KEY .

READY
: 15

1

o
o0
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ERIC

Aruitoxt provided by Eic:

100
101
102
103
104
105
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
138
150
200
201
203
£04
205
210
211
212
213
214
218
219
250
260

310
320
330

3s0
360

Mathematics
CVAREA -

REM AREA UNDIH A CUNVE-@sde 0°CONNOR

REM REVISED 8s13,70 (D

o PESSELY (COMBINATION OF DEFIN AND ACCUQ)

HEM IMPORTANT VARIABLESS D-~# oF SUBINTE#VALSS AREA BY
REM RECTANGLES (F(X)2-p. BY RECTANGLES (F(A+n))-u.
REM BY TRAPEZQIDS~T. BY PARABOLAS~53 C+STOsES PrEVIOUS

REM VALUE OF 5S-

PRINT TaBC(L5)2 "AREA UNDER A CURVE -~ INTEGHATION"

FRINT

P2RINT ** THIS PROGRAM EVALUATES THE DEFINITE INTEGRAL OF F(X)*

PRINT “FROM £=A TO A=B
PRINT

BY FOUR WMETHODS OF NUMERICAL APPROXIMATION:'®

PRINT TAB{80:: "I RECTANGLES C(INITIAL HEIGHT OF F(X))"
PRINT TAB(L9)3 11 AECTANGLESL (INITIAL HEIGHT OF F(X+HI)D"

PRINT TABCi8Y3 111 TRAPEZOIDS*

PRINT TABC19>: "IV PARABOLAS (SIMPSON'S RULEX®

PRINT

PRINT “AFTER THE PRGGRAM STOPS5. YOU MAY ENTER YOUR FUNCTION AS"3

PRINT * FOLLOUS:*
PRINT

PRINT TAECL3»3 ™1 GO TO 200"
PRINT TABC13)3 300 DEF FNY(X)=o0(YOUR FUNCTION OF X)oos"

PRINT TAB(13>35 "sUN"
PRINT

PRINT *I"OR ExAMPLE. TO
PRINT "4JOULD TYPE:*
PRINT

PKINT TAB(133"1 GO TO
PRINT TAB(13):°30U DEF
PRINT TABC1333"RUN"
PRINT

FIND THE AREA UNDER THE CUAVE Y=xX13 YOU"

200"
FNY(X)=x8:3"

PRINT "YOU MIGHT TRY THAT AS YOUX FIRST RUN."

PRINT “END EACH LINE.
STOP

iNCLUDING *RUN°., UITH THE °*RETURN®' KEY.'

PRINT "WHAT ARE YOUR VALUES FOR A AND B (SMALLER FIRST:A.B)"S

INPUT A,B
IF B>»=A THEN 210

PRINT A MUST BE LESS THAN BIv

GO TO 200

PRINT

PRINT * NUMBER OF™.,1.
PRINT IV, SUM OF"
PRINT “SUBINTERVALS™,"
PRINT "PARABOLAS™

SUM OF7,"I1l. SUM OF”s"11L. 5UM OF",

RECTANGLES"p"RECTANGLES"»"TR&PEZOIDS":

PRINT Ve=rwaw= B B T L L e S

PRINT "owewomrmeat?
LET M=~2

LET S=0

DEF FNY(X)=X1t3
LET M=M+3-

FOR N=M TO M+2

LET C=§

LET @=0

LET P=0

LET D=2¢N

16
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Mathematics
CVAREA

. 365 PRINT D.»
370 LET Hs(B-A)/D
380 FOR Is0 TO (D-1)
390 LET PwP+H#*FNYCA+I#%H)
400 LET Qu@+H*FNYCA+IxH+H)
b 410 NEXT I
415 PRINT P,Q,
420 LET T=(P+Q)/2
425 PRINT T,
430 LET UsFNYCA)+FNY(B)
440 FOR Js2 TO (D-2) STEP 2
450 LET UsU+2%FNYCA+J*H) .
460 NEXT J
470 LET V=0
480 FOR K=1 TO (D=1) STEP 2
490 LET VUsU+4%FNY(A+K#*H)
S00 NEXT K ;
510 LET SsCU+V)%(H/3)
520 PRINT S
530 NEXT N
535 IF D<64 THEN 310
540 IF ABSC(C=5)7((C+5)72))>.0001 THEN 310
550 PRINT ' ‘ .
560 PRINT “NOTE THAT SIMPSON'S RULE CIV) CONVERGES FASTEST."
600 PRINT’ ) ,
610 PRINT "WOULD YOU LIKE TO TRY NEW VALUES FOR A AND B (1-YES, 0-NO>"3
@ 611 INPUT Q5 :
612 PRINT
613 PRINT "#&&kui'
614 PRINT
615 IF «@s») THEN 200
) 620 PRINT TO USE A NEV FUNCTION YOU NEED ONLY RETYPE LINE 300"
61 PRINT “AND °'RUN's SEE INSTRUCTIONS FOR MORE DETAILS."
622 PRINT "IF YOU ARE FINISHED, TYPE 'l®' AND THE °'RETURN' KEY."
650 END : ' ’

17
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DISCIPLINE MATHEMATICS, JR.HIGH

GENERAL MATH

SUBJECT__ GREATEST COMMON DIVISOR

PROGRAM NAME GCD

DESCRIPTION:

This program finds the greatest common divisor for two or more
numbers.

OBJECTIVES:

To aid the teacher in demonstrating a method of finding the
greatest common divisor.

PRELIMINARY PREPARATION:

Sece discussion.

DISCUSSION:

It is suggested that the teacher explain the meaning of the
greatest common divisor prior to using this program, and show a
number of examples.

Ry using the flow chart which follows, the method and logic
the computer uses, can be explained to students. It is suggested that a

supplementary device be used to display output to class-size groups.

18
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Math
GCD

TULS PROGEAM VILL FIND TUE GRZATEST CONNON DIVISOR
L T auRs,

70U NANY NUNEERS DO YOU VISH TO INVESTIGATE? 3

TYPE IN THE ISBERS, ONE APTER EACH QUESTION MARK.

218 T

? 36

729
m‘m:ms I8 36 96 HAVE THE @.CoBe 18

ANOTHER SET OF MUMBERS C1sYES, 0sNO) ? )

HOV MANY IABGERS DO YOU VISH TO INVESTIGATE? 3
TYPE IN THE BUMBERS, ONE AFTER EACH QUESTION MARK.
s I T BERS. : o 108 W

? 36

1 96

THE NUMBKRS 90 36 96 HAVE THE Ge.CeDe 4

ANOTHER SET OF WMBERS C1sYES, OwNO) ? )

HOV KANY NUMBERS DO YOU VISH TO INVESTIGATE? 3
TYPE IN THE WUMBERS. OMK AFTER BAGK QUESTION MARX.
1 36

? 97

THE MUMBERS 80 36 97 ARE RELATIVELY PRIME.

ANOTHER SET OF WUMBERS ¢)=YES, O=NO) ? O

19



Math
CCD

100 REM UWo TRPPER WYANDANOH UoBe = MATHEMATICS

110 BB RKEVISED BY GoLOSIK Be30-7

$84 RAEE 3CLY ARE THE BUMBERS ¢UP TO 100)

180 PREYT *PRES PROORAN UYLl FIMD THE GREBATEST comou DIV1SoR”
$30 PRINT =P8R TUO OR HMORS mmsss.

&0 DIE XCLEOGY

150 PRINT “HOY heANY LSUMBERS 20 YOU WISH TO IMSTIM?P'!‘

&0 LPUT B

165 1P ABSCN-IBTEMI I<2.0000 THEN 3 W

168 PRINT “IRY ABAIN.Y

167 80° T 3188

170 PRINT “IYPE [N THE NUMBERS, OQNE AFTER RACH QUESTION m L]
178 LET Soinss -

160 FOR Xel TO B

190 IpPUT BEKD

193 IF XCX)58 THEM 310

200 LEBT BaREXND

810 MBKY XK

LET 8=

FOR M8 T6 S

FER Jei TG B

iy x€53m391.?6x¢13m3 m 300
NEXT R

LET Gais

NEXT 4

PRIST “THBR MMS“S

FOR Tol %0 8

PRINT RCTY3

NEXT T o

IF 8> THEN 380

PRINT “ARE RELATIVELY PBKDIEo
a0 70 390

PRINT “MAVE THE @oCeDo *3@ !
PRINT

PRINT

PRINT “ANOTHER SET OF MUMBERS (l.?'So 0=N0) "8
INPUZ 2

1F Zo} THNES 2350

iy Zo) THRYN QW

PRINT *EYPE | OR O AS DERECTED."

40" 9 a0

;)

S3RREEE

EEERREERRIRAREES

&
3

20
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Aruitoxt provided by Eic:

DISCIPLINE CALCULUS - GRADE 13
) sin X
SUBJECT LIMIT OF X

PROGRAM NAME LIMSIN

DESCRIPTION:

sin x
This program demonstrates that the limit of ~ x  , as x approaches
0, equals 1, provided x is measuredin radians. If x is measured in degrees.

the limit equals approximately . 017.

OBJECTIVES:
sin x
A, To demonstrate the manner by which the limit of x is approached.

B. To show that degree measure does not yield the same solution as
radian measure.

PRELIMINARY PREPARATION:

A. Student
Knowledge of degree vs. radian measure.
B. Materials

None

DISCUSSION:

Following the computer type-out, the teacher will use the analytic
method to evaluate the limit. Prior to this discussion, the student should
be reminded of the area formulas for a triangle and for a sector in terms
of the central angle measured in radians. A geometric diagram should be
presented showing the sector lying between two triangles.

/
.

L .
Here, ir? sine ¢ 420 ¢ 4r2tan o
Circular Sector with Circumscribed and Inscribed Triangles

21
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Calculus -
LIMSIN

The teacher can modify the type-out by inserting: 195 Go to 300.
This decreases the number of lines typed out to the final eleven appearing
on the program ''run'. ‘ .

22
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ERIC

:

LIMSIN

THIS PROGRAM DEMONSTRATES THAT THE LIMIT OF

F(X) = (SIN X)/X,

AS X APPROACHES 0, IS5 EQUAL T0 1,

PROVIDED X 1S MEASURED IN RADIANS.

LIMIT
X==30

WHEN X IS IN DEGREES,

SINCX)

= 1

WHEN X IS IN RAD1ANS,

X 1S F(X) IS

90 01111111
85 «01171994
80 «01231009
75 «03287901
70 «01342418
65 «01394319
60 «01443375
55 «01489367
50 «01532088
45 «01571347
40 «01606968
35 «01638789
30 «01666665
25 «01690472
20 +01710099
15 +01725459
10 «01736468

S «01743113
1 01745239
9 «01745856
-8 «017458171
7 «01745284
06 «01745296
13- «01745306
*4 +01745314
d «0174532

-2 «01745324
ol 01745327
«09 «01745387
«08 «017453827
«07 «01745387
04 «01745387
«0S «01745328
04 «01 745328
«03 «01745328
208 «01745328
201 «0§ 745328

READY

1+745328E-4

36

23

X Is F¢X) IS
1.570795 +6366203
1.483529 +6715035
1.396262 «705317
1.308996 7379134
1.2217829 + 7691492
10134463 * 7988866
1.047197 +8269936
+9599303 «8533449
8726639 +8778225
* 76539175 +9003165
«6981311 +9207256
+6108647 9389575
+5235983 09549297
+4363319 +9685698
+ 3490656 9798156
+26117992 +968616
1745328 +9949308
+08726639 9987313
«01745328 +9999492
«01570 795 9999589
01336862 9999675
«01281729 9999751
01047197 «9999817
8.+726639E-3 +9999873
6.981313E-3 +9999919
5.835984E-3 9999954
3+490656E-3 «999998
1+745328E~-3 9999995
1.570795E-3 9999996
1.396862E=3 9999997
1.321789E-3 +99999986
1.047197E-3 29999998
8+« 726639E~4 +9999999
6.981311E-4 9999999
S+.835984E~-4 1 -
3+490656E-4 1

1




Math
LIMSIN

100 REM BRUCE BRENT HHHH BKLYN POLY 7711769

105 REM REVISED BY C.LOSIK 8-27=-70

110 PRINT " THIS PROGRAM DEMONSTRATES THAT THE LIMIT OF"
115 PRINT "F(X) = (SIN X)/X» AS X APPROACHES 0, 1S EQUAL TO 1,"
117 PRINT "PROVIDED X 1S MEASURED IN RADIANS."

120 PRINT

1285 PRINT " "," SINCX)*™

130 PRINT " *">"LIMIT eccecce = 1"

135 PRINT " ","X==>0 X" '

140 PRINT

150 PRINT

160 PRINT "WHEN X IS IN DEGREES,","WHEN X IS5 IN RADIANS,"

165 PRINT "ecccccccccccccccscnce!,ecccccenccacccanicana

170 PRINT "X IS","F(X) 1I8","X 1IS","F(X) 1Is"
175 PRINT "----""'---;-..-""'----."'.---‘---"
180 PRINT

200 FOR Y=90 TO S STEP =5

210 LET Z=Y

220 LET Z=3.14159%Z/180

230 LET X=SIN(Z)/Z

240 LET Q=SINCZ)/Y

250 PRINT Y,Q,2:X

860 NEXT Y

270 PRINT

300 FOR Y=1 TO o1 STEP =~el

310 LET Z=Y

320 LET Z2=3.14159%Z2/180

330 LET X=SINCZ)>/Z

340 LET Q=S1NCZ)/7Y

350 PRINT Y,Q,2-X

360 NEXT Y N ) i
370 PRINT

400 FOR Y=,09 TO .01 STEP =.01

410 LET Z=Y

420 LET Z=3.14159%%/180
430 LET X=SIN(Z)>/7Z
440 LET Q=SINCZ)/Y

450 PRINT Y,Q,Z:X%X

460 NERT Y

500 END

Q 3 7
ERIC 24
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DISCIPLINE _MATHEMATICS 10th YEAR

C GEOMETRY
SUBJECT AREA OF A CIRCLE

PROGRAM NAME PI2

DESCRIPTION:

This program computes th. area of a circle and ''pi'' by
using the areas of inscribed and circumscriked regular polygons.

OBJECTIVES:

As an introduction to the limit process and a method for
approximating '' pi'"’

PRELIMINARY PREPARATION:

A. Student - Students must know how to calculate the area of a circle
and a triangle using the formulas: A = wR% and A = $bh.

B. Materials - chalkboard, board compass, and straight edge.

DISCUSSION:

Ask students to find the area of a circle without using the formula.
The instructor may suggest to the class to inscribe and/ or circumscribe an
equilateral triangle. Have students compare the area of their figures to that
of the circle. Some students will suggest to increase the number of sides
and the instructor should suggest that a regular hexagon be used for
convenience of drawing. This can be illustrated on the chalkboard for the
class. Another comparison is made between the areas and then the students
will observe that to obtain any satisfactory results, the number of sides
" rnust increase greatly. At this moment the instructor should introduce
this program and explain to the class that the program will increase the
number of sides of a regular polygon and compute the area of each new
figure. A table is printed giving the areas of both inscribed and circum-
scribed regular polygons and also the number of sides for each area.
The students can readily see that the machinehas eliminated the tedious
9 calculations. Now, have the students calculate the area of the circle
using the formula and make a comparison of results; thus, the students
can observe that the areas of the polygons approach the area of the circle.
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PI2

PISCUSSION: (con't)

If students had taken a unit circle, they would have observed a
method for approximating " pi®,
Due to machine operation, the value of " pi" was used to

convert degrees into radians. To avoid any circular reasoning, the
instructor can use half-angle formulas to eliminate " pi" from this

program,.
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PI2

AREA OF A CIACLE USING INSCRIBED AND CIRCUMSCRIBED REGULAR POLYGONS
Shees
WiAT 1S THE BADIUS OF THE CIRCLE? 10

1NSCRIBED CIRCUMSCRIDED NUMBER OF INSCRIRVD CIRCUMSCRIBED
" ARBA o AREA’ T 8 BRROR

: SIDES "% ERROR
1899039 $19.6548 3 «58408 6358
259.8078 3464098 [ ] *17.3 1087
299.9998 381.5387 18 ~4e81 2.38

MOV MANY SIDES DO YOU THINK ARE NEEDED TO APPROXIMATE
TME ARTZA OF TMIS CIRCLE? 100’

313.9583 J14.2684 100 =07 «03

WULD YOU LIKE TO TAY AMOTMER NUNBRYL QF SISES ¢(1-YES, 0-MO)? 1
HOV MANY SIDES DO YOU THINK ARE MRZDED TO APPRORINATE

TME AREA OF TAIS CIRCLE? 186

TRAT MANY SIDES 1S VALID, BUT NO7 NECKSSARY FOR A

@000 APPROXINATION. USE 10000 AS THE MAKINUM NUMBER.

HOV NARY SIDES DO YOU THIRK APS& NEEDED TO APPROXINATE

THE AREA OF THIS CIRCLE?" 10000

3144289 314.159 10000 0 ®

WULD YOU LIKE TO TRY ANGINER NUMBER OF SI1DES (1-YES, 0-NO)? ©
WULD YOU LIKE TO TRY A4OTABR BADIUS (1-YRS, O0-NO)? 1| ~

Mot
WIAT 1S THE RADIUS OF TME CIRCLE? 1000000

ARY RADIUS WILL VORM, BOT 0S8 A NUNBEAR LESS THAN 1000.
WAT 15 TR RADIUS OF THE CIRCLE? 999 i

sinzs '

148964438¢6  541657548¢¢ 3 ~36.68 3.4
2.5988818¢6 304371 73RS ¢ ~17.3 10487
8.9940018+¢  3.808960E+¢ 12 ~desl 838

NOU MANY S3DES DO YOU THINK ARE NEEDED TO APPERIXINATE
THE AREA OF TNHIS CIRCLE? 10000

313301086 3. 13831088 10000 o °

WD YOU LIXB N TRY ANUTHER WUMBER OF SIBES C1-YRS, o=N9)? 0
WD YU LIRAE TO TRY ANOTRER ”108 C1-TRS, 00010 O

mn

-

49

~y



gy TSR A R

TR A [ e B e e

Math
PI2

100 EEM ILLUSTRATION OF LINITS USING CIACLES AND POLYGONS .
101 REW REVISED 67/3/70 (D. PESSEL)
108 REM INPORTANT VARIABLES: Al-INSCRIBED AREA; AR-CIRCUMSCRIBED
106 REM AREAS AJ-ACTOAL AREAS Pl-f BRROR OF Al) P8-S ERROR OF AS ]
110 PRINT "AREA OF A CIRCLE USING INSCRIBED AMD CIRCUMSCRIBED "8 - ;
111 PRINT "REQULAR POLYSONS"
118 PRINT .
1S PRINT “essse®
1le PALNT
© 180 PRINT “WIAT 13 THME RADIUS OF THE CIRGLE™S
{88 INPUT R °
187 IF R<1000 THEN 13}
§86 PRINT “ANY AADIUS VILL VORK, BUT UST A WBEER LESS THAN 1000." :
189 90 7O 190 ;
130 INPUT B -_
131 IF R>=el THEM )
138 PRINT "AADIUS mm.o BT AT LEAST o111
133 60°T0 180 °
134 LET A363.1416eR0R
133 PRINT
136 PRINT o
140 PRINT “INSCRIDED™,"CIRCUNSCRISED™,” NUMBER OF",
141 PRINT =INSCRISED","CIRCUMSCRISRO" ' :
150 PRINT ®° AREA™," AREA®,* SIDES™,™ % ERROA"," 3 ERAOR"
1 Paher "ot "
160 FOR k=0 TO 8
170 LET Ne3sC2rK)
178 QOSUB 180 -

178 €0 TO 840 .
179 REM COMPUTATION SUBROUTINE (LINES 180-280) \
160 LET LeBoRsSINC3.14159/03 , ;
190 LET AleReCOS¢3.14189/8)400L/8 »,
£00 LET ASsNOCRISISTANCI: 14139/W) ;
$08 LET PleC(AL-A3I/A3I#100" |
06 LET PEaCIAR-A3)7A3)#100
$10 PRINT Al.AS," - *IN,INT(P191004¢5)/100, INT(PRS100¢+8)/100

-t
§60 PRINT “NOV MAMY SIDES DO YOU THINK ARE NEEDED TO APPROXIMATE”
851 PRINT “THE ARKA OF THIS CIRCLE®} ' °

10 893 . ~

g i NUMBER OF SIDES SHOULD BE AT LEAST THREE!I® ; '
NT “THAT. NANY SIDES 1S VALID, BUT NOT NECESSARY FOR A"

INT ~000D APPROXIMATION. USE 10000 AS TN MAXINUM NUMBEA.”

i
o e e BHAERY B

L ]

NolNTCNeeS)

875 G0SUB 180"

280 PRIWT

885 PRINT "WOULD YOU LIXE TO TAY ANOTAER NUMBER OF S1DES™)
PRINT = C1-YRS, O=00)"}

287 I1NPUT Q1

888 1F Q1>0 THEN 260

296 PRINT "WOLD YOU LIXE TO TRY m RADIUS C1-TES, 0-“)"]

§

e 2 b B3 i 5 g S AR B

894 PRINT “seses”™

298 PAINT

896 Ir QR»0 THEM 180 ‘
30 .




DISCIPLINE MATHEMATICS 9, 10,11,12,1!

(d . SUBJECT PLOTTING A GRAPH
i
PROGRAM NAME PLOTTR

DESCRIPTION:

This program pldts the graph of any function (analytically
defined) which the operator inputs into.the program.

OBJECTIVES:
A. To check a student's plotting procedures.

B. To obtain a quick plot of an involved function.

PRELIMINARY PREPARATION:

A. Student - Knowledge of coordinates, and plotting procedures.

C) B. Materials - graph paper for plotting

DISCUSSION:

The operator inputs any analytic function, along with the lower
and the upper limits for x and the interval to appear on the x-axis.

The type-out positions x-values on the vertical axis, and
y-values on the horizontal axis.

The points typed out may be connected by a smooth curve, and
the graph may be rotated 90° to give the usual positioning of a function
of x.

It should be noted that because the carriage spacing is discrete,
many smooth curves may appear slightly jagged.

29
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Mathematics
PLOTTR

In the third sample run, a plot is made of a rather complex

transcendental function. It is worth mentioning that this plot is ‘
obtained as easily, using this program as is that of the function
Y==X,

The teacher should notice also, that, in this third sample
run, we have found two of the roots of the function *
Y=X+LOG(2#(SIN(X)) 2 )-1.5xCOS(X)

(at X=1 and X=2.98). This program may be used for finding the roots
of such difficult funcions. .

A Y

2 0
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PLOTTR

TH1IS PROGRAM VILL GRAPH A FUNCTION OF X BETVEEN ANY Ll"!rs
(A AND B) YOU CHOOSE, VITH AN INTERVUAL OF YOUR CHOICK (1)
. !‘T“"’ SUCCESSIVE VALURS OF xo 1r YOU TYPE rﬂ‘ 'o‘&ovlﬂel
i GO TO 280
880 DEF FNY(Z)Iwmeoe e (YOUR FUNCTION OF Adeeo
230 LET Awee«{YOUR SMALLER LINIT OF XJeeso
840 LET Bseoo(YOUR LARGER LINIT OF x’ooo
:?.o LET l‘ooO‘Ym x'l"'nm3ooo

....Y.v““s..’..

-3 =18 0 18
| ET o] L L  § .-.x ®
° b - - ‘ . -
3 1 .
1 3 .
I ¥ b 4 'Y
2 4 ]
8.8 b 4 e
3 1s
3.8 ] b ¢
4 * 1
4.3 s 1
S * |
B8e8 ¢ |
é s 3
[ T3 b O
17 ! e

rE: TUE SIX 1°8 ON TMNE NORIZONTAL Y-AX1S AEPRESENTS
=3 =8 5=} o 0, 1.8

READY

880 DEF FNY(X)aX
230 LET Aee~] -
80 LRT M9’

880 LET ie}

44
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X
v
A
L
'}
4
$ e o o e '.m *® oo e
' =1 - S 8
‘1 1 . | 1 .
) »  § B ) ) ’
0 ]
1 8 .
] 3 .
3 | *
4 ) .
] 1 .
[ | . »
7 |
s | .
’ 1

WOTEs TME S1X 1°S ON THE MORIZONTAL Y-AXIS AEPRESINTS
“l 3,3,8:i729 T

32




Math
PLOTTR

1 GO TO 220

220 DEF FNY(X)=sX+LOG(2%(SINCX))t2)~1.5%C0S(X/2)
230 LET A=0.5

240 LET B=3.1

250LET I=0.1

rnEcCrPac X g

e « = =~ YeUALUES = = = =~
-3 ~1e5 0 15
Jeewaemama]memetmcmcleccecncaalacaaceecalacantanns]
5 *
Y-y %*

* % NN

2.8

2.9

3 *
3.1 *

[ ]
L]
(]

=t Ot 0=t Dt Ot Dt 0=t 0=t bt Ot Dud D Bt Gt Gt Gt 0=t Ot Pt Gt bt B D=t Uot 0=t 4 0=t
*

NOTEs THE SIX I°'S ON THE HORIZONTAL Y-AXIS REPRESENTS
=3 =2 »~1 » 0 » 1 » 2 )

33
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PLOTTR

READY

1 GO TO 220

220 DEF FNY(X)=LOGC(C(SINCX)>)t2)

230 LET A=l

240 LET B=3

250 LET I=0.1

HUN

X

v

A

L

U

E

s ~ = = = Y-UALUES = = - -

-5 3.5 -2 =e5
le-emmonma- Jememtecmc]mereccccalencmanna- Iemce4naan]

1 * 1
1.1 .1
1.2 *]
1.3 *]
1.4 &
1.5 &
1.6 ¥
17 &
1.8 *x1
1.9 .1
2 . 1
2.1 - * I
2'2 * I
2.3 * 1
2'4 * I
2.5 - 1
2.6 * 1
2.7 ’ *x 1
2.8 1
2'9 * 1
3 * 1

Math

NOTE:s THE SIX I°'S ON THE HORIZONTAL Y~AXIS REPRESENTS

=5 224 5=3 »-2 =1 » O

" READY

8 Copyright 1971, Polytechnic Institute of Brooklyn
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PLOTTR

BOM QUENTIN Je O°COMNOR, COMMACK HeS.NORTH, REVISED JULY,1969
Rmi RAEVIIED BY C.LOSIK 8-7-N0

REM A-Bsl ARE SELF-EXPLANATORY

REM AUTOMATIC SCALING AND A PLOATING AX1IS ABE USED.

LROPRINT™ THIS PROGBAM VILL GRAPH A FUNCTION OF X BETVEEN ANY LINITS™
1J0PRINT™CA AND B) YOU CMOOSR, WITH AN INTERVAL OF YOUR CHOICE (1)* °
§40PRINT"BETUEEN SUCCESSIVE VALURS OF X, IF YOU TYPE THE POLLOVIRGS™

150
160
im0
180
190
200
210
220
820
|40
848
844
206
830
240
270
£80
890
N0

PRINT™ 1 @0 T0 ee0"

PRINT® Q80 DEF FNY(X)a,.e o (YOUR FUNCTION OF X)ooo™
PRINT® " 830 LET Aueseo{YOUR SMALLER LIKIT OF X)oec®
PRIMNT™ 840 LET Beec o (YOUR LARGER LIRIT OF x’aoo
PRINT® 230 LET l.ooo(YOUR X'IM3.00
PRIWNT™ RUN™

STOP )

DEF FHV(X)=X

LET Aa=f ~

LET Ba9

IF A<B THEN 230

PRINT “YOUR ‘A’ MUST BE LESS THAN YOUR °B‘.”
STOP

LET lel

LET L=FNY(A)

LET UsFNY(CA)

FOR X5A TO B STEP I

LET YaFNY(X)

IF YeL<0 THEN 320

316@0T0 330

390
330

SIRARERERSE2EIEEE

o
-
(-]

3313331 F13444

§0SUBJ80

IF YeU»0 THEN 350
&0 TO 360

eosSuB 400

UEXT X

60 TO 480

LET LeY

RETURE

LET Y=Y

RETURND

IP INTCYI-U=0 THEN 4SO
LET ULeIRTCU)+)

80 TO 440 -

LET Ul=y

LET LimINT(L)

LET DeQleLl -

IF INT(D/3)=D/5=0 THEN 570
FOR Kel TOS

LET LiaLi~l

LET DeUi-L1

I7 INTCD/S)-D/S=0 THEM S70
LET UlaUle]l

LET TeU1-Li

ie llSTCbIShDISOO 'l'm 570
8EX? X

LET ganss

PRINT "&*

PRINT "=

PRINT *y»

PRINT ™"

PRINT “L™

PRINT “U®

PRINT "5

650 PRINT ™S e e o = YoUALURS = = = =

G60PRIBT™ SL1,® “IL1eE%1e5," *JL1+RS3," ®IL1+B4.8
STOPRINT™ l-........l ....0...-‘......0.@3-;..- .....l-}
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871 BRINT Poeeuscmcs]®

630 IF LA>0 THIESI 1080

699 ‘LBT QuINTCC-LiISCIOIED@oS)

00 PR PEPIVISINTLLV-LADDLI0/RYI005)
TAOFOR oA OB STRP X C )

m0e PRINTY, ’ X

739 LET YoUrRYCX)

M0 LY Yoo THREY 8§39

760 PRINT ZANLISOFEPLYI Y003 PABCA0) S pEee
840 GO O 1000 e
880 ¥ ¥»0 TUBY 910

8640 PRINT TAB(R+L1S)HOL

900 80 70 1009 . .

910 PRINT TAB(1539QI % ENSTARNC AGeFUPCY) ) J9a%
2000 NEXT X ot ttoe
1040 @@ TO 1100

1080 FOR X=A 70 B STRP §

$030 PRINTH» ’ -

1040 LD Y= FRVIX)

1030 PRINT TAGCINTCC(Y=LIISCI0/EI005)634) %"
1090 HEXT x 2 53 3 IvIQIF O
1100 PRIUT

3180 PRINT “WOTEC YME SIX £°S O THT HORIZONTAL Y~AXIS REPRESENTS®
1180 PRANT L33s"3L10RI%o 7201 6BORID,7IL1IEOIS, %31 40625%, %511 R4S

1840 xMD
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Aruitoxt provided by Eic:

DISCIPLINE MATHEMATICS, GEN. 9th YR

SUBJECT PRIME FACTOR

PROGRAM NAME PRIFA

. DESCRIPTION:

This program finds the prime factors of any given integer, or
prints " is prime" if the integer has no proper divisors.

OBJECTIVES:

A. To display to the student the prime factors of a large number of
integers, giving the students a chance to discover relationships.

B. To use the motivation of the computer to teach the method that the
program uses to find the prime factors.

PRELIMINARY PREPARATION:

A. Student - Should understand the meaning of composite, prime,
factor, and prime factor.

B. Materials - If you desire to use this program with a grcup, a means
By which the output can be displayed is necessary.

DISCUSSION:

The speed with which the computer operates in this program
gives the student an opportunity to make generalizations based upon many
more observations then heretofore was possible, The question can be
asked: " By what method does the computer find the prime factor?" A
flow chart would be highly useful at this point, not cnly in developing the
method for finding a prime factor, but also in understanding the mathematical
logic behind this method.

37
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Aruitoxt provided by Eic:

At AT VPR R T NN S AL N

e

Mathematics
PRIFA

TH1IS PROGRAM WILIl. GIVE YOuU THE PRIME FACTORS OF ANY

WHOLE NUMBER.

ZERO FOR THE NUMBER.

WHAT
i05

WHAT
72

WHAT

69

WHAT

a7

WHAT
155

WHAT

- 362

WHAT

ARADY

15 THE
1s

THE

1s

15 THE

is

15 THE

THE

NUMBLS 2?2 l05

3 '5 7
NUMBER 7 72

2 2 2 3 3
NUMBER 7 &9

1S PRIME

NUMBER ? 47

15 PRIME

NUMBER 7 155
S 3l
NUMBE® 7 3462
2 1bl

NUMBER 7 O

a8

IF YOU WIS TO STOP THE PhIGRAM,

ENTER &

3

T B R T
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Mathematics
PRIFA

100 REM We TEPPER WYANDANCH HeSe
105 REM HEVISED BY C.LOSIK &=10-70

106 REM M IS THE NUMBER, ACI) ARE ITS FACTORS

110 REM ADAPTATION OF TWO PROGHAMS

120 HEM THIS PROGRAM FINDS THE PRIME FACTORS OF ANY GIVEN INTEGER
130 REM AND PRINTS PRIME IF IT HAS NO PROPER DIVISORS
140 DIM AC100) .

150 LET C=0

160 PRINT “THIS PROGRAM WILL GIVE YOU THE PRIME FACTORS OF ANY"
170 PRINT “WHOLE NUMBER. IF YOU WISH TO STOP THE PROGRAM» ENTER A"
172 PRINT “ZERO FOR THE NUMBER."

174 PRINT _

180 ~RINT “WHAT IS THE NUMBER "';

190 LET %=0

200 INPUT M

205 IF ABS(M=INT(M+.5))<.0001 THEN 210

206 PRINT "WHOLE NUMBERS ONLY, PLEASE."

207 GO TO 180

210 PRINT

215 IF M<=0 THEN 470

220 PRINT M,

230 LET Is=l

240 LET I=I+1

245 IF I>M THEN 310

250 IF M/1<>INTC(M/1) THEN 240

260 LET X=X+l

270 LET A(X)s=sl

260 LET M=M/I

300 GO TO 250

310 IF X=1 THEN 360

320 FOR L=1 TO X

330 PRINT ACL);

340 NEXT L

350 GO TO 370

1 360 PRINT "IS PRIME"

: 370 PRINT

N 380 PRINT

385 GO TO 180 -

400 INPUT B

410 IF B=1 THEN 18&0

420 IF B=0 THEN 470

430 PRINT " TYPE'1 OR O AS INSTRUCTED"

440 LET C=C+l

460 GO TO 400

470 END

39
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DISCIPLINE  MATHEMATICS 12, 13

SUBJECT ANALYTIC GEOMETRY

PROGRAM QUADRT

DESCRIPTION:

This program determines the nature of the graph of Ax? + Bxy +
Cy? + Dx + Ey + F =0, after the operator inputs the six constants (A,
B, C, D, E, F). Limiting cases, such as a point or a line, are separ-
ated from the general cases so that the computer. type-out gives the
exact nature of the graph.

OBJECTIVE:

To permit exploration of the properties of the sec¢ond-degree
equation.

PRELIMINARY PREPARATION:

A. Student -~ should have a reasonable knowledge of conic sections,
second -~ degree equations in two unknowns, invariant functions
of the coefficients under transfurmations, etc.

B. Materials ~ An overhead projector along with a transparency of the
flow chart would be desirable,
DISCUSSION:
Before runniug the program, the teacher should discuss the
general form of a second-degree equation ip two variables, the functions
of the coefficients used in the program, and the implications of the

flow chart.

The discussion of the flow chart for this program enhances the
understanding of the problem.

The type-out serves as a check on students'! efforts in ident-
ifying second-degree equations.

40
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THIS PROGRAM DETERMINES THE NATURE OF THE GRAPH 0OF:
T ASX12eBeXaY+CeY 1 24DAX+ESY+F a0 CT
ENTER YOUR CONSTANTS IN THE ORDER LISTSD ABOVE.

? 5+8,5,0,0,0
THE GRAPH OF YOUR EQUATION IS A SINGLE POINT.

AMOTHER RUN (1=YES, O=NO) 8 7 1
ENTER YOUR CONSTANTS IN THE ORDER LISTED ABOVE.

7 8,8,5,0,0,36
THERE 1S NO REAL LOCUS FOR YOUR EQUATION.

ANOTHER RUN (1sYES, O=NO) ¢ 7 1
EINTER YOUR CONSTANTS INTTHE ORDER L1STED ABOVE.

7 0+520,0,0,9
THE GRAPH /F YOUR EQUATION !S A HYPERBOLA.

ANOTHER RUN C1=YES, O=NO)> ¢ 2 0

READY

41
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AT S Y YNNI BN SRR S SRS T S S U T A S S ST T 3 AR TN P T T T 0 St e e

REM QUENTIN J<0°CONNOR- COMMACK HeS.NORTH, JULY 16, 1969

REM REVISED BY CoLOSIK 8-7-70

REM A»,BsC,DsEsF ARE AS IN EQUATION

PRINT ™ TH1IS PROGRAM DETERMINES THE llM'UBl OF THE GRAPH OF:™ }
PRINT * T ASX12¢BsXeY+CaTtR¢DEX4EsY ¢Fu™

PRINT EATER YOUR CONSTARTS IN THE ORDER LISTED ABOVE.™

PRINT = * ’ B ) oo N

INPUT AsBsCsDsR»F

IF A®*A+B%B+CeCo+DSD+EsE+FsF>0 THEN 810

PRINT" ¥ITH ALL YOUR CONSTANTS EQUAL TO ZERO» ANY VALUES OF x»
PRINT™AND Y WILL SATISFY YOUR EQUATION. IN OTMER WORDS, YOUR™
PRINT"GRAPH 1S5 A COMPLETE PLANE ™ -

G0 TO $30

IF A®A+BsB¢CesC+DeD+E*Es0 THEN soo

IF AsA+B*B+C*C>0 THEN 240

@0 TO 400

LET IsA+C

LET RéAsA®J~BsB

LET Jsq#sAsC+AsCoF+4sAsF-EsE-Del-ReB

LET p-‘oﬁtcoroatbtt-Atttt‘(:‘btb-!‘tﬂt!

IF P=0 THEN 360

17 X=0 THEN 340

IF K<O THEN 390

IF IsP>0 THEN 300

IF A<>C THEN 340

IF B=s0 THEN 480 ,

PRINT “TAE GRAPH OF YOUR EQUATION IS AN ELLIPSE.”

80 70 550 B -

IF X»0 THEN A60

IF K<O TREN A&0

IF J<0 THEN AR0

IF J»0 THENSQO .
PRIRT "'l'sloll GRAPH OF YOUR EQUATION I3 A SINGLE STRAIGHT LINE." . )
€ T0 5 adbi 83 *® B892 2 . -
l"loug ;::l GRAPH OF YOUR EQUATION CONSISTS OF 2 PARALLEL LINES.”

PRINT ";':: GRAPH OF YOUR EQUATION CONSISTS OF 8 INTERSECTING LINES.”

a0°"T0 S - * B *

PRINT "“THE GRAPH OF YOUR EQUATION IS A SINGLE POINT.”

40" T0 550

PRINT “THE GRAPH OF YOUR EQUATION IS A CIRCLE."

€0 TO 550 ' ) }

PRINT '-g:n IS NO REAL LOCUS FOR YOUR EQUATION.™

@0 ' TO S ST

PRINT “THE GRAPH OF YOUR EQUATION I3 A HYPERBOLA."

60 T0 530 CT T

Pa:ﬂ “THE GRAPH OF YOUR EQUATION 1S A PARABOLA.” -
PRINT . s,

PRINT “ANOTHER RUN ¢(17YES, 0=NO) ¢ "3

INPUT A o

PRINT

IF-A=1 THEN 130 -

IF A<>0 THEN 360
RND i

42
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DISCIPLINE MATHEMATICS 9th YEAR

SUBJECT PROPORTIONS

- PROGRAM NAME RATIO

DESCRIPTION:

This program solves a proportion of the type A/B =C/D. A, B,
C, or D can be unknown.

OBJECTIVES:
A. To teach the student{s) the relationships in a proportion.

B. To aid. in teaching the solution of proportions.

PRELIMINARY PREPARATION:

A. Student - no particular preparation necessary

B. Materials - sce discussion

DISCUSSION:

The student is given the opportunity to see any number of solutions
to proportions. The program then asks a series of questions designed
to allow the student to discover that in a proportion, the product of the means
equals the product of the extremes. The program can be used either with
individual students or with an entire class depending upon the availability of
equipment to display the output. The running time varies, depending upon
the number of proportions you wish to solve. In 10 to 15 minutes, the program
can be run with about 100 proportion prcblems. Included in this time is a .
" built-in variable panse for observation of the tabulated results.
Another value of using this program is that the teacher can easily handle
numbers in proportions that heretofore were too difficult.
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RATIO
1HiS PROGRAM SOLVES FOR THE UNMNOWN IN THE PROPORTION T
#/B A3 C/De. USE A ZERO AS A DUMNY VALUE POR THEK UNRNOW, i
140 MANY PROPORTIONS DO YOU- VISH TO SOLVE? 4 .

AT ARE THE VALOES FOR AsBsCoD? 3,5,8,9
YOU FORGOT TO INPUT A ZERO FOR YOUR
UNIKNOWN. TRY AGAINe? 354,650
37 4 As 6 / .
WAT ARE THE VALUES FOR AsB,C,D? 1,10,0,%0° .
1710 45 57 % ' .- >
WHAT ARE THE VALUIS FOR A»B,C,D? 36.0.1.3 ’
/71 AS 1/ 8
WHAT ARE THE VALUEBS FOR A,B,CeD? 0.45.3.5 ’ ’ ’
' ' ' 87743 AS 3/ 8

TAXE A 300D LOOK AT THE PROPORTIONS. THE TWO MIDDLE
POSITION WUNBERS ARE CALLED THE °MEANS®, THE Tw0
END POSITION NUNBERS ARE CALLED THE 'EXTRENES .

LOOK AT THE *MEANS® AMD THE *EXTRENES® -  SEE IF

YOU CAN PIND SOMK RIND OF RELATIONSHIP BETVEEN THE.

WEN YOU TMINK YOU RAVE FOUND A RELATIONSHIP BETUREN

THE 'NEANS! AND THE !EXTADMES:, TYPE 1 AND HIT THE RETURN KEY.

SEE THAT IF YOU MULTIPLY THE °*MRANS®
TIPLY THE "EXTRAEMES®, THE PRODUCTS ARK KQUAL?

LAST PROPORTION 45 X 3 EQUALS 87 X § -
THR OTHERS, TOO. WHEN YOU ARE RREADY 10O coNTIMNUE, o T
| | J

35

1 AND HIT THE RETURN NKY.

-~

!

[t

;loYW WISH TO USE THIS PROGRAN AGAIN TYPK 1. IF NOT TYPR O

44
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RATIO

100 REM ¥W: TEPPER WYANDANMCH H.S. =  MATHENATICS
108 AF¥ EVISED BY C.LOSIR €-3-70
106 REM A/B = C/D., TOTALLY OBVIOUS. ALS0 USES G0SUD TO SIMULATE PAUSE
110 REM THIS PROGRAK SOLVES FOR THE UNKNOWN IN THI PROPOATION"
{180 REX OF TNE TYPE A/B AS C/D
130 PRINT “THIS PROGRAN SOLVES FOR THE UNNXMOWN IN THK PROPORTION™
140 PRINT "A!a AS C/De USE A ZERO As A DUNMNY VM.UR FCR T“ mow-
150 PRINT
160 PRINT “HOV MANY Pmoa‘tlﬂ"s P9 YOU HISH T0 “LV‘"‘
170 INPUT B
180 FOR K=l TC N
190 PRINT "WHAT ARE TME VALUES FOR A»B,C,2"'5
200 INPUT A-,B,CsD
810 IF AsO THEN 870
220 Ir B=0 TREN 890
830 Ir C=0 THEE 310
840 IF D=0 TREN 330
€30 PRINT "YOU FORGOT TO INPUT A ZERO FOR YOUR™
258 Pﬁ"f URKNOWNe TRY Aaﬁl.o"l
260 60 TO 800
870 LET A=BeC/D
889 GO TO 340"
890 LET B=AsD/C
300 @60 TO 340
310 LET C=AzD/B
320 80 TO 340"
30 LET DﬂBOCIﬂ
JAOPRINT™ ) RIA®/"B"” AS “C"/"D
348 NEXT K Tt ST o
350 PRINT
360 PRINT
370 PRINT “TAKE A GOOD LOOK AT THE PROPORTIONSe THE TWO NIDDLE"™
3680 PRINT "POSITION NUMBERS ZRE CALLED THE °HMEANS®, THE TWO®
33:0 Pg‘l“ “END POSITION NUMBERS ARE CALLRD THE °EXTREMES®.""
S PRINT T ’ - -
00 PRINT “LOGK AT THE °*MEANS® AND THE 'EXTREMES® -~ SEE IF”
410 PRINT ®YOU CAN FIND SOME RIND OF RELATIONSHIP BETVEEN THEM.™
ARO PRINT “WHEN YOU THINK YOU BAVE FOUND A~ Muflwsull’ an‘ﬁtw"
430 PB‘“ *“THR 'ms° AND THE 'I'.X'I'MS' "3 )
430 60 SUB 410
460 PRINT "D1D YOU JRE THAT IF YOU MULTIPLY THE °HMEANS°"
470 PRINT “ARC MULTIPLY THE ‘lxrnms'. THE PRODUCTS ARE EQUAL?"
478 PRINT
480 PRINT "IN THE LAST PROPURTION "B"X"C"EKQUALS™ A“X"D
490 PRINT "CHECK THE OTHERS, T0O. URHEN YOU m-w‘ T0 c“f!m.:‘
S10 HO'SUB 610 '
54D PRINT ’
350 PRINT "IN YOU 'lSﬂ TO USE 'l'l-lls Pﬂom A“I” TYPE lo l' NOT TYPE O%
S6) INPUT X~
S0 IF X=} THEN 252
S80 IF X=0 THEN t&
S90 PRINT “TYPE | OB O AS DIRECTED."
600 60 70 560
610 PRINT "TIYPE l m H!T 'I'HE RETURN KEY."
680 INPUT X
683 IF X<>1 THEN 620
683 PRINT '
687 PRINT
630 PRINT
635 RETURN
640 END




DISCIPLINE MATHEMATICS

SUBJECT QUADRATIC EQUATIONS

PROGRAM NaM= ROOTS2

_DESCRIPTION:

This program describes the nature of the roots of a quadratic
equation, and finds the roots whether real or complex.

