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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

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 bugs (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 menu-

faCiurers use 15; we used the TAB function, which doesn't exist in

all BASIC compiles), It may be necessary to make some minor

changes in programs to adjust this forMat, Another possible

problem is in the use of the RANDOMIZE command in some programs

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 and 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

ways of using them.

Ludwig Braun

Marian Visich, Jr,
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DISCIPLINE MATHEMATICS 9th YEAR

SUBJECT MULTIPLICATION INVOLVING

ONE AND TWO DIGIT MULTIPLIERS

PROGRAM NAME ARITH

1W1 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. At tbe'conclusion of five problems, the student will be given a score, and
a new student will be called. Each factor will not exceed 100.

ti

OBJECTIVES:

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

PRELIMINARY PREPARATION:

None

DISCUSSION:

A. Operational Suggestions - This particular program is designed for group study,
and may be used for an entire period. A portable TV was originally used to
display computer output.

B. Follow-up - By modifying line numbers 52k, 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 your 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.

1
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Math
ARITH

HELLO CLASS TODAY I WANT TO REVIEW MULTIPLICATION

WITH YOU. 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! .0. GIVE EVERYONE A NUMBER FROM 1 TO 30

OK, STUDENT NO. 27 IT'S YOUR TURN!

GIVE ME YOUR LUCKY NUMBER
? 5

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

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

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

50 X 78 ? 3900
YOU'RE RIGHT STUDENT NO. 87

93 X 81 ? 7533
YOU'RE RIGHT STUDENT NO. 27
YOU GOT 5 RIGHT OUT OF 5 PROBLEMS.
GOODBYE...STUDENT NO. 87

0K. STUDENT NO. 25 IT'S YOUR TURNI

GIVE ME YOUR LUCKY NUMBER

fC

READY
2

9 Copyright 1971, Polytechnic Institute of Brooklyn
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Math
ARITH

100 HEM W. TEPPER, WYANDANCH HS, 4/21/69
105 REM REVISED BY C.LOSIK b570
106 REM WE DO A RANDOM PROBLEM FOR EACH STUDENT, A .0P. B
110 REM THIS PROGRAM CALLS STUDENTS IN A RANDOM FASHION TO DO INDIVIDUAL
120 REM PROBLEMS. BY MODIFYING A FEW STATEMENTS I CAN CHANGE THE
130 REM TYPE OF PROBLEMS.
140 REM REVISED 5/7/69
150 PRINT "HELLO CLASS TODAY I WANT TO REVIEW "J
151 REM CHANGE BELOW FOR YOUR OPERATION
152 PRINT " MULTIPLICATION"
160 PRINT
170 PRINT "WITH YOU. WHEN I CALL ON YOU PLEASE COME UP AND TYPE IN"
180 PRINT
190 PRINT "YOUR ANSWERS. IF YOU ARE WRONG YOU GET TWO MORE CHANCES."
200 PRINT
210 PRINT "HOW MANY STUDENTS ARE THERE IN THE CLASS TODAY";
220 INPUT S
230 PRINT
240 PRINT "TEACHER1...GIVE EVERYONE A NUMBER FROM 1 TO"S
250 PRINT
260 PRINT
270 PRINT
272 REM YOU MUST RANDOMIZE THE PROCESS FOR BEST RESULTS
275 RANDOMIZE
280 LET Q=INTCRNDC-2)*S)
290 PRINT "OK, STUDENT NO. "Q" IT'S YOUR TURNI"
300 LET 16*0
310 LET 1..0
320 PRINT
330 PRINT
340 PRINT "GIVE ME YOUR LUCKY NUMBER"
350 INPUT.Z
360 FOR T1 TO Z
370 LET AINTCRNDC2)*100)
380 LET 11INTCRNDC5)*100)
390 NEXT T
430 LET NW.J
410 LET I611J+1
415 REM X IS THE ANSWER TO A -OP' B
420 LET KnA*8
430 PRINT
440 PRINT
450 PRINT
455 REM PRINT A OP B ?

460 PRINT A" X "8" "J
470 INPUT K
480 IF ABSCKX)4.005 THEN 590
490 LET NIIN+1

3
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Math
ARITH

500 IF N=3 THEN 530
510 PRINT "YOU'RE WRONG...TRY AGAIN"
520 GO TO 460
530 PRINT "YOUR WRONG AGAIN"
540 PRINT "THE ANSWER IS "X
550 IF J.c5 THEN360
560 PRINT "YOU GOT "L" RIGHT OUT OF 20 PROBLEMS"
570 PRINT "GOOD BYE .... STUDENT NO. "Q
580 GO TO 250
590 PRINT "YOU'RE HIGHT STUDENT NO. "U
600 LET L = L+1
610 IF J45 THEN36O
620 PRINT "YOU GOT "L" RIGHT OUT OF 5 PROBLEMS."
630 PRINT "GOODBYE...STUDENT NO. "Q
640 GO TO 260
650 END

4
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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
7iiTIFe7573 s (e. g. overhead projector, cicsedcircuit 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.

5
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Math
BANX

FINANCIAL PROBLEMS

THIS PROGRAM SOLVES THREE TYPES OF PROBLEMS)

(1) INTEREST ON INSTALLMENT BUYING
(2) PAYMENTS ON LONG TERM LOAN
(3) BALANCE OF A SAVINGS ACCOUNT

URICH PROBLEM WOULD YOU LIKE TO UORK WITH (TYPE 1. 2 OR 3)? 1

THIS SECTION WILL DETERMINE THE ACTUAL INTEREST YOU PAY
WHEN YOU PURCHASE SOMETHING ON CREDIT.

WHAT IS THE CASH PRICE OF THE ARTICLE CS)? 88.99
DOWN PAYMENT (S)? 10
NUMBER OF PAYMENTS EXCLUDING THE DOWN PAYMENT? 18
NUMBER OF PAYMENTS PER MONTH?
AMOUNT PER PAYMENT CS)? 4.85

THE RATE OF INTEREST CHARGED HAS 5.69 PERCENT.

WOULD YOU LIKE TO RUN THE PROGRAM AGAIN Cl -YES. 0 -NO)? 1
WHICH PROBLEM WOULD YOU LIKE TO WORK WITH (TYPE 1. 2"0R-3)? 8

*****

THIS SECTION WILL DETERMINE PAYMENTS FOR A LONG TERM LOAN.

WHAT IS THE AMOUNT BORROWED (3)? 3000
INTEREST CHARGED (2)? 8
INTERVAL BETWEEN PAYMENTS (MONTHS)? 1
TERM OF THE LOAN (YEARS)? C

DO YOU WISH TO SEE THE TOTALS ONLY INSTEAD OF THE ENTIRE
TABLE (1YES. 0 -NO)? 0

OUTSTANDING
PRINCIPAL AT PRINCIPAL
BEGINNING INTEREST DUE AT REPAID AT

PERIOD OF PERIOD END OF PERIOD END'OF PERIOD

1 3000 0 15.68
a 2884.32 9.23 16.45
3 2767.87 8.45 17.23
4 2650.64 7.67 18e01
5 2532.63 6.88 18.8
6 2413.83 6.09 19.59
7 2294.24 5.29 20.39
8 9173.85 4.49 21.19
9 2052.66 3068 22
10 1930.66 2.87 22.81
11 1807.85 2.05 23.63
12 1684.22 1.23 24.45
13 1559.77 04;4 85.28
14 1434.49 9.56 26.12
15 1308.37 8.78 26.96
16
17

1181.41
1053.61

7.88
7.02

27.8
28:66

18 924.95' 6.17 29.51
19 795.44 503 30.38
BO 665.06 4.43 31.25
21 533.81 3.56 32.12
se 401.69 2.68 33
23 268.69 1679 33.89

134.8 o9 34.78

TOTALS 256034 3000

YOUR MONTHLY PAYMENT ES S 1.35.60 AND TOTALS S 3056.34

6
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194.

4



Math
BANK

WULD YOU LIKE TO RUN THE PROGRAM AGAIN (l -YES, 0 -NO)? 1
IHICH PROBLEM WOULD YOU LIKE TO WORWVITH (TYPE Is 2.0R.3)7 3

THIS SECTION CALCULATES THE BALANCE OF A SAVINGS ACCOUNT
IN-WHICH DEPOSITS ARE MADE REGULARLY.
. . .

RAT IS THE AMOUNT DEPOSITED PER INTEREST PERIOD CS)? 10000
' HOW OFTEN-15.THE INTEREST COMPOUNDED (MONTHS', 3
WHAT IS THE RATE OF INTEREST PAID (2)7 5
FOR HOW LONG WILL YOU DEPOSIT MONEY (YEARS)? S

THE BALANCE OF YOUR ACCOUNT AFTER 5 YEARS WILL BE S 202500
. .

WOULD YOU LIKE TO RUN THE PROGRAM AGAIN (IYES, 0,-N0)7 0

READY

A,

7.

20



Math
BANK

100 REM FINANCIAL PROBLEMS A. WEBB 12/67

101 REM REVISED 8/25/70 (D. PESSEL)
110 PRINT TAB(20),"FINANCIAL PROBLEMS"
115 REM RN'S= BY W. TEPPER. WYANDANCH H.S. 7/10/69

120 PRINT
130 PRINT"THIS PROGRAM SOLVES THREE TYPES OF PROBLEMS)"

132 PRINT
134 PRINT" (1) INTEREST ON INSTALLMENT BUYING"
136 PR/NT" (2) PAYMENTS ON LONG TERM LOAN"
138 PRINT" (3) BALANCE OF A SAVINGS ACCOUNT"
140 PRINT
142 PRINT"WHICH PROBLEM WOULD YOU LIKE TO WORK WITH (TYPE 1. 2 OR 3)")
144 INPUT 21-
146 PRINT
147 PRINT"*****"
148 PRINT
ISO IF Q1 >2 THEN 820
154 tF 213.1 THEN 260
16r GO TO 590
g.60PRINT "THIS SECTION WILL DETERMINE PAYMENTS FOR A LONG TERM LOAN."
270 PAINT
280 PRINT"WHAT IS THE AMOUNT BORROWED (5)")
281 INPUT A'
285 PRINT" INTEREST CHARGED (2)")
286 INPUT-I
290 PRINT" INTERVAL BETWEEN PAYMENTS (MONTHS) ")
291 INPUT P
295 PRINT" TERM OF THE LOAN CYEARS)rI
296 INPUT Y
300 PRINT
360 PRINT"DO YOU WISH TO SEE THE TOTALS ONLY INSTEAD OF THE ENTIRE"
361 PRINT"TARLE 21 -YES. 0NO/"J
362 INPUT PS
4fu roan.
375 IF P5>0 THEN 430
380 PRINT" OUTSTANDING"
390 PRINT" PRINCIPAL AT PRINCIPAL"
400 PRINT" BEGINNING INTEREST DUE Al REPAID AT"
410 PR1NT"PERIOD OF PERIOD END OF PERIOD' END OF PERIOD"
420 PRINT
430 LET Em(Y4112)/P
440 LET K..(11)(P/12))/100
445 LET EmAill/(1.41(1+10ti)
446 LET EINT(E*100+.5)7100
450 LET C -A
460 LET F00
461 LET DIg10
470 LET Tint)
480 LET T1.T1 +1
490 IF W.1 THEN 554
500 LET 110T1
510 LET CI.C..?
520 LET DINC4K
522 LET FAIED
525 LET CmINT(C4100+.5)/100
530 LET DmINT(D*100+.5)1100
535 LET F.INT(F*100+.5)1100
541 LET Dlii1)141)
548 IF P5).0 THEN 480
550 PRINT. BITABC11)3C3TA2(29)ADJTA11(48)IF

8
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Math
BANK

552 00 TO 480
554 IF P541 THEN 561
555 PRINT
556 LET 0141INT(1)14.1004..5)/100
558 PRINT"TOTAL INTEREST'PAID 1"D1
559 PRINT"TOTAOL.PRINCIPAL'REPAIW.S"A
560 GO.TO 565
561 PRINT"
564 PRINT"TOTALS"STAB(29),D137A13148)JA
565 LET ES*INT((D1+A)*100+.5)100
566 PRINT

.

567 LET E6E5/((Y*12)/P)
568 LET E6mINT(100*E64.5)/100
569 PRINT"YOUR MONTHLY PAYMENT IS 1 "E6" AND TOTALS 1 "E5
570 CO.T0-1060
590 PRINT"THIS SECTION WILL DETERMINE THE ACTUAL INTEREST YOU PAY"
600 PRINT"WHEN YOU PURCHASE SOMETHING ON CREDIT."'

.

610 PRINT'
620 PRINT"WHAT IS THE CASH PRICE OF THE ARTICLE (S)16)
621 INPUT C.

.

630 PRINT"' DOWN PAYMENT (S)")
631 INPUT-D

.

640 PRINT" NUMBER OF PAYMENTS EXCLUDING THE DOWN PAYMENT")
641 INPUT-N
650 PRINT" NUMBER OF PAYMENTS PER M(NTH "J
651 INPUT S
660 PRINT" AMOUNT PER PAYMENT ($)")
661 INPUT R
690 PRINT
720 LET B.R *N +D
730 LET ImBC
740 LET MN/(S*12)
750 LET TI*100,(131M)
760 PRINT"'
770 PRINT
775 LET ToINT(100*T+.5)/100
780PRINT "THE RATE OF INTEREST CHARGED WAS"T" PERCENT."
790 ao TO 1060
04W rrusas snAa azusAuN tiALA;u4.A4k.b. 4Ub tbALALIA4. Or A 4AVLA40 no:uuuAi.
830 PRINT"IN-WHICH DEPOSITS ARE MADE REGULARLY."
840 PRINT
860 PRINT"WHAT IS THE AMOUNT DEPOSITED PER INTEREST PERIOD (1)'J
861 INPUT A
870 PRINT"HOW OFTEN IS THE INTEREST COMPOUNDED (MONTHS)")

. . . . .

871 INPUT B
880 PRINT"WHAT IS THE RATE OF INTEREST PAID (2) "J
881 INPUT.0
890 PRINT"FOR HOW LONG WILL YOU DEPOSIT MONEY (YEARS) NJ
891 INPUT-D
950 LET F0
960 LET EgICC/100)/(12/2)
970 LET GIBC12/B)*D
980 LET T1.0
990 LET T141T1+1
1000 IF T10G41.THEN 1030
1010 LST Fo(E44)4(A+P)
1020 GO TO-990.-
1030 PRINT
1040 PRINT
1045 LET FoINT(100*F+.5)/100
1050 PRINT"THE BALANCE OF YOUR ACCOUNT AFTER "D"YEARS WILL BE S"F
1060 PRINT'

. .

1070 PRINT
1080 PRINT
1081 PRINT"*****"
1082 PRINT'
1084 PRINT"WOULD YOU LIME TO RUN THE PROGRAM AGAIN ClYESs 0NO)")
1086 INPUT.124
1090 IF Q42.0 THEN 142
1100 END

9
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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 below) should be displayed, indicating the geometric
basis for the computations.

y

x

Piecewise linear approximation of a smooth curve

10
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LENGTH OF A CURVE

THIS PROGRAM APPROXIMATES THE LENGTH OF ANY CURVE AZTVEEN
TVO POINTS HAVING P-AND 0 AS THEIR RESPECTIVE ABSCISSAS.
THE PROGRAM-DIVIDES THE moan INTO INCREASING aumsans'or
SOBINTERVALS.-JOINS TRESS VITH-SECANTS AND-FINDS THE SUN

.

OPTHESE SECANTS;

TO INPUT THE FUNCTION MICA YOUR CURVE =PRESENTS. TYPE AS
FOLLOWS AFTER TH2 PROGRAM STOPS*
(TYPE THE 'RETURN' HEY AFTER EACH LINE INCLUDING 'RUN')

I ao TO 200
300 DEP FAYCH/(YOUR FUNCTION OF X)- .

aux

TOR EXAMPLE, TO USE THE FUNCTION 2102t34.3*Xt22*24.3
YOU WOULD TYPE,

1 GO TO 200
300 DE, FAY(10.2*At3.3*2122*&03
RUN

YOU NIGHT TRY THAT AS YOUR FIRST RUN.

Maw
1110 TO DOO
309 DEP FAY(2).21141,344*XI22*A.3
nun

BRAT ARE THE ABSCISSAS OF THE END POINTS OF THE INTERVAL
vaass'Lzwatu Vou'afat (slam= ONE FIRSTIPAII I6
NUMBER 0!
SUSINT11100.:J.3

1

SUN OF
SECANT LENGTHS

22500461

2 CHANGE IN LENGTH

MO PREVIOUS VALUE
52S41253 .02122142

4 220.6222 .$5S73$3
a 231.0171 .2572987
IS S31:2442 6171132113
32 532.0146 943426223
44 532.0416 4W7137219E3
1211 S320445 I411771223
252 S32:0$01 360111111417141

ft***

OULD YOU 14101 TO TAY NEW END POINTS (1YNS, 00)? 0

TO TRY ANOTHER FUNCTION, RETYPE LINE 300. AND 'RUM'.
222 I-NSINUCTIOS FOR -N011 DETAILS: IP YOWARITINPAND.
TYPE '1' AND.4117021° UT APT** THE P10111011TOPS.

1

11
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Math
CRVLEN

100 am LEMSTH OF Cs cam-code (rooms 7..80.40
101 3 1 OLVZSED 807A70 an. P3SSZL) CCONBINATION OE' tatcue t1 LOVUO)
803 a twomur vaamolasc S..SECAOT LIMMOD 21FREV/OUS =ANY
104 REU mwomo 1,-pmricsm mum IM'SMCALIT LEMOTH
110 PRINT TAMOODZ "LIN= OP A COWS"
111 PRAMT
120 Petra Pccsav 6SPLI0NINATSS TNE LUG= OF ANY CURVE 8STV2211°
181 PRINT "TOO POINTS MAVINO p-AaD e AS THMIR SESPCCTIVS AOSCISSAS.N
is peaura. °TEM mom imams tma cum INTO /OCREASIO0 11011213RCP°
183 PUNT °SUDINTERVALSz.-JOINS THCSS mrs'sscasts ADO-FINDS TOO SUN"
184 :PRINT °OP MESS SCCANTS;°
1AS PRIVY
i06 vs= 0'T0 xnPut 1 FUNCTION LTECH YOUR CUM LISP3810:0TS. TYPE AS"
127 PRINT "POLLOUS aritm TIL P280SA2 'STOPS5°'
126 PRINT "(TYPS Tua °BMW' MST AMA FACE LIM INCLUDING °NW)"
189 PRIC3T

_ _

130 PRINT " P 00 TO COO'
131 mut . SOO OSP PUTIE/oroesCYOUR FUNCTION OV RAo.oe"
tss mut . RUN
133 PRINT
134 PRIM °FOB SCAOPLMo TO USN T2 FUNCTION COEt0oUn4em8t4 S4030/
135 PC/MT 'TOU WOULD TYPSO°
130 PRINT
137 PRINT " 1 es TO nos.
138 PRINT 19 300 OE F 1Nstau.sos23.302100-00n.s.
130 PRINT " rue7,

140 PRINT
141 MIST "YOU MIGHT TRY THAT AS YOUR FIRST 11010.°
120 STOP
200 BM CALCULATION AND PkINTING IV RESULTS
IDS PRINT °MAT ARE THS ARBCIbSA5 -0P VIE ED POICTS OV tun lutsaust:
206 P21227 °V20121.LE0CTH ;YOU taut CSNALLER 0(23 VINST8PoOrl
$07 INPUT PoEi

__.

208 EP Pd2 Mt 213
019 PRINT °P.NUST-88 LESS rAM OR°
$10 80.70 0.i7
212 INPUT PoO
$13 Patot
$14 PRINT ° mom OP°o° $221 OP°
215 PRINT °SUIDINTSRVALH°o"SSCANT LENGINS"o° pass = IN LWOW
216 PRIM! ° o cira

817 PAINT
_

230 LET Slag
$30 FOR Val TO 9
300 OSP mammoom9303=911 .pon*
310 LET 110000011
340 LET EaCe.215DPE
330 LST Se0
349 FOR Ia0 TO
340 LOT LisS2NCCFOTCP41*M0811..VMY001011)/tOoN*E,
360 LET SAS.L
370 MAT E
37$ IP 2869 71423 370
372 PRINT Mo3O° U0 MMUS VOLUM°
314 20-T8 809
375 LIST P00¢(49542I.4)9/8I)(100
240 PIM 3i5i° -°95

LIO
SOO NEXT 0'
490 PRINT
401 POINT "041000°
402 PRINT
403 PRINT °WOULD VON t.116.1 TO TRY NOU SRO POINTS C1..Y300 0.410)°1
404 INPUT 01
4D5 IV 21,0.1241N 0*0
440 MDT
448 POINT °TO TOT MOM= FUNCTIONs astm LISS 000o AWO °2204/o°
446 PRINT °SES I2STSUCTION3 FOR -[SOME MAILS;
447 POINT °777P3-08° AM2-0281113130 UST FUR T113 PROCIION'ST098.°
wp sus

_

. 12

3

4
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DESCRIPTION:

01.6111nscr

DISCIPLINE CALCULUS - GRADE 13

SUBJECT AREA UNDER ANY CURVE ,

(ANALYTICALLY DEFINED)

PROGRAM NAME CVAREA

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(a4h) as height)

III 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 = f(x)

h

13

26

Starting with
f(a) as height

x

Inscribed Rectangular Approximation



vil,e3.113,11111.neow.

r

r --

Mathematics
CVAREA

y = f(x)

Starting with
f(a h) as height

x

ommett,leasambworre.-mameffloNall.

a
Circumscribed Rectangular Approximation

DISCUSSION:

This program may be run 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.

=

h

a

Trapezoid Approximation

14
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Mathematics
CVAREA

AREA UNDER A CURVE INTEGRATION

THIS PROGRAM EVALUATES THE DEFINITE INTEGRAL OF F(X)
FROM A=A TO X=B BY FOUR METHODS OF NUMERICAL APPROXIMATION:

I RECTANGLES (INITIAL HEIGHT OF F(X))
II RECTANGLES (INITIAL HEIGHT OF F(X+H))

III TRAPEZOIDS
IV PARABOLAS (SIMPSON'S RULE)

AFTER THE PROGRAM STOPS, YOU MAY ENTER YOUR FUNCTION AS FOLLOWS:

1 GO TO 20U
300 DEF FNY(X)=...(YOUR FUNCTION OF X)...
RUN

FOR EXAMPLE, TO FIND ThE AREA UNDER THE CURVE Y=X:3 YOU
WOULD TYPE:

1 GO TO 20U
300 DEF FNY(X)=Xt3
HUN

YOU MIGHT THY THAT AS YOUR FIRST RUN.
END EACH LINE, INCLUDING 'RUN', WITH THE 'RETURN' KEY.

READY

1 GO TO 200
300 DEF FNY(X)=X13
RUN

WHAT ARE YOUR VALUES FOR A AND B (SMALLER FIRST:A..1D? 1,10

NUMBER OF
SUBINTERVALS

I. SUM OF
RECTANGLES

II. SUM OF
RECTANGLES

III. SUM OF
TRAPEZOIDS

IV. SUM OF
PARABOLAS

2. 753.1875 5248.687 3000.937 2499.75
4 1501.172 3748.922 2625.047 2499.75
8 1969.137 3093.012 2531.074 2499.75
16 2226.612 2788.55 2507.581 2499.75
32 2361.223 2642.192 2501.708 2499.75
64 2429.997 2570.481 2500.239 2499.75

NOTE THAT SIMPSON'S RULE (IV) CONVERGES FASTEST.

WOULD YOU LIKE TO TRY NEW VALUES FOR A AND B 0 -NO)? 0

*****

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 'RETURN' KEY.

READY
15

1
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Mathematics
CVAREA

-

100 REM AREA UNDER A CURk1E-11,j. O'CONNOR
101 REM REVI!iED 0 /16/70 (D. PESSEL) (COMBINATION OF DEFIN AND ACCUQ)
102 REM IMPORTANT VARIABLES D-t. OF SUBINTERVALS; AREA BY
103 REM RECTANLES (F(X))-P. BY RECTANGLES (F(X+R))-0.
104 RE.1 BY TRAPEZOIDS-T., BY PARABOLASS: CSTORES PREVIOUS
105 REM VALUE OF
110 PAINT TA13(15).1! "AREA UNDER A CURVE - INTEGRATION"
111 PRINT
112 !?RINT " THIS PROGRAM EVALUATES. THE DEFINITE INTEGRAL OF F(X)"
113 PRINT "FROM X=A TO X=B BY FOUR METHODS OF NUMERICAL APPROXIMATION:"
114 PRINT
115 PRINT TAB20,', "I RECTANGLES (INITIAL HEIGHT OF F(X))"
116 PRINT TAB(09).: "II RECTANGLES (INITIAL HEIGHT OF F(X+R))"
117 PRINT TAS(18)3 "III TRAPEZOIDS"
118 PAINT TAB(19)1 "IV PARABOLAS C;:INPSON'S RULE)"
119 PRINT
I2U PRINT "AFTER THE PROGRAM STOPS: YOU MAY ENTER YOUR FUNCTION AS ";
121 PR:;NT " FOLLOWS:"
122 PRINT
123 PRINT TAB(13)3 "1 GO TO 200"
124 PRINT TAB(13); "300 DEF FNY(X)=0..(YOUR FUNCTION OF X) ..."
125 PRINT TAB(13)3 "RUN"
126 PRINT
127 PRINT "FOR EXAMPLE: TO FIND THE AREA UNDER THE CURVE Y=Xt3 YOU"
128 PRINT "UOULD TYPE:"
129 PRINT
130 PRINT TAB(13)11 "1 GO TO 200"
131 PRINT TAB(13);"30u DEF FNY(X)=;;:3"
132 PRINT TAB(13);"RUN"
133 PRINT
134 PRINT "YOU MIGHT TRY THAT AS YOUR FIRST RUN."
135 PRINT "END EACH LINE: INCLUDING 'RUN': WITH -THE 'RETURN' HEY."
150 STOP
200 PRINT "WHAT ARE YOUR VALUES FOR A AND B (SMALLER FIRSTgAsB)".:'
201 INPUT A,B
203 IF B>=A THEN 210
204 PRINT "A MUST BE LESS THAN B!"
205 GO TO 200
210 PRINT
211 PRINT " NUMBER CF"."I. SUN OF ". "3I SUM OF"."III.. SUM OF ",
212 PRINT "IV. SUM OP"
213 PRINT "SUBINTERVALS"s"RECTANGLES"."RECTANGLES"a"TRAPEZOIDS"s
214 PRINT "PARABOLAS"
218 PRINT "------- ---"a" 9,, et

219 PRINT "----------"
250 LET M=-2
260 LET S=0
300 DEF FNY(X)=Xt3
310 LET M=M+3-
320 FOR N=M TO M+2
330 LET C=S
340 LET 61=0
380 LET P=0
300 LET D=2tN

16
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Mathematics
CVAREA

365 PRINT Ds
370 LET 11(13.-A)/D
380 FOR IO TO CD.-1)
390 LET PuP+H*FNY(A+I#H)
400 LET Gulik+H*FNYCA+IIPH+H)
410 NEXT I
415 PRINT Polls
420 LET TC12+0/2
425 PRINT T.
430 LET UFNY(A)+FNY(B)
440 FOR J2 TO (D -2) STEP 2
450 LET UU+2*FNY(A+ON)
460 NEXT J
470 LET V0
480 FOR Kul TO CD -1) STEP 2
490 LET VuV+4*FNY(A+K*H)
500 NEXT K
510 LET SCU+V)*(H/3)
520 PRINT S
530 NEXT N
535 IF D464 THEN 310
540 IF A8SC(CS)/(CC+S)/2))u.0001 THEN 310
550 PRINT
560 PRINT "NOTE THAT SIMPSON'S RULE (IV) CONVERGES FASTEST."
600 PRINT
610 PRINT "WOULD YOU LIKE TO TRY NEW VALUES FOR A AND 8 (1.-YES. 0 -NO) ";
611 INPUT Q5
612 PRINT
613 PRINT ' * * * * *"
614 PRINT
615 IF (417,0 THEN 200
620 PRINT "TO USE A NEW FUNCTION YOU NEED ONLY RETYPE LINE 300"
621 PRINT "AND "RUN'. SEE INSTRUCTIONS FOR MORE DETAILS."
622 PRINT "IF YOU ARE FINISHED. TYPE '1' AND THE 'RETURN' KEY."
650 END

30
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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:

See 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.

By 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
G CD

THIS PROGRAM WILL rim TS! SWAMI COMMON DIVISOR
FOR TWO OR' NOBS SUKSERS.
NOV MANY NUNDSRS DO YOU SUN TO INVZSTIOATS? 3
TYPO IN IRE =WAS. ONS Aptia DAM QUIST/ON NARK.
/ IS
? 36
2 96
TUX NUMBS 12 36 96 NAVZ TN/ G.O.O. 12

ANTI= SST OF SUMAS MOO 1

NOW MANY ISSIONAS DO YOU VISO TO INVISTIONTS? 3
TYPO IN TOO SUMOZAS. ONO ATTU OA= QUESTION NANG
?S0
? 36
? 96
IMO NU 55133 SO 36 96 SAVO TOO G.C.O. 6

ANOINDR SST OF NUNN= t11214 00110) 1 1
NOV MANY SUNOS= DO YOU VISM TO INVSSTIOATZ? 3
TIM IN INZ NU /MRS. ONS ATTU SACS OUSSIION NARK.

20
.

36
? 97
INS NUMBS SO 36 97 AR! RSLATIVIILY PRINS.

ANOTNER SST OF NUNNIRS 0,410) ? 0

READY

19
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Math
CCD

MNO RCM Uo TE01142 MADAM= U.S. MATHEMATICS
110 RRN 11EVE3RD SU COLOSIX.
III REM XC8) ARS TH2 IMHOF:IRS CUP TO 100)
120 PRINT ntEgg Pne@MAN Vt.!. FIND TUVORRATEST COMM DEVISOR"
130 PRINT sToa TVO OR'NOSS NUngsassis

012 XCI00)
150 PRINT' 0110V KAM NUmsga5 ao YOU 81211 TO INVISTICATI"S
160 INPUT 0"

_

165 IF ADSCMINT09))4o0001 TUEU 170
166 PRINT nE17 A4411100
167 60-TO ISO
170 PRINT °TYPE *D1 THE NONSER80 ONE AVM RACH OURST.ION MARK."
17S LET Smaimas
180 FOR MOI TO
190 INPUT MX)
193 IF XCX141,8-TNRBO 910
200 LET SRCM)
1110 NEXT X
220 LIT 800
230 FOR NeS TO S
240 FOR 1101 TON
280 IF XCI)09140INTCXCIDAM) TURN 300
260 OUT I-.
290 LET OWN
300 NUT N
310 PAINT °THE DIUMORWS
320 ?OA Twl TO 11
330 PRINT ECT)3
340 NUT T
350 IF ORO TWIN 380
360 PRINT "AU RELATZINILY PRINEesr'
370 80-TO 290
380 PRINT "HAVE THM DeCoDo "JO
390 PRINT
400 PRINT
410 PUNT "ANOTHER SET OF HUMOUR (U. CMO) "3
420 INPUT 11.
430 IF £01 TWIN 160
440 IF SWO TURN 470
460 PRINT "MS I OR 0 AS DIRECTED."
460 40-TO 400
470 IND

20
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DISCIPLINE CALCULUS - GRADE 13
sin x

SUBJECT LIMIT OF

PROGRAM NAME LIMSIN

DESCRIPTION:
sin 3C

This program demonstrates that the limit of x , as x approaches
0, equals 1, provided x is measured in 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.

r

Here, 112 sin 9 c 1 r2e c I r2tan 9
Circular Sector with Circumscribed and Inscribed Triangles

21
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Calculus -
LDISIN

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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LIMSIN

THIS PROGRAM DEMONSTRATES THAT THE LIMIT OF

F(X) a (SIN X)/X, AS X APPROACHES 0, IS EQUAL TO 10
PROVIDED X IS MEASURED IN RADIANS.

SING()
LIMIT 1

X4.4.4.4.0 X

WHEN X IS IN DEGREES,

X IS F(X) IS

WHEN X IS IN RADIANS,

X IS F(X) IS

90 .01111111 1.570795 .6366203
85 .01171994 1.483529 .6715035
80 .01231009 1.396262 .705317
75 .01287901 1.308996 .7379134
70 .01342418 1.281729 .7691492
65 .01394319 1.134463 .7988866
60 .01443375 1.047197 .8269936
55 .01489367 .9599303 .8533449
50 .01532088 .8726639 .8778225
45 .01571347 .7853975 .9003165
40 .01606968 .6981311 .9207256
35 .01638789 .6108647 .9389575
30 .01666665 .5235983 .9549297
25 .01690472 .4363319 .9685698
20 .01710099 .3490656 .9798156
15 .01725459 .2617992 .988616
10 .0173648 .1745328 .9949308
5 .01743113 .08726639 .9987313

1 .01745239 .01745328 .9999492
.9 .01745256 .01570795 .9999589
.8 .01745271 .01396262 .9999675
.7 .01745284 .01221729 .9999751
.6 .01745296 .01047197 .9999817
.5 .01745306 8.726639E-3 .9999873
.4 .01745314 6.981312E-3 .9999919
.3 .0174532 5.235984E-3 .9999954
.2 .01745324 3.4906562-3 .999998
.1 .01745327 1.74532824.3 .9999995

.09 .01745327 1.5707952...3 .9999996

.08 .01745327 1.3962622-3 .9999997

.07 .01745327 1.2217292-3 .9999996
004 .01745327 1.047197E4..3 .9999998
.05 .01745328 8.7266392..4 .9999999
.04 .01745328 6.9610112-4 .9999999
.03 .01745388 5.8359642 -4 1

.02 .01745328 3.4906562-4 1

.01 .01745328 1.7453282...4 1

READY

36
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Math
LIMSIN

100 REM BRUCE BRENT HHHH miLym POLY 7/11/69
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, IS EQUAL TO 1,"
117 PRINT "PROVIDED X IS.MEASURED IN RADIANS."
120 PRINT
125 PRINT " "," SIN(X)"
130 PRINT " ","LIMIT 1"
135 PRINT " ","X....>0 X"
140 PRINT
150 PRINT
160 PRINT "WHEN X IS IN DEGREES,","WHEN X IS IN RADIANS,"
165 PRINT " "," n

170 PRINT "X IS","F(X) IS","X IS"/"F(X) IS"
175 PRINT "
180 PRINT
200 FOR Y-90 TO 5 STEP -5
210 LET Z -Y
220 LET 1=3.141594Z/180
230 LET XIBSIN(1)/1
240 LET QSIN(Z)/7
250 PRINT YoQ,ZiX
260 NEXT Y
270 PRINT
300 FOR 7.1 TO .1 STEP -.1
310 LET Z -Y
320 LET 11113.141594Z/150
330 LET XEJSIN(1) /1
340 LET Q- S/N(1)/7
350 PRINT 7,2,ZAX
360 NEXT Y
370 PRINT
400 FOR Yo.09 TO .01 STEP -.01
410 LET XmlY
420 LET 103.141594Z/180
430 LET XIIISIN(I)/Z
440 LET 61- SIN(Z) /Y
450 PRINT 7,2,1A
460 NEXT Y
500 END

37
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DISCIPLINE MATHEMATICS 10th YEAR
GEOMETRY

SUBJECT AREA OF A CIRCLE

PROGRAM NAME PI2

DESCRIPTION:

This program computes area of a circle and "pi" by
using the areas of inscribed and circumscribed 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 = 71-R2 and A =

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
must 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 machine has eliminated the tedious
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.

25
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Math
P12

V01271V.1.19.01701,,,,

DISCUSSION: (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.

26
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Math
P12

ARIA OF A 01101.11 USING INSOR11111D AND CIRCUMSCRIBES AIWA POLYGONS

10111011110

10107 IS THE RADIUS OF THE CIRCLE? 10

IHSORISID
AREA

mammals= mumssa or Imams° CIRCIDISCAMISD
*11* SID= -2 IM OD UMW

129.9039 1119.6142 3 511.65 65.4
*59.1075 346.4096 6 17.3 10.27
299.99941 321.6367 .41.01 0.36

NOV MANY SIDES DO YOU TRIM AMC NEEDED TO APPROXIMATE
HOC ARRA OF TIPS CIRCLE1.100.

313.9623 314.2624 100 '47 .03

IOULD YOU LIM TO TRY AXOTMEA MUMMA OF SIM (11174. 0110)7 1
MOW MANY SIDES DO YOU TRIM ARE MORD TO-APPROX1DATI
till ADIA OP THIS CIDC1.117-1116.
TRAT'HANY SIDES IS-VALID. OUT 1107 MIOISSADY FOR A
00010 APPROXIMATION. USE 10000 AS TH MAXIMUM NUMMI.
NOV MANY SIDES DO YOU MINX AR1111111011D TO-APPROXIMA.TC
TB AREA OF TR1S cpcsart0000

.

314.49 314.159 10000 0 0
WOW YOU LS= TO TAY AHMED HUMUS OF SIMS o-sop 0
WOULD 700 L4S11 TO TRY AMOTIOD RADIUS (1.71$. 0110)7 1

VINT IS Mt RADIUS OF TDB OHMS? 1000000
ANT 4ADIUS OILL-1/01116 DOT OSI-A HYRUM LESS THAN 1000.
MKT 111-7111 RADIUS OF THE CIRCLE? 9119

MISORSIDD
ANSA'

01ROOMSORIDSD
ARIA'

HORRID OF INSCRIDID DIRCUMSODASID
SIMS -31 IRMA II =ROW

1.1964431.6 0.16676411.6 3 66.66 66.4
2:61100$12441 3.4611731140.6 6 17.3 10:117
S.9940012.6 3.1106960106 10 4.61 2.36

11101 MIT SIDES DO YOU TRIM Ass MUM= TO APPROXIMATE
1111 ARIA OF 1114S atamt-0000

.

ReIROriOD*6 361363102ft 10000 0 o
.

MID YOU LIDS TO TIT ANOIMER 1111MOIR OF SORES (17112. 0110)/ 0
5011.1 YOU 14111 TO TRY AMOTRZR RADIUS (1TIS. 0406)11 0

.

NOS* ,
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Math
P12

100 RON ILLUSTRATION OF LIMITS USING c110111 Alp POLYSON1
101 2211 :WHIM $'3/70 CO. MOIL)
106 RON IMPORTANT-VAR:Anent AlISSCRISSO AREAS *a-ascumscams
104 MIN MOW nACTOAL Anal' P1.8 OROS WiAIS. P0;41 ORROR-OF AS
110 POINT *ASSA.OF.A CIRCLE USPIS flISCRO.00D ANO'CIRCUMSGRISOD
111 PRINT "R s111 MISERS° ..

IMPOST
IIS PRINT u*****01
116 PAINT
1110 PRIM *MAT !IS INC RADIUS OF iss CIMCLIM
MS INPUT I

_

197 IF 1141000 TIMIN 131
126 PAINT'"ANT SADIFOSAFILL 010111[* OUT USX A MINER LOSS THAN 1000.0
In 80-10 190
130 INPUT S
131 IF SPg..I THON 134
132 PRINT "RADIUS =AULD SO AT LEAS? .111
133 6-70 ISO

_

134 LOT AS:4.1416*RM
In PRINT
136 PRINT
140 PRINT "INSCRISOONO'CIRCUNSCRISED"." NUNS= Or',
141 PRINT "INSCRISIONs*C:SCUMSCRISRON
110 PRIM ". MM"." AREA,.. SIDILSR.* ORMORP." 3 NORM!
HMI PRINT
160 FOR woo TO 2
110 LOT 11.1344210
ITS WSW'S.
177 NOXI.X.
17$ GO TO 240
I71 RON COMPUTATION SUOROUTINS CLINGS yos'ass!
WS LOT 4 142441863.141SOON3
190 LIT ADD1*0OSC3.14160011)4104LIO
SOO LET AMMIOCRCID*TANC3:14369/11?
S OS LOT PI6CCA143O/A3,4104-
S OS LOT POOCCAIL3CPA3)41100
*MD POW Alone ""111.!NTCP:41006.5)/190. pITCP041006.11)0100
SOS
840 PRINT
1060 PRINT
* 0 PRINT "NOV MANY SIDES SO YOU TM:NIA= MOO TO AMMO:IMAM
261 POINT "TOE AMA OF THIS cpcuto!
SIS INPUT
S63 IF 116116 TMON SINO
184 IF 1143 TIMIS 966
96S SO TO'29S
1166 PONT 01111 NUMMI OF SpES 'MOULD SZ AT MST TIMM2110
267 10-TO $60

. .

266 POINT 11114T.NANT SUMS IS VALIS. OUT NOT NECESSARY PORN"
S O PRINT "SOO APPROXIMATION. ins 10000 AS THR MAXINON NONNENO°
On SO-TO MO

_ -

976 POW
874 LET 140111M..6)
ns am. !so-
S OO PRINT
S OS PRINT VOUL TOU LIDS TO TAT ANOTHER MUNISR OF Sy18,9
016 POINT CIITOS. 080)"1
n7 INPUT 01
SOS IF 11s0 -?TEN 260
SOS POINT "VOOLD YOU LIMB TO TOT MOTHS' RADIUS ClT23. 00110P"S
W I INPUT GS

. ". _

S OS PRINT
$94 MIT " ** *e*"
SOS POUT
SO6 IF-011.0 THEN 100
800 ENS

j.



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

SUBJECT PLOTTING A GRAPH

PROGRAM NAME PLOTTR

DESCRIPTION:

This program plots 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.

