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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 per print zone, while some other manu-

facturers use 1,5; 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 BIOLOGY

SUBJECT GENETICS

PROGRAM NAME DROS

DESCRIPTION:

This program determines the genetic characteristics of the offspring of a
pair of Drosophila flies with specified traits. A game approach is used involving
the entire class, in which the students can select different genotypes.

OBJECTIVES:

To show the student:
A. The result of MEIOSIS and the effect of random assortment.

B. That various genetic recombinations occur in sex cells and in genotypes of
offspring.

C. That if enough trials are run, Mendelian ratios are verified.

D. That he can simulate different genotypic conditions and determine the
probability of the phenotypic outcome.

PRELIMINARY PREPARATION:

A. Student - An understanding of the concepts in the computer program GAMGN
It-17E7st to use DROS as soon as possible after GAMGN .

B. Materials - Eight containers grouped in two sets of four and labeled
A, B, 0-, D. Designate one of the group of four as male chromosomes, and
the other as female. Into each container, place two slips of paper, one
marked 1 and the other, 2.
Before beginning the program have a student;

1. Take out one slip of paper from each of the containers of the male
group and mark the designation on the chalk board. For instance:
Al, B2, C2, Dl;

2. Take out one slip from each container of the female group and do
the same as with the male group.

Decide what the phenotype would be by discussing it in class.

You will run the program using the information you have on the chalk board.
It will give you the correct phenotype. See how the class' answer compares
with the computer' s.

1



Biology
DROS

DISCUSSION:

A. Operational Suggestions
1. Student level - average
2. This program can be used on a classroom basis.
3. Pitfalls to avoid - See that the students run the program several times

and keep a record of each run. This is necessary to show the various
possible combinations that can occur, and their frequencies.

B. Follow-up

After the program has been run:
1. Get as many runs as possible so that percentages can be determined

for each phenotype of the offspring.
2. a) Determine the total number of offspring. Each run represents 1

offspring. Co,:nt them.
b) Determine the total number of offspring which lived.
c) Dete7 mine each phenotype and show that a ratio exists between
dominant and recessive traits. (This should follow typical Mendelian
ratios)

3. Elicit from the students:
a) What was their role in the game? (The students conduct meiosis by
randomly selecting the genotype of each gamete. )
b) (When using a small number of runs) Why did the Mendelian ratios
not hold true?

2.
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BiJlogy
LROS

THIS PROGRAM IS DESIGNED TO GIVE THE GENE.:IC RESULTANT TRAITS
OF OFFSPIUME WHOSE PARENTAGE WAS DISCUSSSD IN PROGRAM *GAMGN'

ARE YOU READY? HERE WE GO.

FOR THE SPERM CELL, WHAT IS 'A'? (nPE 1 OR 2)? 2
WHAT IS 'B'? 1

WHAT IS 'C'? 2
WHAT IS 'D'? 2

FOR THE EGG CELL, WHAT IS 'A'? (TYPE 1 OR 2)? 2
WHAT IS 'B*7 1

WHAT IS 'C'? 1

WHAT IS 'D'? 1

OFFSPRING HAS NORMAL WNW..
AND IS RED EYED.

LET'S TRY THIS SEVERAL TIMES AND SEE THE RESULTS WE GET
OVER SEVERAL TRIALS. KEEP A RECORD.
SHALL WE TRY AGAIN? IF YES TYPE I, IF NO TYPE O.
? I

FOR THE SPERM CELL, WHAT IS 'A'? (TYPE 1 OR 2)? 1

WHAT IS °El'? 2
WHAT IS 'C'? 2
WHAT IS 'D'? 2

FOR THE EGG CELL, WHAT IS 'A'? (TYPE 1 OR 2)? 1
WHAT IS '8'? 2
WHAT IS 'C'? 1

WHAT IS 'D'? I

OFFSPRING HAS VESTIGIAL WINGS
AND IS WHITE EYED

SHALL WE TRY AGAIN? IF YES TYPE Is IF NO TYPE O.
? I

FOR THE SPERM CELL, WHAT IS 'A'? (TYPE 1 OR 2)? 1
WHAT IS 'B'? 1

WHAT IS 'C'? 2
WHAT IS 'D'? 2

FOR THE EGG CELL, WHAT IS 'A'? (TYPE 1 OR 2)? 1

WHAT IS 'B'? 2
WHAT IS 'C'? 1

WHAT IS 'D'? 2
OFFSPRING HAS VESTIGIAL WINGS
AND IS RED.EYED.

SHALL WE TRY AGAIN? IF YES TYPE Is IF NO TYPE O.
? I

FOR THE SPERM CELL, WHAT IS 'A'? (TYPE 1 OR 2)7 1

WHAT IS *E07 2
WHAT IS 'C*7 2
WHAT IS 'Jr? 2

FOR THE EGG CELL, WHAT IS 'A'? (TYPE 1 OR 2)7 1

WHAT IS 'B'? 2
WHAT IS 'C'? 2
WHAT IS 'D'? 2

OFFSPRING HAS VESTIGIAL WINGS
AND IS WHITE EYED

3
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DROS

SHALL WE TRY AGAIN? IF YES TYPE 1, IF NO TYPE O.
7 1

FOR THE SPERM CELL, WHAT IS ',1'7 CTYPE 1 OR 2)? 2
WHAT IS '8'7 1

WHAT IS 'C'? 1
WHAT IS 'D'? 1

FOR THE EGG CELL, WHAT IS 'A'? (TYPE 1 OR 2)? 1

WHAT IS 'B'? 1

WHAT IS 'C'? 1

WHAT IS 'D'? 1

DEVELOPING EMBRYO HAS DIED.DUE TO LETHAL GENE ACTION.

SHALL WE TRY AGAIN? IF YES TYPE 1, IF NO TYPE O.
7 0

I HOPE THAT I HAVE BEEN OF SOME HE7.P. TO YOU,
AND THAT 5 RUNS PROVIDE ENOUGH INFORMATION.

HEADY

4

6 Copyright 1971, Polytechnic Institute of Brooklyn
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100AEM THIS PROGRAM DEVELOPED BY R. COOPEAMAN--JOAN GLENN ALGA SChOOL
110 REM REVISED BY C.LOS111 7-9-70
119 REM C IS THE RUN COUNTED:, ALL INPUTS AttE TEMPORARY
120 LET CaO
125 REM WE ASSIGN EACH GENE A "WEIGHT",
126 REM AND COMBINE THE WEIGHTS TO GIVE RESULTS I

130PRINT"THIS PROGRAM IS DESIGNED TO GIVE THE GENETIC i(ESULTANT TRAITS"
140PRINT"OF OFFSPRING WHOSE PARENTAGE WAS DISCUSSED IN OROGAAM 'GAMGN'"
150PRINT
440PRINT"ARE YOU READY? HERE WE GO."
450PRINT
540PRINT"FOA THE SPERM CELL, WHAT IS 'A'? (TYPE 1 OR 2)";
550 INPUT X
551 IF X=1 THEN 559
552 LET X=5
553 GO TO 560
559 LET X=10
560PAINT" WHAT IS 'B'
57U INPUT Y
571 IF Yol THEN 579
572 LET Y=100,
573 GO TO 580
579 LET Y=50
580PRINT" WHAT IS 'C'";
590 INPUT W
591 IF W=1 THEN 599
592 LET W=0
593 GO TO 600
599 LET W=500
60CPRINT" WHAT IS 'D'";
610 INPUT Z
620PRINT"FOR THE EGG CELL, WHAT IS 'A'? (TYPE 1 OR 2)";
630 INPUT L
631 IF L=1 THEN 639
632 LET L=5
633 GO TO 640
639 LET L=10
640PRINT" WHAT IS '2";
650 INPUT M
651 IF M=1 THEN 659
652 LET M=100
653 GO TO 66V
659 LET Mn50
660PAINT" WHAT IS 'C'";
670 INPUT N
671 IF Nol THEN 679
672 LET N=0
673 GO TO 680
679 LET N=500
680PAINT" WHAT IS 'D'";
690 INPUT 0

5
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DROS

700 LET T=W+N
710 LET S=Y+M
720 LET R=X+L
725 LET C=C+1
730 IF T<999 THEN 750
740PRINT"DEVELOPING EMBRYO HAS DIED DUE TO LETHAL GENE ACTION."
745 GO TO 910
750 IF h<19 THEN 770
760PRINT"OFFSPRING HAS VESTIGIAL WINGS"
765 GO TO 780
770PRINT"OFFSPRING HAS NORMAL WINGS"
780 IF S<199 THEN 800
790PRINT "AND IS WHITE EYED"
795 GO TO 910
800PRINT"AND IS RED EYED."
910 PRINT
915 IF C>1 THEN 940
920PRINT" LET'S TRY THIS SEVERAL TIMES AND SEE THE RESULTS WE GET"
930PRINT"OVER SEVERAL TRIALS. KEEP A RECORD."
940 PRINT "SHALL WE TRY AGAIN', IF YES TYPE 1, IF NO TYPE O."
950 INPUT I
960 IF I=1 THEN 540
963 IF I=0 THEN 970
966 GO TO 940
970PRINT" I HOPE THAT I HAVE BEEN OF SOME HELP TO YOU,"
980 PRINT "AND THAT"C"RUNS PROVIDE ENOUGH INFORMATION."
990 END

6
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DISCIPLINE BIOLOGY

SUBJECT EVOLUTION

PROGRAM NAME EVOLU

DESCRIPTION:

A population of dark and light pepper moths are studied over a
period of 30 years. The student selects the year and direction of
environmental changes which favors one or the other. The concept of
natural selection in evolution is developed.

OBJECTIVES:

To show the student that
A. The mutation rate within a population for a specific trait can be

stable for a period of time, or can change. The success of the
progeny exhibiting this variation is dependent upon environmental
conditions.

B. Progeny exhibiting an hereditary trait do not necessarily reach
maturity, because of the influence of environment.

C. Evolution depends upon mutation, heredity, and environmental
pressures.

PRELIMINARY PREPARATION:

A. Student - An understanding of the following terms: 1) mutation rate,
2) 3) environmental change, 4) population.

B. Materials - 1) Specimens showing color variations within any species
(optional); and 2) Ditto of the list of assumptions presented in this
program (optional). Assumptions are listed below.

DISCUSSION:

A. Operational Suggestions
1. Student level - average
2.. Group size - Work in small groups of five or less. Remaining

students may be engaged in a related activity.
3. Assumptions - Prior to running the program, the students should

be told to assume the following:
a) The environment initially favors the light moths.
b) At first, brown moths are produced, but because of environ-

mental pressures they do not reach maturity.
c) The total population in the area cannot exceed the initial

number of moths, because this is the maximum number of
moths the environment can support.

7
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DISCUSSION: (con' t)

4. Each group of .students should run the program at least two
times, varying the environmental pressure; once favoring the
dark moths and once favoring the light.

5. You might have the runs of different groups of students reflect
different mutation rates.

6. Supervision of the number of program runs per group is
necessary since they are not automatically cut off.

B. Suggested Follow-up
These questions may be used to initiate discussion:

1. Why does the mutation rate remain constant? Does it always
remain constant under natural conditions? Explain your reasons.

2. Assuming constant environmental conditions, how does
changing the mutation rate affect the population? Why?

3. How does changing the mutation rate affect the dark moth
population when environmental pressures favor these moths?
Why?

4. What environmental pressures could favor the dark moths?
(industrial expansion, predators which favor the light or dark
moths) (The classic case of the pepper moths andthe
industrial revolution in England could be discussed at this point. )

5. What possible role might pollutants play in altering a mutation
raft? What other factors could affect a mutation rate?

6. Is evolution a slow or fast process? Explain your answer.
7. Why do a few white moths always remain in the population,

even though the environment favors the dark moths?
8. What is natural selection? What is its role in evolution?
9. Make a list of all factors important to evolution.

8
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EVOLU

EVOLUTION STUDY

WTI-UN A LARGE POPULATION OF PEPPEn NOThb, TaEnE AnE A FEW
INDIVIDUALS WhICA ShOW.UP DAAKEn IN GULOn inAN ThE
LIGHT COLORED MOThS BECAUSE OF AUlAilUNs.

YOU AHE GOING TO STUDY ThIS POPULATION OF PEPPEn MOTn8 FOn 3u
YEARS AND SEE WhAT HAPPENS TO ThE NUmBEA OF DAM Muins whEw
YOU ALTEn ENVIRONMENTAL CONDITIONS.

SELECT A MUTATION HATE VALUE BETWEEN I AND 1U. ThE
HIGHER THE NUMBER, THE h1GfiEn ThE MUTATION HATE 16, AND TnUS
THEAE AHE MOHE DARK MOTHS IN OUR POPULATION.
? 9

HOW MANY LIGHT COLORED MOTHS AnE ThEnE IN THE AnEA?
SELECT A NUMBER BETWEEN luUu AND lUu0UUU ? 65789

YOU HAVE ThE POWEh TO CHANGE ThE ENJInONMENT.
AT WhAT POINT IN OUA THIRTY YEAh PEAIOD DO YOU WANT
TO IMPLEMENT YOUR POWER? SELECT A YEAH FROM 3 ThAOUGh IU.
? 5

13 THE ENVIRONMENTAL CHANGE GOING TO FAVOR
LIGHT MOTHS (TYPE 1) Oh DAM MOThS (TYPE 2)? 2

HOW DO YOU WISH TO SEE THE RESULTS?
1.TABLE ONLY, 2.GHAOH ONLY 0.80TH? U

FOR A MUTATION RATE OF 9

YEAR DARK MOThS
M./1MM .....

LIGHT

1 0 65789
2 0 657b9
3 U 65789
4 0 65789
5 5921 59868
6 11309 54480
7 16212 49577
8 20674 45115
9 24734 41055
10 28429 37360
11 31791 33998
12 34851 3U938
13 37635 28154
14 40169 25620
15 42475 23314
16 44573 21216
17 46422 19307
18 48220 17569
19 49801 15988
20 51240 14549
21 52549 13240
22 53741 12048
23 54825 10964
24 55812 9977
93 56710 90 79
26 57227 8262
27 52271 7518
$1 28942 6841
22 . S9364 6025
30 60124 5665

MOTHS

9
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L=LIGnI M01'n , D=DAHH NOfhs
VALUE:, GriAPnEd KJ PEriCENIAGE OF POPULATION.

J lUu
I 1 1 I 1 I

1 D L
2 ID L
3 D L
4 D L
5 1 D L
6 I I) L
7 I D L
5 I D L

V I D L
1U I D L
11 I DL
12 I L D
13 I L D
14 I L D
15 I L. D
16 I L D
17 I L I)

Its I L D
19 1 L D
20 1 L D
21 I L D
22 1 L D
23 I L D
24 I L D
25 I L U
26 I L D
27 I L D
26 I L D
29 I L D
3U I L D

DO YOU WANT TO RUN ThIS PROGRAM AGAIN (1=YES,O=N0)? 1

SELECT A MUTATION BATE VALUE BETWEEN 1 AND 10. ThE
NIGHER THE NUMBER, THE hIGhEh THE MUTATION RATE IS, AND ThUS
THERE ARE MORE DANK MOTHS IN OUA POPULATION.
? 9

HOW MANY LIGHT COLOHED MOTHS AHE THEHE IN THE AAEA?
SELECT A NUMBER BETWEEN 1000 AND 1000000 ? 657A9

YOU HAVE THE POWER TO CHANGE THE ENVIRONMENT.
AT WHAT POINT IN OUR THIRTY YEAR PERIOD DO YOU WANT
TO IMPLEMENT YOUR POWER? SELECT A YEAH FROM 3 THROUGH 10.
? 5

IS THE ENVIRONMENTAL CHANGE GOING TO FAVOR
LIGHT MOTHS (TYPE 1) OR DARK MOTHS (TYPE 2)? I

HOW DO YOU WISH TO SEE THE RESULTS?
1-TABLE ONLY, 2.GRAPR ONLY 0=BOTH? 1

10
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'OA A MUTATION BATE OF 9

&AA DAs ii MOMS LIGrIT i%Ofts.0

1 U 65'039

2 U 65709
.3 U 657ov
4 U 65709
S U 657ov
0 U 65709
7 U ns7ov
b U tibTh')

v U 6670v
lu U 6570v
11 U 6570v
12 U 657ov
Is U 657ov
14 U 6570V
15 U 6570v
16 U 6570v
l'i U 6570v
10 U 657ov
lv U 657ov
2u 0 657ov
21 U 657ov
22 U 657oV
23 U 657ov
24 0 657b9
25 U 65 709