OBJECTIVES:

A. To familiarize the student with quadratic function.

B. To review and drill exercise... to study the nature of roots.

C. To emphasize that roots of f(x) = 0 are the same as x-intercepts of
f(x) =vy.

D. To impress the student with geometric interpretation(s) of the

nature of roots.
E. To provide ''lead-in'' material for the introduction of further study

of the real number line, the real cartesian plane, complex numbers,
quadratic inequalities, etc.

PRELIMINARY PREPARATION:

A. Student - The teacher can use the program to introduce the students
to the quadratic formula, to conclude discussion of the quadratic
formula. .. or both.

B. Materials - nomne

" DISCUSSICON:

The program uses the ''"discriminant'’ to determine the nature
of the roots of the quadratic equatiorn. Regardless of the nature of the
roots, the student is 2sked to graph y = F(x), and to compare his graph
with the kind of roots he finds for a specific F(x) = 0. He should be
impressed with the picture; and he should understand (ultimately) the
reasonableness and validity of the analytic methods presented in class.

46
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Math
ROOTS2

THIS PROGRAM HANDLES ALL POSSIBLE CASES OF SOLUTION OF TME EQUATION &
As X +28 ¢ DX ¢ C » O

TYPE 1M YOUR VALUES FOGR As Bo AXD C ¢ ? 1,853

DISCRININANY IS LESS TMAN ZEBO, SO ROOTS ARE IMAGINARY.

THEY ARE OF THE FORM 8 P+IsQ , P-109 , VHERE ¢

P ==l Qo l.A34014°

PO YOU WANT ANOTHER RUM ¢ O = MO » 1 = YES ) 8 7 |
TYPE IN YOUR VALUES FCR R» B> AND C 8 7 15703
DISCRIMINANT 1§ GREATER THAN ZRE0, S0 ROOTS ARE REAL.
RDOTS ARE X1 AND X§ o

Xl =-.4586187 X8 =-6.541381

DO YOU WANT AMOTHER RUN ¢ O = NO » | = YRS ) 0 7 §
TYPE IN YOUR VALUES FOR As Bs AND C 3 7 15609
DISCRINIHANT 1S BQUAL TO ZERO, S0 ROOTS ARE EQUAL. X =3

39

DO YOU VANT ANOTHER RUM ¢ O = MG » | = YES ) ¢ 7 |
TYPE 1IN YOUR VALURS FOR A» 3, AWD C ¢ ? 2,8,6
DISCRIMNINANT 1S GREATER THAM ZERO, S0 ROOTS ARE REAL.
umsmxnm:a. T
xﬁ-ol ’ --3

e
DO YOU YANT ANOTHEA RUN C O « 80 » 1 = YE5 ) ¢ 7 0

READY
' 47
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100 REM THE ULTKMATS QUADRATIC SOLVEB: UNTIL THE NEXT V!RSIOH

110 REM CRARLES LOSIM. PIB» 7/21/70, BASIC’

120 PRINT ®THIS PROGRAN HANDLES ALL POSSIBLE GASFS or SOLUTION or“;
i85 PRINT ™ TﬂE EQUAT!ON g

130 PRINT

§40 PRINT * A®X 13 ¢ BsX + C = O™

150 PRINT

160 PRINT “TYPE 1¥ YOUFR VALUES FOR A, ‘Bs AND O ] “J

i6S REM IMPUT VALUES FOR A»B.C ‘
170 IMPUT A,a,c

171 PRINT =

175 REM »DR ALL CASES, GHECH A=Q . lF S0» THEN L!NEAR!TY

180 IF AsD THEN 608

183 REM B 15 THE DlSCRIHIHAHf

190 LET DwBEB~44A%C

198 LET Zeofud )

200 1IF D=0 THREN 71C

210 IF D»0 THEN 610

30 AN D<O, IHASIMARY RESULTS

310 PRINT “DISCRIMEINAMT I3 LESS ?HAN ZEBOo S0 RDOTS PRE xnaexuuax.
380 PRINT ®TREY ARE OF TAE FORM ¢ P+3%Q & P=1%Q , - 3 O“ ’
230 PRIKT P a“-BIZo”G -‘SOR(ABS(D))IZ

380 GG 10 90C

600 REM D»0, SO REAL ROOTS

610 PRIMT “DISCRIMIBANT IS GREATER THAN ZERD» S0 ROOTS ARE REAL."
690 PRINT "ROOTS ARE X1 AND X2 o* ‘ o
630 PRINT ®X1 n“(°ﬂ*80&¢b))/2»“xﬁ -”(~B-SGR(D))IZ

680 80°T0 800

700 REM EQUAL ROOTS <D=0)

710 FRINMT "nxscnxuxunur IS BQUAL TQ ZERJ» SO ROOTS ABI lOUAL. X ==i/g
780 80 TO 900 oo
300 REM A=0, SO XO-GIBa URLESS BeQ

808 IF Be»0 THEN 810

€03 ir Co0 THEN 807

€04 PRIRT "MEAMINGLESS STATENMEMT.”

806 GO TO 900 -~

807 PRINT *“0K, ZXRO = ZZRO.™

808 40 TO 200

810 PRIMT “THE BOUATION 1S LINZAR: X =*-C/B

900 PRINT i ) ' B T

901 PRINT TABC3I0)II"sus™

908 paRlMT T "7 -

910 PRIMT

920 PRINT “DO YOU WYANT ANCTHER RUM C 0 » 8D », ] « YRS ) 3 3

93 INPUT Z : \ v | ' @ 4

$40 IF Z=1 THEN 1%0

950 1P Z4>0 THEW ©RO

999 BUD

48
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Aruitoxt provided by Eic:

DISCIELINE MATHEMATICS - JR. HIGH

SUBJECT INTERSECTION AND UNION

OF SETS

PROGRAM NAME SETS

DESCRIPTION:

, This program finds the intercection and union of any two
numevrical sets.

OBJECTIVES:

A. To motivate students to find the union and intersection of any two
sets, '

B. To learn the logic involved in finding the union and intersection.

PRELIMINARY PREPARATION:

A. Student - no sp:zcial preparation necessary.

B. Materials ~ see discussion

DISCUSSION:

This program may be used with individuals, small groups, or
class-gize groups. The elements of the fwo sets are entered as per
instructions. Incidently, one or both of the sets may be empty. The
computer then types back the elements in the union and intersection. The
speed with which the computer cperates enables the students to see a
great many examples, giving them the opportunity to make discoveries about
what is the union and what is an intersection of two sets. The teacher may
use the flow chart that follows to explain the logic behind finding the union
and intersection.

It is suggested that when used with large groups, a supplementary
device be used to display output.

49
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SETS

THIS PAOGRAM FINDS THE UNION AND INTERSECTION OF ANY TwO

NUMERICAL SETS.

HOwW MANY ELEMENTS IN THE FIRST SET? S .

¥

THESE ARE =~ (HIT ThE RETURN KEY AFTER ENTEXING EACH ELEMENT). -~
?2 1

? 2 *
? 3
?2 4
?25

HOW MANY ELEMENTS IN THE SECOMD SET? S

HESE ARE:
2

4

6

]

10

=) =) =3 =) g e

THE INTERSECTION CONTAINS 2 4
THE UNION CONTAINS 2 4 6 &8 10 1 3 5

DO YOUl WANT ANOTHER sUN (1=YES, U=NQO) ¢ 7 1

HOW MANY ELEMENTS IN THE FIRST SET? &

THESE ARE - (HIT THE RETURN KEY AFTER ENTERING EACH ELEMENT).
21

72 .

2 3 %,
26 ' : -
? 8

? 10

? 12

HQOW MANY ELEMENTS IN THE SECOND SET? 10

THESE ARES
?

ORI L WD -
L]

(o]
~

?
?
?
?
?
?
?
?
?

THE INTERSECTION CONTAINS 1 2 3 4 6 &8 1V .
THE UNION CONTAINS 1 2 3 4 5 6 7 8 9 W 12

DO YOU WANT ANOTHER RUN (1=YES, O=NO) 3 ? O

READY '
5 J
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SETS

L0OREM We TEPPErs WYANDANCH HS, 7/29/69
. 1IC! REM HEVISED BY C.LOSIK &=-10-7
103 DIM A(30),B(30)
119 REM UP TO 30 ELEMENTS PER SET ARE ALLOWED(UNLESS DIM 15 CHANGED)
J2UPRINT"THIS PiROGRAM FINDS THE UNION AND INTERSECTION OF ANY TwO"
130PRINT"NUMERICAL SETS."
- J40PRINT
1S0PRINT" HOW MANY ELEMENTS IN [HE FIRST SET"3
160INPUT N
163 IF N=O THEN 230
166 1F N=INT(N) THEN 170
167 PRINT "ONLY AN INTEGER NUMBER OF ELEMENTS 1S POSSIBLE."
169 GO TO 140 _
170 IF N<=30 THEM 18U
173 PRINT “THE MACHINE CANNOT HOLD MORE THAN 30 ELEMENTS.";
175 PRINT " SEE YOUR TEACHER."
177 GO TO 690
180 IF N>0 THEN 19
1863 PRINT "THERE CANNOT BE A NEGATIVE NUMBER OF ELEMENTS."
166 GO TO 14U -
1869 PRINT
190PRINT"THESE ARE - (HIT THAE RETUAN KEY AFTER ENTERING EACR ELEMENT)."
200FOR K=1TON
210 INPUTA(K)
220NEXT K
230PRINT
240 PRINT * HOW MANY ELEMENTS IN THE SECOND SET";
250INPUT J
253 IF J=0 THEN $50
256 IF J=INT(J) THEN 26V
257 PRINT "ONLY AN INTEGER NUMBER OF ELEMENTS 1S POSSIBLE."
259 GO TO 230 .
260 IF J>30 THEN 173
270 IF J>0 THEN 279
273 PRINT "THERE CANNOT BE A NEGATIVE NUMBER OF ELEMENTS."
276 GO TO 230
279 PRINT
280 PRINT"THESE ARE$"
290 FOR K1=1TO J
300 INPUT B(K1)
. 310 NEXT K1
311 PRINT
312 PRINT
315 IF N<=0 TREN 640 : ,
320 PRINT "THE INTERSECT1ON CONTAINS ";
» 330 FOR K=i TO N
340 FOR L=l TO J

N
i .

51

C

ERIC 64

Aruitoxt provided by Eic:



350
360
370
380
390
400
410
420

Math
SETS

IF ACK)=B(L)THEN 380

NEAT L

GO TO 400

PRINT A(K)3

LET X=X+l

NEAT K

IF X>OTHEN 430

PRINT' EMPTY SETe....NO ELEMENTS"

430PRINT

440
450
460
470
480
490
5C0
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
720
730
740
750
760

O

ERIC

Aruitoxt provided by Eic:

PRINT"THE UNION CONTAINS";
FOR L=1 TO J

PRINT B(L);

NEXT L

FOR K=1 TO N

FOR L=1 TO J

IF ACK)=E(L)THEN 530

NEAT L

PRINT ACK);

NEAT K

GO TO 690

IF N<=0 THEN 62C

PRINT "INTERSECTION IS5 EMPTY"
PRINT "UNION CONTAINS";
FOR K=l TO N

PRINT ACK);

NEXT K

GO TO 690

PRINT "UNION AND INTERSECTIOM ARE EMPTY"
GO TO 690

PRINT "INTERSECTION IS5 EMPTY"

PRINT "UNION CONTAINS";

FOR K=1 TO J

PRINT B(K);

NEXT K

PRINT

PRINT

\

PRINT “DO YOU WANT ANOTHER RUN C(1=YES, 0=NO) 3 "}

INPUT N

IF N=1 THEN 140
IF N<>0 THEN 720
END

52
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- DISCIPLINE ALGEBRA

SUBJECT  SIMULTANEOUS EQUATIONS

PROGRAM NAME SIMEQN

DESCRIPTION:

This program finds the simultaneous solution set for sets of
simultaneous linear equations (up to 10x10)

OBJECTIVES:

1. To eliminate the tedium of solution of sets of simultaneous
equations.

2. To provide a means for checking solutions obtained by other
means.

PRELDMINARY PREPARATIONS:

Presentation of concepts of simultaneous equations and methods
for finding solutions.

53
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SIDMEQN

Inls PrROGRANM SOLVES ANY NUMBER OF SETS OF SIMULTANEOUS

EQUATIONS OF UP [0 10 EJUATIONS PEst SETe.

ENTER YOUx SETS *

OF EWQUATIONS IN DATA STATEMENTS IN LINES 700-800.,
PHECEDED BY THE NUMBER OF EJQUATIONS IN EACH SET.

EasMrPLES
l#aCi) +
4%aC1) +

ENTE:® DATA
700 DATA
7ul DATA
702 DATA

[HEN TYPE:S
1 GO TO 1
nUN

2#a(2) = 3
9%kX(2) = 10
A5 FOLLOWSS
e

12,3
459510

10

TO SOLVE ThE bJYSIEM

THE COMPUTER WILL PRINT A MATRHRIX QF YOUr EWQUATIONS» FQLLOWED
BY THE SOLUTION TO THE EQUATIONS.

READY

M0 DATA 2

71 DATA 152,3
V2 DATA 459510
1 GO TO 11V

nUN

1 e
4 9
X 1 Js=s 7
X( 2 )= -2
READY

00 DATA 2

701 DATA 3,2,16
702 DATA =-65-4,-32
1 GO TO 1V

RUN

3 2
-6 =4

NO UNIQUE SOLUTIOCN

O

RIC

Aruitoxt provided by Eic:

16
-32
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READY

W0 DATA 3

701 DATA 3,2,5,10
702 DATA =1-4,7,-21
703 DATA 1sls-1514

1 GO TO 110

aUN

3
-1
1

x(
A
al

(AN g

READY

WO

a
4
1
7413044

2.956522
-3+630435

55
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10 HEMARK DeS0BIN»

15 REM REVISED BY C.LOSIK,

Math
SIMEQN

BKLYN rPOLY» 11-69
9=-25-70

20 PRINT '"THIS PROGRAM SOLVES ANY NUMBER OF SETS OF SIMULTANEQUS"
25 PRINT "EWUATIONS OF UF¥ TO 10 EGUATIONS PER SETe ENTErR YOUR SETS"
30 PRINT '"OF EQUATIONS IN DATA STATEMENTS IN LINES 700-80uUs"

35 PRINT "PrECEDED BY THE NUMBER OF EWUATIONS IN EACH SET."

40 PRINT "EXAMPLE: TO SOLVE THE SYSTEM" '

45 PRINT " 1%a{l) + 2%x(2) = 3"

S0 PRINT " 4%x(1) + 9%A(2) = 10"

60 PRINT "ENTEn DATA AS FOLLOUWS:'"

62 PRINT ' 700 DATA 2"

64 PRINT ' 701 DATA 1,2,3"

66 PHINT " 702 DATA 4,9,10"

70 PRINT '"THEN TYPE:"

72 PRINT" 1 GO TO 110"

74 PRINT ' RUN"

100
110

PRINT “THE COMPUTER WILL PRINT A MATHIX OF YOUR EWUATIONS. FOLLOWED"

PAINT "BY THE SOLUTION TO THE EQUATIONS."
STOP _

DIM E<10511), AC10)

HEAD N

120 IF N=0 THEN 9%9

130
140

FOR I=1 TO N
FOR K=1 TO N+l

150 READ E(Ci,K)
155 PRINT EC1,K),

160

NEXT K

165 PRINT " '

170

NEXT 1

185 REMARK EVALUATE MATRIA

190

210

FOR J=1 TO N-1
-IF ECJsdJ)=0 THEN 560
FOR I=J+l TO N

220 LET Q=EC(I,J)/ECJ.J)

230
240
250

FOR K= TO N+l
LET ECI1,K)=EC(I,K)~E(J,K)*Q
NEXT K ’

260 NEXT 1

270 NEXT J

340 REMARK SOLVE FOR X{(NJ
350 IF E(N.N)=0 THEN 520
360 LET I=N+l

370 LET X(N)=E(N,I>/E(N,N)

@ Copyright 1971, Polytechnic Institute of Brooklyn

380 FOR J=1 TG N~1
390 LET S=0
400 FOR K=1 TO J
419 LET S=S+E(N=J,I-K)*X(I=-K)
56
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420
430
440
450
455
460
470
480
500
520
525
530
535
540
550
560
570
580
590

610
620
630
640
650
801
999

NEXT K

LET A(N=J)=(E(N=J»1)-=5)/E(N=-JaN=J)

NEXT J
REMARK PRINT VALUES
PRINT
FOR J=1 TO N
PRINT "X("J")=""548(J)
NEXT J
GO TO 530
PRINT
PRINT *NO UNIQUE SOLUTION'
PRINT
PRINT
PRINT
GOTO 110
FOR T= J+1 TO N
IF EC(T,»dJ)<>0 THEN 600
NEXT T
GOTO 520
FOR C=J TO N+l
LET A=E(J,()
LET ECJsC)=E(T,C)
LET EC(T,C)=A
NEXT C
GOTO 219
DATA O
END

57
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DISCIPLINE CALCULUS - GRADE 13

SUBJECT TANGENT SLOPE FOR

ANY FUNCTION

PROGRAM NAME SLOPE .,

DESCRIPTION:

This program considers a function which is differentiable at x=a,
and at all points in the interval f[a,a+1]. The value of the derivative at
x=a is approximated through secant slopes.

OBJECTIVES:

A, The preliminary discussion of the method whereby the machine solves
the problem enhances the students' comprehension of the techniques.
These techniques are then used in developing the analytic method for
finding the slope of the tangent line.

B. The type-out of successive approximations to the tangent slope clarifies
and dramatizes the nature of the limiting processes,

C. Time-saving factor through the elimination of lengthy computations.

PRELIMINARY PREPARATION:

Materials

The diagram below may be shown to the students on a blackboard,
or an overhead projector, to explain the computations geometrically.
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—

y y= £(x)

Secants

Taxigent
(Limiting Case)

DISCUSSION:

The use of the computer and the attendant discussion of the program
dramatically introduces the idea of differentiation,
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Math
SLOFE

SECANT SLOPE OF A CURVE - TRE DERIVATIVE

THIS PROGRAM CONSIDERS A FUNCTION OF X (YsF(X)) WICH IS
mmnxmmm.n AT X=A AND AT ALL POINTS IN THE mtsavm.
tAsA+1)e “THE VALUE OF THE DERIVATIVE AT XoA IS
appnoxxmtm THROUGH SEGA!T SLOPES.

AFTER THE PROGRAM STOPS, TYPE IM THE FOLLOWING:
(END EACH LINE, INCLUDING °RUN', UITH A *CARRIAGE RETURN®)

1 GO TO 300
300 IEF FNY(X)socece(YOUR FUKCTION OF X)o.u
RUN

FOR EXAMPLE, TO FIND THE SLOPE OF THE BEQUATION Y=Xt3
YOU WOULD TYPE AS FOLLOVS:

1 60 To0 300
300 DEF FNY(X)sXt3
RUN ’

YOU MIGHT TRY THAT AS YOUR FIAST RUN.
FOR SOBSEQUENT RUNS» YOU MEZD OLY CHAMGE LINK 300 FOR

A WEY FUNCTION., FOLLOVED BY *RUK®.

READY

1 @0 TO 300

30 DEF FNY(X)=X13

o (X3

FOR WHAT VALUE OF & 1S THE SLOPE TC BE BVALUATED? 2

*CHAMGE IN X° 1S THE DISTANCE FROX °*A°’> AND °*CHAWGK IN Y°

1S THE DISTANCE FROM °P(A)® UPOM WHIGH THE SLOPE 1S CALCULATED.

CHAMEE IN X CHANGK IN Y  SECANY SLOPE 3 CHANGE IN SLOPE

Ve 19 : 19 ¥O PREVIOUS VALUE
18 70685 is.285 1973684
17 4 3.300685 13.5685 11006857
17 8 1.595703 18. 76568 5.875576
17 16 7734816 12.37891 3.089376
17 38 +3803299 18.16848 1553834
1764 - 1889637 §2:09399 +7751 783
17 188 09411669 12,0469 3691031
17 ase 04694667 12408347 « 1946049
17 518 02346039 1801178 «09771946
17 1084 © «01178447 1200886 04878049
17 2048 S.8008062-3  128.00893 08440218
L L L]

DO YOU WISH TO USE A DIFFERENT VALUK SF X (i-YES., 0-NO)? O
10 CHANGS YOUR FUNCTIOR SEE TRE INSTRUCTIONS.

IF¥ Y0U ARE FINISHED. TYPE °i°> ARD THME °*RETURIN® KEY

AFTER THE PROGRAR ZTOPS. -

READY

73
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100 REM SECANT SLOPE OF A CURVE = Qe Jo O'CONNOR 8-12-68

101 REW REVISED 8=7=70 (D. PESSEL) (COMBINATION OF SLCUG AMD DIFFQ)
. 102 REM INPORTANT VARIABLESt S-SKCANT SLOPES P-PERCENT CHANGES  ~
103 REM D-CHAMGE IN X} Y-CHANGE IN Y

105 LET S1s0

110 PRINT TASC10))"SECANT SLOPE OF A CURVE = THX DERIVATIVE"

180 PRINT T ' ] T

130 PRINT "TH1S PROGRAM CONSIDERS A PUNCTION OF X C(YwF(X)) VHICH 1S%
131 PRINT "DIFFERENTIABLE AT XeA AND AT ALL POINWTS 1N THE INTRAVAL™"
138 PRINT "(A,A+1)e THE VALUZ OF THE DERIVATIVUE AT Xma' 1@

133 PRINT "APPROXIHATED THROUSE SUCANT SLOPES:®

i34 PRINT

139 PRINT "AFTER THE PROGRAM STOPS, TYPE /N THE FOLLOWINGS™

140 PRINT “CEND SACH LINE, INCLUDING °RUN‘', WITH A *CARRIAGE RETURN®)"

14t PRINT

fA€ PRINT * 1 d@o 10 30"

143 PRINT ™ 300 DEF FNY(X)=esee(YOUR FUNCTION OF X)eoo o™
145 PRINT * RUN"

146 PRINT

147 PRINT "FOR EXANPLE, TO FIND THE SLOPE OF THE EQUATION Y=Xe3™
148 PRINT "YOU VOULD TYPE AS FOLLOVSI™

142 PRINT

150 PRINT ™ ! @0 10 300"

151 PRINT 300 DEF FNY(X)®)X13"
133 PRINT ™ RuUN™

154 PRINT

155 PRINT "YOU MIGHT TRY THAT AS YOUR FIRST RUN."

i36 PRINT "FOR SOBSRQUENT AUNS, YOU NEKD ONLY CHANGE LINE 300 reR"

157 PRINT ™A NEV FUNCTION, FOLLOVED BY ’m’ ol

{1609 STOP

890 REM CALCULATION OF SLOPE AND PRINTOUT

300 DEF FY(X)=X3

30S FRINT “FOR WHAT VALUE OF A IS THE SLOPE TO BR IVAI.UA‘I'ID"Q

306 INPUT A

310 PRINT

311 PRINT “°CHANGE IN X° 1S TME DISTANCE FROM °A‘, AND °CHANGE 1IN Y°©
318 PRINT "1S THE Dlsnllct FROM "‘“” UPON WHICH THE SLOPE 1s CM.CU“J
3i3 PRINT “LAT“. ’

316 PRINT

307 PRINT

360 PRINT “CHANGE IN X","CHANGE 1M Y","SECANT SLOPE","% CRANGE IN SLOPE™
381 PRINT “eececcnees ow o“’“--.... e oM ,Neconce .-....... seccecs se ssose®
410 FOR N=0 TO ll '
480 LET DegtN

430 LET YIM(AOlm)°'“(A)

440 LET SebaY )

444 IF S150 THEW a4

448 PRINT ”l/”po\'oSJ"ﬂo PREVIOUS VALUZ™

4a¢ GO'TO 485

. X447 LET Pe((ABS(S1-S) ’/s‘).loo

" 4350 PRINT "‘/"Da’hScP

433 LRT S1=5°°

450 NEXT 8

470 PRINT

480 PRINT "“.."

490 PRINT

500 PRIAT "D? YOU Wi1SH TO USK A DIFFERENT VALUE oF X C1-YE5, 0-20)2%3
301 INPUT Q8

302 IF A8>0 THEN 05

510 PRINT 70 CHAMGE YOUR FUNCTION SEE THE INSTI ICTIONS.”

y 590 PRINT *IF YOU ARE FINISHED, TYPE °1°; ARD 7ME *RARTURA® KEY™
" $30 ::aun" “APTER THE PROGRAK STOPS:" ~ ~
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DISCIPLINE MATHEMATICS

SUBJECT ALGEBRA(9TH and 12TH GRADE)

PROGRAM NAME SQRT o

DESCRIPTION:

This program finds the square root of counting numbers up to
five decimal places. )

OBJECTIVES:
A. To demonstrate and familiarize the students with square roots.
B. The method utilizes " pinching" 4 Z between the endpoints of

smaller and smaller domains.

PRELIMINARY PREPARATION:

A. Student - 1) The definition of square root as the inverse operation
of squaring; and 2) Drill in estimating square roots to the nearest tenth,
hundredth, etc.

B. Materials « none

DISCUSSION:

This program provides an " introduction to," and a " review of" ,)
evolution and involution. Limiting the neighborhood of 1Z to find
successively closer approximations of the square root of a number,
demonstrates to the student that he is able to determine the square root
to any degree.

The program may be effectively utilized for introducing the
limiting process.
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SQRT

n PROGRAM FINDS SQUARE ROOT OF ANY POSITIVE NUMBER
BY 'PINCHING' IT WITHIN A SMALLER AND SMALLER INTERVAL.
WHAT IS THE NUMBER WHOSE SQUARE ROOT YOU SEEK? 54
LOVER LIMIT ' UPPER LIMIT
0 < SQ.RT. OF 54 < 24
5S¢4 < SQ«RTe OF 54 <« 10.8
7.02 < SQ.RT. OF 54 < 7.56
7.344 < SQ.RT. OF 54 < 7.398
7.344 < SQeHT. OF 54 < 7.3494
7.348319 < SQeRT« OF 54 < 7.348859
7.348427 < SQenTs OF 54 < 7.348481
7.348465 < SQ.HT. OF 54 < 7.34847
7.348469 < SQeRTe OF 54 < 7.34847
APPROXIMATION NOW CORRECT TG AN ACCURACY OF 1.000000E-5
YOU MAY USE EITHER 7.348469 OR 7.34847 AS THE SQUARE ROOT OF 54
f WANT TO TRY ANGTHER NUMBER (1=YES, 0m=NO)> 3 7 1
?
( | WHAT IS THE NUMBER WHOSE SQUARE ROOT YOU SEEK? 39
: LOWER LIMIT UPPER LIMIT
; 0 < SQ.RT+ OF 39 <« 39
! 3.9 < SQ.RTe« OF 39 < 7.8
: 6.24 < SQ.RT. OF 39 < 663
624 < S@Q«RT. OF 39 < 6279
62439 < SQ.RT. OF 39 < 6.2478
6+24468 < SQ.RT+ OF 39 < 624507
6.244992 < SQ.RT. OF 39 <« 6245031
6.244996 < S@.RT. OF 39 < 60245
- APPROXIMATION NOW CORRECT TG AN ACCURACY OF 1.000000E=5

YOU MAY USE EITHER 6.244996 OR 6.245 AS THE SQUARE RQOT {OF 39

WANT TO TRY ANOTHER NUMBER (1=YES, O=NOJ) 3 ? O

READY
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100
110
120
121
125
130
140
150

430

O

Math
SQRT

REM Te. BUANS, JOHN GLENN HS, 8+«6-69
REM REVISED BY C.l.0SIK
B=UPPER LIMIT, 4=STEP IN INTERVAL
REM E 1S THE AGCURACY YOU DESIRE

REM A=LOWER LIMIT.

LET E=.00001

8-27-70

PRINT "PROGRAM FINDS SQUARE ROOT OF ANY POSITIVE NUMBER"
PRINT "BY °'PINCHING® IT WITHIN A SMALLER AND SMALLER INTERVAL."

PRINT
PRINT

PRINT "WHAT 1S THE NUMBER WHOSE SQUARE ROOT YOU SEEK"3

INPUT 2
PRINT
IF Z2>0 THEN 220

PRINT "YOUR NUMBER MUST BE POSITIVE i!11I»

GO TO 160
PRINT

PRINT "LOWER LIMIT"." '"," ","UPPER LIMIT"

PRINT [ ] JPpvapp, .._-..-"’" ", "’u_____ R 1]

LET A=Q
LET B=Z
LET S=(B~A)/10

PRINT A»'"< SQ.RTe OF'"Z''<",B
IF ABSCA*B-Z)<E THEN 360

FOR I=A TO B STEP S
IF Z<Ix1l THEN 310
NEXT I

LET B=B*10

GO TO 260

LET B=l

LET A=I-S

GO TO 260

PRINT

PRINT "APPROXIMATION NOW CORRECT TO AN ACCURACY OF"E
PRINT "YOU MAY USE EITHER'"A"OR"B''AS THE SQUARE ROOT OF"Z

PRINT
PRINT

PRINT "WANT TO TRY ANOTHER NUMBER (1=YES» 0=NO) 1 *;

INPUT Z

IF Z=1 THEN 150
IF 2<>0 THEN 400
END

ERIC

Aruitoxt provided by Eic:
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Aruitoxt provided by Eic:

DISCIPLINE MATHEMATICS-TEACHER ASSISTANCE

SUBJI.CT ARITHMETIC MEAN (AVERAGE)

PROGRAM STATAL

DESCRIPTION:

This program finds the average (arithmetic mean), median, and standard
deviation o up to one hundred aumbers.

OBJECTIVES:

A. To familiarize the student with the concepts of arithmetic mean
(average ), median, and standard deviation of a group of numbers.

B. To impress him with the speed and accuracy of the computer as a
calculating device.

C. To provide teachers with handy means of computing averages.

PRELIMINARY PREPARATION:

A. Student - "Arithmetic mean', ‘averasels—Umedian', and "standard
_— . ’ >
deviaticn" must be well-defined.

B. Materials - None

DISCUSSION:

Given N terms, "A(1), A(2),..., A(N-1), A(N)", students will have
learned the average of these N terms is "A(1)+A(2)+...A(N-1)+A(N}".
N

The program prints out the median value of the user's data when
there is an odd number of data values. When there is an even number,
the median value printed is the average between the N/2 and the
(N+2)/2 terms.

The program serves as an excellent vehicle for drill in division and
addition, and helps strengthen the concept of arithmetic mean (average).

This program is useful in demonstrating a simple "loop" routine for
students interested in programming.
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MEAN, MEDIA!i» AND DEVIATION OF A SET OF NUMBERS.

ENTER YOUR NUMBERS IN DATA STATEMENTS ON LINES
1000 - 2000« FOR EXAMPLE, YOU MIGHT TYPE $

1000 DATA lpéoSoQ ETC. (Y0Ur DATA GOES HERE)
WHEN YOUR DATA HAS BEEN ENTERED, .TYPE @

1 GO TO 300
RUN

THEN RELAX WHILE THE MACHINE GrINDS OUT THE ANSWERS.

IF A 'SUBSCRIPT ERROR' APPEARS, INCREASE THE SIZE OF THE
ARRAY IN LINE 295.

WARNING -- THE NUMBER 9999 IS USED A5 AN INTERNAL DATA
VALUE. IF THIS VALUE IS ONE OF YOUR~DATA VALUES, SIMPLY
RE-TYPE LINES 999 AND 2001 WITH A COMMON DATA VALUE WHICH
YOU WILL NOT USE»

READY

1000 DATA 244,182,112,2,198,105,3145169,18,38
1 GO TO 300
RUN

THESE ARE YOUR NUMBERS 3
244 182 112 2 198 10 314 169 18 38

THESE ARE YOUR NUMBERS (HIGHEST TO LOWEST) 3
314 244 198 182 169 112 38 18 10 2

NUMBER OF VALUES IS5 10

SUM OF THE VALUES 1S 1287

THE MEAN VALUE IS 128.7

THE MEDIAN VALUE IS5 140.5 )

THE STANDARD DEVIATION IS5 209.5409

FOR ANOTHER RUN, RE-ENTER DATA ON LINES

1000 = 2000, TAKING CARE TO ELIMINATE OLD DATA

BY TYPING THOSE LINE NUMBERS WHICH YOU DO NOT USE AGAIN3
THEN TYPE °'RUN'.
READY

1

1000

" 66
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100
110
115
120
130
140
150
160
170
171
172
173
174
180
190
20¢
210
220
222
225
227
230

240 .

250
260
270
275
280
285
290
295
300
303
305
310
315
316
320
330
340
345
347
350
360
370
380
390
399
400

405

Matn
STATAL

REM CHARLES M. LOSIK, BKLYN POLY, MEAN-MEDIAN-DEVIATION
REM (7-66 1IN FORTHAN II) 3 (8~26~70 IN BASIC)
HEM REVISED 9-24-70
REM YOU PUT YOUR NUMBERS IN DATA STATEMENTS AND
REM YOU GET WHAT YOU PAY FORe .
PLINT " '","MEAN, MEDIAN, AND DEVIATION OF A SET OF NUMBERS."
PRINT
PRINT " ENTER YOUR NUMBERS IN DATA STATEMENTS ON LINES"
PRINT * 1000 = 2000. FOR EXAMPLE» YOU MIGHT TYPE 3"

PRINT

PRINT * ","1000 DATA 1,2,3,4 ETCes (YOUR DATA GOES HERE)"
PRINT

PRINT " WHEN YOUR DATA HAS BEEN ENTERED, TYPE 3"

PRINT

PRINT " ","1 GO TO 300"

PRINT " *',"RUN"

PRINT )

PRINT * THEN RELAX WHILE THE MACHINE GRINDS OUT THE ANSWERS."
PRINT

PRINT " IF A 'SUBSCRIPT ERROR®* APPEARS, INCREASE THE SI4ZE OF THE"
PRINT " ARRAY IN LINE 295." :
PRINT
REM ACI) ARE THE NUMBERS, 5 1S THEIR S5UM,
REM 52 IS THE SUM OF THEIR SQUARES.
REM
PRINT * WARNING -=- THE NUMBER 9999 1S5 USED AS AN INTERNAL DATA"
PRINT " VALUE. IF THIS VALUE 1S ONE OF YOUR DATA VALUES, SIMPLY" !
PRINT ' HE=-TYPE LINES 999 AND 2001 WITH A COMMON DATA VALUE WHICH"
PRINT " YOU WiLL NOT USE." - :
STOP
DIM AC100)
PRINT
PRINT ' THESE ARE YOUR NUMBERS 3"
LET I=l
READ E
LET S=0
LET S2=0
READ ACD)
IF E s ACI) THEN 370
PRINT ACI)
LET S = S + ACI)
LET S2 = S2 + A(l) * A(I)
LET I = 1 + 1}
GO TO 320
LET N=1 -1
PRINT
PRINT
REM *xx¥x%x BUBBLE SORT*%#x*
PRINT ' THESE ARE YOUR NUMBERS (HIGHEST TO LOWEST) s"
FOR1l = 1] TON - 1
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410
420
430
440
450
460
465
470
4175
480
490
500
510
520
530
540
550
560
570
600
610
620
630
640
642
645
650
999

2001
2010

FOR J=1+1TON

IF ACI) > A(J) THEN 460

LET T = ACI)

LET ACL) = A(D)

LET A(J) = T

NEXT J

PRINT ACI) 3

NEXT I

PRINT ACN)

PRINT

PRINT _

PRINT " NUMBER OF VALUES 1S";N
PRINT ' SUM OF THE VALUES 1S5";5S
PRINT * THE MEAN VALUE IS" 3 S / N
PRINT " THE MEDIAN VALUE IS" 3
IFN /7 2 <> INT ¢ N/ 2 ) THEN 570
PRINT ¢ ACN/2) + AC(N+2)/2))/2

GO TO 600

PRINT A((N+1)/2)

PRINT ** THE STANDARD DEVIATION IS"
PRINT

PRINT

nn

PRINT " FOR ANOTHER RUN, RE-ENTER DATA ON LINES*"
PRINT * 1000 - 2000, TAKING CARE TO ELIMINATE OLD DATA'"

Math
STATAL

SAR C N # S2 + § * S ) 7/ N

PRINT ' BY TYPING THOSE LINE NUMBERS WHICH YOU DO NOT USE AGAIN;*

PRINT * THEN TYPE °*RUN‘'."
STOP

DATA 9999

DATA 9999

END

READY

O

ERIC

Aruitoxt provided by Eic:
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Aruitoxt provided by Eic:

DISCIPLINE MATHEMATICS, SOCIAL STUDIES

SUBJECT, THE STOCK MARKET

PROGRAM NAME STOCK

r

DESCRIPTION:

This program simulates the stock market. Each student is
given $10,000 with which he may buy and/or sell shares in five
fictitious issues.

OBJECTIVES:

A, To give the student a simple understanding of the oper-
ations of the stock market.

B. To motivate the student to reinforce his basic arithmetic
skills. : :

C. To give an example of the use of everyday mathematics
and economics in everyday life.

PRELIMINARY PREPARATION:

A. Student - no special preparation

B. Materials - possibly graph paper

DISCUSSION:

This program can be used as a good motivation device in the
teaching of basic stock-market concepts, and the basic mathemat-
ical skills involved. The computer starts each student with $10,000,
and allows him to buy and/or sell shares. Precautionary tests are
included for the student who tries to purchase more shares than
he has money for, or to sell more shares than he actually owns.

The program continues for as many trading days as the student de-
sires.

The stock values rise and fall on a semi~random basis. Un
each trading day all stocks undergo a small random price change,
a trend change (based on a random trend), and the possibility--
on a random basis~--of a large price change. The structure of the

formula is:

new price=old price + (trend x old price) + (small random price
change) + (possible large price change)

69
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Mathematics-Soeial Studies
STOCK

The trend is a random number between -.1 and +.1. It remains
constant for a random number of days, at which time the trend is .
changed randomly. The trend affects all stocks equally, and attempts
to simulate general market trends. The small random change ranges
between -3 and +3 points. It occurs every day to every stock.

The possible large price change is either +10 ar -10 points. The

+ and - changes each occur at random day intervals, and to random
stocks. That is, there may be no large change on some trading days,
only a +10 change on others, a ~10 change on still others, and both
large and small changes on others. In all large~change cases, the
change affects only one random stock when it occurs.

-

Because of the random generation of stock values and their
fluctuations, the program does not exactly simulate the real market.
It does, however, provide a simplified view of what does happen,
and familiarizes the student with the basic functions invnlved. This
should be explained to the students, along with some real causes
of stock-market fluctuations.

Graph paper might be used to plot the daily stock values and
the exchange average. In this way, the trend will become evident.

70
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~ THE STOCK WARKET
DO YOU WANT THZ INSTRUCTICNS (YES-TYPE 1, NO-TYPE 0)7 1

THIS PROGRAM PLAYS THE STOCK MARKET YOU VILL BE GIVEM
$10,000 AND MAY BUY OR SELS, STOCKS. THE STOCK PRICES WILL
BE GENERATED RANDOMLY AND THEREFORE THIS NODEL DORZS MOT’
PEPRESENT EXACTLY WHAT HAPPENS ON THE RXCHANGE. A TABLE
OF AVAILABLE STOCKS, THRIR PRICES, AND THE NUNBIR OF SHARES
IN YOUR ZORTFOLIO WILL BE PRINTED. FOLLOWING THIS, THE
INITIALS OF EACR STOCK WILL BE PRINTED VITR A QURSTION
PARX: HERE YOU IMDICATE A TPANSACTION. "TO BUY A STOCK
TYPE +NNN, TO SELL A STOCK TYPE ~NNN, VHERZ BNMN IS THE
MUNBER OF SHARESe. A BROKERAGLZ FEE OF 1% wILL BE CHARGED
ON ALL TRAMSACTIONSe NOTE THAT IF A STOCK'S VALUL DROPS
170 ZERO IT MAY REBOUND 7O A POSITIVE VALUR ‘AGAIN. YOU
HAVE $10,000 TO INVEST. USE INTEGEAS POGR ALL TOUR INPUTS.
(NOTE: TO GET A ‘FEEL® FOR TRE MARANET RUM FOR AT LEAST

10 DAYS) i - )
.oandeoob LUCK) »are=

STOCK INITIALS PRICE/SHARE

INT. BALLISTIC MISSILES T IBR §878
#&D CROSS OF AMERICA RCA 8545
LICHTENSTEIN, BUMRAP .4 JOKE LBJY 19525
ARERICAN BANKRUPT CO. ABC 136
CENSORED BOOKS STORE 8BS 104.25

NEV YORK STOCK EXCHANGE AVERAGES 113,73

TOTAL STOCK ASSETS ARE ¢ O
TOTAL CASH ASSETS ARE £ 10000
TOTAL ASSETS ARE s 10000

WAT I3 YOUR TRANSACTION IN
17
RCA?
18J7
ABRC?
cas?

L T*Y

“essssesss END OF DAY'S TRADING

STOCK PRICE/SHARE  HOLDINGS VALUS = UET PRICE qguc

i 8.8 '8 193 10787
R4 3] 3 ‘243 ~feB '
Y 183.8 1 '183.8 ~1.78
ARG 135.9 1 138.8 -89

as - i

NEV YORK STOCK EXCNANGE AVERAGES 113.)  NET CHANGES -.63

TOTAL STOCK ASSETS ARR 8 884
TOTAL CASR 233RTS ARE 8 9166.88
TOTAL ASSETS AR $ 9990.83

DO YOU WISH T6 CONTINUE (YES-TYPE 1, NO-TYPE Q)7 1
WIAT 15 TCUR TRANSACTION 1IN

1 S '
FcA? 1 84
1BJ? 8

ABC? 1 : ‘ 71

s s s e et e 1k Wb o P = e . o e e
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STOCK

sssaesssss  END OF DAY'S taiffogua ‘},
STOCK PRICE/SHARE  HOLDINGS VALUR NET PRICE CHANGK

[T 98475 7 - $91.25 885 b
ACA 83.5 4 330 a5

1BJ 154 8 303 : o5

ARS 1335 2 267 -8

Cas 102.78% 1 108.75 375

MEV YORK STOCK EXCHANGE AVERAGE: 114.3  WET CHANGE: 1.8

TOTAL STOCK ASSETS AEE S 1699
TITAL CASH ASSETS ARE $ 8305.83
TOTAL ASSETS ARE $ 10004.33

DO YOU W1SY TO CONTINUE (YES-TVPE 1, NO-TYPE 01?7 1
WHAT 1S TOUR TRAMSACTION 1M

IeM? 3

RCAT &

LBJ? §

ABC? -1

cas? 3

sesssesnss END OF DAY'S TRADING

STOCK PRICE/SHARE  HOLDINGS VALUE NET PRICE CMAMNGE

1 99.88 10 - 992.8 5 ‘

RCA $8.8% é 493.5 =023 o

¥ %) 154.75 7 . 1083.88 o78 { )
ABC 133.5 1 133.8 o )
cs 103.83 4 A13 5 : -

MEV YORK STOCK EXCHANGE AVERAGE: 114.6 NET CHANGES .3

Bh 'Al. STOCK ASSKETS ABE S 3115.75
CASR ASSETS ARZ 8 68883.5
TOTAL ASSETS ARE 3 9998.85

B0 YW VIS TO CONTINUE (YRS-TYPE 1., NO-TYPE 027 |

WAT 1S YOUR TRANJACTION IN
mar 3

sssessce END OF DAY'S TRADING

STOCK PRICE/SHARE  HOLDINGS VALUE m PRICE ClANGE
Im .78 18 ° 1451.85 »8.3

fCA 0.5 ® 184.3 «1.7%

15 N : 150 18 1800 879

] 138 4 888 =1.5

:“ 98.75 [ ] 790 . 248

MRV YORK STOCK EXCUANGE AVERACE: 11146  NET CMANGES =3

TOTAL 3TOCK ASSETS ARE S 3893.78
O TOTAL CASR ASSKTS ARE 3 43588.9S
EMC TOTAL ASSKTS AR s 9888¢Y

.
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DO YOU WISH TO CONTINUE (YES-TYPE 1, NO-TYPE 027 1}

WAT IS TOUR TRANSACTION IN
iEm? 0
RCA? -5
LBJ? =7
ABC? O
cBs? -3

shsssssass  END OF DAY'S TRADING

STOCK PRICE/SHARE HOLDINGS
B 98+75 18
ACA 66479 &

LBJ 15075 L

ABC 132 4

@s 93.7% 3

VALUE

MEW YORK STOCK EXCHANGE AVERAGES 108.4.