B. Materials - graph paper for plotting

DISC US SIO N:

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 909 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



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=X4LOG(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.

30
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Math
PLOTTR

THIS PROGRAM MILL GRAPH A FUNCTION OF X IMITIMIN ANY LIMITS
CA 4110.2) YOU CHOOSE. VITH"AN INT229AL OF YOUR CHOICE CI)"

. MUIR SUCCESSIVE VALUES OF x; IF YOU TYPE TME.FOLLOVIOGI
I GO TO220
220 DIF FNYCE)...CYOUR FUNCTION OF X)...
230 LET Am...CTOUR SMALL'S LIMIT OF X).:.
240 LET 11*...(YOUR LARGER LIMIT OF X)7b..
220 LIT t....(Youa x-inculant)4..
BUM

MANY

1 GO TO 220
220 DIF FNY(X)*$1NCX)
230 LIT A.O.
SAO LET 2:7
IMO LET 1.5
RUN

X

V
A
L
U
I
S m m m YVALUES

-3 -1.5 0 1.5
I 1.m......I I 1............1

O 4
- -

.5 I
1 I
105, I
S I
2.5 I
3 I
3.5 I
4 1
4.5 I
5 I
5.5 I
6 1
2.5 I
7

!

U MW THE SLK IS ON T112 NORIZONTAL Y -AXIS REPSZSENTI
-s . =s i1 ; 0"; 1 2-

MDT

220 DIP FNYCX)44
236 LIT AS -1
NV LIT 049'
356 LIT 101
MUM

44
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Math
PLOTTR

1 GO TO 220
220 DEF FNY(X)=X+LOG(2*(SIN(X))t2)+105*COS(X/2)
230 LET Am005
240 LET 8=3.1
250LET I=0.1
RUN

X

V
A

U
E
S - - - - Y- VALUES - - -

-3
I 1 .+4.

-1.5
I

0
I I

1.5
+

.5 * I

.6 * I

.7 * I

.8 * I

.9 * I

1 1

1.1 I *

1.2 1 *

1.3 I *

1.4 I *

1.5 I *

1.6 I *

1.7 I *

1.8 I *

1.9 1 *

2 I *

2.1 I *

2.2 I *

2.3 1 *

2.4 I *

2.5 I *

2.6 I *

2.7 I *

2.8 I *

2.9 I *

3 * I

3.1 * I

NOTE* THE SIX I'S ON THE HORIZONTAL Y -AXIS REPRESENT*
-3 0+2 0+1 0 0 0 1 2

33
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Math
PLOTTR

HEADY

1 GO TO 220
220 DEF FNYCX)=LOGC(SIN(X))t2)
23U LET A=1
240 LET B=3
250 LET I=0.1
HUN

X

V
A
L
U
E
S - Y-VALUES -

-5 -3.5 -2
I I- +- -I I

-.5
I- -+ -I

1 * I

1.1 * I

1.2
1.3 *I
1.4
1.5
1.6
1.7
1.8 *I
1.9 *I

2 * I

2.1 *

2.2 * I

2.3
2.4
2.5
2.6
2.7
2.8
2.9
3

NOTES THE SIX IS ON THE HORIZONTAL Y-AXIS REPRESENTS
-5 ,-3 ,-2 a 0

READY

34
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Math
PLOTTR

110 II QUENTIN J. O'CONNOR. COMMACK H.S.NORTH. REVISED JULY.1969
115 RSH REVISED DY CLOSIK
116 REM Aollin ARS SRLP101PIANATORY
117 REM AUTOMATIC SCALING AND A FLOATING AXIS ASE USED.
120PRINT" TH/S PROGRAM WILL GRAPH A summon OP X WWII ANY LIMITS"
laMPRINT"CA AND-11) YOU CHOOSE. VITSCAN INTERVAL OP YOUR CHOICE CI)*
140PRINMETWEEN SUCCESSIVE VALUES OF X; IF YOU TYPE THE FOLLOWINGS"
150 PRINT" 1 GO TO 220"
160 PRINT" 220 DES PNYCX)...CYOUR FUNCTION or Wm"
170 PRINT" 230 LET A...CYOUR SMALLER LIMIT OF XS..."
ISO. PRINT" swo LET S...(YOUR LARGER LIMIT OF X)..."
190 PRINT" 250 LET la...CYOUR XINCREMENT)rn"
80O PRINT" RUM"
210 STOP
880 DES PNYCX/X
030 LET AmI
240 LEI 269
068 IV A48 THEN 250
244 PRINT "YOUR °A° MUST SE LESS THAN YOUR °Wow
246 STOP

.

250 LET
860 LET LVICA)
870 LET UFNICA)
280 FOR Xs* TO 2 STEP I
890 LET YlillYCX)
300 IF YLEO THEN 320
31020T0 330
300 80SU8380
330 IF YMPO THEN 350
340 00 TO 360
350 sosus 400
380 NEXT X
370 80 TO 420
300 LET Ley
390 RETURN
400 LET Um?
410 RETURN
400 IP ISITCUSUm0 THEM 450
430 LETIJ1IDINTCD)**
440 GO 70.460
450 LET U101.1
460 LET LIINTCL)
470 LET DUlLI
480 IF INTCD/51D/500 TUN 570
490 roa-mi 102
SOO LET L161.11
510 LIT DU11.1
520 IF 114110/5)D,500 THEN 510
530 LET-U101.1
S40 LET 4-Ni01.4.1
550 IF /11TC0/51DtSO TKEN 570
560 My 1 K
$10 LET E*DIS
520 PRINT "E"
590 PRINT ""
600 PRINT "V"
610 PRINT "A"
680 PRINT "L"
630 PRINT "0"
640 PRINT "E"
660 PRINT "S. YVALUES ft"

Geopalsr. "LI." "AL14441.6." ",L1.10.3." "11.10104.5
670PRINT"

.48
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Math
PLOTTR

671 Dann
600 881.14 THSO 1000.
600 loST 0011r(C.4.1)44100324ro5)
700 OSP 171PIY)=I1915147...1.1)=110/3)0,4)
710p08 zza, TO'S-S7MP
740 PRISM°
722 LSI Ymia(24)
7t0 SP irba0 TH0 050
760 POW! TAMISVVIPt11))3NPBTAD(ta05)inta
800 00.70 1000
S50 IP 11=0.7USN 910
$40 PAINT T0C44.15W0w
900 00.70 1000
910 Pram 700119.1.01P3InTaSCIBWOPCV))3041*
1000 MUT X .
1010 SO TO 1100
1000 POO X=A-TO 0 STSP
1030 Pasairsi,
1040 LS? Y= FIST(X)
1050 PAINT TAOCIOTCCYLI)*(10/S)*(39)4.14)50101
1090 MUT X
1100 PRINT
1810 PAS MT 900=0 T81 SIX 10S ON TOM HORIXOSTAL YAXIS SZPASISAITO"
1100 PRINT LIWW4L1030"/L144008%"/L1.1011031*/"SLI+2040"oNiLl#1160

36
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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,
and prime factor.

B. Materials - If you desire to'use this program with a group, a means
y whe 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 possibl... 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 only in developing the
method for finding a prime factor, but also in understanding the mathematical
logic behind this method.

37
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Mathematics
mink

THIS PROGRAM WILL GIVE YOU THE PRIME FACTORS OF ANY
WHOLE NUMBER. IF YOU WISH TO STOP THE PROGRAM, ENTER A
ZERO FOR THE NUMBER.

WHAT IS rHE NUMBP..ii 105

105 3 5 7

WHAT IS ThE NUM3EA 7 72

72 2 2 2 3 3

WHAT IS THE NUMBER 7 89

69 IS PRIME

WHAT IS THE NUMBER ? 47

47 IS ?RIME.

MAT IS THE NUMBER 7 155

155 5 31

WHAT IS THE NUMBFH 7 J62

362 2 1151 .

WHAT IS THE NUMBER ? 0

P.F.AD Y

38
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1U0 REM W. TEPPER WYANDANCH H.S.
105 REM REVISED BY C.LOSIH 8-10-70
106 REM M IS THE NUMBER, A(I) ARE ITS
110 REM ADAPTATION OF TWO PROGRAMS
120 REM THIS PROGRAM FINDS THE PRIME F
13U REM AND PRINTS PRIME IF IT HAS NO
140 DIM A(100)
150 LET C=0
160 PRINT "THIS PROGRAM WILL GIVE YOU
170 PRINT "WHOLE NUMBER. IF YOU WISH
172 PRINT "ZERO FOR THE NUMBER."
174 PRINT
180 "WHAT IS THE NUMBER "J
190 LET X=0
200 INPUT M
205 IF ABS(M-INT(M+.5))4.0001 THEN 210
206 PRINT "WHOLE NUMBERS ONLY, PLEASE.
207 GO TO 180
210 PAINT
215 IF M<=0 THEN 470
220 PAINT M,
23U LET I=1
240 LET I=I+1
245 IF I>M THEN 310
250 IF M/I<>INT(M/I) THEN 240
260 LET X=X+1
270 LET A(X)=I
280 LET M=M/I
300 GO TO 250
310 IF X=1 THEN 36U
320 FOR L=1 TO X
330 PRINT A(L);
340 NEXT L
350 GO TO 370
360 PRINT "IS PRIME"
370 PRINT
380 PRINT
385 GO TO 180
400 INPUT B
410 IF B=1 THEN 180
420 IF B=0 THEN 470
430 PRINT " TYPE1 OR 0 AS INSTRUCTED"
440 LET C=C+1
460 GO TO 400
470 END

Mathematics
PRIFA

FACTORS

ACTORS OF ANY GIVEN INTEGER
PROPER DIVISORS

39
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DISCIPLINE MATHEMATICS 12, 13

SUBJECT ANALYTIC GEOMETRY

PROGRAM QUADRT

DESCRIPTION:

This program determines the nature of the graph of Ax2 + Bxy +

Cy2 + 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 second-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 transformations, etc.

B. Materials - An overhead projector along with a transparency of the
flow chart would be desirable,

DISCUSSION:

Before running the program, the teacher should discuss the
general form of a second-degree equation in 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 OP THE GRAPH OFS
A*X128*X*YCels2D*34*YFill0

ENTER YOUR CONSTANTS IN THE ORDER LISTED ABOVE.

? 5,8,5,0.0,0
THE GRAPH OF YOUR EQUATION IS A SINGLE POINT.

ANOTHER RUN (1 YES, 0-NO) ? 1

ENTER YOUR CONSTANTS IN THE ORDER LISTED ABOVE.

5.8,5,0.0.36
THERE IS NO REAL LOCUS POR YOUR EQUATION.

ANOTHER RUN (110YES, OstiO) $ ? 1

ENTER YOUR CONSTANTS INTTHE ORDER LISTED ABOVE.

70.5,0,0.0.9
THE GRAPH /7 YOUR EQUATION IS A HYPERBOLA.

ANOTHER RUM CiallYESa 0-NO) ? 0

READY

41
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100 REM QUENTIN J.0CONNORp COMMACK H.S.NORTH, JULY 16. 1969
103 REM REVISED BYC.LOSIK 6770
105 REM A.114,0,16, ARE AS IN EQUATION
110 PRINT " THIS PROGRAM DETERMINES THE NATURE OF THE GRAPH OFI"
120 PRINT " A*Xt241110X*Y*Ctft2.11*E.E*Y.W.0"
130 PRINT " WATER YOUR CONSTANTS IN THE ORDER LISTED ABOVE."
140 PRINT " "
ISO INPUT Aoll.C,D.E.,
160 IF A*A.1116114.C*C*D*D*E*EF*F*0 THEN 210
170 PRINT" WITH ALL YOUR CONSTANTS EQUAL TO ZERO. ANY VALUES OF X"
180 PRINT"AND Y"WILL SATISFY YOUR EQUATION. IN OTHER 11ORDSi YOUR"
190 PRINT"GRAPH IS A COMPLETE PLANE."'
200 00-TO 550
210 IF A*41.11*D.C*C.D*DI,E*Ee IV= 500
290 IF A*A+11*840*C*0 THEN 940
230 GO TO 400
240 LET 141.4
250 LET R*4*A*C13*11
260 LET J4*A*0+4*0*114.4*A*P.401.0*0.201
970 LET Pm444*C*F4.13*D*E41*E*2C110*DF*2*B
280 IF P.O THEN 360
290 IF Ks0 TREY 540
300 IF K40 THEN 590
310 IF 11111210.THE1I 500
320 IF Agt*C THEN 340
330 IF 8.0 THEN 480
340 PRINT "THE GRAPH OF YOUR EQUATION IS AN ELLIPSE."
350 GOTO 550
360 IF KtO THEN 460
370 IF K40 THEN 440
380 IF 040 THEN 420
390 IF J10 THEN500
400 PRINT "THE GRAPH OF YOUR EQUATION IS A SINGLE STRAIGHT LINE."
410 GO-TO 550
490 PRINT "TUE GRAPH OF YOUR EQUATION CONSISTS OF 2 PARALLEL 14INZSe
430 GO-TO 550
440 PRINT "THE GRAPH OF YOUR EQUATION CONSISTS OF'S INTERSECTING LINES."
450 GO-TO
460 PRINT "THE GRAPH OF YOUR EQUATION IS A SINGLE POINT."
470 GO-TO 550
450 PRINT "THE GRAPH OF YOUR EQUATION IS A CIRCLE."
490 60TO 550
500 PRINT "THESE IS NO REAL LOCUS FOR YOUR EQUATION."
510 GO-TO 550
590 PRINT "THE GRAPH OF YOUR EQUATION IS A HYPERBOLA."
530 GO-TO 550

.

540 PRINT "THE GRAPH OF YOUR EQUATION IS A PARABOLA."
550 PRINT
550 PRINT "ANOTHER RUN (1rTZS. 010) t "1
570 INPUT A'
575 PRINT
560 IF-AI THEN 130
590 IF A410 THEN-560
600 END.

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 = Cl 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 - see 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 problems. Included in this time is a
built-in variable pause 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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Math
RATIO

THIS PROGRAM SOLVSS FOR TKX UNKNOWN IN ?HZ PROPORTION
AIR AS CID. USX A ZERO As A DUMMY VALUE FOR THE UNKNOWN.

WOW MANY PROPORTIONS DO YOU-WISH TO SOLVE? 4
WHAT ARX THE VALOXS FOR ArarCiD1 3.5.5.9
YOU FORGOT TO INPUT A Z1204211 YOUR
UNKNOWN. TRY AGAIN.? 3.4.6.0

3
MAT ARK TAX VALUES FOR 11,11.C.DT 1.10.0.50'

1 4 AS 6 1 I

1 / 10 AS .5 1 SO
WKAT ARE THE VALUES FOR 41.11.C.DT 36.0.1.11

-

36 1 ?A AS I 1 2
WHAT ARE THE VALUES FOR A.B.C.D? 0.45.3.5

27 1 45 AS 3 / 5

TAKE A 1100D LOOK AT THX PROPORTIONS. TAX TWO MIDDLE
POSITION NUMBS ARK CALLED THE"MILANSei Tilt TWO
ENWPOSITION.NUMBEAS ARK CALLED THE MSTRIIMES°.

WHEAT Till MUMS° AND THE 'EXTREMES' SSE IF
YOU CAN FIND.S0101 RIND OF.RILATIONSHIP MUM THEN.
1211111.YOU ?MINX YOU RAVE FOUND A-RELATIONSHIP =TVS=

WARS !-AND THE XXTRIMI1Sei TYPE 1 AND -HI? -THE RETURN 11XY.
1.1

.

DID YOU SEX THAT IF YOU MULTIPLY MK ASS
AND MULTIPLY THE MXTRE1215°.-THE PRODUCTS ARE SOUL/

IN THE LAST PROPORTION 45 X 3 ZOUALS 27X Hi
0111C2 TM* OTHERS, TOO. WHEN YOU ASIX READY TO COMTISM.
ITP2 I AND HIT TUX IMITUEN-KXY.

1
. .

IF YOU WISH TO USX THIS PROGRAM *VAIN TYPE 1. IF NOT TYPE 0
TO

MARY

44
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Math
RATIO

100 BEN We TEPPER 1/TANDANCII H.S. MATEEMATICS
105 RPM arns= BY C.LOSIM B570
106 REM A/B-m C /D, TOTALLY OBVIOUS.; ALSO USES GOSUD TO SIMULATE PAUSE
110 REM THIS PROGRAM SOLVES FORTHE UNKNOWN IN TH3 PROPORTION"
183 REM OF-THE TYPE A/8 AS CID
130 PRINT "THIS PROGRAM SOLVES FOR THE UNKNOWN IN THE PROPORTION"
140 PRINT "A/8 AS CID. USE A ZERO AS -A DUMMY VALVE POR THE UNKNOWN."
150 PRINT
160 PRINT 'HOW MANY PROPORTIONS DO YOU WISH TO SOLVE";
170 INPUT V
180 FOR MA1 TO N
190 PRINT "WHAT ARE THE VALUES FOR As8.C.2'4
900 INPUT 4.8.C.D
210 IF A0 THEN 970
220 IF RAO THEN 890
230 IF CEO THEN 310
240 IF D00 THEN 330
250 PRINT "YOU FORGOT TO INPUT A ZERO FOR YOUR"
255 PRINT 'UNKNOWN. TRY AGAIN."'
260 GO TO 800
270 LET AADACID
260 00 TO 340
290 LET 80A4D/C
300 GO TO 340
310 LET CIEA7D/B
320 GO TO 340-
330 LET De84C/4
340PRINT" "IA "/"B" AS "C"/"D
345 NEXT-it
350 PRINT
360 PRINT
370 PRINT »ms A GOOD LOOK AT THE PROPORTIONS. THE TWO MIDDLE"
360 PRINT "POSITION NUMBERS &am CALLED THE-6MEANS'i THE TWO"
390 PRINT "END'POSITIOM NUMBERS ARE CALLED. TILE
395 PRINT

_ _

WO PRINT 'LOOM AT THE 'MEANS' AND THE 'EXTREMES° SEE IF"
410 PRINT "YOU CAN FIND-SOME RIND OF RELATIONSHIP BETWEEN THEM."
420 PRINT "WHEN YOU THINK YOU RAVE FOUND A-RELATIONSHIP BETWEEN"
430 PRINT 'THE 'MEANS'-AND THE 'EXTREMES'. "I
450 WO-SUB-610
460 PRINT "DID YOU SEE THAT IF YOU MULTIPLY THE 'MEANS'"
470 PRINT 'AND MULTIPLY THE 11EXTREKESI.TNE PRODUCTS ARE EQUAL?"
475 PRINT
480 PRINT "IN THE LAST PROPORTION "8"X"C"EQUALS" A"X"D
490 PRINT "CHECK THE OTHERS. TOO. WREN YOU ARE READY TO CONTINUE,"
510 80-SUB 610
540 PRINT
550 PRINT "IF YOU WISH TO USE THIS PROGRAM AGAIN TYPE 1. IF NOT TYPE 0"
529 INPUT X'
570 IF Xml THEN 200
580 IF X0 THEN 040
590 PRINT "TYPE 1 OR 0 AS DIRECTED."
600 GO-TO 560
610 PRINT "TYPE 1 AND HIT THE RETURN KEY."
ogo INPUT X

. .

623 IF X4)1 THEN 620
625 PRINT
627 PRINT
630 PRINT
635 RETURN
640 END
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DISCIPLINE MATHEMATICS

SUBJECT QUADRATIC EQUATIONS

PROGRAM NAME ROOTS2

DESCRIPTION:

This program describes the nature of the roots of a quadratic
equation, and finds the roofs 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) = y.

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

E. To provide Mead -intt 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
Tr)Tfiesiluadratic formula, to conclude discussion of the quadratic
formula... or both.

B. Materials - none

DISCUSSION:

The program uses the "discriminantil to determine the nature
of the roots of the quadratic equation. Regardless of the nature of the
roots, the student is asked 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 OP SOLUTION OP THE EQUATION

A *X.2 9 *X C 00
TYPE IN YOUR VALUES POE A. R. AIM C $ ? 1.9.3

DISCRIM/MANY IS LESS THAN ZERO. SO ROOTS ASS INAGINARYA
THEY AM OF THE FORM 1' PI*13 PI*2 WHERE-1
P 1' '11 m 1.414914-

DO YOU WANT ANOTHER RUM C 0 NO 1 m YES ) $ ? 1

TYPE IN YOUR VALUES VCR to Di AND C 1 ? 1.1.3

DISCRIMINANT IS GREATER THAN =SO. SO ROOTS ARE REAL.
ROOTS-AAEACI AND 112
X4 446116181 ER .66.541381

***

DO YOU AMT MOTH= RUN C 0 NO 1 YES ) S 7 1

TYPE IN YOUR VALUES FOR A. D. AND C 1 ? 1.9.9

DISCRIMINANT IS EQUAL TO ZERO. 30 ROOTS ARE EQUAL. X '11

***

00 YOU AMP ANOTHER RUN C 0 NO 1 YES 1 ? 1

TYPE IN YOUR VALUES FOR A. 3. AND C 1 ? 9.8.6
-

DISCRIMINANT IS GREATER THAN ZERO. SO ROOTS ARE REAL.
119011-A2Z.X1 AL) X9
XA 1 '1111 3

MO*

DO YOU WANT ANOTHER RUM 0 NO 1 YES I t / 0

READY
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100 REM THE uLT/MATE QUADRATIC SOLVER, UNTIL THE NEXT VERSION
110 REM CRARLES-LOSIK, PID, 7/21/70. BASIC.
120 PRINT "THIS PROGRAM HANDLES ALL POSSIBLE CAM* OF SOLUTION OF",1
125 PRINT " IRE EQUATION I"
130 PRINT
140 PRINT " A *xsz 4.11sXC s C"
150 PRINT
160 PRINT "TYPE IN YOUR VALUES FOR A, B. AND C s "3
165 REM INPUT VALUES FOR A,B,C
170 IMPUT-A,B,C
171 PRINT
175 REM FOR ALL CASES, CHECK A1001, IF SOA THEN LINEARITY
180 IF As0 THIN 808

.

183 REIC B IS THE DISCRIMINANT
190 LET Ds268-441A*C-
195 LET Z=2110
200 IF Del) THEN 710
210 IF O'0 TIMM 610
300 REM Ds0, INABINARY RESULTS
310 PRINT "DISCRIMINANT 13 LESS THAN ZERO, SO ROOTS Pig IMAGINARY,"
360 PR/lT "TREY ARE OF TEE PORN sP.02*(1 41r0
330 PRINT "P 406-13/Z,N1 052114A8SCD))/E
340 00-TO 900
600 REN D'O SO REAL ROOTS
610 PRINT "DISCRIMINANT IS GREATER THAN ZERO, SO ROOTS ARE MAL."
680 PRINT "ROOTS'ARS.X1 AND X8 ."
630 PRINT axi esc.s...simcD))/z,g1X4 .0*(.8.441R(D))/Z

660 80-TO 900
100 RIM EQUAL ROOTS (D210)
710.PRINT "DISCRININANTIS EQUAL TO Ma, SO ROOTS ARE EQUAL. X 4106/Z
760 00-TO 900
en REM Asa, SO Xel.C/14 UNLESS 11,41
038 IF 8410 THEN 810
803 IF CaO THEN 807
804 PRINT "NEAN/NOLESS STAMM."
806 00-TO 900
807 PRINT "08. ZERO a MO."
801 80-TO 900
810 PRINT "MS EQUATION IS LIMA. X 811"*Cile
900 PRINT
901 PRINT Totacaow**Iim
908 PRINT
910 PAINT
MO PR/NT "DO YOU WANT ANOTHER H C 0 s NO J 1 0 YES ) 1 "3
930 INPUT Z
940 IF ts1 THEN ASO
950 If Z4 ni.0 THEN -980
999 END
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DISCIPLINE MATHEMATICS - JR. HIGH

SUBJECT INTERSECTION AND UNION

OF SETS

PROGRAM NAME SETS

DESCRIPTION:

This program finds the intersection and union of any two
numerical 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 spacial preparation necessary.

B. Materials see discussion

DISCUSSION:

This program may be used with individuals, small groups, or
class-size groups. The elements of the two sets are entered as per
instructions. Incidently, one or both of the sets may be empty. The
computer then types back the eix;ments in the union and intersection. The
speed with which the computer eperates 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.
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THIS PROGRAM FINDS THE UNION AND INTERSECTION OF ANY TWO
NUMERICAL SETS.

HOW MARY ELEMENTS IN THE FIRST SET? 5

THESE ARE - (HIT ThE RETURN KEY AFTER ENTERING EACH ELEMENT).
? 1

? 2
? 3
? 4
? 5

HOW MANY ELEMENTS IN ThE SECOND SET? 5

THESE ARE:
? 2
? 4
7 6
? b
? 10

THE INTERSECTION CONTAINS 2 4

THE UNION CONTAINS 2 4 6 8 10 1 3 5

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

HOW MANY ELEMENTS IN THE FIRST SET? b

THESE ARE - (HIT THE RETURN KEY AFTER ENTERING EACH ELEMENT).
? 1

? 2
? 3
?

? 6
? b
? 10
? 12

HOW MANY ELEMENTS IN THE SECOND SET? 10

THESE ARE:
? 1

? 2
? 3
?

? 5
? 6
? 7
? 8
? 9
? 10

THE INTERSECTION CONTAINS 1 2 3 4 6 b 1U

THE UNION CONTAINS 1 2 3 4 5 6 7 b 9 1U 12

DO YOU WANT ANOTHER RUN (1=YES 0=NO) ? 0

READY
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100AEM W. TEPPEA, WYANDANCH HS, 7/29/69
1C1 REM REVISED BY C.LOSIK 8-10-7U
103 DIM A(30),B(3U)
110 HEM UP TO 3U ELEMENTS PEA SET ARE ALLOWED(UNLESS DIM IS CHANGED)
12UPAINT"THIS PAOGAAm FINDS THE UNION AND INTERSECTION OF ANY TWO"
13UPAINT"NUMEAIOAL SETS."
14U PAINT
15UPRINT" HOW MANY ELEMENTS IN THE FIRST SET";
160INPUT N
163 IF N=0 THEN 230
166 IF N=INT(N) THEN 170
167 PAINT "ONLY AN INTEGEA NUMBER OF ELEMENTS IS POSSIBLE."
169 GO TO 140
170 IF N<=30 THEN 18U
173 PAINT "TriE MACHINE CANNOT HOLD MORE THAN 3U ELEMENTS.";
175 PAINT " SEE YOUh TEACHEA."
177 GO TO 690
180 IF N>U THEN 189
183 PRINT " THERE CANNOT BE A NEGATIVE NUMBER OF ELEMENTS."
186 GO TO 140
189 PAINT
190PAINT"THESE AAE (HIT THE AETURN KEY AFTEA ENTERING EACH ELEMENT)."
200FOR K=1TON
210INPUTA(K)
220NEXT
230PHINT
240 PAINT " HOW MANY ELEMENTS IN THE SECOND SET";
250INPUT J
253 IF J=0 THEN 550
256 IF J=INT(J) THEN 260
257 PRINT "ONLY AN INTEGEA NUMBEA OF ELEMENTS IS 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 AREs"
290 FOR K1=1TO J
300 INPUT B(K1)
310 NEXT K1
311 PRINT
312 PRINT
315 IF N<=0 THEN 640
320 PRINT "THE INTERSECTION CONTAINS ";
330 FOR K=1 TO N
340 FOR L=1 TO J
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350 IF A(K)=B(L)THEN 3b0
360 NEXT L
370 GO TO 4UU
3160 PRINT Atli);
390 LET X=X+1
4UU NEXT K
410 IF X>UTHEN 430
420 PRINT" EMPTY SET....NO ELEMENTS"
430PRINT
440 PHINT"THE UNION CONTAINS";
450 FOR L=1 TO J
46U PRINT B(L);
470 NEXT L
480 FOR K=1 TO N
490 FOR L=1 TO J
500 IF ACK)=eCOTHEN 530
510 NEXT L
52U PRINT ACK);
53U NEXT K
540 GO TO 690
550 IF N<=0 THEN 620
560 ?RIOT "INTERSECTION IS EMPTY"
57U PRINT "UNION CONTAINS";
580 FOR KT.1 TO N
590 PRINT A(K);
600 NEXT K
610 GO TO 690
620 PRINT "UNION AND INTERSECTION AHE EMPTY"
630 GO TO 690
640 PRINT "INTERSECTION IS EMPTY"
650 PRINT "UNION CONTAINS";
66U FOR K=1 TO J
670 PRINT B(K);
680 NEXT K
690 PRINT
?DO PAINT
720 PRINT "DO YOU WANT ANOTHER HUN C1=YES, U=NO)
730 INPUT N
740 IF N=1 THEN 140
750 IF N<>0 THEN 72U
76U END
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DISCIPLINE ALGEBRA

SUBJECT SIMULTANEOUS EQUATIONS

PROGRAM NAME SIMEON

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.

PRELIMINARY PREPARATIONS:

Presentation of concepts of simultaneous equations and methods
for finding solutions.
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Phis PAOGAAM SOLVES ANY NUMBER OF SETS OF SIMULTANEOUS
EQUATIONS OF UP 10 10 EQUATIONS PEA SET. ENTER YOUA SETS
OF EQUATIONS IN DATA STATEMENTS IN LINES 700-W0,
PRECEDED BY THE NUMBEA OF EQUATIONS IN EACH SET.
E&AMPLE: TO SOLVE THE SYSTEM

1*x(1) + 2*x(2) = 3
4*A(1) + 9*X(2) = 10

ENTER DATA AS FOLLOWS:
70O DATA 2
701 DATA 1,2,3
702 DATA 4,9,10

MEN TYPE:
1 GO TO 110
AUN

THE COMPUTES WILL PAINT A MATAIX OF YOUR EUUATIONS, FOLLOWED
BY THE SOLUTION TO THE EQUATIONS.

READY

700 DATA 2
7U1 DATA 1,2,3
702 DATA 4,9,10
1 GO TO 11U
SUN

1 2 3
4 9 10

X( 1 )= 7

X( 2 )= -2

AEADY

WO DATA 2
701 DATA 3,2,16
702 DATA -6,-4,-32
1 GO TO 11U
HUN

3 2
-6 -4

NO UNIQUE SOLUTION

16
-32
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READY

7UU DATA 3
701 DATA 3,2,5,10
702 DATA - 1,4,7, -21
703 DATA 1,1, -1,14
1 GO TO 110
RUN

3 ' 5 10
-1 4 -21

1 1 -1 14

)1.( 1 )= 7.413U44
XC 2 )= 2.956522
AC 3 )= - 3.630435

READY
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10 nEMAAK D.SOBIN, BKLYN POLY, 11-69
15 HEM REVISED SY C.LOSIK, 9-25-70
20 PAINT "THIS PROGRAM SOLVES ANY NUMBER OF SETS OF SIMULTANEOUS"
25 PAINT "EQUATIONS OF UP TO 10 EQUATIONS PEA SET. ENTER YOUR SETS"
30 PAINT "OF EQUATIONS IN DATA STATEMENTS IN LINES 700-60U,"
35 PRINT "PnECEDED BY THE NUMBEn OF EQUATIONS IN EACH SET."
40 PRINT "EXAMPLE: TO SOLVE THE SYSTEM"
45 PRINT " 1 *AC1) + 2*A(2) = 3"
50 PAINT " 4,0A(1) + 9*A(2) = 10"
60 PRINT "ENTER DATA AS FOLLOWS:"
62 PAINT " 700 DATA 2"
64 PRINT " 701 DATA 1,2,3"
66 PAINT " 702 DATA 4,9,10"
70 PAINT "THEN TYPE:"
72 PAINT" 1 GO TO 110"
74 PAINT " RUN"
60 PRINT "THE COMPUTER WILL PAINT A MATRIX OF YOUR EQUATIONS, FOLLOWED"
65 PAINT "BY THE SOLUTION TO THE EQUATIONS."
90 STOP
100 DIM E(10,11), XCIO)
110 HEAD N
120 IF N=U THEN 999
130 FOR I=1 TO N
140 FO K=1 TO N+1
150 READ ECI,K)
155 PAINT ECI,K),
160 NEXT K
165 PRINT " "
170 NEXT I
185 REMARK EVALUATE MATRIA
190 FOR J=1 TO N-1
200 IF E(J,J)=0 THEN 560
210 FOR I=J+1 TO N
22U LET Q=E(I,J)/E(J,J)
230 FOR K=O TO N+1
240 LET ECI,K)=ECI,K)-E(J,K)*Q
250 NEXT K
260 NEXT I
270 NEXT J
340 REMARK SOLVE FOR MN)
350 IF ECN,N)=0 THEN 520
360 LET I=N+1
370 LET XtN)=E(N,I)/E(N,N)
380 FOR J=1 TO N-1
39U LET S=U
400 FOR K=1 TO J
410 LET S=S+E(N-J,I-K)*ACI-K)
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42U NEXT ti
430 LET X(NJ)=CE(NJ,I)-5)/E(NjoNJ)
440 NEXT J
450 REMARK PAINT VALUES
455 PRINi
460 FOR J=1 TO N
470 PRINT "X("J")=",X(j)
480 NEXT J
500 GO TO 530
520 PAINT
525 PRINT "NO UNIQUE SOLUTION"
53U PRINT
535 PRINT
540 PRINT
550 GOTO 110
560 FOR T= J+1 TO N
570 IF ECT,J)<>0 THEN 600
580 NEXT T
590 GOTO 520
600 FOR C=J TO N+1
610 LET A=E(J,C)
620 LET E(J,C)=E(T,C)
63U LET E(T,C)=A
640 NEXT C
65U GOTO 210
801 DATA 0
999 END
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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 [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.

58

6 Copyright 1971, Polytechnic Institute of Brooklyn



Math
SLOPE

y= f(x)

Secants

a

DISCUSSION:

a+ a +1

Tangent
(Limiting Case)

The use of the computer and the attendant discussion of the program
dramatically introduces the idea of differentiation.
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SECANT SLOPE OF A CURVE THE DERIVATIVE

THIS PROGRAM CONSIDERS A FUNCTION OF X (YF(X)) WHICH IS
DIFFERENTIABLE AT'XmA AND AT ALL POINTS IN THE-INTERVAL
(A.A.1). THE VALUE OF THE DERIVATIVE AT XuA IS-
APPROXIMATED THROUGH SECANT SLOPES4

AFTER TM PROGRAM STOPS. TYPE IN THE FOLLOVIN08
MD EACH LINE. INCLUDING 'RUN'. WITH A CARRIAGE RETURN')

1 00 TO 300
300 DEP FNY(X)ne.e.CYOUR FUNCTION OF X) 0600
RUN

FOR EXAMPLE TO FIND THE SLOPE OF THE EQUATION 71141t3
YOU MOULD TYPE AS^FOLLOVSt

I GO TO 300
300 IMF SPUY(X)Xt3
RUN

YOU MIGHT TRY THAT AS YOUR FIRST RUN.
FOR SUBSEQUENT RUNS4 YOU NEED ONLY CHANGE LINE 300 FOR
A NEB FUNCTION. FOLLOWED BY RUNve

11101.1:

I GO TO 300
DEF FIlY(X)X,3

RUN
.

FOR GHAT VALUE OF A IS THE SLOPE TO BR EVALIATED? 2

'CHANGE IN X' IS THE DISTANCE FROM 'A'. AND 'CHANGE IN Y'
IS-?NE DISTANCE FROM 111410° UPON VHIGH THE SLOPE IS CALCULATED.

CHANGE IN X CHANGE IN Y SECANT SLOPS S CHANGE IN SLOPE

1/ I 19 19 NO PREVIOUS VALUE
LP i 7.625 15.85 19.73664
I/ 4 3.390625 13.5625 11.06557
1P 6 1.595703 12.76562 5.875576
1? 16 .7736216 12.37691 3.029376
IF 32 0360i1999 18,;16848 1453634
1? 64 .1669637 1249399 47751763
11 126 .09411669 1244694 .3691031
1? 256 :04696667 12.05347 .1946049
1? 512 :02346039 12.01172 .09771946
I/ 1024 .01172447 18000586 .04676049
I/ 2046 5.660606E3 12.00293 .02440815

414***

DO YOU MISR TO USE A DIFFERENT VALUE OF m (1713. 010)7 0
TO GRANGE TOUR rummorn SEE THE INSTRUCTIONS.
219 YOU ARE FINISHED.-TYPE 1°:. AND THE-6RETUBNI HEY
OFT= TUX PR022412 STOPS.
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100 REM SECANT SLOPE OF A CURVE Q. J. O'CONNOR 8.12.68
101 REM REVISED 11.'7.70 CD. PISSIL) CCOMINATION OF SLCUQ AND DIFFQ)
102 REM IMPORTANT VARIABLES' SSECANT SLOPIS-PPIRCENT CHANGE).
103 REM D-CHANGE IN XI YCHANGS IN Y
105 LET S10
110 PRINT TA3C1011"SECANT SLOPE OF A CURVE Ton DERIVATIVE"
190 PRINT
130 PRINT "THIS PROGRAM CONSIDERS A FUNCTION OF X CYTCE)) WICK IS"
131 PRINT "DIFFERENTIABLE AT-XA AMID AT ALL POINTS -IN THE-INTERVAL "-
138 PRINT "CA.40.1). THE VALUE OF THE DERIVATIVE AT.Xm.A.15"
133 PRINT "APPROXIMATED THROUGH SECANT SLOPES:"
134 PRINT
139 PRINT "AFTER THE PROGRAM STOPS. TYPE TN THE FOLLOWINGS'
140 PRINT "CM EACH L/NE,'INCLUDING 'RUN'. WITH A 'CARRIAGE RETURN)"

_ . .

141 PRINT
140 PRINT " 1 00 TO 300"
143 PRINT " 300 DEF FlOYCX)m....CYOUN FUNCTION OF X)...."
145 PRINT " RUN"
146 PRINT
147 PRINT "FOR EXAMPLE. TO FIND THE SLOPE OF THE EQUATION Y11,$"
1411 PRINT "YOU WOULD TYPE AS'FOLLOWS1"
149 PRINT
150 PRINT " 1 GO TO 300"
151 PRINT " 300 DEP FNYCIORt3m
153 PRINT " RUN"
154 PRINT
155 PRINT "YOU MIGHT TRY THAT AS YOUR FIRST RUN."
156 PRINT "FOR SUBSEQUENT RUNS. YOU NEED ONLY CHAINS LINZ 300 FOR"
157 PRINT "A NEW FUNCTION, FOLLOWED BY "RUN'0".
160 STOP
IWO REM CALCULATION OF SLOPE AND PRINTOUT
300 DEF FITCX)..BIS
305 PRINT "FOR WHAT VALUE OF A IS THE SLOPE TO BE EVALUATED"!
306 INPUT A
310 PRINT
311 PRINT "'CHANGE IN X° IS TUE DISTANCE FROM °A°. AND ' CHINOS IN Y'"
310 PRINT "IS THE DISTANCE FROM 'FM)* UPON MICR THE SLOPE IS CALCO")
313 PRINT "LATED."

.

316 PRINT
317 PRINT
360 PRINT "mimeos IN S"."CHANGE IN Y"."1111CANT SLOPE"."11 CAM= IN SLOPE"
121 PRINT so ...... .mem me . ...
410 FOR N0 TO 11
440 LET DelitN
430 LET YNW(Ro1,R)?Ny(2)
440 LET SIIMY
444 IF SIMO THIN 447
445 PRINT "1/"D.Y.S."NO PREVIOUS VALUE"
446 GO-TO 465
447 LET PCCABSCS14))/S1)*100
450 PRINT "1/"Da.S.P.-
455 LET S1.5
460 NUT
470 PRINT
460 PRINT "*****"
490 PRINT
500 PRINT "DP YOU WISH TO USI A DIFFERENT VALUE OF X C1 -YES. 0m0101";
501 INPUT Qg
5011 Is moo THIN 305
510 PRINT "`t0- CHANGE YOUR FUNCTION SEE TIM INSTSUCTIONS."
5110 PRINT "IF YOU ARE FINISHED. -TYPE 614i *80 THIE.INSTURIP KEY"
530 PRINT "AFTER THE PROGRAM STOP$1"
540 END
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DISCIPLINE MATHEMATICS

SUBJECT ALGEBRA(9TH and 12TH GRADE)

PROGRAM NAME SQRT

DESCRI PT ION:

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" -(z between the endpoints of
smaller and smaller domains.

PRELIMINARY PREPARATION:

A. Student - 1) The definition of square root as the inverse operation
73fsTRIZing; 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 ff 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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PROGRAM FINDS SQUARE HOOT OF ANY POSITIVE NUMBER
BY 'PINCHING' IT WITHIN A SMALLER AND SMALLER INTERVAL.

WHAT IS. THE NUMBER WHOSE SQUARE SOOT YOU SEEK? 54

LOWER LIMIT UPPER LIMIT

0 < SQ.RT. OF 54 < 44

5.4 < SQ.RT. OF 54 < 10.8

7.02 < SQ.RT. OF 54 < 7.56

7.344 4 SA.RT. OF 54 < 7.398

7.344 < SU.HT. OF 54 4 7.3494

7.348319 < SQ.RT OF 54 < 7.348859

7.348427 < SW.RT. OF 54 < 7.348481
7.348465 < SQ.HT. OF 54 7.34847

7.346469 < SQ.RT OF 54 < 7.34847

APPROXIMATION NOW CORRECT TO AN ACCURACY OF 1.000000E5
YOU MAY USE EITHER 7.348469 OR 7.34647 AS THE SQUARE ROOT OF 54

WANT TO TRY ANOTHER NUMBER (1aYES, 0'440) ? 1

WHAT IS THE NUMBER WHOSE SQUARE ROOT YOU SEEK? 39

LOWER LIMIT UPPER LIMIT

0 < SQ.RT. OF 39 39

3.9 < SQ.RT OF 39 < 7.8

6.24 4 SiaoRT. OF 39 4 6.63
6.24 4 SlaeRT. OF 39 < 6.279
6.2439 S'aeRT. OF 39 < 6.2478 .