26 U 657139
27 U 65739
2b U 65739
29 0 65769
3U 0 657OV

Biology
EVOLU

U0 YOU WANT TO AUN Tolo eo0GAAM AGAIN (1=YES,U=N0)? U

AEAUY

24
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10uaEM PnOGIAI% DEVELOPED dx Da. A. FnISHMAN, 6.UNY. FAamINGOALE
IluaEM ANL a. CoOeEnAN. JOHN GLENN nIGH sCnOOL.
118 aEti. aEVISEL. BY C.LOSla 7-6-70
115 aCM J=DAaA MTh ARRAY, L=LIGnf MOrn ARRAY, 6=AA. pOPUL
116 LiJ, D(31), L(31)
117 PaINT " ","EVOLUTION ..V0Dr"
llb PaINT
12u,,,awr-w1 rri1N A LARGE POPULATION OF PEPPER MO1'116, thEitE AaE A FEW"
130PAINT"INDLV1IWALs WHICh snOW ur DAahEa IN COLOR TnAN ThE NOaMAL"
I4u PaINT "LIGnf COLORED MOTHS BECAUSE OF MUTATIONs."
150eRINT
160PAINT"YOU AaE GOING TO STUDY THIS POPULATION OF PEPPER MOTHS FOn 30"
170PaINT"YEAn6 AND SEE WhAt nAPPEN6 TO ThE NUMBER OF DARK MOTHS WhEN"
louPalNT"YOU ALTER ENVIHONMENTAL CONDITIONS."
aJu PRINT
21u.PRINT "SELECT A MUTATION HATE VALUE BETWEEN 1 AND 10. THE"
220PHINT"HIGHER THE NUMBER, 'DIE HIGHER THE MUTATION HATE IS, AND ThOS"
23U PRINT "THERE AtE MORE DARK MOTHS IN 0011 POPULATION."
240INPUTM
250IFM<1THEN280
26U IF M<=10 THEN 31U
2o0PAINT"THE MUTATION HATE YOU HAVE CHOSEN DOES NOT FALL WITHIN ThE"
2931'aINT"PAESCHIBED RANGE 1-10. THY AGAIN."
JOOGOT0240
310 PRINT
330 PAINT "HOW MANY LIGHT COLORED MOTHS ARE THERE IN THE AREA?"
340 PRINT "SELECT A NUMBER BETWEEN 1000 AND 1000000 "3
350INPUTPO
36U IF P0<1E3 THEN 390
37u IF p0<=1E6 THEN 42U
390PRINT"THE NUMBER OF MOTHS YOU HAVE CHOSEN DOES NOT FALL WITHIN ThE"
4UOPHINT"PHESCHIBED RANGE 1000-1000000 THY AGAIN."
41OGOT035O
420LET Z -PO
43OPRINT
440PHINT"YOU RAVE THE POWER TO CHANGE THE ENVIRONMENT."
45UPRINT"AT WHAT POINT IN OUR THIRTY YEAR PERIOD DO YOU WANT"
460PRINT"TO IMPLEMENT YOUR POWER? SELECT A YEAR FROM 3 THROUGH lu."
470 INPUT X
480 IF li<3 THEN 492
490 IF X<.10 THEN 500
492 PRINT "THE YEAR CHOSEN DOES NOT FALL WITHIN THE RANGE 3-1u."
494 PRINT "TRY AGAIN."
496 GO TO 470
530PRINT
510PRINT"IS THE ENVIRONMENTAL CHANGE GOING TO FAVOR"
520PRINT"LIGHT MOTHS (TYPE 1) OR DARK MOTHS (TYPE 2)":
530INPUT E
532 IF E.1 THEN 540
534 IF E -2 THEN 540
536 PRINT "PLEASE TYPE 1 OH 2 NOT"JE.
53B GO TO 530
540PRINT
600 REM ONE LOOP FOR CALCULATION
610 FOR T-1 TO 30
615 HEM CHECK IF ENVIRONMENT HAS CHANGED
620 IF T > -X THEN 650
625 REM NOT YET (FAVORS LIGHT MOTHS)
630 LET 12100
640 GO TO 710
649 REM ENVIRONMENT HAS CHANGED
650 IF E.c>2 THEN 630
660 LE1 P1aINT(P1+.01*M*F0+.5)
670 LET 1300INT(ZP1+.5)

12
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6b0 IF e1 <4 THEN 71U
6b9 AEM COMPLETE REVERSAL OF POPULATIONHAS OCCUHED
690 LET 1,1=h
70() LET PU=0
710 LET L(T)=PU
72U LET D(T)=P1
730 NEAT T
740 aEm OUTPUT OF AESULTS
750 eAINT "HOW-DO YOU WISH TO SEE THE AESULTS?"
76U PAINE "1=TABLE ONLY, 2=GAAPH ONLY, J=BOTA";
77U INPUT E
7du FUA T=UTO2
790 IF E=T THEN 1525
dUU NEAT T
d10 PAINT "AW C'MON. I'M NUT DUMB. TAY AGAIN."
b20 GO TO 760
d23 PAINT
b25 PAINT
b26 PAINT "Foa A MUTATION AATE OF";M
d30 IF E>1 THEN 91U
d4U PRINT
d5u PAINT
460 PAINT "PEAK ", "DAM MOTHS ", "LIGHT MOTHS"
b70 ettlbit "----", "---- ----- ", "
1575 AEM OUTPUT TABLE
15160 FOIL 1' =1 TO 30
d9U PAINT Ts D(T), L(T)
900 NEAT f
910 IF E=1 THEN 10dU
915 PAINT
920 PH1NT
925 PAINT " ","L=LIGHT MOMS, D=DAAK MOTHS"
930 PRINT " ","VALUES GAAPAED AS PERCENTAGE OF POPULATION."
935 PAINT
94U HEM SCALE OF GAAPH IS LEA() TO ONE
990 PAINT TAB(5);"0";TAB(54);"100"
1000 PAINT TAB(5);"I 1 1 1 1 1"
1010 FOA T=1 TU 30
1020 PAINT T;EAB(5);"I";
1023 LET L(T)=5u*L(T)/4
1026 LET D(T)=5u*D(T)/4
1030 IF L(T)>D(T) THEN 106U
104u IF D(T)> L(T) THEN 1070
1050 PRINT TAB(5+L(T));"*"
1055 GO TO 1075
1060 PA1NT TAB (5+D(T));"D"; TAB(5+L(T));"L"
1065 GO TO 1075
1070 PAINT TAB(5+L(T));"L";TAB(5+D(T));"D"
1075 NEAT f
10b1; PAINT
1090 PAINT
1100 PAINT "DO YOU WANT TO AUN THIS PHOGAAM AGAIN (1=YES,U=NO)";
1110 INPUT E
1120 IF E=1 THEN 200
1130 IF E<>0 THEN 1100
1140 END



DT.SCIPLINE BIOLOGY

SUBJECT GAMETOGENESIS + INHERITANCE

PROGRAM NAME GAMGN

DESCRIPTION:

A review of the process of gametogenesis, applying it to the concept of
dominant-recessive tr;lits.

OBJECTIVES:

A. To reinforce the meaning of the terms random assortment, meiotic
divisions, monoploid, and diploid.

B. To allow the student to make decisions based upon knowledge gained in the
program, thus causing the students to think.

C. To review and reinforce both spermatogenesis and oogenesis.

PRELIMINARY PREPARATION:

A. Student
1. Students should be familiar with all phases of meiosis.
2. Genetics should have been introduced so that the student understands the

implications of gene action, dominance and recessiveness, homologous
and non-homologous chromosomes.

3. Programming and machine knowledge. Keep in mind that for this program
the students should be given time to try to determine what genetic traits
are represented by the chromosome designation shown in the program.

normal wing - red eye
normal wing - white eye
ves tigial wing
lethal gene

red eye
white eye
normal wing
vestigial wing
non lethal gene
lethal gene carrier
lethal (dies)

B. Materials - none necessary

14

= A1A2, B1B2, C1C2, D1D2
AlAZ, 332332, C1C2, D1D2

= A1A1, B1B2, C1C2, D1D2
= A1A2, B1B2, C1C1, D1D2

= B1B2 or B1B1
= 332332 (recessive)
= A1A2 or A2A2
= A1AI (recessive)
= C2C2
= C1C2
= C1C1 (recessive)

0 Copyright 1971, Polytechnic Institute of Brooklyn
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DISCUSSION:

A. Operational Suggestions:
1. Student level - Average to above average ability
2. If the student is confused alert him to the fact that chromosomes are

letters and the number following the letter represent genes. Similar letters
indicate homologous chromosomes. (see program)

3. Read the program ahead of time to make sure your students are familiar
with the terms used in the program.

4. If the students are thrown off the machine see that they review with the
teacher the concept of gametogenesis before continuing with the program.

5. Ideally, students should work individu-7.17If this is not possible, then
work in groups of 5 or less. Allow one group at a time at the computer
while the remaining groups are engaged in a related activity.

B. Suggested Follow-up
To maximize the value of this program, it is strongly suggested that the
teacher:
1. Elicit from the students:

What are the gene locations for the various genetic traits (eye color,
wing normalcy, lethality)? Which is recessive? Which is dominant?
Why is there no chance that the offspring will have the exact chromosomal
composition of the father?

2. Ask the following questions, based on the information given, as lead-ins
to discussion or as a homework assignment.

(a) What is a polar body? How does the formation of polar bodies
increase the survival chance of the egg cell?

(b) How is random assortment responsible for genetic trait variations?
(c) Why is it possible for all offspring to have the same traits without

variations?

ARTICULATION INTO NEXT AREA TO BE COVERED:

This program can lead directly into the topic of genetics. A second
program, DROS , appearing in the manual, should follow. It demonstrates,
with a game, the random recombinations of the chromosomes in offspring,
showing all possible combinations and, if repeated often enough, Mendelian ratios.

15
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TnE FOLLOWING DIAGAAMS AhE AEPAESENTATIONS OF PAIMAA:
CELLS. CnnOMOSOMES AhE AEPAESENTED by LETTEAs

PAIMAAY SPEHMATOCYTE PAIMAAY 00CYTE

( Al A2 ) C A3 A4 )

( ) ( )

( 131 82 ) ( 83 134 )

BY TYPING IN A NUMBEA,WhAf 16 TnE DIPLUIV NUMBEA OF
ChAOMOSOMES FOr Th16 OAGANISM7 4

SO YOU SEE THAT Al + A2, FOA EXAMPLE, ARE PAIRS OF hOMOLOGOU6
ChhOMOSOMES IT 16 ESSENTIAL THAT AFTEr FEATILIZATION, IF fnE
DIPLOID CONDITION IS TO BE hETAINED TnAT WE'hAVE SOME MEANS OF
PLACING ONLY ONE A AND ONE B CHAOMUSOME IN THE SPERM AND ONLY
ONE A AND ONE 8 UnhOMUSOME IN TnE EGG. TniS INVOLVEs MEIOSIS.

LOW( AT TnE PAIMAhY SPERMATOCiTE ABOVE.
DURING THE FIRST STAGE OF MEIUSIS, THE MALE SEA CELL
SHOULD APPEAH AS IT IS IN ONE OF IHE FOLLOWING DiAGAAmS

1 2 3 4 5

C AlAl ) ( Al A2 ) ( A ) ( Ail A2 ) C )

C A2A2 ) ( ) ( ) ( ) C )

( B181 ) C ) ( ' ) C ) ( )

C B2B2 ) C BI 82 ) C B ) ( ) C B1 A2 )

WhICh DIAGRAM MOST CLOSELY AEPhESENTS TnIS MEIOTIC STAGE 7 1

U.A., NOW WE CAN MOVE ALONG. MEIOTIC DIVISION OCUUAS AND
WE GET TWO SECONDARY SP) HMATUCYTES FnOM EACh PhIMAAY
SPEAMATOCYTE AND ONE SECONDARY 00CYTE FROM EACH PAIMAHY
00CYTE. EACH SPEAMATOCYTE CONTAINS THE FOLLOWING CnAOMOSOMES:
Al A2, B1 B2. EACH 00CYTE HAS A3 A4, 83 134.

ThE REASON WHY ONLY ONE OUCYTE IS PhODOCED IS:

1)THE 00CYTE DOES NOT UNDERGO DIVIsION.
2)TRE 00CYTE DIVIDES AFTER FERTILIGATION
3)A POLAR BODY IS FOAMED.
4)ThEAE IS AN ERAOA iN THE COMPUTER.

WHICH NUMBER WOULD AEPhESENT ThE COhhECT ANSWER? 3

COAAECT. NOW LET'S MOVE TO THE FINAL STAGE IN WnICn
WE WILL END UP.WITH 4 MONOPLOIDCHAPLOID) SPERM--1)A1B1
2)A2B2 3)A1B2 4)A2B1 AND ONE OVUM--1)A3B3 OR 2)A484
OA 3)A3B4 OA 4)A4B3

WHAT IS THE POSSIBILITY THAT THE OFFSPRING WILL HAVE
THE SAME CHAOMOSOMA COMPOSITION AS TnE FATHER?
PRINT ONE OF THE FOLLOWING NUMBERS.

1)50 ChANCE 2)NO CHANCE 3)100 ChANCE
4)YOU CAN'T TELL FROM THE INFORMATION GIVEN

? 2
GOOD THINKING.
I HOPE YOU HAVE A FAIRLY GOOD IDEA OF SEVEhAL PRINCIPLES
INVOLVED, PARTICULARLY RANDOM ASSORTMENT

16

0 Copyright 1971, Polytechnic Institute of Brooklyn

29



Biology
GAMGN

NUW LET'S SEE IF WE CAN USE THESE IDEAS 10 DETEAMINE WhAf
OCCURS IN A POPULATION. WE WILL USE AS OUh OhGANISM ThE FhUlf
FLY, DA060PhILAi HAS 0 AS ThE DIPLOID NUMBEh OF
ChAOMOSOMES. THE FOLLOWING WILL KEPAESENr CEhTAIN CONDITIONS
IN FhUIT FLIES :

NOnNAL WING-ZED EYE=A1A2, BIB2, C1C2, D1D2
NORMAL WING-WhIrE EYE=AIA2, 8232, C1C2, D1D2
VESTIGIAL WING=A1A1, B182, C1C2, D1D2
LETHAL GENE=A1A2, 8182, CIC1, D1D2

SUrYOSE WE CROSS THE NORMAL hED EYED WITH ThE NORMAL WHITE
EYED FhUIT FLY. WHAT COULD THE OFFSPRING LOOK LIKE? LOOK AT
THE GENOTYPES CAREFULLY AND SEE IF YOU CAN PICK OUT ThE
DIFFERENT GENE COMBINATIONS. THEN MAKE ALL POSSIBLE CROSSES.
Ai A LATER DATE, WE WILL SEE hOW I, THE COMPUTEh, CAW
SOLVE TH16 PhOBLEM FOst YOU.
BUT FIRST, TAKE ThIS SHEEP BACK TO YOUR SEATS AND WOhK ON If.

BEADY'
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luUhEM hIS PhOGRAM DEVELOPED al, R. COCPEhMAN--JUhN GLENN hIGh SChOOL
1U5 AEM hEVISE0 DY C.LOSIK 7-9-7U
107 REM ALL INPUTS AAE TEMPORAAY
11uPhINT"ThE FOLLOWING DIAGhAMS AhE hErhEsENTATIONS OF Ph1MAht SEA"
120Ph1NT"CELLS. ChaOMOSOMES AAE nEPhEsENTED 13Y LETTEhZ."
1JuPRINI
14UP.:INI"PhiMAhf SP EaMATOCITE PhIMAhf UOCiTE"
150ehiNf"
16urhiNT" Al A2 ) C 33 A4 )"

17uphINT" )"

loUrhINT" C 81 32 ) C B3 84 )"

19UPhINT"
2UUPAINT
21ULET f=l)
22UPh1NT"BY TYPING IN A NUMBEh,WhAT IS inc DIPLOID ItiMdEn OF"
2JuPhIN1"ChAOMOsOmES FOh rttLS CLIGANISM";
24u1A1pUT C
250IF C=4 ThEN JEU
2okiPh1N
,auPhIN" MrtE fOU SUn.r. rmAT YOU UNDEhsfAND WnAT Iz MEANT dr DIPLOID"
2o0e4INI"AND hArL011)?"
29uIF f=1 MEN lioO
3uOLET 1=t+1
ilUGO TO 22U
J20PhINT
33UPhINT"50 YOU SEE fnAT Al + A2. FUh EAAMPLE, AAE PA146 OF nOMULOGOUs"
340PhINT"ChhOmOSOMEs. IT IS ESSENTIAL TnAf AFfEn FEnTIL16ATION, IF raE"
J5UPhINT"DIPLOID CONDITION IS TO 8E hEAINED ThAT WE nMVE SOME MEANS OF"
J6uPAINT"PLACING ONLY ONE A AND ONE 8 ChnOmUsUME IN ThE SPEnM AND ONLY"
J7UPAINT"ONE A AND ONE d ChROMOSOME IN it-t EGG. TrilS INVOLVE, MEIOSIS."
JouehINT
39UphIN "LUOn AT 'CAE PAIMAAY SPEAMATOCYTE AbOVE."
4uUPhINT"DUAING THE FIRST STAGE OF MEI0s1S, THE MALE sEA CELL".
4IUPAIN"SMOULD APPEAn AS IT IS IN ONE OF ThE FOLLOWING DIAGRAMS."
420PHINT
43UPA1N" 1 2 3 4 5"
440PAINT"
450PAINT"C A1A1 ) C Al A2 ) C A ) C Al A2 ) C )"
460PAINT"C A2A2 ) C ) C ) C ) C )"
47UPHINT"C 8181 ) C ) C ) C ) C )"
4oUPAINT"C 8282 ) C 131 32 ) B ) C ) C 131 82 )"
49JPAINT"
SuULET 4=U
51UPAINT
52uPA1NT"WHICh DIAGRAM MOST CLOSELY AEPAESENTS THIS MEIOTIC STAGE ";
S3UINPUT D
5401F D=1 THEN 6UU
55UPAINT
56UPRINT"YOUR. REASONING IS FAULTY."
565 PAINT "DO YOO RECALL THAT A ETAAD IS FORMED ?"
57UIF1 =2THEN 1160
56ULET A=A+1
590G0 ro 520
6UUPAINT
610PAINT"O.K.,, NOW WE CAN MOVE ALONG. MEIOTIC DIVISION OCCUh6 AND
62(JP1iINT"WE GET TWO SECONDARY SPEhMATOCYTES FROM EACH PRIMARY"
63UPAINT"SPERMATOCYTE AND ONE SECONDARY OOCYTE FAO EACH PRIMARY "
64UPAINT"00CYTE. EACH SPEAMATOCYTE CONTAINS ThE FOLLOWING CHROMOSOMES:"
65UPAINT"A1 A2, 81 82. EACh OOCYE nA6 A3 A4, B3 d4."
660PAINT
67UPAINT"THE REASON WHY ONLY ONE OOCYTE 16 PRODUCED IS:"
68UPAINT
69UPRINT" 1)THE OOCYTE DOES NOT UNDERGO DIVISION."
WC/PAINT" 2)ThE OOCYTE DIVIDES AFTER FEATILIGATION."