TOTAL STOCK ASSETS ARE S 3887.8%
TOTAL CASH ASSEIS AREK $ 6455.74
TOTAL ASSETS ARE $ 9748.99

1451.85
267
75375
588
887.83

NET PRICE CHANGE
0 - g

=13.7%
» 75
0

-3

NET CHANGE: =3.2

DO YOU WISH TO CONTINUE (YES-TYPE }» WO-TYPE 07 1

WAT IS YOUR TRANSACTION IN
18%? =10

RCAt -8

LBJ? 8

ABC? 8

cas? o

wssssssss END OF DAY'S TRADING

STOCK PRICE/SHARE HOLDINGS
1t 8%.%° ‘s C
RA . B t ]

LEJ 135.085 7

ARC 188.5 é

cas 98.75 3

VALUR

NEV YORK STOCK EXCNANGE AVERAGES 100.4

TOTAL STOCK ASSETS ARE 3 2531.8
TOTAL CASH ASSETS AR S 697488
TOTAL ASSETS ARE $ 950608

4378
116
946.73
738 -
296.88

MET PRICE CHANGE
-9,-,89 )
875
=153
=95
3

NET CHANGES -8

D0 YOU VISR TO eolmm (YES-TYPE 1, IO"I‘YPI 01

WAT 15 TOUR TRANSACTION IN
17 =4
RCA? -1
LBJ? =6
ABC? -8
cas? -2

O30 AR it i =
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STOCK
=assesser  END OF DAY :s TRADING
STOCK PRICE/SHARE  HOLDINGS VALUE
1BM 80 T 80
RCA s1 | s1
BJ 18173 i 18175
ABC 1095 4 438
93 915 3

218

MEV YORK STOCK EXCHANGE AVERAGES 9075

TOTAL STOCK ASSETS ARE $ 762,85
TOTAL CASH ASSETS ARE S 861996
TOTAL ASSETS ARE $ 9403.831

DO YOU WISH TO OONTINUE CYES-TYPE 1, NO-TYPE 037 |}
WAT 15 20UR TRANSACTION IN

T ¢

RCAT O

iBJ? O

ARCT? =3

s? o

ssessnssss END OF DAY'S TRADING

STOCX PRICE/SHARE  MOLDINGS VALUE
i3 798" ° I 77.8
ACA SR.2% | S2.83
B8y 119.88 1 119.8%
ARG 107 i : 107
s 92.83 | 98.8%

NEV YORK STOCK EXCHANGE AVERAGE: 39.68

TOTAL STOCK ASSETS ARE § 448.85
TOTAL CASR ASSETS ARE  $ 894S.18
TOTAL ASSETS ARE $ 9393.43

D0 YOU WISH 70 CONTINUE (YES-TYPE la RO-TYPE 0)1 1
WIAT 1S TOOR tmucrml N

ir O

RCA? O

13J? O

ARGC? O

cas 10

sisssests  END OF DAY*S TRADING

stocK PRICE/SHARE  HOLDINGS VALUE
e WS TS T8.8
A 54 t 54

T 107 1 107
ABC 108 1 108
o8 .13 11 998,05

87

74 .

NET PR(hl CHANGE
=75

-7

=135

13

~7.28

WET CHANGES ~9.6%

wer Pllc‘ CHANGE
8.5

189
8.8

«7S

_ NET CHAMGE: ~1.1

WET PAICE CuAwex

1478
-:a-as

1.8

N



MEV YORK STOCK EXCHANGX AVERAGE: 86.85 7 CHANGES -3.8

TOTAL STOCK ASSETS ARE 8 1341.75
TOTAL CASH ASSETS ARE $ 8013.46
TOTAL ASSETS ARE $ 92385.81

DO YOU VISH TO CONTINUE CYES-TYPE i» NO-TYPE 07 1
WAT IS YOUR TRANSACTION IN

mnr S

ACA? 6

BJr 10

ABC? 10

ces? 10

skasssssss END OF N)Y:S TRADING

stock PRICE/SHARE  HOLDINGS VALUE MET PRICE CHANGK
18 78 6 438 8.8 °

RCA SRS 7 3675 =1e5

LBy 198 11 1155 -8

:cs 103.88 [ 91 113578 =4+75

91.8 1 19813 273

MRV YORK STOCK EXCHANGE AVERAGES 54.8% NET CHANGRS -3
TOTAL STOCK ASSETS ARE $ 5011.7S
TOTAL CASR ASSETS ARE $ ARR1.98
TOTAL ASSETS ARE S 9833.67
DO YOU V13l TO CONTINUE C(YES-TYPE 1» NO-TYPE 037 0
HOPE YOU HAD Fuw!t

. ¥ L

88
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STOCK MARKET SIMULATION «STOCK~ ) "
REVISED 8/18/70 (De PESSELs Lo BRAUN, Ce LOSIX)

1P VRBLS$ A~MRKT TRND SLP3 BS-BAKRGE FEE3 C-TTL CSH ASSTSS
CS=TTL CSH ASSTS CTEWP)Y3 C(I)-CRNG IN STK VAL3 D-TTL ASSTS}
Ei1,E2-LRG CHNG MISC3 I-STCK #3 11,I8~STCKS ¥ LRG CHNGS
Ni,N2-LRG CHNG DAY CNTS3 PS-TTL DATS PRCHSS3 P(I1)-PRTFL CNINTSS
Q9=-NEW CYCL23 S4~SGN OF A3 SS~TTL DYS SLS3 8(!)-9%/8383 .. -
T-TTL STCK ASSTS3 T3-TTL VAL OF TRNSCTNSS )

v3-LRG ChNGS X1-SMLL CHNE(<S1)3 ZA4sZ5,Z6-NYSE AVlo} zua-ﬂmscu

PRINT TABCR20)3™THE STOCK MARKET™'

DIH SCS),PCS5),Z¢8),C(5}
REM SLOPE OF MARNET TRENDSA (SAME FOR ALL STOCKS)

RANDONIZE "

LRT A-"ﬂ'((“D(X)IIO)'IIOOO-S)IIOO

LET T80 =~

LET X9=0

LET Ni=0 ) N

LET Ni=0

LET Ei=0

LET EQ=0
REM INTBODUCTION

PRIAT "DO YOO N‘l‘ THE INSTRUGTIOHS !\'ES"I'YPS lo NO-TYPR 0)"3

INPUT 29

PRINT

PRINT

IFP°29<1 THEN 00

PRINT "TH1IS PROGRAM PLAYS THE STOCK MARKET. YOU VILL BE GIVEN"

PRINT "$10,000 AND MAY BUY OR SELL STOCKRS. THE STOCK PRICRES wiLL™

PRIMT "BL 3ENERATED RANDOMLY 44D THEREPORE 'rnxs HODKL DORS NOT*

PRINT "REPRESENT EXACTILY VHAT HAPPENS ON THE RXCRANGEe A TABLE™ )

Y

PRINT “OF AVAILABLE S5TOCKS, THEIR PRICES, m THE NUMBER OF m
PRINT 13 YOUR PORIFOLIO VILL BE PRINTED. PFOLLOVING TMIS, THR"
PRINT "INITIALS OF uca STOCK VILL BS PRINTED VITR A QUESTION™
PRINT "MARK. HERE YOU IUDI(_BATE A tms“uou. T0. BUY a4 STOCK™
PRINT "TUPE +MMNes TO SEBLL A STOCK TYPE ~NNSl, WIERE NEN 1S THR"™"
PRINT "NUMBER OF SHARES: A BEOKERAGE FEE OF If wILL BE CHARGRD™
PRINT "ON ALL TRANSACTIONS. MNOTE THAT IF A STOCK®S VALUR DROPS™
PRINT “TO ZERO IT MAY REBGUND TO A POSITIVE VALUR AGAIN. YOU™ -
PRINT "HAVE $10,000° ‘I'O IMS‘I'. USE INTEQERS FOR ALL TOUR INPUTS.™
PRINT "“{NOTRs TO GRT A 'nu.' FOR m MARKET AUN FOR AT LRAST™ -~
PRINT "0 DA?S)"™ - ’ T
PRINT "econagliD LUCK!eonwa®
RER mﬂou oF STOCK 'l'”“l IFW REQUESTS
REM INITIAL STOCK VALUES
LIT 81238100
LET S(8)=88 .
LET 35(3)=1%0 .
LET $(Admiad
LET $¢(5)=]10
REM IRITIAL T8 = ¢ DAYS FOX FIRST TREWD smn A
LET TSuliNT(L9PORUD(X) +1)
REM RANDOMIZE SIGm OF PIRST TREND SLOPK (A)
IV RND(X)5.S ﬁll 270
LET Amep”
REN WIZI !ll‘l‘h\l. VALURS
GOV ¢
REM lil‘l‘!dl. PORTFOL1O CONTENTS
FoR’1a) 10 &
LET P(1)=0
LRT 130
uEXT I

PRINT" ' : , )
89
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STOCK

PRINT
REM INITIALIZE CASH ASSETSSC

LET C#10000
REM PRINT INITIAL PORTFOLIO )
PRINT “STOCR™,* *"»,"INITIALS","PRICE/SHARK"™
PRINT "INT. BALLISTIC MISSILES",® IBN™,S(1)
PRINT ="RED CROSS OF AMERICA"™," RCA",S(8)
PRINT "LICHTENSTEIN, BUMRAP & JOXE™," LBJ™»S5(3)
PRINT “AMERICAN BANKRUPT CO."»" ABC",8(4) N
PRINT “CENSURKED BOOKS STORE™,* CBS™,S(S)°
PRINT )
REM NYSE AVERAGESZS) TEMP. VALUESZ4) NET CHALGESZ6
LET Z4=Z5

LET ZS=0

LET T=0

FOR I=1 T0 5

LET ZSwZS+S¢(I)

LET ToTeSCI)SPCI)

MEXT 1

LET ZS=INTC100#(Z5/3)+.5)/100

LRT Z6=INT((Z5~24)%100+.837100
REX TOTAL ASSETSSD

LET D=teC

IF X9»0 THEN 396

PRINT "NEW YORK STOCK EXCHANGE AVERAGES "IS

a0 TO 399

;::ﬁ “NEV YORK STOCK EXCHANGE AVERAGE: 23" NET CHANGES "Zé
LET TaINTC(100%T+.5)/100

PRINT "TOTAL STOCK ASSETS ARE 8”37

LET CoINT(1000C++%5)/100

PRINT *TOTAL CASH ASSKTS ARE $"sC

LET D=INT(100eD*+3)/100

-PRINT *TOTAL ASSETS ARE " $"3D

PRINT ’

I1r X9=0 THEN 416

PRINT "DO YOU WISH TO CONTINUE (YES-TYPE 1, NO-TYPE 0>=3
INPUT Q9

iF Q9«1 THEN 998
HEM IWPUT TRANSACTIONS

_PRIRT “WHAT 15 YOOR TRANSACTION IN“

PRINT 108"}

IMPUT Z(1)

PRINT “RCA™3

INPUT 2¢8)

PRINT “LBJ*"3

INPUT 4¢3

PRINT "ABC™}

-IMPUT 2(4)

PRINT “CBS"™3

1PUT ZCS)

PRINT
BEM TCTAL DAY'*S PUBOHASIS lﬂ $8PS
LB'I‘ P%wd .

REM TOTAL M\"S SALES ll $388

LET 3$3=0

FOR Isl TO S

LET ZCI)=INTI(L(1)¢:5)

IF ZCl3aa0 THEN 610 -

LET PSiPSez(I)es(1)"

@0 T0 ¢80 .

LET S3s88«%(1)es5(1)

17 =ZC¢1)<nP(1) THER 680
A}RM *TOU NAVE OVERSOLD A STOCK) TRY A“lu.
G0 TO 480

NEXT I

gl



688
683
630
640
&50
658 RExM
634
456
658

Math
STOCK

REM TOTAL VALUE OF TRANSACTIONS:TS
LET TSsPS+S$
REN BROKERAGE FEEK:B3
LET BS=INT(.014T5¢100+.5)/100
REM CASH ASSETS=0LD CASH ASSETS-TOTAL PURCHASES
REM ~BROKEBAGE FELS+TOTAL SALZSICS

LET CS=C=P3-B5+§S

Ir CS5»r=Q THEN 674

PRINT "YQU HAVE USED $"-CS" MO

RE THEN YOU HAVE."

660
674
8713

690
00

ol
38
833
834
240
ol
848
8as
SAT
$%
a5l
53
256
%7
€30
861
1]
8950
900
910
918

G0 TO 480
LET C=(CS
REM CALCULATE NEV POR‘I‘FOI.IO
FOR =1 70 S
LET PCD-P(!MZ(D
lﬂ'l' | &
REM CALCULATE NEW STOCK VALUES
GosUB 830
REM PRINT PORTFOLIO
REM BELL RINGING-DIFFERENT ON MANY COMPUTERS
FOR I=1 TO 80
PRINT CHRS(C133)3
MEXT l
PRINT
PRINT "sasssssses END OF DAY'S TRADING™
PRINT
PRINT )
IF X9« THEN 769 o
PRINT “STOCK™,"PRICK/SHARE™,*HOLDINGS™,*VALUL","KET PRIJE ClaNeEE™ Ly
PRINT *IBK™, S5C1)5 PCLl)s SCL1OAPCLY, CCL1)
PRINT “RCA™; S(2)» PC8), SCRIP(RY» CCB)
PRINT “LBJ™, S¢3%, PC3)s S5C32PC3), CCI)
PRINT "ABC™, SCA)s PCAYs SCAINPCAY, CCA)
PRINT *CBS™» S5(CS), PC(5), SUSINP(3), C(3)
LET X9a1° ) - - N )
PRINT °
PRINT
@0 T0 360
REM ux¥ STOCK VALUKS - SUBROUTINE
REM RANDOMLY PRODUCE NEV STOCK VALUES BASED ON PREVIOUS
REM DAY'S VALUES
%o Mi,Re ARE RANDOM NUMBERS OF DAYS WHICH RESPECTIVELY
REM ORTERMINE YHEN STOCK Il WILL INCREASE 10 PTS. AND STOCK
REM 13 VILL DECREASE 10 P1S. ' -
REM IF Nl DAYS HAVE PASSED, P.ICK AN ll. SET tla Dﬁlﬂllll NEv N1
IF Bi1»C THEN 830
LET 11a1MTCA990RND(X)+1)
LET s:-:mu.”smwhu
LET Ekis= -
REM IF MR DAY3 NAVE PASSZIDs PICK AN 18, SET ES, DETERMINE MRV NS
I NE»>G THEN B840
LBT 1R=INTC(A99SRNDCX)+]1)
LET R=INTI4I90RUDIX)+]1)
LET Res=i
mmocrmurrmmmn
LET Mishit=]
LET Ha=N@-] -
REM LOOP THROUGH ALL srocus
FOR I=| T0 8 : .
LET R1GRNDCX) - . oo
IP X15.03 THEN 980 . : )

9 lu
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LET Xi=.3$

a0 TO 935

IF X1>.50 THEN 928

LET Xi=,50

€0 TO 935

IF X1».7% THEN 930

LBT X12.7%

a0 TO 938

LET Xi=0.C
REM BIG CHANGE CONSTANTIW3 (SET TO ZERO INITIALLY)
LET #3m0° B ’
IF Ei<) THEN 94535

IF INTCI14:.5)<>INTC(1+:.5) THEN 948
REM ADPD 10 PTS. 10 TH;S STOCK3 RESET Ei

LET ¥3=10 ’

LET Ki=0

IF ES<) THEN 955

ir INT(120-5)<>INT(1005) THEN 955

REX SUBTRACT lO PTS. FROA THIS STOCKS RESET ER
LET W3=¥3-10~

LET ERw0
REM CCl1) 1S CHANGE IN STOCK VALUE .
LET c(l)-lHT(AtSCl’)OXIOINT(3-6ORND¢X)0-5)0H3
LRT C(!)OINT(!000@(1)00551100

LET SC1)=SCI)+C(1)

IF SC13>»0 THEN 947

LET Cl1)eD -

LET 5C1)=0

80 TO 970

LET S(l)'llf(100¢S¢1)008)1100

MEXT I1°
REM A?TIR T8 DAYS RANDOMLY CHANGE TREND Slﬁ" AND SLOPE
LRT T8s7T8~1}

17 T8el THEH 9835

RETURN
REM RANDOMLY CHANGE TREND Slﬂl ‘AND SLOFE (A)» AND DUBATIO. or
REM OF TREND (18)

LEY TO=INTCA-99SRND(X)+1)

LRT ‘Fl'T((B.DtX)/IO)‘IOOOQS)IIOO

LET SASRND(X) -

17 S4e=.$ TH!N 997

LET Asep

RAETURM

::lol‘l' "HOPE YOU KAD FUNI1®

92
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DISCIPLINE CALCULUS-GRADE 13

SUBJECT AREA OF ASURFACE OF

REVOLUTION { )
PROGRAM NAME SURFAR _ "
DESCRIPTION: - ’

This program approximates the area of a surface of revolution, by
computing lateral areas of frustrums of cones of revolution.

1
OBJECTIVES:
A. The saving of time in computations.
B, Thei speedy demonstration of limiting processes.

C. The‘l focusing of attention upon those processes needed to develop the
analytic approach.

PRELIMINARY PREPARATION:

Before running this program, the lateral area of a frustrum of a
cone shoild be discussed. Many students in the Advanced Placement
Program have not taken a course in Solid Geometry and may be unfamiliar -
with the {formula: )

Lateral Area =1 (r:l + rz)

ma— "h"“.-—\rl\.\

Frustrum of a Cone

Whether or not this formula is derived in class will depend on the amount
of time available. Most likely it will merely be stated; students who have
not taken Solid Geometry may be asked to look up the derivation on their own.

80
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Math
SURFAR

AREA OF A SURFACE OF REVOLUTION

THIS PROGRAM APPROXINATES THE AREA OF A SURFACE OF
REVOLUTION BY COMPUTING LATERAL AREAS OF FRUSTUMS OF COMES
OF REVOLUTION. 7YPE IN YOUR FUNCTION OF X (YaF(X)),

WHOSE GAAPR VILL BE ROTATED ABOUT THE X AXIS, AS POLLOWS:

1 60 TO 800
300 DRF FNY(X)=, eeCYOUR FUNCTION OF X)eeo

FOR EXANPLE, TO USE THE FUNCTION Y=Xt2 YOU VOULD TYPE:
1 60 TO 800
300 DEF FNY(X)eX1R
o X2
YOU MIGHT TRY THAT AS YOUR FIRST RUN.
DD EACH LINE, INCLUDING °RUN®,» VITH THE °RETURN® KEY.
ERADY
1 @0 TO 200
00 DEF FNY(X)=X12
RS o

WAT ARKE THE ABSCISS5AS OF THE RND POINIS OF 7HE SECTION
T0 BE CONSIDERRD (SMALLER FIRST: P,Q3? <3,8

MMBER OF sSun OF % CHANGE
SUIIITSBVQLS APPﬂOXIKRT’Nﬂ ABE‘S IN 50M

| 288.787}) ‘ NO PREVIOUS VALUE
R I84-6889 11.68411

4 317.6842 2161843

8 318.3348 ’ «7418313

16 14,7434 «1876633

3 314.5933 «0476915%4

84 314.5587 01197374

188 31‘.5‘61 3.023796K-3

WULD YOU LIXE TO TRY NEW END POINTS C1-YES, 0-N0)>? O
TO TNEER A REV FUNCTION YOU NEED ONLY RETYPE LINE’
200 AND °RUN®*. SEL INSTRUCTIONS FOR MORE DETAILS.

IF YOU ARE FINISHED, TYPE ‘1) AND THE °RETURN® XEY.

READY
!

gst.ll .
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Math
SURP'AR

100 REM AREA OF A SURFACE OF REVOLUTIONs G« Jo 'CONNOR: 7718768
101 REM REVISED 8/21/70 (D. PESSEL) ~ T

105 PRINT
106 PRINT
110 PRINT
120 PRINT
130 PRINT
131 PRINT
150 PRINT
160 PRINT
170 PRINT
180 PRINT
185 PRINT
186 PRINT
187 PRINT
188 PRINT
189 PRINT
190 PRINT
191 PRINT
198 PRINT
193 PRINT
195 STOP

TABC(17)3 “AREA OF A SURFACE OF REVOLUTION"

bl TH1S PROGRAM APPRCKIMATES THE AREA OF A SURFACE OF®
“REVOLUTION BY COMPUTING LATERAL AREAS OF FRUSTUMS OF CONES"™
“OF REVOLUTION. TYPE IN YOUR FUNCTION OF X (YmF(X)),"”
"WHOSE GRAPA WILL BE ROTATED ABOUT THE X AXIS, AS FOLLOWSI"

r 1 @0 10 200*%

» 300 DEF FNY(X)=eso(YOUR FUNCTION OF X)..."

"FOR EXAMPLE, ?0 USE THE FUNCTION Y=Xt2 YOU WOULD TYPESs™
" 1 ‘G0 TO 200"

" 300 DEF FNYIX)sXt12"

ol RUN"

"YOU MIGHT TRY THAT AS YOUR FIRST RUN."

“END EACH LINE, INCLUDING °*RUN®, VITH THE ‘RETURN® KEY.”

800 REM COMPUTATION SECTION OF PROGRAM

880 PRINT
230 PRINT
240 INPUT

*“YHAT ARE THE ABSCISSAS OF THE END POINTS OF THE Stcnou"
*T0 BE CONSIDERED ¢{ SMALLER FlRSTl Poﬂ’“’
PaQ

245 IF P<=Q THEN 250

846 PRINT'
a°7 60'TO
250 PRINT
260 PRINT
270 PRINT
880 PRIAT

*“p CANNOT BE GREATER THAN Q1
220

“NUMBER OF SUM OF % CHANGE"™
“SUBINTERVALS APPROXIMATING AREAS IN Sum~

Nocesescancne cevceccwavsccavaane cnscscnsan?®

#8% LET El=0

300 DEF FNY(X)=X:2

305 FOR N=1"TO 9

310 LET E=ge(d~1)

380 LET He(Q-P)/E

330 LET $a0 .

340 FOR 1sG T0 (E-1)

350 LET QAaFNY(P+IsH+H) +FNY(P+IsH)
360 LZT MaFNY(P+23R+HI-FNY(P+isH)
370 LET L=3.14159¢G¢SQR(MeMHIH) "
3680 LET SsS+i

390 NEXT 1

39s IF S1a0 THEN A0S o .
396 LET #a1003CABS(S~51))/¢(5+51)/2)
399 IF 5150 THEN 405 =~~~

430 PRINT'

EsSs™ “o¥W

408 IF w<lE~8 THEN 420

404 80 TO
408 PRINT

K07
EsS5," “,"NO PREVIOUS VALUE"

407 LET Si=S

PRINT
PRINT
18Pyt

PRINT
PRINT
0

:§§§§§§§£§
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UEXT B

;YOUI.D YOU LIKE TO TRY NEW END POINTS (1-YES, 0-)!0)")

1P Q1»0 THIN 280
PRINT "TO ENTER A NEW FUNCTION YOU NIID ONLY RETYPE LINE"™

*300 AND °RUN'. SEE INSTRUCTIONS FOR MORE DETAILS:®
“IF YOU ARE FINISHED, TYPE *1 AND THE °*AKTURN' KEY."

990
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DISCIPLINE CALCULUS - GRADE 13

SUBJECT VOLUME OF ANY SOLID

OF REVOLUTION, (ANALYTICALLY

oL DEFINED)
i
- PROGRAM NAME YvOLSOL
DESCRIPTION:
" Through the use of cylindrical discs, the prograrn approximates the
volume of a solid of revolution generated by rotating about the x-axis the
area bounded by y =f{x), the x-axis, and the vertical lines x=a and x=b.

To help the student understand the analytic procedures and to
appreciate the nature of the limiting process.

PRELIMINARY PREPARATION:

i
i
; OBJECTIVES:
t
i
|
z
|

The class should be reminded of the formula for the volume of a
cylinder, and the way in which a cylinder is generated by rotating a
rectangle about one of its sides.

DISCUSSION:

It would be desirable to make use of an overhead projector trans-
parency to display the cylindrical discs generated.

Rotated about the
x~axls

Approximation of Volume of Revolution by Cylindrical Discs.
.83
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VOLSOL

VOLUME OF A SOLID OF REVOLUTION

THIS PROGRAM USES CYLINDRICAL DISCS TO APPROXIMATE
THE VOLUME OF A SOLID OF REVOLUTIONe THE SOLIZ IS5 GENE-
RATED BY ROTATING ABOUT THE X~-AXl1S THE AREA BOUNDED BY
Y=F(X), THE LINES X=A ANL Hx=B, AND THE X~AXIiS.

TO INFUT YOUR FUNCTION OF X (Y=F(X)) TYPE AS FOLLOWS:

1 GO TO 200
220 DEF FNY(X)=....(YOUH FUNCTION OF Xdeoeeo
RUN

FOR EXAMPLE, TO USE THE FUNCTION Y=Xt2 YOU WOULD TYPE3

1 GO TO 200
220 DEF FNY(X)=Xt2
RUN

YOU MIGHT TRY THAT AS YOUR FIRST EXAMPLE. .
END EACH LINE» INCLUDING °'RUN‘', WITH THE 'RETURN' KEY.
READY

1 GO TO 200

220 DEF FNY(X)=Xt2

RUN

WHAT ARE YOUR VALUES FOR A AND B (SMALLER FIRST: A»B)? 0,5

NUMBER OF SUM OF % CHANGE
CYLINDERS CYLINDER VOLUMES IN SUM
1 0 NO PREV. VALUE, OR IT WAS ZERO
2 306+ 7959 NO PREV. VALUE, OR IT WAS ZERO
4 939.5624 206.25 '
8 1400.955 49.10714
16 1669476 19.16702
32 1813.291 . 8.614392
64 1887.594 4.097653
128 1925344 1999911
256 1944.369 +9881206
512 1953.918 | 4911339
84
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WOULD YOU LIKE TO TRY YOUH OWN °NUMBER OF CYLINDERS'®

Math
VOLSOL

HOW MANY CYLINDERS WOULD YOU LIKE TO TRY? 700

FOR 700 CYLINDERS THE VOLUME IS 1956.487

WOULD YOU LIKE TC TRY AGAIN (l-YES:.O-NO)? Q

ok ok K

(1-YES, 0~NO)? 1

WOULD YOU LIKE TO TRY NEW VALUES OF A AND B (1-YES, 0-N0OJ? O
TO USE A NEW FUNCTION YOU NEED ONLY RETYPE LINE 220 AND

'RUN’ .

IF YOU ARE FINISHED, TYPE °'1° AND THE °'RETURN' KEY.

READY
1

SEE INSTRUCTIONS FOR MORE DETAILS.

85
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100

110
111
115
117
120
130
135
140
141
145
150
160
161
165
166
167
168
169
170
175
176
180
199
200
210
211
212
213
214
215
216
217
218
220
230
240
250
260
270
280
290
300
05
307
310
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Math
VOLSOL

REM VOLUME OF A SOLID OF REVOLUTIONs Qe J» O°'CONNOis 871768

REM REVISED 8/24/70 (D« PESSEL) ‘

PRINT TAB(15)3"VOLUME OF A SOLID OF REVOLUTION"

igi:g“ TH1S PROGRAM USES CYLINDRICAL DISCS TO APPHOXIMATE"
PRINT"THE VOLUME OF A SOLID OF REVOLUTION. TH; SQOLID IS GENE-"
PRINTYRATED BY ROTATING ABOUT THE X~-AXIS THE AREA BOUNDED BY"
PRINT"Y=F(X)» THE LINES X=A AND x=B» AND THE X=AXIS."”

PRINT ,
PRINT*"TO INPUT YOUR FUNCTION OF X (Y=F(X)) TYPE AS FOLLOWS:®
PRINT

PRINT" 1 GO TO 200"

PRINT" : 220 DEF FNY(X)=.ese(YOUR FUNCTION OF X)eeoo™
PRINT" RUN" .
PRINT

PRINT"FOR EXAMPLE, TO USE THE FUNCTION Y=Xt2 YOU WOULD TYPE:"
PRINT

PRINT* 1 GO TO 200"
PRINT" 220 DEF FNY(X)=Xt2*
PRINT" RUN"

PRINT

PRINT"YOU MIGHT TRY THAT AS YOUR FIRST EXAMPLE."

PRINT"END EACH LINEs INCLUDING "RUN's> WITH THE 'RETURN® KEY."
STOP

PRINT 4 .
PRINT"WHAT ARE YOUR VALUES FOR A AND B (SMALLER FIRST: A,B)";
INPUT A»B

IF A<B THEN 214

PRINT"A MUST BE SMALLER THAN BI"

GO TO 200

PRINT

PRINT'"NUMBER OF SUM OF % CHANGE"
PRINT"CYLINDERS CYLINDER VOLUMES IN Sum”
PRINT"=recccncs creeeccclcecmnn- L LEL L
LET Vi=0

DEF FNY(X)=Xtg&

FOR N=1 TO 10

LET D=21(N=1)

LET H=(B-A)/D

LET V=0

FOR I=0 TQ (D~1)

LET YsFNYCA+I*H)

LET V=VU+3.14159%Y*Y*RH
NEXT I

IF V1=0 THEN 315

LET P=100%CABS(V-V1))/Vi
PRINT DsVs" ",P

86
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Math
VOLSOL

312 IF P<+5 THEN 330
313 GO To 318
315 PRINT DaV," NO PREVe VALUEs, OR IT WAS 4EROQ"
318 LET Vi=y
320 NEXT N
330 PRINT
333 PRINT .
334 PRINT"WOULD YOU LIKE TO TRY YOUR OWN °*NUMBER OF CYLINDERS®' (1~YES";
335 PRINT", 0-NO)";
336 INPUT WS
337 IF @5<1 TREN 377
338 PRINT"HOW MANY CYLINDERS WOULD YOU LIKE TO TRY*;
339 INPUT DI
340 IF D1>1 THEN 343
341 PRINT'NUMBER OF CYLINDERS MUST BE GHREATEr THAN 4ERO!™
342 GO TO 33¥
343 IF D1<1000 THEN 347
344 PRINT"THIS 15 A VERY LARGE NUMBER OF CYLINDERS AND MAY TAKE"
345 FRINT"A LONG TIME TO RUN."
347 LET v2=0
346 LET H1=(B-A)/N1
349 LET DI1=INT(D1+.5)
350 FOR I=0 TO (D1-1)
352 LET Y1=FNY(CA+I*H1)
354 LET V2=V2+3.14159%Y1%Y1%H]
(”*3 356 NEXT 1
k 358 PRINT
360 PRINT "FOR "D1" CYLINDERS THE VOLUME 15 ""va2'
362 PRINT
363 PRINT"YWOULD YOU LIKE TO THY AGAIN (1~YESs, 0-NO)";
364 INPUT Q¢
365 IF 46>0 THEN 33¢
377 PRINT
378 PRINT"®&xks"
379 PRINT
380 PRINT"WOULD YOU LIKE TO TRY NEW VALUES OF A AND B (1=-YES, 0-=N0)";
382 INPUT Q1
384 IF Q1>0 THEN 199
386 PRINT"TO USE A NEW FUNCTION YOU NEED ONLY RETYPE LINE 220 AND"
o 388 PRINT'"'RUN'e. SEE INSTRUCTIONS FOR MORE DETAILS."
390 PRINT"IF YOU ARE FINISHED, TYPE '!* AND THE 'RETUHRN®' KEY."
500 END

ERIC | 100
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DISCIPLINE PHYSICS

SUBJECT MAGNETIC FIELDS

PROGRAM NAME BFIELD

DESCRIPTION:

Student may visualize the effects of current on the magnetic
field produced about a single conductor. The student may also explore
the fields produced by the current flow in two parallel wires. The
current in the two wires may be chosen in the same direction or in
opposite directions.

OBJECTIVES:

To acquaint student with the magnetic fields produced by current
carrying conductors.

PRELIMINARY PREPARATION:

A. Student - Prior preparation involving currents and fields.

B. Materials -~ None

DISCUSSION:

Student may qualitatively explore the effects of currents on the
procuction of magnetic fields by successively increasing or decreasing
the current. The resulting magnetic field is printed out showing the
relative magnitude of the field in relation to the position of the current.

The student may also view the magnetic field due to two currents
in the same or opposite direction.

This program may also be used to introduce groups to the field
concept. In addition, minor modification of the program will produce a
series of plots which will demonstrate an expanding field resulting from
an increasing current,
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Physics
BI'IELD

WOULD YOU LIKE TO TaY TWO DIFFERENI CURRENIS AT THE SAME
TIME (YES=15 NO=0)? O

WOULD YOU RATHER TRY ANOTHER CUBHENT (YES=13 NO=02X? |
ENTER YOUR VALUE OF CURHENI? 6

THE MAGNITUDE OF THE FIELD DECREASES FdaA0M 9 TO U.
9 IS THE HIGHEST #£05SIBLE FIELD STRENGTr» AND O
(WHICH MEANS A 4ZERO FIELD) THE LOWEST.

METERS

=-)e2 X v «6 lo2

METERS etoso0o0006000rTe0n00 000 ebeonbnooto0ob000000%te
1.2 o 2222222222222222222222222 o

lo1 o 22222222222222222222222222222 .

1 o 222222222222 222222222222 °

o9 o 2222222222 2222222222

8 o 22222222 3333333333333 22222222 .

.7 022222222 333333 333333 22222222,

.6 .222222 3333 aaa444844 3333 22gz2282.

5 -22222 33323 44 555 44 3333 22222.
o dy .2222 333 44 55 66666 55 44 333 22220
3 «2222 33 44 5 67 8Bs 76 5 44 33 2222,

2 . 222 333 . 44 56 ¢ 9 65 44 333 2220
ol 2222 33 45 9 9 54 33 222
0 222 33 4 56 & * - B 65 4 33 222,
-sl ~222 33 4 8 9 9 54 33 222.
=e2 .222 333 44 56 9 Y 65 44 333 222,

=3 «2222 33 44 5 67 888 76 5 44 33 2222,
=y 2222 333 44 55 66666 55 44 333 2222,
=5 ~22222 3333 44 555 44 3333 22222,

=6 e222222 3333 444444444 3333 222222,
-7 -22222222 333333 333333 22222222,
=Y - 22222222 3333333333333 22222222 .
=e9 o 2222222222 2222222222 o
=1 . 22ageek2eaee 222222222222 o
=ls1 o 22222222222222222222222222222 .
=12 & 2222222222222222222222222 .

.+°06|‘§0000':'000000000"'000.0.DOO"'O0.0.0BIO"‘.

%)
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Physics
BFIELD

WOULD YOU LIKE TO TRY TWO DIFFERENT CURRENTS AT THE SAME
b TIME (YES=1; NO=0)>? 1
» THE TWO CURRENTS WILL BE SEPAHATED BY 1.J METER. (NOTE: IF
THE CURRENTS ARE TO BE OPPOSITELY DIRECTED», STATE ONE OF THEM
AS A NEGATIVE VALUE).
ENTER THE TWO CURRENTS? 4,-8

METERS
-1.2 -.6 U -6 1-2
METEKS .+.........+.........+.........+.......‘..+.
1.2 . 11111111111 222222222222222222222 .
1.1 « 111111111 22222222222222222222222222.
1 « 11111111 2222222 222222.
9 « 1111511 &a2222 333333333333 222.
o8 « 1111211 2222 3333333 333333 2.
7 « 11111 222 3333 44444544444 3333 &
6 o 11111 2282 333 4444 55555% 444 333 .
5 « 1111 22 3 44 555 666666 55 44 33.
o4 « 111 2 3344 555 666 717 76 55 4 3.
3 « 111 2 3 45 66 777 8 9 76 5 4 o
an 2 « 111 2 674 BE8Y 9 676 S44 .
(;}’ ol « 111 23469 9999 8 65 4 »
’ 0 « 1112 3 7 + - 8765 4
-sl « 111 23469 9999 8 65 4 .
-2 « l1ll1 2 678 BBYE 9 876 544 .
-3 « 111 2 3 45 66 777 86 9 76 S 4
-4 « 111 2 3344 555 666 77 76 55 4 3.
=5 « 1111 22 3 44 555 666666 55 44 33
-6 « 11111 2282 333 4444 555555 444 333 .
-7 « 11111 222 3333 4444444444 3333 &
-8 « 111111 2222 3333333 333333 2.
-9 « 1111111 22222 333333333333 222.
-1 « 11111111 2222222 222222.
=1l.l « 111111111 22222222222222222222222222.
» =le2 o 11111111111 222222222222222222222 .
etescssscssestesnsnscssstossssssesstecenncscsts

WANT TO TRY AGAIN (YES=1; NO=0>? 1
THE TWO CURRENTS WILL BE SEPARATED BY 1.0 METER. (NOTEs IF
» THE CURRENTS ARE TO BE OPPOSITELY DIARECTED, STATE ONE OF THEM
AS A NEGATIVE VALUE).
ENTER THE TWO CURRENTS? 4,4

O
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Physics
BFIELD

METERS

=l.2 ~e6
METERS etesssssssetecs

0 . 1.2

ssescsssetossscssssstecssssscsats

1.2 .22222222222222222222222222222222222222222.

1.1 232222222 222222222«
1 «22222 22222.
»9 22 3333333333333333333 22.
8 . 33333333333333333333333333333 .

«7 . 3333333333
6 « 33333

3333333333333333333333333 .
3333333 33333 &

5 «3333 44444444 33333 44444444 3333.

o4 «333 444 555
«d  «33 44 5 666
2 3 44 56 ¥ &
-1 «3 44 5 8
¢ «d 44 567 +
-l «3 44 5 8
-e2 «d 44 56 8 8
-e3 «33 44 5 666
-4 «333 444 555

444 33333 444 555 444 333.
5 4 33333 4 5 666 S 44 33.
6543 2 3456 8 8 65 44 3.

8 432 1 234 & 8 5 44 3.
64 101 46 + 765 44 3.
8 432 1 234 8 B 5 44 3.

6543 2 3456 8 8 65 44 3.
S5 4 33333 4 5 666 5 44 33.
444 33333 444 555 444 333.

=5 «3333 44444444 33333 44444444 3333,

-eb « 33333

-7 . 33333333333333333333333333333333333 .

-8 . 3333333
-9 22 33
-1 022222

-1s1 222222222

3333333 33333 &
3333333333333333333333 .
33333333333333333 22,

22222,
222222222,

=1.2 <22222222222222222222222222222222222222222.

stescscsssnsstes

WANT TO TRY AGAIN (YES=1; NO

sessssestecescsccsscstecscssssete

=037 1

THE TWO CURRENTS VWILL BE SEPARATED BY 1.0 METER. (NOTE: IF

THE CURRENTS ARE TO BE OPPOS
AS A NEGATIVE VALUE).
ENTER THE TWO CURRENTS? 4,~4

I1TELY DIRECTED, STATE ONE OF THEM

8 Copyright 1971, Polytechnic Institute of Brooklyn
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METERS
1.2
le1l
1
9
8
7
6
5
o4
3
2
ol
0
o]
-el
“e3
-ody
—.5
-ef
-.7
-l
-e9
-1
-1 el
~1.2

Physics

BYIELD
METERS
-1.2 -6 0 6 1.2
.*.........*......I..*.........*.........*.
. 1100000000000000000000000101018 .

. 10000000 0000000000000100001100100110111 .
« 1111021102123010101231211211231121113121111211111111 &

«111111111111 111111111111,
«11111111 22222222222 11111111.
«111111 2222222222222R22222222 111111.
ellll 22222 22222 1111.

o111 222 3333333333333333333 =222 111
«ll 222 33 44444444444444444 33 222 11).
el 222 3 4 55 55555555555 55 4 3 222 1.

«1 22 3 B8 7 66 66 7 BE 3 22 1.
« 22 3 4 7 9 7666 79 = 74322 .
« 223 6 + U U - 6 3 22 .
« 22 3 471 9 7 666 79 74322 .
«l 22 3 88 7 66 66 7 88 3 22 1.

«l 222 3 4 55 55555555555 55 4 3 222 1.
«11 222 33 44444444444444444 33 222 11.
elll 222 3333333333333333333 222 111.

1111 22222 22222 1111.
«111111 222222222222222222222 111111,
11111111 22222222222 11111111,
«111111111111 111111131111¢L.

« 11131301010001010100101000003010101000000461210¢81111010
. 11010001001000000000800000000101010010)8 .
. 1111111111113111111011111101111 .

etocsescsecscssotecscscscsscscetecscccsscsctocccscscocet,

WANT TO TRY AGAIN (YES=1l; NO=0>7 O
WELL I GUESS YOU'RE ALL THROUGH. THANKS-- SEE Y'A

READY
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Physics
BrIELD

IREM A+Ce CAGEIANO} PATCHOGUE HeSe3 PHYSICSJ 7-'69

2 REM THIS PROGRAM PERMITS A STUDENT TO VISUALIZE THE MAGNETIC

3 REM INDUCTION ABOUT A SINGLE CONDUCTER ARD THE INFLUENCE OF THE

A REM CURRENT ON THE MAGNITUDE OF THE FIELD. THE STUDENT MAY ALS30

S5 REM VIEV THE MAGNETIC FIELD DUE TO TW0 CURRENTS IN THE

6 REM SAME OR OPPOSITE DIRECTIONS.

7 REM

8REM IT SHOULD BE MNOTED THAT THE PRINTOUT FOR EACH FIELD PLOT TAKES
9 REM ABOUT 4 MINUTES

10 RZM

11 RENM REVISED BY L. BRAUN AND C. LOSIK 7-88-T0
§2 REM '

13 60 TO 24C

80 PRINT”THIS PROGRAM WILL PERMIT YOU TO EXPLORE THE MAGNETIC FlELD"
PRINT"ABOUT A CURHENT DIRECTED INTO THE PAGE AS A FUNCTION OF THE™
PRINT™CURRENT HAGNITUDE-

PRINT -

PRINT"BLTWEERN 1 AND 8 AHPERES)-
PRINT"ENTER YOUR VALUE OF CURRENT"}

90 INPUT I

95 IF ABS{1i)>»8 THEN 110

100 IF ABS{Ii)»=} THEN 130

110 PRINT*C°MON NOW-- ENTER PROFER VALUES."

0
&
.50
60 PRIMT"WHAT VILL BE YOUR INITIAL CURRENT (SELECT POSITIVE VALUES"
0
80

180 @Q0TO 80~

130 IF K>»0 THEN 180

140 PRINT '

150 PRINT "THE MAGNITUDE OF THE FIELD DECREASES FROM 9 TO 0. *

155 PRINT ™9 1S THE HIGHEST POSSIBLE FIELD STRENGTH, AND 0" f
160 PRINT “(WHICH MEANS A ZERO FIELD) THE LOWEST." b ‘)
170 PRINWT -

180 GOSUB 440
190 LET BeKk+l

900 PRINT"

210 IF Ksg@ THEN 240

200 PRINT“SELECT A DIFFERENT CURRENT."
230 GoTo 80

840 PRINT®VOULD YCU LIKE TO TRY TWO DIFFERENT CURRENTS AT THE SAME™

850 PRINT™TINE (YES=1} NO=0)"}

260 INPUT Q@

270 IF Qel THEN 330

875 IF Q<30 THEN 240

280 PRINT"WOULD YOU BATHER TRY ANOTHER CURRENT (YES=1J NOaG)™3

290 INPUT P .

00 IF P=l THEN 80 .
308 IF P<>0 THEN 260

310 PBg:T“mL 1 GUESS YOU'RE ALL THROUGH. THANKS-~ SEE Y'A"

380 Sv

330 PRINT"THE TVO CURRENTS YILL BE SEPARATED BY 1.0 METER. (MOTEs IF®
340 PRINT®TRE CURRENTS ARE TO BE OPPOSITELY DIRKECTED, STATE ONE G6F TREN"
350 PRINT™AS A NEGATIVE VALUE)."

360 PRINT™ENTER THE TWe CURRKATS"}

370 I1MPUT 11,18

380 PRINT ~

390 GOSUR 440

400 PRINT*VANT TO TRY AGAIN (YES=13 NO=0)™“3

41G INPUT P

IF P=l THEN 320

423 IF P=0 THEN 310

A25 G0 TO 400

&

440 PRINT N )
450 PRINT ® “," ©","METERS" .
460 PRINT™ ","=1.8 .6 0 o6 1.8"

[ 6
EE 10 /

Q@ Copyright 1971, Polytechnic Institute of Brooklyn
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Physics
BFIELD

FRINT HETEBS":".’.O..ooooo’ooooooooo’ooooooooo#ooooooooo#o
FOR Y=1.2 TO ~1.8 STEP(=.l)

PRINT * "3 INTC lo‘Y’-S’/lo:"o"l
FOR Z=~2 TO & 57‘9‘.]5

LET X=mo682

LET YEm=YsY

iF Q<»] THEN 730

IF ABS{Y)».001 THEN 640

IF ABS(Z+.8)2.001 THEN 6[0

1F 11>0 THEN 500

PRIAT "~*"3

G0 TO 945

PRINT "+

@0 ' TO 945

IF ABS(Z~.8)».001 THEN 640

IF 18»0 THER 600

80 To 590

REM Rl AND R2 ARE SQUARES tit

‘LET Xi=mX+.5

LET X8=X=e$

LET RisXisXleY2

LET REsX2#2X2+Y2

REM PARALLEL VIRES
LET Hi=]isY/Ri+12%Y/R8
REM RE£ 1S REALLY MINUS OF ﬁHAT vE HAVE
LET HR=1i2Xi/7R1+19X8/R8
LET R=SQR(HIsHI+RRSHR)
€0 TO 760

LET RsSQR(XsX+YR)

IF ARSSR)<.001 TREN 580
LET B=ABSCII/R) ~

iF B».001 THEN 800
PRINT "0™3

80 T0 948

FOR Jm} TO 9

IF ABS(B~R.8%J)<. 75 THEN 840
NEXT J

PRINT * "3

80°TO 945

1F J»5 THEN 900

1F Je»! THEN 860

PRINT "i%}

80" TO 945

1F Jx»8 THEN 870

PRINT »8")

@0 TG 945

IF Je»3 THEN 860

PRINT "33

30" TO 945"

IF Je>4 THRN 890

PRINT "a%}

G0 TO 9435

1F Je>S THEN 900

PRINT "8") o

80°TO %45

1F J<»6 THEIN 910

PRINT "6"} :

Q0 TO 948

1F Je»7 THEN 980

PBINT 7™}

60" TO 948 !
1F Je>§ THEN 930

PRINT "6"}

@0°TO 948"

1P Je>9 THEM 8835

PRINT “9")

PRINT @ "a”.’oooooooo.’oo.o.oou.’ooooooooo’ooooooooo’o

PRINT ~
:.';w Vit 108
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DISCIPLINE PHYSICS
THE H M AND
SUBJECT PHOTON EMISSION

PROGRAM NAME BOHR }

DESCRIPTION:

The student may choose to have the Lyman, Balmer, or -
Paschen Series of the hydrogen emission spectrum displayed. He
then must decide which energy level transitions are responsible for
the lines of the spectrum that he has chosen. If he is successful, an
energy-level diagram is presented and he must determine the energies
of the photons emitted by the electron as it falls between randomly -
selected energy levels.