6.24468 < SQ.RT. OF 39 < 6.24507
6.244992 < SQ.RT. OF 39 < 6.245031
6.244996 < SQ.RT. OF 39 < 6.245

APPROXIMATION NOW CORRECT TO AN ACCURACY OF 1.000000E...6
YOU MAY USE EITHER 6.244996 OR 6.245 AS THE SQUARE ROOT OF 39

WANT TO TRY ANOTHER NUMBER (1-YES, O-NO) 7 0

READY
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100 HEM T. BURNS, JOHN GLENN HS,
110 REM REVISED BY C.LOSIK 8 -27 -70

120 REM AoLOWER LIMIT, B=UPPER LIMIT, Z=STEP IN INTERVAL
121 REM E IS THE ACCURACY YOU DESIRE
125 LET E=.00001
130 PRINT "PROGRAM FINDS SQUARE ROOT OF ANY POSITIVE NUMBER"
140 PRINT "BY 'PINCHING' IT WITHIN A SMALLER AND SMA4LER INTERVAL."
150 PRINT
160 PRINT
170 PRINT "WHAT IS THE NUMBER WHOSE SQUARE ROOT YOU SEEK";
180 INPUT Z
185 PRINT
190 IF Z>0 THEN 220
200 PRINT "YOUR NUMBER MUST BE POSITIVE Ill"
210 GO TO 160
220 PRINT
230 PRINT "LOWER LIMIT"," "," ", "UPPER LIMIT"
235 PRINT " luau niu 'van

240 LET A=0
250 LET B=Z
260 LET S=(B-A)/10
270 PRINT Alen< SU.RT. OF"Z"<",13
275 IF ABSCA*BZ)<E THEN 360
280 FOR I=A TO B STEP S
290 IF Z<I*I THEN 310
300 NEXT I
301 LET B=B*10
302 GO TO 260
310 LET B=I
320 LET A -I -S
350 GO TO 260
360 PRINT
370 PRINT "APPROXIMATION NOW CORRECT TO AN ACCURACY OF"E
380 PRINT "YOU MAY USE EITHER"A"OR"B"AS THE SQUARE ROOT OF"Z
390 PRINT
400 PRINT
410 PRINT "WANT TO TRY ANOTHER NUMBER (1=YES, 0=NO) ";
420 INPUT Z
430 IF Z=1 THEN 150
440 IF Z<>0 THEN 400
450 END
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DISCIPLINE MATHEMATICS_TEACHER ASSISTANCE

SUBJECT ARITHMETIC MEAN (AVERAGE)

PROGRAM STATAL

DESCRIPTION:

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

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", "averagem1-24edian", and "standard
deviation" must be well-defined.

B. Materials - None

DISCUSSION:

Given N terms, "A(1), A(2),..., A(N-l), 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, MEDIAN, AND DEVIATION OF A SET OF NUMBERS.

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

1000 DATA 1,2,3,4 ETC. (YOUA DATA GOES HERE)

WHEN YOUR DATA HAS BEEN ENTERED, .TYPE

1 GO TO 300
RUN

THEN RELAX WHILE THE MACHINE GnINDS OUT THE ANSWERS.

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

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

READY

1000 DATA 244,162,112,2,198,10,314,169,18,36
1 GO TO 300
RUN

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

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

NUMBER OF VALUES IS 10
SUM OF THE VALUES IS 1287
THE MEAN VALUE IS 128.7
THE MEDIAN VALUE IS 140.5
THE STANDARD DEVIATION IS 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 AGAIN;
THEN TYPE 'RUN'.

READY

1

1000
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IOU REM CHARLES M. LOSIK, BKLYN POLY, MEAN- MEDIAN- DEVIATION
110 REM (7 -66 IN FORTRAN II) ; (8^267U IN BASIC)
115 HEM REVISED 9-24-70
120 HEM YOU PUT YOUR NUMBERS IN DATA STATEMENTS AND
130 REM YOU GET WHAT YOU PAY FOR.
140 PAINT " ", "MEAN, MEDIAN, AND DEVIATION OF A SET OF NUMBERS."
15U PRINT
160 PRINT " ENTER YOUR NUMBERS IN DATA STATEMENTS ON LINES"
170 PRINT " 1000 2000. FOR EXAMPLE, YOU MIGHT TYPE :"
171 PRINT
172 PRINT " "."1000 DATA 1,2,3,4 ETC. (YOUR DATA GOES HERE)"
173 PRINT
174 PRINT " WHEN YOUR DATA HAS BEEN ENTERED. TYPE :"
180 PRINT
190 PRINT " ","1 GO TO 300"
200 PRINT " ","RUN"
210 PRINT
220 PRINT " THEN RELAX WHILE THE MACHINE GRINDS OUT THE ANSWERS."
222 PRINT
225 PRINT " IF A 'SUBSCRIPT ERROR' APPEARS. INCREASE THE SIZE OF THE"
227 PRINT " ARRAY IN LINE 295."
230 PRINT
240. HEM A(I) ARE THE NUMBERS. S IS THEIR SUM,
25U REM 52 IS THE SUM OF THEIR SQUARES.
26U REM
270 PRINT " WARNING THE NUMBER 9999 IS USED AS AN INTERNAL DATA"
275 PRINT " VALUE. IF THIS VALUE IS ONE OF YOUR DATA VALUES, SIMPLY"
260 PRINT " HE -TYPE LINES 999 AND 2001 WITH A COMMON DATA VALUE WHICH"
285 PRINT " YOU WILL NOT USE."
290 STOP
295 DIM A(100)
300 PRINT
303 PRINT " THESE ARE YOUR NUMBERS :"
305 LET I=1
310 READ E
315 LET S=0
316 LET S2=0
320 READ A(I)
330 IF E = A(I) THEN 370
340 PRINT A(I) j
345 LET S = S + A(I)
347 LET S2 = S2 + A(I) * A(I)
350 LET I = I + I

360 GO TO 320
370 LET N = I . 1

380 PRINT
390 PRINT
399 REM ***** BUBBLE SORT*****
400 PRINT " THESE ARE YOUR NUMBERS (HIGHEST TO LOWEST) :"
405 FOR I = I TO N 1
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410 FOH J = I + 1 TO N
420 IF A(I) > A(J) THEN
430 LET T = A(I)
440 LET A(I) = A(J)
450 LET A(J) = T
460 NEXT J
465 PRINT A(:)
470 NEXT I
475 PRINT A(N)
460 PRINT
490 PRINT
500 ?HINT " NUMBER OF VALUES IS"iN
510 PRINT " SUM OF THE VALUES IS";S
520 PRINT " THE MEAN VALUE IS" S /
530 PRINT " THE MEDIAN VALUE IS" ;
540 IF N / 2 <> INT ( N / 2 ) THEN
550 PRINT ( A(N/2) + AC(N+2)/2))/2
560 GO TO 600
570 PRINT A((N+1)/2)
600 PRINT " THE STANDARD
610 PRINT
620 PRINT
630 PRINT
640 PRINT
642 PRINT
645 PRINT
650 STOP
999 DATA 9999
2001 DATA 9999
2010 END

460

Math
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5 70

IS" SUR ( N * 52 + § * S ) / N

" FOR ANOTHER RUN, AE-ENTEH DATA ON LINES"
" 1000 - 2000, TAKING CARE TO ELIMINATE OLD.
" BY TYPING THOSE LINE NUMBERS WHICH YOU DO
" THEN TYPE 'RUN'."

READY

68
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DISCIPLINE MATHEMATICS, SOCIAL STUDIES

SUBJECT THE STOCK MARKET
IMP

PROGRAM NAME STOCK

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. On

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)
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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 or -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 involved. 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 MARKET
DO YOU WANT THE INSTRUCTIONS (YES -TYPE 1. NO -TYPE 0)? 1

THIS PROGRAM PLAYS THE STOCK MARKET. YOU WILL BE GIVEN
110.000 AND NAY'BUY OR SELL STOCKS. TILE STOCK PRICES WILL
BE GENERATED RANDOMLY AND THEREFORE THIS MODEL DOES NOV
M6PRESENT EXACTLY WHAT.HAPPENS ON THIXEXCHANGE. A TABLE
OF AVAILABLE STOCKSi'THEIR PRICES. AND THE NUMBER OF'SHARES
IN YOUR PORTFOLIO WILL BE PRINTED. 'FOLLOWING THIS. THE
INITIALS OF EACH STOCK WILL as PRINTED WITH A QUESTION
MARK: HERE YOU INDICATE"A TRANSACTION. -TO BUY A STOCK
TYPE *NUN. TO SELL A STOCK TYPE 111116 suns BM IS THE
NUMBER OF SHARES. A BROKERASA FEE OF 15 WILL BE-CHARGED
ON ALL TRANSACTIONS. NOTE THAT IF A STOCK'S VALUE.DRAPS
TO IMO IT MAY REBOUND TO A POSITIVE VALUE-AGAIN. YOU
NAVE 510:000 TO INVEST. USE INTEGERS FOR ALL.TOUR INPUTS.
(NOTES TO GET A FEE FOR MI MARKET Will FOR AT LEAST
10 DAYS)

GOOD LUCK!

STOCK INITIALS PRICE/SHARK
1NT. BALLISTIC MISSILES IOW SS.75
AXD CROSS -OF- AMERICA RCA 85.5
LICKIENSTE111.13UNRAP, JOKE L94 155.45
AMERICAN BANKRUPT CO. ADC 138.
CENSORED BOOKS STORE CDS 104.25

N EW YORK STOCK EXCMAKOZ AVERAGES 113.75

TOTAL STOCK ASSETS ARE 5 0
TOTAL CASH ASSETS ARE 5 10000
TOTAL ASSETS ARE S 10000

WHAT IS YOUR TRANSACTION IN
ISM? O
ACA? 3
LSO 1
AOC? 1
CBS? 1

00********

STOCK

END OF DAY'S TRADING

PRICE /SHARE MOLDINGS VALUE MET PRICE CHAISE
ION' 91.5' -S 193 10075 -.
1110f. 111 3 643 4.1
L04 153.5 1 153.5 1:75
AOC 135.5 1 13541 .4.1
COS 99 1 99 11.115

NEW YORK STOCK SECKANGE AVERAGE! 113.1 1ST OMANI& ...OS
_ . . .

TOTAL STOCK ASSETS ARE U4
TOTAL CASH ASSETS ARE I 9111.15
TOTAL ASSETS ARE $ 9t90 .115

DO YOU WISH TO CONTINUE (US.,111102 Ir NOTYP11.0)? I
WHAT IS YOUR TRANSACTION-IN

.84ACA? 1
LW? 1
AOC? 1 71
OS? 0



**********

STOCK
ION'
MA
IaJ
AGE
COS

END OF DAY'S TRADING

PRICE/SHARE HOLDINGS
98.75 7
82.5 4
154 2
133.5
102.75 1

Math
STOCK

VALUE
391.25
330
308
267
100.75

NET PRICE ammo
2.25
1.5
.5
2
3.75

WV YORK STOCK ZXCRA1211

TOTAL STOCK ASSETS ALE
11TAL CASK ASSETS ARE
TOTAL ASSETS ARE

AVERAGES 114.3

$ 1699
$ 6305.23
5 10004.23

NET CHANSEt 1.2

DO YOU HISS? TO CONTINUE (YESTYPE 1. NO -TYPE 0)? 1
MAT IS TOUR TRANSACTION IN
ON? 3
RCA? 2
L24? 5
AMC? -1
pm 3'

********** END OF DAY'S TRADIN8

STOCK PRICE/SHARE HOLDINGS VALUE NET PRICE moms
99.25 '10 992.8 .5

RCA 6$015 A 493.5 -.25
/11.1

AOC
154.75
133.5

7
1

1063.25
133.5

.75
0

g's 103.25 4 413 .5

NEV YORK STOCK EXCHANGE AVERAGES 114.6 NET ORANGES .3

Aa. MePAAUMS ARSE : ::::::5
TOTAL. ASSETS ARE $ 9996.25

DO YOU GISH TO CONTINUE (YES -TYPE 1. 110 -TYPE 0)? 1
MAT IS TOUR TRANSACTION IN
MIN? 5

. .

RCA? 3
UM 5
AMC? 3
COST 4

$111******** ZND OF DAY'S TRADP111

STOCK PRICE/SHARE HOLDINGS VALUE NET PRICE =ANSE
ISM 96.75 '15 1451.25 p2.5
SICA $0.5 9 '24.5 1.75
L1114 180 1$ 1600
AMC 132 4 112S' 6145
COS 96.75 $ 790 1'4.5

NEV YORK STOCK marlawas AVERAGE! 111.6 NET CAOSSIGES 3

TOTAL STOCK ASSETS ARE
TOTAL CASE ASSETS ARE
TOTAL ASSETS ARO

$ $1193.75
$ 45E6.95.
$ 912167
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DO YOU WISH TO CONTINUE (YES -TYPE 1. N0 -TYPE 0)? 1
BRAT IS YOUR TRANSACTION-IN
/1110 0
RCA? °5
LBj? -7
ARC? 0
CBS? -5

********** END OF DAY'S TRADING

STOCK
IIMPU

PRICE /SHARE
9605

HOLDINGS
'15

VALUE
1451.25

NET PRICE CHANGE
0

. .-.

RCA 66.75 4 267 13.75
Led 150.75 5 753075 45
AOC 132 4 5118. 0
CBS 95.75 3 887.25 3

NEW YORK STOCK EXCHANGE AVERAGES 108.4. NET CHANGES °3.2

TOTAL STOCK ASSETS ARE S 3287.25
TOTAL CASH ASSETS ARE $ 6455.74
TOTAL ASSETS ARE 6 9742.99

DO YOU WISH TO CONTINUE (YES -TYPE Is NO -TYPE 0)?
VKAT IS YOUR TRANSACTION IN

.10
RCA! °2
Led? 2
ARC? 2
CBS? 0

********** END OP DAY'S TRADING

STOCK PRICE /SNARE HOLDINGS VALUE
ION- 8'4' -5 437.5
Mk 55. II 116
LBj 135.85 7 946.75
ARC 188.5 6 735
ORS 98.75 3 8964811

....

1

NET PRICE CHANGE
94.25
.75
115.5
9.5
3'

NEW YORK STOCK EXCHANGE AVERAGES 1.00.4 NET CHANGES °8

TOTAL STOCK ASSETS ANN II 553164
TOTAL CASH ASSETS ARE S 6974:58
TOTAL ASSETS ARE S 9506.08

DO YOU WISH TO CONTINUE EYES -TYPE 1. N0 -TYPE 01?
IKAT IS TOUR TRANSACTION-IN
ION? 4
RCA? °1
Wile -6
480?
OM -Si
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**********

STOCK
MGM
SCA
1.34

ARC
COS

END OF DAY'S TRADING

PRICE /SHARE HOLDINGS
80 -1

51 1

12105 1

109.5 4
91.5 1

Math
STOCK

VALUE
80
51
121.75
438-
91.5

NET PRICE CHANGE
-7.5

... .-.

-7
13415
13.
1.25

1118 YORK STOCK EXCHANGE AVERAGES 90.75 NET CHANGES 0.65

TOTAL STOCK ASSETS ARE
TOTAL CASH ASSETS ARE
TOTAL ASSETS ARE

$ 782.25
S 8619.96
$ 9402.21

DO YOU NUN TO OONTINUE (YESTYPE 1, NO -TYPE 0)7 1
GMAT IS ?OUR TRANSACTION IN
ISN? 0
ACM 0
L247 0
NWT
COST 0

********** END OF DAY'S TRADING
. -

STOCK PRICE /SNARE MOLDINGS VALUE NET PRICE CHANGE
ISMC 77.5- 1 77.5 -2.5
ACA 52425 1 52.25 '1625

119.25 1 119.25 ..2.5
ARC 107' 1 107- .145
G5S 92.25 1 92.25 .75

NEV YORK STOCK =KANO* AVERAGES 89.65 NET CRAMS

TOTAL STOOK ASSETS ARE
TOTAL CASE ASSETS AM
TOTAL ASSETS ARE

. .

$ 445.25
$ 8945.15
$ 9393643

DO YOU VISE TO CONTINUE (YES -TYPE 1. NO -TYPE 0)7 1
VMAT IS TOUR TRANSACTION-IN
WWI 0
MCAT 0
east 0
ASO 0
COW 10

********** END OF DAY'S TRADING

STOCK PRICE/SNARE MOLDINGS VALUE NIT PRICE FlumesW. 744. "1 74.5 -3
LA . 54 1 54 1.75
lId 107 I 107 *12.25
ADC 100 1 108' 1

OS .
90:75 4 992.25 *1.5
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N111 YORK STOCK EXCHANGE AVERAGE 86.65 NET CANGIS 7260

TOTAL STOCK ASSETS ARE S 1341.75
TOTAL CASE ASSETS ARE S 8013.46
TOTAL ASSETS ARE S 9355681

DO YOU VISM TO CONTINUE (YES -TYPE 1 NO -TYPE 0)7 1
*AT IS YOUR TRANSACTION IN
IMP
MCA? 6
LOW? 10
AOC? 10
ass? to

**1.*******

STOCK
UNC
RCA
LOW
ARC
COS

END or DAYS TRADING

PRICE/SMARR HOLDINGS
78 6
52.5 7
105 11
103.85
91.5

11
81

VALUE
432
367.5
1155
1135.75
1981.5

MET PRICE GRANGE
865
7165
-a-

4.75
.75

1122 YORK STOCK EXCHANGE AVERAGES 54.85 NET ChiANGES 78

TOTAL STOCK ASSETS ARE S 5011.75
TOTAL CASK ASSETS ARE S 4281698
TOTAL ASSETS ARE S 9833.67

DO YOU MUM TO CONTINUE (YES -TYPE 1. NOTYPE 0)7 0
WIPE YOU -MAO rumtt

tfAO '
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100 REN STOCK MARKET SIMULATION STOCH
101 REM REVISED 6116170 CD. PESSEL. L. BRAUN. C. LOWX)
102 REN INPVRRLSt ANRKT THUD SAPS 85BREROE FEES C;111 CSH ASSTS)
103 REM C5 -TTL CSH ASSTS CTENP)A CtI)CRNO IN STK UAW D -TTL ASSTS/
104 HEN 111.112LRO CHUG MISCJ ISTCK OA Il.IIISTCES V LAG CREW
105 REM Wa2 -1.Ra CHUG DAY =TS/ P5 TTL DAYS PRCHSSA PCI) -PRTFL CMTNTSJ
106 REM 29 -NEV CYCL23 54S611 OF.A1 S50TTL.DYS SASS SCI)VALUS/SHRi
107 REM T -TTL STCH ASSTS) T5TTL.VAL OF TRNSCTNSJ
108 REA 231.116 CMOS 311SNLL CHNBC4S1,3 Z4.ZS,Z6NYSE AVE.3 Z(I)TIIMSCTN
109 PRINT TAB(90)3"THE STOCK MARKET".
110 DIN SC5).P(5).Z(5).C(5)
112 REM SLOPE OF MARKET TREMD1A (SANE FOR ALL STOCKS)
113 RANDOMIZE
114 LET AmINTt(RND(X)110)*100+.5/1100
115 LET T5a0
116 LET X9400
117 LIT 21m0
118 LET N20
119 LET E100
180 LET EB.0
121 REN INTRODUCTION
121 PRINT "DO YOU WANT THE INSTRUCTIONS (YESTYPE 1. N0 -TYPE 0)"1
123 INPUT Z9
124 PRINT
125 PRINT
126 IF-1941 THEN 200
130 PRINT "THIS PROGRAM PLAYS THE STOCK MARKET. YOU MILL BE GIVEN"
132 PRINT "610.000 AND KAY BUY OR SELL. STOCKS. THE STOCK PRICES MILL"
LIA PRINT "BE MINERATED RANDOMLY &AD THEREFORE THIS MODEL DOS NOT"
135 PRINT "REPRESENT EXACTLY VKAT'HAPPENS OM TilEIXCHANGE. A TABLE"
136 PRINT "OF AVAILABLE STOCKS. THEIR PRICES. AND THE NUNDER'OF SNARES ".
137 PRINT "IN YOUR PORTFOLIO WILL At PRINTED. 'FOLLOWING THIS. TAW
13$ PRINT "INITIALS OF MCA STOCK WILL BE PRINTED VITA A QUESTION"
139 PRINT "NANG' HERE YOU-INDICATE-A TRANSACTION. -TO. BUY A STOCK"
SAO PRINT "TYPE TWIN. TO SELL A'STOCK TYPE 10111. SUCRE NNW IS TAB"-
141 PRINT "NUMBER OF SHARES. A BROKERAGE FEE OF 12 WILL 111-011110222"
142 PRINT "ON ALL TRANSACTIONS. NOTE THAT IF A STOCK'S VALUE-DROPS"
143 PRINT "TO ZERO IT NAY REBOUND TO A POSITIVE VALUE.AGAIN. YOU"
144 PRINT "HAVE 210:000.TO INVEST. USE INTEGERS FOR ALL TOUR INPUTS."
1I5 PRINT "(ROTES' TO GET A"'FICAL° FOR TAR MARKET RIAUFOR AT LEAST"
146 PRINT "10 DAYS)"

. _

147 PRINT " GOOD LUCK!
200 REN'AXNERATION OF STOCK TABLES INPUT REQUESTS
210 BEN INITIAL-STOCK VALUES
SOO LET'S(I)O100
230 LET $11111.68
040 UST 8C31.190
260 LET 8141.140
860 LET 2(5)110
865 REM INITIACTS 0 DAYS FOR FIRST TREND SLOPE (A)
066 LET.T6sINT(4.994ANDCX).1)
657 NEN RANDOMIZE SIGN OF FIRST TREND SLOPE CA)
2641 IF AND(X)f..5 TRAM 270
269 LET Analk-
270 RBA RANDOMIZE INITIAL VALUES
ISO 00526 630'
935 BEN INITIAL PORTFOLIO CONTENTS
950 yea-tat-to

.

300 LET P(I)00
305 LET 1(11.1103

310 NEXT
22D PRINT-
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330 PRINT
333 MN-INITIALIZE CASH ASSETSSC
335 LET- C:10000
338 REM PRINT INITIAL PORTFOLIO
340 PRINT "STOCK";" "."INITIALS","PRICR/SHARE"
350 PRINT "INT. EALLISTIC.NISSILES",* 1801".4(1)
352 PRINT "RED CROSS- OF-AMERICA "," awisca)
354 PRINT "LICHTENSTEIN. BUNMAP A JOKE"." LBJ",S(3)
356 PRINT "AMERICAN BANKRUPT CO."." ASCR.S(4)
358 PRINT "CENSORED BOOKS STORE"." CBS".845)"
360 PRINT
361 REM NYSE AVERAGE /ZS/ TEMP. VALUESZ4S NET cmasesszo
363 LET Z45
364 LET Z50
365 LET T0
370 FOR Ill TO 5
375 LET ES445+S(1)
380 LET TT+S(1)0(1)
390 NEXT
391 LET ESINTC10010(Z5/5)+.5)/100
392 LET Z6wINTS(Z5Z4)111100+4,/100
393 REM TOTAL ASSETSM'
394 LET DT*C
395 IF X9s0 THEN 398
396 PRINT "NEV YORK STOCK EXCHANGE AVERAGES "Z5
397 00-TO 399
398 PRINT "HEW YORK STOCK EXCHANGE AVERAGES "Z5" NIT CHANGES "Z6
399 PRINT
400 LET TINT(100*T+4)/100
4D1 PRINT "TOTAL STOCK-ASSETS AM $ "1T
403 LET C.11111100*C+.5)/100
405 PRINT *TOTAL CASH ASSETS ARE "1C
407 LEI ININT41000)..5)/100
408 PRINT *TOTAL ASSETS'ARE 11"$0
410 PRINT
411 IF.X91100 THEN 416
412 PRINT "DO YOU NISH TO CONTINUE (YESTYPE I. NOTYPE 0)"1
413 INPUT 59
414 IF 5941 THEN 998
416 REM INPUT TRANSACTIONS
460 PRINT "WHAT IS.TOOR TRANSACTION IN"
430 PRINT "1811"1'
440 INPUT MS
450 PRINT "RCA",
460 INPUT Ot2)
470 PRINT "LW",
480 INPUT. X(31
490 PRINT "ABC",
SOO 'INPUT Z(4)
510 PRINT "CIS",
800 INPUT 145)
8I5 PRINT
830 BEM -TOTAL DAY'S PURCHASES IN SIPS
540 LET P50
850 REM TOTAL DAY'S SALES IN 5155
560 LET 5500
570 FOR 1.1 TO 5
875 LET Z(1)INT(Z(1)..5)
860 IF ECIIa60 THEN-610
500 LOT AVAPS4411)*I5CI)'
600 40 TO 620
610 LIT SS25ZSISSSCIS
612 IV E(1)42.PCIS THEM 620
614 PRIM "YOU HAVE OVERSOLD A STOCKS TRY AGAIN."
616 00.TO 420

.

640 MKT I
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682 RIM TOTAL VALUE OF TRANSACTIONSIT5
625 LET TSP5+55
630 RIM BROKERAGE FEEI85
640 LET 85INTC.01*T6*100+4/1100
650 BEN CASICASSIITSOLD CASH ASSETS -TOTAL PURCHASES
652 REM - BROKERAGE FUS+TOTAL SALXSICS
654 LET C5CP525+55
656 1r C5P0 THEN 874
656 PRINT "YOU HAVE USED SwC5" NO
RE THIN'YOU HAVE."
660 SO TO 420
674 LET CC5
675 1111M CALCULATE NSW PORTFOLIO
680 FOR lal TO 5
690 LET P(1)aP(1)+ZCI)
100 NUT
710 REM CALCULATE NEW STOCK VALUES
790 GOS09 830
750 SRN PRINT PORTFOLIO
751 REM BELL RINGINGDIFFERENT ON MANY COMPUTERS
752 FOR Is1 TO 20
753 PRINT MS(135).1
754 NEXT I
755 PRINT.
756 PRINT "********** END OF DAY'S TRADING"
757 PR/ST
754 PRINT
759 IF-31941 THEN 769
769 PRINT "STOCK"."PRICICISHARI","HOLDINGS","VALUZ"."NSTPRIOX CHAISE"
770 PRINT "IMP, SCl/i PC1/* SCIPIPC1), CC17
771 PRINT "RCM** UM. PCS/8 SCOUPCOs CCM
772 PRINT "LW". SO/. P(3). SC3711PC3/, C(3)
773 PRINT "ABC". St4). P(4). SC4POPC47, CIO
774 PR/NT "CDS".. SC54 PC5), SC5)*PC5/i CC57
775 LEI 119411"

.

ISO PRINT
790 PRINT
801 40.TO 360
449 REM NEW STOCK VALUES susmotnin
830 REM RANDOMLY PRODUCE MEW STOCK.VALUILS BASED ON PREVIOUS
831 REM DAY'S VALUES
532 UN NI,112 ARE RANDOM NUMBERS OF DAYS WHICH RESPECTIVELY
633 RIM DETERMINE WHEN STOCK Il WILL INCREASE 10 PTS. AND STOCK
424 REM I2 WILL DECREASE 10 PIS.
240 HEN IF NI DAYS HAVE PASSED. PICK AN II. SET K1, DETERMINE NEW Ml
441 IF 2104 THIN 850
845 LET 11111114.894Rup(30.1)
844 LET 211MTC4.99*ORNDIX/44)
847 LET 211
450 REM IF 112 DAYS HAVE PASSED. PICK AN 11. SET Elm DETERMINE MEW NB
851 IF NOPO THEM 860
455 LET 12INT(4.99*RMDCK).1)
846 LET 112111114.99,21101104.1/
657 LET 241

.

160 RIM DXDOCT ONE DAY mom Ni AND NO
mml LET 111114111
862 LET 112121
IMO RIM LOOP THROUGH ALL STOCKS
900 FOR loll TO 5
913 LIT XIORMDCK,
915 IF ZIi.25 THEN 920

916'I"
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916 LET X1.25
917 00 TO 935
920 IF X12..30 THEN 925
921 LET X1.50
922 GO TO 935
925 IF X1s.75 THEN 930
926 LET X1.75
927 00 TO 935
930 LET Xlm0.0
931 REM DIG CHANGE CONSTANT$V3 (SET TO ZERO INITIALLY)
93$ LIT 830'
936 IF 1141 THEN 945
937 IF INT(114,4)4>INT(14..5) THEN 945
938 REM ADD 10 PTS. TO THIS STOCK; RESET 81
939 LET V$.10
943 LET £1.0
943 IF 1211 THEN 955
947 IF INT(1244)4>INT(1.0.5) THEN 955
948 HEN SUBTHACT 10 PTS.-FROR THIS STOCK; RESET E2
949 LET 1,3013 .10-
953 LET Wino
95s REM C(I) IS CHANGE IN STOCK VALUE
955 LET C(1)aINT(A*S(I))+1C14,INT(3641,1111D(X)+.5)443
956 LET C(I)INT(1004)0(1).0.5)/100
987 LET S(I)SCIPOI(I)
960 IF SCl/s0 THIN 967
964 LET C(I))
965 LET S(I)0
966 GO TO 970
967 LET S(I)INT(100*S(I)44)/100
972 NEXT I--
972 REM AFTER T8 DAYS RANDOMLY CHANGE TREND SIGN AND SLOPE
973 LIT.T8T81
974 IF T841 THEN 985
SOO RETURN.
906 REM RANDOMLY CHANGE TREND SIGN AND SLOPE (A), AND DURATION OF
984 REM OF TREND (12)

.

990 LET T8 INT(40991111IND(X)4,1)
992 LET APINTC(RIS(X)/10)*100.P.5)1100
993 LET SAORNO(K)
804 IF 344..5 THEN 997
995 LET AA
97 RETURN
991 PRINT "HOPE YOU HAD FUN11"
999 END

92



DISCIPLINE CALCULUS-GRADE 13

SUBJECT AREA OF A SURFACE OF

REVOLUTION

PROGRAM NAME SURFA 1:

DESCRIPTION:

This program approximztes the area of a surface of revolution, by
computiyig lateral areas of frustrums of cones of revolution.

OBJECTIVES:

IL The saving of time in computations.

B. Thee, speedy demonstration of limiting processes.

C. The 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 sho aid 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 = it 1 (r
1 r 2)

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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AREA OF A suarAcs OF REVOLUTION

THIS PROGRAM APPROXIMATES THE AREA OF A SURFACE OF
atvoLutiom BY COMPUTING LATERAL AREAS OF FRUSTUMS OF CONES
OF REVOLUTION. TYPE IN YOUR FUNCTION OF X (YF(X)).
WHOSE GRAPY MILL BE ROTATED ABOUT THE X AXIS, AS FOLLOWS*

1 GO TO 800
300 DEF FNY(X)...(YOUR FUNCTION OF X)...
RUN

FOR EXAMPLE. TO USE THE FUNCTION YeXtO YOU WOULD TYPE*

1 SO TO 800
300 DEF FNY(X)XtB
RUN

YOU NIGHT TRY THAT AS YOUR FIRST RUN.
END EACH LINE. INCLUDING 'RUN'. WITH THE 'RETURN' KEY.

READY

1 GO TO 800
300 DEF FNY(X)Xt6
RUN

MAT ARE THE ABSCISSAS OF THE END POINTS OF THE SECTION
TO BE CONSIDERED (SMALLER FIRST* P.Q51 3.11

NUMBER OF
SUBINTERVALS

SUM OF
APPROXIMATING AREAS

II CHANGE
IN SUM

1 88807671 NO PREVIOUS VALUE
a 3114.68119 11.68411
4 317.6819 8:161843
8 315.3346 .7416313
16 314.7434 .1876635
38 314.5933 .04769154
54 314.5557 .01197374
188 314.5461 3.085796E -3

MOULD YOU LIKE TO TRY NEW END POINTS (1 -YES. 0..110)? 0
TO ROW A SEW FUNCTION YOU NZED-ONLY-RETYPE LINE-
300 AO 'WV. SEE INSTRUCTIONS FOR MORE DETAILS.
IF TOO ARE FINISHED. TYPE '14 AND THE 'RETURN' -KEY.

READY

1

O
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100 REM AREA OF A SURFACE OF REVOLUTION. Q. J. O'CONNOR. 7/12/68
101 REM REVISED 8/21/70.(0. PESSEL)
105 PRINT TABC17)) "AREA OF A SURFACE OF REVOLUTION"
106 PRINT
110 PRINT " THIS PROGRAM APPROXIMATES THE AREA OF A SURFACE OF"
180 PRINT "REVOLUTION BY COMPUTING-LATERAL AREAS OF FRUSTUMS OF CONES"
130 PRINT "OF REVOLUTION. TYPE IN YOUR FUNCTION OF X CrF(X)),"
131 PRINT "WHOSE GRAPR WILL BE ROTATED ABOUT THE X AXIS, AS FOLLOWS."
150 PRINT
160 PRINT " 1 80 TO 200"
170 PRINT " 300 DEF FNY(X)=...(YOUR FUNCTION OF X)..."
180 PRINT " RUN"
185 PRINT
186 PRINT "FOR EXAMPLE. TO USE THE FUNCTION YX.2 YOU WOULD TYPE."
187 PRINT
188 PRINT " 1 40 TO 200"
189 PRINT " 300 DEF FNYXX)X.8"
190 PRINT " RUN"
191 PRINT
192 PRINT "YOU MIGHT TRY THAT AS YOUR FIRST RUN."
193 PRINT "END EACH LINE, INCLUDING 'RUN'. WITH THE RETURN' HEY."
195 STOP
goo REM COMPUTATION SECTION OF PROGRAM
820 PRINT "WHAT ARE THE ABSCISSAS OF THE END POINTS OF THE SECTION"
230 PRINT "TO BE CONSIDERED (SMALLER FIRSTS P.Q) "J
240 INPUT P.O

.

245 IF P4.41 THEN 850
846 PRINT."P CANNOT BE GREATER THAN 21"
SC7 GO-TO 220
250 PRINT
260 PRINT "NUMBER OF SUM OF 2 CHANGE"
270 PRINT "SUBIUTERVALS APPROXIMATING AREAS IN SUM!'
280 PRINT "
285 LET El°
300 DEF FNY(X)X.2
305 FOR Nal-TO 9
310 LET E4.21(N ...1)
320 LET Ha(4242)/E
330 LET SO)
340 FOR IUD TO (21)
350 LET 2AFNY(P*1*I4H)*Fuy(p+/*H)
360 LET NWYCP+1*411)FMT(P*1.0)
370 LET L3.141596.0*S2R(M*102,140'
380 LET 5.5.01
390 NEXT I
395 IF S1A0 THEN 405
396 LET VA100.1(ABS(S51))/(.2.41)/2)
399 IF 51.10 THEW 405
*00 PRINT.E.S." ".2
402 IF-114112 THEN 420
404 00 TO.407
405 PRINT E.S." "."NO PREVIOUS VALUE"
407 LET SIS
410 NEXT 4.
440 PRINT
430 PRINT "WOULD YOU LIKE TO TRY NEW END POINTS ClYES. 0..M0)".
431 INPUT 21
434 IF 01.00.THEN 220
440 PRIM? "TO ENTER A NEW FUNCTION YOU NEED ONLY RETYPE LINE"
450 PRINT "300 AND 'RUN'. SEE INSTRUCTIONS FOR MORE DETAILS4"
460 PRINT "IF YOU ARE FINISHED, '1' AND THZ 'RETURN' -HEY."
500 - .

*-141e.'
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DISCIPLINE CALCULUS - GRADE 13

SUBJECT VOLUME OF ANY SOLID

OF REVOLUTION, (ANALYTICALLY

DEFINED)

PROGRAM NAME

DESCRIPTION:

V OLSOL

Through the use of cylindrical discs, the program 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.

OBJECTIVES:

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

PRELIMINARY PREPARATION:

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.

y = f(x)

Rotated about the
x -axis

Approximation of Volume of Revolution by Cylindrical Discs.
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VOLUME OF A SOLID OF REVOLUTION

THIS PROGRAM USES CYLINDRICAL DISCS TO APPROXIMATE
THE VOLUME OF A SOLID OF REVOLUTION. THE SOLID IS GENE-
RATED BY ROTATING ABOUT THE X -AXIS THE AREA BOUNDED BY
Y=F(X), THE LINES X=A AND X=8, AND THE X-AXIS.

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

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

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

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
HUN

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 PREY. VALUE, OR IT WAS ZERO
2 306.7959 NO ?REV. VALUE, OR IT WAS ZERO
4 939.5624 206.25
8 1400.955 49.10714
16 1669.476 19.16702
32 1813.291 8.614392
64 1887.594 4.097653
1'28 1925.344 1.999911
256. 1944.369 .9881206
512 1953.918. .4911339
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WOULD YOU LIKE TO TRY YOUR OWN 'NUMBER OF CYLINDERS' (1-YES, 0 -NO)? 1

HOW MANY CYLINDERS WOULD YOU LIKE TO TRY? 700

FOR 700 CYLINDERS THE VOLUME IS 1956.487

WOULD YOU LIKE TO TRY AGAIN (1-YES, 0-NO)? 0

*****

WOULD YOU LIKE TO TRY NEW VALUES OF A AND B (1-YES, 0-NO)? 0
TO USE A NEW FUNCTION YOU NEED ONLY RETYPE LINE 220 AND
'RUN'. SEE INSTRUCTIONS FOR MORE DETAILS.
IF YOU ARE FINISHED, TYPE '1' AND THE 'RETURN' KEY.

READY

1
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100 REM VOLUME OF A SOLID OF REVOLUTION, Q. J4 O'CONNOR, 8/1/68
101 REM REVISED 8/24/70 CD. PESSEL)
110 PRINT TAB(15):"VOLUME OF A SOLID OF REVOLUTION"

111 PRINT
115 PRINT" THIS PROGRAM USES CYLINDRICAL DISCS TO APPROXIMATE"
117 PRINT"THE VOLUME OF A SOLID OF REVOLUTION. THE SOLID IS GENE-"
120 PRINT"RATED BY ROTATING ABOUT THE X-AXIS THE AREA BOUNDED BY"
130 PRINT"Y=F(X), THE LINES X=A AND X=13, AND THE X!-AXIS."

135 PRINT
140 PRINT"TO INPUT YOUR FUNCTION OF X CY=FCX)) TYPE AS FOLLOWS:"

141 PRINT
145 PRINT" 1 GO TO 200"
150 PRINT" 220 DEF FNY(X)=...CYOUR FUNCTION OF X)...."
160 PRINT" RUN"
161 PRINT
165 PRINT"FOR EXAMPLE, TO USE THE FUNCTION Y=Xt2 YOU WOULD TYPE:"
166 PRINT
167 PRINT" 1 GO TO 200"
168 PRINT" 220 DEF FNY(X)=X12"
169 PRINT" RUN"
170 PRINT
175 PHINTHYOU MIGHT TRY THAT AS YOUR FIRST EXAMPLE."
176 PRINT"END EACH LINE, INCLUDING 'RUN', WITH THE 'RETURN' KEY."
180 STOP
199 PRINT
200 PR/NT"WHAT ARE YOUR VALUES FOR A AND B (SMALLER FIRST: A,B)";
210 INPUT A,B
211 IF A413 THEN 214
212 PRINT"A MUST BE SMALLER THAN B!"
213 GO TO 200
214 PRINT
215 PRINT"NUMBER OF SUM OF % CHANGE"
216 PRINT"CYLINDERS CYLINDER VOLUMES IN SUM"
217 PRINT"
218 LET V1=0
220 DEF FNY(X)=Xt2
230 FOR N=1 TO 10
240 LET D=2tCN-1)
250 LET H =CB -A) /D
260 LET V=0
270 FOR I=0 TO (D-1)
280 LET Y=FNY(A+I*H)
290 LET V=V+3.14159*Y*Y*R
300 NEXT I
305 IF VI=0 THEN 315
307 LET P=100*(ABSCV.-V1))/V1
310 PRINT D,V,"
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312 IF P<.5 THEN 33U
313 GO TO 3113
315 PRINT D,V," NO PREV. VALUE, OH IT WAS G&W"
31b LET V1=V
32U NEXT N
33U PRINT
333 PRINT
334 PHINT"WOULD YOU LIKE TO THY YOUR OWN 'NUMBER OF CYLINDERS' (1-.YES";
335 PRINT", 0 -NO) ";
336 INPUT 415
337 IF Q541 THEN 377
33b PAINT"HOW MANY CYLINDERS WOULD YOU LIKE TO TRY";
339 INPUT Dl
34U IF DI>1 THEN 343
341 PAINT"NUMBER OF CYLINDERS MUST BE GREATER THAN GEHOl"
342 GO TO 33d
343 IF D141000 THEN 347
344 PRINT"THIS IS A VERY LARGE NUMBER OF CYLINDERS AND MAY TAKE"
345 FRINT"A'LONG TIME TO RUN."
347 LET V2=U
34b LET H128(13A)/D1
349 LET D1=INT(D1+05)
350 FOR I=0 TO (D1 -1)
352 LET Y1=FNY(A+I*H1)
354 LET V2=V2+3.14159*Y1*Y1*H1
356 NEXT I
35b PRINT
360 PRINT "FOR "DI" CYLINDERS THE VOLUME IS "V2" ."
362 PRINT
363 PRINT"WOULD YOU LIKE TO TRY AGAIN (1 -YES, U.4J0)";
364 INPUT Q6
365 IF 416,0 THEN 33b
377 PRINT
378 PRINT"*****"
379 PRINT
3d0 PRINT"WOULD YOU LIKE TO THY NEW VALUES OF A AND B (1 -YES, 0 -NO) ";
382 INPUT QI
384 IF Q12.0 THEN 199
3166 PRINT"TO USE A NEW FUNCTION YOU NEED ONLY RETYPE LINE 220 AND"
388 PRINT"RUN'. SEE INSTRUCTIONS FOR MORE DETAILS."
390 PRINT"IF YOU ARE FINISHED, TYPE 'I' AND THE 'RETURN' KEY."
SOO END
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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 f low 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
production 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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.61

WOULD YOU LIKE TO THY TWO DIFFERENT CURAENTs AT THE SAME
TIME (YES=1; NO=0)? 0
WOULD YOU HATHEK THY ANOTHER CUHHENT (YES=1; NO=0)? 1

ENTER YOUR VALUE OF CURRENT? 6

THE MAGNITUDE OF THE FIELD DECREASES FROM 9 TO U.
9 IS THE HIGHEST POSSIBLE FIELD STRENGTH.. AND U
(WHICH MEANS A ZERO FIELD) THE LOWEST.