18
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71upRINT" 3)A POLAR BODY lb FORMED."
72UPRINT" 4)1'nERE /S AN ERROR 1t' THE COMPUTER."
730PRINT
74uPRIN1' "WhICR NUMBER WOULD REPRESENT TnE CORRECT ANSWER";
7OUINPOT E
760PRINT
770IF E=3 ThEN olu
75UPRINT"STOP GUESSING. 1'1-Lk:RE 16 A PERFECTLY 60Up EAPLANATION 'wnlUs-L"
190PRINT"nAs A VITAL FUNCTION."
oUUGU TO 73.1
olUPRINT"CORRECT. NOW LEI'S MOVE TO TnE FINAL sTAGE lw Wn1Cn"
o2uPRINT"WE WILL END UP WITh 4 MONOPLOID(nAPLO1D) St'ELLM--1 )A1B1"
o3urRINT"2)A262 3)Alti2 4):1261 AND ONE OVUM--1)A363 OR 2)A4n4"
640PRIN1 "OR 3)A324 Ott 4)A483"
o5URILLa
bouPRINT"WhAr IS fne POsS1131LITY InAr TnE OFFSPRING WILL HAVE"
0 7uPR1NT"TI1E SAME CnRUNOSOAL COMPUsITION AS tnE FATHER?"
bouPRINT"PnINT UNE OF TnE FOLLOWING NUmBER6."
o90,11tINT" 1)5u CHANCE 2)N0 CHANCE 3)1Uu CHANCE"
,oUuraiNf" 4) :OU CAN'T TELL FROM rnE INFORMATION GIVEN"
vluIN4JUf
920IF F=2 THEN 96u
93UPAINT"YOU COULDN'T BE MORE WRONG. LOOK AT ALL TnE CELLS AGAIN AND"
940PRINT"COMPAREALL POSSIBILITIEb."
950G0 TO 91U
96uPRINT"GOOD THINKING."
97UPRINT"I HOPE YOU HAVE A FAIRLY GOOD IDEA OF SEVERAL PRINCIPLEs"
9OUPAINT"INVOLVED, PARTICULARLY RANDOM ASSORTmENT."
990PRINT
lUOUPRINT"NOW LET'S SEE IF WE CAN USE THESE IDEAS TO DEfEnAINE WnAT"
101UPAINT"OCCURS IN A rOeULAii0w. WE WILL USE As OUR ORGANISM TnE FRUIT"
1020PAINT"FLI, DROSOPhILA, WHICH riAS b AS TnE DIPLOID NUMhEri OF"
1J3UPAINT"ChROmOSOMEs. ThE FOLLOWING WILL REPRESENT CERTAIN CONDITION,"
1035 PhINI "IN FRUIT FLIED :"
1040PRINT
1U5L)PRINT"NORMAL WING-1tED.EYE=A1A2, Bl&d, C1C2, L' 1b2"

1u6OPRINT"NO1tMAL wING-WnITE EtE=A1A2, 82132, C1C2, 1)lD2"
107UPAINT"VESTIG1AL WING=A1A1, 1:1162, 1;11;2, D1D2"
lUOUPRINT"LETnAL GENE=A1A2, h1132, CIC1, D1D2"
1090PRINT
11U0PAINT"SUPPOSE WE CROSb thE NWiiviAL nED EYED WITn TnE oOltMAL WnIrE"
111UPRINT"EYED FRUIT FLY. WHAT' COULD TnE OFFSPRING LOOK LlAE7 LOOK AC"
1120PAINT"rnE GENOTYPES CAREFULLY AND SEE IF YOU CAN PICA OUT ThE"
113UPAINT"DIFFERENT GENE COMOINATIONb. rriEN MAKE ALL PObS1BLE CROsSES."
114UPRINT"AT A LATER DATE, WE WILL SEE HOW 1, TnE COMPUTER, CAN"
1150PRINT"SOLVE Tula PROBLEM FOR YOU."
1160P1tINT"BUT FIRST, TAKE TnIS ShEET BACK TO YOUR SEATS AND WORK ON If."
117) STOP
lit:IL/PRINT" YOU'RE JUST GUESSING. I DON'T NAVE TIME TO FOOL"
1190PRINT"AROUND. TAKE TnIS SHEET OUT AND STUDY IT; THEN bEE YOUR"
120UPAINT"TEACHER BEFORE YOU COME BACK TO ME."
121uREM NEhr PROGRAM NAME IS DROS**
12211 END

READY
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DISCIPLINE BIOLOGY

SUBJECT CELL MEMBRANES

PROGRAM NAME MEMBR

DESCRIPTION:

This program simulates an experiment on diffusion. Membrane
characteristics are "observed" by the student, and means of transport
across membranes identified.

OBJECTIVES:

A. To provide background for understanding of transport of materials across
living membranes;

B. To evaluate and reinforce an understanding of conditions under which
diffusion, osmosis, and active transport take place;

C. To help in the understanding of solution concentrations.

PRELIMINARY PREPARATION:

A. Student - exposed to the meaning of diffusion, osmosis, active transport,
an semipermeable; should understand the need for energy expenditure
in active transport; and have observed or performed the iodine test for starch.

B. Materials - a prepared ditto of questions to be answered by students as a
homework assignment or for classroom discussion.

DISCUSSION:

A. Operational Suggestions
1. Student level - this program has been effective with average and above

average students.
2. An incortec t answer results in the students being instructed to return

to their seats, correct their answer, and give a reason for its correctness.
A correct answer is immediately reinforced.

3. The class is grouped. A maximum of 5 per group is recommended. The groups
sequentially run the program until completion, or they are sent away
from the machine by an incorrect answer. The other groups may be
engaged in performance of the same experiment being " done" by the
computer, or in a related activity. Interruption of an actual experiment,
as a group goes to the computer, should not affect the results.

4. When the program is to be used with more than one class, it is suggested
that the data line in the program (see list) be changed. Since this is a

20
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simple change to make, it can be made between groups within a class.
This prevents their memorization and/or transmission to other groups
and classes. Examples follow:

140 DATA10, 11, 12, 13, 14 may be changed to:

140 DATA1,2, 3, 4, 5
or 140 DATA4, 2, 6, 9, 1
or 140 DATA20, 30, 40, 50, 60

Any combination of numbers may be inserted. There must be a total of
of five, however. since the student is asked to respond to five questions.

It has been found that extensive discussion preceeds the answering of each
question on the computer, and in the writing of the rationalizations. This
is certainly iesirable.

B. Suggested Follow-up

Questions which may be used for discussion, or given as a ho_nework
assignment:
1. What happens :.o the concentration of water within the membrane as the

glucose diffuser out? Why?
2. What observations indicated that the iodine had moved into the "cell" ?
3. Why could& t the same observations be made outside of the membrane?
4. What changes in observations would you expect if the cellophane had not

been perme ible?
5. Can materials diffuse through a semipermeable membrane in both

directions a' the same time?
6. What is meant by equilibrium?
7. Under what conditions is a cell in complete equilibrium with its

environment? (When it is dead. )

21
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CELL MELIOICHNE

AN IMPOATANT FUNCTION OF CELL LIEMBILANES 16 TO CONThUL
IRE PAssAGE OF MATERIAL INTO AND our OF CELLS. IRIS PAOGAAM
GOES INTO THE MEANS 3Y WnICh THIS PAOCEs6 TAKE. PLACE.

IN THIS EAPERAMENT A SfAuCh AND GLUCOSE SOLUTION WAS
PLACED WIThIN A PIECE OF CELLOPHANE TUBING. CELLOPhANE is
POAOUS ENOUGH TO PEAMIT ThE PASSAGE OF SOME SMALLER. MOLECULEs
rhhouch IT. ThEREFORE, A CLOSED OFF PIECE OF TUBING CAN
1th:1-'1-Lk:SENT A CELL.

AFfEA ThE STAACh AND GLUCOSE SOLUTION WAS PLACED INTO THE
TUBING, THE END WAS TIED OFF AND ThE 'CELL' PLACED IN A 3EAKEA
OF WATEH TO WHICH A FEW DROPS OF IODINE hilD BEEN ADDED.

LEI 1U REPRESENT ThE OUTSIDE OF rhE MEVIattANE
LET 11 REPRESENT ThE INSIDE OF ThE MEMBItANE

WhERE IS rhE CONCENTRATION OF GLUCOSE THE GAEATEsr? 11

THAT IS CORRECT. WHERE 16 THE CONCENTRATION OF STAaCh fme.
GREATEST? 11

AIGAT. WhEnE THE CONCENTRATION OF IODINE ThE GREATEST? 10

WOW! WhAT A SUPEAI0h MIND YOU ARAVE, On IS ir JUST LUCKY
GUESSING? WHEAE IS ThE CONCENTRATION OF WATER TnE GREATEST? 1U

YES. IF THE MEMBAANE WERE ThE OUfEa LIMIT OF A LIVING
CELL, WHICh OF THE PROCESSES BELOW WOULD ACCOUNT FOR IRE MOVE-
MENT OF GLUCOSE OUT OF THE CELL?

LET OSMOSIS = 12
LET ACTIVE ThANSPOAT = 13

LET DIFFUSION = 14

? 14

CORRECT. THE GLUCOSE DIFFUSED FROM AN AREA OF hIGhEA
CONCENTRATION TO ONE OF LOWER CONCENTRATION. WHICH PROCESS
WOULD ACCOUNT FOh THE mOVEMENT OF THE WATER OUT OF ThE CELL? 13

miGhT. THE CONCENTRATION OF WATER IS GhEATEA OUTSIDE OF THE
CELL ThAN INSIDE. ACTIVE TAANSPOAT WOULD ACCOUNT FOh MOVE-
MENT AGAINST DIFFUSION. WhICA PROCESS WOULD E4PLAIN THE
ThANSPOAT OF WATER INTO THE CELL? 12

YES, OSMOSIS IS DIFFUSION OF WATER. ThhOUGn A SEMIPERMEABLE
MEMBRANE. IF THE IODINE OUTSIDE OF THE CELL hAD TURNED BLACK,
WHAT PROCESS WOULD hAVE CAUSED IT? 13

YES. SINCE STARCH MOLECULES AhE AELATIVELY LARGE, THE CELL
WOULD HAVE TO EAPEND ENERGY TO MOVE ThEM ACAOSS THE
MEMBRANE, EVEN WHEN THE STAACh CONCENTRATION IS GhEATEA
INSIDE THE CELL.

CONGRATULATIONS. YOU HAVE COAED 100. KEEP UP THE GOOD WOAK.

* * *

HEADY

END OF PAOGAAM

22

* * *

Copyright 1971, Polytechnic Institute of Brooklyn

35



Biology
MEMBR

10uAEM COURT, G. aiOLOGYA 7/9/69
105 REM, AEV1SED BY C.LOSIK 7-9-7U
1U7 REM ALL INPUTS ARE TEmPORAAi
ilUPAINT" CELL MEMBRANES"
12UPRINT
130AEADL,M,N)04P
140DATA10,11,12,13,14
15UPAINT

.16UpAINT" AN IMPORTANT FUNCTION OF CELL MEMBRANES 1S TO CONTAOL"
17UPAINT"THE PASSAGE OF MATEnIAL INTO AND OUT OF CELLS. IRIS PROGRAM"
IBUPAINT"GOEs INTO THE MEANS BY WH1Cm This PROCESS TAKES PLACE."
19uPRINT
2UUIJnINT" IN TnIS EAPf;RINENT A STARCH AND GLUCOSE SOLUTION WAS"
21UPRINT"PLACED WITmIN A PIECE OF CELLOPhANE TUBING. CELLOPRANE IS"
22UPRIN1 "PUROUS ENOUGn TO PERMIT THE PASSAGE OF SOME SMALLER MOLECULES"
23UpAINT"TnAOUGR IT. TAEREFORE, A CLOSED OFF PIECE OF TUBING CAN"
240PAINT"REPRESENT A CELL."
25UPRINT
26UPRINT" AFTER TnE STARCH AND GLUCOSE SOLUTION WAS PLACED INTO TnE"
27UPRINT"TUDING, THE END WAS TIED UFF AND TnE 'CELL' PLACED IN A BEAKER"
28UPRINT"OF WATER TO WnIen A FEW DROPS OF IODINE nAD BEEN ADDED."
29UPRINT
JOUPAINT" LET "L" AEPAESENT ThE OUTSIDE OF ThE MEMBRANE"
31UPHINT" LET "m" REPRESENT THE INSIDE OF IRE MEMBRANE"
32UPAINT
33UPAIN1 "WhERE Ith TmE CONCENTRATION OF GLUCOSE inE GREATEST";
34UINPUTA
35UPRINT
36UIFA=mTHEN410
J7UPAINT"SOARY. THAT IS NOT TnE CORRECT ANSWER. WAY NUT? WAITE YOUR"
36UPRINT"REASONS ON A PIECE OF PAPER AND HAVE ThEM VERIFIED BY YOUR"
390PRINT"TEAChER BEFORE CALLING ThIS PROGRAM AGAIN."
41JU STOP
41UPHINT"ThAT IS CUAAECT. WHERE IS ThE CONCENTRATION OF STARCh ThE"
42UPHINT"GHEATEST";
430INPUTB
44UPRINT
450IFB<>MTHEN370
46UPAINT"RIGHT. WHERE IS ThE CONCENTRATION OF IODINE THE GREATEST";
470INPUTC
480PRINT
49UIFC<>LThEN3I0
SUUPRINT"WOW1 WHAT A SUPERIOR MIND YOU HAVES OR IS IT JUST LUCKY"
51UPAINT"GUESSING4 WHERE IS THE CONCENTRATION OF WATER ThE GREATEST ";
520INPUTD
530PRINT
540IFD<>LTHEN370
550PAINT"YES. IF TnE MEMBRANE WERE ThE OUTER LIMITS OF A LIVING"
560PRINT"CELLA WHICH OF ThE PROCESSES BELOW WOULD ACCOUNT FOR ThE MOVE-"
570PAINT"MENT OF GLUCOSE OUT OF THE CELL?"
580PHINT
590PRINT" LET OSMOSIS = "N
600PRINT" LET ACTIVE TRANSPORT = "0
610PRINT" LET DIFFUSION = "P
620INPUT E
63UPHINT
64UIFE<>PTHEN370
650PRINT"CORAECT. THE GLUCOSE DIFFUSED FROM AN AREA OF HIGHER"
660PRINT"CONCENTRATION TO ONE OF LOWER CONCENTRATION. WhICh PROCESS"
67UPAINT"WOULD ACCOUNT FOR THE MOVEMENT OF ThE WATER OUT OF THE CELL";
660INPUTF
690PHINT
700IFF<>0THEN370
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71oehINT"n1Gn4. TnE CONCENTnATION OF G.LEALEh JOIsIDE OF Inc:"

7:d.J.PnINOCZ.LL inAN IWsIVE. AOTIVE 1:14-1X,SeU.:1 WOJEC, AGL;OuNT FOh v.Uvc.-"
7Juenlivinotoi ACAIN61 DIFFUsION. Wn1Cn enuUEss iwoLu ExeLAIN inc."
WiurhINT"ThANseOhi OF wATEh INTO TnE CELL";
75UINPUTG
76UPhINT
77UIFG<>NTnENJW
70UenINVYES, OSMOSI6 1:) DIFFUSION t) WATEn TnnOUGn A SEolPEhnEAnLE"
WUenINT"MEMBhANE. IF TnE IODINE OUTSIDE OF TnE CELL hAD TWINED FfLA,"
6JUPnINT"WhAT ertucEs6 WOULD hAVE CAUSED IT";
blUINPUTn
d2UPHINT
WSOFH=OTHENC60
641)PrONT"NO. ";
135UGOT067U
b6UPFLINT"YEi. ";
C7UPhINT"SINGZ siAziCh MOLECULEs AnE nELATIVELY LARGE, ThE CELL"
bCUPHINT"WOULD GAVE TO EXPEND ENERGY TO MOVE ThEM ACROSS ThE "
b9UPHINT"MEMBRAW:, EVEN WrtEN THE STAhCh COaCENTAATION IS GhEATEh"
90UPHINT"INSIDE ThE CELL."
9IUPAINT
92UIFH<>0THEN960
930PhINT"CON0nATULP.TIONS. YOU HAVE sCOhED IOU. (EE? UP inE GOOD WOnsi."
95UGOT097O
960PHINT"WELL, YOU HAVE DONE WELL IN SPITE OF SOME EhhOn."
97UPHINT
980PHINT" *** END OF PhOGnAM ***"
990END
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DISCIPLINE BIOLOGY

SUBJECT ENZYMES

PROGRAM NAME N7.YMC

DESCRIPTION:

This program covers enzymatic reaction rates, and conveys the idea
that enzyme reactions are dependent upon environmental factors such as
pH, temperature. and the concentration of the enzymes. A simulated
experimental situation is created, whereby the student works with one para-
meter at a time and can vary the degree of the enzyme reactivity.