OBJECTIVES:

To give an increased understanding of the Bohr atom and of
how emission spectra are formed.

PRELIMINARY PREPARATION:

A. Student -~ The sﬁudent should have been introduced to the Bohr atom,
quantum theory, and ideally, have measured the wavelengths of the
bright lines of the hydrogen spectrum.

B. Materials - A piece of paper and a pencil. )

DISC USSION:

After the student selects the series he wishes to see, it is
displayed and he tries to discover which quantum level jumps by the
electron are responsible for the first two of three lines in the series.

If he is successful three times, a statement as to how the lines of that
series are formed is printed and he may then elect to try another series
or move on to work with the energy-level diagram for hydrogen.

After a brief explanation concerning the energy of a photon
emitted during the tranzsition of the electron from a higher to a lower
energy level, the student is given a chance to show what he has learned. N
Energy levels are randomly selected and he must calculate the energy
of the emitted photon. If the student is not successful, he gets a further
explanation. After six trials the program ends.

6 Copyright 1971, Polytechnic Institute of Brooklyn
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Pysics
ROIR

MAY VIEW THE 1o LYNAN 2.BALMER OR 3. PASCHEN
SRRIES BY TYPING IN THE NUMBER OF THE SERIES YOU WANT

DISPLAYED, OR TYPE 4 FOR AN ENERGY LEVEL DIAGRAM.

CHOOSE THE NUMBER OF THE PART YOU WOULD LIKE TO SEE.

78

7000
6900
6800
6700
6600
6500
6400
6300
6200
6100

3500
J&00

swroaessese

22 22 32222 32 2 2 2 2 2 2 2 2 2 X R 2 B & &

Acmeococccns

A

A enonanna
A
Ao occcnns

Acvocccnces

A

Acmeonacsans

> D> >

6564706

4868+ 745

43414737
4108.941

3971 .848
3890.196

3647.059 -~---SERIES LIMIT

110



Physics
ROIIR

ACCORDING TO THE BOHR THEORY EACH OF THESE LINES RESULTS
FROM THE EMISSION OF A PHOTON DURING THE TRANSITION OF THE
ORBITAL ELECTRON OF AN EXCITED HYDROGEN ATOM FROM A iGHER
ENERGY STATE (ORBIT) TO A LOVER ONE. IN A PARTICULAR SERIES
THE TRANSITION (JUMP) ]IS ALWAYS INTO THE SAMZ LOWER LEVEL
CORBIT) FROM ANY HIGHER ONE.

LET®’S SEX IF YOU CAW DETERMINE WHICH TWO ORBITS THE ELECTRON
JAMPED BETWEEN TO GIVE THE LINES THAT HAVE BREN- DISPLAYED.

THE LOVEST ENERGY LEVEL (2Z0UND STATE) 1S NUMBERED ONE.
HIGHER EMERGY LEVELS HAVZ HIGHER NUMBERS IN SEQUENCE.

FOR EXAMPLES FROM A4 TO 1| ENTER AS 4,17 3,4
HEYil FROM A HIGHER TO A LOVER ENERGY LEVEL.

FOR EXAMPLE3: FROM 4 TO 1 ENTER AS 4,17 3,8

Q00D START. THAT GIVES A WAVELENGTH OF 6564.706
THE NEXT LINE 1S FORMED BY WHICH TRANSITION? ag~-,2

BY GEORGE!! I THINK YOU'VE €OT IT!! THE WAVELENGTH IS 48684745
TRY ONE MORE - THE NEXT ONE. ENTER NOW.? 5.8 C

ANY TRANSITION FROM A HIGHER ENERGY LEVEL INTO THE
SECOND EMERGY LEVEL YIELDS A PHOTON OF THK BALMER SERIES.

IF YOU WOULD LIKE TO TRY ANOTHER SERIES TYPE IN THE NUMBER
¢Ff THAT SERIES. IF YOU WANT TO G0 ON TO A NEV PAKT OF

THE PROGRAN TYPEK 4 ) )

WICH?? 4

YOU WILL NOW GET AN ENERGY LEVEL DIAGRAM FOR HYDROGEN.
IT SHOVS THE ENERAY OF THE ELECTRON IN THE VARIOUS EWNERQY
LEVELS. TAE DIFFERENCE BETWEEN THE ENERQY OF THE ELECTRONM
IN A HICAERR LEVEL AMND THAT IN A LOVER LEVEL IS THE ENERGY
OF THZ EMITTED PHOTONs. ~ ECPHOTON) = E CHIGHER) - E (LOWER)

111

.x 0 10
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FAIMSEUS

CONTINUUM BOHR

00000 INFINITYoo0es E= 000000
é ccccncaccavenes Eu « 4370001
) coesscsavncscacs Ex = 4540001
4 ecscesssascecwas Em » 850001
3

careascscancssweass En = ]1,510001

¥ FVFF

esrssnvccvscnse En = 3,400001

¥

N= ] encscssccacsssse Eu = 3,6

FIND THE EWNERGIES OF THE PHOTONS GIVEN OFF FOR THE
TRANSITIONS GIVEN BELOW.

FRON LEVEL 2 TO LEVEL ! THE ENERGY OF THE PHOTON 1577 10.8

@0D. TRY ANOTHER

FPROM LEVEL 4 TO LEVEL @ THE ENERGY OF THE PHOTON 1577 2.65

THE ENERGY OF LEVEL 4 15-+85
THE ENERGY OF LEVEL 8 [5-3.4

THEIR DIFFERENCE = PHOTON ENERGY = 2.55

FROM LEVEL 4 TO LEVEIL 8 THE ENSRGY OF THEK PHOTON 1577 2.85
@0D. TRY ANOTHER

FROM LEVEL 8 TO LEVEL | THE ENERGY OF THE PHOTON 1S?? 10.8
@00D. TRY ANOTHER .

PROM LEVEL S TO LEVEL 8 THE ENERGY OF THK PHOTON 1577 2.86
€0D. TRY ANOTHER

PROM LEVIL 5 TO LEVEL 8 THE ENERGY OF THE PHOTOM 1577 8.86

THANK YOU, AND GOODBYE.

Ao 112
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Physics
BOHR

1 REM JOHN HOSIE - WORTHPORT HIGH - 7/23/69
90 LET T=g£ ' '
REM REVISED BY C.LOSIK &8-81-70

REM M 15 WHICH PROBLEM, L 1S A SERIES WAVELENGTH,A AND B ARE
REM UPPER AND LOVWER LIMITS OoF POSSIBLE SERIES VALUES S

100
108
106
180
130
140
150
160
170
160
190
200
210
220
888
224
a6
208
230
238

g288E

g3

SREaRARERCEURIRAREEE

[
[
(=]

44 FEI311

RANDOMIZE

PRINT "YOU MAY VIEW THE 1. LYMAN 2.BALMER OR 3. PASCHEN"
PRINT "SERIES BY TYPING IN THE NUMBER OF THE SERIES YOU WANT*
PRINT "DISPLAYED, OR TYPE 4 FFOR AN ENERGY LEVEL DIAGRAM.*

PRINT

PRINT * CHOOSE THE NUMBER OF THE PART YOU WOULD LIKE TO SEE."3

PRINT

LET @m=l

DIM S5¢10)
LET us0
INPUT M

FOR Q=1 TO &

IF M=@ THEN 235

NEXT Q
PRINT 1, 8,
G0 TO 820
PRINT

3, OR A ONLY, PLRASE!"™

IF MoA THEN 1800

LET BNoM+l

LET D=12400%HMt2/13.6
LET Di=INT (.014D)

GO TO 450

FOR I=A TO B STEP -1

LET Bul3.6u(1/MtR~1/N18)
LET L=128400/E° '

LET PelINT (.01sL)
17 1=D1 THEN 430°

I1r lep THEN 370

PRIAT 100*1*
a0 TO 4l0 °
LET JeJel
LET S(JisL

A"

PRINT 100#!" @.-----.--o“L

LET Nnd+i
NBXT 1
60 TO 590

PRINT 100%I¥ Asomnmncesns"(R400*NsM/13.6" ~~~~=5ERIES LINIT"

G0 TO 410

LET Yol84006CHta+M12)/C13.65CN1~N1R))
LET YoalHT(.012Y) ) ’

IF ¥<i$ THEY
IF Y<70 THEN

1F Y<190 THEIN S50

LET AwiS
LET Re$
80 TO 890
LET A=70
LET Bs30
@0 70 890
LET Aui®0
LET Ban78

$00
530

IF @51 THEN G860

€0 TO 290
PRINT

PRINT * ACCORDING TO THX BOHR THEORY EACH OF THESE LINES RESULES™

ETTIORE

113
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Piysics
BOHR

$10 PRINT “FROM THE EMISSION OF A PHOTON DURING THE TRANSITION OF THE"™
PRINT “"ORBITAL ELECTRON OF AN EXCITED HYDROGEN ATOM FROM A KIGHER"
PRINT “ENERGY STATE (ORBIT) TO A LOWER ONEe. IN A PARTICULAR SERIES"
PRINT “THE TRANSITION (JUMP) IS ALWAYS IHTO THE SAHB LOWER LEVEL®
PRINT "(OB.BI'I') FROM ANY HIBHEB ONZ.*
LET G=G+}
PRINT * LET'S SEE IF YOU CAN DETERMINE GHICH TWO ORBITS THE ELECTRD
670 PRINT “JUMPED BETWEEN TO QIVE THE LINES THAT HAVE BEEN DlSPU\Y!:D. :
PRINT * THE LOVEST EMERGY LEVEL (GROUND STATE) 1S NUMBERED ONE.*
PRINT "HIGHER ENERGY LEVELS HAVE HIGHER NUMBERS IH SEQUENCE."
LET F=l
PRINT
PRINT
PRINT * FOR EXAMPLES FROM 4 TO 1| ENTER AS 4,1'}
LET TeTel '
INPUT NLMI1
PRINT
IF N»M1 THEN 820
IF F<¢») THEN 800
PRINT “HEY!l FROM A HIGHER T0 A LOVER ENERGY LEVEL."
80 TO 710
PRINT “00PS - FRUM HIGHER TO LOWER."
80 TO 710
LET Li»o18400%(NM]123#Nt23)/(13.6%#(Nt8=-M112))
IF ABS(L1-S(F))<.005 TREN 890
IF F>»1 THEN 870
PRINT “NOPE!1! TRY AGAIN.*
a0 TO 710
PB;RT "SORRYe TRY AGAI_NI YOUR FINAL ENERGY LEVEL SHOULD BE"M
a0 TO0 710 )
IF F=]l THEN 930
900 IF M=l THEN 1010
910 IF F=2 THEN 970
i 980 €3 TO 1010
g 930 PRINT "GOOD START. THAT GIVES A WAVELENGTH OF”"LI1
940 PRINT “THE NEXT LINE 1S FORMED BY WHICH TBANSI‘NON"J
950 LET F=Fel
960 GO TO 740
970 PRINT “BY GEORGE!! I THINK YOU'VE GOT I1T!1! THE WAVELENGTH IS"LI
980 PRINT "TRY ONE MORE - 'I'BE NEXT ONE. ENTER NOW."™S
990 LET FaFel
1000 60 TO 740
1010 PRINT
1080 Pallﬂ‘ *  ANY TBMS!T!ON FROM A HIGHER ENERGY LEVEL INTO THE"
1030 IF M=) THEN 1080
1040 IF M=8 THEN 1!10
1050 PRINT “THIRD ENERGY LEVEL CAUSES THE II!ISSION OF A PHOTON OF THE"
1060 PRINT “PASCHEY SI'.RIES.
. 1070 @0'TO 1130
1080 PRINT "QGROUND STATE 13 ACCOFANIED BY THE DIISSIO)I or A PHO'I‘OU OF"
1090 PRINT "LIGHT B!LO!IGING T0 'I'HI LYHAH SER!ES.
1100 €% °'TO 1180 °
llg PRINT "SECOND ENERGY LEVEL Y!ELDS A PHOTON OF THE BALMER SERIES.™
11 PRINT ~ ’ ' - )
1130 PRINT "IF YOU WOULD LIKE TO TRY ANOTHER SERIES TYPE IN THE NUNBER"
1140 PREINT "OF THAT SERIES. IF YOU HANT TO GO ON TO A NEV PAB‘I‘ 0!"' '
1150 PRINT “THE PROGRAM TYPE 4"
1160 PRINT ®"WHICH?";
1190 @0"TO0 880" "~ ~
1200 PRINT
1810 PRINT * YOU WILL NOW GET AN ENERGY LEVEL DIAGRAM FOR HYDROGEN."
1880 PRINT "IT SHOWS THE ENERGY OF THE ELECTRON IN THE VARIOUS ENZRGY™
1830 PRIMT “LXIVELS. THE DIFFERENCKE BETVERN THE ENERGY OF THE ZLICTRON"
1840 PRINT "IN A HIGHER LEVEL AND THAT IN A LOWER LEVEL IS THE ENERGY™

SEIEREEE o AR R 2RES858E08
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1950
1260
1870
1280
1290
1300
1310
i3g0
1330
1340
1350
1360
1370
1360
1390
1400
fal0
iago
1430
1440
1450
1460
1470
j480
1490
1500
i510
1520
1530
1
1540
1850
1360
1870
1560
1890
1600
1619
1680
1630
4 1640
: 1650
1660
1670

ERIC

Aruitoxt provided by Eic:

Physics

BOHR
PRINT "OF THE EMITTED PHOTON. EC(PHOTON) = E (HIGHER) ~ E (LOWVER)™ .
PRINT o ) - .
PRINT " CONTINUUM"
PRINT
PRINT "No 000001”1'11"0000- Is 000000*
LET wwe
FOR I=} TO 40 : -
LET T=INTCL0/NtR+.56) .
IF 1=Y THEN 13680 i

PRI
60 TO 1380
PRINT “No"N® ec-iccccccaccce Es ="INTC(1360/Nt8)/100+.000001
LET OeN-1 T '
uExT 1
PRINT
PRINT “FIND THE ENERGIES OF THE PHOTONS GIVEN OFF FOR THE"
PRINT “TRANSITIONS GIOEN BELOW.”
LET J=0
FOR 120 TO T=Q
LET Y3=RND(I)
NEXT 1
FOR 1=1 TO 80
LET Y3=INTC(1+(SsRND(1)))
LET Y4=INTCI+CS*RNDCI+1)))
1P YA>Y3 THEN 1510
REXT 1
PRINT
P:;lf ;130" LEVEL"YA™ TO LEVEL"Y3™ THE ENERGY OF THE PHOTON 18173
18PUT

LET JsJ+l ' )
PRINT -
LET E=-13.6%C1/CYAt2)=1/CY312))

IF ABSCEi-E)>.005 THEN 1610 -

IF Jug THEN 1660

PRINT “00D. TRY ANOTHER™

@0 T0 1460

PRINT "THE ENERGY OF LEVEL"YA ® 15"-13.6/(YAt2)

PRINT ™THE EWERGY OF LEVEL"Y3 * 15"-13.67(Y318)

PRINT :

PRINT “THEIR DIFFERENCE = PHOTON ENERGY ="

60 TO 1460°

PRINT “THANK YOU, AND GOODBYE.”

-

o 1‘!4'5’
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DISCIPLINE PHYSICS

SUBJEC: CALORIMETRY

PROGRAM NAME CALORI

DESCRIPTION:

Calorimetry experiments are simulated by the computer permitting
the student to enter the mass and temperatures of two quantities of water.
The computer calculates and prints out the equilibrium temperature of
the mixture. The student must then determine the heat energy, in
calories, to be supplied (or removed) from each mass to outain the
equilibrium temperature.

OBJECTIVES:

A. To acquaint the students with conservation of energy concepts in-
volving calorimetry.

B. To determine the equations governing these relationships.

PRELIMINARY PREPARATION:

A. Student - Must know definitions for calorie and specific heat.

E. Materials - Table of Specific heats

DYSCUSSION:

Calorimetry, in its simplest form, is presented as part of a
class lesson. The concept of heat energy balance is developed by
presenting several examples, with the computer, based on the definition
of the " calorie." Specific heat is introduced by a similar approach
{replacing the water of the initial examples, with alcohol; specific heat of
.6 calf/gm-0°C.)

The program can be modified (with relative ease) to incorporate
different materials or combinations of different materials.

When this program was used as an introduction to calorimetry,
it was noted that many students were able to determine the equations
describing the phenomenon by utilizing the stated results from the computer.

15
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Ihysics
CATORI

HEAT AND CALORIMETRY
YOU HAVE TW0 BERKERS OF WATER o
WIAT IS THE MASS (IN GRAMS) ANON THE TEMP (IN DEGREES) GF THE
WATER IN THE FIRST BEAKER? 80,50 :

WHAT IS THE MASS C(IN GRAMS) AND THE TEMP (IN DEGREES) OF THE
WATER IN THE SECOND BEAKER? 40,60

THE FINAL TEKMPERATURE OF THE MIXTURE IS 5333 DEGREES.

HOV MANY CALORIES WERE INVOLVED IN CHANGING THE TEMP OF
THE FIRST BEAKER FROM 50 TO 53.33 DEGREES? 260

YOU'RE CLOSE ENOUGHe THE COHRECT ANSWER IS 266.4 CALORIES.

HOW MANY CALORIES WERE INVOULVED IN CHANGING THE TEMP OF
THE SECOND BEAKER FROM 60 TO 53.33 DEGREES? 240

YOU'RE MORE THAN 3 PERCENI OFFe YOU SHOULD HAVE SA1D

2668 CALORIESe. :

VANT TO TRY AGAIN (1=YES, O0=NO) t 7 |

CHOOSE A LIQUID ' O=VWATER, l=ALCOHOL. WHICH? 1

YCU HAVE Tw0 BEAKERS OF ALCOHOL .

WAT IS THE MASS (IN GRAMS) AMD THE TEMP (IN DEGREES) OF THE
ALCOHOL IN THE FIAST BEAKER? 100,50

WHAT 1S THE MASS (IN GRAMS) AND THE TEMP (IN DEGREES) OF THE
ALCOHOL Iw THE SECOND BEAKER? 100,70 ’

THE FINAL TEMPERATURE OF THE MIXTURE 15 60 DEGREES.

HOV MANY CALURIES YERK INVOLVED IN CHANGING THE TEMP OF
THE FIBST BEAMER FROM 50 TO &0 DEGREES? 1000

YOU'RE MORE THAN 3 PERCENT OFF. YOU SHOULD HAVE SAID
600 CALORIES. ’

HOV MAMY CALORIES VERFE INVOLVED IN CHANGING THE TEIMP OF
THE SECOND BFAKER FROM 170 TO 60 DEGREES? 600

YOU'RE CLOSE ZNOUGH. THE CORRECT ANSVER IS5 600 CALORIES.

WANT TG TRY AGARIY (i~ 3 0=NO) 8 * o

READY

O
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Physics
CALORI

REM A+Ce CAGBIANQS PATCHOGUE HeS.) PHYSICS; 2-'69

'e REM THIS PROGRAM INVOLVES CALORIMETRY EXPERIMENTS OR THEIR
{w S Rem sxuuu\r;og; C.LOSIK 8 as 7 '
RE- BEVISE [ -
i 2 REM K TELLS WHICH LIQUID, J TELLS WHICH BEAKER, ‘
7 REM M(J) ARE THE MASSES OF LIQUID, T(J)> ARE THEIR VEMPERATURES
* 80 LET K=0

90 DIM M(2),T(2)
100 PRINT " ","HEAT AND CALORIHETRY"
110 PRINT
112 PRINT
114 PRINT #6408 0444"
- 116 PRINT
120 PRINT"YOU HAVE TW0O BEAKERS OF''}
130 gosSuUB 590
140 PRINT"."
150 FOR J=1 TO 2
160 PRINT"WHAT IS THE MASS (IN GBAHS) AND THE TEMP C(IN DEGREES) OF THE"
170 GOSUB 590
180 PRINT"IN THE"3
190 @OSUB 540
800 PRINT"BEAKER";
210 INPUT M(J}JT(J)
220 PRINT
830 NEXT J
240 LET 1'3-("(I)‘T(I)’M(Z).T(E))/(N(I)fﬂ(a.‘l)
245 LET T3=INTC(100*T3¢.5)7100 "~
850 PRINT"THE FINAL TEMPERATURE OF THE HIXTURE Is "1'3" DEGREBS.
260 PRINT
270 FOR J=i TOQ 2
280 PRINT"HOW MANY CALORIES WERE INVOLVED IN CHANGING THE TEMP OF*®
290 PRINT"THE "}
20 @gosus S40
310 PRINT" BEAKER '
320 PRINT"FROM "T(J)" TO "T3™ DEGREES“3
' . 330 INPUT H N
( ! 335 PRINT
340 LET GmABS(H)
380 LET TRABS(TI=-T(J))
380 IF G<»0 THEN390
3TC IF S*M(J)=T=0 THEN 400
380 QOTO 430°
I IF ABS((G=S*M(JI)*T)/@)>+03 THEN 430
400 PRINT"YOU'RE CLOSE’ EHOUGHo THE CORRECT ANSWER 18 "3
403 @0to 440
410 PRINT
420 G0TODAED
430 PRINT"YOU'RE MORE THAN 3 PERCENT OFF- YOU SHOULD HAVE SAID"
440 PRINT INT(IOOOSW(J)OTQoS)IIOO * CALORIES.”
450 PRINT ~
450 MEXT J
* 465 PRINT
AT70 PRINT "MANT TO TRY AGAIN (I=YES, 0=NO) s *3
475 INPUT Q
480 1F Q=0 THEN 660
483 1r Q<> THEN A65
- 485 PRINT "CHOOSE A LIQUID 8 O=VATER. I'ALCOHOL- WHICH"}
49 INPUT K I
S00 IF Ke(K-[)<>0 THE 485
510 60 TO 110’
IF Jug THEN 570
PRINT™ FIRST "3
a0T0 580
PRINT™ SECOND "3
RETURN
IF K=l THEN 630
PRINT* VATER ™}
LET Ss=i
G0T06%0
PRIRT" ALCOHOL ™3
LET S=.6
RETURN
END
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DISCIPLINE PHYSICS

SUBJECT RADIOACTIVE DECAY

PROGRAM NAME DECAY]1

DESCRIPTION:

Ra dioactive decay is treated pseudo-quantitatively, by permitting the
student to determine the approximate number of radioactive particles remaining
after various times.

QOBJECTIVES:

To induce a '"feel'’ for exponential decay, by repeated exercises.

PRELIMINARY PREPARATION:

DISCUSSION:

A. Student - Awareness of terms: half-life, exponential, and radioactivity

B. Materials - none

The concept of radioactive decay is presented playfully as a game,
allowing the student to challenge his own ability in determining (with 5, 10, or 20%
error), the number of radioactive ''chips'’' remaining after various times. The
number of chips successively decreases with each trial, increasing the level
of difficulty as the program runs. In each case, the exact number remaining
is given, following the students' entered value.

Individuals or small groups, find this program exciting. They enjoy
the game approach, at least the first time through it, and seem to be motivated
by the opportunity to '’ break the bank.'’

This program can be used as an integral part of a class lesson to introduce
the concept, or to motivate group discussion and participation concerning the
phenomena.

18
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Physics

DECAY1
«==THE NEW CLEA CASINO=--~
/ , MRe As TOM MICK, GENERAL MANAGER OF THE NEW CLEA CASINO,
{ HAS,» AT TIME Tw0, DISCOVSAED 300-0G0 BADIGACTIVE PLAYING

CHIPS AT HIS TABLE. THEIR HALF~LIFE 15 10 MINUTES. EACH CHIP
TRANSMUTES SPONTANEOUSLY AND COMPLETELY IN A RANDOM FASHIONe

AT VARIOUS TIMES T, AFTER T#0» YQU MUST DETERMINE WITHIN
A CERTAIN PERGENTAGE, HOW MANY CHIPS ARE LEFT.

T0 FURTHER THE INTEREST OF THE GAME, YOU WILL START VWITH
$1,000 AND THE HOUSE WITH AN UNSPECIFIED AMOUNT. HALF THE
MONEY YOU HAVE WILL RIDE ON EACH GUESS YOU TAKE. LET'S SEE
IF YOU CAN BREAK THE MOUSE BEFORE THE CHIPS RUN OUT. ~

THE HOUSE OFFERS THE FOLLOVING ODDSt
8) 2 TO § ODDS FOR GUESSING VITHIN 20 PERCENT
4) 4 TO } ODDS FOR GUESSING WITHIN 10 PERCENT
83 & 70 1 ODDS FOR GUESSING VITHIN S PERCENT.

ENTER THE NUMBER 2, #» OR 6 FOR THE 0DDS YOU WANT AFTER THE
QUESTION MARK IN THE COLUMN LABELLED ODDSe.

YOUR $ HOUSE $ TIME (MIN)  ODDS

1000 1 «O00000E+6 T2 7?8
HOW MANY CHIPS LEFT 7 60700

ACTUAL NUNBER LEFT I5 60716

YOU WONe TRY AGAIN.

S020 996000 13,9 78
HOW MANY CHIPS LEFT ? 38150

ACTUAL NUMBER LEFT IS5 38164

YOU @ONe TRY AGAIN.’

£5000 . 976000 86.9 18
HOW MANY CHIPS LEFT 7 15600

ACTUOAL NUIMRFR LERT IS 15802

YOU WONe TRY AGAIN.

{ 185000 876000 30.7 76
. HOV MANY CHIPS LEFT 7 11900
ACTUAL NUMBER LEPT IS 11913
YOU CAN BREAK THE HOUSE IF YOU TRY A LONG SHOT.

625000 376000 4844 ?8
HOW MANY CHIPS LEFT ? 3500
ACTUAL. NUIBER LEFT IS 3494
. YOU BAOKE THE HOUSEe YOU NEEDED ONLY THE MINIMUM NUMBER OF GUESSZS.
CONGRATULATIONS.
YOU MUST KNOW A LOT ABOUT RADIOACTIVITY AND THINGS.
THANKS FOR PLAY]NGee

coaves LY TN e e R L Y L T YT P Y X 1)

CHECK NO« 3499

DATES veevcevnncccc]9ee
PAY T0 THE ORDER UF~~~-~=~-=CASHe~=~--3 1.001000E+6

THE NEW CLEA CASIND A. TOM MICK
- GENERAL HANAGER

E T Y T T PP P T Y P P TP T L PP T IE Y LEERL P L L L T Y

DONT SPEND IT ALL IN ONE PLACE.

READY

19
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870
230
290

310

370

Physics
" DECAY1

REM RICHARD F. PAV, PATCHOGUE H.3., (PHYSICS) REVISED NOVe 26,1968
FANDOHIZE )

REM THXS 1S A GAME BASED ON RADIOACTIVE DECAY.

PRINT " ===THE NEV CLEA CASINO===%

PRINT

PRINT " MRe Ae TOM MICK,» GENERAL MANAGER OF THE NEW CLEA CASINOY
PRINT “HAS» AT TIME Te0, DISCOVERED 100,000 RADIOACTIVE PLAYING"™
PRINT “CHIPS AT H1S5 TADLE. TREIR HALF-LIFE 15 10 MINUTES. EACH CHIP"
PRINT TTRANSMUTES SPONTANEOUSLY AND CCMPLETELY IN A RANDOM FASHION.®
PRINT

PRINT " AT VARIOUS TIMES T, AFTER T»0, YOU MUST DETERMINE WITHIM
PRINT ™A CERTAIN PERCENTAGE, HOW MANY CHIPS ARE LEFT.!

PRINT

PRIRT " TO FURTHER THE INTEREST OF THE GAME, YOU WILL START WITM
PRINT "$1,000 AND THE HOUSE WITH AN UNSPECIFIED AMOUNT. HALF THE"™ ~
PRINT "MONEY YCU HAVE VILL RIDE ON EACH GUESS YOU TAKEe LET'S SEE"
PRINT "IF YOU CAN BREAK THE HOUSE BEFORE THE CHIPS RUN OUT.”’

PRINT

PRINT "THE HOUSE OFFERS THE FOLLOWING ODDSs*

PRINT * 2) 2 TO 1 ODDS FOR GUESSING WITHIN 20 PERCENT"™

PRINT " 4) 4 TO 1 ODDS FOR GUESSING WITHIN 10 PERCENT"

PRINT * 8> 8 To 1 0ODDS FOR GUESSING WITHIN S PERCENT."

PHINT

PRINT “ENTER THE NUMBER 8, 4» OR B FOR THE ODDS YCU WANT AFTER THE"
PRINT “QUESTION MARK IN THE COLUMN LABELLED ODDS."

PRINT

PRINT “YOUR 8', *"HOUSE $™» “TIME (MIN)>", *ODDS"™

LET As0 ' ) o .

LET Be0

LET Te=0 .

LET ¥Y=1000 .

LET C=0

PRINT

IF ABS(G-D)<1500 THEN 450

LET G5

LET De2

LET BeBe¢l

FOR lul TO 3¢A¢ABS(G-D)

LET T3»INTC100#RND(-Y2)/10

NEXT } °~

LET T=T+T3

LET DIINTCIESOEXP(-.0693tT))

I¥ DosO THEN 860

PRINT Y»1001000=Y,T, ’

INPUT A

IF¥ a=2 THEN 610

IF Aw4 THEN 610

IF A8 THEN 610 *
PRINT *"SOHRY PALs WE DONT OFFER THOSE ODDS.*™

IF Cel THEN 620 .
LLCT Cel

GOTO 520

PRINT "HOW MANY CHIPS LEFT I

INPUT @

PRINT "ACTUAL NUMBER LEFT 1S "iD

1IF Ae2 THEN 700 ’

IF Aw4a THEN 680

LET P=.05

G070 710

LET Pe.l

GOTO 710 .

LET P=.2 ) .

20
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1000
1010
WY
1030
1040
) 1050
i 1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170

ERIC
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Physics
DECAY1

LET T»10sB

IF ABS(D=-Q)<=PsD THEN 770

LET YelNTC(Y-Y/8)

IF Y<w50 THEN 620

PRINT "TO00 BAD., YOU LISTe TRY AGAIN."

GOTO 400

LET Ys«INT(Y®AsY/2)

IF 1000000~Y<} THEN 690

IF Y»3ES THEN 849

PRINT ®YOU WON. TRY AG&IN.'

GOTO 400

PR;NT *IT SEEMS YOU JUaT CANT GBT THE HANGQ OF lT. SAVE YOUR BRBAD.
g0To 960

PRINT “YOU CAN BREAX THE HOUSE lF YOU TRY A LONG SHOT."
GOTO 400

PRINT '""0000FSeee SORRY PALs THE LAST CHXP JUST DlSlNTEGRATED.
PRINT "THE HOUSE IS CLOSED."

GOTO 960

PRINT "YOU BROKE THE HOUSE. YOU NEEDED ONLY "3

LET Y=1001000

IF B>S THEN 930

PRINT "THE MIN!MUH NUMBER OF GUESSES."

GOTO 9240

PRINT B3"GUESSES."

PRINT "“CONCRATULATIONS."

PRINT "YOU MUST iiOW A LOT ABOUT RADIOACT!V&TY AND THINGS.
PHINT "THANKS FOR PLAYINGeo"

PRINT

PRINT n..--.-.----...--.-.--....--.-.--~.--..--....--....---...‘.....u .

PRINT :

PRINT * . CHECK NO+'"3B+D

PRINT C T

PRANT DATEs "3

PRINT "eonvecncvecncn]fuar : :

PRINT . ’

PRINT .

PRINT * PAY TO THS ORDER QF==%;

PRI“T “---.--QASH-..---"‘

POUINT "S"JY

PRINT

PRINT :

PRINT * THE NEW CLEA CASINO Ae TOM MICK"

PRIKRT * '  GERERAL MANAGER"
PRINT ’ ' .
PRINT Yeeeoccocraccssnnwncavca coew ceccs corenval
PRINT : -
PRINT "DONT SPEND IT ALL IN ONE PLACE."™ .

END ’ ’

21
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DISCIPLINE CHEMISTRY-PHYSICS

SUBJECT NUCLEAR DECAY

PROGRAM NAME DECAY?2

DESCRIPTION:

This program will do the following:

A. Calculate half-life from 2 readings on a geiger counter, and the
time between them. :

B. - Calculate mass of a radioactive sample remaining after some given
amount of time.

C. Prints out a table showing mass ofr number of particles of a
radioactive sample remaining vs. some range of time.

OBJECTIVES:

A. To provide tables and graphs for a better understanding of the
exponential decay of a radioactive substance.

B. To provide a calculator for determining the amount of mass of a
radioactive sample remaining after some given amount of time.

C. To provide a calculator for half-life experiments.

PRELIMINARY PREPARATION:

A. Student - The student should have a general introduction to half-
ilte pefore the use of the program.

B. Materials ~ none

' DISCUSSIOIT:

It is difficult to teach about the exponential (logarithmic) manner
by which radioactive elements decay without meaningful illustrations and
simulations.

22
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Chem-Phys
DECAY2
_Q‘ISC USSION: (con't)

With this program, a number of interesting possibilities are
available. For example, if the initial mass is 100 g and the time is
equal to 10 half-lives with an increment equal to the half-life, the
student will see the mass decrease to 0.1 g during that time. More
important, the example may be generalized to show that for any radio~

“active sample:

after 1 half-life 50% of the substance remains

after 2 half-life 25% of the substance remains

after 3 half-life 12. 5% of the substance remains —
after 10 half-life 0.1% of the substance remains

You may also illuatrate nuclear decay by using particles instead
of mass. Uge Avogadro' s number of particles witl students who feel
comfortable with scientific notation. For the othe: = you may use a
number up to 1, 000, 000 without having exponential 1. © bers print
out in the table.

The fact that the teletype unit takes about 8 seconds to type cut
a line provides you with cute little gimmicks. Set up a run with 8 seconds
(or any multiple of 8) and the print-out of the table will keep time with
the decay of the sample substance.

Please note that the half-life calculations are not accurate for a
small number of particles, thus it is misleading to make runsgo to zero
mass or zero particles.

23
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DECAY2

Ld TJJ sy ORI (o S SYRUCII N £ # AP ushy) ¢ ¢ L
snd o adGnar wllbh vo ink ruLLuwlnui ) .
cnulce 1 = Cabludlalks naup-Like Pl LW BEADLINGD
un b GeiGrn Cluna ke
CiUllE ¢ = UnLoulafleo nvw viven 1 Y nnULOAUiLVE'snmrL;
GILL nEMALN arien oOme GLVEN AMOJNE Ur 1 bie
OOtk o = ctlnio Vvl A lasbe snusinu uASL UF SAmeLE
Vos Llive Urg NUe Ir “rarlonLeEd JVoe liike.
CundlPna Ui blival.) gaaes rua thn paBle 10J
wdot Lawrdl aUfak stern any Ll Lacassivte
EasuieLemt LE fUbAL dlme=luu AN lee
laUnerient=1U0s faeN fler do o 1adle WLl
Uw lUuszdadUseescscsssanriUde
cavlcen a4 = mwb OF FauGitiv

NOTES 1N ANT ONE PudBLens lan rdol

aLWdto o lnfufEw 1y lng oruuks Unias
JOF meHounsr (ixd DU esrilNSes iU

PIEE LY R LT

andl Lo 1Udn cnvlee? .
wnnag Lo Far IndUtal asauinG o oane GulGeEn codwnidn,
fae okUOND alAUL NG aiD dne Gtk BEL VLN neADLNGS.
? 1HUUSUUU L 36

INLiinl abavint=s suud obuuNu neRLING= LSuu Likes J6
nALr=LiFe= 35wy 705

A Kk koK E K K
WAl [5 YQJst vnolur? )
WhAT 1o fnk INITIAL aeE4DING ON Ine GELGEN CUUNTE
TnkE SECUND naeablnGsr ANU fan flme soisesy acaDINGSe
2 1151296021
INLTJAL akEAUINGS 1246 HECOND EADING= T7h flmes 21z
HALF~-LIFEs 3043285
Fk A 3 A 00 K
WHAT 1o 10Ut CnOicik? 2

WHAT IS fhE naLF-Llfe, INLTIAL MASo OF SANMFLE, AND
TOTAL T1ME UF DECAY? 18,56,76

RALF~LIFE= o INIVIAL MAs5= 56 LOVAL rlviE= 76
MASS OF SANMPLE REMALINING= 3.000952

ok Rk Kk kKR
WHAT IS5 YOU.t CrOICE? J

bO YOU WAN! Y0 WOnRK Wifn PAKTICLES On MASS? (ANSWER 1 FOn
PARATICLES Ot 2 FOi MASS) 7 1

WHAL 15 I'nmE nALF-LIFE, INI{1AL NOMBEs OF pPAKTICLES IN Ik
SAMPLE, TOVAL ELAPSED TltE FOit DECAY, ANU (nk
INCHEMENT OF ELAPSED TIME? 1U,6.u2E23,10U,10

HALF-L1FE= 1V INITIAL NO. OF PARTICLES= 6.020000E+LY
10TAL TIME= luu INCREMENT= 10U

24
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FimE Panlicvles

[§} 6eJUUUUE+Z2Y
iu Jeulul4yck+28
2u ledUbl42n+23
3u Teb20U65E+L2
4u SeT6321Ubk+22
SV le8lnY4E+22
1Y Yel4uoyl3E+2]
™ Yo fUU6IVE+SL
ouJ ZeddlUdUE+Z]
YU lel76201E+21
luv S.volholE+zy

DY YJU WAMNE Ink ASOVE DAlA

C

HeUugUUUUIL +23
flivk
v}
1J
2U
3u
40
50
6V
70
[=18]
YU
10v

B B e B D b bt b bt B =
*

K %k k kok kK K

WAT IS5 YOUas CHOLICE? o

PAale LUs>

m—rmam amma-

J

JeUuYbHoE+2 I
leS5USUUUE+2Y
Te525855u+e
Je 162035E+22
TebolS16E+22
Yelduou26s+21
de V42350 +2 |
de3nde2on+el
1lel76170R+21
Seboll126n+i2U

GnarnEb? (l-1¢

Physics
DECAY2

'oral #ante LUsSS

v}

SeUUBDLDLE+Z S
fJeblyedob+2s
SecbravdE+LS
D46 IVE+Z Y
Seddlodlb+iy
Sewlbylile+2y
DeY72Y53k+2y
DeYVYOLTISE+LZY
6.l I T+
HeUldlloE+2y

Eos u=NOI?2 |}

MASS (Ui FPARTLICLER) nskAlNInG

DU YOU WANIT U wOdA wiin PARTICLES O MA>>? (aANaWen 1 Fuis

PARTICLES 0id 2 FUOsi MASS) ?

d

WHAT IS Ik nALF=-LIF£, INITIAL MAS3 OF SaMPLE, 10FAL

ELAPSED [IME FUn DECAY, ANV
ELAPSED [lmE? 15,1dUs15U,15

nALF-LIFE= 15 INITIAL MASS=

fink MASS

J 109

15 50U .0U236
30 25.00236
45 1250177
60 6e25110
75 3125737
YU 1562942
105 ¢ 7815081
e ‘ « 3907725
135 « 1953955
150 WYTU234

nE INCREMENT

10U [OTAL [iM

MAL> LOs>

0
4999764
25
12.5005Y9
625U5%
Jela5443
1.562745
e 76814344
¢ 390 7356
« 195377
WY 769313

126

OF

E= 150 INCakEMENT=

IfOVAL ®MASs LUSS

V]

49«99 764
T4«99764
BT7e49823
Y3« 740b2
Y60 7426
YBe437J6
Yve.2184Y
YY.60923
99.8046
9y .yo229
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Physics
DECAY2

Divla waAarnelb? (l=tkss U=NUd? |

oo (i Pantlclad) avenliulnG

] 190
Ilvi J]oecmrecacn]lvmemcrcca|wcecmrcnn|ccccccas emmernmna]
[¥] 1 %
15 i “
3 L B
45 L *
6y IS
75 LS
Yu 1=
luy *
12v ¥
135 E
154 3

EER RN 2T

wing lo 1UJ. vatlus? 4
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DECAY2

10U il fe Duoare vt ue eosalniouliv #Ls 1/c4/060y

1ud s emvlool L1 Celuola t-le=yJ

1hu apey Cal.obdilun Ur nane=Lire sivp amesdlalot astoo davbhuubant
120 Joun DL O  AND Ueeti®nnde

122 rodol w100 wANE ladladlilote (I=rds u=au) ¢ Y

124 lwrdl o

126 IF as=u lnow Juu

120 (F a<>]l inev lzd

130 #ally Inlo avtaie. wILL LU 1ok tolLdwings'

lau rgive citvivi b= CAabvuLareo nale=LikFe rale. oo szl
190 ralwi UN B GrLlCGoa CUUNLate'

louralng” Chulue 2 = CalluLlasino uw cmuen OF 0 cawwloadiive
17000001 ¢ ALL wwisAly AF e, odiias Gldn AcudnN |
18U alytl LnUlun 3 = Falivio Jutr R ozl ondeld s aoo JF
DTS IFLETS KO Voe 1lok v Nue UF FilasllLlno voe
2d calNgt ] COnnrn OF FLOUNAL) WOVB! rLL L AL
clu ruint" ' mdol INrusr 101AL Lline ANL LIMk LNC
22uritlo" merfrLed 1F £Oral rlve=luu Aanb Lin
23U sl LwveabdbBivli=lus toky FleE Lo ine Tap
249 ~ulni" UE lVUsdUs3Vseccecncnceesluu.

250 il CiOlle 4 = BN Uk 2alGiAm*!

“ou il

270 falwi" NULES LN ANI uNe FauusLiEds rlve nJdoi
zdoU PrlNi" ALWAYS Bk Inrutkyu IN ihe AN UNLL
290 rrinp OF MeEAsUnE (lh:t SEUDesMiNoesLTU )"
duu PARINT

dlu Pulwvt EEkxbkkkaxaxt!

32U rilNTY

330 2nliil wnAl Lo Tuda Cavluoe';

34u IwrPULr o

35urnnind

360 IF A=l inewn 4lu

370 IF a=2 [neN 4wy

380 1K a=8 [REN 57U

390 IF 4<>4 ynkN 3¢

400 slos

4 0PRINT" wnAl lIo i1he INLITIAL sEADING UN 1':;:2'(52'.'16&& CUJNTEn,"

420
43u
433
435
437
449
450
460
47
480
499
500
510
52V
530

PRINI [rie oe2ECONU nEADING, AND ThE [FIME GSETWEEN skADINGS.*
INPJL psnsC

IF A>B THEN 44U

PulNl “INITIAL abEADING I> ALWAYS Lo {nAn FLNAL seADING."
GO TO 43v

LEP D=C(.6931%C)/LOGCA/B)

PURINT

PRINT "INLIFIAL nEADING="A3"5COND arADING="H;"11lNue=s"C
PRINI "HALF-LIFE='"D

GO TO 3uu .

PRINT "WHAT 15 Thik HALF-L1lFes, IN1ilAL MASS OF sAvrLE, AND"
PRINT *[OTAL TIME OF DECAY'";

INPUT ELF,G

LET h=F*Ear(-.6931*G/E)

PRINT

SQUPRINT"HALF~LIFE="E;"INITIAL MASS="F;*10VAL TIME="G

559
560
57V
58U
590
600
610
615
620
63V
640
65V

PRINT "MASS OF SAMPLE HEMAINING="n
GO TO 3vu

PRINT "DO YOU WANI TO wWORK WITH PAUTICLES On MAS55? C(ANSWER
PHINT" PARTICLES Ou 2 FOR MASS) ";

INPUT J

PRINT

IF u=1 ThEN 76V

IF J<>2 THEN 57V

PRINT' WHAT 15 [HE HALF-LIFE, INITIAL MASs OF sSAMPLE, FOTAL"

PRINT"ELAPSED TIME FOR DECAY, AND ThE INCaEMENT QF *
PRINT"ELAPSED [IME";
INPUT EsFonsiM

66ULET W=U

670

LET u=Q

128
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Sod Lel a=F

[>T IS I -FTe AURY

MU LE u=l late bud .