METERS
-1.2 -.6 0 .6 1.2

METERS +000.000.÷000000 000+040000000+00005005 +
1.2 2222222222222222222222222
1.1 0 22222222222222222222222222222
1 0 222222222222 222222222222
.9 . 2222222222 2222222222
.8 22222222 3333333333333 22222222 .
.7 .22222222 333333 333333 22222222.
.6 .222222 3333 444444444 3333 222222.
.5 .22222 3333 44 555 44 3333 22222.
.4 .2222 333 44 55 56666 55 44 333 2222.
.3 .2222 33 44 5 67 888 76 5 44 33 2222.
.2 .222 333.44 56 9 9 65 44 333 222.
.1 .222 33 4 5 9

9 5 4 33 222.
O .222 33 4 56 is 65 4 33 222.
-.1 ,222 33 4 5 9 9 5 4 33 222.
-.2 .222 333 44 56 9 9 65 44 333 222.
-.3 .2222 33 44 5 67 8613 76 5 44 33 2222.
-.4 .2222 333 44 55 66666 55 44 333 2222.
-.5 .22222 3333 44 555 44 3333 22222.
-66 .222222 3333 444444444 3333 222222.
-.7 .22222222 333333 333333 22222222.

22222222 3333333333333 22222222 .
-.9 2222222222 2222222222 0

222222222222 222222222222
-1.1 22222222222222222222222222222
-1.2 2222222222222222222222222

+000000000+000000660+006010000+000550e04.

Copyright 1971, Polytechnic Institute of Brooklyn
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WOULD YOU LIKE TO THY TWO DIFFERENT CURRENTS AT THE SAME
TIME (YES=1; NO=0)7 1

THE TWO CURRENTS WILL BE SEPARATED BY 1.0 METER. (NOTE: IF
THE CURRENTS ARE TO BE OPPOSITELY DIRECTED, STATE ONE OF THEM
AS A NEGATIVE VALUE).
ENTER THE TWO CURRENTS? 4s-d

METERS

METERS
1.2
1.1
1

.9

-1.2 -06 U .6 1.2

.+ +.

11111111111 222222222222222222222
111111111 22222222222222222222222222.
11111111 2222222 222222.
1111!111 22222 333333333333 222.

.b 111111 2222 3333333 333333 2.

.7 11111 222 3333 4444444444 3333

.6 11111 222 333 4444 555555 444 333

.5 1111 22 3 44 555 666666 55 44 33.

.4 111 2 3344 555 666 77 7 6 55 4 3.

.3 III 2 3 45 66 777 d 9 76 5 4

.2 111 2 67b bbbb 9 876 544

.1 111 23469 9999 b 65 4
1112 3 7 + 15765 4

-.1 111 23469 9999 b 65 4
-.2 111 2 676 dddEs 9 b76 544
.3 111 2 3 45 66 777 b 9 76 5 4
-.4 111 2 3344 555 666 77 7 6 55 4 3.

1111 22 3 44 555 666666 55 44 33
-.6 11111 222 333 4444 555555 444 333
-.7 11111 222 3333 4444444444 3333

111111 2222 3333333 333333 2.

1111111 22222 333333333333 222.
11111111 2222222 222222.
111111111 22222222222222222222222222.
11111111111 222222222222222222222

+.

RUT 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 DIRECTED, STATE ONE OF THEM
AS A NEGATIVE VALUE).
ENTER THE TWO CURRENTS? 4,4

3
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METERS
-1.2 0 .6 1.2

METERS .+
1.2 .22222222222222222222222222222222222222222.
1.1 .222222222 222222222.
1 .22222 22222.

.22 3333333333333333333 22.
.8 33333333333333333333333333333
.7 33333333333333333333333333333333333
.6 33333 3333333 33333
.5 .3333 44444444 33333 44444444 3333.
.4 .333 444 555 444 33333 444 555 444 333.
.3 .33 44 5 666 5 4 33333 4 5 666 5 44 33.
.2 .3 44 56 8 b 6543 2 3456 8 b 65 44 3.
.1 .3 44 5 b b 432 1 234 b 8 5 44 3.

.3 44 567 + 64 101 46 + 765 44 3.
' 0,1 .3 44 5 8 b 432 1 234 8 8 5 44 3.
-.2 .3 44 56 8 b 6543 2 3456 b b 65 44 3.
-.3 .33 44 5 666 5 4 33333 4 5 666 5 44 33.
-.4 .333 444 555 444 33333 444 555 444 333.
-.5 .3333 44444444 33333 44444444 3333.
6 33333 3333333 33333

33333333333333333333333333333333333
-.8 33333333333333333333333333333

.22 3333333333333333333 22.

.22222 22222.
1.1 222222222 222222222.

.4.2 .22222222222222222222222222222222222222222.
.+ +.

WANT TO TRY AGAIN (YES=1) N0,00)? 1

THE TWO CURRENTS WILL BE SEPARATED BY 1.0 METER. (NOTE: IF
THE CURRENTS ARE TO BE OPPOSITELY DIRECTED, STATE ONE OF THEM
AS A NEGATIVE VALUE).
ENTER THE TWO CURRENTS? 40°.4

4
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METERS
-1.2 -.6 0 .6 1.2

METERS .+ +.
1.2 11111111111111111111111111111
1.1 11111111111111111111111111111111111
1 111111111111111111111111111111111111111 .

.9 .111111111111 111111111111.

.8 .11111111 22222222222 11111111.

.7 .111111 222222222222282222222 111111.

.6 .1111 22222 22222 1111.

.5 .111 222 3333333333333333333 222 111.
,4 .11 222 33 44444444444444444 33 222 11.
.3 .1 222 3 4 55 55555555555 55 4 3 222 1.

.2 .1 22 3 bb 7 66 66 7 bb 3 22 1.

.1 22 3 4 7 9 7 666 7 9 7 4 3 22
22 3 6 + 7 7 6 3 22

-.1 22 3 4 7 9 7 666 7 9 7 4 3 22 .

-.2 .1 22 3 88 7 66 66 7 bb 3 22 1.

-.3 .1 222 3 4 55 55555555555 55 4 3 222 1.

-.4 .11 222 33 44444444444444444 33 222 11.
-.5 .111 222 3333333333333333333 222 111.

.1111 22222 22222 1111.
-.7 .111111 222222222222222222222 111111.
-.8 .11111111 22222222222 11111111.
-.9 .111111111111 111111111111.
-1 111111111111111111111111111111111111111 .

-.1.1 11111111111111111111111111111111111 .

-1.2 11111111111111111111111111111
.+ +.

WANT TO TRY AGAIN (YES=IJ NO=0)? 0
WELL I GUESS YOU'RE ALL THROUGH. THANKS-. SEE Y'A

14EADY
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1REM A.C. CAGGIANO1 PATCHOGUE H.S.; PHYSICS1
2 REM THIS PROGRAM PERMITS A STUDENT TO VISUALIZE THE MAGNETIC
3 REM INDUCTION ABOUT A SINGLE CONDUCTS..'? AND THE INFLUENCE OFTHE
4 REM CURRENT ON THE MAGNITUDE OF THE FIELD. THE STUDENT MAY ALSO
5 REM VIEW THE MAGNETIC FIELD DUE TO TWO CURRENTS IN THE
6 REM SAME OR OPPOSITE DIRECTIONS.
7 REM
aim IT SHOULD BE NOTED THAT THE PRINTOUT FOR EACH FIELD PLOT TAXES
9 REM ABOUT 4 MINUTES
10 REM
11 REM REVISED BY L. BRAUN AND C. LOSIK 7-28..70
12 REM
13 GO TO 24C
20 PRINT"THIS PROGRAM WILL PERMIT YOU TO EXPLORE THE MAGNETIC FIELD"
30 PRINT"ASOUT A CURRENT DIRECTED INTO THE PAGE AS A FUNCTION OF TH2"
43 PR1NT"CORRENT MAGNITUDE."
.50 PRINT -

60 PRINT"WRAT WILL BE YOUR INITIAL CURRENT (SELECT POSITIVE VALUES"
7) PRINT"BETWICEN 1 AND 8 AMPERES)."
80 PRINT"ENTER YOUR VALUE.OF CURRENT";
90 INPUT 11
95 IF ABSCI1)=8 THEW 110
100 IF AZSCII)==1 THEN 130
110 PRINT"C"NON NOV" ENTER PROPER VALUES."
120 GOTO 80-
130 IF 100 THEN 180
140 PRINT
150 PRINT "THE MAGNITUDE OF THE FIELD DECREASES FROM 9 TO O. "
155 PRINT "9 IS THEHIGHEST POSSIBLE FIELD STRENGTH, AND 0"
160 PRINT "CWRICH MEANS A ZERO FIELD) THE LOWEST."'
170 PRINT
Igo aosun 440
190 LET Z=101
200 PRINT-
210 Irxxn THEN 240
220 PRINT"SELECT A DIFFERENT CURRENT."
230 20TO 50
240 PRINT"VOULD ICCU LIKE TO TRY TWO DIFFERENT CURRENTS AT THE SAKE"
250 PRINT"TIME CYES11 110.10)";
260 INPUT.Q-

-.-

270 IF Q.1 THEM 330
875 IF 614=0 THEM 240
280 PRINT"VOULD YOU RATHER TRY ANOTHER CURRENT CYES1; NO=0)"/
890 INPUT-12
300 IF P=1 THEN 80
305 IF Pc4 THEN 280
310 PR1NT"VELL I GUESS YOU'RE ALL THROUGH. THANKS"'. SEE rIA"
320 STOP
330 PRINT"THE TWO CURRENTS WILL BE SEPARATED BY 1.0 NITER. MOTES IF
3010 PRINT"T2E cumbers ARE TO BE OPPOSITELY DIRECTED, STATE On or-Tnsmr
350 PRINT"AS A NEGATIVE VALUE)."
360 PRIWT"ENTER THE TWO CURRENTS";
370 INPUT-11mM
350 PRINT
390 502U9 440
400 PRINT"WANT TO TRY AGAIN CYZS=1; 110.20)"/
410 INPUT-P.
420 IF P=1 THEO 330
483 IF P=0 THEM 310
425 00 TO 400
440 PRINT
450 PRINT " "a" ","METERS"
460 PRINT" ".."...1.2 0 .6 1.8"

10?
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470 i81NT " 'METERS"..".* *.
450 FOR Y1.2 TO -1.2 STEPC.1;
WO PRINT ^ "IIN7(10*Y*;5)/10..".";
530 FOR Z" -8 TO 8 STAP(.I)
540 LET X.6*Z
345 LET Y2 -Y *Y
550 IF 1242,1 THEN 730
560 IF ARS(Y)i.001 THEN 640
570 IF ABS(Z*.8)3..001 THEN 610
500 IF 112.0 THEN 600
590 PRIM! "*";
595 00-70 945
400 PRINT "+"I
605 GO-TO 945
610 IF ARS(Z..8)2..001 THEN 640
680 IF 123.0 THEN 600
630 GO 70 590
635 REM RI AND R2 ARE SQUARES 111
640 LET XI -X +.5
650 LET X8 IER.5
660 LET R1a1 *Xl*Y2
670 LET RemX6*X0.072
600 REM PARALLEL WIRES
690 LET H1II*Y/R1+12*Y/R2
695 REM 112.15 REALLY MINUS OF VIM WE HAVE
700 LET H8 loI1 *XI/RI*I8 *I2/R2
710 LET RSQR(H1*H1*HQ*H2)
780 GO TO. 760
730 LET RSGIR(X*X*78)
740 IF A8SIR)4001 THEN 580
750 LET SaABS(II/R)
760 IF R3..001 THEN.000
770 PRINT "0";
760 80' TO 945
610 FOR J1 TO 9
810 IF ARS(82.5*04.75 THEN 840
880 88x7 J
025 PRINT " "I
830 GO-TO 945-
840 IF OPS THEN 900
050 IF J42.1 THEN 860
053 PRINT "1"1
856 GO-TO 945'
060 IF .442,2 THEN 870
863 PRINT "2 "I
066 00-T0 945
870 IF J4.3 THEN 880
873 PRINT "3 "J
076 GO-TO 945-
680 IF 444 THEN 890
883 PRINT "44)
886 60-TO 945
ele IF J411.6 THEN 900,
603 PRINT "5"/
696 GO-TO 945'
100 IF J4s6 THEM 910
903 PRINT "6"I
904 0-TO 945
910 IF J41.7 THEE 920
913 PAINT "7";
916 00-70 945
980 IF .14b8 THEN 930
923 PAINT Ns",
926 GO-TO 945'
030 IF J411.9 THEM 825
933 PRIM "9"i
945 NUT Z-
950 PRINT "."
958 MU 7'
930 PRINT " "seg.+
070 98187
980 attuap

..... .

990 1010 10



DISCIPLINE PHYSICS
THE BOHR ATOM 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 student 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 transition of the electron from a higher to a lower
energy level, the student is given a chance to show what he has learned.
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.

8
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YOU MAY VIEW THE 1 LYMAN 2.BALMER OR 3. PASCHEN
SERIES 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.

7 2

7000
6900
6800
6700
6600

A
A
A
A
A

4500 A- 6564.706
6400 A
6300 A
6200 A
6100 A
6000 A
5900 A
5800 A
5700 A
5600 A
5500 A
5400 A
5300 A
.5200 A
5100 A
5000 A
4900 A
4200 A 4862.745
4700 A
4600 A
4500 A
4400 A
4300 A 4341.737
4200 A
4100 A 4102.941
4000 A
3900 A 3971.242
3800 A 3890.196
3700 A
3600 A 3647.059 SERIES LIMIT
3500 A
3400 A
3300 A
3000 A
3100 A
3000 A

.110
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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 raw A HIGHER
ENERGY STATE (ORBIT) TO A LOWER ONE. IN A PARTICULAR SERIES
THE TRANSITION (JUMP) IS ALWAYS INTO THE SAM' LOVER LEVEL
(ORBIT) FROM ANY HIGHER ONE.
LET'S SEE IF YOU CAN DETERMINE WH/CA TWO ORBITS THE ELECTRON

JUMPED BETWEEN TO GIVE THE LINES THAT HAVE BEEN-DISPLAYED.
THE LOWEST ENERGY'LEVEL (eaoun STATE) IS'NUMBERED ONE.

HIGHER ENERGY LEVELS HAVE HIGHER NUMBERS IN SEQUENCE.

FOR EXAMPLES FROM 4 TO 1 ENTER AS 4,1? 3.4

HEY11 FROM A HIGHER TO A LOVER ENERGY LEVEL.

FOR EXAMPLES FROM 4 TO 1 ENTER AS 4,1? 3,2

GOOD START. THAT GIVES A WAVELENGTH OF 6564.706
THE NEXT LINE IS FORMED BY WHICH TRANSITION? 420-.2

BY esoaacti I DUNK YOU'VE GOT IT!! THE WAVELENGTH IS 48620745
TRY ONE MORE THE NEXT-ONE. ENTER NOV.? 5,2

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

IF YOU WOULD LIKE TO TRY ANOTHER SERIES TYPE IN THE NUMBER
Cf THAT SERIES. IF YOU PANT TO GO ON TO A NEW PART OF
?HZ PAOGRAN'TYPE A
%RICH?? 4

YOU WILL NOV GET AN ENERGY LEVEL DIAGRAM FOR HYDROGEN.
IT SNOWS THE ENERGY OF THE ELECTRON IN THE VARIOUS ENERGY
LEVELS. THE DIFFERENCE BETWEEN THE ENERGY OP THE ELECTRON
IN A HIC1ER LEVEL AND THAT IN A LOWER LEVEL IS THE ENERGY
OF THE'EMITTED PHOTON. E(PHOTON) e E ( HIGHER) - E (LOWER)

0 Copyright 1971, Polytechnic Institute of Brooklyn



CONTINUUM

INFINITY Es 000000
.

N. 6 Es .370001
N. 5 Es .540001
N. 4 Es .850001

No 3 Em 1.510001

NW 9 Es 3.400001

r I I 1,1
BOHR

N 1 E 13.6

FIND THE ENERGIES OF THE PHOTONS GIVEN OFF FOR THE
TRANSITIONS GIVEN BELON.

FROM LEVEL 8 TO LEVEL 1 THE ENERGY OF THE PHOTON IS?? 10.2

GOOD. TRY ANOTHER

FROM LEVEL 4 TO LEVEL 2 THE ENERGY OF THE PHOTON IS?? 9.65

TAR ENERGY OF LEVEL 4 IS -.85
THE ENERGY OF LEVEL 2 IS -3.4

THEIR DIFFERENCE s PHOTON ENERGY w 9.55

FROM LEVEL 4 TO LEVEL 2 THE ENERGY OF THE PHOTON IS?? 9.55

GOOD. TRY ANOTHER

FROM LEVEL 2 TO LEVEL 1 THE ENERGY OF THE PHOTON IS?? 10.2

GOOD. TRY ANOTHER

FROM LEVEL 5 TO LEVEL 2 THE ENERGY OF THE PHOTON IS?? 11.86

GOOD. TRY ANOTHER

FROM LEVEL S TO LEVEL 9 THE ENERGY OF THE PHOTON IS?? 9.86'

=AIX YOU. AND GOODBYE.

READY 112
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BOHR

1 REM JOHN ROSIE NORTHPORT HIGH 7/23/69
90 LET Tel
100 REM REVISED BY C.LOSIK 8 -21 -70

105 REM n IS WHICH PROBLEM, L IS A SERIES WAVELENOTR.A AND B ARE
106 REM UPPER AND LOVER LINITS'OF POSSIBLE SERIES VALUES
120 RANDOMIZE
130 PRINT "YOU MAY VIEW THE 1. LYMAN 2.BALMER OR 3. PASCHEN"
140 PRINT "SERIES BY. TYPING IN THE'NUNBER OF THE SERIES'YOU WANT"
150 PRINT "DISPLAYED, OR TYPE 4 FOR AN'ENERGY LEVEL DIAGRAM."
160 PRINT
170 PRINT " CHOOSE THE NUMBER OF THE PART YOU WOULD LIKE TO SEE.";
180 PRINT
190 LET Gel
SOO DIM S(10)
210 LET J.20
220 INPUT M
222 FOR Quil TO 4
224 tF Mee THEN 235
226 NEXT
228 PRINT "1, 2, 3, OR 4 ONLY, PLEASE!"
230 GO.TO 820
235 PRINT
240 IF M=4 THEN 1200
250 LET 0.M+1
260 LET De12400*Mt2/13.6
270 LET D1mINT (.0134D)
280 GO TO 450
290 FOR IBA TO B STEP -1
300 LET E13.641(1/Mt2"1/Nt2)
310 LET L21124001E'
320 LET PINT C.0141L1
330 IF 101 THEN 430'
340 IF 113 THEN 370
350 PRINT 100411" A"
360 00.TO 410
370 LET J.414.1
380 LET SCONL
390 PRINT 100411" A
400 LET Ne114.1
410 NEXT I
420 GO TO 590
430 PRINT 1004,1" A "12400,11441/13.6" SERIES LIMIT"
440 GO TO 410
450 LET 712124000(M,24,1112)/(13.64.(N12"Mt2))
460 LET YalINTC.01(tY)
470 IF 7415 THEN SOO
480 IF Y470 THEN 530
490 IF 74190 THEM 560
SOO LET.4.115
510 LET 8.05
5120 GO TO 290
530 LET A-70
540 LET B30
550 GO TO 290
50 LET A..190
570 LET B.178
575 IF Gal THEN 480
580 00 TO 290
590 PRINT
GOO PRINT " ACCORDING TO THE BOHR THEORY EACH OF THESE LIMES assair
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BOHR

C.,10 PAINT "FROM THE EMISSION OF A PHOTON DURING THE TRANSITION OF THE"
'620 PRINT "ORBITAL ELECTRON OF AN EXCITED HYDROGEN ATOM FROM A HIGHER"
630 PRINT "ENERGY STATE (ORBIT) TO A LOWER'ONE. IN A PARTICULAR SERIES"
610 PRINT "THE TRANSITION (JUMP) IS ALWAYS IMO THE SAME LOWER LEVEL"
650 PRINT "(ORBIT) FROM ANY HIGHER ONE."
655 LET GaGs.1
660 PRINT " LET'S SEE IF YOU CAN DETERMINE WHICH TWO ORBITS THE ELECTR8
670 PRINT "JUMPED BETWEEN TO GIVE THE LINES THAT HAVE BEEN DISPLAYED."
680 PRINT " THE LOWEST ENERGY.LEVEL (GROUND STATE) IS NUMBERED ONE."'
690 PRINT "HIGHER ENERGY LEVELS HAVE HIGHER NUMBERS IN SEQUENCE."
700 LET F1
710 PRINT
720 PRINT
730 PRINT " FOR EXAMPLES FROM 4 TO 1 ENTER AS 4,1";
735 LET TaT+1
740 INPUT N.M1
750 PRINT
760 IF 41.111 THEN 820
770 IF F.0.1 THEN 800
780 PRINT "HEY11 FROM A HIGHER TO A LOWER ENERGY LEVEL."

_

790 GO TO 710
800 PRINT "OOPS . FROM HIGHER TO LOWER."
810 GO TO 710
820 LET L1012400*(MISO*Ns2)/(I3.6*(Nt2M1t2))
830 IF ABS(LIS(F))4.005 THEN 890
840 IF F>1 THEN 870
850 PRINT "HOPEI! TRY AGAIN."
840 GO TO 710
870 PRINT "SORRY. TRY AGAIN! YOUR FINAL ENERGY LEVEL SHOULD 811"14
800 GO'TO 710
890 IF Pill THEN 930
900 IF Mal THEN 1010
910 IF F412 THEN 970
980 GO TO 1010
930 PRINT "GOOD START. THAT GIVES A WAVELENGTH OF"LI
940 PRINT "THE NEXT LINE IS FORMED BY WHICH TRANSITION";
950 LET FelF4.1
960 GO TO 740
970 PRINT "BY GEORGE!! I THINK YOU'VE GOT IT11 THE WAVELENGTH IS"LI
980 PRINT "TRY ONE MORE THE NEXT ONE. ENTER NOW."'
990 LEY Fl.F.1
1000 GO TO 740
1010 PRINT
1020 PRINT " ANY TRANSITION FROM A HIGHER ENERGY LEVEL INTO THE"
1030 IFNal.THEN 1080
1040 IF Nog THEN 1110
1050 PRINT "THIRD ENERGY LEVEL CAUSES THE EMISSION OF A PHOTON OF THE"
1060 PRINT "PASCHEN SERIES."
2)7) GO-TO 1120
1080 PRINT "GROUND STATE IS ACCOMPANIED BY THE EMISSION OF A PHOTON or

. -
1090 PRINT "LIGHT BELONGING TO THE'LIMAWSZRIES."

.

1100 80-TO 1120'
1110 PRINT "SECOND ENERGY LEVEL YIELDS A PHOTON OF THE BALMER SERIES."
1120 PRINT
1130 PRINT "IF YOU WOULD LIKE TO TRY ANOTHER SERIES TYPE IN THE NURSER"
1140 PRINT "OF THAT SERIES; IF YOU WANT TO GO ON TO A MEN PANT OF"
1150 PRINT "THE PROGRAM.TYPE 4"
1160 PRINT "WHICH?",
1190 GO-TO ego
MOO PRINT
IMO PRINT " YOU WILL NOW GET AN ENERGY LEVEL DIAGRAM FOR HYDROGEN."
1260 PRINT "IT SHOWS THE ENERGY'OF THE ELECTRON IN THE VARIOUS ENERGY"
1230 PRINT "LEVELS. THE DIFFERENCE BETWEEN THE ENERGY OF THE 2LECTRON"
1840 PRINT "IN A HIGHER LEVEL AND THAT IN A LOVER LEVEL IS THE ENERGY"'
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1210 PRINT "OF THREEITTED PHOTON. 6(PHOTON) E (HIGHER) - E (LOVER)"
1260 PRINT
1270 PRINT " CONTINUUM"
1280 PRINT
1890 PRINT "Nis INFINITY i 000000"
1300 LET N6
1310 FOR Il TO 40
1320 LET ToINT(40/N12+.56)
1330 IF IY.THEN 1360
1340 PRI*
1350 80 TO 1380
1360 PRINT "No"N" -"INT(1360/1112)/100+.000001
1370 LET N14-1
1380 USET I
1390 PRINT"
1400 PRINT "FIND THE ENERGIES OF THE PHOTONS GIVEN OFF FOR THE"
1410 PRINT "TRANSITIONS GIVEN BELOV."
1420 LET J0
1430 FOR IO TO TIM
1440 LET Y3o111111M)
1450 NEXT I
1460 FOR Iol TO 80
1470 LET Y3oINTC14.(536RNO(I)))
1480 LET Y4011114.(5*RND(I+1)))
1490 IF T4>Y3 THEN 1510"
1500 NEXT I
1510 PRINT"
1580 PRINT "FROM LEVEL"Y4" TO LEVEL"Y3" THE ENERGY OF THE PHOTON IStmil
1530 INPUT El
1

1540 LET 4./4.1
1850 PRINT
1560 LET E-13.6*C1/(Y4,2)-1/(Y310))
1570 IF ARS(IU-E)>.005 THEN 1610
1580 IF 46 THEN'1660
1590 PRINT "GOOD. TRY ANOTHER"
1600 GO ?0 1460
1610 PRINT "THE ENERGY OF LIVELNY4 " IS"-13.6t(Y4111)
1620 PRINT "THE ENERGY OF LEVEL"Y3 " IS" -13.61CY3t2)
1630 PRINT
1640 PRINT "THEIR DIFFERENCE PHOTON ENERGY on
1650 80 TO 1460'
1660 PRINT "THANK YOU, AND GOODBYE."
1670 END

11.r
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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 ootain 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.

B. Materials - Table of Specific heats

DISCUSSION:

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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(ATARI

HEAT AND CALORIMETRY

YOU HAVE TWO BEAKERS OF WATER
WHAT IS THE MASS (IN GRAMS) AND THE TEMP (IN DEGREES) OF THE
WATER IN THE FIRST BEAKER? 80,50

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

TKE FINAL TEMPERATURE OF THE MIXTURE IS 53.33 DEGREES.

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

YOU'RE CLOSE ENOUGH. THE CORRECT ANSWER IS 266.4 CALORIES.

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

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

WANT TO TRY AGAIN (1 "YES, OnNO) i ? 1

CHOOSE A LIQUID 1 0=WATER, 1"ALCOHOL. WHICH? 1

YOU HAVE TWO BEAKERS OF ALCOHOL
WHAT IS THE MASS (IN GRAMS) AND THE TEMP (IN DEGREES) OF THE
ALCOHOL IN THE FIRST BEAKER? 100.50

WAT IS THE MASS (IN GRAMS) AND THE TEMP (IN DEGREES) OP THE
ALCOHOL IN THE SECOND BEAKER? 100.70

THE FINAL TEMPERATURE OF THE MIXTURE IS 60 DEGREES.

NOV MANY CALORIES WERE INVOLVED IN CHANGING THS TEMP OF
THE FIRST BEAKER FROM 50 TO 60 DEGREES? 1000

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

HOW MANY CALORIES WERE INVOLVED IN CHANGING THE TEMP OF
THE SECOND BEAKER FROM 70 TO 60 DEGREES? 600

YOU'RE CLOSE ENOUGH. THE CORRECT ANSWER IS 600 CALORIES.

WANT TO TRY AGAIN (I,- OuNO) t 1 o

READY
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1 REM A.G. CAGGIAN0; PATCHOGUE H.S.; PHYSICS; 2-'69
2 REM THIS PROGRAM INVOLVES CALORIMETRY EXPERIMENTS OR THEIR

3 REM SIMULATION.
5 REM REVISED BY C.LOSIK 8-25-70
6 REM K TELLS WHICH LIQUID. J TELLS WHICH BEAKER.
7 REM M(J) ARE THE MASSES OF LIQUID. T(J) ARE THEIR TEMPERATURES

80 LET Km0
90 DIM M(2).TC2)
100 PRINT " "."BEAT AND CALORIMETRY"
110 PRINT
112 PRINT
114 PRINT "rrrrrrolrrom
116 PRINT
120 PRINT"YOU HAVE TWO BEAKERS OF";
130 GOSUB 590
140 PRINT"."
150 FOR Jai TO 2
160 PRINT "VHAT IS THE MASS (IN GRAMS) AND THE TEMP (IN DEGREES) OF THE"
170 GOSUB 590
180 PRINT"IN THE";
190 GOSUB 540
200 PRINT"BEAKER";
210 INPUT M(J).T(J)
220 PRINT
230 NEXT J
240 LET T3Cm(1)*T(1)*mc2)*Tc2»,(MCI) --m(2M)
245 LET T3IRINT(100*T3.5)/100
250 PRINT"THE FINAL TEMPERATURE OF THE MIXTURE IS "T3" DEGREES."
260 PRINT
270 FOR J1 TO 2
280 PRINT"HOW MANY CALORIES WERE INVOLVED IN CHANGING THE TEMP OF"
290 PRINT"THE "1
300 GOSUB 540
310 PRINT" BEAKER "A
320 PRINT"FROM "T(J)" TO "T3" DEGREES";
330 INPUT"H
335 PRINT
340 LET GABS(H)
350 LET TrnABSCT3-TCJ»
360 IF 640 THEN390
370 IF S*M(J)*Tim0 THEN 400
380 dOTO 430-
390 IF ADS(CG...S*N(J)*T)/G)0.03 THEN 430
400 PRINT"YOU'RE CLOSE'ENOUGH. THE CORRECT ANSWER IS 1.3
405 GOtO 440
410 PRINT
420 GOT0460
430 PRINT"YOU'RE MORE THAN 3 PERCENT OFF. YOU SHOULD HAVE SAID"
440 PRINT INT(100*StN(J)*M.5)/100 " CALORIES."'
450 PRINT
460 NUT J
465 PRINT
470 PRINT "WANT TO TRY AGAIN (lwYES. OmNO) 1 ";
475 INPUT 41
480 IF 0.0 THEN 660
483 IF Q42,1 THEN 465
485 PRINT "CHOOSE A LIQUID I OmVATER. 1"ALCOHOL. WHICH";
490 INPUT K
500 IF Kt(K -1)<>0 THEW 485
510 GO TO 110"
540 IF Jog-THEN 570
550 PRINT" FIRST "I
560 GOTO 580
570 PRINT" SECOND "I
580 RETURN
590 IF 141 THEN 630
600 PRINT. WATER "I
610 LET Sol
680 60T0650
630 PRINT" ALCOHOL ";
640 LIT Sgm.6
650 RETURN
660 END
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DISCIPLINE PHYSICS

SUBJECT RADIOACTIVE DECAY

PROGRAM NAME DECAY1

DESCRIPTION:

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

OBJECTIVES:

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

PRELIMENARY PREPARATION:

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

B. Materials - none

DISCUSSION:

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.

Individuab 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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DECAY'

.. -THE NEW CLEA CASINO..

MR. A. TOM MICK. GENERAL MANAGER OF THE NEW CLEA CAS/NO,
HAS, AT TIME TO DISCOVERED 100,00D RADIOACTIVE PLAYING
CHIPS AT HIS TABLE. THEIR HALF -LIFE IS 10 MINUTES. EACH CHIP
TRANSMUTES SPONTANEOUSLY AND COMPLETELY IN A RANDOM FASHION.

AT VARIOUS TIMES T. AFTER T+0, YOU MUST DETERMINE WITHIN
A CERTAIN PERCENTAGE. HOW MANY CHIPS ARE LEFT.

TO FURTHER THE INTEREST OF THE GAME, YOU WILL START WITH
$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 HOUSE BEFORE THE CHIPS RUN OUT.

THE HOUSE OFFERS THE FOLLOWING ODDSt
2) 2 To 1 ODDS FOR GUESSING WITHIN 20 PERCENT
4) 4 TO 1 ODDS FOR GUESSING WITHIN 10 PERCENT
e) 8 TO 1 ODDS FOR GUESSING WITHIN S PERCENT.

ENTER THE NUMBER 2, 4, OR 8 FOR THE ODDS YOU WANT AFTER THE
QUESTION MARK IN THE COLUMN LABELLED ODDS.

YOURS HOUSE $ TIME MIN) ODDS

1000 1.000000E+6 7.2 ? 8
HOW MANY CHIPS LEFT ? 60700
ACTUAL NUMBER LEFT LS 60716
YOU WON. TRY AGAIN.

5000 996000 13.9
HOW MANY CHIPS LEFT ? 38150
ACTUAL NUMBER LEFT IS 38164
YOU WON. TRY AGAIN.'

85000 976000 26.9
HOW MANY CHIPS LEFT ? 15500
ACTUAL NIIMRKR LEFT IA IS5043

YOU WON. TRY AGAIN.'

7 8

8

185000 876000 30.7 ? 8
HOW MANY CHIPS LEFT 7 11900
ACTUAL NUMBER LEFT IS 11913
YOU CAN BREAK THE HOUSE IF YOU TRY A LONG SHOT.

625000 376000 48.4 ? 8
HOW MANY CHIPS LEFT ? 3500
ACTUAL NU1MER LEFT IS 3494
TOL/THOM THE HOUSE. YOU NEEDED ONLY THE MINIMUM NUMBER OF GUESSES.
CONGRATULATIONS.
YOU MUST KNOW A LOT ABOUT RADIOACTIVITY AND THINGS.
THANKS FOR PLAYING..

4b

PAY TO THE ORDER OF

CHECK NO. 3499

DATEt

CASH S 1.001000E+6

THE NEW CLEA CASINO A. TOM MICK
GENERAL MANAGER

19 --

DONT SPEND IT ALL IN ONE PLACE.

READY

19
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DECAY'

100 REM RICHARD F. PAU, PATCHOGUE H.S., (PHYSICS) REVISED NOV. 26,1968
105 TAUDOMIZE
110 REM THIS IS A GAME BASED ON RADIOACTIVE DECAY.
120 PRINT ". -- -THE NEW CLEA CASINO - - -"
130 PRINT
440 PRINT " MR. A. TOM MICK, GENERAL MANAGER or THE NEW CLEA CASINOV
150 PRINT "HAS, AT TIME T0, DISCOVERED 100.000 RADIOACTIVE PLAYING"
160 PRINT "CHIPS AT HIS TADLE. THEIR HALF -LIFR IS 10 MINUTES. EACH CHIP"
170 PRINT "TRANSMUTES SPONTANEOUSLY AND COMPLETELY IN A RANDOM FASHION."
180 PRINT
190 PRINT " AT VARIOUS TINES To AFTER Two, YOU MUST DETERMINE WITHIN
MO PRINT "A CERTAIN PERCENTAGE, HOW MANY CHIPS ARE LEFT."
210 PRINT
220 PRINT " TO FURTHER THE INTEREST OF THE GAME, YOU WILL START WITH
230 PRINT "51,000 AND THE soosn-WITs AN UNSPECIFIED AMOUNT; HALF THE"
PAO PRINT "MONEY YOU HAVE WILL RIDE ON EACH GUESS YOU TAKE. LET'S SEE"
250 PRINT "IF YOU CAN BREAK THE HOUSE BEFORE THE CHIPS RUN OUT."'
260 PRINT
270 PRINT THE HOUSE OFFERS THE FOLLOWING ODDSt"
280 PRINT " 2) 2 TO 1 ODDS FOR GUESSING WITHIN 20 PERCENT"
290 PRINT " 4) 4 TO 1 ODDS FOR GUESSING WITHIN 10 PERCENT"
300 PRINT " 8) 8 TO 1 ODDS FOR GUESSING WITHIN 5 PERCENT."
310 PHINT
320 PRINT "ENTER THE NUMBER 2, 4, OR 8 FOR THE ODDS YOU WANT AFTER THE"
330 PRINT "QUESTION MARX IN THE COLUMN LABELLED ODDS."
340 PRINT
350 PRINT "YOUR S", "HOUSE S", "TIME (MIN)", "ODDS"
360 LET AO
370 LET 0.0
380 LET T0
390 LET 71000
400 LET. Cs0
410 PRINT
420 IF ABS(GsD)41500 THEN 450
430 LET Gs5
440 LET D2
450 LET B.B+1
460 FOR I.! TO 3+A+ABS(G -D)
470 LET T3.INT(100,,RND(-Y))/10
480 NEXT 1
490 LET TT+T3
500 LET DINT(1E5tEXP(s.0693*T))
510 IF Ds0 THEN 860
520 PRINT Yo1001000sY,To
530 INPUT A
540 IF A2 THEN 610
550 IF A4 THEN 610
560 IF A8 THEN 610
570. PRINT "SORRY PAL, WE DONT OFFER THOSE ODDS."
580 IF C1 THEN 820
590 LET C1
600 GOTO S20
610 PRINT "HOW MANY CHIPS LEFT "8
620 INPUT G
630 PRINT "ACTUAL NUMBER LEFT IS "3D
640 IF.A2 THEN 700
650 IF A.4 THEN 680
660 LET P.05
670 0070 710
680 LET P.1
690 GOTO 710
100 LET P.2

20
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710 LET Te10*8
720 IF ABS(D0).13.60 THEN 770
730 LET YrINT(YY/2)
740 IF Tcy50 THEN 620
750 PRINT "TOO BAD. YOU Cris.. : TRY AGAIN."
760 GOTO 400
770 LET YaINT(Y.AeY/2)
780 IF 1000000+Y41 THEN 690
790 IF YP2E5 THEN 840
800 PRINT "YOU WON. TRY AGAIN."
810 GOTO 400
820 PRINT "IT SEEMS YOU JUST CANT GET THE HANG OF IT. SAVE YOUR BREAD."
830 GOTO 960
840 PRINT "YOU CAN BREAK THE HOUSE IF YOU TRY A LONG SHOT."
850 GOTO 400
860 PRINT "0000FS... SORRY PAL. THE LAST CHIP JUST DISINTEGRATED."
870 PRINT "THE HOUSE IS CLOSED."
880 GOTO 960
890 PRINT "YOU BROKE THE HOUSE. YOU NEEDED ONLY "I
895 LET Y01001000
200 IF 13 >5 THEN 930
910 PRINT "THE MINIMUM NUMBER OF GUESSES."
920 GOTO 940
930 PRINT DPIGUESSES."
940 PRINT "CONGRATULATIONS."
950 PRINT "YOU MUST KNOW A LOT ABOUT RADIOACTIVITY AND THINGS."
960 PRINT "THANKS FOR PLAYING.."
970 PRINT
980 PRINT
990 PRINT
1000 PRINT " CHECK NO."JB+D
1010 PRINT
wgv rnidT DATES "3
1030 PRINT " 19 - -"

1040 PRINT
1050 PRINT
1060 PRINT " PAY TO THS ORDER OF - - ")
1070 PRINT " CASH
1060 PRINT "5"SY
1090 PRINT
1100 PRINT
1110 PRIUT " THE NEW CLEA CASINO A. TOM MICK"
1120 PRINT " GENERAL MANAGER"
1130 PRINT
1140 PRINT "
1150 PRINT
1160 PRINT "DONT SPEND IT ALL IN ONE PLACE."
1170END

21
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DESCRIPTION:

A.

DISCIPLINE CHEMISTRY-PHYSICS

SUBJECT NUC LEAR DECAY

PROGRAM NAME DECAY2

This program will do the following:
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 or 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-
ilietifore the use of the program.

B. Materials - none

DISCUSSIOn

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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DISCUSSION: (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 illustrate nuclear decay by using particles instead
of mass. Use Avogadro' s number of particles wit1 students who feel
comfortable with scientific notation. For the othe you may use a
number up to 1, 000, 000 without having exponential i. bers print
out in the table.

The fact that the teletype unit takes about 8 seconds to type out
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 runs go to zero
mass or zero particles.

23
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ALWAIJ OE iru?UiEL, IN 1116 bruit: UN1 t.6

JF :an....viiN...e.ft.;.)

**44.**+++

alAr zuj.% k;nUl6E? I

nAl 1.1 tnr. IN11'1AL :LEADING UN iris. GE16En L;UJNrEn,

,EGON0 .LEAutNi, AND InE it1UING0.

? 1500,J000,36

:1EAwINU= .)000 JE%.:uNU AEI-LulNU= 15uu LIME= 36
nALr'-LIFE= Jb.vv7b5

**********

WhAT 16 rOtin CnUICE? 1

WriAr lb frOL INIFIAL nr.:.LNG ON inE GEIGEn L;JUNIEn,
rnE SECumw ItErilANG, :\JJJ limE oziv.EEN nEliD1NOS.