OBJECTIVES:

The program presents the students with the follov ing concepts:

A. Enzymatic reaction rates are dependent upon environmental factors.
(these include pH, temperature, concentration of enzymes, and substrate)

B. The value of graphing to help in the interpretation of data;

C. The meaning of the term limiting factor" :

D. Different enzymes may vary in degree of reactivity and thereby affect
reaction rates;

E. Enzymes are not used up, but can take part in additional reactions.

PRELIMINARY PREPARATION:

A. Student - The student should have some understanding of these terms:
pH, substrate. enzyme, and chemical reaction. He should know that
there is a substrate-enzyme interaction, and that enzymes act as
catalytic .agents, therefore, more than one reaction can take place with
one molecule of the enzyme over a period of time.

B. Material:; - graph paper, transparencies of the following plots, and
one of the three together for simultaneous viewing. (optional)

25
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TEMPERATURE

pH and Temp. pH and Enz.
at Optimum Conc. at

timum

O

u 0.1111 to A° 3'.' It Sc 60 It* 5 lc iS 2P 15 30 3S yc ys Su SS
Temperature

(Deg. C. )
Enzyme Concentration

(in percentage)

DISCUSSION:

A. Operational Suggestions
1. Student level - Average to above average ability
2. The student should use all three limiting factors presented in the com-

puter program.
3. Students' graphs should be checked before proceeding with the follow-up

question.
4. Students work in groups of 5 or less. Allow one group at a time at the

computer while the remaining groups are engaged in a related activity.
For Example: Food testing with hydrogen peroxide for catalase activity.

B. Suggested Follow-up
To maximize the value of this program, it is strongly suggested that the

teacher:
1. Elicit from the students:

What represents maximum and minimum reaction rate for nH, temperature,
and enzyme concentration? (Use appropriate transparencies or chalkboard)

2. Ask the following questions. based on the plotted graphs, as lead-ins to
discussion or as a homework assignment.

(a) At what point do most reactions take place with regard to pH,
enzyme concentration, and temperature? (This and subsequent
questions are intended to bring up the ideas of optimal pH,
temperature, and enzyme concentration. )

(b) Why is death caused when pH rises or falls beyond a certain
point in a system?

26
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(c) Why does the concentration of enzymes reach a point and then
no increase in reactions take place?

(d) What is normal body temperature? What relationship is there
between reaction rate and body temperature? High fever?
Freezing temperature? (Note: 40 deg. C. is 104 deg. F.
which is higher than normal. )

(e) Suppose the pH of a system is 7, enzyme concentration is 90,
and temperature is 0 degrees. What is the reaction rate?
Why? *

(f) Supppose the temperature is 37 deg. C. , enzyme concentration
is 30, and pH is 14. What is the reaction rate? Why? *

(g) What is meant by limiting factors?

* Student must examine all three graphs before reaching a conclusion.
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frill PhOGAAm IS uEs1GNED TO Sh0W fnAT ENr.trIE ACTIUN
ALLAIED TO CERTAIN LIMITING FACTUR6. istEstt rACIOas INCLUUE en,
fnE CUNCLNTRATION OF ENLYME:), ANU iEmeEsi.afu:E. 1N fills PAOGhavi
WE A:)6UME THAT TwU OF fnE TnnEE FACTOAS ARE CONSTANT S ANU
ttILL CnAiNJGE ONLY ONE Al A TIME. WE ALSU AS.10ME fnAf EACH
PACTOR wOAKs INDEPENDENTLY) ALTROOGn Tn16,16 NOT TRUE IN
alruaE.

YUU hAVE A OhOICE OF TnE FOLLOWINU L1M111NO FACTOust

1 )?ti 2)CONCENistmflON UF LM,XMES EA.? Eluk LURE

wn1Ch NUMAEA 110 YOU W1Sn ? 1

*** Prt ***

HOW ItEACTIVE AN ENZYME ArtE YOU WORKING WI Th? USE A VALUE UF
FAOM 1 (NOT VERY REACTIVE) 10 10 (VERY AEACTIVE). ? 7.5

en VALUE AEACT10N RACE U 5U 1UU 15U 2uU
I I 1 1

1 U *

2 11.25 1 *

3 30 1 *
4 56.25 1 *

5 90 1

6 138.75 1 *

7 157.5 1 *

8 138.75 1 *

9 9U 1 *
10 56.25 1 *
11 3U 1 *

12 11.25 I *

13 3.75 i

14 U i

DO YOU WISH ANOTHER RUN? IF YES, PAINT 13 IF NO, PAINT U. ? 1

YOU HAVE A CHOICE OF ThE FOLLOWING LIMITING FACTORS:

2/CONCENTHATION OF ENLYMES 3/TEMPEAATUaE1)Ph

WHICH NUMBER 00 YOU WISH ? 2

*** CONCENThATION OF ENZYMES ***
HERE WE MUST ASSUME THAT THE SUBSTRATE IS ALWAYS SUFFICIENT.

HOW REACTIVE AN ENZYME ARE YOU WORKING WITH? USE A VALUE OF
FROM 1 (NOT VERY REACTIVE) TO 10 (VERY REACTIVE). ? 7.5

ENZYME CONC. REACTION HATE U 5u 100 150 200
I

It) U *
2U 33.75 I *
30 67.5 I *

40 101.25 1 *

50 135 1 *
60 157.5 1 *
7U 157.5 1 *

80 157.5 1 *
9U 157.5 1 *
100 157.5 1 *
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tUU naVE A GnUIDE OF InE FULLUW1NU LImING FaUiLinj:

1)eri 2)GUNCENXAATION OF Ni.E01E5 .01'ENrAAILIAE

WnlOn NUMJEn IjU 10U.W16n ? 3

*** IEMPEAAfUnE ***

noW AEACIIVr; AN EN4tV4E AAE YOU WUAK1NG W1 fn? U. A VALUE OF
FnOm 1 (NOf VEhY AEAGil.VE) fU lu (VEnY nEAL:TiVE). ?

DEGAEES C. AEAGfION hAfE U 5U lyi 15u 2%Ju

1 1 I i i

U U I

5 11.25 1 *

10 22.5 I *

15 41.25 i *

2U 6S.75 I *

.25 o6.2S I *

3U 112.5 1 *

J5 146.25 i *

4U 127.5 1 *

45 31.5 1 *
50 u t
DO YOU WISh ANOthE4 nUN? IF YES,

STUDY fhE GAAririS AND EA6LES, AND

?nINT 1; 11 NU, £'

fic1 fU FiGunE

1.J U. ? U

UUE WnAT'S naPPENING nEnE.

rtEADY
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1uODIMA(15),j(11)11(12)
'WREN eaoaaAm DEVELOPED DY a. COOPERMAN - JOHN GLENN HIGH sCHOOL
I2uREM ELWOOD. NEW TURA
121 REM REVISED BY C.L061K 7-6-7u
122 REM ALSO SEE NLYK2
123 REM A(I)=PH VALUES, J(I)=GUNC. OF ENLYME VALUES, n(I)=TEmP VALUEs
124 REM Y=REACTIVITY
125 REM ALL RESULTS ARE TABULATED AND Gra4ell6u (NU OPTIONs)
13uPAINT" THIS PROGRAM Is DESIGNED TO ,ROW PRAT EN4YmE ACTION Is"
14uFORN=IT014
150AEADA(N)
16uNEATN
17UPRINT"REEATED TO CERTAIN LIMITING FACTORS. THESE FACTORS INCLUDE Ph,"
ItiOFORN=1TOW
19UKEAUJ(N)
OJONEATN
21UPRINT"THE CUNUENTI:AflOw OF ENZYMES, AND TEMPERATURE. IN THIS PROGRAM"
220FURN=1T01 1
23UREADH(N)
24UNEXTN
25OPAINT"WE ASSUME THAT TWU OF THE THREE FACTORS ARE CONSTANTS AND"
26OPa1NT"WILL CHANGE ONLY ONE AT A TIME. WE ALSO ASSUME THAT EACri"
27UPAINT"FACTOR WORKS INDEPENDENTLY, ALTHOUGH THIS IS NUT TRUE IN"
28UPAINT"NATU1tE."
2VOPRINT
3OUPAINT" YOU HAVE A CHOICE OF THE FOLLOWING LIMITING FACTORS:"
31OPRINT
32UPAINT"l)Ph 2)CONCENTRATION OF ENLYMES 3)TEMPERA1URE"
330PRINT
340PgINT"WHICH NUMBER DO YOU WISH ")
36UINPUTA
36UPRINT
3701FA*1THEN420
380IFA2THEN6130
3901FA*3THEN810
WOPRINT"THAT IS Nur A PERMISSIBLE ANSWER."
41UGOT0340
42U PRINT "*** PH ***"
430GOSUB520
4AUPRINT
45U PRINT "PH VALUE","REACTION RATE","U 50 1UU";
451PHINT " 150 2UU "
460 PRINT " Rs. "A"I I I";
461 PRINT " I I"
470 DATA 0,154.0,7.5,12.0,18.5,21.0,18.5,12.0.17.54.01.5,0.5,0
480FORN=1T014
490 PRINT NA(N)*Y, "I"; TAB(INT((4(N)*Y+.5)/6)+2s);"*"
SOUNEXTN
51UGOT0920
520PRINT
53U LET AU
540PRINT"HOW REACTIVE AN ENLYME ARE YOU WORKING WITH? USE A VALUE OF"
550PHINT"FROM 1 (NOT VERY REACTIVE) TO 1U (VERY REACTIVE). ";
560INPUTY
570IFY<1THEN6UU
580 IF Y4-10 THEN 67U
600 IF A >.2 THEN 650
610PRINT"TH, NUMBER YOU HAVE CHOSEN DOES NOT FALL WITHIN THE RANGE "
620PRINT"GIVEN. TRY AGAIN."
630 LET A*A+I
640GOTOS60
650 PRINT "NEXT TIME. PLEASE FOLLOW INSTRUCTIONS."
660STOP
670RETURN
6b0 PRINT "*** CONCENTRATION OF ENZYMES ***"
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69uez:INT"nEnE WE MU6i 4S6UlE fnAT TnE jULiS'inATE 16 AL01rJ 6UFFIGIEN1."
1U0G0sUli52U
710,"nINf
7Ju eLIINT "ENLYME eimu.",,,,,EAcrIow nkft.","U SU 1UU";
7j1 IJI.INI: " 16U 2uu"
740 ,J;;INT" "," ","I J. I";
.141 t'.Ii0Jf " I

I.,

'iriuDAfAu
7oUDATA 46,.u,IJbplo.u,21.u,21.U,81.U,21.U,21.0
77J FU.. N=1 IU 10
7o0 ettioa 1u4w, o(w)*.x. ""; fA0ciNic(ocio,s1+.6)/5).1.);"*"
you W
oouGGIU920
c,1U ?i I&T "*** fEmeEnAfdlo..***"
oE060jUd520
o0JenINI
04U "DEGnEEs C","nEAUIUN 6u Lou,';

" 15U 2uu"
J5,1 :nINT "
0:11 r 10: " 1 1"
(1,60 DATA U,15,J.U,55,s 5,11S,15u,ovS,170,60,0
,:.701.,Eff=0

0oUF0...N=1T011
090 enINT f,n(N)*t,"1"; fALKINfC(n(0)*1+6)/S)+d0); "c"
vuULECT=T+5
vluNEAT N
v2urnINI
vJuritiNT"UO iOu WI6n itilOenEit nUN? IF tE6, eniNI 1; iF NU, raiNf u ";
y4U 111,JUT A
1,6ur'n1N1
vew IF A=1 fnEN Juu
Wiu IF A<>U enEN you
9o0 eLilai "STUDY TnE GnAlJn6 AND TAnI.E.i, AND fU FlUurcE"
9d1 eitINT "OUT WhAT'b riMeeENING nEnt.."
V,JUEND

1 1 I ;
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DISCIPLINE BIOLOGY

SUBJECT ENZYME REACTION RATE

PROGRAM NAME NZYM2

DESCRIPTION:

An extension of NZYMC which permits the student to examine
the effect on reaction rate with continuoua changes in environmental
factors.

OBJECTIVES:

In addition to reinforcing the concept that reaction rate is
governed by pH, temperature, and enzyme concentration; the program
can be used to:
A. Introduce the idea of controlled experimentation where two factors

are kept constant and a third is permitted to vary.

B. Develop the idea of plotting experimental data to generate a family
of curves as illustrated below.

Reaction
rate

Concentration = 50%

pH=7
H=6

riC-1=
-pH=

q

Temp (^C)

Reaction
rate

t=35
t=30

t=25
tm20

t=15
t=1 0

pH =6

Concentration

PRELIMINARY PREPARATION:

A. Student - Same as NZYMC . It might also be helpful if the student
1-.7.1:757en exposed previously to an actual experimental demonstration
in which the change of reaction rate with one or more factors is
visually displayed. The rate of bubble formation when one of the
reactant products is a gas for example, might serve as one practical
illustration of variation of reaction rate with temperature.

B. Materials - none

32
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DISC USSI'0

A. Operational Suggestions
1, This program has not yet been tested in the classroom.
2. Average students should work as part of a group; above-average

students could be permitted to WOT:77 alone.
3. For group effort activity, it would be instructive to use three

different groups, each of which holds a different factor
constant while the other two factors arc allowed to vary.

B. lusgested Follow:up
1. Each group should be required to plot their data, on a board,

if possible, so the whole class can see the results. Families
of curves should be discussed.

2. Equivalent points on each data set should be compared; e. s
reaction rate the same when pH is 4, temperature is 25°C and
concentration is 50%, regardless of which factor is held constant
and the others allowed to vary?

3., Introduce the concepts of interpolation between curves and
again check comparable points on each set.

4. Indicate that the maximum reaction rate obtained is the same
regardless of the technique used to reach maximum.

33
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TAIS PAOGAAM WILL ENABLE YOU ro SEE ThE EFFECTS ON UmE HATE_ OF
Ilk:ACTION WITHIN A SYSTEM CONTROLLED OY ENLYMEs. ThE
REACTION BATE WILL VARY AS THE ENVIRONMENTAL CONDITIONS
VAAY. THESE CONDITIONS, Pm, CONCENThATION OF ENLYMES,
AND TEMPEAATUAE, IN A NATOAAL AAE NEVER CONSTANT.
LET'S SEE WRAF CONTROLS TAIS HATE IN ThESE SYSTEMS. .

THE FOLLOWING AtE THE LIMITS WITAIN
ENVIAONMENTAL CONDITIONS CAN VAAY.

1)Ph BETWEEN
2)ENG. CONC. -- BETWEEN
3)TEMP. BETWEEN

WAICA EACH OF UUm

4 AND 10
IU AND lOO PERCENT
5 AND 47 DEGREES C.

I AM GOING TO PRINT A '7'. YOU MUST THEN TYPE A NUMBER FOH Ph,
CONC., AND TEMP. (IN THAT ORDER), WHICH FALLS WITHIN EACH
LIMIT STATED (SEE ABOVE.)
? 4,10.5
PH CONC. TEMP. REACTION HATE

4 10 5 .05

NOTE THE hEACTION HATE WITH THE THREE VALUES WHICH YOU
SELECTED TO PROVIDE A BASIS FOH JUDGEMENT OF REACTION
RATE, CHOOSE ANOTHER SET OF VALUES FOH Ph, cCOC., AND
TEMP. (SEE LIMITS ABOVE).