TIv ralarnaber=Lires"e3""inl 1Al raoo="F5" 10100 TleE=s"ns " laenbmen1 ="
12U rulani

Fou rPaslive rdens Meaioo™s Mraod LUooMs MIdYaL mass Luoo"

T40 Prlyl Me=ma=tt, Meeeot, Vecen acacll, Meee 6 cmes amal

75U GU 1V »hu

760 PRINIY wiil 1o [he nalk=LIFn, {nlilal NdeoeEa Or rasilcLes 1y e
77U PulNnl” sarelns 1ulal elarsep Pk Fua beCais Az ane "

fou Pikia ' Loavitsnsal o slororsu o lee's

Tyu GO [0 6bHu

95 FulNT

ouu Falarnabe-LirFes"es"lwlilALl w0e UF raust leLes="F

Bsly enlniiural tlen="m3" INCabENL ="

L2 Pl

bdu PudNT" 11IME"s ' PARTICLEL S "rAutle LUSDL"s "JIOFAL rPanis Lusou”
v4aY l"l‘ll\Jr” _.._,...N’ 1 e m e mm - " L - ----N’ et oo ]
obu FuilNl

ohu ¥Oi G = U 11U A died ™M

Bid Lrl n=if4nar(=-e6v3si*G/E)

sow Letd w=agoln-o)

svy Lel usw+y

YU LF F O>1E6 Innw vady

slu IF wsl o inde vyu

veu PNl Gonswou

w3u GU 1d vou

A0 PrINT INIC(GH5)s tar(n+eS) s il CidreS5) o INI(uted)

v5J LET w=n

You weEal G

YTy rulivg

YOU PULNY

Wy rPalat

luuu 2ol DO 10J wdnl 1ok ApOVE DATA GRAPARD? C(l=fbkds U~N0O)'S
lulu tw’Ui o

Wou IF n=vu (nen Juu

WWezd IF «u<>l rHEN luuy
ClUdu PNt

1040 PNt

105y PulINT

Weu #rINT TABCJIUISZ"NASS (Oi PAnTICLES) #EMAINING

1070 PRINT

1080 PRINT ™ ","U'3TAB(62)F

1IOUPRINT"TIME" s oo vmmem [ mmm = B SRR L R LTS B RS LTS AL
1120 FO G = U TO £ STEP M

1130 LET HA=F*EAP(-6Y31%G/Ek)

1140 LET H1=INT(A/F¥50+¢5)

1150 IF H1e¢=%50 THEN 1170

1160 LET Hl=5u

1170 PRINT Go"I"3TABC(nl+14.5)3 %"

1250 NEXAT G

1260 GO TQ 3uu

1280 END
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DESCRIPTION:

The electric-field strength at a noinr »r

and printed. A line of charge is then g«
of the fixed charge. As each additional .
strength is calculated and selected values :

Similarly, the field streagth at a

TOYTat:

s

TSCTPLINE PHY..ICS

RENGTH

Tome ELECTRIC FIELD 4
v ‘M NAME CIILLY
ir ixed charge is calculated
by iing charges to either side

is = _ed, the new electric-field

printec

point

near a plane of charge is cal-

culated and printed as the plane is generated with the addition of other lines to

the previous line of charge.

In both cases, the fields can be seen

is then printed for an infinite line and planc.

OBJECTIVES:

"o approach a limiting value which

A, To show that the electric-field strengith approaches limiting values for a line

and a plane of charge.

B. T'o let the student discover how the field strength depends upon the aistance
from a point to a line of and to a plane of charge.

PRELIMINARY PREPARATION:

A. Student - A knowledge of Coulorab's law and the vector addition of clectric

fields.
B. Materials - none
DISCUSSION:

The operator chooses a distance (y) away from a fixed charge (Q;) at which
he wishes to know the field st+ength. He also chooses the number of charges (N), and
their spacing (C), that he wishes to add to each sile of the fixed charge to generate
a line of charge. After the line has been generated, the operator enters the number
of such lines {M) that he wishes to use in building up the plane of charge.

Actual values of force are not given, ounly relative values.
charge {Q3) is at a distance Y=1 from the test charge (Q;), the force is 1 unit.

When the fixed
The

farce may be calculated in Ne-wtons if all distances are in meters, and the program

130
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is clightly changed so that Qj and Qj are in coulombs. If both of these
charges were to be taken as singlc elementary charges, tlen the following changes
should be made:

280 L& Q=1 6%E-19
290 LET Qp= 1. 6%E-19
300 LET X = 9%*E9

If the spacing (C) is taken as .1 and the number of charges (N) as
1000, then three runs through the program using the distance between the
test charge and the fixed charge (y) asl, 2, and 4 should be sufficient for the
relationships to be determined: A casual inspection of the exact values of the
field strength for these three distances should yield the following conclusions:

1. The field strength varies inversely with the square of the distance
away from a single poi nt charge.

2. The field strength varies inversely with the distance from a line of
charge.

3. The field strength remains constant even though the distance from
a plane of charge c¢hanges.

It should be noted in & and 3 ahove, that the spacing between charges
must be small as compared to the distance away from the line or plane of charge,
and of course that the line be so long and the plane so broad that any further
increase in length o1 breadth be insignificant.

An interesting bonus to this program is discovered when distances from
test charge to plane is decreased tc . 001, . 0001, and . 00001, Here it can be
seen that the field no longer is constant, but changes as an inverse square law
for a single charge because the test charge begins to ""see'' the fixed charge
instead of the whole plane. The ""EXACT VAUUE...," is calculated for -
charges smeared cver the whole plare and not in discrete point charges as we
have here; hence, the disagreement with actual field values. e

This prograrn may be run by an individual student after proper
introductory explanation concerning vector addition of electric fields,
contributions of the charges being added in the line or lines to the plane. It
may also be used as a class demonstration and discussion. When used with a
whole class it is best to have a television camera and monitor available for
immediate display of print oat. A summary table constructed either by the
teacher on the board or by astudents at their desks is useful in analysis of the data.

30
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THIS PROGRAM WILL CALCULATE THE FOACE ON A TES1T CHARGE
THAT 13 PLACED SOME DISTANCE, Y, AWAY FROM ANOTHER CHARGE;
A LINZ OF CHARGE; AND A PLANE OF CHARGE. -

. YOU MUST ENTER THE DISTANCE AWAY., Y; THE SPACING DESIRED
BETWEEN CHARGES, Cs AND ALSO BETWEEN LINES OF CHARGE THAT
MAKE UP THE PLANE OF CHARGE. -

YOU MUST ALSO CHOOSE THE NUMBER OF CHARGES (N) (N THE LINE OF
CHARGE THAT YOU WOULD LIKE TO USE (500 IS A GOOD VALUE IF

YOU USE A SPACING OF +1 FOR C»

JUST SO0 THE CALCULATIONS DON'T GO TOO FAR I'VE INCLUDED

A STOP THAT DEPENDS UPON THE ANGLE FROM TEST CHARGE TO THE
LAST CHARGE TO BE CALCULATED. IF THE ANGLE 1S LESS

THAN 2 DEGREES, CALCULATIONS WILL CEASE.

INPUT Y,CsN? 1,-1,1000

NO. QF CHGS.
ON EACH iIDE FORCE

L --- --ww .

0 1
1 2.97
2 4.86
3 66!
4 8.21
8 9.65
6 1091
7 12.01
g 12490
9 13.78
12 14449
20 17498
30 19 P
40 1942 g
50 1962 '
60 19.73
70 19.8
80 19.85

¢ 90 19.88
100 19.9
200 19.98
2817 19.99

EXCESSIVE COMPUTER TIME WOULD BE REQUIRED TO CALCULATE
THE FORCE FOR ADDITIONAL CHARGES-

THE EXACT VALUE FOR AN INFINITELY LONG LINE OF CHARGE IS 20

31
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NOW ADD RNOWS ON EITHER SIDE OF THE LINE OF CHARGE JUST
CALCULATED. THE SPACING BEIWEEN HOWS WILL BE THE SAME AS

THE SPACING BETWEEN THE CHARGES.

ENTER THE NUMBE: UOF EQUALLY 2PaC0ED +0Ws YU WANT ON EACH SIDE
? 500

NOs OF LINES
ON EACH SIDE FOACE

- - - - - - - .

0 20

1 59.58

2 .08

3 134.69
4 169.16
5 201414
6 230.52
7 257.36
8 281473
Y 303.82
10 32381
20 446455
30 501.31
40 531.18
S0 549.8

60 56247
70 571 .62
80 578-54
90 c}iﬂ: 196
100 33e.

200 6034073
287 El14.05

EXCESSIVE COMPUTER TIME WOULLD BE REGUIRED 0 CALCULATE
THE FORCE FOR ADDITIONAL .INES OF CHARGE.

THE EXACT VALUE FOx AN INFINITE PLANE OF CHARGE 1S 628.318

DC YOU WANT ANOTHER RUN (i=YES, O=NJ) 1 7 9

READY

(%)
v
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100
105
106
107
110
120
130
140
150
160
170
180
190
2C0
210
220
230

Physics
EFIELD

REM JOHN HOSIE ~ NORTHPORT HIGH -~ 3/14/69

REM REVISED BY C.LOSIK 8-25-70

REM SEE BELOW FOR IMPORTANT VARIABLES

REM 'F' TYPE VARIABLES ARE FORCES

REM 1°VE CHOSEN THE ELECTROSTATIC CONSTANT TO BE ONE AND

REM ALL CHARGES TO BE ONE SO THAT THE FOnCE CALCULATED

REM IS JUST A RELATIVE FORCE. IF YOU WOULD LIKE YOU MAY CHANGE
REM THINGS WHEN YOU RUN IT TO GET EXACT FORCES IN NEWTONS AND

REM USE CHARGES IN MICROCCULOMBS Onr WHAT EVER ELSE YOU WISH.

PRINT "THIS PROGRAM WILL CALCULATE THE FORCE ON A TEST CHARGE"
PRINT “THAT IS PLACED SOME DISTANCE, Y, AWAY FRrRGOM ANOTHER CHARGE;"
PRINT "A LINE OF CHARGE; AND & PLANE OF CHARGE.'

PRINT "YOU MUST ENTER THE DISTANCE AWAY, Y; THE SPACING DESIRED"
PRINT "BETWEEN CHARGES», Cs AND ALSO BETWEEN LINES OF CHARGE THAT"
PRINT "MAKE UP THE PLANE OF CHARGE."

PRINT "YOU MUST ALSO CHOOSE THE NUMBER OF CHARGES (N) IN THE LINE OF
PRINT '"CHARGE THAT YOU WOULD LIKE TGC USE (500 1S A GOOD VALUE IF"
PRINT "YOU USE A SPACING OF +1 FOR C."

PRINT "JUST S0 THE CALCULATIONS DON'T GO TOO FAR I°'VE INCLUDED"
PRINT "A STOP THAT DEPENDS UPON THE ANGLE FROM TEST CHARGE TO THE"
PRINT "LAST CAARGE TO BE CALCULATEDe. IF THE ANGLE 1S I.ESS"

REM @&l AND 42 ARE THE CHARGES

LET Ql=1

LET Q2=1

REM K 1S THE ELECTROSTATIC CONSTANT
LET K=l

REM A 1S THE CUTOFF ANGLEe. THIS MAY BE CHANGED TO YOUR PREFERENCE

LET A=2

PRINT "THAN"A“DEGREES, CALCULATICNS WILL CEASE."
LET S=SINC3.14159%A/180)

PRINT

PRINT "INPUT Y.C,N"3

LET Fl=0

INPUT Y»CsN
IF C<=0 THEN 3¢&S
IF Y<=0 THEN 365

1F N>=0 THEN 370

PRINT "ONE OF YOUR VALUES 1S UNREASONABLE."
GO TO 33C )

PRINT

PRINT

PRINT "NO. OF CHGS."

PRINT "ON EACH SIDE*,"FOKCE'

PRINT ll-------q-’--ll,ll-“---ll

FOR I=0 TO N

LET X=1%C

LET R=SQR(X»X+Y#*Y)
LET F=K%*Q)#*Q2/(R*R)

33
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570
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600
610
611
612
613
614
620
628
630
640
650
660
670
680
683
686

Physics
EFIELD

IF 1<>0 THEN 490
LET FlaF

60 TO

510

LET Fi=F1+2%F*(Y/"

IF I<w1( THEN 530

IF I=1000*INTC1/100GY THEN 580
IF 1>1000 THEN 600

IF 1=100#«INT(1/7100) THEN 5&0
IF 1>i00 THEN 6500

iF I=10%INT (1/10) THEN 580

GO 70
PRINT

600
IL,INTCI00#F1+53/100

IF N=C THEWN 330
1F Y/R<S THEN 612

NEXT 1

GO TC
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

620

1,INTC100%*F1+5)/100

"EXCESSIVE COMPUTER TIME WOULD BE RERUIRED TO CALCULATE"
"THE FORCE FOR ADDITIONAL CHARGES." '

"THE EXACT VALUE FOR AN INFINITELY LONG LINE OF CHARGE IS"3
2x(K*Ql1/C) /Y

*NOW ADD ROWS ON EITHER SIDE OF THE LiINE OF CHARGE JUST"
“CALCULATED. THE SPACING BETWEEN ROWS WILL BE THE SAME AS“
"“THE SPACING BETWEEN THE CHARGES."

690PRINT"ENTER THE NUMBER OF EQUALLY SFACED ROWS YOU WANT ON EACH SIDE”

700
wne
04
706
710
720
730
740
750
760
770
780
90
830
840
850
870
880
890
900
910
920
930

INPUT

M

IF M>=0 THEN 710

PRINT
GO TO
PRINT
PRINT
PRINT
PRINT
PRINT

“"NO NEGATIVE VALUES, PLEASE."
690

“NO. OF LINES"
“ON EACH SIDE",''FORCE"

..O-ﬂl-------ﬂ-'."'-b--mﬁ..

FOR P=0 TO M

LET Z=Px*C

LET RiI=sSQR(Z%Z+Y*Y)
IF P<>0 THEN 850
LET F3=2%(K%xQl1/C)/Y¥Y

GO TO

870

LET F3sF3+2%F1%(Y12)/(R11t2)

IF P=1000*INT(P/1000) THEN 930
IF P>1000 THEN 940

IF P=100%INT(P/100) THEN 930
IF P>100 THEN 940

IF P=10%INT(P/10) THEN 930

IF P>10 THEN 940

PRIMNT

P,INT(100%F3+.5) /100
34
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940
950
951
952
%53
954
960
965
970
980
990

rnysics
EFICLD

Iy Y/R1<S THEN 952

NEXT »

GO TO 960

PRINT Ps>INTC(100%F3+.5)/100

PRINT “EXCESSIVE COMPUTER TIME WOULD BE PEQUIRED TO CALCULATE"
PRINT "THE FORCE FOR ADDITIONA. LINES OF CHARGE."

PRINT

PRINT

PRINT "THE EXACT VALUE FOR AN INFINITE PLANE QF CHARGE 1S5";
PRINT 2%3¢14159%(K%€1)/(C*C)

PRINT

1000 PEINT

10i0 PRINT °*DO YOU WANT ANOTHER HUN (1=YES, O=NO) 3 *;
102U INPUT C

1030 IF C>0 THEN 330

1050 END

35



DISCIPLINE PHYSICS

SUBJECT KINEMATICS REVIEW

PROGRAM NAME 1.INERV

D ESCRIPTION:

Questions are asked concerning the rotion of a bail thrown vertically
upwards at various velocities. Neglecting air resistance, the student is to determine
such quantities as 1) maximum obtainable heightt 2)}time of flight; and 3) the height
reached at different times.

OBJECTIVES: T

To develop and review bhxusic skills in solving projectile motion problems.

PRELIMINARY PREPARATION:

A. Studeni - previous classroom instruction and a working knowledge of algebra.

B. Materials - none

DiISC USSION:

The student is presented with various problems concerning the motion of
the ball. In each case, the initial velocity V, of the ball is given. There are five
basic questions asked:

1. Determine maximum height reached;

2. Find the height after t seconds;

3. Find the velocity when the ball is at height h;
4. Determine the time of flight; and

5. Find the velocity after t seconds.

The quantities V_, h, ard t are randomly determined for each question
asked and the correct answers are given following the student response.

The program is designed to serve as a review of typical motion problems
discussed in class and to aid in overcoming student '' uncertainty'' in the solution
of numerical problems.

The program may be modified to cover other areas of review by entering -
new questions in place of those presently offered (see listing).

36
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~=-=nEVIEW OF KINEMATIUS---

A BALL IS THROWwWN STRAIGAT ¢ AT vVaAarlOUs VELOCITIES.
Al FRICTION IS5 NEGLIGIBLZ. TnE UPWARD DInEZIION IS TAKEN
AS POUSITIVE, AND THE DOWNWARD DIRECTION A5 NEGATIVE.

THE LOCAL ACCELEHRATION DUE IO GrAVITY IS5 =1u METERS/SECOND/SEC.
ALL VALUES ARE IN MeXeSe. METRIC UNITS.

FOr VARIOUS ThrOWING SPEEDS», YOU Musl ANSWER CERIAIN
LUESTIONS ASOUT TIHE BaLL IN FLIGhT.

1 « THE UPWARD THEOWING SS2EED Is 25 MNETERS/SECOND.

WHAT IS5 Thi VELOCITY wnEN IT REACHES A HEIGHhT OF 1845
METERS ABOVE Tne GuOUND 2?2 16

YOU'HRE CORRECT WITHIN 5 PERCENI. THE COnnkECT ANSWER 15 16 .

2 « THE UPWARD TrnuOWING SPEED I5 16 METEns/SECOND.
WrnAT IS5 THE VELOCITY AFTEn 2 SECOND> OF FLIGHT? l4
YOU'RE OFF MORE THAN S5 PERCENT. THE COnrnECI ANSWER IS -4 .

3 « THE UPWARD TnHAOWING SPEED IS5 35 METERs/SECOND.
HOW HIGH ABOVE THE CdOUND WILL THE BALL GO? 7u
YOU'RE OFF MORE [HAN S5 PERCENTe THE CORAECT ANSWER IS5 61¢25

4 o THE UPWARD I'nmhOWING SPEED IS 29 METERS/3ECOND.
HOW LONG WILL IT TAKE THE BALL TO RETUnN TO THE GROUND? 6.0
YOU'RE CORKRECT WITHIN S PERCENT. ThE COARECT ANSWER IS 58

S o THE UPWARD THRCWING SPEED I5 21 METERS/SECOND.

WHAT 1S THE VELOCITY WHEN IT REACRES A hEIGHT OF 10.35

METERS ABOVE THE GROUND ? 12

YOU'RE OFF MORE THAN S PERCENT. THE CORRECT ANSWER IS5 15.29706

OUT OF & WUESTIONS, YOU GOT 2 RIGHT.
DON'T YOU KNOW ANYTHING ABOUTI THROWING THINGS UP27??
WANT TO TRY ANOTHER 5 PROBLEMS (1=YES, O=NO) 3 ? O

HEADY

37
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HARD Fe PAV} PATCHOGUE HeSe3 1=-24-693 PHYSICS
Rgﬁég“l‘ﬁig PROGW:\M 15 DESIGNED TO SERVE AS A REVIEW TEST IN K!NBMATI'CS-

> SED BY C+LOSIK 8-25-70 _
:gg ;EMM 55‘1,; V!ZRTICAI.. VELOCITY» ALL ELSE 15 °*A* (FOR COMPARISONS)

140 TEM WE GENERATE A V RANDOML,Y AND RANDOMLY PICK A QUESTION
145 RANDOMIZE )

150 LET P=0
LET R=0
}28 PRINT* ~-=REVIEW OF KINEMATICS-~-~"
170 PRINT '
180 PRINT" A BALL 15 THROWN STRAIGHT UP AT VARIOQUS VELOCITIES.*

190 PRINT™AIR FRICTION 1S5 NEGLIGIBLE. THE UPVARD DIRECTION IS5 TAKEN"

200 PRINT"AS PGSITIVE, AND THE DOWNWARD DIRECTION AS NEGATIVE.® ’

210 PRINT’ C ' )

220 PRINT®THE LOCAL ACCELERATION PUE TO GRAVITY 15 =10 AETERS/SECOND/SES
230 PRINT C '

240 PRINT"ALL VALUES ARE IN M.KeSe METRIC UNITS."

R0 PRINT ' )

850 PRINT" FOR VARIOUS THROWING SPEEJS, YOU MUST ANSWER CERTAIN"
270 PRINT"QUESTIONS ABOUT THE BALL IN FLIGHT." B
280PRINT . ’

2I0PRINT

00 LET UsRKD(X)

330 IF Q®=OTHULN 350

340 IF Qr5aINT(Q/5) THEN 770
350LET VmS+INTC35%0) ~
J60LETZw) +INT(4,999%U)

370 IF(Z=-P)*(V~R)=0 THEN 300

‘380 LETPeZ’

390 LET Q=Q+}
400 LET Ra=v
410 PRINT
420 PRINT Q%, THE UPWARD THROYING SPEED I35 "V METERS/SECOND."
430 IF2=) THEN 540 ’ T :
430 IF Z=2 THEN 590
450 IF Z=3 THEN 630
460 IF Z=4 THEN 500
470 LET Am<05%VUay
480 PRINT"HOW HJ{GH ABQUVE THE GROUND WILL THE BALL GO"3
490 GOTO0&70 ' ) ’ o .
500 LET AnV/S
5i0 PHINT"HOW LONG WILL IT TAKE THE PALL TO RETURN T¢ THE GROUND"}
520 GOT0670 : . ’ :
540 LET Twmi+ INT(2+V2U)/10
5S0LET AmU#T=5%«T#T T
560 PRINT"HOW H!GH ABOVE THE GROUND WILL THE BALL BE AFT<R "IT
570 PRINT"™SECONDS OF FLIGH*: ’ T
58G G0T0670 '
590 LET T=le¢INT(28US) /40
600 LET Any-10#T o
610 PRINT"WHAT 1S THE VE.OCJTY AFTEW “T* SECONDS OF FLIGHT"?
620 GU'TO 670 ’ ’ ’
630 LET Sm.S*INT(V#V*U’/30
640 LET A®SQRUV*V-20%5)"
%50 PRINT"WHAT 1S THE VELG.UITY WHEN IT REACHES A KEIGHT OF "3S
650 PRINT“METERS ABOVE THE GROUND "3~ ‘ ST )
670 INPUT @
680 PRINT"YOU*RE"}
€90 IF ABS((G~A)/A)>.(5 THEN 730
700 LET CeC+} ~ °~
710 PRINT * JORREGT WITKIN *3
720 GOTO0740 T
730 PRINT" UFF MORE THAN "3
740 PRINT"S PERCENT. THE CORBECT ANSWER IS "A" «*
7SOPRINT : o oo
760G0T0300
770 PRINT
760 PRINT"OUT OF "Q" QUESTIONS» YOU GOT *C* RIGHT.”
790 IFC/Q>=.7 THENS10 )
800 PRINT"DON®T YOU KNOW ANYTHING ABOUT THROWING THINGS UP??2?"
810 PRINT . ° i )
820 PRINT **®ANT TO TRY ANOYHER S PROBLEMS ¢ l=YES. 0aNQ) 3 *3
830 INPUT M : .
835 LET U=RND(X)
840 IF M=) THEN 3%0
850 1F M<>0 THEN 810
860 END ' ’ .
38
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DISCIPLINE PHYSICS

SUBJECT LENSES

PROGRAM NAME LELNSES

DESCRIPTION:

The focal length, otject distance, image distance, image size, or object
size, may be calculated if sufficient information is entered by the student.

_OBJECTIVES:
A. To solve for focal length of a lens from laboratory data.
B. To check image position and size from lab data.
C. To solve lens problems.

PRELIMINARY PREPARATION:

A. Student - Data from a lens experiment.
B. Materials - none
DISCUSSION:

If this program is used in conjunction , :h a lens laboratory, the student
may check his calculations of focal length.

He may also check his image size and position from known object size
and position.

~9
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THIS PHOGRAM MAY BE USED TO SOLVE LENS PrOBLENMS.

IN THE ORDER GIVEN ENTER THE VALUES FOR THE FOLLOWING:
FOCAL LENGTHs OBJECT DISTANCE, IMAGE DISTANCE, OBJECT
5312E, IMAGE SIZE. INPUT O (ZERO) FOx UNKNOWN VALUES.
EVERY TIME THE COMPUTER ASKS 'READY?'s, ENTER 1 IF YOU HAVE

MORE PHOBLEMS TO DO, OR O TO END IHE PROGHAM.

*kk READY ? 1

WHAT ARE YOUR VALUES FOR Fs Ps Wy O0s I? 152535455
YOUR Q@ IS NOT CORRECT FOR THE F AND P YOU HAVE ENTERED
NOTE CHANGED Q. THE PERCENT ERROA ON YOUR @ 1IS:

50 PERCENT.

YOUR I IS NOT COAHRECT FOR THE O YOU HAVE ENTERED

NOTE CHANGED I« THE PERCENT ERROr ON YOUR 1 IS:

25 PERCENT.

F= 1 P= 2 Q= 2 0= 4 i= 4

*kk READY 7 1

WHAT ARE YOUR VALUES FOR %, Ps Qs 0s 1?2 1525260454539
YOUR Q IS CCRRECT 70 WITHIN 2 %

NOTE CORRECTED Qe

YOUR I IS CORRECT TO WITHIN 4.411765 %

NOTE CORRECTED Ie.

F= 1 pP= 2 Q= 2.04 0= 4 I= 4.08

*%%k READY ? 1

WHAT ARE YQUR VALUES FOR Fs Ps Qs 0s 1?2 055585454

40
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YOUR I IS NOT CORRECT FOR THE O YOU HAVE ENTERED
NOTE CHANGED I. THE PERCENT ERnOn ON YOUR I IS5:3
37.5 PEHCENT.

F= 3.076923, P= 5 W= 8 0= 4 I= 6.4

*k*% READY 7 1

WHAT ARE YOUR VALUES FOn Fa Fs Wy 0y 1?7 4655350534532
YOUR I IS NOT CORRECT FOR THE U YOU HAVE ENTERED

NOTE CHANGED 1. THE PERCENT ERROA ON YOUR I Is:
8567775 PERCENT.

F= 46 P= 53 W= 348.2857 0= 34 1= 223.4256

*kk READY 7 1

WHAT ARE YOUR VALUES FOR F» Py Qs 0Os» 17 485752-650,0
YOUR Q IS NOT CORRECT FOR THE F AND ¥ YOU hAVE ENTERED
NOTE CHANGED Qe THE PEACENT ERROR ON YOUR @ 1853
399.8765 PERCENT.

F= 4857 P= 2 wU==-2.000824

41
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100 REM JOHN We. HOSIE - WORTHPORT HIGH = £hY51CS

101 REM REVISED 11-18-70, L+BHRAUN

110 PRINT *THIS PrROGhAM MAY BE USED TO SOLVE LENS PHOBLEMS.'
120PRINT

130PRINT'"IN THE ORDER GIVEN ENTER TAE VALUES FOR THE FQLLOWING:"
140PRINT

150PRINT'"FOCAL LENGTH., OBJECT DISTANCE., IMAGE DISTANCE, OBJECT"
160PRINT

170PRINT"S14E, IMAGE SI4E. INSUT O (LZEHO) FOR UNKNOWN VALUES."
180PRINT

182 PRINT "“FVERY TIWME THE COMPUTER ASKS 'HEADY?', ENTER ! IF YOU HAVE'

183 PRINT

184 PRINT ""MORE PROBLEMS TO DO» OR O TO END THE PROGRAM."
186 £RINT

188 PRINT

190 PRINT "*** HEADY '

191 INPUT F

192 IF F=0 THEN 780

193 IF F<>1 THEN 188

195PRINT

196 PRINT "WHAT ARE YOUR VALUES FOr F» P, K. 0, I':
200 INPUT FsPsus0-1

210 LET P=ABS(P)

220 LET 0=ABS (0O

230 PRINT

240 IF F=0 THEN 390

250 IF P<>F ThEN 280

260 PRINT “THE IMAGE 15 AT INFINITY'"
270 GO TO 186

260 IF P =0 THEN 360

290 LET Z=PxF/(P-F)

300 IF Q=0 THEN 340

310 IF 4=Q THEN 420

312 IF ABS(Q=Z)<0.05%Z THEN 344

320 PRINT "YOUR Q IS NOT CORRECT FOR THE F AND P YOU HAVE ENTERED"

330 PRINT "NOTE CHANGED Qe+ THE PERCENT ERROR ON YOUR 4a IS:"
335 PRINT 100*ABS(Z-Q)/ABS(Z); ' PERCENT."

340. LET Q=24

342 GO TO 420

344 PRINT"YOUR & IS CORRECT TO WITHIN'';100#ABS(Q=Z)/ABS(4)"%"
346 PRINT“NOTE CORRECTED Q"

350 GOTO 420

360 iF @=0 TEEN 560

370 LE{ P=0*xF/(Q=F)

360 GO TU 420

390 IF P=Q0 THEN 550

400 iF =0 THEN 490

410 LET F=Q*P/(Q+P)

420 IF 0=0 THEN 730

430 1IF I=0 THEN 470
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435
440
a45
450
460
455
470
472
474
g47e
475
450
490
500
510
520
530
540

550 .

560
570
580
590
6U0
610
620
630
€40
650
660
€665
670
680
690
700
710
720
730
740
750
760
765
770
780

Physics
LENSES

LET 49=0%t/7°

IF I=49y THEN 660

IF ABSCI=49)<0.05%£49 TAEN 474

PRINT "YOUK 1 IS NOT COHRECT FOit THE O YOU HAVE ENTEnRED"
PRINT '""NOTE CHANGED 1. Tnk PERCENT EnR20n ON YOURr 1 I53"
PHRINT 100#%ABSC(I-49)/7ABS(4Y);5 Y FERCENT "

LET 1I=49

GO TO 660

PRINT”YVoUR I IS CORKECT TGO WITHIN"S luUu*ABS(I-49)/AB5(49)"'%"
PRINT"NOTE CORnECTED 1.

LET I=gv

GO TO 66UV

IF 0<>0 THEN 52U

PRINT "IF FsQs AND O Or I = 05 CANNOT CALCULATE = TnY AGAIN.'"
GO TO 186

IF I=0 THEN 500

LET w=prx1/0

GO TO 65U

IF «<>0 THEN £90

PRINT "THE FOCAL LENGTH CANNOT BE CALCULATED IF BOTH OBJ=CT"
PRINT "AND IMAGE DISTANCES ARE ZEHO.'

GO TO lyeé

IF 0=0 THEN 610

IF I<>0 THEN 640

PRINT '"MUST KNOW BOTH OBJECT AND IMAGE SIZE TO FIND FOCAL"™
PRINT "LENGTH AND OBJECT DISTANCE."

GO 70 1&6

LET P=ux*x0/1

LET F=@QxP/{(P+d)

PRINT

PRINT "F="F, "P="P, “u="u, "0="0, "I="I
PRINT

PRINT .

GO TC 186

PRINT "INFORMATION ABOUT EITHEX FOCAL LENGTH OR BOTH OBJECT"
PRINT "AND IMAGE SIZE NEEDED FOR COMPLETE SOLUTION."

GO TO 16

IF 1I=0 THEN 760

LET O=I*pP/Q

GOTO 65U

PRINT

PRINT "F="F, "P="pr, "Q="Q

GC TO 670

END
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DISCIPLINE PHYSICS

SUBJECT_~  MASS DEFECT

PROGRAM NAME MASSD

DESCRIPTION:

A classroom presentation that could be used to calculate mass
defect, and give the answer in terras of usable energy (kw-hr. of
electricity).

OBJECTIVES:

A. To calculate and explain mass defect.
B. To introduce the concept of binding energy.

C. Conversion of mass (o energy. (atomic power)

PRELIM/NARY PREPARATION:

A. Student - The student should have an understanding of nuclear
particles, and the law of conservation of mass and energy.

B. Materials - The teacher should make available a table of isotopes
that liris the actual mass. (Handbook of Chemistry and Physics,
Chemical Rubber Company) -

DISCUSSION:

It should be noted that the masses used here include the electrons.
The very small difference which would be obtained if the bare nuclear
mass were known is negligible for the purpose of this calculation.

Time permitting, it would be beneficial to have the student
investigate the conversion of atomic masas units(AMU) to calories and
kilowatt-hours in order to recognize the significance of the units and the
magnitude of the numbers involved.
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Physics
MASSD

THIS PHOGrAM IS DESIGNED TO INVESTIGATE MASS DEFECT

WHICH OF THE ELEMENTS WOULD YOU LIKE TO CONSIDEX?
REMEMBER WE ARE DEALING WITh A SINGLE ATOM»> THEREFORE
IN ADDITION TO THE ATOMIC NUMBER WE ARE GOING TO NEED THE
ACTUAL MASS (IN AMU)> AND THE MAS5 NUMBER OF THE ISOTOPE
YOU WANT TO WORK WITH.

WHEN THE MACHINE TYPES A QUESTION MaArdL (7 TYPE IN

YOJR ANSWER THEN HIT ARETUHN KEYe. USE NUMBE=xS OF UP TO
SIX SIGNIFICANT FIGURES. ROUND IF NECESSARY TO 6 DIGITS.,
IN THE VALUE> FOR MASS DEFECT.

THE ATOMIC NUMBER IS 7 8
THE ACTUAL MASS IS5 7 15.9949
THE MASS NUMBEx IS5 7 16

THE sSUM OF THE MASS OF THE 8 PrOTONS AND {:E 8 NEUTRONS
PLUS THE WEIGHT OF THE 8 ELECTRONS IS THE CALCULATED
MASS.

CALCULATED MASS = ACTUAL I1AS5 = MASS DEFECT
16.13199 - 15.9949 = «1371

THE MASS DEFECT IN TERMS OF ENERGY 1S THAE EQUIVALENT OF
2936 X 10tY CAL. PEr MOLE OF THIS SUBSTANCE.,
OrR 184 A 1UtY9 CALe rFEEr GnAMe.

IF WE DIVIDE THIS BINDING ENEAGY BY [hE NUMBER OF

PARTICLES IN THE NJCLEUS, WE GET A HATIO ANOWN AS THE

BINDING ENERGY PER NUCLEON, WHICH IS A MEASURE OF THE

STABILITY OF THE NUCLEUS. THE MORE 'BINDING®

PER NUCLEON, THE MORE STABLE IS THE NUCLEUS.

THE BINDING ENERGY PER NUCLEON I35 3 1.276744E-5 EnGS. PER NUCLEON., OR
3.047121E-13 CAL. PER NUC..

WHICH 1S MORE COMMONLY EXPRESSED A5 8UU MEV.

THE AMOUNT OF ENERGY (BINDING ENERGY) CONTAINED IN ONE
GRAM OF THIS SUBSTAMNCE WOULD BE SUFFICIENT TO SUPPLY ALL
THE ELECTRICAL NEEDS IN AN AVERAGE ONE FAMILY HOUSE USING
18 Ku-HRS. PER DAY FOR A PERIOD QOF 14245 DAYS OR

39 YEARS.

1F YOU WOULD LIKE TO nRUN ANOTHER PROBLEM TYPE IN 1.,
IF NOT TYPE IN Ue
70

4 o4 o o o o ok ok o kg ok ok Rk
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1uv
105
106
107
130
140
150
160
170
180
190
200
210
220
230
2317
23
240
250
260
270
2680
290
3u0
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
475
450
490
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Physics
MASSD

REM JOHN MARCHISOTTO °PIB SUMMER 6Y BASIC
REM REVISED BY C.LOSIK 7-22-70

HEM AT NO=A, MASS=B, MA>S NO=C

KEM MASS DEFECT 1S F

PrINT" ThlS PrOGrAM IS DESIGHNED TO INVESTIGATE MASS DEFECT"
PHINT :
PRINT" WwhiCn OF I']dE ELEMENIS WOULD YOU LIKE TQ CONSIDER? '

PRINT" REMEMBER WE AHRE DEALING WITh A SINGLE ATOMs THEKREFORE'
PrINT" IN ADDITIUON TQ THE ATOMIC NUMBE® WE ARE GOING TO NEED TnE"
PRINT'" ACTUAL MASS (IN AMU) AND ThE MAS> NUMr.Zi OF THE IsOTCQPE"
PRINT' YOU WANT TO wWOsyK WIln.'

PRINT

PRINT * WHEN THE MACRnINE (YPES A QUESTION MARK (?2) [YPE IN"
PRINT " YOUr ANSWER THEN AlITl RETU4N KEY. USE NUMBErS OF UP TO0O"
PRINT " SIA SIGNIFICANY FIGURES. ROUND IF NEbEbbAnY TO 6 DIGITS."
PRINT "IN THE VALUES #Onr MASS DEFECT."

PLINT

PrINT

PRINT ' THE ATOMIC NUMBER I &

INPUT A

PrINT ' THE ACTUAL MASS 1s '

INPUT C

PRINT " THE MASLSS NUMBER 15 '3

INPUT B

PRINT

HEM G 15 AVOGADHO's> NUMBE#

LET G=6+J23E23

LET D=B8B -~ A

LET E={!.00728%A)+(]1.0U0867*%D)+(5.40859TE~4%A)

LET F=INT(lE4%(E~C)+.5)/1E4

PRINT ' THE SUM OF THE MASS OF THE"A'"PROTONS AND THE'"D"NEUTHKONS'™
PRINT ' PLUS ThE WEIGHT OF THE"A'"ELECTHONS 1S THE CALCULATED"
PRINT ' MASS.'

PRINT :

PRINT" CALCULATED MAS5 =~ ACTUAL MASS = MASS DEFECT"
PnlNT" I'E’ll - IIC;" = I'F

PRrINT

REM CONVERSION FACTORS:

HEM 1e49 X 10~-3 ERGS PER AMU

REM 4.19 A& 10 7 ERGS PER CAL.

HEM 3«6 X 10 13 ERGS PER KW~-h

REM 9310 MEV PER AMU

LET H=(1.49E~3¥F*G)/4.19E7

PRINT " THE MA53S DEFECT IN TEsiMS OF ENEAGY 1Is [HE EWUIVALENT OF"
PRINT INT(H/1E9+¢5)"X 10t9 CAL. PER MOLE OF THIS SUBSTANCE,"
PRINT "OR™INTC((H/CI/Z1EY9+.5)"x 10t9 CAL«. PER GrAM."
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MASSD

511 rRINT

512 PRINT " IF WE LDIVIDE trnls SINDING ENEsGY BY [nk NUMBER OF'

513 PRINT " PAKTICLES I[N InE NUCLEUs, wE GET A «ATIO ANOWN AS Tnk"
514 PRINT ' BINDING ENERGY rPEr NUCLEON, Whlln IS5 A MBASURE OF Tng"
515 PRINT ' STABILITY OF Tnk NUCLEUS. ink MOWE 'BINDING'™

516 PaINT *' PEit NUCLEON» THnk MOsE STABLE Is (AE NUCLeUS."

517 PrINF " ThE BINDING ENEnGY PEix NUCLEON IS '

518 PRINT | 49E-3*F/8"EnGo. Pkit NUCLEON, Ost''5

519 PRrINT 1 49E-3*F/(B8%4.19E7)"CAL. PEx NUC.»"

* S20PRINT" WAlCH 15 MOpE COMMONLY EAPags5SED A" IUU*INT(YSI*F/B8+.5)"MEV."
522 LET v = ((h/C)*4.19E7/3.6E13)3/15
525 PRINT

330 PRINT " Tnk AMOUNT QF ENEAGY (BINUVDING ENLAGY) CONFAINED 104 ONE'
540 PRINT " GoANM OF tnl> SUBSTANCE WOULD Be SUFFICIENT 0O suPrlLiy ALLM™
550 PHRINT ' THE ELECTHICAL NEEDS IN Al AVeEnsAGe ONE FAMILY nOUsk JsING"
560 PRINT " 15 KW-rnse. PEn DAY FOR A PERIOD OF"INTC(u+e53)"BAYSs OR"™

565 PRINT INTC(C(J/3€65)+.5)"YEARS "

57C PRINT

560 PrINT " IF YOU WOULD LIKE TO fUN ANOTnER PrOBLEM {YPE IN 1,

590 PRINT " IF NOT TYPE IN O."

U0 INPUT M

61U PRINT

620 PRINT " """ ook ook ok ko ok ok ok kok ok '?

630 [F M=l THEN 240

64 IF M<>J ThkEN 5bJ

650 END

47
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DISCIPLINE PHYSICS

SUBJECT FORCES + DISPLACEMENTS

PROGRAM NAME NEWTN2

DESCRIPTION:

A problematic situation is presented to the student which requires
repeated applications of Newton's 2nd law. By selecting various angles and
forces, the operator can observe the resulting motion produced. To successfully
complete the program, the student must complete a specified displacement
within ten attempts.

OBJECTIVES:

To aid in the development of skills in applying the equations of motion.

PRELIMINARY PREPARATION:

A. Student - An awareness of Newton's 2nd law is required. 1In addition, some
Tamiliarity of force components (resolation of vectors) is necessary.

B. Materials - Graph paper is helpful to students with below-to-average
aSlIlty.

DISCUSSION:

A. Operational Suggestions

This program was designed for operation by individual students or
small groups, but the program may be us<d with a class as a'' lead-in""
demonstration of forces and vectors. The presentation is also helpful in
describing two dimensional motion under the influence of a constant external
force.

When executed by small groups of average students, it has been noted that
programs of this type stimulate discussions and involvement for those
participating.

B. Suggested Follow-up

The student is confronted with a situation which requires that he
overcome a given force (the wind), in moving a boat across a channel 10 Km.
wide. The magnitude of the force produced by the wind on the boat varies with
each '' run", but the direction of the vector is always southwest, i.e. 45 deg.
vith respect to the direction EAST. The student may vary his paddling
force (1irmited to values less than 200 Newtons), and direction at intervals
during his displacement. After each choice of variables, he is given his
position, as well as the resulting speed and direction of the boat. A
certifi cate i s presented for successful completion of the task.
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\‘E\v TN2

HINTs QRAPH PAPER 15 HELPFUL IN RUNNING THIS PROGRAM..
F* NA SPEEDses»

B T Y LTIy

YQU°RE TRYING TO ESCAPE FROM DEVIL®S ISLAND ON A SMALL BOAZ-
DEVIL®S 1SLAND 1S LOCATED AT CCORDINATES €0.,0).

™ SUCSEED, YOU MUST REACH A CHABNNEL S50 MET.RS VIDE AND
0000 MXTERS DUE EAST, AT ABOUT (310000,0).

I8 ADDITION, YOU WMus?T GET THERE IN FIVE MINUTES OR LESS OR
SUFFER RECAPTURE ~~- CHEHeHEH,HEH==)

WiAT DO YOU VIIGH CIN POUNDS)? 170
YOUR SITUATION 15 AS FOLLOWS:

THE VIND IS BLOWING FROM THE NORTHEAST (45 DEGREES? EXEZRTING
& FORCE OF 100 NIWTONS OM YOUR BOAT» YOU MAY PADDLE WITH
ANY FORCE IN THE EASTWARD DIRECTION (ZERO DEGREES IS EAST)
T9 ACCZLERATE YOUR BOAT ACROSS THE BAY AND THUS

FRACGH THE OPPOSITE SHORE CAND FREEDOM).

“NOtR1 THE MASS OF THE BOAT WITH YOU ABOARD IS 177 KI11.0BRAXS) «

W TR WAT FORCE (IN NEWTONS) AXD DIRECTION (1IN DEGREES) W®ILL
¥oU PADDLE? 199,28

e o5 X= 876 Ys 32 Vixy= 18 V(Y)= g
WANT TO0 CHANOE FORCE OR DIRECTION (1=YES, O-NO) 8 14
WTH WHAT FORCE <IN NEVTONS) AND DIBECTIOH (lll DEGREXS) WILL
mu PADDLE? 199,23 -

Xa 111 Yo §312 U(&?- 31 V(Y;- 3
WANY TO CHANGE FORCE OR DIREGI‘;ON (isYES, O=NO) ¢ 7 1
WITH SMAT FORCE (IN NEVTONS) AND DIRECTION (1N DEGREES) WILL
YOU PADDLE? 109,20
e 18 X= 2583 Ys 199 U(Xb- S7 UiY)= 3
WANT TO CHANGE FORCE OR DIRECTION C(i=YES, O=NO) 3 7 O
™ e X= 3520 Y= 269 VX 76 V(Y)= 8
¥ANT TO CHANGE PORCE OR DIRECTION <i=YES, O=NO> 8 2?2 O
™ R.8 X= 7102 7= 321 vik)e 96 W)= 1
WANT TO CHANGE FORCE OR nxucnou Ci=YES, 0-!]0) 1?1
WITH WIAT FORCE (IN NEVWTONS) AND DIRECTION (1N DEGRERS) VILL
YOU PADDLE? 150,10 ’
™ 3 X= 10173 Yo 246 V(X>a 109 V(Y)m=g

Yo HAVE REACHED THE OPPOSITE SHORE,

BT ARE 248 METERS OFF COURSE.

fil. THAT YORK FOR NOTHINGE

VOUSRR LOST IN THE SUAMPS FORIVER; €GOODBYE.

SEE IF YOU CAN IMPROVE YOUR ABILITY LATER.

READY
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100REM A.C. CABGIANO2 PATCHOGUE HeS5:3 DECe4,68

105 REM REVISED BY CeLOSIK 8-i8~-70

106 AEM X AND Y COORC'MATES ARE USED VWITH 1=TYPE VARIABLES 1M

107 REM X DIRECTION AND 3-TYPE VARIABLES IN THE Y DIRECTION

108 REM IT 15 BEST 70 CHECK THE EQUATIONS BELOW

LiOREM TH!S 1S A PHYSICS PROGRAM WHICH AYTENPTS TO DEVELOP A

120 REM 'FEEL' FO THEZ F=Mt RELATIONSHIP

130 PRINT™HIMNTSt GRAPH PAPER 1§ LEILFUL 1IN RUNNING TH!S PROGRAM.™

S40LETX=Q

150 LET Y=C

1601L.LETVI=0

P OLETVR™0

180 PRIMT

190LET@=0

SOCPRIMTY “,* “3"F° HA SPEEDseecs"

RI0PRINT™ "% “jNecccaccancccavana® .