? 775,1266,...,1u
iNiroL nEADING= 11.66 6EUOND nEAD1NG= 776 flmt= 212
HALF -L1FE= JU4.32d5

**********

WhAT lb WW1 UnOlGE? 2

wiiAr 16 DIE mALF-L1FE, INITIAL MAss Ub ammeu., AWL)
TOTAL TIME OF DECAY? ld,56,76

nALF-LIFE* Id IN111AL MAss= 56 rUIAL rIME= 76
MAsS OF SAMPLE nEMAINING= 3.000952

**********

WhAT 16 YOUn CHOICE? 3

DO YOU WANE TO WUnii WIrn PAaT1CLES On MASS? CANSWEn 1 Fun
PAATICLES On 2 FOA MASS) ? 1

wriAr IS rnE HALF -LIFE, INIIIAL NUMdEn OF eAn1GLEs IN rnE
SAMPLE, TOTAL ELAPSED rIME FOn DECAY, AND inE
INCLEMENT OF ELAPSED TIME? 1Up6.u2E2Jpluup1U

MALF-LIFE= 10 INITIAL NO. OF PAnTIULts= 6.u2UUUUE+83
TOTAL TIME= 1UU 1NCnEMENr= 1U

24
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flME eArki1G1..k.6 1,A4.1. L055 fULAL if/ii'. L055

U 6.JkwuuuE+2J
lu .3.01u14E+2j :3.0095510E+2J 3.009655E+2J
2u 1.051424+23 1.50 5000E +23 4.514655E+J
3u 7.54:6065E+e2 7.5e5355E+22 5.e67393E+J

-.3.76-.31UE+22 J. 762555E4, 5.043679E+J
5U 1.661694E+22 1.501516E+22 b,i1 0,11 t.+2.3
6U 9.400913E+21 9.400026E+21 5.9259 1 16+2..3

4.704679E+21 4 1U42.36t;iel
bU .e.J6240E+'e1 .996475E+3
9u 1.1762016+1 1.17617uE+L:1 6.uUb2376+23.
luu 5.uo1501E+80 5.bo11261u 6.0141156+23

DU 'WO WANf ine auUVE Dail; GnAr'nEU? (1-rE54 u-NO)? 1

6.ueuuuul.:+23
1

1

2U
jU 1

4u I *

50 1 *

60 1*
70

9U
100

**********

1

MA55 (un n6i,A1N1NG

1

WhAT 15 rah% GhOlCE?1

DU YOU WANT 10 Whit wlim eAnTIGLE5 On ma56? (AN5W6n 1 Fun .

PAAT1CLES On 2 FOn MA55) ? 2

WHAT IS fnE nALF-L1FEA INI11AL MA55 OF wAmeLE,LufaL
ELAAJ$ED IIME FUn DECAs, ANO fnE 1NenEMENf OF
ELAsoSEO f1mE? 15,100,150,15

nALF-LIFE= 15 IN1T1AL MA55= IOU TOTAL flME= 150 INOnEMENT= 15

fIME MA55 MASS L0$5 TOTAL MA55 LOSS

100 U
15 50.00236 49.99764 49.99764
3U 25.00236 25 74.99764
45 12.50177 12.50059 57.49023
60 6.25110 6.25059 93.74052
75 3.125737 3.125445 96.57426
90 1.562942 1.56279$ 90.43706
105 .7515061 .7614344 99.21549
120 .3907725 .3907356 99.60923
135 .1953955 .195377 99.0046
150 .09770234 .09769313 99.90229

126
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1

16 1

JU
45
au i *

75
9u i*
1U.:3

12u
135
15U

ms:-:t 1.) 10J 6nUlt.:11:?

Physics
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1UU
1 1 1
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16,-) n. UU"ie.r.IN+ v e.,;.:GnIa011U rid W24/6
ul C.EuaiA c-12-/J

Ilu amr. UALC,JuAiluL% ur nguN-Lirr. ,a vu
12u 1.1t4,!J AND
122 raINI "uo 10J wAN1 (1=1Es, u=No) : ";

124 iNeji A
i26 IF A=J lnEN JJO
12o IF A<>1 IfIE:v 122
13J raINI " inlj r.,u1,:tAv. TILL uu zit NuLLOwINL:"
14u raiNi " JaviJr 1 - CALCJLATEa rAJe.
15u raINI " JN Gr.iCz.A Cuu:IlEa "
16ur,,INi" e - GALGuLiik., 0.J6r1 UF -AuluACiiVE .).1ArLE"
17ur..1:11" AriE" 1:IJEN HoUUN1 Or fi..."
lou " 01;;:. - UJI t-1 Jr
lvu US. ilr,r a. Nu. UN' raAlICLms va
ethi Urii0L) rl.," fAULE
210 raiNi" v,dai INeul tut/AL 1.1t. aNii LIME INCaENENA."
22urAINI" EAA0,.eLE: IF fOiAL A;A,

eju ralNi" INCIIEMENI=1U, JAEN fle.E IN inc. fAHLE w: LL"
24U PaINT" dE lu,2u,JJ lUu"
25U ettiNi" Ci:JIGt. 4 - ENV UN
2DU eLtIN1

NUIE: IN ANz uNt. rituuLtA,i1Mt.
ebU PAINI" ALWAYS dE INeuiED IN InE welt; uNITs"
29u rnINT" OF MEAt. L;,1,1iN.J.,11.TC)"
Juu PAINT
.11u raINI ."*** ******"
32U raINT
330 rnINT "WnAi la twin CriJICE";
34u INPUT A
.16urmINI
36J IF A=1 inr.N 41U
37J IF A=2 inEN 49u
3dU IF A=J rinEN 57U
390 IF A<>4 Iri 32U
4UJ STUr
41UP1iINT" iinAT Ia InE INITIAL HEADING UN inE'CEIGEa CUJNTEa,"
42U PAINT" Tr:. JECONU aEADING, AND rhE TIME dErWEEN AEADING6"
43U INrJf d,AIG
433 IF A>d InEN 44U
435 PhINT "INITIAL AEADINU Is ALWAYS LEs6 THAN FINAL aEAD1NG"
437 0 TO 43u
44U LET D=(.6931*C)/LUG(A/8)
45U eitiNr
46U PhINT "INITIAL AEADING="A;"6ECOND nEADING="d;"1I24E="C
47U estiNr "HALF-LIFE="1)
4dU GO TO 3UU
49U PAINT "WriAr IS ThE hALF-L11E, INITIAL MAss OF sAMrLE, AND"
5UU eraNT "TOTAL TIME OF DECAY";
510 INPUT E,F,G
52U LET h=F*EAP( -6931*G/E)
530 PAINT
54UPAINT"hALF-LIFE="E;"INITIAL MAS6="F;'TOTAL T1ME="G
55J PAINT "MASS OF SAMPLE hEMAINING="h
560 GO TO 30U
57U PAINT "DO YOU WANT TO WOAX WITH PAATICLEs Oh MASS? (ANSWER 1 FOA'
5dU PAINT" PAATICLES OA 2 FOA MASS) ";
59U INPUT J
600 PAINT
610 IF J=1 ThEN 76U
615 IF J<>2 THEN 57U
620 PAINT" WHAT IS THE HALF-LIFE, INITIAL MASS OF SAMPLE,TOTAL"
630 PAINT"ELAPSED TIME FOtt DECAY, AND ThE INCAEMENT OF "
640 PAINT"ELAPSED TIME";
650 mew. E,F,A,M
66ULET W=U
67U LET w=0
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hoU LEI 6=F
eh/lvf

7uu IF u=1 000
71u ehlNiunLr-LIFE="E;"iNIIIAL L.,..1o0="F;"101.tL fINE="n;"INGhLENI="0
72U
7JU ehlNi "10L LU0..,"
74J ____", ____", " _

750 GU 10 05u
76U ehINf" v.hAI L. fhE nhLF-LIFE, IN1f1,iL NU0uEn Ur et-Uifi0Lr,, 1..\, Om"
/70 ea1:'1" luIAL oLAt,ij fMk. Fuh prGhl, moru 1116 "
7o0 eh1NA" 1 I ui ELleahu 41r.E";
OUGO fU 65u
'N5 eh!NI
oUu ealf"h:ILF-LIF!..="Ei"INIikL NO. uF eAhtIGLE6='F
olu eh.INI"lufAL ile.L="'n.;".INGh.E0r.N1="0
b20 ehINI
0.1u en1Nf" LIME", " eAn1IGLE1)", LU6o", "101AL r'ilmf. LUo"
b40 PAINT" " ... .

o5u ehINI
000 FOR G = U tO n afEe ti
bit.) Lr,i n=F4r.Ar'(-.6vj1*G/E)
no,4 LEf W=AuJ(r1-6)
(.1u LEV u+.9
',J0 1F F >1E6 frul.N vu
'r1k.: IF y40
vcu Pa101
viu GU 10
41) ehINf INi(G*5),1&f(ni...5),IwY( W+.5),INt(u+.b)
oSU LET
96u ,,EA' c
97J eh1N1
owo ehINf
'rvu

luuu ehINI" u0 Od 1hE An0VE UATik Gamr,rito? (1-tEa,
161u 1Ne01 h
1U,.o IF n=u intA Jou
h0'c,1 IF h<>1 fhEN lout)

.10,10 ehIN1
1U4U Ph1NT
1050 PAINT
1060 PAINTTAB(JU);"MASS COA PAsITIOLEs) AEMAIN1NG"
1070 PRINT
1U80 PAINT " ","0";TA6(62);F
110UPAINT"TIME","I 1

1120 FOA G = U TO X STEP M
113U LET 4=F*EAP(-.69i1*G/E)
114U LET A1=INT(A/F*5U+.5)
1150 IF H1<=50 MEN 1170
1160 LET 1il..50
1170 PRINT G,"I";TA8(n1+14.5);"*"
1250 NEAT G
126U GO TO 300
1280 END

129
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PLINE

TTC, ELECTRIC FIELD K ENGTTI

M NAME

DESCRIPTION:

[TILL!)

The electric-field strength at a mini used charge is calculated
and printed. A line of charge is then by ling charges to either side
of the fixed charge. As each additional is a _ed, the new electric-field
strength is calculated and selected values , printer.

Similarly, the field strength at a point near a plane of charge is cal-
culated and printed as the plane 1.3 generated with th. addition of other lines to
the previous line of charge.

In both cases, the fields can be seen approach a limiting value which
is then printed for an infinite line and plan,7.

OBJECTIVES:

A. To show that the electric-field strength approaches limiting values for a line
and a plane of charge.

B. To let the student discover how the field strength depends upon the oistance
from a point to a line of and to a plane of charge.

PRELIMINARY PREPARATION:

A. Student - A knowledge of Coulomb' s law and the vector addition of electric
fields.

B. Materials - none

DISCUSSION:

The operator chooses a distance (y) away from a fixed charge (Q2) 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 side 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, only relative values. When the fixed
charge (Q2) is at a distance Y= 1 from the test charge (Q1), the force is 1 unit. The
force may be calculated in Newtons if all distances are in meters, and the program

29
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is :lightly changed so that Q1 and Qz are in coulombs. If both of these
charges were to be taken as single elementary charges, then the following changes
should be made:

Z80 LEH Ql = 1. 6*E-19
290 LET Q2 = 1. 6*E-19
300 LET K 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 or 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 changes.

It should be noted in 2 and 3 above, 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 or breadth be insignificant.

An interesting bonus to this program is discovered when distances from
test charge to plane is decreased to . 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 VALUE...," is calculated for
charges smeared over the whole plane and not in discrete point charges as we
have here; hence, the disagreement with actual field values.

This program 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 ased with a
whole class it is best to have a television camera and monitor available for
immediate displaTroTprint oat. A summary table constructed either by the
teacher on the board or by students at their desks is useful in analysis of the data.

30
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THIS PROGRAM WILL CALCULATE THE FORCE ON A TEST CHARGE
THAT IS PLACED SOME DISTANCE, Is AWAY FROM ANOTHER CHARGE;
A LINE 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) IN 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 SO THE CALCULATIONS DON'T CO 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 IS LESS
THAN 2 DEGREES, CALCULATIONS WILL CEASE.

INPUT Y,C,N7 1,1,1000

NO. OF CHGS.
ON EACH TIDE FORCE

0 1

1 2.97
2 4.86
3 6.61
4 8.21
5 9.65
6 10.91
7 12.01
8 12.91,
9 13.78
1J 14.49
20 17.98
30 19
40 19.42
50 19.62
60 19.73
70 19.8
80 19.85
90 19088
100 19.9
200 19.98
287 19.99

EXCESSIVE COMPUTER TIME WOULD BE REQUIRED TO CALCULATE
'Da FORCE FOR ADDITIONAL CkARGESo

TIE EXACT VALUE FOR AN INFINITELY LONG LINE OF CHARGE IS 20

31
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NOW ADD ROWS ON EITHER SIDE OF THE LINE OF CHARGE JUST
CALCULATED. THE aPACIN:3 BETWEEN ROWS WILL BE THE SAME AS
THE SPACING BETWEEN THE CHARGES.
ENTER THE NUMBER 0F EUILY aPACiM YJU WANT ON EACH SIDE
? 500

NO. OF LINES
ON EACH SIDE FORCE

0 20
1 59.5b
2 9b.02
3 144.69
4 169.16
5 201.14
6 233.53
7 257.36
8 2b1.73

303.62
10 323.81
20 446.55
30 501.31
40 531.18
50 549.8
60 562.47
70 571.62
80 578.54
90
100
200
287 614.05
EXCESSIVE COMPUTER TIME WOULD BE REQUIRED 10 CALCULATE
THE FORCE FOR ADDITIONAL LANES OF CHARGE.

THE EXACT VALUE FOR AN INFINITE PLANE OF CHARGE IS 628.318

DO YOU WANT ANOTHER HUN (1=YES, 0=NO) t ?

READY

32
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100 REM JOHN HOSIE NORTHPORT HIGH 3/14/69
105 REM REVISED BY C.LOSIK 8-25-70
106 REM SEE BELOW FOR IMPORTANT VARIABLES
107 REM 'F' TYPE VARIABLES ARE FORCES
110 REM I'VE CHOSEN THE ELECTROSTATIC CONSTANT TO BE ONE AND
120 REM ALL CHARGES TO BE ONE SO THAT THE FORCE CALCULATED
130 REM IS JUST A RELATIVE FORCE. IF YOU WOULD LIKE YOU MAY CHANGE
140 REM THINGS WHEN YOU RUN IT TO GET EXACT FORCES IN NEWTONS AND
150 REM USE CHARGES IN MICROCCULOMBS Oat WHAT EVER ELSE YOU WISH.
160 PRINT "THIS PROGRAM WILL CALCULATE THE FORCE ON A TEST CHARGE"
170 PRINT "THAT IS PLACED SOME DISTANCE, I, AWAY FROM ANOTHER CHARGE;"
180 PRINT "A LINE OF CHARGE; AND A PLANE OF CHARGE."
190 PRINT "YOU MUST ENTER THE DISTANCE AWAY, Y; THE SPACING DESIRED"
200 PRINT "BETWEEN CHARGES, Cs AND ALSO BETWEEN LINES OF CHARGE THAT"
210 PRINT "MAKE UP THE PLANE OF CHARGE."
220 PRINT "YOU MUST ALSO CHOOSE THE NUMBER OF CHARGES CN) IN THE LINE OF
230 PRINT "CHARGE THAT YOU WOULD LIKE TO USE C500 IS A GOOD VALUE IF"
240 PRINT "YOU USE A SPACING OF .1 FOR C."
250 PRINT "JUST SO THE CALCULATIONS DON'T GO TOO FAR I'VE INCLUDED"
260 PRINT "A STOP THAT DEPENDS UPON THE ANGLE FROM TEST CHARGE TO THE"
270 PRINT "LAST CHARGE TO BE CALCULATED. IF THE ANGLE IS LESS"
275 REM (JI AND Q2 ARE THE CHARGES
280 LET QI=1
290 LET O2=1
295 REM K IS THE ELECTROSTATIC CONSTANT
300 LET K=I
305 REM A IS THE CUTOFF ANGLE. THIS MAY BE CHANGED TO YOUR PREFERENCE
310 LET A=2
315 PRINT "THAN"A"DEGREES. CALCULATIONS WILL CEASE."
320 LET S=SINC3.14159*A/180)
330 PRINT
340 PRINT "INPUT Y,C,N";
350 LET F1=0
353 INPUT Y,C,N
356 IF C < =0 THEN 365
358 IF Y<=0 THEN 365
360 IF N>=0 THEN 370
365 PRINT "ONE OF YOUR VALUES IS UNREASONABLE."
367 GO TO 330
370 PRINT
380 PRINT
390 PRINT "NO. OF CHGS."
430 PRINT "ON EACH SIDE","FORCE"
410 PRINT " lu,ss

420 FOR '00 TO N
430 LET X=I*C
440 LET R=SORCX*X+Y*Y)
450 LET F=K*611 *Q2/CR*R)

33
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460 IF I<>0 THEN 490
470 LET F1=F
480 GO TO 510
490 LET FI=F14-2*F*(Y/,'N
510 IF I<=10. THEN 580
520 IF I=1000*INT(I/1000) THEN 580
530 IF I>1000 THEN 600
540 IF I=100*INT(I/100) THEN 580
550 IF 1 >100 THEN 600
560 IF I=10*INT (I/10> THEN 580
570 GO 70 600
580 PRINT I,INT(100*F1+.5)/100
590 IF N=0 THEN 330
600 IF Y/R<S THEN 612
610 NEXT I
611 GO TC 620
612 PRINT 1,INT(100*F1+.5)/100
613 PRINT "EXCESSIVE COMPUTER TIME WOULD BE REQUIRED TO CALCULATE"
614 PRINT "THE FORCE FOR ADDITIONAL CHARGES."
620 PRINT
62Ft PRINT
630 PRINT "THE EXACT VALUE FOR AN INFINITELY LONG LINE OF CHARGE IS";
640 PRINT 2 *CK *Q1 /C) /Y
650 PRINT
660 PRINT
670 PRINT
680 PRINr "NOW ADD ROWS ON EITHER SIDE OF THE LINE OF CHARGE JUST"
683 PRINT "CALCULATED. THE SPACING BETWEEN ROWS WILL 'BE THE SAME AS"
686 PAINT "THE SPACING BETWEEN THE CHARGES."
690PRINT"ENTER THE NUMBER OF EQUALLY SPACED ROWS YOU WANT ON EACH SIDE"
700 INPUT M
702 IF M:*=0 THEN 710
704 PRINT "NO NEGATIVE VALUES, PLEASE."
706 GO TO 690
710 PRINT
720 PRINT
730 PRINT "NO. OF LINES"
740 PRINT "ON EACH SIDE","FORCE"
750 PRINT "
760 FOR P=0 TO M
770 LET Z=P*C
780 LET R1=SQR(Z*Z+Y*Y)
790 IF P<>0 THEN 850
830 LET F3=2*(K*611/C)/Y
840 GO TO 870
850 LET F30,3+2*F1*(Y12)/(21t2)
870 IF P1000*INT(P/1000) THEN 930
880 IF P>1000 THEN 940
890 IF P -100 *INTCP /100) THEN 930
900 IF 1:1)400 THEN 940
910 IF P10*INTO/10) THEN 930
920 IF P>10 THEN 940
930 PRINT F.INT(100*F34..5)/100

34
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940 IF Y/R1<5 THEN 952
950 NEXT P
951 GO TO 960
952 PRINT P,INT(100 *F3 +.5)/100
953 PRINT "EXCESSIVE COMPUTER TIME WOULD BE eEQUIRED TO CALCULATE"
954 PRINT "THE FORCE FOR ADDITIONA' LINES OF CHARGE."
960 PRINT
965 PRINT
970 PRINT "THE EXACT VALUE FOR AN INFINITE PLANE OF CHARGE IS";
980 PRINT 24x3.14159*(H4411)/(C*C)
990 PRINT
1000 PRINT
1010 PRINT "DO YOU WANT ANOTHER HUN (1=YES, OixN0) : ";
102U INPUT C
1030 IF C>0 THEN 330
10 50 END

35
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DISCIPLINE PHYSICS

SUBJECT KINEMATICS REVIEW

PROGRAM NAME i :INERV

D ESCRIPTION:

Questions are asked concerning the motion of a bail thrown vertically
upwards at various velocities. Neglecting air resistance, the student is to determine
such quantities as 1) maximum obtainable height Z) time of flight; and 3) the height
reached at different times.

OBJECTIVES:

To develop and review bIsic skills in solving projectile motion problems.

PRELIMINARY PREPARATION:

A. Student - previous classroom instruction and a working knowledge of algebra.

B. Materials - none

DISCUSSION:

The student is presented with various problems concerning the motion of
the ball. In each case, the initial velocity Vo 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 Vo, h, and 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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--REVIEW OF KINEMATICS--

A BALL 16 THROWN STRAIGHT Ur Al VAttIOUS VELOCIfIEs.
AIR FRICTION IS NEGLIGIBLZ. THE UPWARD DIRE.:;TION IS TAKEN
AS POSITIVE, AND THE DOWNWARD DIRECTION AS NEGATIVE.

THE LOCAL'ACCELERATION DUE 10 GRAVITY IS -10 METERs/SEGOND/sEu.

ALL VALUES ARE IN M.K.S. METRIC: UNITS.

FOR VARIOUS THROWING SPEEDS, YOU MUST ANSWER CERTAIN
QUESTIONS ABOUT THE BALL IN FLIGHT.

1 THE UPWARD THROWING 6,'EED 16 25 METERS/SECOND.
WHP.T IS ThE VELOCITY WHEN 1r REACHES A HEIGHT O' 1b.45
METERS ABOVE THE GROUND ? 16
YOU'RE CORRECT WITHIN 5 PERCENT. THE CUHRECT ANsWER 16 16 .

2 THE UPWARD THROWING SPEED 16 16 METERS/SECOND.
WhAT IS ThE VELOCITY AFTER 2 SECONDS OF FLIGHT? 14
YOU'RE OFF MORE THAN 5 PERCENT. ThE CORRECT ANSWER IS -4 .

3 THE UPWARD THROWING SPEED IS 35 METE/is/SECOND.
hOW HIGH ABOVE THE (:ROUND WILL THE BALL GO? 7u
YOU'RE OFF MORE THAN 5 PERCENT. THE CORRECT ANSWER IS 61.25

4 THE UPWARD ThhOWING SPEED IS 29 METERS/SECOND.
HOW LONG WILL IT TAKE THE BALL TO RETURN TO FRE GROUND? 6.0
YOU'RE CORRECT WITHIN 5 PERCENT. ThE CORRECT ANSWER IS 5.b

5 . THE UPWARD THROWING SPEED 16 21 METERS/SECOND.
WHAT IS THE VELOCITY WHEN IT REACHES A hEIGHT OF 10.35
METERS ABOVE THE GROUND ? 12
YOU'RE OFF MORE THAN 5 PERCENT. THE CORRECT ANSWER IS 15.29706 .

OUT OF 5 QUESTIONS, YOU GOT 2 RIGHT.
DON'T YOU KNOW ANYTHING ABOUT THROWING THINGS UP???

WANT TO TRY ANOTHER 5 PROBLEMS (1=YE6, 0=NO) z ? 0

READY
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100 REN RICHARD F. PAW) PATCHOGUE H.S) 1..24-691 PHYSICS

110H;'M THIS PROGRAM IS DESIGNED
TO SERVE AS A REVIEW TEST IN KINEMATICS.

120 1,EM REVISED BY C.LOSIK 8-25-70

130 REM V IS VERTICAL VELOCITY, ALL ELSE IS 'A' (FOR COMPARISONS)

140 nEm WE GENERATE A V RANDOMLY AND RANDOMLY 9ICK A QUESTION

145 PANDOMIEE
ISO LET P0
155 LET R0
160 PRINT" --REVIEW OF KINEMATICS ."
170 PRINT
180 PRINT" A BALL IS THROWN STRAIGHT UP AT VARIOUS VELOCITIES."
190 PRINT"AIR FRICTION IS NEGLIGIBLE. THE UPWARD DIRECTION IS TAKEN"
200 PRINT"AS POSITIVE. AND THE DOWNWARD DIRECTION AS NEGATIVE."
210 PRINT
220 PRINT"THE LOCAL ACCELERATION DUE TO GRAVITY IS 10 AETERS/SECOND/SEG
230 PRINT
240 PRINT"ALL VALUES ARE IN M.K.S. METRIC UNITS."
250 PRINT
260 PRINT" FOR VARIOUS THROWING SPEEJS. YOU MUST ANSWER CERTAIN"
270 PRINT"OUESTIONS ABOUT THE HALL IN FLIGHT."
280PRINT
290PRINT
300 LET URWD(X)
330 IF (1..0TREN 350
340 IF 61/5INT(Q/5) THEN 770
350LET V5+INT(3500)
360LETZI+INT(4.999*U)
370 IF(Z..P)*(V-11)0 THEN 300
"380 LETP.E.
390 LET 61=2+1
400 LET 11.0
410 PRINT
420 PRINT Q. THE UPWARD THROWING SPEED IS "V" METERS/SECOND."
430 IFZ1 THEN 540
440 IF Z2 THEN 59G
450 IF Z3 THEN 630
460 IF 14 THEN 500
470 LET A=.05*V*V
480 PRINT"HOW H;GR ABOVE THE GROUND WILL THS BALL GO")
490 G0T0670
500 LET AmV/5
510 PHINT"HOW LONG WILL IT TAKE THE PALL TO RETURN IT THE GROUND")
520 GOT0670
540 LET TI+ INT(2*V*U)/10
550LET AV*T-5*T*T
560 PRINT"HOW HIGH ABOVE THE GROUND WILL THE BALL BE AFT4R ")T
570 PRINT"SECONDS OF FLIGHT"3
580 GOT0670
590 LET T=14.INT(2*(/*U),1()
600 LET AV10*T
610 PRINT"WRAT IS TEE VEAC/TY AFTER "T" SECONDS OF FLIGHT"'
620 GO-TO 670
630 LET S.5*INT(V*V*U1/10
640 LET A=SQR(V*V-20+05)"
650 PRINT"WRAT IS THE VELW,ITY WHEN IT REACHES A HEIGHT OF "/S
660 PR/NT"METERS ABOVE THE GROUND ")-
670 INPUT 0
680 PRINT"YOU'RE")
690 IF ABS((GA)/A)>.05 THEM 730
700 LET CC+I
710 PR/NT " s:ORRECT WITHIN ")
720 GOT0740
730 PRINT" OFF MORE THAN "1
740 PRINT"5 PERCENT. THE CORRECT ANSWER. IS "A" ."
750PRINT
7600070300
770 PRINT
780 PRINT"OUT OF "Q" QUESTIONS, YOU GOT "C" RIGHT."
790 IFC/Q0=.7 THEN810
800 PRINT"DON'T YOU KNOW ANYTHING ABOUT THROWING THINGS UP777"
810 PRINT .

820 PRINT "WANT TO TRY ANOTHER 5 PROBLEMS (1YES. 0410) ; "3
830 INPUT M
835 LET URND(X)
840 IF M1 THEN-350
850 IF M000 THEN 810
860 END
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DISCIPLINE PHYSICS

SUBJECT LENSES

PROGRAM NAME LENSES

DESCRIPTION:

The focal length, object 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 , di 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.
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THIS PROGRAM MAY BE USED TO SOLVE LENS PRORLEMS.

IN THE ORDER GIVEN ENTER THE VALUES FOR THE FOLLOWING:

FOCAL LENGTH, OBJECT DISTANCE, IMAGE DISTANCE, OBJECT

SIZE, 'MAGI:: SIZE. INPUT U (ZERO) FOR UNKNOWN VALUES.

EVERY TIME THE COMPUTER ASKS 'READY?', ENTER 1 IF YOU HAVE

MORE PHOBLEMS TO DO, OR 0 TO END THE PROGRAM.

*** READY ? 1

WHAT ARE YOUR VALUES FOIL F, P, Q, 0, I? 1,2,3,4,5

YOUR Q IS NOT CORRECT FOR THE F AND P YOU HAVE ENTERED
NOTE CHANGED Q. THE PERCENT ERROR, ON YOUR Q IS:
50 PERCENT.
YOUR I IS NOT COAREC1 FOR THE 0 YOU HAVE ENTERED
NOTE CHANGED I. THE PERCENT ERROR ON YOUR I 15:
25 PERCENT.

F= 1 P= 2

*** READY ? 1

Q= 2 0= 4

1

WHAT ARE YOUR VALUES FOR Fs P, Q, 0, I? 1,2,2.04,4,3.9

YOUR Q IS CCRRECT TO WIThIN 2
NOTE CORRECTED Q.
YOUR I IS CORRECT TO WITHIN 4.411765
NOTE CORRECTED I.

F= 1

*** READY ? 1

P= Q= 2.04

I= 4

0= 4 1= 4.08

WHAT ARE YOUR VALUES FOR F, Ps Q, 0, I? U,5,8,4,4

40
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YOUR I IS NOT CORRECT FOR lhE 0 YOU HAVE ENTERED
NOTE CHANGED I. THE PERCENT ERROR ON YOUR I IS:
37.5 PERCENT.

F= 3.076923. P= 5 u= 8

*** READY ? 1

0= 4 I= 6.4

WHAT ARE YOUR VALUES FOR Fp PO Up Op I? 46,8:;p0.34,32

YOUR I IS NOT CORRECT FOR THE 0 YOU RAVE ENTERED
NOTE CHANGED I. THE PERCENT ERROR ON YOUR I lb:
85.67775 PERCENT.

F= 46 P= 53 U= 348.2857

*** READY ? 1

0= 34 1= 223.4286

WRAT ARE YOUR VALUES FOR Fp PP UP OP I? 41557,2,6,0,0

YOUR U 15 NOT CORRECT FOR THE F AND P YOU NAVE ENTERED
NOTE CHANGED U. THE PERCENT ERROR ON YOUR U lb:
399.8765 PERCENT.

F= 4857 P= 2 U=-2.0001524

41
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100 REM JOHN W. nOSIE - WORThPORT HIGH -
101 hEM REVISED 11-18 -70, L.HAAUN
110 PRINT "THIS PROGRAM MAY BE USED TO SOLVE LENS PROBLEMS."
120PRINT
130PRINT"IN THE ORDER GIVEN ENTER THE VALUES FOR THE FOLLOWING:"
140PRINT
150PAINT"FOCAL LENGTH, OBJECT DISTANCE, IMAGE DISTANCE, Ob0ECT"
16UPRINT
17UPRINT"SILE, IMAGE SILE. INPUT 0 (LEA()) FOR UNKNOWN VALUES."
180PRINT
102 PRINT "EVERY TIME THE COMPUTER ASKS 'READY?', ENTER IF YOU RAVE"
183 ?HINT
1b4 PRINT "MORE PROBLEMS TO DO, OR 0 10 END THE PROGRAM."
186 PAINT
168 PAINT
19U PRINT "*** READY ";
191 INPUT F
192 IF F =U THEN 71:50
193 IF F<>1 THEN 108
195PRINT
196
200
210
220

PRINT "WHAT ARE YOUR VALUES FOh F, e, LI, 0, I";
INPUT F,P,U,O,I
LET P=ABS(P)
LET O =ABS (0)

230 PRINT
24U IF F=0 THEN 39U
250 IF P<>F 'THEN 280
26U PRINT "THE IMAGE IS AT INFINITY"
270 GO TO 186
280 IF P =0 THEN 360
290 LET Z=P*F/(P-F)
300 IF Q=0 THEN 34U
310 IF Z=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 Q. THE PERCENT ERROR ON YOUR Q IS:"
335 PRINT 100*ABSCZ-Q)/ABS(Z); " PERCENT."
awl LET 61=Z
342 GO TO 42U
344 PRINT"YOUR U IS CORRECT TO WITHIN";100*ABS(61-7.)/ABS(4)"%"
346 PRINT"NOTE CORRECTED Q."
350 GOTO 420
360 LF Q=0 THEN 560
370 LE' L P=61*F/(Q-F)
380 GO T0 420
390 IF P=0 THEN 550
400 IF Q=0 THEN 490
410 LET F=Q*P/(Q+P)
420 IF 0=0 THEN 730
430 IF I=0 THEN 470
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435 LET Z9=0*U/P
440 IF I=Z9 ThEN 66U
445 IF ABSCI-Z9)<0.05*Z9 THEN 474
450 PRINT "YOUR I IS NOT CORRECT FOR TRE 0 YOU HAVE ENTERED"
460 PRINT "NOTE CHANGED Tt Ti-t PERCENT E/tROR ON YOUR I IS:"
465 PAINT 100*ABSCI-49)/ABS(49); " ;ERCENT."
470 LET I=Z9
472 GO TO 660
474 PRINT"YOUR I IS CORRECT TO WITHIN";1uU*ABSCI-49)/ABS(L9)"%"

PRINT"NOTE CORRECTED I."
47b LEI I=Z9
480 GO TO 660
490 IF 0<>0 THEN 52U
50U PRINT "IF EAU, AND 0 OR I = U; CANNOT CALCULATE - TRY AGAIN."
510 GO TO 186.
520 IF 1=0 ThEN 5UU
530 LET 11 .--P*1/0

540 GO TO 65U
550 IF ii < >0 THEN 590
560 PRINT "THE FOCAL LENGTH CANNOT BE CALCULATED IF BOTH OBJECT"
57U PRINT "AND IMAGE DISTANCES ARE ZERO."
58U GO TO 186
590 IF 0=0 THEN 61U
600 IF I<>0 THEN 640
610 PH/NT "MUST KNOW BOTH OBJECT AND IMAGE SIZE TO FIND FOCAL"
620 PRINT "LENGTH AND OBJECT DISTANCE."
630 GO TO 186
640 LET P=0,0/I
65U LET F=0*?/(1J+61)
660 PRINT
665 PRINT "F="F, "P="PA "u=", "O="0, "I="I
67Q PRINT
680 PRINT
690 GO TC 186
700 PRINT "INFORMATION ABOUT EITHER FOCAL LENGTH OH BOTH OBJECT"
710 PRINT "AND IMAGE SIZE NEEDED FOR COMPLETE SOLUTION."
720 GO TO 186
730 IF I=U THEN 760
740 LET o=i*p/e
750 GOTO 660
760 PRINT
765 PAINT "F="F, "1"="P, "Q="U
770 GO TO 670
780 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 terms 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 co energy. (atomic power)

PRELIM'NARY PREPARATION:

A. Student - The student should have an understanding of nuclear
partici-es, and the law of conservation of mass and energy.

B. Materials - The teacher should make available a table of isotopes
that ITT- r s the actual mass. (Handbook of Chemistry and Physics,
Chemical Rubber Company)

DISCUSSION:

It should be noted that tho 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 mass units(AMU) to calories anc
kilowatt-hours in order to recognize the significance of the units and the
magnitude of the numbers involved.
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THIS PHOGAAM IS DESIGNED TO INVESTIGATE MASS DEFECT

WHICH OF THE ELEMENTS WOULD YOU LIKE TO CONSIDER?
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 MASS NUMBER OF THE ISOTOPE
YOU WANT TO WORK WITH.

WHEN THE MACHINE TYPES A QUESTION MARK (7) TYPE IN
YOUR ANSWER THEN HIT RETURN KEY. USE NUMBE!-CS OF UP TO
SIX SIGNIFICANT FIGURES. ROUND IF NECESSARY TO 6 DIGITS.
IN THE VALUES FOR MASS DEFECT.

THE ATOMIC NUMBER IS 7
THE ACTUAL MASS IS 7 15.9949
THE MASS NUMBEA IS 7 16

THE SUM OF ThE MASS. OF THE 5 PROTONS AND ES NEUTRONS
PLUS THE WEIGHT OF THE t5 ELECTRONS IS THE CALCULATED
MASS.

CALCULATED MASS
16.13199

- ACTUAL BASS = MASS DEFECT
15.9949 .1371

THE MASS DEFECT IN TEAMS OF ENERGY IS THE EQUIVALENT OF
2936 X 10t9 CAL. PER MOLE OF THIS SUBSTANCE,

OR 1b4 X 10t9 CAL. PEh GRAM.

IF WE DIVIDE THIS BINDING ENERGY BY fhE NUMBER OF
PARTICLES IN ThE NUCLEUS, WE GET A AA:I0 KNOWN 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 PEA NUCLEON IS : 1.276744E-5 ERGS. PER NUCLEON, OR
3.047121E-13 CAL. PER NUC.,
WHICH IS MORE COMMONLY EXPRESSED AS 6OU MEV.

THE AMOUNT OF ENERGY (BINDING ENERGY) CONTAINED IN ONE
GRAM OF THIS SUBSTANCE WOULD BE SUFFICIENT TO SUPPLY ALL
THE ELECTRICAL NEEDS IN AN AVERAGE ONE FAMILY HOUSE USING
15 KW-HES. PER DAY FOR A PERIOD OF 14245 DAYS OR
39 YEARS.

IF YOU WOULD LIKE TO RUN ANOTHER PROBLEM TYPE IN 1,
IF NOT TYPE IN U.

7

#*###*####*****

READY
45
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loo HEM JOhN MAACHISOTTO PIB SUMMER 69 BASIC
105 HEM REVISED BY C.LOSIA 7-22-70
106 HEM AT NO=A, MASS=B, MASS NO=C
107 hEM MASS DEFECT 16 F
130 PAINT" Ti-i16 PROGRAM IS DESIGNED TO INVESTIGATE MA66 DEFECT"
140 PRINT
150 PRINT" WhlUn OF IRE ELEMENTS WOULD YOU LIKE TO CONSIDER? "
160 PRINT" eEMEMBEA WE ARE DEA1,ING WITh A SINGLE ATOM, ThEhEFOhE"
170 PRINT" IN ADDITION TO THE ATOMIC NUMBER WE ARE GOING TO NEED TnE"
180 PRINT" ACTUAL MASS (IN AMU) AND ThE MASS NUMr...Sh OF THE ISOTOPE"
190 ?HINT" YOU WANT TO WORK
2U0 PAINT
210 PAINT " WHEN THE NACAINE TYPES A QUESTION MARK (7) TYPE IN"
220 PRINT " YOUR ANSWER ThEN HIT AETUAN KEY. USE NUMBERS OF UP r0"
230 PRINT " SIA SIGNIFICANT FIGURES. ROUND IF NECESSARY TO 6 DIGITS."
237 PRINT "IN ThE VALUES i0h MASS DEFECT."
23d PR/NT
240 PRINT
25U PAINT " THE ATOMIC NUMBER. 16
260 INPUT A
270 PRINT " ThE ACTUAL MASS IS ";
2b0 INPUT C
290 PAINT " THE MASS NUMBER IS ";
300 INPUT
310 Ph1NT
32U HEM G 16 AVOGADRO'S NUMBER
330 LET G=6.023E23
340 LET D = B - A
350 LET E=C!.0072b*A)+(1.U08.67*D)+(5.48597E-4*A)
36U LET F=INT(1E4*(E-C)+.5)/1E4
37U PRINT " THE SUM OF THE MASS OF ThE"A"PHOTONS AND ThE"D"NEUTAONS"
380 PAINT " PLUS ThE WEIGHT OF ThE"A"ELECTAONS IS THE CALCULATED"
39U PAINT " MASS."
400 PAINT
410 PAINT" CALCULATED MASS - ACTUAL MASS = MASS DEFECT"
420 PAINT" "E," - "C;" = "F
430 PRINT
440 HEM CONVERSION FACTORS:
450 HEM 1.49 h 1U-3 ERGS PER AMU
46U AEM 4.19 A 10 7 EAGS PEA CAL.
470 REM 3.6 h 10 13 ERGS PEH KW-h
475 HEM 931.0 MEV PER AMU
480 LET H=(1.49E-3*F*G)/4.19E7
490 PAINT " THE MASS DEFECT IN TEAMS OF ENERGY 16 ThE EQUIVALENT OF"
500 PRINT INT(H/1E9+.5)"4 10t9 CAL. PEA MOLE OF THIS SUBSTANCE,"
51.0 PAINT "OA"INT((h/C)/1E9+.5)"h 10t9 CAL. PER GRAM."
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511 pAINT
512 PAINT " IF WE DIVIDE TnI6 BINDING ENERGY BY InE NUMBER OF"
313 PAINT " PAATICLE6 IN fnE NUCLEUS, WE GET A RATIO ANOWN AS InE"
514 PRINT " BINDING ENERGY PEA NUCLEON, WhICn IS A MEASURE OF InE"
515 PRINT " STABILITY OF TnE NUCLEUS. TnE MORE 'BINDING."
316 PcC.NT " PEA NUCLEON, TnE MORE STABLE IS TnE NUCLEUs."
517 PAINT " ThE BINDING ENERGY PEa NUCLEON 16 ;";
516 PAINT 1.49E-J*F/B"ERGS. PER NUCLEON, OA";
519 PAINT 1.49E-3*F/(B*4.19E7)"CAL. PER NOG.,"
520PAIN1 " WA1CH 16 MO 0E COMMONLY EAPRE66ED A"100*INT(9J1*F/B+.5)"mEW."
522 LET o = ((h/C) *4.19E7/3.6E13)/15
525 PAINT
530 PAINT " TnE AMOUNT OF ENERGY (BINDING ENEnGY) CONTAINED IN ONE"
540 PAINT " GZO-U OF fnIs SUBSTANCE WOULD BE SUFFICIENT 10 SUPPLY ALL"
550 PAINT " TnE ELECTRICAL NEEDb IN ATJ AVERAGE ONE FAMILY A0U6E USING"
560 PAINT " 15 AW-:in6. PEn DAY FUN. A PEnIOD OF"INT(o+.6)"DAY6 OA"
565 PAINT INT((J/3E5)+.5)"YEAA6."
570 PAINT
5bU PAINT " IF YOU WOULD LIRE TO AUN ANOTnEA PROBLEM TYPE IN 1,"
590 PAINT " IF NOT TYPE IN U."
60O INPUT M
610 PRINT
620 PAINT " ","***************"
630 IF M=1 TAEN 240
640 IF M<>0 TnEN 5bU
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. in addition, some
TET-iiiiirity of force components (resolution of vectors) is necessary.