? 7.10,5
PH CONC. TEMP. REACTION RATE

7 10 5 4.5
IS THE RESULT A HIGHER OR LOWER REACTION HATE? IS THE HIGHEST
VALUE OBTAINED A MAXIMUM VALUE? DO YOU WANT TO TAY ANOTHER
SET OF VALUES (TYPE '1') OR WOULD YOU PREFER A MORE ORGANIZED
APPROACH TO DETERMINE MAXIMUM REACTION RATE (TYPE
? 2

WE ARE NOW GOING TO PERFORM AN EXPERIMENT IN WHICH YOU ARE
TO TYPE IN THE VALUES FOR PH, CONC. AND TEMP. AS YOU DID
BEFORE. HOWEVER,NOW YOU ARE GOING TO BE ABLE TO CHOOSE THE
FACTOR WHICH WILL VARY. THE OTHER TWO FACTORS WILL REMAIN
CONSTANT. (USE DIFFERENT NUMERICAL VALUES FOR EMCH FACTOR.)
TO OBTAIN TBE MOS: SIGNIFICANT DATA, START THE EXPERIMENT
USING LOW NUMERICAL VALUES FOH EACH FACTOR.

I. AM GOING TO PRINT A '7'. YOU MUST THEN TYPE A NUMBER FOR PH,
CONC., AND TEMP. (IN THAT ORDER), WHICH FALLS WITHIN EACH
LIMIT STATED (SEE ABOVE.)
? 4.20,5
TYPE THE NUMBER WHICH
? 20
PH CONC.

IS TO BE VARIED.

TEMP. REACTION RATE

4 20 5 .1

4 30 5 .13
4 40 5 .16
4 50 5 .17
4 60 5 .19
4 70 5 .19
4 80 5 .2
4 90 5 .2

. 4 100 5 .2
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YOU NOW HAVE A SET OF VALUES FOA REACTION HATE AS ONE OF
THE GOVEANIM7 FACTORS IS VAA1ED AND THE OTHEA TWO AHE HELD
CONSTANT. DOES THE AEAC11UN HATE HAVE. A MAXIMUM VALUE?
IS THIS THE MAA1MUM POSSIBLE REACTION HATE? TO DETEHM1NE THIS,
USE THE SAME INITIAL VALUE Fitt THE VARYING FACTOR.. BUT THIS
TIME TYPE IN D1FFEAENT VALUED lUA THE CONSTANT FACTOn6.

IF YOU WANT ANOTHER SET OF VALUES FOH HEACTION nATE,TYPE 'I'
IF YOU MitE SATISFIED THAT COO KNOW THE VALUES F0a EACH. FACCOWS
MAXIMUm AEACTION )(ATE THEN TYPE '2'.
? I

1 AM GOING TO PAINT A °?*. YOU MUST THEN TYPE A NUMBEA F0a PA,
CONC., AND TEMP. (IN THAT °HOER), WHICH FALLS WITHIN EACH
LIMIT STATED (SEE ABOVE.)
? 7,20,5
TYPE THE NUmmEA WHICH IS TO hiE VARIED.
? 20
PH CONC. TEMP. AEACTION aACE

7 20 5 6.be
7 3U 5 12.26
7 40 5 14.67
7 50. 5 16.28
7 60 5 17.31
7 70 5 17.97
7 dO 5 16.39
7 90 5 16.65
7' 100 5 18.8

IF YOU WANT ANOTHER SET OF VALUES FOA REACTION AATE,TYPE 'I'
IF YOU AHE. SATISFIED THAT YOU KNOW THE VALUES FOR EACH FACTOA'S
MAXIMUM REACTION HATE THEN TYPE '2'.
? 2

READY
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. aLEssEa, PuLifEljn. OF Jr,LsN.
aEUisEu ol L;.1..Uti -15-40

1u5 at.e. A=PH, n=r;WG. v=i&:-
hii aze. Ft) a EFFIUIENt:i. ALL CALQULAIIUNs GONE VIA GOsUu l;ALLs
110PaINf"THIS :a6CacApJ .ILL tOU fU sEE Thh; Et,FEUis UN THE m4TE Cr

WIiHIN A sisfEh GutuCituLLLI) Ux ENAtv:IEs. filE"
IJor,1:Ji"AEACCIOi slaiik, WILL Vt-kail 116 TaE ENVia0Ni.,EiviAL.GUNDIfluiva"
1...erhINI"vAat. inESE GUNOItIONs, eR. GONCENTakilOW OF ENLYNHs,"
Inur'aiAf"ANy Iho.pEaAiwat., IN iv,liUsuAL i IUA&Luj AaL NEVEA CUNsiwe,i."
1.,01-1:1Nf"LEf's SEE CUiciu)L. inls AAfE IN TnEs4 .i(STE."
17oe.L1Nt

looPRINT"Ino FOLLOWING Ai rii LINITS WI(nIN WnIUn EACH OF OUR"
19UPAINf"ENVIAJNeJENTAL CONuli1ONs CAN VAAI."
at-11)1-'111Ni. " "i"i)eri RETNEON 4 AND 10"
81Ur'AINT " N4. CONC.--BEFWEEN lu AND 100 eEHOENT"

BETWEEN 5 AND 47 DEGREES C.",
24UGUSUBI320
'41UOOSUB1020
42UPaINf
330Pa1ka"NOFE THE REACTION RATE WITH rhE rshEE VALUES WHICH (00"
34UPAINT"SELECTED TO s.,A0vIDE. A BASIS FOA JUDGEMENT OF AEACTIUN"
JOUPRINT"AATE, CHOOSE ANOTHE& SET OF VALUES FO H en, GONC.,.AND"
360PAINT"fENP. (SEE LIMITS ABOVE)."
37UPHINT
360605J13102U
39UPHINI"'I5 irsE nESULT A tilarsErt Oti LOWER REACTION LATE? IS THE dIGnEST"
4J0PRINT"VALUE OBTAINED A MAXIMUM VALUE? DO IOU WANT TO TAY ANOTHEA"
410PRINI"SET OF VALUES (TYPE 'I') OH WOULD YOU PAEFER A MORE ORGANIZED"
420PAINT"APPROACH TO DETERMINE MAXIMUM REACTION HATE (TYPE '24)"
4JuiNeUTA
44uIFA=2InEN 450
442IF Ami THEN 45U
444 PRINT "PLEASE TYPE I OH 2"
446 GO TO 430
45U PAINf "WHAT AAE YOUR NEW VALUES FOA PH, CONC., AND TEMP.")
460 GOSUB1020
470GOT0390
460PRINT
49UPAINT"WE ARE NOW. GOING TO PEHFOAM AN EXPERIMENT IN WHICH YOU ARE"
50UPHINT"TO TYPE IN THE VALUES FOH eh, CONC. MD TEMP. AS YOU DID"
510PHINT"BEFOAE. HOWEVEA,NOW YOU ARE GOING TO BE ABLE TO CHOOSE THE
52UPRINT"FAC1U1i WHICH WILL VAAY. THE OTHER TWO FACTORS WILL REMAIN"
53UP4tINT"CONSTANT. (USE DIFFEHENT NUMERICAL VALUES FOR EACH FACTOR.)"
54OPHINT"TO OBTAIN THE MOST SIGNIFICANT DATA, STAHT THE EXPERIMENT"
55OPHINT"USING LOW NUMERICAL VALUES FOR EACH FACTOR."
56OLEIMm0
57u00 6UB 1320
5110G040B1100
590PRINT"TYPE THE NUMBER WHICH IS TO BE VARIED."
EtwINeUTX
630 IF X=A THEN 725
64UIF X=K THEN 795
650 IF X=T THEN 655
652PRINT "PLEASE .TYPE THE VALUE FOR PH, CONC., Ott TEMP.";
653G0 TO 600
655G0SUB 1370
660GOSUB123U
670GOSUBI240
650GOSUBIECU
690GOSOBI280
700LETT=T+5
710IFT>=47THEN670
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720GOTO6o0
72500sUD 1370
730GOSuld1240 Biology
740G0 SUAI260 NZYM2
75uGOSUB1220
7600050E1126U
7701FA1UTRENS70
7nULETA=A+5
79UGOT0750
795GOSOB 137U
NAJGOSUB121-W
n1UGOSUB160
68UG0SU81240
A3UGOS081280
e4ULETK=K+10

. 1350IFX>IOUTHEN870
o6UGOTOnBU
670LET M=M+1
SH0IFM>=2TAEN960
n9OPRINT"YOU NOW NAVE A SET OF VALUES FOR REACTION RAM AS ONE OF"
90UPHINf"THE GOVERNING FACTORS IS VARIED AND THE OfmEn TWO ARE HELD"
91UPRINT"CONSTANT. DOES TnE REACTION RATE HAVE A MAMMON VALUE?"
920PRINT"IS THIS THE MA4IMUM POSSIBLE REACTION RATE? TO DETERMINE THIS."
930PRINT"USE THE SAME INITIAL VALUE FOR THE VARYING FACTOR. BUT [-11"
940PRINT"TIME TYPE IN DIFFERENT VALUES FOR THE CONSTANT FACTORS."
950PRINT
960PRINT"IF YOU WANT ANOTHER SET OF VALUES FOR REACTION RATE.TYPE '1'"
97UPRINT"IF YOU ARE SATISFIED THAT YOU KNOW TAE VALUES FOR EACH FACrOR'D
9AUPAINT"MAAIMUM REACTION RATE TnEN TYPE '2'."
990INPUTB
1000IFB=ITHEN 570
1005IF B=2 THEN 1010
1007PRINT "PLEASE TYPE I OR 2"
1UURGO TO 990
1010STOP
1020 005081 100
1030GOSUB1220
1040GOSUB1240
1050005081260
1060GOSUB 1370
1080GOSUBI2R1)
1090RETURN
11001NPUTA.K.T
1105 REM INPUT AND CHECK HOUNDS
11101FA4THENIIRO
1120IFA>10THENIIRO
11301FR<IOTHEN1180
1140IFK>100THEN11e0
1150IFT<STRENI1A0
:160IFT>47TREN1180
1170GOT01210
1180PRINT"AT LEAST ONE OF TAE VARIABLES DOES NOT LIE WITHIN THE"
1190PRINT"PRESCRIBED LIMITS. SEE LIMITS ABOVE AND TRY AGAIN."
1200GOT01100
1210RETURN
1220LETVI=EXP(-((.71*A-4.97),2))
1230RETUBN
1240LETv2=EXP(-.08.100-2*EXP(-.05*104-1
1250RETOHN
1260LETV3=16.3*EXP(.074*T)-EAP(.133*T)
1270 RETURN
128ULETV=.88,0V1*V2*V3
1290LETVINT(V*100+0.5)/100
1300PRINTA.K.T..v
1305 HEM PRINT REACTION HATE
1310RETURN
1320 PRINT
1330PHINT"I AM GOING TO PRINT A '7'. YOU MUST THEN TYPE A NUMBER FOR PH9
1340PRINT "CONC.. AND TEMP. (IN THAT ORDER). WHICH FALLS WITHIN EACH"
1350 PRINT "LIMIT STATED (SEE ABOVE.)"
1360 RETURN
1370PRINT "PH"."CONC.","TEMP.".."REACTION RATE"
1380PRINT "A" 11,"

1390RETURN
1400END
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SUBJECT PHOTOSYNTHESIS

PROGRAM NAME PHOSYN

DESCRIPTION:

This program investigates changes in the rate of photosynthesis
when carbon dioxide concentration and light intensity are varied.

OBJECTIVES:

A. To permit the student to see the effects of varying two of the factors
of the photosynthetic reaction.

B. To reinforce the concept of the fundamental importance of the process
of photosynthesis.

C. To lead the student to develop ideas for increasing a plant' s food out-
put by manipulating factors involved in photosynthesis.

D. To learn or practice graphing.

E. To learn the concept of controlled experimentation.

F. Analysis and interpretation of data.

PRELIMINARY PREPARATION:

A. Student - An understanding of the photosynthetic process.

B. Materials - graph paper

DISC USSIO N:

A. Operational Suggestions
1. Student level - average
2. Pitfalls to avoid -

a. If the student is not familiar with decimals, allow him to use
integers for graphing

b. The computer levels off at a light intensity of 12. If a student
selects all of his light intensity values above II, a straight
line of asterisks will appear on the graph.

c. Remind students that the computer plotted graph is to be
viewed sideways. (see run)

3. Students work in groups of 5 or less. Allow one group at a time
at the computer while the remaining groups are engaged in a
related activity.
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Suggested Follow-up

The students, after running the program, are expected to graph
the results obtained from varying the carbon dioxide concentration.

Elicit from the student:

1. What happens to the rate of photosynthesis as:
a. The carbon dioxide concentration increases?
b. The intensity of the light increases?

2. How might you increase the size of tomatoes grown in a
greenhouse? What, if any, limitations are there to this
type of increase?

3. What is apt to happen to the world' s food supply if the amount
of carbon dioxide or the light intensity was reclaced by one-
half?

4. Compare your graph with the graph made on the computer.
Point out similarities and differences. Explain them.
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nELLO. aY NOW YOU ShOULD r(NOw FnOM YOUR LECTURES WhAf
PhOf0sYNTHESIS 16. THIS LABOhATOHY WILL ENABLE YOU TO
CONDUCT EXPERIMENTS ON ThE COM,OTEh WHICH WOULD NOT BE
PRACTICAL DUhING CLASS TIME.

SINCE ALL OF OUh FOOD COMES FhON pLANTS, LET'S FIND our
hOW ChANGING TnE AMOUNT OF CAhLiON DIOXIDE On ThE INTEN61:
OF LIGnf WILL AFFECT Ti E pLANT'S RATE OF PhOlUSYNThES16,
MEASUhED IN MIChOG,LAMs OF GLUCOSE PhODUCED PEh DAY.

LET'S BEGIN WIT,: ChANGING ThE LIGhT INTENSITY. YOU WILL
VARY THIS BY SELECTING INTEGEh VALUES IN ThE hANGE OF
J TO JO (fhE UNITS FOR LIGhT INTENSITY ArtE IN EAGS/SEC/Sw.CM)
BY VAnING ONLY ONE FACTOR AT A TIME, WE AhE CO'ADUCTING
A CONThOLLED EXPERIMENT. WE WILL ASSUME THAT OUH PLANT
mAS ALL OF ThE CAABON DIOXIDE, WATER AND CHLOROPHYLL
CHAT IT NEEDS.

YOU ShOULD CHOOSE BETWEEN FIVE AND TEN LIGf INTENSITY
VALUES. TYPE IN ONLY ONE VALUE AFTER EACH WUESTION MARK.
BY TYPING IN IOU, NO MORE WUESTION MARKS WILL APPEAR AND
THE PHOGRAM WILL CONTINUE.
(NOTE: 'AP' MEANS RATE OF PhOThSYNTHESIS)

LIGHT INTENSITY(LI)? 2
AP= 45
(LI)? 15
HP= 121
(LI)? 7
RP= 99
(LI)? 29
HP= 125
(LI)? 20
RP= 124
(LI)? 5
RP= !A
(LI)? 6
&- 92
(LI)? 11
RP= 114
(LI)? 12
HP= 116
(LI)? 10
HP= 111

1 = TABLE ONLY, 2 = PLOT ONLY, 3 = BOTh? 3

LIGHT
INTENSITY

HATE OF
PHOTOSYNTHESIS

2 44.81
5 83.8
6 92
7 98.57
10 111.42
11 114.12
12 116,29
15 120.52
20 123.52
29 124.8
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L1Ghf
INTENSIIY

HATE OF PH0f0SYNThESIS

Biology
PHOSYN

0 25 50 75 1UU 125

2

5

6
7

1

1

10
11

12

15 *

20 *

I

1

29

O.K. LET'S NOW VAHY THE AMOUNT OF CARbUN u1OxIDE IN THE
ATMOSPHERE SURROUNDING OUtt PLANT.

THIS TIME ASSUME OUR PLANT HAS ALL THE LIGHT, WATER AND
CHLOROPHYLL THAT IT NEEDS.

LET THE VALUES YOU SELECT FOH THE CARBON DIOXIDE CONCENTRATION
BE FOR TWO DECIMAL PLACES ONLY, AND IN THE RANGE OF U TO .30
UNITS FOR CO2 CONC. ARE CUBIC CENTIMETERS PER LITER OF AIR.

AS BEFORE, 1 WILL'TYPE IN A '7' AND THEN YOU TYPE IN'THE
CARBON DIOXIDE CONC. AVAILABLE TO THE PLANT.
THIS TIME YOU MUST CHOOSE TEN DIFFERENT VALUES.
REMEMBER HP m RATE OF PHOTOSYNTHESIS.