S20PRINT

SIOFRIMNTYOU'RE TRYING TC ESCAPE FROM DEVIL®S ISUORD ON A SMALL BOAT.*

238 PRINT “DEVIL®'S ISLAND 15 LOCATED AT COORDPINATES €0,0)."

SAOPRINT"”TO SUCCEED, YOU MUST REACH A CHANNEL 50 METERS UIDE AND"

850PRINT*10000 METERS DUE EAST, AT ABOUT (10000:0).

SS0PRINT

ST7O0PRINT"IN ADDITION, YOU MUST GET THERE IN FIVE XINUTES OR LESS OR"™

QB8OPRINTYSUFFER RECAPTURE === (HEH,HREH,HEH=~)"

890PRINT ’

JOOPRINT™HWHAT DO YOU WEIGH (IN POUNDS»>*3

1CIWPUTY

320 RANDONMIZE

ISOLETP LaRMD(X) =8

SBOLET Pe80sIRT(PLl¢.5)

390 LET Ms=INT(W/2.2+100. 5)

400 LET T1s0Q

410 LET T=30

&20PRIKT

430PRINT"YOUR S!'I’UA‘HGII 1S AS FOLLOVS"‘

A0PRINT

ASOPRIHT™THE WIND 1S BLOWING FROM THE MNORTHEAST (45 DEGREES) EXERTING™

ASOPRINT™A FORCE OF"P“NEWIONS ON YOUR BOAT. YOU MAY PADDLE WITH" -~

47 PRINT “ANY YORCE IN THE EASTWARD DIRECTION (ZERO DEGREERS IS ﬁAST)"

415 PRINT "T0 ACCELERATE YOUR BOA. ACROSS TRE BAY AND THUS®™

477 PRINT “REACH THE OPPOSITE SHORE (AND FREEDOM) .*

ﬁPBINT"(NOTEl THI NASS OF THE BOAT Ul‘ﬂ! You ABOARD 45"H"KILOMS)0
PRINT

SOOPRINT"VITH WHAT FORCK 1N NIUTOIIS) AND DIRECTIONM (lN DEGREES) WwiLL"

S10PRINT*YOU PADDLE"™3

$20 IWPUT FLA

830 IF ABS(F~100)<100 Tm 610

SAO0LETQA=Q+{

350 IF Q»8 THEN 970

3501 FQ>1THENS90

STOPRINT™YOU WUST THINK YOU°RE SUPERMAN. BE PRACTICAL.”

580 G0T0490

SOOPRIMT"IF YGU'REL THAT STRONG, JUMP THZ CHANKEL==~"

6008970490

610 IF ABSCA)<90 THEN 040

GROPRINT*YOURE HMDI.B THE YRONG VAY. TRY Aeﬁll.

630 8010490

A0 LET AO=.017S#A

650 LET Ais(F3COSCAC)Y=e 71 T8P)/N

600 LET AR=(FeSINCAD)Y=e 71 79P /M

470 LET XeAleTsT/84UL4ToX

680 AT YmAResTaT/R+VEsTeY
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70
780
. 781
788
784
86

m

740
750

160

70
76
T30

90
0o
240
280
230
94D
943
930
960
70

khysics
NEWTN2

4 aflsTeV)
LET YASRASTIYS
LET TiaTho.8
PRINT "Ta"T1s Ao INT (X452 " YaRINT(Y+e5),"V(X)=*INT(VI+e5),
PRINT “U(L)In"INTIUR+.5) ’
IF X»0 THEN 730
PRINT “HO HELP THAT wAY. YOU'RE GOING DACKWARDS.®
a0 10 40
iF X»10000 THEEN 800
IF Ti>5 THEN 900
PRINT
PRINT “WANT Q0 CHANGE FORCE OR DIRECTION (1=YES, QsNQ) 8 “)
INPUT B
Ir Re1 THEN 490
I¥ R0 THEN ¢S50
60 TO 750
PRINT “YOU HAVE REACHED THE QPPOSITE SHORE,"
IF AB3S(Y)<300 THEN 830
PRINT “BUT ARE™INT(Y+.5)"METERS OFF COURSE.™
PRINT “ALL THAT VORK FOR NOTHINGI®
PRINT “YQU'RE LOST IN THE SWAMPS FOREVERZ GOODBYR.*
80 To 950 ' ‘
IF ARSCY)><100 THEN 850
PRINT “AND YOU MIGHT MAKE IT, THOUGH YOU ARE OFF COURSE."
GO 70 950
IF ABS(Y)<2S THEN 870
PRINT “BUT YOU'RE CLOSE ENOUGH TO GET avAYe GOOD LUCKE®
80 70 990
PRINT “AND HAVE REACHED THE GHANNIL.*”
PRINT "HOW SWEET SUCCESS %5 1417
@0 Y0 950
PRINT “YOQUR ZTiWHE 1S UP."
IF X<wji0n00 THEN 800
PRINT "Y0U HAVWE NOT REACHED THE CHANKEL., AND ABE QNLY®™
PRIMT INT(SQR(XSX<YsY)¢o(2"HMETERS FPRON VHERBE YOU STARTED.”
PRINT “¥YOU MUST SUPFER RECAPTURZ.™
a:;ut "“SORRY» CHUM, BUT THAT'S PHYSICS."
PRINT )
mmr “SZE IF YOU CAN IMPROVE YOUR ABILITY LATER."
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DISCIPLINE PHYSICS

SUBJECT PHOTOELECTRIC EFFECT

PRCGRAM NAME PHOTEIL

DESCRIPTION:

An experiment involving the photoelectric effect is simulated by the computer,
to enable students to develop a qualitative understanding of the phenomenon.

OBJECTIVES:

To demonstrate a ''critical wavelengtH' for photo-electronic emission.
g

PRELIMINARY PREPARATION:

A. Student

1. Prior discussion of’ the phenomenon as an introduction to modern physice
2. Students must be previously aware of such properties of light as wave-
length and intensity.

B. Materials - none

DISCUSSION:

The student is permitted to select any one of five metals, which is sub-
sequently subjected to ultraviolet radiation. The electrons are '’ counted'' by an
ammeter incorporated in the simulated experimental set-up.

The data collected is tabulated for three trials, indicating the current
measured for various wavelengths. The data will indicate that:

1. The photoelectric emission is a function of wavelength;

2. For light of wavelength less than the critical value, the number of electrons
emitted is dependent upon the incident light intensity: and

3. TFor wavelengths greater than the critical value, light intensity has no
effect on the emission of electrons.

The program is designed for individual qualitative investigation of the
phenomena, but may also be utilized by small groups.

It should be noted that this program is advantageous where limited or
non-existent lab equipment hinders actual experimentation.

52

@ Copyright 1971, Polytechnic Institute of Brooklyn

O

RIC 153

Aruitoxt provided by Eic:



Physics
PHOTEL

1

THE PHOTOELECTRIC EFFECT

WEN LIGHT OF SHORT WAVELENGTH FALLS ON A METAL SUnrFACE,
ELECTRONS ARE EJECTED FROM THE METAL. ACCORDING TO THE
DESCRIPTION OF TH1S rPHENOMENON BY EINSTEINs THERE IS A
MAXIMUM WAVELENGTH FOR EACH METAL ABCQVE WHICH NU ELECTRONS
ARE EMITTEDs IN THIS EAPERIMENT WE WILL DETERMINE THE
CRITICAL WARVELENGTH AT WHICH THIS OCCURS.

THE METAL SELECTED VWILL BE PLACED IN A VACUUM WHERE IT
VILL BE BOMBARDED BY SOFT X-HAYS. THE NUMBER OF ELECTRONS
EJECTED WILL BE COLLECTED AND COUNTED WITH AN AMMETER.
(NOTES$THE CURRENT 1S5 RELATED TU THE NUMBER OF ELECTRONS
EMITTED BY ThHE METAL) .

SELECT ONE OF THE METALS LISTED BY TYPING ITS NUMBER.

1) SILVER

2) BISMUTH .

3> CADMIUM

4) LEAD

5) PLATINUM
7 3

MEASURED CURRENT (MICROAMPERES)
VAVELENGTH TRIAL 1 TRIAL 2 TRIAL 3
2380 20,7 203 20.1
2500 20.6 20.3 204
2631 20.5 2.1 20 o &
27717 20.6 20.5 20.2
2941 20.1 204 208
3i2s 20.2 20 208
3333 2:2 3-6 3
3571 4 248 4
3846 1 3.5 3.5

DO YOU WISH TO INCREASE THE LIGHT INTENSITY?
(1=YES, O=mNO) 3 2 1

BY WHAT FACTOR? (SELECT FACTUR BETWEEN AND 10)J.
- T 7
MEASURED CURRENT (MICROAMPERES)
WAVELENGTH TRIAL 1 TRIAL 2 TRIAL 3
2330 140 140 140
- 2500 140.1 14001 140.1
2631 140 140 140.1
2777 140 140.1 140.¢
2941 14061 140 14041
3125 140.! 140 140
3333 4.5 4.9 3
3571 14 17 2
3846 4 0 e
53
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Physics
PHOTEL

DO YOU WISH TO INCREASE ViE LIGHT INTENSITY?
(i=YES, C=NO) ¢ 2V

DO YOU WISH TO TRY ANOTHER METAL (1l=YES5, U=NO) ¢ 2?2 1
SELECT ONE OF THE METALS LISTED BY TYPING ITS5 NUMBER.

1) SILVER

2) BISMUTH

3) CADMIUM

4) LEAD

5) PLATINUM
? 2

MEASURED CURRENT (MICHUOAMPERES)
WAVELENGTH TRIAL 1 TRIAL 2 TRIAL 3
2380 10.6 107 11.1
2500 104 11 10 .5
2631 11 11 11.4
27171 114 106 i0
2941 111 11.6 10.9
3125 3.3 4.8 1.7
3333 4.2 3.6 2
3571 3.9 4 4.2
3846 1 17 3.3

DO YOU WISH TO INCREASE THE LIGHT INTENSITY?
(1=YES, O0=NO) ¢ 2 O

DO YOU WISH TO TRY ANOTHEW METAL ()=YES, O0=NO)> & 2 O
NOW BY PLOTTING THE WAVELENGTH VS. THE MEASURED CURRENT.,
(AVERAGE OF THREE TR!ALS)>» THE PHOTOELECTRIC EFFECT AS
DESCRIBED BY EINSTEIN WILL BECOME APPARENT.

THANK YOU.

READY

54
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100 REM A<Ce CAGAIANQ3PATCHOGUE HeSe. PHYSICS: 7-16-68

105 REM REVISED BY C.LOSIK 8&-~21-70

106 REM A 1S WHICH METAL, L IS THE PRINTED WAVELENGTH.»

107 REM N ARE THE CURBENTS, K IS5 INTENSITY, F IS INCREASING INTENSITY
110 PKRINT * ","THE PHOTOELECTRIC EFFECT®

120PRINT

130PRINT

140PRINT"WHEN LIGHT OF SHORT WAVELENGTH F&LLS ON A METAL SURFACE,"
1SOPRINT"ELECTRONS ArE EJECTED FkOM THE ME[ALe. ACCORDING TO ThE"
160PRINTYDESCRIPTIUN OF THIS PHENOMENON BY EINSTEIN, THERE IS A"
170PRINT"MAXIMUM WAVELENGTH FOR EACh METAL ABOVE WiAICH NO ELECTHONS®
1860 PRINT"ARE EMITTED. IN THIS EXPERIMENT WE WILL DETERMINE THE"
1SOPRINT'CRITICAL WAVELENGTH AT WHICH THIS (QCCURS.”

200PRINT '

210PRINT"THE METAL SELECTED WILL BE PLACED IN A VACUUM WHERE IT"
220PRINT“WILL BE BOMBARDED BY SOFT A~RAYSe. THE HUMBER OF ELECTRONS"
230PRINT"EJECTED WILL BE COLLECTED AND COUNTED WITH AN AMMETER."
240PRINT"(NOTE:THE CURRENT 1S RELATED TO THE NUMBER O~ ELECTRONS”
250PRINT"EMITTED BY THE METAL) "

260PRINT

270PRINT'SELECT ONE OF THE METALS LISTED BY TYPING ITS NUMBER"
2B0PRINT

290PRINT" ","1) SILVER"

2
300PRINT'" ','23 BISMUTH"
310PRINT® ",'3) CADMIUM"
320PRINT" ",'"4) LEAD"
330PRINT'™ *,»*'S> PLATINUM"
340PRINT
345 RANDOMIZE
350INPUT A

360 IF A>1 THEN 380

370 LET V0=.308

380 IF A<>2 THEN 400

390 LET V0=.338

400 IF A<>3 THEN 420

410 LET V0=.318

420 IF A<»4 THEN 440

430LET VO=.340

440 IF A<S THEN 460

450 LET VO=.385 -
460 LET K=INT(1+2%RND(X))

470 PRINT

480 PRINT' ' ,''MEASURED CURRENT (MICROAMPERES)™
490PRINT '*WAVELENGTH","TRIAL 1","TRIAL 2","TalAL 3"
500 FOR L=+420 TO .250 STEP =~.02

510 LET M=INT(C1000/L)

520 PRINT M»

530 FOR J=1 TO 3

540 IF L> VO THEN 570

550 LET I[=SQRCINT(25%BNDC(X))>)

560 GO TO 580

570 LET I=SQR(K*K*100+INT(35%RND(X)))

580 LET N=INTC10xI+.5)>/10

590 PRINT N»

55
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600 NEXT J

610 PRINT

620 NEXT L

630PRINT

640PRINT"DO YOU WISH TO INCREASE THE LIGHT INTENSITY?"

650 PRINT "(1=YES, O=NO) & '3

660 INPUT G

670 IF G=0 THEN 730

675 IF G<>1 THEN 650

680 PRINT

690 PRINT"BY WHAT FACTOR? (SELECT FACTOR BETWEEN 1 AND 10)."
W0 INPUT F

705 IF ABS(F=55)>4.5 THEN 690

710 LET K=K*F

720 GO TO 470

730 PRINT

740PRINT'"DO YOU WISH TO TRY ANOTHER METAL (1=YES, 0=NO) 3 '3
750 INPUT H

760 IF H=1 THEN 270

765 1F H<>0 THEN 740

770 PRINT

780PRINT"NOW BY PLOTTING THE WAVELENGTH VSe THE MEASURED CURRENT,'
TI0PRINT" (AVERAGE OF THREE TRIALS)», THE PHOTOELECTRIC EFFECT AS"
B0OPRINT"DESCRIBED BY EINSTEIN WILL BECOME APPARENT.'
810PRINT ' .
B20PRINT'"THANK YOU.*

430 END

56
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DISCIPLINE PHYSICS

SUBJECT ENERGY LEVELS

PROGRAM NAME PHOTON

DESCRIPTION:

The student fires 15 shots, from a photon gun, at a mythical
gaseous element with 4 randomly-selected energy levels. After each
shot,the computer prints out the energies of photons, if any, emitted
by the gas. The student is to construct an energy level diagram for
the element from a knowledge of the energies of the photons emitted.

OBJECTIVES:

To promote a better understanding of how energy levels are
determined from a knowledge of the emissions of excited atoms. -

PRELIMINARY PREPARATION:

A, Student - It is desirable that he have run BOHR, but it is nota
necessity.

B. Materials - none

DISCUSSION:

The computer randomly selects 4 energy levels for the element.
The energies range between 1x10-19 and 13x10-1Y joules ,

The energies of the students' 15 shots are picked at random,
but cover the range from 1 to 15. Whenever one of the photons shot by
the student is capable of exciting the atom all of the possible photon
emissions from that excited state are printed.

By examining the photons emitted as a result of the 15 shots the
student can construct an energy-level diagram of the element and account

for each photon.

(%
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IMAGINE THAT YOU HAVE A PHOYON GUN THAT FIRES PHOTONS WITH

RANDOMLY SELECTED ENERGIES.

YOU WANT TO FIND SOME OF THE EWBROY LEVELS OF A 3A5 THAT
YOU HAVE 1SOLATED FROM A SAMPLE OF MOON ROCK. Y04 VILL

RO IT BY FIRING PHOTONS INTO THE GAS AND MEASURING THE
ENERQIES OF PHOTONS EMITTED BY THE GAS. THE GAS VYiLL EMIT
ONLY IF THE PHOTO) YOU FIRED 15 CAPABLE OF EXCITINQ I1TS
ATOMS TO HIGHER ZNERGY STATES.

TO FIRE A BUAST OF SINGLE ENERGY PHOTONS INTO THE GAS TYPK i
TO CEASE FIRING PHOTONS TYPE O
YOU HAVE i8S SHOTS TO DRTEBRMIME THZ ENRRGY LEVELS.

PIRZ11?
FIREL 6%
FIRE!1?
FIREII?
TIREI1?
FIRE!17?
FIREI1?
FIREIN?
FIRG11?
FIREN1?
FIREL1?
FIAE1?
FIRE!1?
FIREIS?
FIREI1?

SHOT NUMBER

® OO 3 O th O W B -

o o= = o= em
&> W B » O

ENERGQY OF EMITTED PHOTONS (E~19 JOULES)

© © o0 ©

14 72 8 3 11 a g8 ¢
5 3 8 9
3 9

© 0 © o

7 5 3 a 8

- FIND THE EMERGY LEVELS OF OUB BLENEMT - HVSTRAIUS
AND ACCOUNT FOR SACH OF YHE EMITTED PHMOTONS BY DRAVING
AN ENERGY LEVEL DIAGRAM AMD SHOWING WRICH TRANSITIONS

GIVE RISE TO THE PHOTONS.

READY
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: 110 REM  JGHN We HOSIE = NORTHPORT HIGH - PHYSICS  8/1/69
L 813 RE¥ REVISED BY L.BRAUN 8=£20-70
115 REM R(1) ARE THE ENERGY LEVELLS
- 120 RANDOMI2E
125 DIM R(251,K(15),E(6)
130 FOR J=0 TO 6
140 LET E(J)=0
150 NEXT J
170 PRINT"IMAGINE THAT YOU HAVE A PHOTON GUN THAT FIRES PHOTONS WITH"
- 80 PRINT"RANDOMLY SELKCTED ENERGIES."
190 PRINT
200 PRINT"YOU WANT TO FIND SOME OF THE EMERGY LEVELS OF A GAS THAT"
210 PRINT"YOU HAVE 1SOLATED FRCN A SAMPLE OF MOON ROCKe YOU WILL"™
220 PRINT™DO IT BY F1RING PHOTONS INTO THE GAS AND MEASURING THE"
830 PRINT"ENERGIES OF PHOTONS EMITTED BY THE GASe THE GAS WILL EMIT"
240 PRINT™ONLY IF THE PHOTON YOU FIRED 1S CAPABLE OF EXCITING ITS"
250 PRINT"ATOMS TO HIGHER ENERGY STATES."
#60 PRINT
£70 PRINT
300 REM THIS GENERATES A RANPOM NO. IN RANGE 0-1S
LET KeINTC15#RND(X)*e5?
FOR I=8 TO 5
IF KeE(l) THEN 310
NEXT i
FOR Ju3 TO 5
IF ECJ)=0 THEN 390
SEXT J
a0 TO 410
LET ECJ)=K
GO TO 310
FOR J~1 TO 4
FOR luJ¢l TO S
IF ECJI<ECI) THEN 470
LET Kef(J)
LET ECJ)=B(D)
LET EldeK
NEXT X~
NEXT J
PRENT™TO FIRE A BUAST OF SINGLE ENERGY PHOTONS INTO THE GAS TYPE 1*
PRINT®TO CEASE FIRING PHOTONS TYPZ O"
PRINT#YOU HAVE 18 SHOTS TO DETERMINK THE ENERGY LEVELS.”
PRINT
PRINT * ","SHOT NUMBER","ENERAY OF EMITTED PHOTONS (E=19 JOULES)"
PRINT
17 DalS THEN 950 .
PRINT "FIRE11"3
INPUT
IF F=0 THEN 950
IF F<>1 THEN 570
LET Dabs)
LET NwO
LET P=INTC153RND(X)+.5)
FOR 1=] TO 1S
IF PaK(1) THEN 620
NEXT I
LET K(D)aP
FOR i=1'TO S.
IF PeECI) THEN 720
NEXT I
PRINT * ",D,"0"
80 T0 S60
FOR H=} TO 1

BB BEREEE

%Qiﬁé%ﬁ&éﬁ%

§§§§§§§§§§§§§
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730
7480
0
780
770
8o
%0
800
810
880
830
840
850
860
870
880
890
900
9820
930
940
950
960
970
960
990

Physics
PHOTON

FOR J=1 TO 1

LET NauN+l

LET R(NISE(l¢+iJ)=E(H)

NEXT J ’

NEXT H

PRINT® *,D»

FOR i+v! TC 3%

IF RC1)>0 THEN 830

LET Ri1)=0

GO TO 87

FOR J=1 10 25-1

IF RCI)<>R(1+J) THEN 860

LET R(I+J)=0

NEXT J '

NEXT 1

FOR Nwi TC 38

IF R(N)=0 THEN 920

PRINT R(N)3

NEXT N

PRINT™ *

Q0 TC 3560

PEINT

PRINT

PRINT™FIND THE ENER@Y LEVELS OF QUR ELEMENT = MYSTERIUN™
PRINT™AND ACCOUNT FOR BACH OF THE EMITTED PHOTONS BY DRAWING™
PRINT™AN ENERGY LEVEL DIAGRAM AND SHOVING ﬂ;cu 'rms;'r;ous"

1000 PRINT®GIVE RISE TQ THE PHOTONS.™
010 END

ERIC
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DISCIPLINE PHYSICS

SUBJECT PHOTOELECTRIC EFFECT

PROGRAM NAME PLANK

DESCRIPTION:

This prograrn simulates an experiment to determine Planck's
constz.nt, threshold frequency, and work function of a metal.

OBJECTIVES:

A. To enable the student to do an experiment on the computer that he is
not likely to be able to do in a high-school laboratory.

B. A better understanding of the photoelectric effect.

PRELIMINARY PREPARATION:

A, Student

1. He should have read and studied about threshold frequency, cut-off
potential, and know (schematically) how the experimental apparatus
used in such an experiment works.

2. It is desirable that he have run PHOTEL- though not a necessity.

B. - Materials -~ Graph paper

DISCUSSION:

The student may choose one of the five metals in the program, the
intensity of the x-rays used, and the number of different x-ray frequencies
he would like to use. The computer then randomly chooses an x-ray
frequency, and prints it for the student to see. The student enters voltages
to be used as retarding potentials in the simulated tube and the computer
prints a current for each potential entered until the current is zero when
the cut-off potential is reached. A new frequency x-ray is then used and the
student again tries te find the correct potential for cut-off.

Finally, a table of frequencies and cut-off potentials are printed
and an assignment given {plot a graph and answer questions).

The student may then run the program again with a different in-
tensity and the same metal, or he may change the metal and intensity.

61
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IN THIS EXPERIMENT YOU WILL BE GIVEN THE FREQUENCY OF THE
X~RAYS BEING USED AND YOU ARE TQ DETERMINE THE VOLTAGE SET-
TING (RETARDING POTENTIAL) NECESSARY TO CAUSE THE COLLECTOR
CURRENT TO DECREASE TO ZERO. )

FIRST CHOOSE THE METAL YOU WiSH TO USE FOR YGUR PHOTO-
SENSITIVE SURFACE.

1 SILVER, 2 BISMUTH» 3 CADMIUM, 4 LEAD, S PLATINUM
WHICH METAL DO YOU CHOOSE? 4
WHAT INTENSITY OF X~RAYS WILL YOU USE (FROM | TO 537 3

HOW MANY DIFFERENT X-RAY FREQUENCIES WOULD YOU LIKE TO
USE TO RADIATE YOUR SAMPLE (FROM $ TO 837 7

THE X-RAY FREQUENCY IS 14.59 ELS

VOLTAGES HIGHER THAN GUT OFF ¥ILL GIVE CURRENT READINGS OF
ZERO SO TRY LOWER ONESe I°'LL ROTIFY YOU OF CUT OFF:
FIND THE CUT OFF (STOPPI8@) voLtagk.

Ya? Q4

1=0)
Va? 20 ’

I= 9.780632 E~-6
Y=? 23

Is 2.232173 E=%
Vu? 23.5

I=s 9982859 E~6
Wu? 836

Iw +747686 E-6
V=? 23.8

CUT OFF  1=0
THE X-RAY FREQUENCY 1S 1884 KI5
FIND THE CUT OFF (STOPPING) VOLTAGE.

w7 24
I= 23.08785 E-6
we? 26
I= 16.97117 E=6
w7 35
I= 6016513 E=6
W7 40
10 )
w7 38
I= 1.580219 E=6
W7 39¢5
1=0
=7 39

CUT OFF  1s0
THE X-RAY FREQUENCY IS 9.06 KIS »
FIND THE CUT OFF (STOPPING) VOLTAGE.

Va? 10
T 1=0
V=7 9 )
i=0
Va7 | ) -

Cut OFFr 1=0
l&(‘}
Lt
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THE X-RAY FREQUENCY 1S 13.3 Bis
FIND THE CUT OFF (STOQPPING) VOLTAGE.

U=? 20

1=0
e? 17

Is 3.735741 E-6é
Um? 19

1=0
=7 18

I= .4778508 E-%
Ww? 18.5

1=0
Ux? 18.8

CUT OFF 1m0
THE X-RAY FREQUENCY IS 12.84 EIS
FIND THE CUT OFF (STOPPING) VOLTAGE.

U=? 15
CuT OrF 1=0

THE X-RAY FREQURENCY 15 9.43 215
FIND THE CUT OFF (STOPPING) VOLTAGZ.

Y=? 10

1=0
W2 5

I=Q
V=? 2 .

) Is §2.50934 E-6

vs? 3 .

I=0
Un? 827

1=0
V7 8.3 -

CUT OFF  1=0
THE X-BAY FREQUENCY 15 8+65 KIS
FIND THE CUT OFF (STOPPING) VOLTAGE.

Vu? |}
1=0
W=7 .4 '
i=¢
Wl .8

THIS FREQUENCY 18 TO0 LOW TO CAUSE PHOTOELECTRIC EMISSION
1'LL GIVE YOU A NEV FREZQUENCY.

THE X-BAY PREQUENCY 1S 10.85 Ki$ -
FIND THE CUT OFF (STOPPING) VOLTAGE.

¢

we? 10
1=0
ve? 8 '
je
Ve? 8 :
I= 18.15371 E-6
w? 6
I= 9.785334 E-6
w? 7
I= 1.385315 E-6
V=2 75
1=0
UYs? 73 v
1e0
Va? 7.9 . , Ve
Q = CUT aPF 100 = 164
ERIC o
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X-RAY CUT OFF
FREQUENCY VOLTAGE
ElS FPS YoLTS
14.59 23.8
18.24 39
2:0% 1
13.8 18.28
12.44 15
9-‘3 8'5
10.55 7.8

PLOT A 8RAPH OF CUT OFF VOLTAGBS (Y AXIS) VS. FREQUENCY

AT 15 THE MEANING OF THE POINT AT WHICH THE EXTRAPOLATED
GRAPH INTERCEPTS THE VOLTAGE AXIS?

WAT 1S THE LOWEST FAEQUENCY THAT WILL CAUSE EMISSION OF
PHOTONLECTRONS FROM THIS METAL?

REMEMDER THAT THE RETARDING POTENTIAL APPLIED BETVEEN THE
DMITTER AND THE COLLECTOR AT CUT OFF, EXPRESSED IN ELECTROM
VOLTS, 1S EQUAL TO THE KINETIC ENERGY OF THE FASTIS'A‘
DLECTRONS ESCAPING FROM THE EMITTER. FIND THE SLOPE OF THE
GRAPH BUT EXPRESS THE STOPPING POTENTIAL I¥ dOULESo

WAT IS THE VALUE OF THE SLOPE OF THE CGRAPH AND WHAT SRECIAL
MAME IS GIVEN TO THIS CONSTANT?

THE SAME METAL VITH A DIFFERENT INTENSITY IS WORTH
INVESTIGATING: WHEN YOU DO THIS EXPLAIN TRE MEANING

OF ITS GRAPH VHEM COMPARED TO THE PREVIOUS ONE.

YOU MAY AL50 VISH 70 TRY A DIFFERENT METAL AND EXPLAIN
THE MEANING OF ITS GRAPH WHEN COMPARED TO YOUR OTHER ONES»
OR COMPARZD VITR THOSE OF ANCTHER STUDENT.

DO YOU VISH TO TRY A DIFFERENT INTEMSITY OR A

DIFFERENT METAL C1=YES, QuNO) 8 7 O

READY

- 64
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100
105
106
107
110
120
130

Physics
PLANK

REM JOHN We HOSIE ~ NORTHPORT HIGH - 7/89/69
REM REVISED BY C.LOSIK 8-21-70 C
REM M 15 WVHICH METAL:C IS X=RAY INTENSITY, K IS NO. OF FREQS.

RENM

LET P
PRINT
PRINT

F(S) ARE THE FREQS. USED, V(S) ARE THE CUT OFF POiINTS
-0 ? " 4

* IN THIS EXPERIMENT YOU WILL BE GIVEN THE FREQUENCY OF THE™

140PRINT "X-RAYS BRING USED AND YOU ARE TO DETERMINEZ THE VOLTAGE SET-*

150
£ 60
£70
180
190
200
810
820
230
840
250
260
87
280
8%
300
310
320
330
340
350
360
370
380
390
400
410
A0
430
40

670
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ERINT

"TING (RETARDING POTENTIAL) NECESSARY TO CAUSE THE COLLECTOAR™

PRINT “CURRENT TO DECREASE TO ZERO."

PRIAT

PRINT * FIRST CHOOSE THE METAL YOU WiSH TO USE FOR YOUR PHOTO-"
PRINT “SENSITIVE SURFACE.™

PRINT

PRINT * 1 SILVER, 8 BISMUTH, 3 CADMIUM, 4 LEAD, 5 PLATINUN"
PRINT i - i ' ° -
LET Ke=0

PRINT "WHICH METAL DO YOU CHOOSE™3

IPUT M

IFr M>=a] THEN 880

30 TO 430

IF M>»1 THEN 310

LET FOm9.74

40 TO 430

IF M>»8 THEN 340

LET FO=8.88

@G0 TO 450

IF M>3 THEN 370

LET FO=9.43

a0 TO 450

IF M>a4 THEN 400

LET FO=8.88

@0 TO 430

IF M>5 THEN 430

LET FO=7.79

G0 TO 4%0

PRINT “SORRY - THE METALS HAVE NUMBERS FROM 1 TO s"
Q0 TO 240

DIM FC10),V¢ lO)

PRINT '

PRINT “WHAT INTENSITY OF X-RAYS WILL YOU USE (FROM 1 TO $)™3
INPUT C

iz C»5 THEN 460

1¥ C<i THEN 480

LT S=9

PEINT

PRINT™HOV MANY DIFFERENT X~RAY FREQUENCIES WOULD YOU LIKE TO™
PRINT™0USE TO RADIATE YOUR SAKMPLE (FROM § TO 83
INPUT K

PRINT

IF K»=S THEN 610

PRINT "1 SAID BETVEZN S AND 8 FREQUENCIES."™

80 10 830

IF Ke=g THEN 680

PRINT “TO0 MANY TRIALS FOR THE AVAILABLE TIME.™

807 T 530 ’

RANDOMIZE

LET Ii=Q

FOR l=} TO 140

LET I'sRND(X)

160
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00
no
740

760
770

790
800
810
830
850
870
880
890
910
280
930
950

970

1000
1010
1080

Physics
PLANK

LET F-INT(ROOD#F+.S>IIOO

Ir F>7 THEN 730 .
REXT I
LET Va4elas(F-FO)
LET J=u0
PRINT "THE X-RAY FREQUENCY IS"F™ EIS”
PRINT

IF R>0 THEN 800
PRINT "VOLTASES HIGHER THAN CUT QFF WILL GIVE CURRENT READINGS OF°"
PRINT "ZERO SO TRY LOWER ONKSe. 1°LL NOTIFY YOU OF CUT OFF."
PRINT * FIND THE CUT OFF (STOPPIRG) VOLTAGK."™
PRINT . ' '
PRINT “*Unu*}

INPUT UL
LET ReR+)
LET JeJ+l
LET 1s(20#C*(V=V1))/V+.0S*RND(X)

IF 14C»RC.S THEN 890
LET 1=20%C+.)*RND(X)

1P Vv-U120 THEN 910 ~
LET 120

IF A8SS5(V=Vi)d<el THEN 1000

1r U»0 THENM 950 .
LET I=0

IF J=3 THEN 1020

IF I=0 THEN 980
PRINT Ia=]" E-6"

G0 7O 880 T '
PRINT * I1=0°"

@0 TO 8820 o

PRINT CUT OFF EmQ¥

a0 TO f060 '

PRINT “THIS FREQUENCY 1S TOO LOW TO CAUSE PHOTOELECTRIC EMISSION"

1030 PRINT "I°'LL GIVE YOU A'NEV PREQUENCY.*

1040
1050
1060

PRINT
€0 TO 680
LET S=§+l

1070 LET F(3)=F

1689
1099
1100
1110
1180
1130
1150
11350
1160
1170
1180
1190
fgio
1880
1830

LKT V(S§)=V]}

PRINT

IF S<>K THEN 660

PRINT * X<RAY","CUT OFF"
PRINT "FREQUENCY™,"VOLTAGE"™
PRIRT ™ E15 FPS™,™ VGLTS™
PRINT “.-.o..-..“'“....--.“
PRINT )
FOR S=} TO K

PRINT F(S)JV(S)

MEXT S

LET P=P+}

PRINT

Pgill" PLOT A GRAPH OF CUT OFF VOLTAGES <Y AXIS) V5« FREQUENCY"™
PRINT

1835 17 Pr1 THEN 1460

1840
1830
18¢C

PRINT®VHAT 15 THE MEANING OF TWE POINT AT WHICH THE IXTWOLATID"
PRINT®@BAPH INTERCEPTS TRE VOLYAOE AX151™ .
PRINT

IR70 PRINT™VHAT 13 THRE LOVWEST FREZQUEICY THAT VWILL CAUSE ENISSION OF"

1280
18%

PRINT*PHOTORLECTRONS FROM THIS METALYM™
PRINT

1300 PRINTAZMEMBER THAT THE REVARDING POTENTIAL APPLIED BETVEEN THE™

1310

FRINT®EMITTER AND THE COLLECTOR AT CUT OFF, EXPRRSSED 1IN ELECTRON"

1320 PRINT™VOLTS, 15 EQUAL TO THE KINKTIC ENERGY OF THME FASTEST™ ~
1330 PRIMT™ELECTRORS ESCAPING FROM THE RNITTER. FIND THE SLOPE OF TNE"

167
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1340
1350
136C
137¢
1580
1390
1400
1410
1480
1430
1440
1650
1260
1a70
1480
1490
1500
1510
1520

Phyvsics
PLANK

PRINT™GRAPH BUT EXPRESS THE STOPPING POTENTIAL IN JOULES."

PRINT

PRINT"WHAT 1S THE VALUE OF THE SLOPE OF THE GRAPH AND WHAT SPECIAL"
PRINT“NAME 1S GIVEN TO THIS CONSTANT?" Co
PRINT

PRINT®THE SAME METAL VITH A DIFFERENT INVENSITY IS WORTH™
PRINT™INVESTIGATING. WHEN YOU DO THIS EXPLAIN TRE MEANING"
PRINT"OF ITS GRAPH WHEN COMPARED TO THE PREVIOUS ONZ.*

PRINT

PRINT"YOU MAY ALSO WISH TO TRY A DIFFERENT METAL AND EXPLAIN"
PRINT™THE MEANING OF 1TSS GRAPH WHEN CONPARED T0 YOUR OTHER ONES,"™
PRINT "OR COPARED VITH THOSE OF ANOTHER STUDENT."™

PRINT . . ’

PRINT “DO YOU VISH TO TRY A DIFFERENT INTENSITY OR A"

PRINT "DIFFERENT METAL (isYES, OuNO) & 3

INPUT Q@

IF Q=] THEN I

IF Q<»0 THEN 1460

END



DISCIPLINE PHYSICS

SUBJECT PROJECTILE MOTION

PROGRAM NAME PRJTL

DESCRIPTICN:

By entering the firing angle and initial speed, the computer calculates
the coordinates, vertical and horizontal velocities, and speed of a projectile
for equal time intervals.

OBJECTIVES:
To show the independence of the horizontal and vertical velocities nf a

projectile, and to faciiitate the plotting of its path by eliminating tedious
@l culations. :

PRELIMINARY PREPARATION:

A. Student - Knowledge of motion at constant velocity and at constant acceleration;
and the vectar nature of velocity and acceleration.

B. Materials ~ graph paper

DISCUSSION:

The student enters an angle and an initial speed of a projectile. A table
of time, X and Y coordinates, horizontal and vertical velocities, and speed of the
projectile is printed.

The student may then plot a graph of the position of the projectile, and
draw vectors at each coordinate point to show the vertical and horizontal components
of its velocity.

68
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SUPPOSE YOU ARE GOING TO FIRE A PROJVECTILE I#TO THE AIR.
IF YOU ENTER A VALUE FOR ANGLE OF ELEVATION AND INITIAL
VELOCITY» THE RANGE AND HE7 GHT WILL BE EVALUATEDe. "ENTER
YOUR INFORMATION IN THE F(:it A,V AFTER THE QUESTION MARK.
(REMEMBER, THE ANGLE IS5 1/j DEGREES AND THE INITIAL
VRLOCITY 1S IN METERS/SFCOND.).

WAT ARE YOUR VALUZS? 30, 200

THE TOTAL FLIGHT TIME WAS 80.39431 SECONDS
THE RANGE WAS 3532.399 METERS
THE MAXIMUM HEIGHT WAS 509.8573 METERS

BECAUSE THERE iS NO FRICTION, THE HORIZONTAL VELOCITY 1S
CONSTANT+ HORIZONTAL VELOCITY = 173.2051

THE FOLLOWING ARE POINTS ON THE CURVE AT VARIOUS TIME

v VERTICAL
TIME X=-COORD Y~-COORD VELOCITY
0 (V] .0 " 99.99998
- 1.854028 321.1272 166.5479 81.81812
3. 708056 642.2543 303.3861 63.63638
5.562084 963.3815 404.5148 4545451
7.416112 1284.509 4719338 27.87871%
9.27014 16054636 305.6438 9.090908
1112417 1986763 505.643 =9.+090901
12.9788 8847.89 471.9338 -87.27271
14.823888 8569017 404.5138 ~45.45451
16.6868S 2890.144 303+3848 ~63.83631
186.54088 JR11.278 168.85468 ~81.81818
80.39a31 3538399 0 : -99.99992

INTERVALSS

SPEED
200
191.5574
184.5853
179.0 708
175.3391
173+4435
1735435
17%.3391
$79.0708
184.5853
1915574
800

THE ANGLE AT WVHICH YOU FIRED THE PROJUECTILE DYKES NOT YIELD THE MAX

IMUM RANGX. WHAT ANGLE DOES? 45
45 DEGRIIS GIVES THI MAXINUM RANGE Or 4077.6%4

WULD YOU LIKE ANOTHER RUN WITH DIFFIRENT A AND V?
(1=YES,» 0=K0) 3 7 O

EEADY

179



Physics
PRJTL

100 REM J<CARACCIOLO, LONGWOOD HeS.» 10-26-68» BASIC

101 REM REVISED 8,/25/70 (C. LOS!K)

110 REM PHZSICS PROJECTILE MOTION

180 PRINT “SUPPOSE YOU ARE GOING TO FIRE A PROJECTILE INTO THE AIR.™

130 PRIMT "IF YOU ENTER A VALUE FOR ANGLE OF ELEVATION AND IN!TIAL"

140 PRINT "“VILOCITY, THE RANGE AND HEIGHT VILI. BE EVALUATED. “ENTER"

150 PRINT “YOUR INFORMATION IN THE FORM A,V AFTER THE QUESTION MARK.™

160 PRINT *(REMEHBER, THE ANGLE 1S IN DEGREES AND THE INITIAL"

170 PRINT “VELOCITY IS in HETERS/SECOND-""

180 PRINT

190 PRINT

200 PRINT "“WHAT ARE YOUR VALUES"J

230 INFUT A.VO

230 1IF VO=0 THEN 690

240 IF A=0 THEK 690

850 IF VvO<0 THEM 7820

260 IP A<0 THEN 720

270 1IF A>=9%0 THEN 750

8380 LET A=A*3.14159/180

290 LET KuVO#SINCA)

300 LET L=V0*C0S5(¢A)

310 LET T»2%K/9.8U465

320 LET RaR#KkL/9.80665

330 LET He=(K18)719.6133

340 PRINT

350 PRINT

360 PRINT™THE TOTAL FLIGHT TIME WAS"3T3"SECONDS"

370 PRINT”THE RANGE WAS"IR3“METERS™

380 PRINT"THE MAXIMUM HEIGHT WAS“3HI“METERS"

390 PRINT ) T

393 PRINT "BECAUSE THERE iS NO FRICTION, THE HORIZOUTAL VELOCITY IS"

396 PRINT "COIISTANT- HORIZONTAL VELOCITY =L

AGD PRINT

A0 PRINT" THE FOLLOWING ARE POINTS ON THE GURVE AT VARIOUS "3

420 PRINT *“TIME INTERVALSS"

430 PRINT i

440 PRINT

&HAS PRINT * "™ ",™ ™," VERTICAL "

450 PRINT™ TIME *," x-COORD ®»* Y*COORD “»" VELOCITY "»" SPEED *

480 Pnlmu acnna W n cacasaaaa u‘n ceaccaaa ", ,N P | | 2" amame "

470 LET N=T/11 ' )

480 LET TisT ~

482 FPOR T=0 TO Tl STEP N

491 LET @uK%T-4.90333%T12

492 IF Q>0 THEN 495

493 LET Q=0 -

498 LET VisK-9.80663%T

500 PRINT T,L2T,Q» VlaSQB(VI‘Vlﬂ-‘L)

S10 NEXT T

S$80 IF ABS(A-.785398)<.00001 THEN 610

330 PRINT

540 PRINT

550 PRINT™THE ANGLE AT WHICH YOU FIRED THE PROJECTILE DOES NOT "3

560 PRINT "TIELD THE MAXIROM RANGE. WiAT ANGLE DD‘S"J

580 INPUT A ~

590 LET A=A%3. 141591180

600 80 TO 520

610 RPRINT

&";g;‘s DEGREES GIVES THE MAKINUM RANGE OF“2s(V01R)%(.707¢8)/9. 8066
b J

6A% PRINT “WOULD YOU LINB ANOTHER RUN VITH DIFFERENT A AND V7™

171
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646
648
649
650
660
&90

¥

00

760
770

Pysics
PRJTL

PRINT “(1=YES, 0sNO) & *3

INPUT

|'2)

1F Vi=0 THEN 78
IFr vi<>1 THEN 644

PRINT

PRINT"ENTER NEV VALUES FOR A,V AFTER THZ QUASTION MARK.™

80 TO
PRINT
a0 TO
PRINT
a0 TO
PRINT
PRINT
a0 To
END

180

(]

180

-
180
"
w

180

DON°T ENTER VALUES OF ZEGLT-™:

NO NEGATIVE VALUES. PLEASE LNTER THEM CORRECTLY"}

GREAT SHOT. YOU COULD KILL YOURSELF THAT WAY,
TRY AGAIN (NOT TO KILL YOURSELF, THAT 15> "3

. "ty

71
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DISCIPLINE PHYSICS

SUBJECT PRINCIPLE OF LEAST TIME

PROGRAM NAME REFLCT

DESCRIPTION:

Arn analogy is given for a light-ray reflected from a plane surtace
to demonstrate the ''least-time'' principle and its relationship to the reflection
laws of light.

OBJECTIVES:

To demonstrate the consequences of the "' least-time'' principle.

PRELIMINARY PREPARATION:

A. Student - Should be familiar with the reflection laws of light.

B. Materials - graph paper

DISCUSSION:

Given points P, and P, and the line 1, the
student can vary the point P, t6 note thee ffects on
angles P and Q and their relationsl_iip to the time
required to traverse the path 1F3F5e

The program is presented as a game in
which a horse (lightray) must complete a journey
within a specified time. The student is limited
to seven choices of P, to complete the task.
After a successful jox?rney, the student may vary the point I-"Z to further
establish the principle of least time.

This program has been extremely helpful in developing the least-time
concept and its relationship to the laws of reflection.

It is applicable to a classroom situation as well as small study groups.
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YOU ARE CAMPING OUT VEST IN GOORDINATE NATIONAL PARK ON
OBDINATE MOUATAIN, LOCATED 10 MILES NORTH OF THE
DESERTED TOWN OF ORIGIN, VHICH 1S CONVENIENTLY LOCATED
AT €0,0) ON THE LOCAL MAP.