B. Materials - Graph paper is helpful to students with below-to-average
ability.

DISCUSSION:

A. Operational Suggestions
This program was designed for operation by individual students or

small groups, but the program may be used 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.
v th r e spect-to the direction EAST. The student may vary his paddling
force (limit ed to values 1 ess than 200 Newtons), and direction at interval s
during his displ acement. After each choice of variables, he is given his
position, as well as the resulting speed and direction of the boat. A

ertifi cate is presented f or successful completion of the task.

48
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NrEWTN2

HINTS GRAPH PAPER IS HELPFUL IN RUNNIN4 THIS PROGRAM._

I" NA SPEED....

YOU'RE TRYING TO ESCAPE FROM DEVIL'S ISLAND ON A SMALL BOAT.
DEVIL'S ISLAND IS LOCATED AT COORDINATES (0.0).
1'J SOCOEF.D. YOU'MUST REACH A CHANNEL 50 MET:RS VIDE AND
10000 METERS DUE EAST. AT ABOUT (90000.0).

VP ADDITION. YOU MUST GET THERE IN FIVE MINUTES OR LESS OR
svms.marmus (HEH.HIN,HEH)

WHET DO YOU WEIGH (IN POUNDS)? 170

YOUR SITUATION IS AS FOLLOWS)

INS WIND IS BLOWING FROM THE NORTHEAST (45 DEGREES) EXERTING
A FORCE OF WO NEWTONS ON YOUR BOAT. YOU MAY PADDLE WITH
ANY FORCE IN THE EASTWARD DIRECTION (ZERO DEGREES IS EAST)
TO ACCELERATE YOUR BOAT ACROSS THE BAY AND THUS
FUCK THE OPPOSITE SHORE (AND FREEDOM).
'64 R) EKE MASS OF THE BOAT WITH YOU ABOARD IS 177 K11,0ERAK5).

ONEM WHAT FORCE (IN NEWTONS) AND DIRECTION (IN DEGREES) WILL
VDU PADDLE? 199,2S
Ile .5 X. 876 Ye 32 V(X). 18 V(Y) 8

WET TO CHANGE FORCE OR DIRECTION (1YES. 0010) 8 ? I

WITH WHAT FORCE (IN NEWTONS) AND DIRECTION (IN DEGREES) WILL
VW PADDLE? 199.23
?. 1 X 1111 Ye 112 V(X) 37 V(Y). 3

NWT TO CHANGE FORCE OR DIRECTION (1YES. 00110) 1

WITH MAT FORCE (IN NEWTONS) AND DIRECTION (IN DEGREES) WILL
DU PADDLE? 199.20
To 1.5 Xs 2523 Ye 199 V(X). 57 1)(Y) 3

MOOT TO CHANGE FORCE OR DIRECTION (leYES. ON0) $ 0
r. 2 X. 4520 10-269 V(X)Iii 76 V(Y)0 2

MST TO CHANGE FORCE OR DIRECTION (1YES. 0.110) $ T 0
Ts 2.5 X 7103 Ye 321 VCA)e 96 V(Y). 1

VW TO CHANGE FORCE OR DIRECTION (lYES. 0100) I 1

0ITH MAT FORCE (IN NEWTONS) AND DIRECTION (IN DEGREES) WILL
YOU PADDLE? 150.10
T" 3 110 10173 V. 848 V(X) 109 W(E) ..6
VDU RAVE REACHED THE OPPOSITE SHORE.
EUE 8411412TERS*OFF COURSE.
$4. MY YORK FOR NOTHING%
YOU'RE LOST 1K TR* SOAPS FORMER; GOODBYE.

SER !V YOU CAN IMPROVE YOUR ABILITY LATER.

READY

1.50
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100REM A.C. CAGGIANOI PATCHOGUE H.S./ DEC.4.68
105 REM REVISED BY C.LOSIX 8.18 70
106 REM X AND Y COORDINATES ARE USED WITH 1 -TYPE VARIABLES IN
107 REM X DIRECTION AND 2 -TYPE VARIABLES IN THE Y DIRECTION
108 REM IT 15 BEST TO CHECK THE EQUATIONS BELOW
110REM THIS IS A PHYSICS PROGRAM WHICH ATTEMPTS TO DEVELOP A
120REN 'FEEL' FO THE FAA RELATIONSHIP
130 PRINT"HINT1 GRAPH PAPER IS UELPFUL IN RUNNING THIS PROGRAM."
140LETX0
150 LET Y "C
160LETV11.0
ritilLETV200
160 PRINT
190LET0e0
60OPRINT" "." "I"F" NA SPEED, "

210PRINT" "s" "3"
IMPRINT
230FR/NT"YOU'RE TRYING TO ESCAPE FROM DEVIL'S ISLAND ON A SMALL BOAT."
235 PAINT 'DEVIL'S ISLAND IS LOCATED AT COORDINATES (0,0)."
240PRINT"TO SUCCEED; YOU MOST REACH A CHANNEL 50 METERS VIDE AND"
250PRINT"10000 METERS DUE EAST. AT ABOUT (1000080)."
260PRINT
970PRINT"IN ADDITION, YOU MUST GET THERE IN FIVE MINUTES OR LESS OR"
260PRINT"SUFFER RECAPTURE ... (HEHDHEM.HER )"
290PRINT
300PRINT"WHAT DO YOU WEIGH (IN POUNDS)"1
310IMPUTV
320 RANDOMIZE
360LETP1sRAD(X)*8
360LET P20*INT(P1e.5)
390 LET AINT(V/2.94100.5)
400 LET T1ii0
410 LET T30
420PRINT
430PRINT"YOUR SITUATION IS AS FOLLOWS$"
440PRINT
460PRINT"THE WIND IS BLOWING FROM THE NORTHEAST (45 DEGREES) EXERTING"
460PRINT"A FORCE OF"P"NEWTONS ON YOUR BOAT. YOU MAY PADDLE VITH"
470 PRINT "ANY FORCE IN THE EASTWARD DIRECTION (ZERO DEGREES IS EAST)"
475 PRINT "TO ACCELERATE YOUR BOA. ACROSS THE SAY AND THUS"
477 PRINT "REACH THE OPPOSITE SHORE (ANJ FREEDOM)."
460PRINT"(NOTEI THE MASS OP THE BOAT WITH YOU ABOARD iS"N"KILOGRANS)."
490PRINT
SOOPRINT"WITH WHAT FORCE (IN NEWTONS) AND DIRECTION (IN DEGREES) WILL"
SIOPRINT"YOU PADDLE";
SRO INPUT F.A
530 Ii ABS(F- 100)4100 THEN 610
54OLZTOPG1
550 IF APR THEN 970
560IFOITHENS90
5,0PAINT"YOU MUST THINK YOU'RE SUPERMAN. BE PRACTICAL."
56000T0490
590PRINT"IF YOU'RE THAT STRONG. JUMP TINE CMANNEL"
6000070490
610 IF ABS(A)490 THEN 840
660PAIN1"YOUIRE HEADING THE WRONG WAY. TRY AGAIN."
630600490
640 LET 40.0175*A
650 LIT A1(F*COSCA04,..717*,)/M
660 LET Ati(F*5111(A0).717AP)/M
610 LET X0AIIPT*Ti2*VI*T4E
660 :..ET Yke*T*Ti2102*MY
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188 vs *pint
740 LIT TI110.5
TOD PRINT "T0"71."X0"INT(X.6.5W70"INT(Y*.5)."V(X)="12TCV1*.5).
TO PRINT "VrOm"IN7(V2+.5)
722 IT El.0 THEN 730
724 PRINT "NO HELP THAT WAY. YOU'RE GOING BACKWARDS."
726 (10.10 490
730 IF 11,10000 THEW 800
785 IF TI'S THEM 900
740 PRINT
750 PINT "VAN? '70 CHANGE FORCE OR DIRECTION (10YES. OwN0) 8 "3
760.INPUT a
/TO IF ama MEN 490
780 IF 1100 THEN 650
TO GO TO 750
800 PRINT "YOU HAVE REACHED THE OPPOSITE SHORE."
810 IF ABSCY'sgoo THEN 830
S20 PAINT "BUT AWINT(Y.P.5)"METERS OFF COURSE."
823 PRINT "ALL THAT WORK FOR NOTHING!"
sot PRINT "YOU'RE LOST IN THE SWAMPS FOREVER, GOODBYE."
827 GO TO 950
330 IF ABS(Y)4100 THEN 850
#43 PRINT "AND YOU NIGHT MAKE IT. THOUGH YOU ARE OFF COURSE."
843 GO TO 950
890 IF ABS(Y)s85 THEN 870
620 PRINT "our YOU'RE CLOSE ENOUGH TO GET AWAY. GOOD LUCK,"
663 GO TO 950
470 PRINT "AND HAVE REACHER THE CHANNEL."
880 PRINT "MOW SWEET SUCCESS IS III"
990 80 TO 950
930 PRINT "YOUR rims is UP.
910 IF.84n10000 THEN 800
00 PONT "YOU HAVE NOT REACHED TUS CHANNEL. AND ARE ONLY"
930 PRINT INTIS0R(XX4Y0Y)c,.0"NZIERS FROM WHERE YOU STARTED.',
940 PRINT "YOU MUST SUFFER RECAPTURE."
9*5 PRINT "SORRY. CHUM, BUT THAT'S PHYSICS."
950 PRISM
960 PRINT "SEE IF YOU CAN IMPROVE YOUR ABILITY LATER."
910 END
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DISCIPLINE PHYSICS

SUBJECT PHOTOELECTRIC EFFECT

PROGRAM NAME PHOTEL

DESCRIPTION:

An experiment involving the photoelectri-,. effect is simulated by the computer,
to enable students to develop a qualitative understanding of the phenomenon.

OBJECTIVES:

To demonstrate a "critical wavelengtIV for photo-electronic emission.

PRELIMINARY PREPARATION:

A. Student
1. Prior discussion of the phenomenon as an introduction to modern physics

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. For 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.
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THE PHOTOELECTRIC EFFECT

WHEN LIGHT OF SHOAT WAVELENGTH FALLS ON A METAL SUhFACE,
ELECTRONS AAE EJECTED FROM THE METAL. ACCORDING TO THE
DESCRIPTION OF THIS PHENOMENON BY EINSTEIN, THERE IS A
MAXIMUM WAVELENGTH FOR EACH METAL ABOVE WHICH NU ELECTRONS
ARE EMITTED. IN THIS EXPERIMENT WE WILL DETERMINE THE
CRITICAL WAVELENGTH AT WHICH THIS OCCURS.

THE METAL SELECTED WILL BE PLACED IN A VACUUM WHERE IT
WILL BE BOMBARDED BY SOFT X.-RAYS. THE NUMBER OF ELECTRONS
EJECTED WILL BE COLLECTED AND COUNTED WITH AN AMMETER.
(NOTE:THE CURRENT IS RELATED TO THE NUMBER OF ELECTRONS
EMITTED BY ThE METAL).

SELECT ONE OF THE METALS LISTED BY TYPING ITS NUMBER.

1) SILVER
2) BISMUTH
3) CADMIUM
4) LEAD
5) PLATINUM

? 3

WAVELENGTH
MEASURED CURRENT (MICROAMPERES)
TRIAL 1 TRIAL 2 TRIAL 3

2380 20.7 20.3 20.1
2500 20.6 20.3 2U.4
2631 20.5 20.1 20.8
2777 20.8 20.6 2U.2
2941 20.1 20.8 20.16

3125 20.2 20 20.8
3333 2=2 3e6 3

3571 4 2.8 4
3846 1 3.5 3.5

DO YOU WISH TO INCREASE THE LIGHT INTENSITY?
(1YES, U*NO) E ? 1

BY WHAT FACTOR? (SELECT .FACTOR BETWEEN 1 AND 10).
7 7

WAVELENGTH
MEASURED CURRENT (MICROAMPERES)
TRIAL 1 TRIAL 2 TRIAL 3

2380 140 140 140
2500 140.1 140.1 140.1
2631 140 140 140.1
2777 140 140.1 140.1
2941 140.1 140 140.1
3125 140.1 140 140
3333 4.5 4.9 3.3
3571 1.4 1.7 2
3846 4 0 3.7
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DO YOU WISH TO INCREASE ",,kiE LIGHT INTENSITY?
(1=YES, 0=NO) : ? U

DO YOU WISH TO TAY ANOTHER METAL (1=YES, U=NO) ? 1

SELECT ONE OF THE METALS LISTED BY TYPING ITS NUMBER.

1) SILVER
2) BISMUTH
3) CADMIUM
4) LEAD
5) PLATINUM

? 2

WAVELENGTH
MEASURED CURRENT (MICROAMPERES)
TRIAL 1 TRIAL 2 TRIAL 3

2380 10.6 0.7 11.1
2500 10.4 11 10.5
2631 11 11 11.4
2777 11.4 10.6 10

2941 11.1 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 1.7 3.3

DO YOU WISH TO INCREASE THE LIGHT INTENSITY?
(1=YES, 0=NO) ? 0

DO YOU WISH TO TRY ANOTHER METAL (1=YES, O =NO) ? 0

NOW BY PLOTTING THE WAVELENGTH VS. THE MEASURED CURRENT,
(AVERAGE OF THREE TRIALS), THE PHOTOELECTRIC EFFECT AS'
DESCRIBED BY EINSTEIN WILL BECOME APPARENT.

THANK YOU.

READY
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100 KEY' A.C. CAGGIANWPATCHOGUE H.S. PHYSICS; 7-16-68
105 REM REVISED BY C.LOSIH 8-21-70
106 HEM A /S WHICH METAL, L IS THE PhINTED WAVELENGTH,
107 AEM N ARE ThE CURRENTS, K IS INTENSITY, F IS INCREASING INTENSITY
110 Ph1NT " ", "THE PHOTOELECTAIO EFFECT"
120PRINT
130PRINT
140PAINT"WHEN LIGHT OF SHOAT WAVELENGTH FALLS ON A METAL SURFACE,"
150PRI1°?T"ELECTRONS AhE EJECTED FROM THE METAL. ACCORDING TO ThE"
160PAINT"DESCRIPTIUN OF THIS PHENOMENON BY EINSTEIN, THERE IS A"
170PRINT"MAAIMUM WAVELENGTH FOR EACH METAL ABOVE VIICH NO ELECTRONS"
180 PRIWARE EMITTED. IN THIS EXPERIMENT WE WILL DETERMINE THE"
190PRINT"CRITICAL WAVELENGTH AT WHICH THIS OCCURS."
200PRINT
210PRINT"THE METAL SELECTED WILL BE PLACED IN A VACUUM WHERE IT"
220PRINT"W/LL BE BOMBARDED BY SOFT 4-HAYS. ThE NUMBER OF ELECTRONS"
230PRINT"EJECTED WILL BE COLLECTED AND COUNTED WITH AN AMMETER."
240PRINT"(NOTE:THE CUAAENT IS RELATED TO THE NUMBER OF ELECTRONS"
250PRINT"EMITTED BY THE METAL)."
260PAINT
270PRINT"SELECT ONE OF THE METALS LISTED BY TYPING ITS NUMBER."
280PRINT
290PRINT" ","1) SILVER"
300PRINT" ","2) BISMUTH"
31UPRINT" ","3) CADMIUM"
320PRINT" ","4) LEAD"
330PRINT" "p"5) PLATINUM"
340PAINT
345 RANDOMIZE
350INPUT A
360 IF A>1 THEN 380
370 LET VO=.308
380 IF A<>2 THEN 400
390 LET V0 =.338
400 IF A<>3 THEN 420
410 LET V0 =.318
420 IF Pi<21 THEN 440
430LET VO=.340
440 IF A<5 THEN 460
450 LET V0 =.365
460 LET K=INT(I+2*RND(X))
470 PRINT
480 PRINT" ", "MEASURED CURRENT (MICROAMPERES)"
490PRINT "WAVELENGTH","TRIAL 1","TRIAL 2","TAIAL 3"
500 FOR L=.420 TO .250 STEP -.02
510 LET M=INT(1000/L)
520 PRINT M,
530 FOR J=1 TO 3
540 IF L> VO THEN 570
550 LET I=SQR(INT(25=AND(A)))
560 GO TO 580
570 LET I=SER(K*K*100+INT(35*AND(X)))
580 LET N=INT(10*I+.5)/10
590 PRINT N,
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600 NEXT J
610 PRINT
620 NEXT L
630PRI NT
640PRINT"DO YOU WISH TO INCREASE THE LIGHT INTENSITY?"
650 PRINT "(1=YES, 0=NO) : ";

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)."
700 INPUT F
705 IF ABSCF- 5.5) >4.5 THEN 69U
710 LET K=K*F
720 GO TO 470
730 PRINT
740PRINT"DO YOU WISH TO TRY ANOTHEh METAL (1=YES, 0=N0) ";
750 INPUT H
760 IF H=1 THEN 270
765 IF H<>0 THEN 740
770 PRINT
7BOPRINT "NOW BY PLOTTING THE WAVELENGTH VS. THE MEASURED CURRENT,"
790PRINT"(AVERAUE OF THREE TRIALS), THE PHOTOELECTRIC EFFECT AS"
800PRINT"DESCRIBED BY EINSTEIN WILL BECOME APPAHENT."
810PRINT
820PRINT"THANK YOU."
830 END
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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 not a
necessity.

B. Materials - none

DISCUSSION:

The computer randomly selects 4 enerzy levels for the element.
The energies range between 1x10-19 and 15x10-1 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 PHOTON GUN THAT FIRES PHOTONS WITH

RANDOMLY SELECTED ENERGIES*

YOU WANT TO FIND SOME OF THE EMERGE LEVELS OF A GAS THAT
YOU HAVE ISOLATED FROM A SAMPLE OF MOON ROCK, YOJ SILL
DO IT BY FIRING PHOTONS INTO THE GAS AND MEASURING THE
ENERGIES OF PHOTONS EMITTED BY THE GAS THE GAS GILL EMIT
aux IF THE PHOTON YOU FIRED IS CAPABLE OF EXCITING ITS
ATOMS TO HIGHER ENERGY STATES.

TO FIRE A BURST OF SINGLE ENERGY PHOTONS INTO THE GAS TYPE 1
TO CEASE FIRING PHOTONS TYPE 0
YOU HAVE 25 SHOTS TO DETERMINE THE ENERGY LEVELS.

SHOT NUMBER ENERGY OF EMITTED PHOTONS IE19 JOULES)

FIRED!?

FIRE11?

1

1

0
FIRE11? 1

3 0
FIRE11? 1

4 0
1REM1 1

5 14 7 5 3 11 4 Q 9
FIRE11? 1

6 5 3 J1 9
FIRE11? 1

7 3 9
FIRE11? 1

8 0
FIRE11? 1

9 0
FIRE11? 1

10 0
FIRE11? 1

ti 0
FIRE11? 1

12 7 5 3 4 2
FIRE11?

13 0
FIRE11? 1

14 0
FIRED!? 1

15 0

.FIND THE MEM LEVELS OF OUX =UM MYSTERSUB
AND ACCOUNT FOR EACH 07 THE EMITTED PHOTONS BY-DRAWING
AN ENERGY LEVEL DIAGRAM AND SHOVING WHICH TRANSITIONS
GIVE RISE TO THE PHOTONS.
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110 REM JOHN W. HOSIE NORTHPORT HIGH PHYSICS 8/1/69
113 REM REVISED BY L.BRAUM 02070
IIS REM R(I) ARE THE ENERGY LEVELS
120 RANDOMIZE
125 DIM R(25)H(15)E(6)
130 FOR Ja0 TO 6
140 LET E(J)0
150 NEXT J
170 PRINT"IMAGINE THAT YOU HAVE A PHOTON GUN THAT FIRES PHOTONS WITH"
180 PRINT"RANDOHLY SELECTED ENERGIES."
190 PRINT
200 PRINT"YOU WANT TO FIND SOME OF THE ENERGY LEVELS OF A GAS THAT"
210 PRINT"YOU HAVE ISOLATED FROM A SAMPLE OF MOON ROCK. YOU WILL"
220 PRANT"DO IT BY PIHING PHOTONS INTO THE GAS AND MEASURING THE"
230 PRINT"ENERGIES OP PHOTONS EMITTED BY THE GAS. THE GAS WILL EMIT"
240 PRINT"ONLY IF THE PHOTON YOU FIRED IS CAPABLE OF EXCITING ITS"
250 PRINT "ATOMS TO HIGHER ENERGY STATES."
260 PRINT
270 PRINT
300 REM THIS GENERATES A RANDOM NO. IN RANGE 0 -15
310 LET KINT(15*BND(X)1..0)
380 FOR I. TO 5
330 IF IC:E(I) THEN 310
340 NEXT I
350 FOR Ja2 TO 5
360 IF E(J)00 THEN 390
370 NEXT J
380 GO TO 410
390 LET E(J)1(
430 GO TO 310
410 FOR Jm1 TO 4
480 FOR I./.1 TO 5
430 IF E(J)4E(I) THEN 470
440 LET 1014(J)
450 LET E(J)14(1)
460 LET E(1)1(
470 NEXT I
480 NEXT J
490 PRINT"TO FIRE A BURST OF SINGLE ENERGY PHOTONS INTO THE GAS TYPE 1"
500 FRIWT "TO CEASE FIRING PHOTONS TYPE 0"
510 PR/NT"YOU HAVE 15 SHOTS TO DETERMINE THE ENERGY LEVELS."
530 PRINT
540 PRINT " "o"SHOT NUMBER" "ENERAY OF EMITTED PHOTONS (E19 JOULES)"
550 PRINT
560 IF.Da15 THEN 950
570 PRINT "FIRE!! ";
580 INPUT F
583 IF Flt0 THEN 950
586 IF F4/1.1 THEN 570
590 LET DeD*1
600 LIT NII.0
680 LET PaINT(15*RND(X)..5)
630 FOR 10 TO 15
6V3 IF PiM(1) TWIN Wan
650 NEXT I
660 LET X(B)P
670 FOR 11-TO 5.
660 If Pig(I) THEN 720
690 NEXT I
700 PRINT " "DWG"
710 60-TO 560
720 FOR Ha1 TO I
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730 FOR Jul TO I
740 LET Now'
750 LET R(N)0E(144- J)E(H)
750 NEXT J
770 NEXT H
780 PRINT" "A).
790 FOP iv-1 TO 85
800 IF R(I)>0 THEN 830
810 LET R(I)CO
820 00 TO 870
830 FOR del TO 251
840 IF RC1240.11(140 THEN 860
850 LET R(I+J)s0
860 NEXT J
870 NEXT I
880 FOR NO1 TO 25
890 IF R(N)+O THEN 920
900 PRINT MN);
920 NEXT N
930 PRINT"° "
940 80 TO 560
950 PRINT
960 PRINT
970 PRINT"FIND THE ENERGY LEVELS OF OUR ELEMENT MYSTERIUM"
980 PRINT"AND ACCOUNT FOR EACH OF THE EMITTED PHOTONS in-wavisia-
990 PRINT"AN ENERGY LEVEL DIAGRAM AND SHOWING WHICH TRANSITIONS"
1000 PRIUT"GIVE RISE TO THE'PHOTONS."
2010 END
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DISCIPLINE PHYSIC S

SUBJECT PHOTOELECTRIC EFFECT

PROGRAM NAME PLANK

DESCRIPTION:

This program 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 to 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.
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IN THIS EXPERIMENT YOU WILL BE GIVEN THE FREQUENCY OF THE
X -RAYS BEING USED AND YOU ARE TO 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 YOUR PHOTO -
SENSITIVE SURFACE.

1 SILVER. 2 BISMUTH. 3 CADMIUM. 4 LEAD. 5 PLATINUM

WHICH METAL DO YOU CHOOSE? 4

WHAT INTENSITY OF X -RAYS WILL YOU USE (FROM 1 TO 5)? 3

HOW MANY DIFFERENT X -RAY FREQUENCIES WOULD YOU LIKE TO
USE TO RADIATE YOUR SAMPLE (FROM S TO 8)? 7

THE X -RAY FREQUENCY IS 14.59 E15

VOLTAGES HIGHER THAN CUT OFF WILL GIVE CURRENT READINGS OF
ZERO SO TRY LOWER ONES. I'LL NOTIFY YOU OF CUT OFFS
FIND THE CUT OFF (STOPPING) VOLTAGE.

V? 24

VW? 20
I. 9.780632 E -6

Wu? 83
2.232173 E -6

Vim? 23.5
.9982259 E -6

Vol? 83.6
Dr .747686 E -6

Vim? 23.8
CUT OFF Is0

THE X -RAY FREQUENCY IS 18.24 E15

FIND THE CUT OFF (STOPPING) VOLTAGE.

Ve? 24
I. 23.08785 E -6

Vie? 28
I. 15.97117 E"6

Vim? 35
I. 6.16513 E -6

. VII? 40
Im0

Vs? 38
I. 1.580219 IP.6

V? 39.5
In°

VW? 39
CUT OFF Is°

THE X -RAY FREQUENCY IS 2.06 E15

FIND THE CUT OFF (STOPPING) VOLTAGE.

VW? 10

Viwt 5
INV

Viet 1

CUT OFF IRO
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THE X -RAY FREQUENCY IS 13.2 515

FIND THE CUT OFF (STOPPING) VOLTAGE.

Vs? 20
1.0

Vs? 17
Is 3.755741 5 -6

Vs? 19
1=0

Vs? 18
Is .4778505 E6

Vs? 18.5
1.0

Vs? 18.2
CUT OFF 1.0

THE X-RAY FREQUENCY IS 12.44 515

FIND THE CUT OFF (STOPPING)

Vs? 15

VOLTAGE.

CUT OFF IO

THE X -RAY FREQUENCY IS 9.43 E15

FIND THE CUT OFF (STOPPING) VOLTAGE.

Vs? 10

Vs? S

Vs? 2

Vs? '3

Vs? 2.7

Vs? 2.5

1.0

1.0

1. 12.50934 E6

1.0

1.0

CUT OFF Is°

THE X -RAY FREQUENCY IS 8.65 E15

FIND THE CUT OFF (STOPPING) VOLTAGE.

Vs? 1
1.0

Vs? .4
1 =0

Us? .2
THIS FREQUENCY IS TOO LOW TO CAUSE PHOTOELECTRIC EMISSION
I'LL, GIVE YOU ANEW FREQUENCY.

THE X -RAY FREQUENCY IS 10.55 1/5

FIND THE CUT OFF (STOPPING) VOLTAGE.

VS? 10

V.? 8

Vs? 5

Vs? 6

Ullet 7

Vs? 7.5

VS? 7.3

Vs? 7.2

1.0

!P
I. 18.15371 116

I. 9.785334 I16

I. 1.385315 )16

Ise

Is0

CUT OFF 1.0 16
63



Plysics
PLANK

X RAY CUT OFF
FREQUENCY VOLTAGE
E15 FPS VOLTS

14.59 23.8
18.24 39
9;.OG 1

13.2 18.2
12.44 15
9.43 2.5
10.55 7.2

PLOT A GRAPH OF CUT OFF VOLTAGES (Y AXIS) VS. FREQUENCY

WHAT IS THE MEANING OF THE POINT AT WHICH THE EXTRAPOLATED
GRAPH-INTERCEPTS THE VOLTAGE AXIS?

WHAT IS THE LOWEST FREQUENCY THAT WILL CAUSE EMISSION OF
-

PHOTOELECTRONS FROM THIS METAL?

REMEMBER THAT THE RETARDING POTENTIAL APPLIED BETWEEN THE
EMITTER AND THE COLLECTOR AT CUT OFF. EXPRESSED IN ELECTRON
VOLTS. IS EQUAL TO THE KINETIC ENERGY OF THE FASTEST
ELECTRONS ESCAPING FROM THE EMITTER. FIND.THE'SLOPE OF THE
GRAPH BUT EXPRESS THE STOPPING.POTENTIAL IJ JOULES.

WHAT IS THE VALUE OF THE SLOPE OF THE GRAPH AND WHAT SPECIAL
MAME IS GIVEN'TO.THIS CONSTANT?

THE SAME METAL WITH A DIFFERENT INTENSITY IS WORTH
INVESTIGATING. WHEN YOU DO THIS.EXPLAIN THE MEANING
OF ITS GRAPH WHEN COMPARED TO THE PREVIOUS ONE.

YOU MAY ALSO WISH TO TRY A DIFFERENT METAL AND EXPLAIN
THE MEANING OF =Arm WHEN COMPARED TO YOUR OTHER ONES.
OR COMPARED WITH THOSE OF ANOTHER STUDENT.

DO YOU WISH TO TRY A DIFFERENT INTENSITY OR A
DIFFERENT METAL (14,YESi OMO) 0:1 0

READY
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100 REM JOHN W. HOSIE NORTHPORT HIGH 7/29/69
105 REM REVISED BY C.LOSIK
106 REM M IS WHICH METAL.0 IS XRAY INTENSITY. K IS NO. OF FREQS.
107 REM F(S) ARE THE FREQS..USED. V(S) ARE THE CUT OFF POINTS
110 LET P.O
120 PRINT
130 PRINT " IN THIS EXPERIMENT YOU WILL BE GIVEN THE FREQUENCY OF THE"
I4OPRINT "X -RAYS BEING USED AND YOU ARE TO DETERMINE THE VOLTAGE SET -"
159 PRINT "TING (RETARDING POTENTIAL) NECESSARY TO CAUSE THE COLLECTOR"
160 PRINT "CURRENT TO DECREASE TO-ZERO."'
170 PRINT
180 PRINT FIRST CHOOSE THE METAL YOU WISH TO USE FOR YOUR PHOTO -"
190 PRINT "SENSITIVE SURFACE."
200 PRINT
210 PRINT " 1 SILVER. 2 BISMUTH. 3 CADMIUM. 4 LEAD. 5 PLATINUM"
820 PRINT

_

230 LET Kg.0
240 PRINT "WHICH METAL DO YOU CHOOSE";
250 INPUT M
260 IF M>1 THEN 280
270 00 TO 430
280 IF Mx.1 THEN 310
290 LET F0.9.74
300 GO TO 450
310 IF M>2 THEN 340
320 LET F0)18:88
330 GO TO 450
340 IF 10.3 THEN 370
350 LET F049.43
360 GO TO 450
370 IF M).4 THEN 400
300 LET rog4;82
390 GO TO 450
400 IF 10.5 THEN 430
410 LET F0.7;79
420 GO TO 450
430 PRINT "SORRY THE METALS HAVE NUMBERS FROM 1 TO 5"
440 GO.TO 240
450 DIM F(10).V(10)
460 PRINT
480 PRINT "WHAT INTENSITY OF XRAYS WILL YOU USE (FROM 1 TO 5)";
420 INPUT C
500 IF C).5 THEN 480
510 IF C41 THEN 480
580 LET S0
530 PRINT
540 PRINT"HOV MANY DIFFERENT X -RAY FREQUENCIES WOULD YOU LIKE TO"
550 PRINT"OSE TO RADIATE YOUR SAMPLE (FROM 5 TO 8)")
560 INPUT K
570 PRINT
580 IF-1045 THEN 610
590 PRINT "I SAID BETWEEN 5 AND 8 FREQUENCIES."
600 GO.. ?O 530
610 IF 244m8 THEM 680
620 PRINT "TOO MANY TRIALS FOR THE AVAILABLE TIME."
630 00-T0 530
650 RANDGMIZE
670 LIT m10
680 FOR R41 TO 100
.1190 LET FmAND(X)
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700 LET FnINT(2000*F+.5)/100
710 IF Fn7.THEN 730
720 NEXT I
730 LET Va4.14*(FFO)
740 LET J-0
750 PRINT "THE X -RAY FREQUENCY IS"F" EIS"
760 PRINT
770 IFRn0 THEN 800
780 PRINT "VOLTAGES HIGHER THAN CUT OFF WILL GIVE CURRENT READINGS OF"
790 PRINT "ZERO SO TRY LOWER ONES. I'LL NOTIFY YOU OF CUT OFF:"
800 PRINT " FINE THE CUT OFF (STOPPING) VOLTAGE."
810 PRINT
820 PRINT "Vie"1
830 INPUT VI
840 LET RmR.0.1
850 LET JnJ+I
860 LET 11(20*0*(VV1))/V+.05*RN0(X)
870 IF I.iC*20.5 THEN 890
880 LIT-In20*C+.1*RND(X)
890 IF VVIn0 THEN 910
900 LET In()
910 IF ASSCVV134.1 THEN 1000
920 IF Vn0 THEN'950
930 LET In0
940 IF Jn3 THEN 1020
950 IF In0 THEN 980
960 PRINT " I "I" E6"
970 GO TO 820
980 PRINT " I0"
990 GO TO 820
1000 PRINT " CUT OFF 11.0"

1010 00-70 1060
1020 PRINT "THIS FREQUENCY IS TOO LOW TO CAUSE PHOTOELECTRIC EMISSION"
1030 PRINT "I'LL GIVE YOU A-NEW FREQUENCY.*
1040 PRINT
1050 GO-TO 680
1060 LET SS+1
1070 LET F(S)811?
1020 LET V(S)-V1
1090 PRINT
1100 17-$4n11 THEN 680
1110 PRINT " Z -RAY". "CUT OFF"
1180 PRINT "FREQUENCY"*"VOLTAGE"
1130 PRINT " £15 FPS ". "-VOLTS"
1140 PRINT "
1150 PRINT
1160 FOR S01 TO K
1170 PRINT r(s)iv(s)
1180 NEXT S
1190 LET Pni24.1
1210 MET
1220 PRINT" PLOT A GRAPH OF CUT OFF VOLTAGES CY AXIS) VS. FREQUENCY"
1230 PRINT

.

1235 IF -P >1 THEN 1460
1240 PRINT0VHAT IS THE MEANING OF IKE POINT AT MICH THE EXTRAPOLATED"
1250 PRINT"GRAPH-INTERCEPTS -TINE VOLUM AXIS?"

. .

1260 PRINT
1270 PRINT"VMAT IS THE LOVES? FREQUENCY THAT %FILL CAUSE EMISSION OF"
1210 PRINT"PHOTOILECTROMS 72013 THIS METAL,*

_

IEGO PRINT
1300 PRINT"REMENNER THAT THE RriARDING POTENTIAL APPLIED BETWEEN THE"
1310 PRINT"INITTER ANWTHE-COLLECTOR AT CUT OFF, EXPRESSED IM ELECTRON"
1300 PRINT "VOLTS, 1.S EQUAL TO THE KINETIC ENERGY OF THE FASTEST"
1330 PHINT"ELECTRONS ESCAPING FROM THE EMITTER. 711110.THIESLOPE-07 THE"
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1340 PRINT"GRAPH BUT EXPRESS THE STOPPING POTENTIAL IN JOULES."
1350 PRINT
136C PHINT"WMAT IS THE VALUE OF THE SLOPE OF THE GRAPH AND WHAT SPECIAL"
1370 PRINT"NAME IS GIVEN'TO THIS CONSTANT?"
1360 PRINT
1390 PRINT"THE SAME METAL WITH A DIFFERENT INTENSITY IS WORTH"
1400 PRINT"IIIVESTIGATING. WHEN Y00 DO THIS EXPLAIN THE MEANING"
1410 PRINT"OF ITS-GRAPH WHEN.COMPARED TO THE PREVIOUS
I4/0 PRINT
1430 PRINT"YOU MAY ALSO WISH TO TRY A DIFFERENT METAL AND sm,LAIN-
1440 PRINT"THE MEANING OF ITS GRAPH WHICH COMPARED TO YOUR OTHER ONES,"
1450 PRINT."OR COMPARED WITH THOSE OF ANOTHER STUDENT."
1460 PRINT
1470 PRINT "DO YOU WISH TO TRY A DIFFERENT INTENSITY OR A"
1480 PRINT "DIFFERENT METAL (InYES; OuNO) $-"/
1490 INPUT 0
1500 IF 611 THEN 170
1510 IF 0431,0 THEN'1460
151/0 END
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SUBJECT PROJECTILE MOTION

PROGRAM NAME PRJTL

DESCRIPTION:

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 of a
projectile, and to facilitate the plotting of its path by eliminating tedious
cal culations.

PRELIMINARY PREPARATION:

A. Student - Knowledge of motion at constant velocity and at constant acceleration;
aridThe vector 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.
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SUPPOSE YOU ARE GOING TO FIRE A PROJECTILE INTO THE AIR.
IF YOU ENTER A VALUE FOR ANGLE OF ELEVATION AND INITIAL
VELOCITY. THE RANGE AND HEAHT WILL RE EVALUATED. ENTER
YOUR INFORMATION IN THE FC11M AA/ AFTER THE QUESTION MARK.
(REMEMBER, THE ANGLE IS III DEGREES AND THE INITIAL
VELOCITY IS IN METERS/SSCOND.)

NAT ARE YOUR VALUES? 30. 200',

THE TOTAL FLIGHT TIME WAS 20.39431 SECONDS
THE RANGE WAS 3532.399 METERS
THE MAXIMUM HEIGHT WAS 509.8573 METERS

BECAUSE THERE IS NO FRICTION,' THE HORIZONTAL VELOCITY IS
CONSTANT. HORIZONTAL VELOCITY 173.2051

THE FOLLOWING ARE POINTS ON THE CURVE AT VARIOUS TIME INTERVALS,

TIME
....

X -COORD Y..COORD
VERTICAL
VELOCITY SPEED

0 0 0 99.99992 200
1.854028 321.1272 168.5479 81.81812 191.5574
3.708056 642.2543 303.3261 63.63622 184.5253
5.562084 963.3815 404.5148 45.45451 179.0702
7.416112 1284.509 471.9338 27.27271 175.3391
9.27014 1605.636 505.6432 9.090902 173.4435
11.12417 19260763 505.443 '.9.090901 173.4435
12.9782 2247.89 471.9332 27.27271 175.3391
14.83282 2569.017 404.5138 -45.45451 179.0702
16.68625 2890.144 303.3848 - 63.63631 184.5253
18.54028 3211.272 *68.5462 - 81.81812 191.5574
20.39431 3532.399 0 - 99.99992 200

THE ANGLE AT WHICH YOU FIRED THE PROJECTILE DOES NOT YIELD THE MAX
SWUM RANGE. MAT ANGLE DOSS? 45

45 DEGREES GIVES THE MAXIMUM RANGE OF 4077.654

WOULD YOU LIKE ANOTHER RUN WITH. DIFFERENT A AND V?
(10YES. 0010) 1 ? 0

READY
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PRJTL

100 REM J.CARACCIOLOa LONGWOOD H.S., 10.-26...68 BASIC
101 REM REVISED 8/25/70 (C. LOSIX)
110 REM PHISICS PROJECTILE MOTION
120 PRINT "SUPPOSE YOU ARE GOING TO FIRE A PROJECTILE INTO THE AIR."
130 PRINT "IF YOU ENTER A VALUE FOR ANGLE OF ELEVATION AND INITIAL"
140 PRINT "VELOCITY, THE RANGE AND HEIGHT WILL BE EVALUATED. ENTER"
150 PRINT "YOUR INFORMATION IN THE PORM-A,VAFTER THE QUESTION MARK."
160 PRINT "(REMEMBER, THE ANGLE IS IN DEGREES AND THE INITIAL"
170 PRINT "VELOCITY IS IN METERS /SECOND.)"
180 PRINT
190 PRINT
200 PRINT "WHAT ARE YOUR VALUES";
220 INPUT A.VO
230 IF VO.0 THEN 690
240 IF A-0 THEN 690
250 IF V040 THEN 120
260 IF A40 THEN 720
870 IF A>90'THEN 750
280 LIST AA413.14159/180
290 LET HVOtaSIN(A)
300 LET LV041COS(A)
310 LET TO241K/9.86665
320 LET R24404L/9.80665
330 LET kimi(M2)719.6133
340 PRINT
350 PRINT
360 PRINT"THE TOTAL FLIGHT TIME WAS"17.;"SECONDS"
370 PRINT"THE RANGE WAS".111;"METERS"
380 PRINTATHE MAXIMUM HEIGHT WAS"1141 "METERS"
390 PRINT

.