CARBON DIOXIDE CONC.(CO2)? .1U
RP+ 118
(CO2)? .20
RP* 125
(CO2)? .30
RP* 125
(CO2)? .15
HP0 124
(CO2)? .05
CP* 94
(CO2)? .25
RP* 125
(COW .91k
MP* 54
(CO2)? 0
RP* 0
(COQ)? .11'
RP* 119
(CO2)? .09
RP* 115
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1 = TABLE ONLY, 2 = PLOT ONLY, 3 = 80Th?

CO2 CONC. ItATE OF PHOTOSYNTHESIS
-----

U U
.U2 53.157931
.05 94.1U92
. U9 114.9425
.1 117.6161
.11 119.2529
. 15 123.56j2
. 2 125
.25 125
.3 125

CO2 CONC.
ItATK OF PKOTOSYNThESIS
U 25 50 75 1UU 125

. 02

. 05

1

. 09

. 1 I *

. 11

. 15

1

1

.2

I

. 25

I

I

I

. 3

DO YOU KNOW WHAT IS HAPPENING IN BOTH THESE INSTANCES?

READY
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WU REM F. H. COOPER, WYANDANCR H.S....REVISED 7/69
105 IsEvl REVII;ED 1SY C.LOSIA 7-9-7U
1U6 REM V(I)=INPUT VALULs CLIGRT INTENSITY, CO2 CONC.)
1U7 REM R(I)=RATi. OF PHOTOSYNTHESIS
11U DIM V(31),R(31)
120 PAINT "AELL0. tlY NOW YUJ SHOULD ANON FROM 'YOUR LECTURES WHAT"
13U PAINT "PnOTOSYNInES16 Is. ThIS LABOAATOAY WILL ENAhUt: YOU TO"
140 PAINT "CONDUCE EXPErtIiIENTS ON THE COMPUTER WriIen WOULD Nor BE"
15U PAINT "PRACTICAL DURING CLASS TIME."
16u PAINT
20U PRINT "SINCE ALL OF OUA FOOD COMES FROM PLANTS, LET'S FIND UUT"
210 PAINT "hOW C'rANGING TnE AMOUNT OF CARBON 0104IDE OA THE INTENSITY"
22J PAIT "OF LIGHT WILL AFFECT nE PLANT'S RAT OF PaOtOsINTnESIs,"
23U PRINT "MEASURED IN MICROGRAMS OF GLUCOSE PRODUCED PER. DAY."
24U PAINT
29U P:iNT "LET'S BEGIN WIrki CnANGING.rnE LIGHT INTENSITY. YOU WILL"
300 PAINT "VAAY THIS 3Y SELECTING INTEGER VALUES IN THE RANGE OF"
310PhINT"U TO 30 (THE UNITS FUR LIGHT INTENSITY ARE IN EAGS/SEC/SQ.CM)"
315 PAINT "BY VARYING ONLY ONE FACTOR AT A TIME, WE AHE CONDUCTING"
32U PAINT "A CONTROLLED ExPEAIMENT WE WILL ASSUME InAT OUR PLANT"
33U PAINT "HAS ALL OF rhE CARBON DIOXIDE, WATER. AND CHLOROPHYLL"
335 PAINT "TnAT IT NEEDS."
34U PAINT
350 PAINT "YOU SHOULD ChOOSE BETWEEN FIVE AND TEN LIGHT INTENSITY"
36U PAINT "VALUES. TYPE IN ONLY ONE VALUE AFTER EACH QUESTION MARK."
36U PAINT "BY TYPING IN 100, NO MORE QUESTION MAAKt, WILL APPEAR AND"
390PAINT"THE PHOGAAM WILL CONTINUE."
395 PAINT "(NOTE: 'HP' MEANS RATE OF PHOTASYNTHESIS)"
4UU PAINT
410 PAINT "LIGHT INTENSITY";
412 HEM INITIALIZE
413 FOR I=U TO 3U
415 LET V(I)=-1
417 NEXT I
419 FOR I=1 TO 1U
420 PRINT "(LI)";
43U INPUT W
435 IF W=100 THEN 560
440 IF W>30 THEN 5IU
450 IF W<0 THEN 51U
46U IF W<>INT(W) THEN 51U
470 LET V(W),W
48U LET R(W)..INT(12500*(1-EAP(-.222*V(W)))+.05)/100
490 PAINT "BP="JINT(A(W)+.5)
500 GO TO 55U
510 PRINT "WRONG! USE ONLY INTEGER VALUES BETWEEN 0 AND 3U."
520 PRINT "TRY AGAIN."
530 GO TO 430
550.NEXT I
560 PRINT
565 REM CHOICE OF OUTPUT
57U PRINT "1 = TABLE ONLY 2 PLOT ONLY, 3 - BOTH";
580 INPUT W
590 IF W=1 THEN 60U
593 IF Wv2 THEN 650
595 IF W -3 THEN 600
596 GO TO 570
600 PRINT
605 PRINT " LIGHT "," RATE OF"
610 PRINT "INTENSITY"p"PHOTOSYNTHESIS"
615 PRINT " ).
620 GOSUB 15)0
630 IF W4=3 THEN 760
650 PRINT
660 PHINT " LIGHT"
670 PRINT "INTENSITY"
680 GOSUB 1600
760 PRINT
770 PRINT
780 PRINT "O.K. LET'S NOW VARY THE AMOUNT OF CARBON DIOXIDE IN THE"
790 PRINT "ATMOSPHERE SURROUNDING OUR PLANT."
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PnINT PHOSYN
81U PAINT "THIS TIME ASSUME UUA eLANI nAs ALL THE LIGnT, WHIEn AWL"
8E0 PAINT "CALOAUPAYLL ThMT IT NEEDS."
83U PAINT
840PRINT"LET THE VALUES YOU SELECT FOt TnE CARBON 01041DE CONCENTAATION"
850 PAINT°2E FOt IWO DECIMAL PLACES ONLY, AND IN ThE RANGE OF U TO .3u"
8b0 PAINT "UNITS FOA UO2 CONC. AAE CUBIC GENIIMETEAS OEn LIAN. OF AIR."
890 PAINT
9UU emINT "AS BERME, I WILL TYPE IN A '7' AND ThEN YOU TYPE IN ThE"
91U enINT "CHAL3ON DIOXIDE CONC. AVAILABLE TO THE PLANT."
9Eu eaINT "This UNE WU PhUbT OhOUSE TEN DIFFEAENT VALUES."
925 eAINT "hEmEmBEA ne = HATE UF PhOTOSINTAESIs."
930 PAINT
940 PRINT "CAndON ViUnIDE CONC.";
941 REM INITIALILE
942 FOA Iou TO 30
944 LET V(I)o-1
946 NEXT I
948 FOt I=1 f0 10
950 PRINT "(CO2) ";
960 INPUT W
970 IF W=100 ThEN 105U
900 IF W<0 THEN 1040
99U IF W >.3 THEN 1040
995 LET Wo1UU*0
1000 IF ABS(W-INI(u+.5))>.Uu001 frIEN 1u40
1003 AEM FUDGE 1U05 CAUSE INTEGEA MESSES UP
1005 LET WoINT(100*W+.5)
1010 LET V(U)=W
1020 LET A(0)=INT(175*(1-EnP(-28*V(W)))+.005)/174*125
1025 PAINT "RP="IINT(A(0)+.5)
1030 GO TO 1050.
1040 PRINT "INPUT VALUES BETWEEN U AND .3 TO fw0 PLACES ONLY"
1041 PRINT "TAY AGAIN"
1045 GO TO 96U
1050 NEXT I
1060 PAINT
1070 PRINT "1 = TABLE ONLY.. 2 = eLOI ONLY, 3 o 801'11")
I080 INPUT W
1090 IF Wol fnEN 1100
1093 IF 102 THEN 1150
1095 IF Wo3 ThEN 1100
1u96 GO TO L070
1100 PAINT
1105 PRINT "CO2 CONC.","AATE OF PHOTOsYNInESIS"
1110 PRINT " "a"

1120 GOSUB 1500
1130 IF W < >3 THEN 1200
1150 PRINT
1160 PRINT "CO2 CONC."
1180 GOSUB 1600
1200 PRINT
1210 PRINT
1220 PRINT "DO YOU KNOW WHAT IS HAPPENING IN BOTH ThESE INSTANCES?"
1230 STOP
1499 REM TABLE PRINTER
150U FOR 1.0 TO 30
1510 IF V(I)<0 THEN 1530
1520 PRINT V(1),11(1)
1530 NEXT I
1540 RETURN
1599 HEM PLOT ROUTINE
1600 PAINT " ","HATE OF PHOTOSYNTHESIS"
1610 PRINT" ".."(1 25 50 75 100 125"
1620 PRINT " "."1----I----I----I----I----I"
1630 FOR Io0 TO 3U
1633 IF V(I)>=0 THEN 1645
1636 PRINT " ","I"
1640 GO TO 1670
1645 PRINT V(1),"I";TAB(14+INT(11(1)/5+.5));"*"
1670 NEXT I
1680 RETURN
1700 END
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DISCIPLINE EARTH SCIENCE

SUBJECT CLIMATES

PROGRAM NAME CLIMAT

DESCRIPTION:

This program is designed to give students practice in identifying
climates and climatic patterns. As the program runs, students are asked
questions regarding precipitation and potential evapotranspiration on
the basis of P and P. E. curves randomly selected and matched by the
computer. At the conclusion of the program they are asked to
specifically identify the climate of the region, (i. e. Tropical rain
forest, Humid continental) on the basis of these curves, his answers,
and the computer' s corrections.

OBJECTIVES:

The program presents the student with the following concepts:

A. The value of graphing to help in the interpretation of data;

B. There are a limited number of characteristic annual precipitation
patterns which affect the earth;

C. The P. E. characteristics of a region are primarily related to
1) latitude and 2) proximity to large bodies of water;

D. Combinations of P and P. E. patterns yield a relatively small,
distinct number of climates;

E. The precipitation patterns are modified by the prevailing wind
pattern, regional geography and altitude.

PRELIMINARY PREPARATION:

A. Student - The student should have been introduced to the general
7717Mc regions and their characteristics. He should also have
some understanding of the earth' s wind belts and how they affect
precipitation on the windward and lee side of mountains and
continents.
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PRELIMINARY PREPARATION: (con' t)

B. Materials - 1) Dittos of graphs set up to permit students to
rapidly graph the P and P. E. Curves:

P and PE
(in inches
of H2O)

11-

6
I I !

4 1

2 1

1

i 1

:'Aoiitti ' Month -4
2) Each student should be given a student progress code number.
This activates the selection of P and P. E. curves for that student
when typed into the computer. Each time a student uses the
program he should be given a NEW progress code number.

P curve
PE curve

P + PE

DISCUSSION:

This program is for students of average ability. It should be
used individually or in groups of 5 or less.

Student graphs are employed only to help the student rapidly
assimilate the numberical data presented by the computer. They need
not be checked beforehand by the teacher, but should be used during the
follow-up discussion of the students' run.

The follow-up discussion on a class, group, or individual basis
will greatly enhance the value of the lesson and the student comprehension
of the entire topic of climates,

As proficiency increases (or with superior students), the
student might be asked to complete the program by inspection of the data
without actually plotting the P and P. E. curves.

In the program, the criteria used in evaluating P patterns are:
80" - wet climate

13-80" - moderate precipitation
413" - arid or dry climate

Although these values may not agree exactly with values taught
by individual teachers, they are close enough to accepted standards to
make the use of the program extremely worthwhile.
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DISCUSSION: (con' t)

As with many of the other programs presented here, this
program may be used in a demonstration lesson -- using the computer to
provide data and questions; and the class to suggest and evaluate
responses to be fed into the machine. Later, individuals or groups
might be permitted to use the program as previously discussed. (If the
program is used in this manner, the teacher might wish to prepare
transparencies of the data and curves in advance for use during the
computer run. )
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0.n., nEAE AHE SOME VALUES FOH enECIelfATION Cr) AND 1Wis
irE eUTENfIbiL EVAIJO/AANSeIAATIUN ceE) OF AN AnEA:

MONTH r'E
-==

1 14 u
C lu 3
3 y 7

4 16 1U

5 9 13
6 14 14
7 13 13
6 b lO
9 12 7

1U tl. 3
11 13 1

12 11 U

TOTAL PHECIeITATION = 137 INOnES

0.A., SLOT YOUn GAAen ON THE eAeEn eAUVIDED YOU
AND WnEN YOU AAE HEADY TO CONTINUE.... MEAEL1 TYeE
ANY NUMBER AND TnE. AETUAN KEY. ? U

hEADY? GOOD, NOW TELL ME DOES YUUn GHAeh SAOW THAT
THE CLIMATE HAS DEFINITE WEr AND DK)! SEASONS Cl=iES, U=NO) ? U

TELL ME, IS THE CLIMATE Li] WET, 1:27 DAY, UA [3] MODEAATE ALL
YEAH? 1

ACE GOING, SMARTY PANTS. KEEP UP THE GOOD WORK.
BY CHECKING THE PE CURVE ON YOUR GhAen, WOULD YOU SAY ThAr TnE
SUMMERS AAE Cl] HOT, [2] WARN OH [3] COOL? 2 .

AW C'MON, YOU COULDN'T POSSIBLY MEAN THAT....
YOU SHOULD HAVE SAID 1

FROM THE SAME INFOAMATION CPE GHAen), WOULD YOU SAY THAT THE
WINTERS AhE LI) COLD, [2] MILD, OA [3] WARM? 1

IT WARMS MY HEAAT TO HERB YOU SAY THAT. GOOD GOING.

WELL, BY NOW YOU MUST HAVE AN INKLING AS TO TnE TYPE OF
CLIMATE WE HAVE HEAE. BELOW IS A COMPLETE LISTING OF ALL THE
CLIMATES IN THE WORLD. HEFEA TO ThEM BY THEIA NUMBER ONLY.
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NUMBER
======
1

2
3

4
5
6
7

0
9
10

11

12

13 Ort 14

15
16

Earth Science
CIIMAT

NAME OF CLIMATE
===============
TROPICAL AAINFOREST
TROIICAL EAST COAST
TROPICAL MONSOON
TROPICAL SAVANNA
TROPICAL DESERT
MEDITERRANEAN
MARINE WEST COAST
HUMID CONTINENTAL
HUMID SUBTROPICAL
MIDDLE LATITUDE GAASSLANDS
MIDDLE LATITUDE DESERT
SUBARTIC CLIMATES
HIGHLAND CLIMATES
(TROPICAL OR MIDDLE LATITUDES.)
1-,OLAA TUNDRA
g)OLAA ICECAd

WHAM' IS THE NUMEK OF THE CLIMATE WE HAVE (WE'LL ACCEPT THE
FACT THAT THEY MAY OVERLAP)? 1

LA SUGGESTION - STICK TO LANGUAGES On SOCIAL STUDIES.
YOU SHOULD HAVE SAID ö . GOOD DAY TO YOU.

tiEADY
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luUnEM--E.A.GALLETIAArJATChUGUE-ft.6....4/22/69 EArin de1ENUE (d11eAu)
1U5A14--enOG4 AN ON CLIMATES
11UHEM--AEWAlfTEN--7/26/69--dAdIU--<A0D>
112 IcEN AEV1SED BY TONY eEAEL, WALT WhIIMAN nS, b-69
113 n'EM AE-nEVISED BY C.LOSIA d-26-7U
115DIL(56)
Ild AANDCMI4E
12011EADN,L(N)
125IFN<>56ThEN12U
13JLEfT=0
1551"niNT"O.K., hEnE AHE SOME VALUES FUti TnE enECIelTATION (e) AND Oz"
1601JAINT"TAE e0FENTIAL EVAeUTAANSInATION (ME) OF AO AAEA:"
1651'111NT

17UtJA1NT" "A"MONfn"," :Jur" AJE"

175eAINT" ","=====","=====","======"
195LETP=INT(1U*AND(1))
2UUIFP>6ThEN195
2051F/J<IThEN195
210LETE=INT(10*AND(1))
215IFE>4TAEN21U
22U IFE<ITHEN210
225LET4=5*E+6*.P
230 IF (Z-21)*(Z-22)*(4-17)*(4-3d)=0 THEN 195
235FOnI=IT012
240PAINT" ",I,
245IFP>1TAEN255
25ULETP1=12*C06(.261*1)t2+2*ttND(-1)
255IFP<>2THEN265
26ULETP1=12*SIN(.261*I)+2*tiNDC-1)
265IFP<>3ThEN275
27ULETP1=2+3*RND(-1)
275IFP<>4TftEN2b5
2dULETP1=2*nND(-1).
2d5IFIJ<>5ThEN295
29ULETP1=7+10*AND(-1)
295IFP<>6THEN305
30ULETP1=3*COS(.5+.15+1)12
305:"RINTINT(P1),
310IFE>1THEN320
315LETE1=10*SIN(.261*I)t2
3201FE<>2ThEN330
325LETEI=12*SIN(.261*1)12
330IFE<>3THEN340
335LETE1=2*SIN(.5+.15*012
340IFE<>4THEN350
345LETE1 w1S +4*ENDC-1)
35ULETT=T+INT(P1)
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355PRINTINT(E1+(E1/1U)*2)
360NEATI
36SPAINf
37UPA1NT"TOTAL PRECIPITATION =";I;"iNCHES"
375rAINT
3bUPRIN1 "O.A., PLOT YOUA GRAPH ON TnE PAPER PROVIDED YOU"
3o5PAINF"AND WHEN YOLI ARE HEADY TO CONTINUE.... mEAELY TYPE"
390PAINT"ANY NUMBER AND THE AETUAN HEY. ;
J95INPUTU
4JUrAINT
4uSPRINT"AEADY? GOOD, NOW TELL ME . . . DOES YOUR GAAPR SHOW THAT"
410PRINT"THE CLIMATE HAS DEFINITE WET AND DRY SEASONS (I=YES, U =NO) ";
42U INPUT S
425PRINT
43UIFS=UTHEN505
433 IF 5 <>1 THEN 406
435IFP<3THEN56U
437 LET B=u ......