A CALAMITY STRIKEST THE NEAREST HELP IS AT THE

BAR 30830 RANCH, LOCATED AT COORDINATES (30430)-

10 GRT THERE, YOU MUST RIDE AN OLD HORSE

(NAMED LIGHTRAY) W¥HO ¢ ~
"A) WILL ONLY WALK S MILES PER HOUR
B) WILL CEASE TO WALK CAND EXIST) AFTER 1C HOURS
C)> MOST HAVE A DRINK OF WATER SOHEVHERE ALONG THE
ABSCISSA RIVEZR, WHAICH (IF YOU HAVEN'T GUESSED) RUNS
ALONG@ THE ABSCISSA IN COORDINATE PARK

MERE 13 YOUR PROBLEM: YOU MUST PICK A SPOT

(FROM O TO 30) ALONG@ THE ABSCISSA RIVER DURING THE

TRIP TO QIVE LIGHTRAY A DRINR, AND STILL MAGE IT TO

THR BAR 30830 VITHIN THE TIME ALLOVED. LIGATRAY, USING
HORSS SENSE, KNOWS ALL THE ANGLES., SO VE WiLL GIVE ~
THEM TO YOU, TOG.

WERE WILL LIGHTRAY STOP FOR A DRINK? 7

ANGLE APPROACHING RIVER IS 55 DEGREES.
ANGLE LEAVING RIVER IS 53 DEGREES.

WHERE VILL LIGHTRAY STOP FOX A DRINK: 7.33

ANGLE APPROACEING RIVER IS 54 DEGREES.
ANGLE LEAVING RIVER IS 53 DEGREES.’
¥ELL, YOU ARE CLOSER THAN LAST TIME.
KEEP AN EYE ON "HOSE ANGLES, THQUGH.
LET'S 60 BACK . ,R ANOTHER HORSE.

WERE VILL LIGHTRAY STOP FOR A DRINK? 7.3

ANGLE APPROACHING RIVER IS SA4 DEGRKES.
ANGLE LEAVINQ RIVER IS 53 DEGREES.
C*MON == YOU TRIED THAT LAST TIMK.

WERE VILL LIGHTRAY STOP FOR A DRINK? 7.35

ANGLE APPROACHING RIVER IS 54 DRGREESe
ANGLE LEAVING RIVER IS 53 DEGREES.
€*%a -= YOU TRIED TRAT LAST TINE.

WMERE VILL LIGHTRAY STOP FOR A DRINK? 7.4

ANGLE APPROACHING RIVER IS 53 DEGRERS.

ANGLE LEAVING RIVER IS 33 BRGREES.

RICE VORK»~ YOU MADE IT.

TR TRIP TOOK ABOUT 10.00007 MNOURS.

YOU CAR SEX THAT USING HORSE SENSE, LIGHTRAY KNOVE TNAT
THE ANGLES HAUZ TO BE EQUAL OF REFLECTION FOR A .
MININUM TIMR TRIP.

IF YOU WANT TO MOVE THE RANCW, TYPE |
iF YOU WANT TO SEE SOHETHING ELSE, TYPE 8
;f YOU WANT TO QUIT, TYPR 3

3 b

THANK YCU FOR PLAYING.
READY
73
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EiM PROGRAN BY GERARD M. DAMM, WYANDANCH HS5, 8/68

REM REVISED BY C.LOSIX 8- 16 70 ' )

DIM ACTILBLTILGCT) ,

REM INTRODUCTXON

PRINT "YOU ARE CAMPING OUT VEST IN COORDINATE NATIOMAL PARK ON™
PRINT “ORDINATE MOURTAIN, LOCATED 10 MILES NORTH OF THE"
PRINT “DESERTED TOWN OF ORIGIN, WHICH 1S COWVENIENTLY LQCATED™
PRINT “AT €0,0) ON THE LOCAL MAP.® "~ ~

PRINT

PRINT "A CALAMITY STRIKES! THE WEAREST HELP iS AT THE"

PRIMT "BAR 303130 RANCH, LOCATED AT COORDINATES (30a30>o

PRINT “TO GET T4ERE, YOU MUST RIDE AN OLD HORSE™

FRINT “(HAKED LIGHTRAY) WHO 3"’

PRINT " "»"A) WILL O#HLY WALK 3 MILES PER HOUR"

PRINT ¥ ","B) WILL CEASE TO WiLK CAND EXiST) AFTER 10 HOUBS"
PRINT ™ "»"C) MOST HAVE A DRILK OF -WATER SOMEWHERE ALONG TER"
PRINT ™ ",“ABSCISSA RIVER, WAICH CIF YOU HAVEMN'T GUESSED) RUNS“
PRINT ™ ","ALONE THE ABSCISSA™IN COCRDISATE PARK®

PRINT

PRINT "HERE IS YOUR PROBLEM: YOU MUST PICK & SPOT"

PRINT “C(FROM O TC 30) ALGNG THE ABSCISSA RIVER DURING THE"™
PRINT “TRIP TO G@IVE LIGHTRAY A DRINK, AND STILL KARE IT TO®
PRINT “THS BAR 20530 WITHIN THE TIME ALLOVED. LIGHTRAY, using
PRINT “HORSE SEMSK. KNOWS ALL THE ANGLES., S0 VS GILL QIVE™ ~
PRINT "THEM TO YOU, TOO.”™

RER FIRST RUN, INITIALIZE RANCH

LET A=30

LET 8030

LET T9¢=10

LET R=160/3.14159

@0 TO 500°

REM SECOND BUM (OPTIOMAL)

PRINT

PRINT “ENTER TU® NMUMBERS, SEPARATED BY A CONMA, FOR THE NEW™
PRINT “RAMCHN COORDINATES *“j

INPUT AR

LET XolQ#A/{B+10)

LET T9e(SQRIXeX+100)+3ARC(A=X)*(A=X)+B%B))/5

PRINT "0.Ko, LIGHTRAY WILL LAST ABOUT®T9%+5001"HOURS ruxs TIME.”
RER LOCP FOR SEVEN TRYS - EXIT LOOP XF CORRECT

POR I={ TO 7

PRINT

PRINT “WHERE uxun LIGHTRAY STOP FOR A UBIIK'J

INPUT X

LIT ACI)=INTCREATNCI0/X)+.5)

PRINT ~°

LE? BCI)wINT(RIATN(B/(A=X))¢e5)

PRINT *ASULE APPROGACRING RIVER IS"A(I)"DEGREES.”

PRINT "AYELE LEAVING AIVER I1S“B{1)"DEQGREES." )

IF ACI)aBC]) THEN 660 ~

LET CRIYOABSCACI)I=B(I))

IF 1=]1 THE® 700°° T °°C

Ir CL2)»CCl=1) THEN 620

IF C(1)<Cl1~1) TEEN &00°

pnxnr SCORYN ' o= YOU TRIED THAT LAST Tlnl.

89 T0 700

PRINT "“WELL, YOU ARE CLOSER THAN LAST TIKE.”

PRINT "YEEP AN EYE O THOSZ ANGLES, XUOOOH.

PRINT aLBT'S G0 BACK FOR AMOTHER HOB&. -

e 760 700

PRIAT “HEY = TKIS TRIP TAKES LONGERI™

..74
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870

€10
%20
930
$40

PRINT "YOU HAVE A DEAD HORSE ON YQUR HANDS. TRY AGAIN."

40 TO 700 B
PRINT "NICE WORKo. YOU MADE IT.*

PRINT ®*TRE TRIP TOOK ABOUT”(SGR(X‘XO!OO)0508((A°X)t(A-X)OBtB))/53
PRINT ™ HOURS.™

PRINT “YOU CAN SEE THAT USING HORSE SENSE, LIGHTRAY KNOWS THAT®
PRINT "THE ANGLES MAVE TO BE EQUAL OF REFLECTION FOR A®
PRINT "MINIMUM TIME TRIP.”

@0 TO 800

NEXT 1

PRINT’

PRINT "TO0 MANY GQUESSESS WE ARE OUT OF HORSES.”

PRINT ' i ‘ ’ o

PRINT "1F YOU VYANT TO MOVE THE RANCH, TYPE 1"

PRINT "1F YOU WANT TO SSE SOMETHING ELSE, TYPE 8"

PRINT ™1F YOU VANT TO QUIT, TYPE 3"

INPUT R~

IF X=1 THEN 350

IF Xe2 THEN 900

IF X=3 THEN 920

G0 TO 840

PRINT “TIME FOR &K ACTUAL LIGHTRAY TO COMPLETE THE TRIP ISs™
PRINT fSQR(X#XOIOO)OSGR((A-X)‘(A-X)OB‘B))Il-BGESl” SECONDS."”
PRINT

PRINT * “,“THANK YOU FOR PLAYING."

END
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DISCIPLINE PHYSICS

SUBJECT YOUNG'S DOUBLE SLIT EX®

PROGRAM NAME SLITS

DESCRIPTION:

Young' s Double Slit Experiment is simulated by the computer to
permit greater exploration of the influence of waveiength and slit-separation
on the interference pattern. (This is a plotting program).

OBJECTIVES:

To determine, qualitatively, the effects of slit-separation, inter-screen
spacing distance (d) and wavelength (w). in altering the location of the maxima
and minima of the intensity bands of light.

PRELIMINARY PREPARATION:

A. Student - An instruction sheet is helpful in leading the student
through a logical approach. It is also recommended that students
understand the superposition of waves before executing this program.

B. Materials - none

DISCUSSION:

A. Operational Suggestions

1. The objectives of this program are best accomplished with small
groups (3 to 4 students) to permit discussion and development of
ideas concerning the relationships involved.

2. The program has worked well with highly-motivated students and
has often led iunto detailed discussions of related topics. However,
it hus been found to be relatively inef{ecctual with poorly-motivated
students. '

B. Suggested Follow-up

This program permits the exploration of the parameters involved
in double-~slit interference patierns without the requirement of extensive
equipment and/or set-ups. It is recommended that this gimulated
experiment be employed after the student has familiarized himself with
the normal lab experiment.
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Follow-up ( con't)

To enhance the operation of this program, it is further
recommended that an instruction sheet {(see attachment) be con-
structed to enasble efficient exploration of this phenomenon. By
varying the slit-separation {d), the student ca:1 observe the effects
by noting the relative separations between adjacent maxima, Ina
similar manner, changes effectuated by the various wavelengths can

also be noted.
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SLITS

Computer Instruction Sheet for

Young' s Double ~Slit Experiment

The crucial experiment for the establishment of the wave nature
of light was Young's double-slit experiment. The experinient clearly

demonstrated diffraction and interference of light: a phenomenon characteristic

of a wave-like nature. Realizing this wave property of light, we can now
use the double-slit set-up to further study light sources.

Young's double-slit experiment is illustrated in figure 1, showing
a symmetrical layout about line AB. The slits are located on an opaque
screen a distance L from the observation screen. The slits are separated
a distanced from center to center.

A wave fron* from the coherent light source reaches the opaque
screen as a train of plane waves. Each slit then acts as a new light source
(in phase with each other) which interfere with each other creating rays of
high-intensity light (constructive interference); and rays of low-intensity
light (destructive interference). These rays are nost casily observed on
the screen.

In this program we will attempt to determine the effects of the slit-
separation distance (d) and the wavelength of the light on the interference
(intensiiy) pattern.

ADDRESS COMPUTER PROGRAM SLITS

- Obgervation i Opaque
5creen (—_/screen Coherent light
<« source is located on
center line
(Way out vonder——>>
X 2
-1 - 1 -B
XV L
< 1 /H
Figure 1

After addressing the program, type RUN.

print out the intensity pattern observed when;

78

The teletype will then

L = 2 meters; d =.5 millimeters; and W = 6000 Angstroms.
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The left-hand margin shows the distance measured above
(positive) and below (negative) the center line. This measurement (x)
is in centimeters. This measurement is used to determine the position
of the maxima (points of high-intensity light) and/or minima (points of
low-intensity light).

The teletype will now ask yvou to specify a new value of d.

STUDY: How is the intensity pattern affected by changing the slit
separation distance? (try several values, if necessary, to
determine its effect).

DETERMINE: What happens to the distance x between maxima and
minimz as d is halved or doubled? Can you determine
this relationship?

When you have varied d to your satisfaction, type 100 when
asked to specify a new value of d. The teletype will then
ask you to specify a new wavelength.

STUDY: How is the intensity pattern affected by changes in the wavelength?
(Try several values if necessary).

DETERMINE: What happens to the distance between maxima and
minima as W is halved or doubled? Can you determine
this relationship?

You can test your ideas by typing 100 when asked to
specify a new wavelength. You will then be asked to pick
one of four light sources whose wavelength is unknown to
you. You will also be asked to specify the value of d you
will use in determining the unknown wavelength. You will
have the opportunity of changing the d if you so desire.

If you are successful, or if time permits, you may try all four
tests.

NOTE: To terminate the program durzing operation, type STOP after any
of the question marks that appear; then return carriage.

To sign off the air, type BYE.
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SLITS
YOUNG'S DOUBLE SLIT EAPERIMENT
L = 2 METEdAS W = 6000 ANGSTROMS D = «% MILLIMETERS
DISTANCE (MM'S FiOM CENTER)Y
-.26 . K
-e24 . f
-e22 . x
-2 . */
—
-ell . - %
-.16 . *
-.14 .I*/
‘-012 ¥
-ol o\*\
-oob .
-.06 . \*
-s04 \*
. \
-.02 . ’\
oooooooooooooooOooolINTENSITY.OoOOOf
02 .
eyt . ‘,*’J/*
-
.82 . */*
.l et
e
14 ok
016 . \*\
.18 . *\
o2 . *\
22 . *‘
24 . f
26 . *

ABOVE IS AN ILLUSTRATIVE RUN WITh PRE~DETERMINED
VALUES FOR WAVELENGTH (W?>, DISTANCE BETWEEN SLITS
AND SCREEN (L)s» AND SLIT SEPARATION =~ CENTER TO
CENTER (D). NOW YOU MAY VARY THESE PARAMETERS.
ONE AT A TIME.

Aok o o K
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WAT IS THE NEW SLIT SEPARATION (D) IN MILLIMETERS? 1

L = 2 METERS W = 6000 ANGSTHROMS D = 1 MILLIMETERS

DISTANCE (MM*S FrOM CENTER)
-.26 . *
-.24 \
-e22
-e2
-el8
_.16
'014
~el2
-el
-0
-+U6
-«04
-e02
2
04
06
08
ol
12
14
«16
«18
2
«22
24
«26

-

N

*
eee e INTENSITY 00 ceeok
—/

O e o % o 0 0 o o & o o o

1y
\

o o o 3 % o ¢ o o

WOULD YOU LIKE TO TRY ANOTHER VALUE OF D (1-YESs 0-NO)? 1
WHAT 1S THE NEW SLIT SEPARATION (D) IN MILLIMETERS? .25

L = 2 METERS W = 6000 ANGSTHOMS D = .25 MILLIMETERS

81
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DISTANCE (MM'sS FrROM CENTER)
--26
-.24
=22
-e2
-el8
--16
=el4
-el2
-.1
=08
-«06
=eU4
=-.U2

2
204
«06
Ub
el

12
14
16
ol
o2

22
24
026

*
7/

\
*
ee s s INTENSITY oo uusok
*
I'4

s 8 & & 8 o s 8 8 (s 8 8 8 s s 0 s s s ¥
*

PR,

WOULD YOU LIKE TO TRHY ANQTHER VALUE OF D (l1-YES», 0U-NOO? U

ok ok ok ok

WHAT IS THE NEW WAVELENGTA (W) IN ANGSTROMS? 30Uu
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SLITS
i
P -
L = 2 METERS W = 3000 ANGSTHOMS D = o5 MILLIMETESRS

. DISTANCE (MM'S FROM CENTER)

-., . L] *

'0:2 3 \*

-e22 . ’_‘__,—e**//r—

'02 [

I

~el6 o\'*

-el4 . Te—

-.12 . T~

-el . /*/

-005 o/*

-e06 *

T

-qu
~a02 . \*\ )
...............0....INTENSITYQ.... *
02 . j*
04 o/
06
8 \
.1 .
012 .
( 14 . /—*
016 L] *
—
el
.2 \\
22 .
'24 .
.26 .

WOULD YOU LIKE TO TRY ANOTHER VALUE OF W (1-YES, 0-NO)>? 1
WHAT 1S THE NEV WAVELENGTH (W) IN ANGSTROMS? 15000
A VAVELENGTH OF 15000 IS INFRARED LIGHT AND NOT VISIBLE.
‘THE INTERFERENCE PATTERN WILL BE VISIBLE USING DETECTORS
ONLY. TRY ANOTHER WAVELENGTH.

’ WHAT 1S THE NEW WAVELENGTH (W) IN ANGSTROMS? 690vV
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L = 2 METERS W = 6900 ANGSTHOMS D = «5 MILLIMETERS

DISTANCE (MM'S FROM CENTE:R)
-.26 .
-024 . /.(
-022 .
-2 .
-eib . *
-016 0/7‘/
-014 ¥
.12 W
-l .
-+U8 .
-.06 .
-e04 .
-002 °
ooooooooooooooOGOOOOINTENSITVO'IOO00‘*
02 - L
04 -
J6
Vo
ol
12
14
+16
«18
o2
o 22
24
+26

+*

oo..oo'_*‘ooo.o

WOULD YOU LIKE TO TRY ANOTHER VALUE OF ¥ (1-YES, U=-NU»? V)

ook ke ok k

WHAT IS5 THE NEW DISTANCE FROM SLITS TO SCHREEN (L) iN METERS? S
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SLITS
L = 5 METERS W = 6UUU ANGSTHOMS D = «5 MILLIMETERS
DISTANCE (MM'5 FrOM CENTERS
--26 -*\
--24 - *‘
-.?d . {\
-ca . *\
-clﬁ - *\
-a16 . *\
-alq [ *\
"‘12 . *\
-l . *\
-eUB ° *\
-U6 . %
--04 ¢ \k\
=92 . *
aseonnsesvesaasOeus s INTENSITY oos ok
02 . J:
L4 . k4
-06 . ,*
W08 P
.1‘ - /*
.ij ° e
. ° %k
«16 . /*/
18 . /*
-2 N /*
22 .
24 . ;*
26 oA

WOULD YOU LIKE TCO TRY ANOTHER VALUE OF L (1-YES, 0-NOJX? U
ok k ok Kk

YOU WILL NOW BE GIVEN A LIGHT SOURCE OF UNKNOWN

WAVELENGTH. YOU WILL SPECIFY THE SLIT SEPARATION (D),

AND THE DISTANCE FROM SLITS TO SCREEN (L).

WHAT IS THE NEW SLIT SEPARATION (D> IN MILLIMETERS? «5

WHAT iS5 THE NEW DISTANCE FROM SLITS TO SCREEN (L) IN METERS? 3(Q00
ALTHOUGH ANY DISTANCE LARGER THAN 5.000CQ00E-3 METERS

I5 VALlID, ABOVE 5 METERS BECOMES HARD TO SEE. THY ANOTHER VALUE.
WHAT IS THE NEW DISTANCE FROM SLITS TO SCREEN (L) IN METERS? 4
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L = 4 METERS

Physics
SLITS

W = ? ANGSTROMS D = «5 MILLIMETERS

DISTANCE (MM'S FrOM CENTER)

se 000000

«26
24
22
o2

«106
ol6
14
el2
ol

U8
06
04
02
02
004
06
.UB
ol

sl
ol4
16
«l8
o2

22
24
26

% o o o o o o o o
¥

Kfa® ® o o o o o o s o

WOULD YOU LIKE A PLOT FOR OTHER VALUES OF D AND L (1-YES, 0-NOJ>? U
WHAT DO YOU THINK THE UNKNOWN WAVELENGTH (W) 18? 6000

PRETTY GOOD!
WOULD YOU LIKE TO TyY ANOTHEH UNKNOWN WAVELENGTH(I-YES, U-NOJ? O

Hok K kK

THE WAVELENGTH WAS 6000 ANGSTROMS.

WULD YOU LIKE A PLOT WITH YOUs OWN VALUES FOi WAVELENGTH

(W)> SLIT SEPABATION (D), AND DISTANCE FROM SLITS TO

SCREEN (L) (1-YES, 0-N0O)>? 1 :

VHAT 1S5 THE NEW WAVELENGTH (W) IN ANGSTROMS? 5500

WHAT IS THE NEW SLIT SEPARATION (D) IN MILLIMETERS? +75

WAT IS THE NEW DISTANCE FHROM SLITS TO SCREEN (L) IN METERS? 3
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L = 3 METERS W = 5500 ANGSTROMS D = «75

DISTANCE (MM"S FROM CENTER)
-26
' -e24
-e22
".2
'.16
".16
-s14
-.12
".1
'.05
“.06 \
".04
".02
02
04
«06
08
ol
12
ol4
16
ol
2
22
«24
26

N

*
\
*\M~
*

~N
L N ] ......*
INTENSITY B

a/”*”’*

*

s o o O e o o

\

A\

*

/

ANOTHER ONE (1-YES, 0-NO)
20

Aok ok ok ok ok ok k

-HOPE YOU HAD FUN!

READY
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1oy
101
2
103
104
s
6
w7
11u
111
120
130
140
150
16V
170
171
18U
181
iga
183
184
186
187
1 -1-)
190
200
210
220
221
230
240
250
260
261
262
270
280
290
300
310
320
321
330
340
350
360

Physics
SLITS

nEM YOUNG's DOUBLE SLIT EAPESIMENT

#EM A.Ce. CAGGIANO

REM REVISED 7728770 (L. BHRAUN, De. PESS3EL)

REM IMPORTANT VARIABLES: L~DISTANCE BETWEEN SLITS+5CnEEN;
sEM W-WAVELENGIH3 D=-SLIT SEFPAHRATIUNCCENTEK TO CENTER)

nREM

KREM U: PRINT ARAMETER FOR UNKNOWN WAVELENGTh

LET U=0 .
SRINT " ", "YOUNG'S DOUBLE SLIT EXPERIMENT"

PRINT

nEM ILLUSTRATIVE RUN

LET L=2

LET W=600U

LET D=5

REM PLOT nOUTINE

GOSUB 850

PRINT

PRINT "ABQUVE IS AN ILLUSTRATIVE KRUN WITH rRE-DETEAMINED"
PRINT "VALUES FOR WAVELENGTH (W), DISTANCE BETWEEN SLITS"
PRINT "AND SCHEEN (L), AND SLIT SEPARATION - CENTER TO"
PRINT "CENTER (D). NOW YOU MAY VARY THESE PARAMETERS,"
PrINT "ONE AT A& TIME."

PrINT

PRINT "kokkokk'

PRINT

REM D 1NPUT SUBKOUTINE

GOsSuUB 92U

KEM PLOT ROUTINE

GOsSUB B5U

PRINT

PRINT "WOULD YOU LIKE TO TRY ANOTHEN VALUE QOF D (1-YES, U=-NQO's
INPUT @l

IF Q1>0 THEN 190

PRINT

PRINT "kkkxxk"

PRINT

REM RESET D

LET D=5

REM W INPUT SUBROUTINE

GOsSUB 942

REM PLOT SUBROUTINE

GOSUB 850

PRINT

PRINT "WOULD YOU LIKE TO TRY ANOTHER VALUE OF W <l-YESs, U=-NO)";
INPUT @2

IF w2>0 THEN 290

PRINT
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361 PRINT "kkskkx!
362 PRINT
-+« 370 REM RESET W
. 380 LET W=6000
390 REM L INPUT SUBROUTINE
400 GOSUB 900
410 REM PLOT SUBROUTINE
420 GOSUB 850
. 421 PRINT
430 PRINT "WOULD YOU LIKE TO TRY ANOTHER VALUE OF L (1-YES, U-NQ)';
440 INPUT Q3
450 IF @3>0 THEN 390
460 PRINT
461 PRINT "kkkkx"
462 PRINT
470 REM RESET L
480 LET L=2
490 FPRINT "YOU WILL NOW BE GIVEN A LIGHT SOURCE OF UNKNOWN"
491 PRINT "WAVELENGTHe. YOU WILL SPECIFY THE SLIT SEPARATION (D),"
492 PRINT "AND THE DISTANCE FROM SLITS TO SCHREEN (L)"
507 nE W5 DETERMINES IF W IS TO BE CHANGED
508 LET @5=0
520 REM D INPUT SUBROUTINE
530 GOSUB 920
550 REM L INPUT SUBROUTINE
560 GOSUB 900
565 REM CHANGE W?
566 IF Q5>0 THEN 600
570 REM RANDOMLY DETERMINE WAVELENGTh
580 RANDOMIZE
590 LET W=lUUO*INT(3%*AND(X)+445)
600 REM PLOT SUBROUTINE (UNKNOWN W)
601 LET U=l
605 GOSUB 850
606 PRINT
610 PRINT "WOULD YOU LIKE A PLOT FOR OTHER VALUES OF D AND L "
611 PRINT "(1-YESs 0-NO)";
620 INPUT Q5
630 IF W5>) THEN 520
640 PRINT "WHAT DO YOU THINK THE UNKNOWN WAVELENGTH (W) IS";
650 INPUT Wl .
666 IF ABS(W1-W)<.1%W THEN 700
670 PRINT "YOU ARE MORE THEN 10% OFF. TO HELP YOU, YOU MAY ";
' 680 PRINT "OBTAIN MORE PLOTS."
690 GO TO 610
700 PRINT "PRETTY GOOD! THE WAVELEMGTH WAS "W" ANGSTROMS."
701 PRINT "WOULD YOU LIKE TO TRY ANOTHER UNKNOWN WAVELENGTH'":
702 PRINT "(1-YES, 0-~NO)>";
703 INPUT Q6
T4 IF 4W6<1 THEN 967
705 PRINT '"YOU MAY SPECIFY A NEW SLIT SEPARATION (D) AND DISTANCE"
706 PRINT "FROM SLITS TO SCREEN (L)."
707 GO TO 508
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Physics

SLITS
nEM
nkEM PLOT nrOUIINE
PRINT
PRINT
nEM U>U0 DO NOT PRINT WAVLLENG?B
IF U>0 THEN 870
PRINT "L ="L"METERS W ="WrANGSTROMS D ="D"MILLIMETERS"
PRINT
GO TO 875 . ,
PRINT "L ="L"METERY W = 7 ANGSTAOMS D ="D"MILLIMETERS"
FRINT

5 PRINT ""DISTANCE (MM's FitOM CENTERI"

REM ASPLOT LOWER LIMIY (MM'S5)5 BiUPYER LIMIT (MM's)
LET A=-.26

2 LET B=«26

AEM R:PRELIMINARY CALC. FOR INTENSLTY; 1UE4:CONVERSION FACTOR
LET R=(3+1416*D*10E4)/(WkL) :
REM LOOP TO CALCULATE PATTERN AND pLOT IT

FOR x=A TO B STEP .02

REM Y:INTENSITY

REM 203SCALE FACTOR FOR PLOT; X:DISTANCE (MM'S)

LET Y=20*COS(H*X)*COS(R*X)

IF ABS(X)<.0001 THEN 893

PRINT TABC(H)3INT(A*¥100+.5)/1005 TABC15)5 o5 TABCINTC(Y+15.5))5 """
GO TO 895

PRINT "I"II'III'I""O'l\"INTENSI’rY""I'*"

NEXT X

LET U=0

PRINT

RETURN

REM

REM L INPUT SUBROUTINE

PRINT "WHAT 1S THE NEW DISTANCE FROM SLITS TO SCREEN (L) *;

PRINT "IN METERS";

INPUT L ,

REM 1000: CONVERT L(METERS) TO L(MILLIMETERS)

IF 1000*L>= 10*D THEN 912

PRINT "THIS DISTANCE 1S TOO SMALL FOR GOOD INTERFERENCE PATTERNS."
PRINT "TRY ANOTHER VALUE."

GO TO 902

IF L<=5 THEN 918

PRINT "ALTHOUGH ANY DISTANCE LARGEXK THAN "10%D/1000" METERS"

PRINT "1S VALID, ABOVE 5 METERS BECOMES HARD TO SEE.";

PRINT " TRY ANOTHER VALUE."

GO TO 902

RETURN

REM

REM D INPUT SUBROUTINE

PRINT "WHAT 15 THE NEW SLIT SEPARATION (D) IN MILLIMETERS";

INPUT D

IF D>=.1 THEN 932

PRINT "SLITS ARE SO CLOSE THEY APPROXIMATE A SINGLE SLIT."

20
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%29

930

932

933

934

935

938

940

941

942
944
946
947
948
949
950
952
954
955
956
957
958
959
960
965
966
967
968
969
970
972
9173
974
976
950
9y
984
986
948
990
992
993
994
995
996
9917
998
999

Physics
SLITS

PRINT "TRKY ANOTHER VALUE."
GO TO 920

IF D<=.1%1000%L THEN 940

PRINT “FOR A VALID INTERFERENCE PATTERN, THE SLIT SEPARATION"
PRINT "SHOULD BE LESS THAN ".1%1000%L" MILLIMETERSe. TRY";
PRINT " ANOTHER VALUE."

GO TO 920

RETURN

REM

REM W INPUT SUBROUTINE

PRINT “WHAT IS THE NEW WAVELENGTH (W) IN ANGSTROMS";

INPUT W

IF W>=30U0 THEN 954

IF W<l000 THEN 959

PRINT "A WAVELENGTH OF "W IS ULTRAVIOLET LIGHT AND NOT VISIBLE."
GO TO 956

GO TO 944

IF W<=8000 THEN 965 :

PRINT "A WAVELENGTH OF "W" IS INFRARED LIGHT AND NOT VISIBLE.'
PRINT "THE INTERFERENCE PATTERN WILL BE VISIBLE USING DETECTORS"
PRINT "ONLY. TRY ANOTHER WAVELENGTH."

GO TO 944

PRINT "A WAVELENGTH OF "W" IS X-RAYS AND NOT VISIBLE."

GO TO 956

RETURN

REM

PRINT

PRINT **akokkx's

PRINT

REM MISCELLANEOUS RUNS

PRINT "WOULD YOU LIKE A PLOT WITH YOUR OWN VALUES FOR VAVELENGTH"
PRINT " (W), SLIT SEPARATION (D), AND DISTANCE FROM SLITS TO"
PRINT "SCREEN (L) (i=YES, 0-NO)";

INPUT Q9

IF @9<1 THEN 995

GOSUB 942

GOSUB 920

GOSUB 900

GOSUB 50

PRINT "ANOTHER ONE (1-YES, 0-NO)"

INPUT Q&

IF Q8>0 THEN 982

REM

PRINT

PRINT "k#&dokokdkokkki®

PRINT _

PRINT "HOPE YOU HAD FUN!"

END

HAEADY

91

1r~ )



DISCIPLINE PHYSICS

SUBJECT SNEIL.L' S LAW

PROGRAM NAME SNLLL

DESCRIPTION:

Snell' s law is presented pictorially by plotting the path of a light ray
as it crosses a boundary separating two different media.

OBJECTIVES:

To permit students to ''see'' the refraction of light, including the case

when the critical angle is exceeded and reflection occurs.

PRELIMINARY PREPARATION:

A. Student - The terms associated with Snell's law, such as refraction, media,
normals, etc.: must be presented prior to the running of this program.

B. Materials - No additional supplies or materials are necessary.

DISCUSSION:

Snell's law can be investigated independently by students by altering the
angle of incidence, and/or the indices of refraction. The pictorial presentation
is especially beneficial to students with reading problems, since the concepts
implied by the mathematical relationships are presented hueristically.

In addition, the critical angle may be approached and exceeded, in the
special case where np (second medium) is less than ny (initial medium).

Queries are included as part of the program to reinforce the concepts.

The program is. well suited for small groups or individuals, but may be
utilized for large group presentation without program modification.
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Physics
SNELL

===REFRACTION OF LI1GHT==~

TH1S PROGRAM VILL HELP YOU VISUALIZE THE REFRACTION
OF LIGHT AS IT CROSSES A BOUNDARY SEPARATING TWO DIFFERENT
HEDIA.

THE DIAGRAK BELOW SHOWS LIGHT INCIDENT TO THE BOUNDARY AT
45 DEGREES. THE INDICES OF REFRACTION ARE Ni®1.0 AND
NR=1.5 RESPECTIVELY.

*
® o 0o 0o 0 0 0

*
.

*o MEDIUM 1, Nle= |}

LY T T YT TS PR Y TP Y P PR TR Y Y Y A PP PR Y Y Y Y Y Y Y

¥ IIED;UH 8, 8w 1.5
s ¥

WAT DO YOU THINK THE AMOGLE OF REFRACTION 15?7 30
YOU ARE VITHIN 10 PERCENT.
THE ANGLE OF REFRACTION, ARw= £28.186

DO YOU WANT TO CONTINUE (1eYES, O=KO) 3 7 1}

MOW YOU CAN CHANGE THE INCIDENT ANGLE. THE REFRACTIVE
INDICES VILL REMAIN AS Mis®1.0 AND N@=i.5 .

REMEMBER, OWLY POSITIVE ANGLES BETVEEN O AND 90 DEGREES ARE
PERMISSIBLE ENTRIKS. .
S0, WHAT ANGLE DO YOU VANT? 60

* .
.. MEDIUN 1, Nis 1
ooersoccavenssscssfiNnoncsssemAcesssssaAdeeresReSSSacee
o MEDIUM 2, d3= 1.5
-« ¥
. =

e e 0 0 0 0
*

WAT DO YOU THI#K THE ANGLE OF REFRACTION 187 38
YOU ARE VITHIN 10 PERCENT.
TEEZ AMGLE OF REFRACTION, ASe 3S.264

a0 °
i19%
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DO YOU WANT TO CONTINUE (1=YES, O=NO) 8 7

hysics
SNELTL

1

NOW SPECIFY NEV VALUES FOR Nl., N2, AND ANGLE
SEPARATE WITH COMMASe OKAYs, WHAT VALUES? 2s3+5,15

VALUE OF N2 IS UNREASONABLE.
YOU MUST RE-TYPE ALL THREE NUMBERS.

OKAY,» WHAT VALUES? 1¢5,845515

N
* @
* °
* .
* .
* .
* o
x o
*o
. MEDIUX 1, Nim 1.5
-----‘----------‘----.-'.--------------------------
ok MEDIUM 2, N2= 2.5
ok
o ¥
¥
o ¥
o ¥
o ¥
. *
. -
WHAT DO YOU THINK THE ANGLE OF REFRACTION 1S? 10
YOU ARE MORE THAN 10 PERCENT OFF. '
THE ANGLE OF REFRACTION, A2= 8.934
DO YOU WANT TO CONTINUE (1sYES, OnaNO)> ¢ ? 1|
SPECIFY NEW VALUES FOR Ni, N2, AND ANGLE 1.
SEPARATE VITH COMMAS. OKAY, WHAT VALUES? «05,1,45

VALUE OF Nl IS UNREASONABLE.
YOU MUST RE-TYPE ALL THREE NUMBERS.

OKAY, WHAT VALUES? -85,1.45
WALUE OF 3il 1S UNREASONABLE.
YOU MUST RE-TYPE ALL THREE NUMBERS.

OMAY, WHAT VALUES? +5,1,45
WLUE OF N1 1S UNREASOMABLE.

1°SUGGEST YOU LEARN MOREK ABOUT REFRACTION S50 YOU CAN

ENTER MORE MEANINGFUL INDICES AND ANGLES .

AXADY
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Physics
SNELL

~==~REFRACTION OF LIGHT=--

THIS PROGHAM WILL HELP YOU VISUALIZE THE REFRACTION
OF LIGHT AS IT CROSSES A BOUNDARY SEPARATING TwO DIFFERENT

MEDIA.

THE DIAGHAM BELOW SHOWS LIGHT INCIDENT TO THE BOUNDARY AT
45 DEGREESe. THE IWDICES OF REFRACTION ARE Nl=l.0 AND
N2=1.5 RESPECTIVELY.

*
e o o o o o o 2

#
°

*e MEDIUM 1, Nl= 1

- e T o K e > o 0 o o o L 3 e R D - -

¥k MEDIUM 2, N2= 1.5
. %

e & o o o o o
*

WAT DO YOU THINK THE ANGLE OF REFRACTION I$? 30
YOU ARE WITHIN 10 PERCENT. '
THE ANGLE OF REFRACTION, A2= 24.126

D@ YOU WANT TO CONTINUE (1=YES, O=NO)> ¢ 7 1

. NOW YOU CAN CHANGE THE INCIDENT ANGLE» THE REFRACTIVE
INDICES WILL REMAIN A5 Nl=l<0 AND N2m1.5 .

95
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SNLLL

HEMEMBER, ONLY POSITIVE ANGLES BETWEEN O AND 90 DEGREES ARE
PEAMISSIBLE ENTRIES.
S0, WHAT ANGLE DO YOU WANT? 60

o o o o o o o 2

*
*
* .
*e MEDIUM 1, Nl= 1
............ e - - - - - .- - - - - - - -
o MEDIUM 2, N2= 1.5
o %
. *
. *
. %
. *
. *
. *

WHAT DO YOU THINK THE ANGLE OF REFHACTION 15? 35
YOU ARE WITHIN 10 PERCENT.
THE ANGLE OF REFRACTION, A2= 35.264

DO YOU WANT TO CONTINUE (1=YES, 0=NO) 3 7 1

NOW SPECIFY NEW VALUES FOR Nl, N2, AND ANGLE 1.
SEPARATE WITH COMMAS. OKAY, WHAT VALUES? 2,3¢5,15
VALUE OF N2 IS UNREASONABLE.

YOU MUST RE-TYPE ALL THREE NUMBERS.

OKAY» WHAT VALUES? 1¢552¢5,15

*
*
*

*

*
* *
¥ o o 2 o o o 0 o o 2

MEDIUM 1, N1= 1.5

LR L L EL AL P L R N T L LD L R ]

ok MEDIUM 2, N2= 2.5

* 96
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WHAT DO YOU THINK THE ANGLE OF REFRACTION ISt 9

YOU ARE WITHIN 10 PERCENT.
THE ANGLE OF REFRACTION, A2= 8.934

-0 YOU WANT TO CONTINUE (1=YES, O=NO> 3 ?2 1
SPECIFY NEW VALUES FOR N1, N2, AND ANGLE 1.
SEPARATE WITH COMMAS. OKAY, WHAT VALUES? 2,1,75

\

N

*

* MEDIUM 1, Ni= 2

MEDIUM 2, N2= ]
YOU WENT PAST THE :SRITICAL ANGLE.

#*
* & & & & ¢ & 8 &

WHAT DO YOU THINK THE ANGLE OF REFLECTION 1S? 75
THAT'S RIGHT», THE ANGLE OF REFLECTION 1S 75 DEGREES.
DO YOU WANT TO CONTINUE (i=YES, O=NO> ¢ ? O

READY
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100
110
120
130
¥
160
170
180
i90
200
a0
230
230
240
250
as0
270
280
8%
300
310
380
330
340
350
360
370
330
390
400
4l0
420
430

480PRINHT™YOUR VALUE FOR THE INCIDENT ANGLE ("}AlJ"DEGREES) DIDH'T MAKB"

450
260
/70
430
480
Si0
520
530
$40
550
$70
580
590
610
680
630
640
650
€80
670
660
690
00
710
720
730
740
730
760
770
780
nBs
790
€00
810
820

REM

REHM

REM

REM

REM

PRINT
PRINT
PRIWT
PRINT
PRINT
PRINT
PRINT
PRIKT
PRINT
PRINT
LET N
LET N
LET A
GOSUB
PRINT
FRINT
PRINT
PRINT
PRINT
PRINT
PRINT
INPUT
LET &
I® R«
LET A
GOoSun
@0 TQ
PRIWT

PRINT
PRINT
LET A
60 70

Physics
SNELL

RICHALD F. PAV PATCHOGUE H.S. OCT.*68 .

THIS PROGRAM IS DESIGNED TO HELP A STUDENT VISUALIZE
SNELL®°S LAW.

REVISED BY C.LOSIK 8-35-70

A AND Al ARE ANGLES, N1 AND N2 INDICES OF REFRACTION

" #,4eenREFRACTION OF LIGHT=---%
w THIS PROGRAM WILL HELP YOU VISUALIZE THE REFRACTION"
#OF LIGHT AS IT CROSSES A BOUNDARY SEFARATING T¥0 DIFFERENT"

“*MEDIA "

“YHE DIAGRAN BELOW SHOWS LIGHT INCIDENT TO THE BOUNDARY AT"

*A%5 DEGREES. THE INDICES OF REFRACTKON ARE Nl=i.0 AND"
"a3m)e5 RESPECTIVELY.®

1s]

2al.5
a4s

820

% NOW YOU CAMN CHANGE THE ;NC;DENT ANGLE. THE REFBAQTIVE"
*INDICES WILL REN“!N AS Nil=1.0 AND NGuml.5 .*

“HEMEMBER, ONLY POSITIVE ANGLES BETWEEN O AND $0 DEGREES ARGY

"PERMISSIBLE ZNTRIES."
=50, WHAT ANGLE DO YOU WANT™)
Al ' '
=4l
9C THEN 490
w80
820
580

“SENSE SO ! AUTOMATICALLY MADE IT 60 DEGREES.™

1=80
1580

1F A<0 THEMN 400
€0 SuUB 880G

PRINT
PRINT
PREINT
PRIMNT
PRINT
tepyUT
|30 °F
PRINT
goto

iF wi
1y pa
PRINT
80To

IF ne
IFr A«
PRIBT
coTo

~n Now ” 3

"3PECIFY NEY VALUES FOR MNl, N8, AND AMGLE 1.”
“SEPARATE WITH COMMAS. *3

= OKAY, WHAT VALUES"3

KisN8oA

<=3 THEN 630

"VALUE OF N1 IS UNREASONABLE."
640

<} THEHN 610

<ad THEH 670

“UALUE OF N2 15 URREASONABLE."

680

<} THEW 6%0

$0 THE® 710

“UYALUE OF ANGLE 1 IS UHREASONABLE.
780

1¥ A<0 THEN 690

ir w1
iF
Ir N2
tr M8

»3 THEN 780
<} THEN 730
»3 THEW 780
<} THEN 780

Qosub B0

8070

540

LET B=B+l

IP B>e3 THEW 1730 -

PRINT “YOU MUST RE-TYPE ALL THREE NUMBERS."
PRINT

60 10 570

LET B0 - 9 99
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3¢, PRINT SNELL
840 \PRINT * a-
N 850 LT Cmi{N1/N2)#SIN(A%1.74533%-2)
e . 860 IF "$>=1 THEN' 1300
: 870 390SU3 1520

€30 FOR ¥Y=8 TO 1 STEP ~1

890 LET Aag8*Y*((SINCA*®l. 745338”2))/(C05(A110745332"'3>)>
900 IF X>16 THEN 960°

910 PRINT TAB(I6-X)£"#"J

950 GO0TO $70

960 LET X=16

970 PRINT TAB¢ AR
. 1010 NEXT Y ’
1020 PRINT * *e MEDIUM 1, Ni=a"3Ni
1030 PRINT V=== vecccvcncncccnfrcrcccccnererrescnrcasncanaranoee’
1040 PRINT " o% MEDIUM 8, NA="j3Nge

" 1050 FOR Y=l TO 8 STEP |
1060 LET X=2+*Y#C/5QR(1~C*C)
1070 PRINT TAB(18)3%."} :
1110 IP X>40 THEN i160°
1120 PRINT TABU17+X)3"#"3
1160 PRINT " ®
1170 NEXT Y
1180 PRINT
1190 GOS5UB 1560
1800 PRINT “THE ANGLE OF REFRACTION, A2="j}A8
1210 PRINT
1211 PRINT "DO YOU WANT TO CONTINUE (laYES, 0sNO) s "™}
1212 INPUT J
1213 IF Jw0 THEN 1750
1814 IF Je<>1 THEN 1210
1220 ARNTURN

1230 PRINT " *en MEDIUM 1, Ni="Ni
1240 PRINT "=--emcceemsccsccolicmeccnuoncnsnmncccnaccanccccnncaaeh
= 1250 PRINT ™ MEDIUM 2, Na="3Mg
- ~ 1260 PRINT "YOU WENT PAST THE CRITICAL ANGLE."
g . 1870 @GSUB 1650
! 1280 PRINT "THE ANGLE OF REFLECTION 15"JA}"DEGREES.”

- - 1290 G0TO 1810
. 1300 FOR Y=8 TO 1 STEP =1
1310 LET Xa@#Ta((SINCA%ioTASIIE-R))/(COSCA®].74533K-8)))
1380 LET XgwX
1330 IF X>16 THEM 1390
1340 PRINT TAB(I"X))""”I‘
1360 @oTO 1400 :
: 1390 LET Xu1é
1200 PRINT TABC1633%."}
1440 IF X2>40 THER 1490
1450 PRINT TABCi7+X2)3%w"}
1490 PRINT " ® °
1500 MEXT Y
1510 SOTO 1230
' 1580 LET ¥oC/BAR(I~CHC)
1530 LET GuATH(F)"
1540 LET A8%INTC1000%(8/1+74533E-2)4+5)/1000
1550 RRTURY
£560 IF A1>=90 THEN 430
1570 1T Al<0 THEZN 430
‘ 1580 PRINT “WHAT DO YOU THINK THE ANGLE OF REFRACTION 15"}
1800 INPUT A3’
5600 IF ABS(AR-A3)>.1sAQ THEN 1630
1610 PRINT “YOU ARE WITHI® 106 PERCENT.”
1620 GOTO 1840
1630 PRINT “YOU ARE MORE TAN 10 PERCENT OFF."
1640 RETURN .
1650 PRINT
1660 PRINT "WHAT DO YOU THINK THE AMGLE OF REFLECTION 137
1670 INPUT AA
1680 IF A&<>A THES 1710
1690 PRI#T "1HAT'S RIGNT, *3
1700 @0%o 1780 -
1710 PRINT “YOU KAD BETTER STUDY THE LAVS OF REFLECTION.”