393 PRINT "BECAUSE THERE IS NO FRICTION, THE HORIZONTAL VELOCITY IS"
396 PRINT "CONSTANT. HORIZONTAL VELOCITY "L
400 PRINT
410 PRINT" THE FOLLOWING ARE POINTS ON THE CURVE AT VARIOUS "I
420 PRINT "TIME INTERVALS:"'
430 PRINT
440 PRINT
445 PRINT a a VERTICAL "
450 PRINT" TINE "a" 2"'COORD "a" Yi;'COORD "a" VELOCITY "." SPEED "
460 PRINT" "," "a" ",' "a"

470 LET lT/11
460 LET Tigr-
490 FOR T40 TO T1 STEP N
491 LET 0K4T..4.00333*T12
492 IF 2.0 THEW 495
493 LET Q3
495 LET V124.9.8066541T
500 PRINT TaL*TaWVI.S2R(V14411+L4IL)
510 NEXT T
520 IF ABS(A .785398)4.00001 THEN 610
530 PRINT
540 PRINT
550 PRINT"THE ANGLE AT WHICH YOU FIRED THE PROJECTILE DOES NOT ";
560 PRINT "YIELD THE'MAXIMUN RANGE; WHAT ANGLE 202S";
580 INPUT A
590 LET AA*3.14159/180
600 80 TO 520
610 PRINT
620PRIONT"45 DEGREES GIVES THE MAXIMUM RANGE OF"244V0,2741(.70772)/9.8066
640 PRINT
Arm PRINT "WOULD YOU L1N2 ANOTHER RUN WITH DIFFERENT A AND V7"

17
70

0 Copyright 1971, Polytechnic Institute of Brooklyn



P.ysics
PRJTL

644 PRINT "(1=YES, 0 -NO) t "3
645 INPUT 01
646 IF V1=0 THEN 713
648 IF VI < >1 THEN 644
649 PRINT
650 PRINT"ENTER NEW VALUES FOR AA, AFTER THE QUZSTIOU MARK."
660 GO TO 180
690 PRINT " DON'T ENTER VALUES OF ZEre;."3
700 GO TO 180
700 PRINT " NO NEGATIVE VALUES. PLEASE WATER THEN CORRECTLY"J
730 GO TO 180
750 PRINT " GREAT SHOT. YOU COULD KILL YOURSELF THAT WAY, YOU KNOW."
760 PRINT " TRY AGAIN (NOT TO KILL YOURSELF, THAT IS) "3
770 GO TO 180
780 END

1
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DI SCI PLI NE PHYSICS

SUBJECT PRINCIPLE OF LEAST TIME

PROGRAM NAME REFLCT

DESCRIPTION:

An analogy is given for a light-ray vcflected from a plane surface
to demonstrate the "least-time" principle and its relationship to the reflection
laws of light.

OBJECT I VES:

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 ID1 and P2 and the line 1, the
student can vary the point P3 to note thee ffects on
angles P and Q and their relationsl$p to the time
required to traverse the path

1 3 2'
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 jotrrney, the student may vary the
establish the principle of least time.

point
p3

P2 to further

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 WEST IN COORD/NATE NATIONAL PARK ON
OODINATE MOUNTAIN, LOCATED 10 MILES NORTH OF THE
DESERTED TOWN OF ORIGIN. WHICH IS CONVENIENTLY-LOCATED
AT (0,0) ON THE LOCAL-MAP.

A CALAMITY STRIKES! THE NEAREST HELP IS AT THE
DAR 30s30 RANCH, LOCATED AT COORDINATES (30.30).
TO GET-THERSolfOU MUST RIDE AN OLD HORSE
(NAMED LIGHTRAY) WHO I

.A) WILL ONLY WALK 5 MILES PER HOUR
B) WILL CEASE TO WALK.(AND EXIST) AFTER 10 HOURS
C) MOST HAVE A DRINK Or ;EATER- SOME ALONG THE
ABSCISSA RIVER. WHICH (IF YOU HAVEN'T GUESSED) RUNS
ALONG THE ABSCISSA-IN COORDINATE PARK

HERE IS YOUR PROBLEMS YOU MUST PICK A SPOT
(FROM-0 TO 30) ALONG THE ABSCISSA-RIVER DURING THE
TRIP TO GIVE LIGHTRAY A DRIER, AND STILL MASI IT TO
THE BAR 30130 WITHIN THE TIME ALLOWED; LIGIATRAY. USING
UORSE'REASE. KNOWSALL-

I

THE-ANGLES. SO WE WILL GIVE
THEM TO YOU, TOO.

.

IMES WILL LIGHTRAY STOP FOR A DRINK? 7

ANGLE APPROACHING RIVER IS 55 DEGREES.
ANGLE LEAVING RIVER IS 53 DEGREES.

MERE WILL LIGHTRAY STOP F03 A DRINK'; 7.23

ANGLE APPROACHING RIVER IS 54 DEGREES.
ANGLE LEAVING alvaaIs 53 DEGREES.
YELL, YOU ARE CLOSER THAN LAST TIME.
KEEP-AN EYE ON 'HOSE ANGLES, THOUGH.
LET'S GO BACK AR ANOTHER HORSE.

WHERE SILL LIGHTRAY STOP FOR A DRINK? 7.3

ANGLE APPROACHING RIVER IS 54 DEGREES.
ANGLE LEAVING-RIVER-IS 53 DEGREES.
C'NON TRIED THAT LAST TIME

IMES WILL LIGHTRAY STOP FOR A DRINK? 7.35

ANGLE APPROACHING RIUER IS 54 DEGREES.
ANGLE Laavitio-RIVER-is 53 DEGREES.
C' II *'YOU TRIED THAT LAST TIME.

WHERE WILL LIGHTRAY STOP FOR A DRINK? 7.4

ANGLE APPROACHING RIVER IS 53 DEGREES.
ANGLE LEAVING -RIVER IS 53 DEGREES.
NICE WORK. YOU-MADE-IT.
TEE TRIP TOOK ABOUT 10.00007 MOUES.
TOD CAS SEE THAT %DINGINESS SENSE. LIGHTRAY MONS TM_AT
'IRE ANGLES NAG* TO ME EQUAL OF REFLECTION FOR A
MINIMUM TINE. TRIP.

IF YOU MIT TO NOVI THE RANCH. TYPE 1
IF YOU VANT TO SEE 2402ITHINGELSE. TYPE 2
IF YOU VANT TO QUIT. TYPE-3
3

HEADY

THANK YOU FOR PLAYING.
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100 R4N PROGRAM BY GERARD M. DAMN, WYANDANCH HS, 8/68
101 REM REVISED BY C.LOSIK 8-16-70
110 DIM A(7),B(7),C(7)

REM INTRODUCTION'
120 PRINT "YOU ARE CAMPING OUT WEST IN COORDINATE NATIONAL PARK ON"
130 PRINT "ORDINATE MOUNTAIN, LOCATED 10 MILES NORTH OF THE"
140 PRINT "DESERTED TOWN OP ORIGIN, WHICH IS CONVENIENTLY LOCATED"
150 PRINT "AT (0,0) ON THE LOCAL-MAP."
155 PRINT
160 PRINT "A CALAMITY STRIKES! THE NEAREST HELP IS AT THE"
170 PRINT "BAR'301130 RANCH, LOCATED AT COORDINATES (30,30)."

. _

11O PRINT "TO GET-T4EHts YOU MUST RIDE AN OLD HORSE"
I!0 PRINT "(NAMED LIGHTRAY) WHO I"-
II(0 PRINT " ","A) WILL ONLY WALK S-MILES PER HOUR"
211 PRINT " ","B) WILL CEASE TO Ws:LK-(ARD EXIST> AFTER 10 HOURS"
220 PRINT " ","C) MOST HAVE A DRINK OF.VATERSOREWERE ALONG THE"
230 PRINT " ", "ABSCISSA RIVER, WHICH (IF.YOU HAVEN'T GUESSED) RUNS"
240 PRINT " ", "ALONG THE ABSCISSA-IN COORDINATE PARK"
245 PRINT
250 PRINT "HERE IS YOUR PHOBLEM1 YOU MUST PICK A SPOT"
261 PRINT."(FROM-0 TO 30) ALONG THE ABSC I SSA RIVER DURING THE"
274 PRINT "TRIP TO GIVE LIGHTRAY A .RINK, AND STILL MARE IT TO"
280 ORINT "THE BAR aDg3o WITHIN THA TIME ALLOWED; LI TRAY, USING"
290 PRINT "HORS/ 4=52e KNOWS-ALL THE ANGLES. SO.12 WILL GIVE"
295 PRINT "THEN TO YOU. TOO."
200 BEN FIRST RUN, INITIALIZE RANCH
210 LET A30
:10 LET 3.30
210 LET T940.0
243 LET R0110/3.14159
340 GO TO SOO-
345 REM SECOND RUN (OPTIONAL)
330 PRINT
360 PRINT "ENTER TWO NUMBERS, SEPARATED BY A COMA, FOR THE NEW
370 PRINT "WICK COORDINATES "3
380 INPUT 4.0

.

390 LET X010*A/(B+10)
400 LET TIOa(SOR(X*X100)+SOR((A-.X)*(4.-X)+13*B))/5
410 PRINT "0.11e, LIOMTRAY WILL LASTABOOT°T94;001"HOURS THIS TINE."
499 RER LOOP FOR SEVEN TRYS EXIT LOOP IF CORRECT
500 FOR I-1 TO 7
505 PRINT
510 PRINT "WHERE WILL LIGHTRAY STOP FOR A maw)
510 INPUT X
530 LET A(1)INT(R*ATM(10/X)..5)
535 PRINT
5540 LET B(1),INT(RWATN(11/(AX)) +.5)
550 PRINT'"WILE'APPROACRING RIVER' 5"A(I)"DEORE2S."
550 PRINT "Arms LLAvENCRIvica-zrestIPTItemiss.
S70 IF A(1)13(1) TMEN-660
510 LET C(1)4ASS(A(/)..B(I))
565 IF ImI-T1128 700--
590 Zr C(I)>C(1-1) THEN 630
598 IF CCI)4C(I.L1) TH2N 600'
594 PRINT-"CIMOM'-. YOU TRIED THAT LAST TIME."
596 00-TO 700
800 PRINT "YELL. YOU ARE CLOSER THAN LAST TIME."
1410 PRINT "KEW AN EYE ON-THOSE ANGLES, TFOOGM."
615 PRINT "LET°1140 BACK FOR ANOTHER HORSit."
620 $10-T0 700
630 PRINT "HEY THIS TRIP TAKES LONGER!"
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640 PRINT "YOU HAVE A DEAD HORSE ON YOUR HANDS. TRY AGAIN."
660 GO TO 700
660 PRINT "NICE EOM YOU MADE IT."
670 PRINT "THE TRIP TOOK AROUT"(SOR(X*X+100).SORC(AX)*(A..X)+2102))/51
675 PRINT " HOURS."
680 PRINT "YOU CAN SEE THAT USING HORSE SENSE. LIGHTRAY KNOWS THAT"
00 PRINT "THE ANGLES HAVE TO GE EQUAL OF REFLECTION FOR A"
492 PRINT "MINIMUM TIME TRIP."
695 GO-TO 800
700 NEXT I
710 PRINT
720 PRINT "TOO MANY GUESSES! WE ARE OUT OF HORSES."
800 PRINT
810 PRINT "IF YOU WANT TO MOVE THE RANCH. TYPE 1"
820 PRINT "IF YOU WANT TO SEE SOMETHING ELSE, TYPE 8"
830 PRINT "IF YOU WANT TO QUIT. TYPE-3"
840 INPUT X-
850 IF Mil THEN 350
860 IF Xog THEN 900
870 IF X3 THEN 920
880 00 TO 840
900 PRINT "TIME FOR AN ACTUAL LIGHTRAY TO COMPLETE THE TRIP 1St"
S10 PRINT C5GR(X*X+100)+SORC(AX)*(AoX)+8418))/1.86E5i" SECONDS."
5,20 PRINT
930 PRINT " ".. "THANK YOU FOR PLAYING."
940 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 wavelength 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 or the maxima
and minima of the intensity bands of light.

PRELIMINARY PREPARATION:

A. Student - An instruction sheet is helpful in leading the student
II-Foxa 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 into detailed discussions of related topics. However,
it his been found to be relatively ineffectual with poorly-motivated
students.

B. Suggested Follow-up

This program permits the exploration of the parameters involved
in double-slit interference patterns without the requirement of extensive
equipment and/or set-ups. It is recommended that this simulated
experiment be employed after the student has familiarized himself with
the normal lab experiment.
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SLITS

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 enable efficient exploration of this phenomenon. By
,arying the slit-separation (d), the student ca:1 observe the effects
by noting the relative separations between adjacent maxima. In a
similar manner, changes effectuated by the various wavelengths can
also be noted.
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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 experiment 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 distance d from center to center.

A wave front 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 Trost easily 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
(intensity) pattern.

ADDRESS COMPUTER PROGRAM SLITS

rX

A-
-X

Observation Opaque
screen screen

4-
Coherent light

source is located on
center line
Lciay out vonder----0-

Figure 1

After addressing the program, type RUN. The teletype will then
print out the intensity pattern observed when;

L = 2 meters; d = . 5 millimeters; and W = 6003 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 maximP. (points of high-intensity light) and/or minima (points of

low-intensity light).
The teletype will now ask you 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
minims 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 during 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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YOUNG'S DOUBLE SLIT EAPERIMENT

L = 2 METERS W = 6000 ANGSTROMS D = .5 MILLIMETERS

DISTANCE CMM'S FROM CENTER)
-.26 4\
-.24 7
-.22
-.2 ..*°**.'

..---
-.lb

--*-.16 * .0-"

-.14 ..1*

-.12 *

.*.,..._

-.U6
-.U6 *,,.........

-.04 *.,..,

-.U2 't
0....INTENSITY 7

.U2

.u4
.....

...../*
*

.U6 _......*---.--

.00

.1

.12

.14

.16
1 6

.2

.22

.24

.

*/*

4

:*

.

.

.....,*

......*

'''''N,

*,........

*%

. 26

ABOVE IS AN ILLUSTRATIVE RUN WITH PRE-DETERMINED
VALUES FOR WAVELENGTH CW), DISTANCE BETWEEN SLITS
AND SCREEN CLL, AND SLIT SEPARATION - CENTER TO
CENTER CD). NOW YOU MAY VAHY THESE PARAMETERS, .

ONE AT A TIME.
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WriAT IS THE NEW SLIT SEPARATION (D) IN MILLIMETERS? 1

L = 2 METERS W = 6000 ANGSTROMS D = 1 MILLIMETERS

DISTANCE (MM'S FROM CENTER)
-.26 *

-.24

..----

*

-.22 * ----...'

-.2 ...........-*
-------

-.lb * .,.....

-.16
-.14 .......,

-.12 -.*
-.1 *""-
-.O8 ..,.... *

-.U6 C:
......,

*-.04
-.02

. ..0....INTENSITY *

.U4 ,.._._-...*------------

.06 *

.08

.1 . *.........

.12 . *

.16 __,....*

.18 '"-.....

.22 .

.24 . *

.26 *------'

WOULD YOU LIKE TO TRY ANOTHER VALUE OF D (1-YES, 0-NO)? 1

WHAT IS THE NEW SLIT SEPARATION (D) IN MILLIMETERS? .25

L = 2 METERS W = 6000 ANGSTROMS D = .25 MILLIMETERS
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DISTANCE (MM'S
-.26
-.24
-.22
-.2
-.1b
-.16
-.14
-.12
-.1
-.06
-.06
-.04
-.02

.02

.U4

.06

.Ub

FROM CENTER)
f
*

.*\
*

*

.

.
\
*

.
\
*

.
\*

. *

0....INTENSITY
.

/*
.

41/4*.

/*
. /

;g.

/
.1 .

.12 .
...'"

*
''

.

.14 /*

.16 /*

.16 . /4

.2 .*

.22 f

.24 f

.26 *

WOULD YOU LIKE TO TAY ANOTHEA VALUE OF D (1-YES, 0-NO)? 0

*****

WHAT IS THE NEW WAVELENGTH (W) IN ANGSThOMS? 3000
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L = 2 METERS W = 3000 ANGSTROMS D = .5 MILLIMETERS

DISTANCE (MM'S FROM CENTER)
.26
.24
.22

.16

.16 *

.14

.12 .*

.1

.06

.04
*.U2

0....INTENSITY
.02
.04
.

:<::.
.06
.06
.1

Thc.12
.14 ........._____...4---

.16 ..........,*

1b
.2 ."--....

**----""."-----*.22
24
.26

WOULD YOU LIKE TO TRY ANOTHER VALUE OF W (1YES, 0NO)? 1
WHAT IS THE NEW WAVELENGTH (W) IN ANGSTROMS? 15000
A WAVELENGTH OF 15000 IS INFRARED LIGHT AND NOT VISIBLE.
THE INTERFERENCE PATTERN WILL BE VISIBLE USING DETECTORS
ONLY. TRY ANOTHER WAVELENGTH.
WHAT IS THE NEW WAVELENGTH (W) IN ANGSTROMS? 6900
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L = 2 METERS W = 69U0 ANGSTHOMS

DISTANCE (MI5 Faum CENTER)
-.26
-.24 *

/fr

-.22
-.2
-.1b
-.16
-.1.4

D = .5 MILLIMETEHS

-.12 .N*

-.1

-.06 *,,,
-.04 *N
-.02 *

.02 ,,*

.04

.06 *
.

.1

.12

.14 *

.16

.16

.2

.22

.24 * N*

.26

WOULD YOU LIKE TO TRY ANOTHEH VALUE OF W (1-YES, U-NO)? 0

*****

WHAT IS THE NEW DISTANCE Fgom SLITS TO SCREEN (L) IN METEHS? 5
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L = 5 METERS W = 6000 ANGSTrtOMS D = .5 MILLIMETERS

DISTANCE (MM'S FROM CENTER)
-.26 .

-.24 . *

-.22 . N*

-.2
-.lb *

-.16 \

-.14 *
\

-.12 *

-.1
-.06 *

-.06
-.04
-.02

O....INTENSITY
.02
.04

/4(

.06

.06 'Pk

.1 /*

.12 /*

.14 *

.16 /
*

.16

.2 *

.22

.24

.26 .*

WOULD YOU LIKE TO TRY ANOTHER VALUE OF L Cl-YES, 0-NO)? U

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 CL).
WHAT IS THE NEW SLIT SEPARATION CD) IN MILLIMETERS? .5
WHAT IS THE NEW DISTANCE FROM SLITS TO SCREEN CL) IN METERS? 300U
ALTHOUGH ANY DISTANCE LARGER THAN 5.000000E-3 METERS
IS VALID, ABOVE 5 METERS BECOMES HARD TO SEE. TAY 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 = ? AMGSTROM6 D = .5 MILLIMETERS

DISTANCE (MIN'S FROM CENTER)
-.26 t

-.24 *

-.22
-.2
-.1 . \*
-.16
-.14
-.12 *

-.1
*-.0b \

-.06 *

*\*
-.Ozt

-.02
C..INTENSITY

.02

.04

.06 /*

.08
*/*.1

.12

.14

.16 /11/*

.18 ,*

.2 *

.22

.24

.26

WOULD YOU LIKE A PLOT FOR OTHER VALUES OF D AND L (1-YES, 0-NO)? 0
WHAT DO YOU THINK THE UNKNOWN WAVELENGTH (W) IS? 6000
PRETTY GOOD! THE WAVELENGTH WAS 6000 ANGSTROMS.
WOULD YOU LIKE TO TRY ANOTHER UNKNOWN MAVELENGTH(1-YES, 0-NO)? 0

WOULD YOU LIKE A PLOT WITH YOUR OWN VALUES FOR WAVELENGTH
CW), SLIT SEPARATION (D); AND DISTANCE FROM SLITS TO
SCREEN CL) C1-YES, 0-NO)? 1

WHAT IS THE NEW WAVELENGTH (W) IN ANGSTROMS? 5500
WHAT IS THE NEW SLIT SEPARATION CD) IN MILLIMETERS? .75
WHAT IS THE NEW DISTANCE FROM SLITS TO SCREEN CL) IN METERS? 3
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L = 3 METERS W = 5500 ANGSTROMS D = .75 MILLIMETERS

DISTANCE (MM'S FROM CENTER)
-.26
-.24
-.22 /
-.2
-.16
- .16 . *

-.14
-.12
-.1
-.0b

-.04 *

.02 *

0....INTENSITY
.02 *

.04

.06

.0
1
.12
.14
.16 *
. 1 b

.,
.2 *

.22 /'

,
,

.24

.26 *

ANOTHER ONE (1-YES, 0-NO)
? 0

**********

ROPE YOU HAD FUN!

READY
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1U0 REM YOUNG'S DOUBLE SLIT EAPEAIMENT
101 REM A.C. CAGGIANO
102 REM REVISED 7/28/70 (L. BRAUN, D. PESSEL)
1U3 HEM IMPORTANT VAhIABLES: L-DISTANCE BETWEEN SLIT6+6CHEEN;
104 tEl W-WAVELENGTh; D-SLIT SEPAhAT1UN(CENTEA TO CENTER)
1U5 REM
106 HEM U: PRINT 'ARAMETEh FOR UNKNOWN WAVELENGTh
107 LET U=0
11J PRINT " ", "YOUNG'S DOUBLE SLIT EAPEhIMENT"
111 PRINT
120 REM ILLUSTRATIVE RUN
130 LET L=2
140 LET W=6000
150 LET D=.5
16U REM PLOT ROUTINE
170 GOSUB 85U
171 PRINT
180 PRINT "ABOVE IS AN ILLUSTRATIVE KUN WITh PRE-DETERMINED"
181 PRINT "VALUES FOR WAVELENGTH (W), DISTANCE BETWEEN SLITS"
182 PRINT "AND SCHEEN (L), AND SLIT SEPARATION - CENTER TO"
1b3 PRINT "CENTE1 (D). NOW YOU MAY VARY ThESE PARAMETERS,"
184 PRINT "ONE AT A TIME."
1b6 PhINT
187 PRINT "*****"
188 PRINT
190 REM D INPUT SUBROUTINE
200 GOSUB 920
210 REM PLOT ROUTINE
22U GOSUB 85U
221 PRINT
230 PAINT "WOULD YOU LIKE TO TRY ANOTHER VALUE OF D (1-YES, U-NO)";
240 INPUT Q1
250 IF Q1 >0 THEN 19U
260 PRINT
261 PRINT "*****"
262 PRINT
270 REM RESET D
28U LET D=.5
290 REM W INPUT SUBROUTINE
300 GOSUB 942
31U REM PLOT SUBROUTINE
320 GOSUB 850
321 PRINT
330 PHINT "WOULD YOU LIKE TO ThY ANOTHER VALUE OF W (1-YES, U-NO)";
340 INPUT U2
350 IF U2>0 THEN 290
360 PRINT
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361 PRINT "*****"
362 PRINT
370 HEM RESET W
380 LET W=6000
39U HEM 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 (1YES, 0NO)";
440 INPUT 613
450 IF U3>0 THEN 390
460 PAINT
461 PRINT "*****"
462 PRINT
470 REM RESET L
480 LET L=2
490 I=RINT "YOU WILL NOW BE GIVEN A LIGHT SOURCE OF UNKNOWN"
491 PRINT "WAVELENGTH. YOU WILL SPECIFY THE SLIT SEPARATION (D),"
492 PtlINT "AND THE DISTANCE FROM SLITS TO SCREEN (L)."
507 RE1 Q5 DETERMINES IF W IS TO BE CHANGED
508 LET Q5=0
520 REM D INPUT SUBROUTINE
530 GOSUB 920
550 REM L INPUT SUBROUTINE
560 GOSUB 900
565 REM CHANGE W?
566 IF 615>0 THEN 600
570 REM RANDOMLY DETERMINE WAVELENGTH
58U RANDOMIZE
590 LET W=1000*INT(3*RND(X)+4.5)
600 HEM PLOT SUBROUTINE (UNKNOWN W)
601 LET U=1
605 GOSUB 850
606 PAINT
610 PRINT "WOULD YOU LIKE A PLOT FOR OTHER VALUES'OF D AND L ";
611 PRINT "(1YES, 0NO)";
620 INPUT Q5
630 IF 615>0 THEN 520
640 PRINT "WHAT DO YOU THINK THE UNKNOWN WAVELENGTH (W) IS";
650 INPUT WI
660 IF ABS(141W)<.1*W THEN IOU
670 PRINT "YOU ARE MORE THEN 10Z OFF. TO HELP YOU, YOU MAY ";
680 PRINT "OBTAIN MORE PLOTS."
690 GO TO 610
700 PRINT "PRETTY GOOD! THE WAVELENGTH WAS "W" ANGSTROMS."
701 PRINT "WOULD YOU LIKE TO TRY ANOTHER UNKNOWN WAVELENGTH";
702 PRINT "(1YES, 0NO)";
7U3 INPUT (16
704 IF Q6<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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849 HEM
850 AEM PLOT HOUTINE
855 PINT
856 PHINT
t5t7 HEM U>0 DO NOT PRINT WAVELENGTh
656 IF U>0 THEN 870
880 PAINT "L ="L"ME1EAS W ="W"ANGSTAOMS D ="D"MILLIMETEAs"
861 PAINT
865 GO TO 875
870 PRINT "L ="L"MEFEA;, W = ? ANGSTAOMS D ="D"MILLIMETEAs"
671 r,rtinir

875 PAINT "DISTANCE (MM'S FROM CENTER)"
880 HEM A:PLOT LOWEA LIMIT (MM'S); B:UPPEA LIMIT (MM'S)
4381 LET A=-.26
882 LET B=.26
883 AEM A:PnELIMINAAY CALL. FOA INTENSITY; 10E4:CONVEASION FACTOH
884 LET A=(3.1416*D*10E4)/(W*L)
885 HEM LOOP TO CALCULATE PATTERN AND PLOT IT
886 FOA X=A TO B STEP .02
887 HEM Y:INTENSITf
888 AEM 20:SCALE FACTOR FOA PLOT; A:DISTANCE (MM'S)
889 LET Y=20*COS(H*X)*COS(A*X)
890 IF ABS(X)<.0001 THEN 893
891 PAINT TAB(8);INT(X*100+.5)/100;TA13(15); "."; TAB(INT(Y4-15.5)); u*"
392 GO TO 895
393 PRINT " 0..,.INTENSITY *"
895 NEXT X
396 LET U=0
897 PRINT
t596 RETURN
899 HEM
900 REM L INPUT SUBROUTINE;
902 PAINT "WHAT IS THE NEW DISTANCE FROM SLITS ro SCREEN (L) ";
903 PINT "IN METES ";
904 INPUT L
905 AEM 1000: CONVERT L(METEAS) TO L(MILLIMETERS)
906 IF 1000*L>= 10*D THEN 912
907 PRINT "THIS DISTANCE IS TOO SMALL FOH GOOD INTERFERENCE PATTERNS."
908 PAINT "TAY ANOTHER VALUE."
910 GO TO 902
912 IF L<=5 THEN 918
913 PRINT "ALTHOUGH ANY DISTANCE LAAGEh THAN "10*D/1000" METERS"
914 PINT "IS VALID, ABOVE 5 METERS BECOMES HARD TO SEE.";
915 PRINT " TRY ANOTHER VALUE."
916 GO TO 902
918 RETURN
919 REM
920 REM D INPUT SUBROUTINE
922 PRINT "WHAT IS THE NEW SLIT SEPARATION (D) IN MILLIMETERS";
924 INPUT D
926 IF D>=.1 THEN 932
928 PRINT "SLITS ARE SO CLOSE THEY APPROXIMATE A SINGLE SLIT."
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929 PAINT "TRY ANOTHER VALUE."
930 GO TO 920
932 IF D<=.1*1000*L THEN 940
933 PRINT "FOR A VALID INTERFERENCE PATTERN, THE SLIT SEPARATION"
934 PRINT "SHOULD BE LESS THAN ".1*1000 *L" MILLIMETERS. TRY";
935 PAINT " ANOTHER VALUE."
938 GO TO 920
940 RETURN
941 HEM
942 HEM W INPUT SUBROUTINE
944 PhINT "WHAT IS THE NEW WAVELENGTH (W) IN ANGSTROMS";
946 INPUT W
947 IF W>=300 THEN 954
948 IF W<1000 THEN 959
949 PRINT "A WAVELENGTH OF "W" IS ULTRAVIOLET LIGHT AND NOT VISIBLE."
950 GO TO 956
952 GO TO 944
954 IF W<=f5000 THEN 965
955 PRINT "A WAVELENGTH OF "W" IS INFRARED LIGHT AND NOT VISIBLE."
956 PRINT "THE INTEAFEHENCE PATTERN WILL BE VISIBLE USING DETECTORS"
957 PAINT "ONLY. TRY ANOTHER WAVELENGTH."
958 GO TO 944
959 PRINT "A WAVELENGTH OF "W" IS X-HAYS AND NOT VISIBLE."
960 GO TO 956
965 RETURN
966 AEM
967 PHINT
968 PRINT "*****"
969 PRINT
970 REM MISCELLANEOUS HUNS
972 PAINT "WOULD YOU LIKE A PLOT WITH YOUR OWN VALUES FOR WAVELENGTH"
973 PRINT " (W), SLIT SEPARATION (D), AND DISTANCE FROM SLITS TO"
974 PRINT "SCREEN (L) (1 -YES, U-NO)";
976 INPUT Q9
98U IF Q9<1 THEN 995
982 GOSUB 942
984 GOSUB 920
986 GOSUB 900
988 GOSUB 850
990 PRINT "ANOTHER ONE (1-YES, 0-NO)"
992 INPUT Q8
993 IF 618>0 THEN 982
994 REM
995 PRINT
996 PRINT "**********"
997 PRINT
998 PRINT "HOPE YOU HAD FUN!"
999 END

READY
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DISCIPLINE PHYSICS

SUBJECT SNELL' S LAW

PROGRAM NAME SNELL

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,
norma s, 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 n2 (second medium) is less than n1 (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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- -- REFRACTION OF LIGHT

THIS PROGRAM WILL HELP YOU VISUALIZE THE REFRACTION
OF LIGHT AS IT CROSSES A BOUNDARY SEPARATING TWO DIFFERENT
MEDIA.

THE DIAGRAM BELOW SHOWS LIGHT INCIDENT TO THE BOUNDARY AT
45 DEBASES. THE INDICES OF REFRACTION ARE N10100 AND
N201.5 RESPECTIVELY.

N

*
*
*

MEDIUM I. NI. 1

41,*

*
*

*

MEDIUM 2, Nan 1.5

WHAT DO YOU THINK THE ANGLE OF REFRACTION IS? 30
YOU ARE WITHIN 10 PERCENT.
THE ANGLE OF REFRACTION, Alim 286196

DO YOU UAW TO CONTINUE ClmYES, 0010) I ? I

NOW YOU CAN CHANGE THE INCIDENT ANGLE. THE REFRACTIVE
INDICES WILL REMAIN AS 1111:0 AND N9.1.5

INDIEMEiER, ONLY POSITIVE ANGLES BETWEEN 0 AND 90 DEGREES ARE
PERMISSIBLE ENTRIES.
SO. WHAT ANGLE DO YOU WANT? 60

N

*lb

.*
*

*

*
*
*

MEDIUM I. Ulu I

MEDIUM 2, N2 1.5

*

MAT DO YOU THINK THE ANGLE O REFRACTION IS? 35
YOU ARE WITHIN'10 PERCENT.
TEE ANGLE OF-REFRACTION. AG. 35.234

At tr.% 47
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SLATE LT,

DO YOU WANT TO CONTINUE (1 -YES. 0 -NO) ? 1

NOW SPECIFY NEW VALUES FOR Ni, N2. AND ANGLE 1.
SEPARATE WITH COMMAS. OKAY. WHAT VALUES? 2,3.5,15
VALUE OF N2 IS UNREASONABLE.
YOU MUST RETYPE ALL THREE NUMBERS.

OKAY. WHAT VALUES? 1.5,2.5315

N
*
*

*
*
*
*
*
*
*.
*

4.*

*
*
*
*
*

*

MEDIUM 1. Ni- 1.5

MEDIUM 2. N2s 2.5

WHAT DO YOU THINK THE ANGLE OF REFRACTION IS? 10
YOU ARE MORE THAN 10 PERCENT OFF.
THE ANGLE OF REFRACTION. A2- 8.934

DO YOU WANT TO CONTINUE (1-YES, 0-NO) ? 1

SPECIFY NEW VALUES FOR Ni. Nlit, AND ANGLE 1.
SEPARATE WITH COMMAS. OKAY, WHAT VALUES? .05.1.45
VALUE OF Ni IS UNREASONABLE.
YOU MUST RE-TYPE ALL THREE NUMBERS.

OKAY. WHAT VALUES? 115,1.45
VALUE OF Ni IS UNREASONABLE.
YOU MUST RE-.TYPE ALL THREE NUMBERS.

OKAY. WHAT VALUES? .5.1,45
VALUE OF Ni IS UNREASONABLE.
I'SUGGEST YOU LEARN MORE ABOUT REFRACTION SO YOU CAN
INTER MORE MEANINGFUL INDICES AND ANGLES.

BEADY
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--REFRACTION OF LIGHT---

THIS PROGRAM WILL HELP YOU VISUALIZE THE REFRACTION
OF LIGHT AS IT CROSSES A BOUNDARY SEPARATING TWO DIFFERENT
MEDIA.

THE DIAGRAM BELOW SHOWS LIGHT INCIDENT TO rhE BOUNDARY AT
45 DEGREES. THE INDICES OF REFRACTION ARE N1=1.0 AND
N2=1.5 RESPECTIVELY.

*

*

N

*

*. MEDIUM 1, N1= 1
*

*

*

MEDIUM 2, N2= 1.5

WHAT DO YOU THINK THE ANGLE OF REFRACTION IS? 30
YOU ARE WITHIN 10 PERCENT.
UL ANGLE OF REFRACTION, A2= 2b.126

DO WOU WANT TO CONTINUE C1=YES, 0=NO) i ? 1

NOW YOU CAN CHANGE THE INCIDENT ANGLE. THE REFRACTIVE
INDICES WILL REMAIN AS N1=1.0 AND N2=1.5
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REMEMBER, ONLY POSITIVE ANGLES BETWEEN 0 AND 90 DEGREES ARE
PERMISSIBLE ENTRIES.
SO, WHAT ANGLE DO YOU WANT? 60

MEDIUM 1, N1= 1

MEDIUM 2, N2= 1.5

WHAT DO YOU THINK THE ANGLE OF REFRACTION IS? 35
YOU ARE WITHIN 10 PERCENT.
THE ANGLE OF REFRACTION, A2= 35.264

DO YOU WANT TO CONTINUE (1=YES1 O =NO) t ? 1

NOW SPECIFY NEW VALUES FOR N1, N2, AND ANGLE 1.
SEPARATE WITH COMMAS. OKAY, WHAT VALUES? 2,305,15
VALUE OF N2 IS UNREASONABLE.
YOU MUST HE-TYPE ALL THREE NUMBERS.

OKAY, WRAF VALUES? 1.5,2.5,15

N
*

*
*

*
*
*
*.
*.
*
*
*
.*
.*

*
*

*
*

*

MEDIUM 1, NI= 1.5

MEDIUM 2, N2= 2.5
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WHAT DO YOU THINK THE ANGLE OF REFRACTION IS? 9
YOU ARE WITHIN 10 PERCENT.
THE ANGLE OF REFRACTION, A2* 8.934

0 YOU WANT TO CONTINUE (10YES, 0=NO) ? 1

SPECIFY NEW VALUES FOR N1, N2, AND ANGLE 1.
SEPARATE WITH COMMAS. OKAY, WHAT VALUES? 2,1,75

*

*

*

MEDIUM 1, N1* 2

MEDIUM 2, N2* 1

YOU WENT PAST THE CRITICAL ANGLE.

WHAT DO YOU THINK THE ANGLE OF REFLECTION IS? 75
THAT'S RIGHT, THE ANGLE OF REFLECTION IS 75 DEGREES.

DO YOU WANT TO CONTINUE (1*YES, 0=NO) s ? 0

READY
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100 REM RICHALD F. PAV PATCHOGUE H.S. OCT.°68.
110 REM THIS PROGRAM IS DESIGNED TO HELP A STUDENT VISUALIZE
120 REM SMELL'S LAW.
130 REM REVISED BY C.LOSIK 8-25-70
140 REM A AND Al ARE ANGLES, NI AND N2 INDICES OF REFRACTION
160 PRINT " "."---REFRACTION OF LIGHT---"
170 PRINT
180 PRINT " THIS PROGRAM WILL HELP YOU VISUALIZE THE REFRACTION"
190 PRINT "OF LIGHT AS IT CROSSES A BOUNDARY SEPARATING TWO DIFFERENT"
200 PRINT "MEDIA."
210 PRINT
290 PRINT "THE DIAGRAM BELOW SHOWS LIGHT INCIDENT TO THE BOUNDARY AT"
230 PRINT "45 DEGREES. *THE INDICES OF REFRACTION ARE N1m1.0 AND".
240 PRINT "N2"1.5 RESPECTIVELY:"
250 PRINT
260 LET N1 "1
270 LET N2m1.5
280 LET A.:45
290 GOSUB 820
300 PRINT
310 ?RINT " NOW YOU CAN CHANGE THE INCIDENT ANGLE. THE REFRACTIVE"
320 PRINT "INDICES WILL REMAIN AS N1.11:0 AND N2.'1.5 ."
330 PRINT
340 PRINT "REMEMBER, ONLY POSITIVE ANGLES BETWEEN 0 AND 90 DEGREES ARE"
350 PRINT "PERMXSSIBIA ENTRIES:"
360 PRINT"SO, WHAT ANGLE DO YOU WANT"J
370 INPUT Al
380 LET AmAl
390 IF A490 THEN 490
400 LET A"60
410 GOSUB 020
480 GO TO 520
430 PRINT
44OPRIIJT"YOUR VALUE FOR THE INCIDENT ANGLE ( "JAI "DEGREES) DIDN'T MAKE"
450 PAINT "SENSE SO I AUTOMATICALLY MADE IT 60 DEGREES."
460 PRINT
470 LET A1m60
480 GO TO 1500
490 IF A40 THEN 400
510 SO SUB 820
580 PRINT
530 PRINT " NOW "1
540 PRINT "SPECIFY NEW VALUES FOR NI, N8, AND ANGLE 1."
550 PRINT "SEPARATE WITH*COMMAS. "I
570 PRINT " OKAY, WHAT VALUES"J
580 INPUT NI,NSIDA
590 IF N31 <e3 THEN 630
610 PRINT "VALUE OF NI IS UNREASONABLE."
620 GOTO 640
630 IF NI41 THEN 610
640 IF N24.4 THEN 670
650 PRINT "VALUE OF N2 IS UNREASONABLE."
660 00TO 680'
670 IP N24I THEW 680
680 IF A490 THEM 710
690 PRINT "VALVE OP MILE I IS UNREASONABLE."
700 GOTO 780
710 IF A40 THEN 690
720 IF 1171 a3 THEN 780
730 IF N141 Tt1:14 780
740 IF 142:4 THEM 780
7E0 1? N241 THEN 780

00Sal, 620
770 80T0 540
780 LET 81013+1
785 IF 10.023 THEN 1730
WO PRINT "YOU MUST RE -TYPE ALL THREE NOMBERS.".
800 PRINT
810 GO' TO 570
820 LET 81.0 -3. 9a99
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83C, PRINT
840 \PRINT " N"
850 L,..7 C*(141/N2)*SIN(A*1.145331611)
860 IF\0**1 THEN-1300
870 GOSUB 1520
680 FOR t"8 TO 1 STEP -1
890 LET A*2*Y*C(SIN(A*1.74533E-11))/(COS(A*1.74533E-3)))
900 IF X*16 THEN 960'
910 PRINT TAB(16.-X)1"*"1
950 GOTO 970
960 LET X-16
970 PRINT TADC15,P':"
1010 NEXT Y
1020 PRINT " * MEDIUM 1, N1 - "1N1
1030 PRINT "
1040 PRINT " .* MEDIUM 8. NO- ".1N2
1050 FOR Y -1 TO 8 STEP 1
1060 LET X*2*Y*C/3OR(IC*C)
2070 PRINT.TAB(16)$"."1
1110 IF.X*40 THEN'1160
1120 PRINT TABt17+X)1"*"3
1160 PRINT " "
1170 NEXT Y
1180 PRINT
1190 GOSUB 1560
1200 PRINT "THE ANGLE OF REFRACTION, 42*"142
1210 PRINT
1211 PRINT "DO YOU WANT TO CONTINUE Cl-YES O -)O) 8 "J
1212 INPUT a
1213 IF J*0 THEN 1750
1214 IF j<>1 THEN 1210
1220 acTuam
1230 PRINT " *.* MEDIUM 1, Ni - "N1
1240 PRINT "
1250 PRINT " MEDIUM 2. 1120"1112
1260 PRINT "YOU' WENT PAST THE CRITICAL Aims.-
1270 GOSUB 1650

. _ _

1280 PRINT "THE ANGLE OF REFLECTION IS"JAE"DEGHEES."
1290 BOTO 1210
1300 FOR Y118 TO 1 STEP
1310 LET X*2*7*((SIN(A*1.74533E.-2))/(COS(A*1.74533E2)))
1320 LET Y2111X
1330 IF X*16 THEN 1390
1340 PRINT TAB(16-X)1"*"1
1380 GOTO 1400
1390 LET X.116
1430 PRINT TAB(16)1 "."1
1440 IF X2'40 THEN 1490
1450 PRINT TAB(17+XS);ftwei
1490 PRINT N'M
1500 NEXT Y
1510 20TO 1230
1520 LET FOC/2612/1
1530 LET GATN(IT)'
1540 LET ASINT(1000*(6/1074533E-6)+.5)/1000
1550 RETURN
1560 IP Al0090 THEN 430
1570 ir A140 THEN 430
1580 PRINT "WHAT DO YOU THINK THE *VOLE OF REFRACTION 15°4
1590 JUPUT A3
1600 IF ABS(A8-A3)30.1*A2 TREK 1600
1610 PRINT "YOU ARE WITHIN 10 PERCENT."
1680 GOTO 1640
1630 FRINT."YOU ARE GORE THAN 10 PERCIIKT OFF.w
1640 RETURN

Physics
SMELL

1650 PRINT
1660 PAINT "WHAT D1 YOU THINK Tilt ANGLE OF REFLECTION IS"J
1670 INPUT A4
1660 IF A44A THEM 1710
1690 PRINT "THAT'S RISKY. "3
1700 SOTO 1720'
1710 PRINT-"YOU KAD BETTER STUDY THE LAYS OF REFLECTION."
1710 RETURN'
1730 PRINT "I SUGGEST YOU LEARN mom ABOUT REFRACTION.30 YOU CAM"
1740 PR/NT "ENTER NORE mummerm. INDICES AWD *GALES."
1750 END

.
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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
incrementally 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, central
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 limiting 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.
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SPACECRAFT ORBITS

MAT IS THE MINIMUM AND MAXIMUM ALTITUDE OF THE SPACECRAFT

ABOVE Tri; SURFACE OF THE EARTH IN MILES? 150.230

THE ECCENTRICITY OF THE ORBIT IS 9.640877E3

THE VELOCITY AT THE PERIGEE IS 25593.36 FEET/SECOND.