440 GO SUB 1045
445rAINT"TELL ME, IS THE CLIMATE (1] WET, L2:I URI, OR LA MODERATE ALL"
45UPAINT"YEAA";
455 INPUT S
46UPAINT
465IFS=1THEN525
4701FS=3THEN545
473 IF S<>2 THEN 445
475IFT<13THEN625
4s0IFT>bUTREN495
465GOSUB1040
49UGOT063U
4v5G0317131020
5OUGOT0630
505Ii,-P>2THEN445
510IFP=2THEN475
515GOSUB1020
520 GOT0560
525IFT>bUTHEN625
5301FT>=13ThEN485
535GOSUB1030
54UGOT0630
545IF(14-13)*(bU-T)>=uTHEN625
5501FT<13ThEN535
555IFT>80THEN495
56UPRINT"TELL ME, WHICH IS THE wEe SEASON, (1] THE WINTER Ott (2] THE
565PAINT"SUMMEA";
57UPAINT
575 INPUT S
5b0PAINT
5b5IFS=1TAEN6U5
5d7 IF S<>2 THEN 560
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svuiFe=2THEN625.
5v5G051D31020
6uUGOTU63U
6u5IFP=IThEN625
610GOSU81020
615GOT063U
62UPAINT
625PAINT"NICE GOING, SMAATY PANTS. KEEP UP THE GOOD WORK."
63uPAINT"8Y CHECKING THE 'PE COAVE UN YOUR GRAPH, WOULD YOU SAY ThAf ThE"
635PuiNT"SUMMERS ARE; CI) HOT, C2) WARM, OR (3) COOL";
640 INAJUT b
645PAINT
65UIFS=2ThEN695
655IFS=3ThEN715
657 IF b < >1 THEN 625
6601FE=THEN725
66511E =-iJAEN725
667 iF E=I THEN 725
670GOSU81020
675GOT07JU
695IFE=IThEN725
700IFE<>3ThEN67U
70 5G050131040
710GUT0730
715IFE=3ThEW725
720iFE<>3ThEN67U
725PAINT"YOU HAVE AESTOAED MY FAITH IN 'TEENAGERS."
73UPAINT"FAOM THE SAME INFUAMATION CpE WOULD YOU SAY THAT ThE"
735PAINT"WINTEAS AHE (I) COLD, C2) MILD, OR LA WAHM";
74U INPUT S
745PAINT
750IFS=2ThEN790
755IFS=3ThENAIU
760 IF S<>I THEN 730
765IFE43THENts25
770GOSUBIO30
775GOT0630
7hUGOSUE11040
755GOT0b3U
790IFE=3TAEN525
795IFE=4ThEN7b0
500 GOSUBIU2U
W5GOT0b3U
0IUIFE=3THEN77U
615IFE=4THEN630
82UGOT0800
b25PAINT"IT WARMS MY HEART TO HEAR YOU SAY THAT. GOOD GOING."
630PHINT
835P1tINT"WELL, BY NOW YOU MUST HAVE AN INKLING AS TO THE TYPE OF"
u4OPAINT"CLIMATE WE HAVE HERE. BELOW IS A COMPLETE LISTING OF ALL THE"
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s45enINT"CLIMATEs IN 1AE (WALD. nEFEn fU THEM n1 ThEln NUMBEn ONLY."
65uPnINT
bbseraNr
si5JP,I.INT"NUMBEn","NAmE OF CLINATE"
s65enINT" ",.

OUPAINT"1":"Tn0PICAL nAINFOnEST"
ci75PnINT"2","TAOPICAL EAST COAST"
bouPnINT"3","TAOPICAL MONSOON"
nn5i-t4INT"4","TnOPIDAL SAVANNA"
o9UertINT"5","IttOr'l CAL DEsEnT"
sysrnINT"6""MEDI TEnnANEAN"
vuUPAINT"7"."MAAINE WEST COAST"
905PAINT"b","HUMID CONTINENTAL"
91UPnINT"9","hUMID sJniAOPICAL"
915PAINT"lU","MIDDLE LATITUDE GAAsSLANDs"
92UPAINT"11","mIDDLE LATITUDE DEsEnf"
925PnINT"12","SOdAnTIC CLIMATES"
vJurraiNauld On 14","miGnLAND CLIMATES"
935rnINT" ","(fa.OPICAL On MIDDLE LAT1TUDEs)"
940PINT"16","P0LAn TUNDnA"
945PAINT"16".."POLAn ICECAP"
Abu- iNi
965PnINT"WhAT IS THE NUmEsEti OF fmE CLIMATE WE HAVE (WE'LL ACCEP1 THE"
960 PnINT "PACT THAT THEY MAY OVEALAP)";
v651NPUTS
970PAINT
75PAIAT

9130PnINT
905IFs=LCZ)THEN1005
99UrnINT"MY SUGGESTION - STICH TO LANGUAGES On SOCIAL. STUDIES."
995PAINT"YOU SnOuLD HAVE SAID";L();". GOOD DAY TO YOU."
100USTOP
1UU51'AINT"10UA FOATUNE AS A METE0nOLUGIST IS BUDDING. IT WAS"
1U1UPHINT"VEAY NICE TO WOAH WITH YOU. .S0 LONG."
1015STOP
102ULET6=1
1025G0T01045
1030LETB=2
1035GOT01045
1040LETB=3
1045PAINT"AW C'MON, YOU COULDN'T POSSIBLY MEAN THAT...."
1050PAINT"YOU SHOULD HAVE SAID"38
1055PAINT
1O6UAETUAN
10b5DATA11,6,16,7,23,1U/26,3,27,15
109UDATA2b,b,29,11,32,3,33,13,34,11
1095DA
TA35,9,39,16,40.6.41,13,44,5
1100DATA46,10,45,16,50,1,51,12,56,4
1105DATA39,4,44,5,35,9,40,8,45,1,41,15,46,12,51,5,56s16
1110DATAU.0
1115END
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DISCIPLINE EARTH SCIENCE

SUBJECT CLOUD FORMATION

PROGRAM NAME CLOUDS

DESCRIPTION:

This program tests student ability to solve problems related
to the formation of cumuliform clouds (i. e. L. C. L. temperature at various
altitudes). In Phase I of the program students enter the variables and
unknowns of previously assigned problems. The computer checks the
students' answers and supplies the correct answers if an error is
detected.

When Phase I is completed the computer automatically
presents a group of new problems for the student to solve and check
at the machine.

OBJECTIVES:

The program attempts to reinforce and apply the following
concepts:
A. There is a specific rate at which temperature drops in a rising

parcel of unsaturated air.

B. Once air becomes saturated and condensation begins, the lapse
rate decreases due to the release of latent heat of vaporization.

C. The base level of a cloud (LCL), and temperatures within it can
be calculated from ground level data.

PRELIMINARY PREPARATION:

A. Student - Students should be familiar with the terms and values of
itiidVand wet adiabatic lapse rates, normal lapse rate, and the
formula for calculating the Lifting-Condensation Level.

B. Materials - Printed sets of problems with the following variables and

1. Air temperature on the ground.
2. Dew point on the ground
3. Temperature at the base of the cloud.
4. The elevation, in feet, of the base of the cloud (LCL).
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DISCUSSION:

This program is designed for average students. Individuals
should be permitted to go to the computer to check any problem or
groups of problems whenever the machine is free. The teacher in
the lesson acts solely as a resource person to help those students unable
to arrive at correct responses because of conceptual errors - not
mechanical errors.

To speed the lesson, Phase II of the prograli may be omitted
entirely, by procedure 1, or from early runs by procedure 2.

Procedure 1 Procedure 2

Erase Lines 561 - 699, 770 -
790 and change line 557 to read:
If P. 1 then 2000,

55

Change line 557 to read: If P) 1
then 2000.
When you are ready to use Phase II
merely retype line 557 as originally
listed.
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CLOUDS

STRONG CONVECTION CURRENTS ARE CAUSING ADIABATIC
COOLING OF ATE loan YOU ARE AND ARE RESPONSIBLE FOR THE
FORMATION OP A CLOUD. BOTH THE DRY AND THE MOIST ADIABATIC
CAS VILLAS THE NORMAL LAPSE BATES) ARE CONSIDERED IN THIS
PROGRAM.

LEGEND

1 -THE TEMPERATURE ON THE GROUND
0THE DEW POINT TIMPEBATURt ON THE GROUND
3THE TEMPERATURE AT THE BASE OF THE CLOUD
40THE ELEVATION. IN FEET. OF THE CLOUD BASE

CHOOSE ANY TWO OF THE ABOVE VARIABLES AND SELECT VALUES FOR
THEN. TYPE THEN IN ASS
ukaIGELF CODE *VALUE. VARIABLE CODE oVALUS...(t.G. 1.50.0.30)

7 1.50.8.41

OKAY, TYPE IN YOUR CALCULATED VALUE FOR
THE TEMPERATURE AT TOE RASE OF THE CLOUD
FOLLOWED EY A GONNA. AND THEN To% IN YOUR VALUE FOR
7711 ELEVATION. IN FEET. OF THE CLOUD BASE
? 39.11000

VERY GOOD. VERY. VERY GOOD.

DO YOU HAVE ANY OTHER PROBLEMS YOU WOULD LIKE TO TRY?
(1 -YES. 0010) i ? 1

USING THE SANE LEGEND AS BEFORE....
crofts ANY TWO OF THE ABOVE VARIABLES AND SELECT VALUES FOR
THEN. TYPE THEN IN ASI
VARIABLE CODE 'VALUED VARIABLE CODS oVALUE...($.0. 1.50,4.30)

1.50.3.55

OKAY. TYPE IN YOUR CALCULATED VALUE FOR
RUE DEW POINT TEMPERATURE ON THE GROUND
FOLLOWED ST A COMMA. AND TWIN TYPE IN YOUR VALUE FOR
TUX ELEVATION. IN FUT. OF THE CLOUD BASE
? 30.4000

IT LOOKS LINE It GOOFED SOME PLACE.
LIT'S SEE WHAT THE CORRECT VALUES ARE.

SO DEGREES - TIM TEMPERATURE ON THE GROUND
29.04545 DEGREES . THE DEW POINT TEMPERATURE ON THE *ROUND
OS DEGREES - THE TEMPERATURE AT THE BASE OF THE CLOUD
4E45.455 FEET - THE ELEVATION. IN FEET. OF THE CLOUD SASE

DO YOU NAVE ANY OTHER PROBLEMS YOU WOULD LINE TO TRY?
(IAYES. OaNO) S 7 0

MILL. am= YOU LEAVE. I HAVE A FEW I'D LIKE YOU TO TRY
EASED ON YOUR VALUES. Tilt WEIGHT OF THE CLOUD
(MEASURED FROM THE CLOUD SASE) IS 1111411.811 FT. CAR YOU TILL Nil

WAY IS THE TEMPERATURE AT 'ACM OF THESE ALTITUDES:
1 3188 Ft
S 31418 PT
3 13636 PT

TIE TEMPERATURE AT' 311111 FT. IS 7 30

SORRY. YOU WERE DOING GREAT TUBE FOR A MILS.
RILL. SACK TO THE BOOKS. THE VALUES YOU SHOULD RAVE Gags

1 THE TEMPERATURE AT 3188 FEET IS 32.5 DEGREES
8 THE TEMPERATURE AT 31418 FRET' IS - 61.36384 sgsagss
3 THE TEMPERATURE AT 13636 FRET IS .41.870787 DRUM
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IOREM..A.C.CAGGIANO.E.A.GALLETTA. PATCHOGUE H.S.. 11.20.68
IIREM....REVISED BY CHARLES LOSIK AND TONY PEREZ 7/18/69
12 REM RE- REVISED BY C.LOSIK 8.26.70
20REM .THIS PROGRAM IS ASSOCIATED WITH CLOUD FORMATION
25REM PHASE I or PROGRAM BEGINS HERE. STUDENTS WILL BE GIVEN
26REM INTRODUCTORY INFORMATION AND BE ALLOWED TO ASK AND ANSWER
MEM ANY NUMBER OF PROBLEMS. WHEN THEY INPUT NO. 2 (LIMES 554.556)
28REM PROGRAM SENDS THEM TO PHASE II (LINE 561 AND FOLLOWING).
30FRINT" ":"CLOUD NINE"
40PRINT" mmmm
45 nIM B(2). T(4). Q(3), A(3). C(3)
50PRINT
60PRINT" STRONG CONVECTION CURRENTS ARE CAUSING ADIABATIC"
WPRINT"COOLING OF AIR WHERE YOU ARE AND ARE RESPONSIBLE FOR THE"
80PRINT"FORMATION OF A CLOUD. BOTH THE DRY AND THE HOIST ADIABATIC"
9aPRIUT"(AS BELL AS THE NORMAL LAPSE RATES) ARE CONSIDERED IN THIS"
91PRINT"PROGHAM."
IOOPRINT
105 PRINT
110PRINT" ".'LE END"
120PRINT" o. se

140PRINT"I ")
160806UB1000
160PEINIM l,
17020SUB1010
180PRIMT"3"/
19060SUS1020
200PRINT"4 ")
21080SUB1030
220PRINT
225 PRINT
230 PRINT"CHOOSE ANY TWO or THE ABOVE VARIABLES AND SELECT VALUES FOR"
231 PRINT"THEN. TYPE THEM IN ASI"
232PRINT"VARIABLE CODE .VALUE. VARIABLE CODE .VALUE...(E.G. 1.50,02.30)
233 PRINT
240 LET X0
242 LET Y0
641 LET A0.0
246 LET B0
247 LET B(I)0
248 LET 11C1110
260INPUTO(1).A.B(2).11
ROOPRINT
300FORI1T04
3101F2(1)1TREN330
3111011EXTI"

332LETT(1.
340FORJITO4
3501FBC2).4THEN370
UNREST.).
3706E111414
3801,1420.1TNE1405
390PRINT"TOU CAW? psis THE SANE VALUES' TWICE."
3950070250
405PRINT"OKAY. TYPE IN YOUR CALCULATED VALUE rows
406PRINT
Atoirj.s.armsmAss
AttuTTicTc1s-Tc2»,4.5
41eurrums1000*T-
413LETTI37"7(11)T
41420=21080
41$221011010
41640201030
417111PUTS.Y
4181FABS(X1(3)),....6THEN500
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419IFA2S(Y-T(4))>=.411aN500
4200070550
485IFJ*147.3THEN440
426LETTCT(1)-T(3)),5.5
427LETT(4)=100041T.
428LETT(2)=T+T(3)
49900501010
430GOSUB105C
43100501030
4321NPUTX;Y-----
4331FA8S(E-TC2))s..4THES1500
4341FA2SCY-T(4))s..4TRIN500
4350070550
443/FJ*14s4THSN455
441LETTT(4)/1000
442LETT(2)411(1)-454T
443LETT(3).T(0.7
44400SUR1010
445005001050
44440SUDIO1O
447INPUTX.Y
4441FASS(X-1(2))s.6rium00
4491FA3S(Y-T(3))>=.6TREN500
450PRINT"O1UY,'TYPE IN YOUR CALCULATED VALUE roan
455IFJ*14N6THEAS470
456LETTTCS) -T(3)
457LITTC4S0100041
45GLITI(1).4(3)4.5.5*T
4590051!81000
48000501050 .