1780 RETURN'
1730 PRINT "1 SUGGEST YOU LEARM MORE ABOUT REFRACTION.S0 YOU caN™
Q :7&) :;‘%HT "ENTER NORY NEANINGFUL INDICES A¥D ANALES.™
ERIC 0
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DISCIPLINE PHYSICS

SUBJECT ORBITAL MOTION

PROGRAM NAME SPACE

AVG EXECUTION TIME 3 min.

DESCRIPTION:

The effects of speed on orbital motion can be demonstrated by
jncrementally altering the tangential velocity of an orbitting spacecraft.
Limiting cases are included, i.e. exceeding the escape velocity and/or
crashing into the earth.

OBJECTIVES:

To demonstrate the effects of speed on orbital motion.

PRELIMINARY PREPARATION:

A. Student - Student should be familiar with circular motion, ceniral
{forces, and have some knowledge of conic sections.

B. Materials -~ None

DISCUSSION:

Orbital motion is described in terms of the eccentricity (E) of
the orbit. the period (T), and the maximum and minimum tangential
velocities. The student selects the initial apogee and perigee (in miles)
to define the orbit. '

After describing the initial orbit the 1limiting changes required to
produce circular and parabolic orbits are given, as well as the changes
required to produce an orbit that will be tangent to the earth's surface.

The speed at the apogee and perigee is given and the student may
alter either of these values (+ or -) incrementally. The new orbit will
again be described in terms of E, T, and the velocities.

100
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Aruitoxt provided by Eic:

SPACECRAFT ORBITS

' CRAFT
WHAT IS THE MININUM AND MAXIMUM ALTITUDE OF THE SPACE
ABOVE TF4 SURFACE OF THE BARTH IN MILES? 150,330

THE ECCENTRICITY OF THE ORBIT 1S 9+640877E-3

THE VELOCITY AT THE PERiGEE IS 25593.36 FEET/SECOND.

THE VELOCITY AT THE APOGEE IS 25i04.58 FEET/SECOND.

THE PERIOD OF THE ORBIT IS 90.50426 MINUTES.

ADDING 4 VELOCITY INCREMENT TO THE PERIGEE

OF 10427.89 FT/58C WOULD RESULT IN A

PARABOLIC ORB1T-- CAUSING THE SPACECRAFT TQ FLY OFF INTO SPACE.:
A CHANGE OF -128.4863 FT/SEC WOULD PRODUCE A

CIRCULAR ORBXT. HOWEVER, A VELOCITY INCREMENT

Of -360+3738 FT/SEC WOULD FRODUCE AN ORBIT
THAT WOULD BE TANGENT TO THF EARTH'S SURFACE. ’

ADDING A VELOCITY INCREMENT T§ THE APGGEE
OF '105Y1+05 FT/SEC WOULD RESULT IN A
PARABOLIC ORBIT-+ CAUSING THE SPACECRAFT TO FLY OFF INTO SPACE.

A CHANGE OF 1R21.8972 FT/SEC WOULD PRODUCE A
CIRCULAR ORBITe. HOWEVER, A VELOCITY INCREMENT
OF -23646951 FT/SEC WOULD PRODUCE AN ORBIT

THAT WOULD BE TANGENT TO THE EARTH'S SURPFACE.

DO YOU WANT TO ADD A VELOCITY INCREMENT AT THE :
PERIGEECTYPE 1) OR AT THE APOGRE(TYPE 8) ¢ 1 R

WAT VELOCITY INCREMENT 1S5 TO BE ADDED? -850

THE NEV ORBIT IS ELLIPTICAL
WUITHA AN ECCENTRICITY OF 9.987444E-3 ?

THE POINT WHERE THE VLLOCITY INCREMENT WAS ADDED
UORRESPONDS TC THE APOGEE OF THE NEV ORBIT :
YHE PERIGEE OF THE NEV ORBIT IN MILES IS 68.734835

g
A

THE VELOCITY AT THE PERIGEE IS 85854.69 FT/SEC.

THE PERIOD OF THE NEW ORBIT IS 87.8788 MINUTES.

R

BASED O YOUR ORIGINAL ALTITUDES OF 150 AND 230 MILES
WULD YOU LIKE TC TRY DIFFERENT VELOCITY INCREMENTS
t1-YES, 0-K0)? O T ‘
YOULD YOU LIKE TO RUM THE PROGRAM AGAIN (1-YES, 0-NOI? G

g 2]

READY
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100
101
120
130
140
150
160
1%
171
173
175
176
180
190
200
a5
206
Q7
808
209
210
820
224
830

270

300
304
DS
27
08
30¢
310
411
e
313
34
als
316
A7
318
39

388

rhysacs
SPACE

REM SPACECRAFT OABITS» Me VISICH» JRa» 12/09/68
REM REVISED 8/25/70 (De PESSEL)
DIM VC2),R(2)
REM THIS PROGRAM CAN EE USED TO DETERMINE THE EFFECT OF
REM ADDING A VELOCITY INCREMENT TO A SPACECRAF?T INITIALLY IN
REM AN ELLIPTIC ORBIT AROUND THE EARTH» YELOCITY INCREMENTS
REM CAN ONLY BE ADDED AT THE APOGEE OR PERIGEE OF THE INITIAL ORBIT
REM AND ONLY IN A DIRECTION TANGENT 70 THE INITIAL ORBIT.
LET @5s0 ' ’
LET Y=1l.40753E16
PRINT TAB(20)3"SPACECAAFT ORBITS"
PRINT )
PRINT "WHAT 1S5 THE MINIMUM AND HAXIMUM ALTITUDE OF THE SPACECRAFT"™
PRINT"ABOVE THE SURFACE OF THE EARTH IN MILES"S
INPUT H)sH2
IF H1>0 THEN 208
PRINT "BOTH ALTITUDES MUST BE PO3ITIVE!®
60 TO 180
IF 2>0 THEN 210
GO TO 206
PRINT
8OSUB 960
1F @5>0 THEN 307
PRINT"THE ECCENTRICLTY OF THE ORBIT IS" E
PRINT ) '
PRINT“THKE VELOSITY AT THE PERIGEE IS "Vi" FEET/SECOND."
PRINT -
PRINT®THE VELOCITY AT THE APOGEE 1S "V8" FEET/SECOND."
PRINT
PRINT"THE PERIOD O THE ORBIT IS "T" MINUTES.""
PRINT
LET V(1)=y)
LET v(aliayg
LET RC1)=R}
LET R(2)=R\
IF Q5>0 THEN 334
LET V(a)=vg
LET RC(1)a=R1
LET RC(R)=R3
FOR J=17TO 8
PRINTADDING A VUSLOCITY INCREMEMT TO THE “J
IF Jml THEN 380
PRINT“APOGEE"
8070321
PRINT“FERIOEL"
PRINT™OF “SQRC(BEY/R(J)2=V(J3® FT/SEC WOULD RESULT IN A" i
PRINT™PARABOLIC ORBIT=~ CAUSING THE SPACECRAFT TO FLY OFF IMTO SPACE
PRINT
PRINT™A CHANGE OF “SQR{Y/R(JII=ULN*® FT/SEC WOULD PRODUGE A"
PRINT®CIACULAR ORBIT. HOWEVER, A VELOCITY INCREMENT *
LET R=S38043%3%2
LET ES=(R-R(JIIZ(R*RLUI)D
PRINT®OF *SAR(THC14ERI/ANJI I=Y(J)™ FT/SEC WOULD PRODUCE AH ORBIT™.
PRIMTIPTHAT WOULD BE TANGUNT TO TAK FARTH®S SURFACE.™
PRINT
MEXT J
PRINT
PRINT®DO YOU ¥OMT TC ADD A VELOCITY INCREMENT AT THE™
PRINT®PERIGEECTYPE 1) GR AT THE APOJEBE(TYPE 8)%»
neyr 8
PRINT
1r° (u-x>¢<u-3>-o THEN 420

102
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400
410
2420
440
450
450
AT0
430
490
500
05
$10
580
§30
540
5350
360
570
580
8§90
600
610
680
600
6350
650
670
680
690
w0
710
720
T30
%0
750
760
780
790
&0
880
8%0
$00
910
920
930
240
950
960
210
280
$%0

PRINT®YOU WERE TO PICK EITHER ! OR 2~TRY AGALN™

GO TO 340 :
PRINT"WHAT VELOCITY INCREMENMT 1S TO BE ADDEL™}
INPUT V3 ’

PRINT

GOSUS 1050

PRINT"THE NEW ORBIT IS *5

IF El=0 THENSSO

iF Elwa]l THEN 200

1¥ Ei»1 THEN 920

PRINT“ELLIPTICAL ”

PRINT® WITH AN ECCENTRICITY OF“El}

PRINT ) '

IF U9>1 THEN 680

1F H3<0 THEN 660

PRINT"THE POINT WHIRE THE VELOCITY 1WCREMEMT WAS ADDED"™
PRINT*CORRESPONDS TO THE APOGEE OF THE NEW ORBIT"
PRINT "THE PERIGEC OF THE NEW ORBIT IN MILES 1S"H3
PRINT o ’ T
PRINT™ THE VELOCITY AT THE PERIGEE 1S "V1¥ FT/SEC."
PRINT ) : . ) ’
LET R8=R3

@0sUB 1010

PRINT”THE PERIOD OF THE NEW ORBIT 1S "T* MINUTES.”
60 7O 1830 ) ’ ’ ’
PRINT”YOU CRASHED INTO THE EARTH” )
G0 TO 1230 o

PRINT”THE POINT WHERE THE VELOCITY INCREMENT WAS ADDED"
PRINTYCORRESPONDS TO THE PERIGEE OF THE NEW ORBIT*
PRINT ‘ )
PRINT"THE APQOGEF. OF THE NEW ORBIT 1S "H4"™ MILES."
PRINT ‘

PRINT®THE VELOCITY AT THE APGGEE 1S "V2" FT/SEC."
PRINT ’ ;

LET R3=R4

80SUB 10190

PRINT™THE PERIOD OF THE NEW ORBIT 15 T" MINUTES.™
PRINT T '
6070 1230

PRINT™CIRCULAR.*™

%710 1230

PRIWT*PARABOLIC, *

PRINT "UITH AN ECCEMTRICITY OF“El

@0 TO 1830 C ‘
PRIWT“HYPERBOLIC, *

PRINT “VITH AN ECCRNTRICETY OF LKL

80 TO 1830 T

LET Ri=(H1+3939)85330 -

LET R8=(HR+3959)+5280

LET Ee(R8<R1)/(R1+R2)

LET ViaSQR(Y&(1+E)/R1)

1000 LET VE=Vi=RI/RE
1010 LET A=(R1+R2)/8

1020
1630

LET Pudo479#A0ARAR/Y
LET TaSQR(P)/60

1040 RETURM

1050 1F M=) THEN 1080
1060 LET Viava

1070 LET Ri=R2

1080 LET VSayievl
1090 LET VISSQR(Y/R1?
13800 LET V9s¥Ssy7

1110

LET BioABS(VISVYR=-1)

3380 1F v9»i THEN i160

1140

LET R3a(l=-E1)*R1/(1+EKl)

204"
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1150
1160
1170
1180
1200
1210
1220
1230
1331
1838
1834
1838
1236
1237
1838
is4l
1250
1851
1258
1252
1854
1255
1260

Physics
SPACE

\W o

LET H3mR3/5280-39%59
LET Vi=sUS*R1/R3
GOTO 1220

LET RasC(1+E1)*R1."71~El)
LET H4quRA/S280~39359

LET V2«VS*R1/R4
RETURN

PRIRT
PRINT
PRINT
PRINT
PRINT
PRINT
1HPUT
PRINT

RETI T L

“BASED ON YOUR ORIGINAL ALTITUDES OF “HI™ AND "H2" HMILES"
"WOULD YOU LIKE TO TRY DIFFERENT VELOCITY INCREMENTS"
“(1~YES, 0=NOI"S .

Q5 )

IF Q5»C THEN 280

PRINT
1IPUT
PRINT
PRINT
PRINT

*WOULD YOU LIXE TO RUN THE PROGRAM AGAIN (31-YES., 0-NO>'3
Q6 i

"pkkn®

IF Q6>0 THEN 180

END

104
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DISCIPLINE - PHYSICS

SUBJECT ELECTRICAL PGTENTIAL

ENERGY

PROGRAM NAME VFIELID

DESCRIPTION:

This program plots a picture of the relative potential field strengths of
regions surrounding two point charges.

OBJECTIVES:

To give the student a feel for how the electric potential field is altered
by changing the positions of two point charges.

PRELIMINARY PREPARATION:

A. Student - The concept of electric potential for a point charge should be
understood, as well as equipotential lines and potential hills or wells,

B. Materials - none needed

DISCUSSION:

One run of this program requires much time, so it is not advised for
use with 2 whole class. Individual students or small groups will derive the
greatest benefit, or, alternatively, the teacher may make several runs before
class and display the resulting plots during a class discussion.

The coordinate plane occupied by the charges is 30 x 30.

NOTE: The numbers in the plots indicate relative field strengths.
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hysics
VI'IELD

TH1S PROGRAN PLOTS A PICTURE OF THE RELATIVE ELECTRICAL
POTENTIAL FIELD STRENGTHS IN THE REGION SURROUNDING TWO
POINT CHARGESe THE CHARGES ARE IN A COORDINATE PLANE

30 BY 30. THE CHARGES MAY HAVE ANY VALUE WHOSE

MAGNITUDE 1S LESS THAN Iu¢ » AND MAY BE ANYWHERE BETWEEN

0 AND 30 ON THE X AND Y AXESe.

THE MAGNITUDE OF THE FIELD DECREASES FROM 9 TO 1, 0, ATO J
THAT 1Ss» 9 TO ) 1S A PGSITIVE POTENTIAL, 0 IS ROUGHLY 0.
AND Am-=1, BR=2, s0e¢ Ju=9, C(THERE 1S NO ‘I'.)

WHAT VALUES OF CHARGES DO YQU WISH TO STUDY?
T0 STUDY ONLY ONE CHARGE, MAXKE THE SECOND CHARGE O»

ENTER TWQ VALUES OF CHARGE 3 ? 10,=3s5
WERE SHALL. THE FIRST CHARGE BE LOCATED? 15,15
WHERE SHALL THE SECOND CHARGE BE LACATED? 15,25

%0 6 12 18 24 30*

I EL I St L LI XL LD & aathd AL LR LY £
30 » 000000000000C00000000 Tw
29 * 0000030000500000000000 ©
28 * 000000 MAA 000000 *
27 * 00000 AABRBAA 00000 »
286 * 11} 000 A CDEDC A 000 111 *

25 * 1131111080211 000 ABD ~ DBA 000 1108381111111 =
84 =11131111313311114) 0C ABDEDRA 00 111311111113311 1=
3 #«111011010840111010311311 00 AAA 00 B311111131311111010w

ee *11110001010111010100101010120111) 1113800803004 400100100m
21 =1113101111031811 ) 1111183111111 1=
20 11111111114 ga28222 £egaaee 111111111280

19 1111111111 282882 333 444 333 eeeee 1111411111»
18 *1111111131 2888 A3 4455 6 5544 33 2322 111811111»
17 *11111111 8888 33 45 89998 54 33 2282 11111111»

16 *11111811 ga82 3 4 79 97 4 3 3228 1111111l%
15 *1111111 2382 33 A568 + 8634 33 2g88 111113 1=
14 *311111 2228 33 45679 97654 33 2e88 1111111»
13 *111111} 2822 334456789 987654433 2222 1i11lige
12 *111111}) 28282 33 44K5666665344 33 22322 1111111
11 »15111112 22222 333 444 444 333 28382 11111811
10 =11111111 a8%eg 3333 3333 &82Rk2 111ttt
9 *111111§11 228222 333333333 228228 111411811
8 =11111111311 2gegeeas ) 23228222 11113113081
7 *1111431111% 28£322R22222222228822 18811181008
6 *11111111113111 22ggeae2222e288 1011130111501
S =11111111111111) 2 111111111113011%
) *13111103111211125111) 1151120000038383011=
3 w110208000 01002080 0000013200310000083001113011114101»
2 *112000000000300000000000080030000800108001410111131081%
1 10131100203002022302300328232000401111010110031012111011w
0 1308040000000 00 0008880 8000002480020021000001001000 0%

.x------;‘-l--------.;-n-.-«----!-~-----~-;-m---~'~$--!¢

DO YOU WIS TO VIEW ANOTHER PLOT ()>YES, 0=NO)> 3 7 0

BZADY
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100
105
110
i11
113
i1e
817
120
120
140
150
160
170
i71
172
173
178
179

180-

185
90
195
200
810
280

232
a33
236

860
270
280
290
00
NG
380

40
I8¢

370
380

20
480

450
453
156
457
459

%83
470
A75
480
L
486

Physics
VFIELD

REM JCHN HOSIE = NORTHPORT HS = 7-8-69

REM REVISED BY C.LOSIK 8-81-70

REM 1Y3U HAVE MY BLESSING TO USE COMPUTEDR GO-TO°S AND

REM STRINGS IF YOU HAUE THEM (Y¥E DIDN'7:

REM V I5 THE FIELD SSNZINGTHs R1,R2,Q1,Q% ARE STANDARD NOT.

REM THIS MAY BE CHANGED TO ALLOV¥ HIGHER VALUED CHARGES

LET 499s=t0

PRINT “THIS PROGRAM PLOTS A PICTURE OF THE RELATIVE ELECTRICAL®
PRINT “POTENTIAL FIELD STRENATHS IN THE REGION SORRGUNDING TWO"
PRINT “POINT CHARGSSe THE CHARGES ARE IN A COORDIMATE PLANE™
PRINT “30 BY 30- THE CHARBES MAY HAVE ANY VALUE GHOSE"™

PRINT "MAGNITUDE IS LESS THAN"Q9™, AND MAY BE ANYWHERE BETVEEN®
PRINT "0 AND 30 ON THE X AND Y AXES."

PRINT “THE WMAGNITUDE OF THE FIELD DECREASES FROM 9 T0 1. 0, A TO J”
PRINT “THAT 15, 9 TO 1} 1S A POSITIVE POTENTIAL, O IS ROUGHLY 0,
PRINT "AND As=ls B==Rs see Ju=9, (THERE 18 %0 P10

PRINT

PRINT “WHAT VALUES OF CHARGES DO YOU WISH TO STUDY?S

PRINT “TO STUDY ONLY ONK CHARGE, MAKE THE SECOND CHARGE 0."
PRINT “ENTER TW0 VALUES OF CHARGE 3 ot B

IRPUT Ql,@8

IF Q1=0 THEN 180

IF ABS(Ql)<=Q9 THEN 230

PRINT "VALUES MUST BE IN THE RANGE (“-09“ nQ9%) o™

GO TO 185

IF ABSCQR)>Q9 THEN 210

REM FOR EFFICIENCY, WE °HIDE® THE ELECTROSTATIC CONSTANT HERE
LET Qi=82Q1 I T ' '

LET @2a2%xQ2

PRINT “WHERE SHALL THE FIRST CHARGE BE LOCATED™3

INPUT Zi,Y1

LET X12INT(X1++5)

LET Y1alNT(Y1+.5?

IF ABSC(X1=15)<=]15 THEN 310

PRINT “VALUES NUST BE IN THE RANGE €0,30).~

GO TO 840

IF ABSCYl=15)>1S THEN 890

IF Q8=0 THEN 410

PRINT “WHERE SRALL THE SECCKD CHARGE BR LOCATED"3

INPUT X8,Y8 .

LET X8=INT(XR2+¢5)

LET Y8sINT(YR+.5) - .

IF ABS{X8-15)<=18 THEN 400

PRINT "VALURZS5 MUST BZ 1N THE RANGE €0,30)."

G0 TO 330

IF ABSC(Y2-15)>15 THEN 380

PRINT

PRINTY .

PRINT ™ ","a0 6 i8 i8 84 20 e

PR!“ " “‘I..-g-----l-.n.cu.‘.l-----o...l-..-...--ln-.------l‘“

FOR Y=30 T0 O STEP <1 °~ ) )
PRIKET * “3INTCY+e5),%0%")

LET Y6ém(Y=Y1)#(Y=-T1)

LET Y7u(Y=YR)e{Y-Y])

EEM THIS IS'FOR 50 ITERATIONS

FOR X=0 TO 30 STEP ¢

LET X6=X-X]}

JLET 81-808186086076)

LET X7e}-X8

LET R2=SAR(X7#X7+¥ 75
IF Rl<.5 THEN 800
IF R2<+5 THEN 850

205
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488
430
498
500
502
SCa
506
sS08
510
513
516

583
526
530
533
536

543
546

553
556

563
566
570
973
576
$80
583
586
590
593
596
600
603
a6
€19
613
616

633
626

633
636

643
646

653
636

663
666
670
673
676

REM THE ELECTROSTATIC CONSTANT IS 2

LET V=Ql/R1+Q8/R2
FOR Ju=9 TO 9 °
IF ABS(V=J)<.35 THEN 508
NEXT J : '
PRINT ¢

GO TO 700

IF J>0 THEN 610
1F Je>-9 THEN 520
PRINT “J"3

@0 T0 700

IFf J2>=8 THEN 530
PRINT *“H*}

@0 TO 700

IF J<>-7 THEN 540
PRINT “G"3

G0 TO 700

IF J<>=6 THEN 550
PRINT "F";

80 TG 700

IF Je>«5 THEN 560
PRINT “E"3

60 TO 700

IF J<>=4 THEM 570
PFRINT "D"3

@0 TO 700

IF J<>=3 THEN 380
PRINT "C*3

G0 TO 700

17 J<>-2 THEN 590
PRINT "B"}

80" TO 700

IF J<>=} THEN 600
PRINT “A%}

60 TO 700

1T J<>0 THEN 610
PRINT "0™3

a0"70 700

IF Je<>i THEN 680
PRINT "1"3

G0 10 700

1F J<>2 THEN 630
PRINT “2"3

G0 TO 700

IF J<»3 THEN 640
PRIRT “3';

GO TO 700

IF Je>A THEN 650
PRINT %43

€60 ' TO 700

I¥ Je<>5 THEN &86¢
PRINT »5%"3

@G0 TG 700

"iF J<»6 THEN 670

PRINT 7¢%3
€0 TO 00
IF Jex7 THEN 68C
PRINT "7}

a0°'T0 700

g Copyright 1971, Polytechnic Institute of Brooklyn
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VFIELD

680 1F J<>8 THEN 690
683 PRINT "33
686 GO TO 700
. 690 IF J<>9 THEN 504
693 PRINT *“9%3
00 HERT X
710 PRINT ®“av -
730 NEXT Y
730 PRINT " “,M%]cenceccaclccvecenna]ecccceccn]cccccccnaloacccanea] g
‘%0 PR1ST ' i - : .
750 PRINT
i 760 PRINT "DO YQU WISH TO VIEV ANOTHER PLOT (1=YES, 0=40) 3 ";
¢ 770 INPUT Q1 : - : -
: 775 PRINT
i 776 PRINT-
| 780 IF Ql=1 THEN 178
% 790 IF Gi=0 THEN 999
795 80 TG 750
800 IF Qi>0 THEN 830
i 810 PRINT "%}
820 @0 TO 700
830 PRINT "4+%;
840 A0 TO 700
o~ 850 IF Q2«0 THEN 490
( 860 IF @2>0 THEN 830
ey 870 G0 TO 810
999 END

|
|
E
,5
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DISCIPLINE PHYSICS

SUBJECT _ INSTANTANEOUS VELOGITY .y

PROGRAM NAME VLOCTY

DESCRIPTION: _ ,

A graph of distance vs. time is plotted for a body accelerating at
Im/sec/sec. The average velocity is found for a point on the graph several
times using V average =(d, - dl)/(T2 ~T)as {TZ -T))gets smaller and smaller.

The program prints the instantaneous velocity at the points and allows
the student to change some of the parameters involved.

OBJECTIVES:

To aid the student in understanding the meaning of instantaneous velocity
and taking a limit.

PRELIMINARY PREPARATION:

A. Student - should know the definitions of average and instantaneous velocity

B. Materials - none
DISCUSSION: j

A good tutorial program or teaching aid. Student should realize thai the
slope of the line drawn between the poirts dl, T1, and d2, T2 is the average
velocity. As the second point is made to approach the first, the slope of this line
approaches the value of the slope of the tangent line drawn to the first point -

which is called the instantaneous velocity.
The student may then change the acceleration, time at which he wants to

know the average speed, and the time interval, delia T.
A more theoretical view of this same problem will be obtained by running
the program SLOFE.

110
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Physics
VIOCTY

AVERAGE AND INSTANTANEQUS VELOCITY

THIS PROGRAM CONSIDERS DISTANCE AS A FUNCTION OF TIME,
Daf(T)e IT wWILL CALCULATE THE AVERAGE VELOCITY DURING
THE TIME INTERVAL T1,T2 BY EVALUATING D AT TROSE TIMES
GIVING D! AND D3. THE RESULT OF ¢(D2-D!)/(T2-T1l) YIELDS
THE AVERAGE VELOCITY. AS T8 1S BROUGHT CLOSER AND CLOSER
T0 Ti THE RESULTANT AVERAGE VELOCITY WILL APROACH THE
INSTANTANEOUS VELOCITY AT Tl.

AFTER THE PROGRAM STOPS, TYPE IN THE FOLLOWING:
C(END EACH LINE» INCLUDING fRUN'; WITH THE °*RETURN® KEY)

I @0 TO 300
300 DEF FND(T)®eeee(YOUR FUNCTION OF TIMEdeceeo
RUN ' ' i D

FOR EXAMPLE, TO USE THE EQUATION D=A*T=T WITH A=l
YOU WOULD TYPE AS FOLLOWS:

1 GO TO 300
300 DEF FND(T)Im}*T*T
RUN
YOU MIGHT TRY THAT AS YOUR FIRST RUNe.
FOR SUBSEQUENT RUNS, YOU NEED ONLY CHANGE LINE 300 FOR
A MEY FUNCTIONs, FOLLOWED BY °RUN°. )
READY
1 60 TO 300

300 DEF FND(T)=slxT*T
RUN

TR
WHAT ARE YOUR VALUES OF T1 AND T2 (SMALLER FIRSTY T1,72)? 5,50

THE DISTANCE TRAVELED DURING THE INTERVAL IS 2475
THE AVERAGE VELOCITY 1S 55

WOULD YOU LIKE 70 CHANGE T2 (1-YES, 0-NOJ? 1
WAT 15 YOU NEV VALUE FOR T2 (T3 MUST BE GREATER THAM T1)? 103

THE DISTANCE TRAVELED DURING THE INTERVAL IS 11000
THE AVERAGE VELOCITY IS 110 =~

WOULD YOU LIKE TO CHANGE T2 (1-YES, 0-N02? O
MOV VATCH THE AVERAGE VELOCITY AS T& APPROACHES Ti.

TIl= % DI = 85

T8 T8-T1 D8 D@-D} (DS-D1J/¢(TR-T1)
105 100 11085 i1000 116

55 50 3085 .3000 é0

30 85 900 875 35

175 135 ’ 306,85 - 281.85% 883
11485 6.85 186.5685 101.5685 1685
8.185 3.185 6601563 41.01563 13.185
65685 1.8685 43.06641 18.06641 11.5685%
5.7818% «7818% 33.42285 8.483858 10.78185
5.390685 - « 390625 89.05884 4.058838 10.39063
5.195313 «1953125 26.99127 1.991878 10.19531
5.097656 «09765685 . 25.9861 5860998 10.092766
S.048828 04888813 2549067 +«4906654 10.04883
5.024414 084431406 23.24474 . «8447367 10,0844}
5.018207 01880703 - 85.12888 «1888193 10.01881
5.006104 6+103516KE~3 £5.06107 «06107835 10.00609
$.003058 3.0517580~3 25.03053 03052688 1000305
5.001586 1.5858 79E-3 85.01586 «¢1586117 10.00i56

$.000763 7.689395K~-4 .?SQQQ763 7.689871E-3 1000063

o112



Physics
VLOCTY

NOTE THAT THE AVERAGE VELOCITY CHANGES VERY LITTLE
AS T2 APPROACHES Tle T2 CAN NEVER EQUAL T1 SINCE M
(D2-DL>/(¢(T2-T1) WOULD THEN RESULT IN A DIVISION BY ZERO.

doofe ok

YOYLD YOU LIKE TO TRY DIFFERENT VALUES OF T1 AND T2

(1-YES, 0-NO>? O "4
T0 CHANGE YCUR FUNCTION SEE THE INSTRUCTIONS.

IF YOU ARE FINISHED, TYPE '1°, AND THE 'RETURN' KEY

AFTER THE PROGRAM STOPS.

READY
1
.
: N
“
{,
112
213
E \I-‘C [ ' R COpyr:lght J9T1l, Polytechnic Institute of Brooklyn
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VLOCTY
{ : 100 REM VELOCITY, Je HOSIE, Qe+ Jes O'CONNOR, 8/18/68
© 101 REM REVISED 8/26/70 (D« PESSEL) o
§ 102 REM IMPORTANT VARIABLESt S~SECANT SLOPE;s P-PERCENT CHANGE;

103 REM D-INVERSE OF CHANGE IN X; Y-CHANGE IN Y
104 REM SEE SLOPE FOR A MORE THEORETICAL APPROACH TO THE SAME PROBLEM
105 LET S1=0
110 PRINT TABC1C)3“AVERAGE AND INSTANTANEOWS VELOCITY"™
120 FRINT : )

¥ : 130 PRINT "THIS PROGRAM CONSIDERS DISTANCE AS A FUNCTION OF TIME,"
131 PRINT "DsF(T>s 17 WILL CALCULATE THE AVERAGE VELOCITY DURING"
£32 PRINT "THE TIME INTERVAL T1,T2 BY EVALUATING D AT THOSE TIMES"
13& PRINT "GIVING D1 AND D2« THE RESULT OF (D2-D1)/(¢T2-T1) YIELDS"
134 PRINT "THE AWERAGE VELOCITY. AS T2 15 BROUGHT CLOSER AND CLOSER®
135 PRINT "“TO T1 THE RESULTANT AVERAGE VELOCITY ¥ILL APROACH THE"
136 PRINT "INSTANTANEOUS VELOCITY AT Tie"
138 PRINT
139 PRINT "AFTER THE PROGRAM STOPS, TYPE IN THE FOLLOWING:" ;
140 PRINT "“(END EACH LINE, INCLUDING °'RUN', WITH THE °*RETURN®' KEY)* ;
141 PRINT ) ' ) - ' ’ i

147 PRINT *FOR EXAMPLE, TO USE THE EQUATION DsA#T*T VITH A=}
148 PRINT °*'YOU WOULD TYPE AS FOLLOWS3:"™

ia2 PRINT 1 GO TO 300" ‘ z
143 PRINT " 300 DEF FND(T)-; se e {YOUR FUNCTI ON OF TlME) seese' !
145 PRINT " RUN" |
146 PRINT é
149 PRINT '
150 PRINT * 1 GO TO 300" i
151 PRINT * 300 DEF FND(T)=1#T*T" :
153 PRINT * RUN" :

o~ 154 PRINT "

(N ¢ 135 PRINT “YOU MIGHT TRY THAT AS YOUB FIRST RUN."

. 156 PRINT “FOR SUBSEQUENT AUNS, YOU NEED ONLY CHANGE LINE 300 FOR”

157 PRINT A NEV FUNCTiON., FOLLOVWED 53t °'RUN‘'." {

160 STOP ) C 1

290 REM CALCULATION OF SLOPE AND PRINTOUT !

300 DEF FNDCT)wikT%T

30} PRINT ’

302 PRINT ‘'haiukias

303 PRINT

305 PRINT "WHAT ARE YOUR VALUES OF Tl AND T2 (SHALLER FIRST: Tlo!‘B)"}

306 INPUT T1,T2

307 IF T2>T1 THEN 310

308 PRINT T2 MUST BE GREATE& THAN Tll"

309 @60 TO 305
I 310 PRINT
- 311 PRINT "THE DISTANCE TRAVELED DURING THE INTERVAL 1S "FND('X‘a)-HlD(TU

312 PRINT “THE AVERAGE VELOCZTY IS “(FND(T&)-FND(TI))/(TQ Tl) -

313 PRINT o

314 PRINT "“WOULD YOU LIXE TO CHANGE T2 (1~YES, 0=N0O)*"3
\ 315 INPUT Qi o o T . ,

316 IF Ql<} THEN 330 i

317 PRINT “WHAT IS YOU NEV VALUE FOR T2 (T2 MUST BE GREATER THM! Tl)"} i

318 INPUT T2

319 IF T2*>T1 THEN 310

320 PRINT “T2 MUST BE GREATER THAN T11" :
321 6070 517 B |
330 PRINT .

331 PRINT "NOW VATCH THE AVERAGE VELOCITY AS TR APPROACHES T1.%
335 PRINT

344 LET DIsFND(T1) -
345 PRIHT " T1 = “T1,” ", DI a “FNRL(T))

346 PRINT

o
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VLOCTY
350 PRINT " T2"," T2=-T1"," D2"," D2-D1"," (D2-D1)>/(T2-T1)" b
352 PRINT " =&, ..----"," -m"’" cocee? ! creceveccccaccce’
361 LET D2=FND(T2)
370 PRINT T2,T2-T1,D2,D2~D1,(D2~51)/(T2~T1)
380 IF AB5(T2-T1><.001 THEN 230
382 LET 72nT2-+5%(T2-T1) ’
384 GO TG 361
390 PRINT

400 PRINT "NOTE THAT THE AVERAGE VELGCITY CHANGES VERY LITTLE"
401 PRINT *45-c2 APPROACHES Tl. T2 CAN NEVER ERQUAL T1 SINCE"
402 PRINT {D2-D1)/(T2~T1? WOULD THEN RESULT IN A D;U;SION BY ZERO."
470 PRI®A ' '

480 PRINT "kkkkx’

49C PRINT

4Q%5 PRINT °'WOULD YOU LIKE TO TRY DISFERENT VALUES QF T1 AND T2"
496 PRINT "(1-YES, 0~NO)"3 '

498 INPUT Q5 ’

500 IF Q5>0 THENM 300

510 PRINT "'TO0 CHANSE YOUR FUNCTION. SEE THE INSTRUCTIONS."

520 PRINT “IF YOU ARE FINISHED, TYPE '"1', AND THE °*RETURN® KEY"
5§30 PRINT "AFTER THE PROGRAM STOPS." ’ - .

540 END
X
/ )
5,
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Aruitoxt provided by Eic:

DISCIPLINE PHYSICS

SUBJECT WAVES

PROGRAM NAME WAVES

DE SCRIPTION:

This program finds the sum of two waves: one predetermined by the
program, and the other determined by the student. There ai-\e options of
either displaying both waves and their sum, or just their sum.

OBJECTIVES:

To enable the student to study, independently, the effect of changes in
wavelength, amplitude,and phase on the superposition pattern formed by
two waves. :

PRELIMINARY PREPARATION:

A. Student - Some experience with '' SLINKY'' wave superposition: knovledge
of phase, amplitude, and wavz length. :

B. Mater_jfals - none

DI SCUSSION:

The student controlled wave (' B') may have wavelengths ranging from
2 to 8, though only a wave length of 4 may be fully displayed. Its amplitude
can be varied between 5 and 11, -and its phase can be any decimal part of a’
wavelength. . '

The fixed wave (''A" ) has a wavelength of 4, and an amplitude of 0.

The display consists of both waves, side by side, and their superposition,
or just their superposition. : :
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Physics
WAVES

WAVES AND TdEln SUPERPOSLITION
KO YOU NEED INSIaUUTIONS (1sYEs5, U=NQ) ¢ 7 1

AN £dl5 PrOGrAM YOU dnY OBSEKVE TnE EFFECTS OF
CHANGING WAVELENGIH, AMPLITUDE, AND PnASE ON (WO
wavVES AND ON ThEln SUM (O SUPERPOSITION) .

WAVE 'A' 15 FlaED. IT5 WAVELENGIn 15 4, 105 AMPLITUDE
I5 1Js AND 17> ~naAstE IS5 Ue.

WAVE 'B' MAY BE CHANGED BY Y0U. FOi BEST asESULTS @
WAVELENGIH (L) BETWEEN 2 AND 4
AMPLITUDE (A) BETUEEN S AND lu
PRASE (P) BETWEEN U AND 1
(FOii EAAMPLE, «5 PHASE = 1/2 WAVELENGTH

IT 15 EASIEST 10 SEE TnE EFFECTS OF CHANGES IN EACH
PARAMETER IF YOU nOLD I'wO CONSTANT AND VAnY TEHE OTHER.
ALTHOUGH ALL THaEE MAY BE VAHRIED AT ONCE.

WHAT {5 YOUR CAOICE OF WAVELENGTH, AMSLITUDE, AND PHASE? 2,100

NOTATIONS A = 'A' WAVE
B = 'B' WAVE
S = SUPEnrOSITION WAVE
AT (CMe) ~20 -1v J +iu +20

mleeem]mmm—e - lmmmmmemeefmm—————- “l=memeoman]l-===)

-6 - A‘B

o8 - TR s’b

1 = - -8 - /é/

1a - v W

1.6 - é. s.f A.

legy - CeBw.S N1

e - STNveyt

2'2 - ‘.A'.' 013.~

2:2 : -A..A /b) :S

2.8 = g S L, 57

3 - . . =B"

3oz - /s""q‘“s’

Je4 - S 874

3.6 - s 8, ™a

3e8 - 5:‘48 ¥

4 -

B T B b s T T e I LT T 3 |
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Physics
WAVES

WAVES AND THEIR SUPERPOSITION

DO YOU NEED INSTRUCTIONS (1=YES., 0=NO)> : ? U

WHAT I>5 YOUi CHOICE OF WAVELENGTH, AMPLITUDE, AND PHASE? 355,Ue25

NOTATION?

X (CMe

(o« 3 3 \]

A = 'A' WAVE
B = *B' WAVE
5 = SUPERPOSITION WAVE
-20
S R R
- ‘A

R R el RE L L LTS CETET TS FEET S i) G

WANT TO TRY ANOTHER SET OF VALUES (1=YES, U=NO) $ ? O

READY

ERIC

Aruitoxt provided by Eic:
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Physics
WAVES

WAVES AND THElr >3UPEAPOSITION

DO YOU NEED INSTHJUCTLONS (l=YESs JU=NO) & 2?2 U

Wwiar 1S YOUs CHOICE OF WAUVELENGTHs AMPLITUDE, AND PHASE? 451Useb

NOTATIONS

A (CMe)
¢
2
o4

6
«D

READY

ERIC

Aruitoxt provided by Eic:

A 'A' WAVE
'8' WAVE

SUPERPOSITION WAVE

v
nonon

A Y
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Aruitoxt provided by Eic:

Physics
WAVES

WANT [0 TRY ANOtHER SET OF VALUES (l=yEs, U=N0) $ 2 1

WAl 15 YUUit CnulCl OF WAVELENGIt, AvrPLiITJUEs, AND PRASE? 651Usu

NOTATIONS A = 'A' WAVE
B o= 'B' YAVE
5 = SUPEa?OSITION WAVE
A (Crie) -2v -1u v +1u +2U
mfmemmelmmem————a T R N fmemm-l
8

cobrwr
]
>
7
}:

YANT TO Tit¥ ANOTHER SET OF VALUES (l=YkES, 0=N0) ¢ 7 1

119
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WHAT 13 YOUrt CrhUICE OF WAVELENGTnS aMPLITUDE,

Physics
WAVES

AND PﬁASE? 651U U 25

NOTATIONS A = 'A' WAVE

' B = 'B' waVk

3 = SUPErOSITION WwAVE
A (CMe) -2V ~1v v +1U +20

o T S LT L | R L Rt S R e le===l

0 - A, -

.2 - A, ﬁ\\s\

o4 - ‘A, B 5.

06 - .'8. D

[X-] - ,B .l-’\ )}

1 - , A L3

1e4 - 87 p 5

106 - B 5 ot

les = ng,s’:SS‘

2 - B LAY

2.2 - s B A

) ./ 4 ™~

2.4 - /‘fb B“IY

2.6 - s - Ha

208 ' - 3 é’

3 - S & -

3.2 - $ )

de4 - N5 Ba,

3.6 - Sso 8ha,

3.8 = \‘~s,:§\ ‘A,

4 - “SB 'a
cleeme]escncemcn]anaaccaa" Joemmmman L I-===]

WANT TO TRY ANOTHEK SET OF VALUES (1=YESs U=NO) & 2 U

HEADY
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Aruitoxt provided by Eic:

100
105
110
115
120
124
125

130°

140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
3173
375
377
380
390
400
410
412
413
415
420
430

440.

450
460
470

Physics
VAVES

REM JOHN We HOSIEs NORTHPORT HS, PHYSICS, 8/9/68

REM REVISED BY C.LOSIK -8=-17-70

REM WE SORT THE (1) TO PLOT THE WAVE VALUES-.

REM L,AsP ARE WAVELENGTHo AMPLITUDE, AND PHASE

DIM W(3) .

REM Two PI !

LET P2=2%3.14159

PRINT " '","WAVES AND THEIh SUPERPQSITION

PRINT DO YOU NEED INSTRUCTIONS (1=YES, O=NG3 § °3

INPUT A :

IF A=0 THEN 350

IF A<>] THEN 140 .

PRINT _
PRINT "IN THIS PROGRAM YOU MAY OBSERVE THE EFFECTS OF"
PRINT ""CHANGING WAVELENGTH, AMPLITUDE, AND PHASE ON TW0O™
PRINT "*WAVES AND ON THEIR SUM (OR SUPEHPOSITION) ™
PRINT

PRINT "WAVE ‘A’ IS FIXEDe ITS WAVELENGTH 1S 4, 1TSS AMPLITUDE"
PRINT *"iS 10, AND ITS PHASE IS Q.

PRINT ‘ o

PRINT "WAVE 'B*' MAY BE GCHANGED BY YOU. FOR BEST RuSULTS 3¢
PRINT * ","WAVELENGTH (L) BETWEEN 2 AND 4*

PRINT ** ','"AMPLITUDE (A) BETWEEN 5 AND 10"

PRINT ' ",'PHASE (P) BETWEEN O AND 1"

PRINT ' ",'"(FOR EXAMPLE> .5 PHASE = 1/2 HAVELENG?H"'

PRINT

PRINT "IT IS EASIEST TO SEE THE EFFECTS OF CHANGES IN EACHY
PRINT "PARAMETER IF YOU HOLD TWO CONSTANT AND VARY THE OTHEB:"
PRINT '"ALTHOUGH ALL THREE MAY BE VARIED AT ONCE." .

PRINT .

PRINT "WHAT IS YOUR CHOICE oF WAVELENGTH» AMPLITUDE, AND PHASE™S
INPUT LsAsP .

IF L>0 THEN 380

PRINT "'WAVELENGTH IS ALVAYS A POSITIVE QUANIITY;"

GO TO 350 R

IF L<=8 THEN 410 '
PRINT "YOUR. WAVELENGTH IS TQO LONG FOR GOOD DISPLAY»"

GO TO 350 '

IF L>=1 THEN 415/

PRINT “YOUR WAVELENGTH IS T0O SHORT FOR GOOD DISPLAY-"

G0 TO 350

IF ABS(A)<=15 THEN 440

PRINT "YOUR AMPLITUDE IS TS0 LARGE FOR DISPLAV "

GO To 350

IF ABS(P~e5)<=45 THEN 470

PRINT ''YOUR PHASE CAN ONLY BE BETWEEN O AND 1."

GO TO 350

PRINT
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480
490

500,

510
520
530
540
545
550
560
570
580
600
605
610
620
630
640
650
660
670

680

690
- 700
710
720
730
740
750
760
770
760
790
795
800
610
620

830

840
850
860
870

Physics
WAVES

PRINT "NOTATION:","A = 'A' WAVE"
PRINT * ",'"B =.'B*' WAVE"

PRINT * *,"S = SUPERPOSITION WAVE'"
PRINT i

PRINT * A (CMeI"™,"™ - =20 ' =10 0 +10
PRINT * "y"elacece]camcccac= Jeewmncnnaa Jemecccaaa I L LY ST A
FOR X=0 TO 4 STEP .2

PRINT "3 INTClO%X+5)/10:"="3
LET WC1)=INTCI0O*SINCP2%X/4)+.5)

LET W(2)=INTC(A*SIN(P2*(X/L+P))++5)
LET W(3)=INTC(W(1I+W(2)+.5)

REM FIND WHICH IS SMALLEST, THEN PrINT IT AND MAXIMIZE IT
FOR Q=1 TO 3

LET K=1E20

FOR I=1 TO 3

IF W(l)>K THEN 640

LET K=W(I)

NEXT I

PRINT TABC(K+40);

FOR I=1 TO 3

IF ABS(WCI)=K)<.0001 THEN 700

NEXT I

STOP

IF I<>]1 THEN 730

PRINT "A";

GO TO 780

IF 1<>2 THEN 760

PRINT "B";

GO TO 780

IF 1<>3 THEN 690

PRINT "S";

LET W(I)=1E25

NEXT Q

PRINT "

NEXT X

PRINT * ","-I—---I"""""»""'-I--—'l';'-.--".l------°-—.I--‘-’f""-'-1---'I".

PRINT . . :

PRINT "WANT TG. TRY ANOTHER SET OF VALUES (1=YES, 0=NO) 3 ";
INPUT A B .

IF A=l THEN 350

IF. A<>0" THEN &20

END :

- -READY
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