THE VELOCITY AT THE APOGEE IS 25104.58 FEET/SECOND.

THE PERIOD OF THE ORBIT IS 90o50426 MINUTES.

ADDING A VELOCITY INCREMENT TO THE PERIGEE
OF 10427.89 FT /SRC WOULD RESULT IN A
PARABOLIC ORBIT -- CAUSING THE SPACECRAFT TO FLY OFF INTO SPACZo'

A CHANGE OF - 122.4863 FT/SEC WOULD PRODUCE A
CIRCULAR. ORBIT. HOWEVER* A VELOCITY INCREMENT
OF 360.3738. FT/SEC WOULD PRODUCE AM ORBIT
THAT WOULD BE TANGENT TO THE EARTH'S SURFACE.

ADDING A VELOCITY INCREMENT TO THE APOGEE
OF 10571.05 FT /SEC WOULD RESULT IN A
PARABOLIC ORBIT -- CAUSING THE SPACECRAFT TO FLY OFF INTO SPACE.

A CHANGE OF 121.8972 FT/SEC WOULD PRODUCE A
CIRCULAR ORBIT. HOWEVER, A VELOCITY INCREMENT
OF - 236.6951. FT/SEC WOULD PRODUCE AN ORBIT
THAT WOULD DE TANGENT TO THE EARTH'S SURFACE.

DO YOU WANT TO ADD A VELOCITY INCREMENT AT THE
PERIGEE(TYPE 1).OR AT THE APOGEECTYPE 2) ? I

WHAT VELOCITY INCREMENT IS TO BE ADDED? .0250

THE MEW ORBIT IS ELLIPTWAL
WITH AM ECCENTRICITY OF 9.987444E -3

114E POINT WHERE THE VELOCITY INCREMENT WAS ADDED
CORRISPORDS TO THE APOGEE OF THE NEW ORBIT
THE PERIGEE OF THE NEW ORBIT IN MILES IS68.73486

THE VELOCITY AT THE PERIGEE IS 25854.69 FT/SEC.

THE PERIOD OF THE NEW ORBIT IS 87.8788 MINUTES.

BASED ON YOUR ORIGINAL ALTITUDES OF ISO AND 230 MILES
WOULD YOU LIME TO TRY DIFFERENT VELOCITY INCREMENTS
C1 -YES, 0430)? 0

VOULD YOU LIKE TO RUM THE PROGRAM AGAIN Cl...YES, 0.410)7 0

*****

READY
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100 REM SPACECRAFT ORBITS, M. VISICHp JR., 12/09/68
101 REM REVISED 8/05/70 (D. PESSEL)
120 DIM VC2),R(2)
130 REM THIS PROGRAM CAN BE USED TO DETERMINE THE EFFECT OF
140 REM ADDING A VELOCITY INCREMENT TO A SPACECRAFT INITIALLY IN
150 REM AN ELLIPTIC ORBIT AROUND THE EARTH. VELOCITY INCREMENTS
160 REM CAN ONLY BE ADDED AT THE APOGEE OR PERIGEE OF THE INITIAL ORBIT
170 REM AND ONLY IN A DIRECTION TANGENT TO THE INITIAL ORBIT.
171 LET Q54.0
173 LET 7.11.40753E16
175 PRINT TAB(20)3 "SPACECRAFT ORBITS"
176 PRINT
180 PRINT "WHAT IS THE MINIMUM AND MAXIMUM ALTITUDE OF THE SPACECRAFT"
190 PRINT"ABOVE THE SURFACE OF THE EARTH IN MI1,E5"
200 INPUT H1,H2
905 IF H10 THEN 208
236 PRINT "BOTH ALTITUDES MUST BE POSITIVE,"
207 GO TO 180
208 IF 1122,0 THEN 210
209 GO TO 206
210 PRINT
990 GOSUB 960
225 IF 25>0 THEN 307
230 PRINT"THE ECCENTRICITY OF THE ORBIT IS" E
240 PRINT
250 PRINT"THE VELOalTY AT THE PERIGEE IS "VI" FEET/SECOND."
270 PRINT
280 PRINT"THE VELOCITY AT THE APOGEE IS "V2" FEET/SECOND."
300 PRINT
304 PRINT"THE PERIOD Or THE ORBIT IS "T" MINUTES."'
305 PRINT
307 LET V(1)=V1
308 LET VC2).308
309 LET R(1)=R1
310 LET R(2)..119
311 IP 257.0-THEN 334
312 LET v(2).v8
313 LET 11(1)..R1
314 LET R(2).4/2
315 FOR J.31'70 a
316 PRINT"ADDING A VELOCITY INCREMENT TO THE "J
317 IF 4.0, TEEN 320
318 PRINT"APOGES"
319 GOT0321
320 PRINT"PERIGEE"
381 PRINT"OF "SQR(2*Y/R(J))..V(J)" FT/SSC WOULD RESULT IN A"
322 PRINT"PARADOLIC ORBIT" CAUSING THE SPACECRAFT TO FLY OFF INTO SPACE
333 PRINT
324 PRUIT"A CHANGE OF "S9R(Y/R(J))V(4)" FT /SEC WOULD PRODUCE A"
325 PRINTIVIRCULAR ORBIT. ROVEVER, A VELOCITY INCREMENT "
327 LET R.152800959
329 LET EllCR.41(J))/(FORCJ))
339 PRINT"OF "SCUICT6(1..E8)%1UJ))Vi.)7" FT/SEC WOULD PRODUCE AN ORBIT".
331 PRINT"TRAT WOULD BE TANGSZT.TO THE SAE/TH*5 SURFACE."
332 PRINT
333 MAT
334 PRINT
343 PRINT"DO YOU WET TO ADD A VELOCITY INCREMENT AT Tusr
350 PRINT"PERIGEE(TYPE 1) OR AT THE APCMEE(TYPE 2)".0
WO INPUT DI
370 PRINT
380 IF-(NI)*CN2)40 THEM 420

102
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400 PRINT"YOU WERE TO PICE EITHER 1 OR 2 -TRY AGAIN"
410 GO TO 340
420 PRINT"WHAT VELOCI_ TY INCREMENT IS TO BE ADDED"'

_

440 INPUT V3
430 PRINT
460 GOSUB 1050
470 PRINT"THE NEW ORBIT IS "I
480 IF E1®O THEN800
490 IF E1'1 THEW 900
500 IF EI*1 THEN 930
505 PRINT"ELLIPTICAL "
510 PRINT" WITH AN ECCENTRICITY OF"El
520 PRINT
530 IF U9'1 THEN 680
540 IF H340 THEN 660
550 PRINT"THE POINT WHERE THE VELOCITY INCREMENT WAS ADDED"
560 PRINT"CORRESPONDS TO THE APOSEE.OF THE NEW ORBIT"
570 PRINT "THE PERIGEE OF THE NEW ORBIT IN MILES IS"R3
580 PRINT
590 PRINT" THE VELOCITY AT THE PERIGEE IS "VI" FT/SEC."
600 PRIVT
610 LET R2i2R3
680 GOSUB 1010
640 PRINT"THE PERIOD OF THE NEW ORBIT IS "T" MINUTES"
650 GO TO 1230
660 PRINT"YOU CRASHED INTO THE EARTH"
670 GOTO 1230
680 PRINT"THE POINT WHERE THE VELOCITY INCREMENT WAS ADDED"
690 PRINT"CORRESPONDS TO THE PERIGEE OF-THE NEW ORBIT"
700 PRINT
710 PRINT"THE APOGEE OF THE NEW ORBIT IS "H4" MILES."
720 PRINT
730 PRINT"THE VELOCITY AT THE APOGEE IS "V2" FT/SEC."
740 PRINT
750 LET RDERA
760 GOSUB 1010
780 PRINT"THE PERIOD OF THE NEW ORBIT IS "T" MINUTES"
790 PRINT
800 GOTO 1230
880 PRINT"CIRCULAR."
890 GOTO 1230
900 PAINT"PARABOLIC. "
910 PRINT "WITH AN ECCENTRICITY OF"El
920 GO TO 1230'
930 PRINT"HYPERBOLIC, "
940 PRINT "WITH AN ECCENTRICITY OF"El
950 GO TO 1230-
960 LET R1G0(111+3959)*5280
970 LET R2utIL94.39591.5280
980 LET EeC82141)/CR14.R2)
990 LET VIsSORCY*(10E)/A1)
1000 LET V2eVI*RI/R2
1010 LET Ant(E14.112/011
1020 LET 12839e47944A*A4A/Y
1030 LET T=541/1(P)/60
1040 RETURN
1050 IF Net THEN 1080
IOW LET V10112
1®70 LET itlaget
1080 LET 11,80V14.V3
1090 LET V7a5861C14111,
1100 LET V9sW5/07
1110 LET III=ABS(V9*V91)
11610 IF VOI THEN 1180
1140 LET R3.(1EI)*R1/(141C1)
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1150 LET H3R3/5280.3959
1160 LET 2125*R1/R3
1170 OOTO 1920
1180 LET R4(1+E1)*R1;f1...E1)
1200 LET H4R4/5280...3:'29
1210 LET 22/21,5*R1/R4
1220 RETURN
1930 PRINT
1231 PRINT "*****"
1232 PRINT
1234 PRINT "BASED ON YOUR ORIGINAL ALTITUDES OF "Hl" AND "He" HILES"
1235 PalsT "WOULD YOU LIKE TO TRY DIFFERENT VELOCITY INCREMENTS"
1236 PRINT "(1-YES, 0.470) ";
1237 INPUT 05
1238 PRINT
1241 IF 415v0 THEN 220
1250 PRINT "WOULD YOU LIRE TO RUN THE PROGRAM AGAIN (1'.YESs 0-NO)";
1251 INPUT 06
1252 PRINT
1253 PRINT "*****"
1254 PRINT
1255 IF 1063.0 THEN 180
MO END

11,

104

205
0 Copyright 1971, Polytechnic Institute of Brooklyn



41-

DISCIPLINE PHYSICS

SUBJECT ELECTRICAL POTENTIAL
ENERGY

PROGRAM NAME VFIELD

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 ho w 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
1.7ndezgFood, 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 a 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.

105
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THIS PROGHAM PLOTS A PICTURE OF THE RELATIVE ELECTRICAL
POTENTIAL FIELD STRENGTHS IN THE REGION SURROUNDING TWO
POINT CHARGES. THE CHARGES ARE IN A COORDINATE PLANE
30 BY 30. THE CHARGES MAY HAVE ANY VALUE WHOSE
MAGNITUDE IS LESS THAN IQ . AND MAY BE ANYWHERE BETWEEN
0 AND 30 ON THE X AND Y AXES.
THE MAGNITUDE OF THE FIELD DECREASES FROM 9 TO 1, 0, A TO J

THAT IS, 9 TO 1 IS A POSITIVE POTENTIAL, 0 IS ROUGHLY 0,
AND Am-1, Bm-2, J.1-9. (THERE IS NO *I'.)

WHAT VALUES OF CHARGES DO YOU WISH TO STUDY?
TO STUDY ONLY ONE CHARGE, MAKE THE SECOND CHARGE O.
ENTER TWO VALUES OF CHARGE 8 10,-3.5
WHERE SHALL THE FIRST CHARGE BE LOCATED? 15.15
WHERE SHALL THE SECOND CHARGE BE LOCATED? 15,25

*0 6 12 18 24 30*
*I I I I I I*

30 * 000000000000000000000
29 * 000006000000000000000
28 * 000000 AAA 000000
27 * 00000 AARGBAA 00000
86 * 111 000 A CDEDD'A 000 111
25 * 1111111111111 000 ABD DBA 000 1111111111111 *
24 *1111111111111111 00 ABDED8A 00 1111111111111111*
23 *1111111111111111111 00 AAA 00 t111111111111111111*
22 *11111111111111111111111 111111111111111,1111111*
21 *111111111111111 111111111111111*
20 *111111111111 2822828 2222222 111111111111*
19 *1111111111 22222 333 444 333 22222 1111111111*
18 *111111111 2282 33 4455 6 5544 33 2222 111111111*
17 *11111111 8282 Z3 45 89998 54 33 2222 11111111*
16 *11111111 8222 3 4 79 97 4 3 2222 11111111*
15 *1111111 2222 33 4566 4. 8654 33 2228 1111111*
14 *1111111 2222 33 45679 97654 33 2282 1111111*
13 *1111111 2882 334456789 987654433 2222 1111111*
18 *1111111 22222 33 4455666665544 33 22222 1111111*
11 *1111111t 22222 333 444 444 333 22282 11111111*
10 *11111111 22822 3333 3333 22282 11111111*
9 *111111111 228222 333333333 222222 111:11111*
8 *1111111111 22222222 22222222 1111111111*
7 *11111111111 2222222222222222222 11111111111*
6 *1111111111111 222222222222222 1111111111111*
5 *111111111111111 8 111111111111111*
4 *111111111111111111
3 *111111111111111111111111111111111111111111111111111*
2 41111111111111111111111111111111111111111111111111111*
1 41111111111111111111111111111111111111111111111111111*
0 *1111111111111111111111/1111111111111111111111111111*

*I I I I I - - -- 1*

DO YOU WISH TO VIEW ANOTHER PLOT ( laYES. 01NO) t ? 0

HEADY

106
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100
105

REM
REM

JOHN HOSIE NORTHPORT HS 7869
REVISED BY C.LOSIK 82170

110 REM /-3U HAVE MY BLESSING TO USE COMPUTED GO -TO'S AND
111 REM STRINGS IF YOU HAVE THEM CVE
113 REM V IS THE'FIELD ST4ENGTH, R1.R2.Q1l.Q2 ARE STANDARD NOT.
116 REM THIS MAY BF CHANGED TWALLOW HIGHER VALUED CHARGES
117 LET Q91,10
120 PRINT "THIS PROGRAM PLOTS A PICTURE OF THE RELATIVE ELECTRICAL"
130 PRINT "POTENTIAL FIELD STRENGTHS IN THE REGION'SORROUNDINGTWO"
140 PRINT "POINT CHARGES. THE CHARGES ARE IN A. COORDINATE PLANE"
£50 PRINT "30 BY 30, THE CHARGES MAY HAVE ANY VALUE GROSE"
160 PRINT "MAGNITUDE IS LESS THAN"Q9", AND MAY BE ANYWHERE BETWEEN"
170 PRINT "0 AND 30 ON THERMO) Y AXES."
171 PRINT "THE MAGNITUDE OF THE FIELD DECREASES FROM 9 TO 1. 0, A TO J"
178 PRINT "THAT ISp.9 TO 1 IS A POSITIVE POTENTIAL. 0 IS ROUGHLY 0,"
173 PRINT "AND Aa1. ;....;*9. micas IS NO .1..).
178 PRINT
179 PRINT "WHAT VALUES OF CHARGES DO YOU WISH TO STUDY?"
180 PRINT "TO STUDY ONLY ONE.CHARGE. MAKE THE nCOND CHARGE 0."
185 PRINT "ENTER TWO VALUES OF CHARGE I ";
190 INPUT Q1.02
195 IF Ql*OTHEN 180
200 IF ABSCQ1)4*Q9 THEN 230
210 PRINT "VALUES MUST BE IN THE RANGE ("129"0"29")."
220 GO TO 185
230 IF ABSCQ2)31.619 THEN 210
232 EEM FOR EFFICIENCY, WE 'HIDE' THE ELECTROSTATIC CONSTANT HERZ
233 LET 21=2*611
236 LET Q2462*Q2
240 PRINT "WHERE SHALL THE FIRST CHARGE BE LOCATED";
230 INPUT Z1,Y1
260 LET XIONT(X1+.5)
270 LET YIRINTCY1+.51
280 IF ABSCX115)4015 THEN 310
290 PRINT "VALUES MUST BE IN THE RANGE C0.30)."
300 GO.TO 240
310 IF ABSCY115)>15 THEN 290
320 IF.Q2*O.THEN-410
330 PRINT "WHERE SHALL. THE SECOND CHARGE BE LOCATED";
340 INPUT X.2, Y2
350 LET XIONINTCX8.0.5)
360 LET YERINTCY2+.5)
370 IF ABSCE215)415 THEN 400
380 PRINT "VALUES MUST BE IN THE RANGE (0.30)."
390 GO-TO 330
400 IF ABSCY215)*15 THEN 380
410 PRINT'
420 PRINT
430 PRINT " ".."*0 6 12 18 24
440 PRINT " "o"*I ... .
450 FOR Y*30 TO 0 STEP -1

ZO*"
I*"

453 PRINT " "IINT(Y**5)."*"1
456 LET Y6=CYY1)*(Y411)
457 LET Y7wCYY12)*CYY8i
459 REM TRU IS-FOR 50.1TERATZOKS
460 FOR KEP0'TO'30 5712 .6
463 LET X6*XE1
470,LET R1*50Rt364*X6*Y6)
475 LET X7.X -X2
480 LET R2 ESQRCH7 *X7*Y7)
483 IF R14:5 THEN 800
456 IF R24.5 THEN 850

r
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488 REM THE ELECTROSTATIC CONSTANT IS 2
490 LET OzgQ1/141+62/R2
498 FOR J- -9 TO 9
500 IF ABS(V..J)4035 THEN 508
5102 NEXT J
504 PRINT " "1
506 GO TO 700
508 IF JA0 THEN 610
510 IF J429 THEN 520
513 PRINT "J"7
516 CO TO 700
520 IF J42...8 THEN 530
523 PRINT "R";
526 GO TO 700
530 IF J<>..7 THEN 540
533 PRINT "0"3
536 80 TO 700
540 IF J42.6 THEN 550
543 PRINT "F"J
546 SO TO 700
550 IF J<>.5 THEN 560
553 PRINT "E"J
556 GO TO 700
560 IF J4>4 THEN 570
563 PRINT "D"3
566 GO TO 700
570 IF THEN 580
573 PRINT "C"f
576 GO TO 700
580 IF J42.2 THEN 590
583 PRINT "8"3
586 00 TO 700
590 IF J<P1 THEN 600
593 PRINT "A"l
596 GO TO 700
600 IF J4,0 THEN 610
603 PRINT "0"3
616 80-70 700'
610 IF J4).1 THEN 620
613 PRINT "InJ
616 GO.TO 700
620 IF J42.2 THEN 630
623 PRINT "2"3
626 00.1.0 700
630 IF 4474 THEN 640
633 PRINT "3";
636 GO TO 700
640 IF J4>4 THEN 650
643 PRINT "4"3
646 GO TO 700
650 IF J< >5 THEN 664:
653 PRINT "5"3
656 GO-TO 700
660.a J<>6 THEN 670
663 PRINT 'WI)
666 60 TO 700
670 TIP 'pm', THEN 680
673 PRINT "7")
676 80-T0 700

209
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680 IF 4...8 THEN 690
683 PRINT "3"J
666 GO-TO 700
690 IF J1>9 THEN 504
693 PRINT "9'°J
700 NEXT X
7/0 PRINT "V'
720 NEXT Y
730 PRINT " "p"*I / /. ./

II I*"
?4,3 PRI4T
750 PRINT
760 PRINT "DO YOU WISH TO VIEW ANOTHER PLOT (loYESa 01010) i "S
770 INPUT Q1
775 PRINT
776 PRINT
780 IF'121-1 THEN 178
790 IF 01210 THEN 999
795 60 TO 750
800 IF 611>0 THEN 830
810 PRINT ".."J
820 GO TO 700
830 PRINT "+"J
840 00 TO 700
850 IF 22=0 THEN 490
860 IF 612>0 THEN 830
870 ao TO 810
999 END

109
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DISCIPLINE PHYSICS

SUBJECT INSTANTANEOUS VELOCITY

PROGRAM NAME VLOCTY

DESCRIPTION:

A graph of distance vs. time is plotted for a body accelerating at
lm/ see! sec. The average velocity is found for a point on the graph several
times using V average =(d2 - d1) /(T2 -Ti)as (T2 - T1'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:

A good tutorial program or teaching aid. Student should realize that the
slope of the line drawn between the points dl, Tl, 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 watts to
know the average speed, and the time interval, delta T.

A more theoretical view of this same problem will be obtained by running
the program SLOPE.

110
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VLOCTY

AVERAGE AND INSTANTANEOUS VELOCITY

THIS PROGRAM CONSIDERS DISTANCE AS A FUNCTION OF TIME,
D0F(T). IT WILL CALCULATE THE AVERAGE VELOCITY DURING
THE TIME INTERVAL TI,T2 BY EVALUATING D AT THOSE TIMES
GIVING DI AND D2. THE RESULT OF 02.131./(T2TI) YIELDS
THE AVERAGE VELOCITY. AS T2 IS BROUGHT"CLOSER AND CLOSER
TO T1 THE RESULTANT AVERAGE VELOCITY WILL APROACH THE
INSTANTANEOUS VELOCITY AT T.

AFTER THE PROGRAM STOPS, TYPE IN THE FOLLOWINGS
(END EACH LINE, INCLUDING 'RUN°, WITH THE 'RETURN' KEY)

1 GO TO 300
300 DEF FND(T)=....(YOUR FUNCTION OF TIME)....
RUN

FOR EXAMPLE* TO USE THE EQUATION 1:01A*T*T WITH Asol
YOU WOULD TYPE AS FOLLOWS.

1 GO TO 300
300 DEF FND(T).1 *T *T
RUN

YOU MIGHT TRY THAT AS YOUR FIRST RUN.
FOR FUBSEQUENT RUNS, YOU NEED ONLY CHANGE LINE 300 FOR
A NEW FUNCTION, FOLLOWED BY 'RUN'.

READY

1 60 TO 300
300 DEF FNDCT.1.1*T*T
RUN

*****

WHAT ARE YOUR VALUES OF TI AND T2 (SMALLER FIRST-ITUIR)7 5a50

THE DISTANCE TRAVELED DURING THU INTERVAL IS 2475
THE AVERAGE VELOCITY IS 55

WOULD YOU LIKE TO CHANGE Ta (IYES, 0 -NO)? 1
WHAT IS YOU NEW VALUE FOR T2 (T2 MUST 8E-8REATER THAN T1)? 105

THE DISTANCE TRAVELED DURING THE INTERVAL IS 11000
THE AVERAGE VELOCITY IS 110

WOULD YOU LIKE TO GRANGE T2 (1+YES1 0 -NO)? 0

1102 MATCH THE AVERASE VELOCITY AS Ti APPROACHES Ti.

T1 m 5

T8

D1 m 25

D2 D8 -D1 (DS- Dl) /(T8 -T1)

105 100 11025 11000 110
55 50 3025 .3000 60
30 25 900 875 35
17.5 18.5 306.25 281.25 82.5
11:85 6.25 186.5625 101.5685 16085
8.125 3.125 66.01563 41.01563 13.125
6.5685 1.5625 43.06641 16.06641 11.5625
5.78125 .78125 33.42285 8.428852 10.78125
5.390685 .390625 89.05884 4.058838 10.39063
5.195313 .1953125 26.99127 1.991272 10.19531
5.097656 .09765625 25.9861 .9860998 10.09766
5.048828 .04882813 25.49067 .4906654 10.04883
5.424414 :02441406 25.24474 44447367 10002441
5.012207 .01220103 25.12222 .1282193 10.01821
5.006104 6.103516E3 25.06107 .06107235 10.00609
5.003052 3.051758E+3 85.03053 .03052688 10.00305
5.001596 1.525879E+3 115001526 .01586117 10.00156
5.000763 7.699395E+4 25.00763 7.689871E+3 10.00063

2
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NOTE THAT THE AVERAGE VELOCITY CHANGES VERY LITTLE
AS TL APPROACHES T1. T2 CAN NEVER EQUAL T1 SINCE
(D2DI)/(T2 -T1) WOULD THEN RESULT IN A DIVISION BY ZERO.

WOULD YOU LIKE TO TRY DIFFERENT VALUES OF Ti AND T2
(1 -YES. 0 -NO)? 0
TO CHANGE YOUR FUNCTION SEE THE INSTRUCTIONS.
IF YOU ARE FIN/SHED TYPE '1°.. AND THE 'RETURN' KEY
AFTER THE PROGRAM STOPS.

READY

1

112
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100 REM VELOCITY. J. HOSIE. Q. J. O'CONNOR, 8/12/68
101 REM REVISED 8/26/70 D. PESSEL)
102 REM IMPORTANT VARIABLES! S...SECANT SLOPE) P-PERCENT CHANGE;
103 REM DINVERSE OF CHANGE IN X) YCHANGE IN Y
104 REM SEE SLOPE FOR A MORE THEORETICAL APPROACH TO THE SAME PROBLEM
105 LET SI-0
110 PRINT TAB(10)/"AVERAGE AND INSTANTANEOUS VELOCITY"
120 PRINT
130 PRINT "THIS PROGRAM CONSIDERS DISTANCE AS A FUNCTION OF TIME,"
131 PRINT "D=F(T). IT WILL CALCULATE THE AVERAGE VELOCITY DURING"
t32 PRINT "THE TIME INTERVAL. Ti.T2 BY EVALUATING D AT THOSE TIMES"
133 PRINT "GIVING DI AND D2. THE RESULT OF (D2.01)/(T2.%T1) YIELDS"
134 PRINT "TRE'AVERAGE VELOCITY. AS T2 IS BROUGHT-CLOSER AND-CLOSER"
135 PRINT "TO Ti THE RESULTANT AVERAGE VELOCITY WILL APROACH THE"
136 PRINT "INSTANTANEOUS VELOCITY AT TI."
138 PRINT
139 PRINT "AFTER THE PROGRAM STOPS.. TYPE IN THE FOLLOWIMG:"
140 PRINT "(END EACH LINE, INCLUDING 'RUN'. WITH THE 'RETURN' KEY)"
141 PRINT
142 PRINT " 1 GO TO 300"
143 PRINT " 300 DEF FND(T)=....(YOUR FUNCTION OF TIME)...."
145 PRINT " RUN"
146 PRINT
147 PRINT "FOR EXAMPLE, TO USE THE EQUATION DmA*T*T WITH Awl"
148 PRINT "YOU WOULD TYPE AS FOLLOWS:"
149 PRINT
150 PRINT " 1 GO TO 300"
151 PRINT " 300 DEF FND(T)0,1*T*T"
153 PRINT " RUN"
154 PRINT
135 PRINT "YOU MIGHT TRY THAT AS YOUR FIRST RUN."
156 PRINT "FOR SUBSEQUENT RUNS, YOU NEED ONLY CHANGE LINE 300 FOR"
157 PRINT "A NEW FUNCTION. FOLLOWED BY 'RUN'."
160 STOP
290 REM CALCULATION OF SLOPE AND PRINTOUT
300 DEF FND(T)0igT*T
301 PRINT
302 PRINT ,'Iugt***"
303 PRINT
305 PRINT "WHAT ARE YOUR VALUES OF Ti AND T2 (SMALLER FIRST! T1aT2)")
306 INPUT T1,T2
307 IF T2>T1 THEN 310
308 PRINT "T2 MUST BE GREATER THAN Ti!"
309 GO TO 305
310 PRINT
311 PRINT "THE DISTANCE TRAVELED DURING THE INTERVAL IS "FED(T2)FIRD(TI)
312 PRINT "THE AVERAGE VELOCITY IS "(FND(T2)4110(T1))/(TH.T1)
313 PRINT

_

314 PRINT "WOULD YOU LIRE TO CHANGE T2 (1-YES. 0NO)")
315 INPUT Q1
316 IF 2141 THEN 330
317 PRINT "WHAT IS YOU NEW VALUE FOR T2 (T2 MUST BE GREATER THAN TI)")
318 INPUT T2
319 IF TRWTI THEN 310
320 PRINT "T2 MUST BE GREATER THAN Ti!"
321 GO TO 317
330 PRINT '
331 PRINT "NOW WATCH THE AVERAGE VELOCITY AS T2 APPROACHES Ti."
335 PRINT
344 LET D111411D(TI)
345 PRINT " Ti Is "Ti." "," DI m "'ND(T1)
346 PRINT

214
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350 PRINT " T2"," 7'2T1".." D2"." D2^:11"." (D2...D1)/(T2 .-T1)"
352 PRINT " "a" "," mp, rr

361 LET 02,0FNDCT2)
370 PRINT T2,T2.-TIDD2,D2..DI.CD201)/(T2 .T1)
380 IFABSCT2-T1)4.001 THEN 390
382 LET T2I.T2.-.5*(T2-.T1)
384 GO TO 361
390 PRINT
400 PRINT "NOTE THAT THE AVERAGE VELOCITY CHANGES VERY LITTLE"
401 PRINT "AS'T2 APPROACHES Ti. T2 CAN NEVER EQUAL Ti SINCE"
402 PRINT,02-D1)/(T2T1) WOULD THEN RESULT IN A DIVISION BY ZERO."
470 PRI:Ni
480 PaINT "*****"
49C PRINT
495 PRINT "WOULD YOU LIKE TO TRY DIFFERENT VALUES OF T1 AND T2"
496 PRINT "CI-YES, 0.N0)";
498 INPUT Q5
500 IF Q52.0 THEN 300
510 PRINT "TO CHANGE YOUR .FUNCTION.SEE THE INSTRUCTIONS."
520 PRINT "IF YOU ARE FINISHEDs.TYPE 'I'. AND THE RETURN' KEY"
530 PRINT "AFTER THE PROGRAM STOPS."
540 END

114
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DI SCI PLI NE PHYSICS

SUBJECT WAVES

PROGRAM NAME WAVES

DE SCRI PTI ON:

This program finds the sum of two waves: one predetermined by the
program, and the other determined by the student. There a're options of
either displaying both waves and their sum, or just their sum.

OBJECTI VES:

To enable the student to study, independently, the effect of changes in
wavelength, amplitude,and phase on the superposition pattern formed by
two waves.

PRELI MI NARY PREPARATION:

A. Student - Some experience with " SLINKY" wave superposition: knowledge
of phase, amplitude, and wave length.

B. Materials - 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 (11A" ) has a wavelength of 4, and an amplitude of 10.
The display consists of both waves, side by side, and their superposition,

or just their superposition.

115.
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WAVES

WAVES AND MEL% SUPEAPOS1TION
DO YOU NEED INsr,werioNs (1=YES, U=NO) t 7 1

IN THISPAOGAAM YOU MAY OBSEhVE TnE EFFECTS OF
CHANGING WAVELENGTH, AMPLITUDE, AND PhAsE ON TWO
WAVES AND ON TALIA SUM (Oh SUPEAPOSITION).

WAVE 'A' IS FILED. ITS WAVELENGin IS 4, ITS AMPLITUDE
16 10, AND 1T6 PnASE IS U.

WAVE 'i3' NAV BE CHANGED BY IOU. FOh BEST hEsJLIS :
WAVELENGTH CL) BETWEEN 2 AND 4
AMPLITUDE CA) BEfUEEN 5 AND 10
PHASE CP) BETWEEN U AND 1

CFOA EAAMPLE, .5 PHASE = 1/2 WAVELENGTH

IT IS EASIEST TO SEE TnE EFFECTS OF CHANGES IN EACH
PAAAMETEA IF YOU HOLD IWO CONSTANT AND VARY THE OThEA,
ALTHOUGH ALL TnAEE MAY BE VARIED Al ONCE.

WHAT IS YOUA CHOICE OF WAVELENGTH, AMPLITUDE, AND PHASE? 2,10,0

NOTATION: A = 'A' WAVE
= '13' WAVE

S = SUPEAPOSITION WAVE

n' CCs.) -2U -1U +IU +20
1

0 fir.

2 ''A. 7 B.7:60..............

.4
A0. 13 6

.6 A ,,t5
....'f,

.. H ............ 6

.13 ' it......
..-------- ,,,

'. 6 ...Ib Pe gs
A/41k s, ...-

1B.,ftS
''&"....

*1/. "13-

.b
1

1.2
1.4
1.6
1.8
2

2.2
2.4
2.6
2.b
3
3.2
3.4
3.6
3.8
4

I

A.06 1
..........Ss .'..3"Ai

......"--"..41
. 'I, 1

/
S B *A

-1 -S- -1 I- I
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WAVES AND THEIR SUPERPOSITION
DO YOU NEED INSTAUCTIONS :1=YES, 0=NO) : ? U

WAAT IS YOUA CHOICE OF WAVELENGTH, AMPLITUDE, AND PHASE? 3,5,U.25

NOTATION: A = 'A' WAVE
B = °B' WAVE
S = SONE:W(18'1'10N WAVE

X (CM.) -20
-I -I

-1U U +10
I I I

A
.2 'A,

.4 ' A

.6 AJ

.8 p
1 ,15

13. Sr A

-/b .A/k
J
r5"
A..

4=f

.44..iep "1314

1.2
1.4
1.6
1.8
2
2.2
2.4
2.6
2.8
3
3.2
3.4
3.6
3.8
4

Pi

h
A

*,
g

- I I "1 I- I

+20
I -1

WANT TO TRY ANOTHER SET OF VALUES (1=YES, U=NO) ? 0

READY
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WAVES AND ThEIA SWJEAPOSITION
DO YOU NEED IN5TAUCTION5 (1=YE6, 0=N0) ? u

WhAl IS YOUR CI-1010E OF WAVELENGTA, AmeLlAuD6, AND rhASE? 4,1u,.5

WOIATION: A = 'A' WAVE
D = '6' WAVE

= SUPEAPO5IlION WAVE

A CCM.) -2U -1U u +IU +2U
-I -1 I I I I -I

U
'41'

.2 - ,13 ' .. A.

.4 #1:3' y 'A.

.6 - ;a' 4

.b ..
43' b' ..4

1 .. A
1.2 .. A

''..a..
Y A

1.4 I Al).*
1.6 ski,

'.
A'

I.b - X13` a-k.%

2 -

2.2 .e.

..

;4\6,
2.4 - ,11' ii st3

2.6 - ..A
1.

'8\
2 . 8

3 - A
3 . 2

i

se A
3 . 4 ,I. ..13

)3

3 . 6 - sA ...1:1'

3.8 - sq-1. S .1:3'

4 ir
-1 -1 I I I I -I

WANT TO TAY ANOTHER SET OF VALUES (1=YES, U=NO) ? U

AEA D Y
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(vANT CO TAY ANOCAEA SET OF VALUE (1=xEs, U=NO) : ? 1

WrIAC 16 YOUA enU1GE OF WAVELENGCA, AMPLIILlut., AND PrIASE? 6,10,u

AA/CATION: A = 'A' WAVE
U = '3' WAVE
s = SUritacrWsITION WAVt.

A ( CP; . ) -2U - IU U +1u +2U
I - 1 I Iu141P'.......

.4 ts,A,. S..........5

1 '1.3A

."1 .4 Al.

1 .8 .A'..
ko"'"I'..--

2 8.../A !.

...."1,2.2 . r A _.../b P
2.4 .A ' 6 .
2.6 k3

2.b
ell/b-

.elma

3
3.2 th k ,3
3.4 - S A .i3

.
,..

3.6 s
3.8 'S .8 'A,.

`Et
.

4 A
I - - I I I

WANT TO TAY ANOTrIEAt SET OF VALUES (1=YES, O=NO) : ? 1
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WhAT 16 YOUlt ChUICIE OF WAVa.ENGIn, AMI)LITUDE, AND P6A6E? 6,10,0.25

A = 'A' WMVE
o = '6' WAVE
6 = 601-1E1-J1-'061110N WAVE

A (GM.) -2U -10
I- I I I

O

+1U
I

+20
1- I

.2

.4

.6

.6
1

1.4
1.6
1.6
2
2.2
2.4
2.6
2.6
3 -

3.2
3.4
3.6 -

3.6
4

2
t
6

, 6
'''

...."6,..

'A

a

0°
. ....I:

ti .601P

ti ,.-"7.4
..- ....6 e

,

i-1*-

W" eIi 0
..., ,i3 0A.

EA
A
a
A
V

13\A, '

4113 P'.44

1 I

f',

A .6

I

6

...

s
....

WANT TO TAY ANOTHEA SET OF-VALUES (1=ES.0 U=N0)._: ?

rLEADY
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100 REM JOHN W. HOSIE, NORTHPORT HS,,PHYSICS, 8/9/68
105 REM REVISED BY C.LOSIK
110 REM WE SORT THE WC I) TO PLOT THE WAVE VALUES*
115 REM L,A,P ARE WAVELENGTH, AMPLITUDE, AND PHASE
120 DIM WC3)
124 REM TWO PI I

125 LET P2=2*3.14159
130'PRINT " ","WAVES AND THEI1i SUPERPOSITION"
140 PRINT "DO YOU NEED INSTRUCTIONS (1=YES, OnNO) Y ":
150 INPUT A
160 IF A=0 THEN 350
170 IF A<>1 THEN 140
180 PRINT
190 PRINT "IN THIS PROGRAM YOU MAY OBSERVE THE EFFECTSOF".
200 PRINT "CHANGING WAVELENGTH, AMPLITUDE, AND PHASE ON TWO"
210 PAINT "WAVES AND ON THEIR SUM (OR SUPERPOSITION)."
220 PRINT
230 PRINT."WAVE 'A' IS FIXED. ITS WAVELENGTH I5 40 ITS AMPLITUDE"
240 PRINT 'iS 10, AND ITS PHASE IS O."
250 PRINT
260 PRINT "WAVE 'B' MAY BE CHANGED BY YOU. FOR BEST RESULTS
270 PRINT " ","WAVELENGTH (L) BETWEEN 2 AND '490
280 PRINT " ","AMPLITUDE (A) BETWEEN 5 AND 10"
290 PRINT " ","PHASE CP) BETWEEN U AND 1"
300 PRINT " ","(FOR EXAMPLE, o5 PHASE = 1/2 WAVELENGTH"'
310 PRINT
320 PRINT "IT IS EASIEST-TO SEE THE EFFECTS OF CHANGES IN EACIO
330 PRINT "PARAMETER IF YOU HOLD TWO CONSTANT AND VARY THE OTHER,"
340 PRINT "ALTHOUGH ALL THREE MAY BE VARIED AT ONCE.".
350 PRINT
360 PRINT "WHAT IS YOUR CHOICE OF WAVELENGTH, AMPLITUDE, AND PHASE";
370 INPUT L,A,P
373 IF L>0 THEN 380
375 PRINT "WAVELENGTH IS ALWAYS A POSITIVE QUANTITY."
377 GO TO 350
380 IF L<=8 THEN 41U
390 PRINT "YOUR.WAVELENGTHIS TOO LONG FOR GOOD .DISPLAY."
400 GO TO 350
410 L>=1 THEN 415'
412 PRINT "YOUR WAVELENGTH IS TOO SHORT FOR GOODDISPLAY."
413 GO TO 350
415 IF ABS(A)<=15 THEN 440
420 PRINT "YOUR AMPLITUDE IS TOO LARGE FOR DISPLAY."
430 .G0 TO 350
440. IF ABSCP .5) < =.5 THEN 470
450 PRINT "YOUR PHASE CAN ONLY BE BETWEEN 0 AND 1."
460 GO TO 350
470 PRINT
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480 PRINT "NOTATION:","A = 'A' WAVE"
490 PRINT " ","B = °B' WAVE"
500, PRINT " ","S = SUPERPOSITION WAVE"
510 PRINT
520 PRINT " X (CM.) "," -20 -1U 0 +10 a
53U PRINT " ","-I -I I I I I -I"
540 FOR X=0 TO 4 STEP .2
545 PAINT " "; INTC10*X+.5)/10,"-";
55U LET WC1)=INTC10*SINCP2*X/4)+.5)
560 LET WC2)=INTCA*SINCP2*(X/L+P))+.5)
570 LET W(3)=INTCW(1)+W(2)+.5)
580 REM FIND WHICH IS SMALLEST, THEN PAINT IT AND MAXIMI4E IT
600 FOR Q=1 TO 3
605 LET K=1E20
610 FOR I=1 TO 3
620 IF WCI)K THEN 640
630 LET K=WCI)
640 NEXT I
650 PRINT TAB(K+40);
660 FOR I=1 TO 3
670 IF ABSCWCI)-K)<.0001 THEN 70U
680NEXT I
690 STOP
7U0 IF I<>1 THEN 730
710 PRINT "A";
720 GO TO 780
730 IF I<>2 THEN 760
740 PRINT "2";
750 GO TO 780
760 IF I<>3 THEN 690
770 PRINT "S";
780 LET WCI)=1E25
790 NEXT Q
795 PRINT "
800 NEXT X
810 PRINT " ","-I -I - I I I -I -I"'

820 PRINT
830 PRINT "WANT TO THY ANOTHER SET OF VALUES C1=YES, U=NO) ";

840 INPUT A
850 IF A=1 THEN 350
860 IF A<>Q THEN 820
870 END

HEADY
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