4510OSU8I030
AGOINPUTX.Y
4631FA35(X-1(1))s..67301500
4641FA3S(Y-1(4))am.6TNEN500
4654070550
4701F.01404TREN485
471LETTT(4)/1000
4711LETT(3)14(g).T
473LETT(1)=TC1044.54T
47410511E1010
4751105181050
4751051411020
477INPUTX.Y
47$1FASS(7(1))1m.41TMEN500
4791FASS(7-1(3)),...6THus00
4504070550
41111FASS(X-T(3))am.OWNIN500
4551F.14141NISTREN390
4119LST717(4)/1000
457LITTC1)44(3)*4.5*T
445LETTC2/07C31.07
4591103=1000
4904051141050
491410=01010
4911INPUTX.Y
4931FA3S(X-TC1))amo6Tum500
494IFARS(Y-T(11))*.6=1.500
4954070550
SOOPRINT
509PRINT"IT LOOMS LIES VS GOOFED SONE PLACE
505PRINT"LIT05 SEE MAT THE consul VALUES A4110"
50TPRINT
510 PRINT TC1)"DiGIUSE4 "S
WI GO SUR 1000
515 PRINT T(WDEGRICES "I
537.00'514 1010
540 PRINT T(3)"DiGREES "S
SOR GO'SUO 1040

.

525 PRINTT(4)"/MET - "S
SST 00514 1030

58

0 Copyright 1971,7b3yteehnie Institute of Brooklyn

72



Earth Science
CLOUDS

530 PRINT
535GOT0554-
550PRINT
552PRINT"VERY GOOD. VERY* VERY GOOD."
553PRINT
554PRINT"DO YOU HAVE ANY OTHER PROBLEMS YOU WOULD LIKE TO TRY?"
555 PRINT "ClasYSS, OnNO2 2 "I
556 INPUT P
557IFP4ITHEN561
558PRINT
552PRINT"USING THE SAME LEGEND AS BEFORE..."
5600070230
WILETHB(T(1)..T(3))42000^74T(4)
562/004 LINE S61 CALCULATES ALTITUDE FOR TOP OF CLOUD AND BEGINS
563REM PHASE II OF PROGRAM. PROBLEM NO.2 IN THIS PART (CALCULATION
564REM OF TEMP. ABOVE CLOUD TOP) INVOLVES USE OF THE NORMAL. LAPSE RATE.
565PRINT
567PRINT"VELL* BEFORE YOU LEAVE* I HAVE A FEW I'D LIKE YOU TO TRY..."
570PRINT"RASED OM YOUR VALUES* THE HEIGHT OF THE CLOUD"
580PRIGIT"(MUCASIIRED FROM THE CLOUD BASE) IS "3113" FT. CAN YOU TELL MEI"
600LETA(1)...7 *T(*)
601LETQC2INT(4).1.50I
602LET4(3)..T(43+.5411
610LETA(I)..T(1) .1(4)113.85E 3
611LETA(2).T(1)*(T(4)..1.5*H)43.5E..2
611LETA(3)=T(3)..1.5E+3AH
614PRIUT
615PRINT"GRAT IS THE TEMPERATURE AT EACH OF THESE ALTITUDES,"
640FORNalT03
ssUlmiarr ".111JINTCC100.0..5).8"FT"
6117NEST N
RESPRINT
649FORNNIT03
430PRINT"THE TIMPERATURE.AT "IINT(Q(N)..5)," FT. IS ",
631IMPUTC(M)
63SIFARS(C(1)..A(11))7.11THEM150
6402EXTM
094PRINT
woyalturivey, YOU MUST BE A MAIN. AND YOU PROMALLY KNOW"
710PRIXT"A LOT ABOUT CLOUDS AND'THINGS LIKE THAT. IT VAS-VERY"
720PRINT*MICE 10 GORE WI= :OmaOsImao uftrasTANDS BE."
730PRIMT" ". "THANK YOU AID PEACE AND LONG LIFE"
740STOP
WORM
755PB4MT"SOBRY. YOU MU DOING GREAT THEME FOR A EMILE."
760PUSSIT"MILL. RACK TO THE BOOMS. THE VALUES YOU sa0eLe"mAys seas
765ealin
7711F02401T03
71APIINTO$
710PagNYMB iliciPERATURS AT"JINT(Q(N).5)J"FEET IS "JAcomoneausio
lee
MOST,
Amapa=

toostelT^TICT1p
oMPRINATUIs OM um GROUND"

leloPaINTPTIR RSW POINT TEMPERATURE OM THE SEIMMID"
loismslyee
loeopaarrTas TEMMOATUta'AVTIX RASE OF Tat CLOUD"
Masai:Mel
1030pmamrsTeg aLImarlemi IX FEET. OF TIC CLeVO MU"
14M5RETUBM
illooYelirrreLLelin IT A COMMA, AND TIRM TIPS IN TOUR VOW* yea
iossarrume

.

9000 END
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DISCIPLINE EARTH SCIENCE

SUBJECT WATER BUDGET

PROGRAM NAME WATER'

DESCRIPTION:

This is a tutorial program which takes a student through the
step-by-step calculations of a water budget, checks the correctness of
his responses, and indicates the location of his errors. In difficult
parts of the budget instructions, clues are given before the student
is asked to re-calculate his work.

OBJECTIVES:

This program is designed to:

A. Enable students to " visualize" an areas' climate in terms of its
moisture patterns of usage, storage, recharge, and deficit.

B. Illustrate the relationship of deficit and surplus in light of
growing seasons for crops, watering of lawns, the need for irrigation,
and the occurrence of floods.

C. Develop the skills necessary for the successful completion of a
water budget.

PRELIMINARY PREPARATION:

A. Student Students should understind the following terms: potential
evapotranspiration, actual evapotranspiration, deficit, and surplus.
The concept of a change in value of a number (h-ST or ' delta' -ST)
should also have been covered.

B. Materials - Ditto sheets containing water budget tables should be
amackie for each class member. A sample table follows:
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WATER BUDGET
FOR:

ogress
le no. J F M

e

A M J J A S 0 N D

P

PE

P-
PE

ST

AST

AE

D

S

A set of water budget graphs should also be available if the
teacher wishes to have his classes complete the graph in addition to the
water budget. See: Investigating the Earth, Teacher' s Guide, Part I.
P. 402 of the Earth science CurrirdrunTrinject.

DISCUSSION:

This program iE applicable to individual or small group ( 5 or less)

instruction, and is designed for average students.

The progress code number assigned to the student indicates to
the program the extent to which the student has progressed through the program.
These numbers should be chosen according to the following table:
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Progress
Code # Stage of Calculation of Water Budget

0-10 Introductory information

11-20 Student is ready for "P-PE" section of program

21-30 ready for "ST" section of program

31-40 ready for " -ST" section of program

41-50 ready for "A.E." section of program

51-0 ready for "D" section of program

ol-70 ready for "8" section of program

Each student may work on a different water budget by entering
a unique set oV data in lines 43 and 44. Line 42 also may be changed to
indicate the region whose water budget is under study.

WATER?.
This program should be used in conjunction with program
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WHAT IS YOUR PROGRESS CODE NUMBER? S

WATER BUDGET FOR RUTLAND,VT.S

PS
57 45 63 74 80 90 86 86 92 94 88 56

PRO
0 0 0 28 75 114 133 114 78 41 8 0
NOV, RETURN TO YOUR SEATS AND SEPARATELY WORK OUT YOUR VALUES

FORS 42PE" AND 'STORAGE'.
RETURN ONLY AFTER YOUR TEACHER HAS CHECKED YOUR WORK AND GIVEN

YOU A NEW PROGRESS CODE NUMBItal

READY

BUN

WHAT IS YOUR PROGRESS CODE NUMBER? 15

PRINT YOUR 12 VALUES FOR P -PE WHEN YOU SEE THE QUESTION
MARK. AFTER EACH OF THE VALUES PRINT A COMMA I,)= -BUT
DO NOT PRINT A COMMA AFTER YOUR LAST VALUES SIMPLY HIT
'RETURN'.
56,48.63.46*5.24*47am281453.80.462

TOO MUCH INPUT. EXCESS IGNORED
OUCH11 THERE'S AN ERROR AT `:.)11TH 1 RETYPE THIS LINO.
7 57,41.413.4605,24,047a...281453/8046
GOOD VORK1
NOW LET'S SEE HOW WELL YOUR VALUES FOR 'ST' CAME OUT. PRINT

THEM-AFTER THE QUESTION MARK.
7 1000100.100s100..100a76029,1,1568.1000100
YOUR VALUES FOR 'STORAGE' ARE CORRECT.
HAVE YOU FINISRED THE REST OF THE WATER BUDGET?

(1YES. 0)10) i ? 0
OKI 80 RACK TO YOUR SEATS AND WORK OUT 'DELTA -ST' AND 'A.E.'

READY

i7
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1 am CLASS ROOM EDITION OP VB m* PERU 5/1/69 .

2 DIM PC12)ZCI2) XCI2) TC12)A(12).V(12):SC12).1)(19).E(12)
3 DIM Q(1R)
4 REM REVISED BY C.LOSIK 8 -26 -70

10 PRINT"VHAT IS YOUR PROGRESS CODE NUNIMIR"S
13 INPUT B
14PRINT
30 FOR I 1 TO 12
32READPCI)
34LETZ(I)PCI)
361F8 *10THEN48
40IF1*1THICN47
42PRINT"VATER BUDGET FOR RUTLAND.VT.t"
43DATA57.48.63.74.60.90e86.86,92.94/88,56
44DATA0.0s0.28.75.114e133.114/78.41.8,00
45PRINT
46 PRINT "Pt"
47 GOSUB 500
48 NEXT I
49 PRINT
50 FOR I 1 TO 12
51 READ ?(I)
52 LET Z(I).T(I)
53 IF B*10 THILN"58
55 IF 1*1 THEN 57
56 PRINT "PEP"
57 GOSUB 500
58 NEXT I
7) IF B * 10 THEN 90
80 PRINT"NOV. RETURN TO YOUR SEATS AND SEPARATELY YORK OUT YOUR VALUES"
81 PRINT" FORS 'P -PE' AND 'STORAGE'."
83 PRINT"R1CTURN ONLY AFTER YOUR TEACHER HAS CHECKED YOUR YORK AND GIVEN"
84 PRINT" YOU A NEW PROGRESS CODE NUMBERS"
85 GOTO 999
90 IF B > 20 THEN 110
100 PRINT"PRINT YOUR 12 VALUES FOR P -PE HUM YOU SEE THE QULSTION"
101 PRINT" MARK. AFTER EACH OF THE VALUES PRINT A COMMA (.);*BUT"
102 PRINT" DO NOT PRINT A COMMA AFTER YOUR LAST VALUES SIMPLY HIT"
103 PRINT" °RETURN''.
105 GOSUB 530"
110F01l1u1T018
115LETICISO(I)*T(1)
1171FB*20SHEN140
120 IF X(I)-Q(I) THIN 130
121PRINT"OUCH11 THERE'S AM ERROR AT MONTH "SI". RETYPE THIS LINE."
122 GOT0105
130 NEXT I
137 IF B * 30 THEN 200
138 IF B * 20 THEN 142
140 PRINT "GOOD NORM"
142 PRINT"NOW LET'S SEE HON WELL YOUR VALUES FOR 'ST' CAME OUT. PRINT "
143 PRIM" THEM'AFTER THE QUESTION MARK."
150 GOSUB 530
200 F011.1 1 TO 12
2011FX(I)*OTHEN208
802. LET"G 0
803 LET SCI) T + X(I)
204 LET Ti S(I)
8051FS(I)gmOTHES275
1109-LWAI 0
A07 11112? I
20$ LE? 100
209 LE? SM.= 2.(1)441
210 Li? G ="S(1)
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211 LET T .100
812 LET S(I) X(I) +G
213IFS(I)*E100THEN1180
215 GOTO 207
275 LET S(I) 0
276 GOTO 221
280LETS1I/100
281LETN1I+1
282LETGI
290FORDNIT012
310LiTHwI..1
311LETN141
320G0SUB352
321NEXTI
324 FOR I 1 TO G
325 LET N
327 IF Iw1 THEN 332
328 LET N12
338 GOSUB 352
333 NEXT
334 GOTO 400
352 LET S(I)SCK/oX(1)
355 IF 5(1)ww100-THEN 363
357 IF S(1)41 THEN 380
360 00T0 368
363 LET 11(1)S(I).100
364 LET S11)100-
368 LET VC1/:11/.5(N)
369 LET ACl/T(1)
371 GOTO 389
380 LRT 5(1)1,0
382 LC. 0/1)ABS(/0(1)..SCN)-T(I))
383 LET ACl/5(N)+P(I)
384 LET (I)5(1)41M)
389 RETURN
400 IF 8 lo 30 THEN 440
401 FOR I 1 TO 12
402 IF GU) S(I) THEN 420
404PRINT"SORRY ABOUT THAT11 MONTH"/11"15 IN ERROR. RECALCULATE PLEASR"
410 GOTO 999
400 NEXT I
425 PRINT"YOUR VALUES FOR 'STORAGE' ARE CORRECT."
426 PRINT" HAVE YOU FINISHED THE REST OF THE WATER BUDGET?"
427 PRINT "(isYMS. 00110) 1 "1
428 INPUT L
4301PL1THEN441
433 IF 1042.0 TURN 426
435PRINT"OK1 GO BACK TO YOUR SEATS AND WORK. OUT 'DELTA*ST' AND 'A.E.,"
439 GOTO 999
440 IF B 2. 40 THEN 455
441 PRINT"LIT'SSIE YOUR VALUES FOR 'DELTA -ST'."
443 GOSUB-530-
444 FOR I 1 TO 12
446IFOCl/211/THEN451
447/PRINT°THEBE SUNS TO BR AN ERROR IN MOUTH "I". BETTER TAKE ,A LOOK"
442 PRINT"- AT YOUR VALUES. RENENBER.DELTA.ST.6.ST FOR LAST MOUTH NEW,
4491621BI". St FOR THIS MONTH. PLEASE LEAVE AND RECHECK YOUR WORK."'
45040/0999
4211111XTI
453 PRIBT"THESE VALUES ARS FINE."
455 IF-11I50 .THEN 470
4561411111"11011 DID YOUR A.B. VALUES COME OUT? JUST LIST TS= AS BEFORE.'
427 GOSUB 530
458,011101TM
4591F1211/111THEN465
460PRINTa0OPS1 YOU pip IT1 NONTH"I"IS INCORRECT...RECALCULATE111"
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461 GO TO 999
465 NEXT I
466 PRINT"GOOD YORK! THEY'RE ALL CORRECT."
470 IF B>60 THEN 485
471 PRINT"PLEASZ LIST YOUR 'D' VALUES."
473 005UB 530
474 FOR I Is 1 TO 12
475 IF 2(1)24)(1) THEN 480
476PRINT"YOU HAVE A DEFICIT WHENEVER P.E.P6.E.ANDmSTI00. THE"
477PRINT" DEFICIT mg THE AMT.OF H2O YOU'R SHORT TO MEET THE P.E. FOR"
478PRINT" MONTH"1I". THAT 1St DIsPEAE. HAVE ANOTHER TRY
479 GOTO 999
480 NEXT 1
485PRINT"NOV FOR THE FINAL ROW. PLEASE PRINT YOUR 'SURPLUS' FIGURES."
486 GOSUB 530
487 FOR I Is I TO 12
488 IF G (I)m E (I) THEN 495
489PRINT"A SURPLUS OCCURS ONLY WHEN 'ST'00.100. DID THIS CONDITION EXIST"
490P81NT"FOR MONTH"I"? IF SO THEN 'S'- EXCESS 'P' NOT NEEDED FOR P.E."
491PRINT" SEE YOU AFTER YOU HAVE RECALCULATEDIM"
492130T0999
495 NEXT I
497 PRINT"VELL. IT LOOKS LIKE YOU DID IT. FINE!'"
499 GO TO 999
500PRINTI(I)J
502IFE(I)>99THEN525
5031FE(I)P9THEN520
504IFI(I)PITHEN515
5051FI(I)>=10THEN520
506IFE(I)s.1000THEN525
515PRINT" "J
520PRENT" "3
525RETURN
5301NPUTQ( 1),2( 2)*Q( 3)/2(4)02( 5)*Q( 6)4.2(7),Q(8),,Q(9),,Q(10)82(11).2(12)
533RETUHN
999END

CopyriVsij19" F lytechni*Institue of Brooklyn



DISCIPLINE EARTH SCIENCE

SUBJECT WATER BUDGET

PROGRAM NAME WATER2

DESCRIPTION:

This program prints out a completed water budget. It may be
used by a teacher to quickly calculate a series of water budgets he plans
to use or it may be employed with more advanced students to check out
an entire budget in one run.

OBJECTIVES:

A. To free teachers from the time-consuming task of calculating a
number of practice water budgets.

B. To allow students a rapid means of verifying budgets they have been
assigned for practice and drill.

PRELIMINARY PREPARATION:

A. Student - Students should be completely familiar with the concepts
74-07.potranspiration, water surplus, water storage, and water
deficit.

B. Materials - A ditto of water budget tables as shown below:

WATER BUDGET
FOR:

P

I PE
P-PE

'J I F I M : A
I

S

ST

AST

Air
D

S
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DISCUSSION:

To place a particular water budget in the program:

1. Call up the program by name.

2. Type the precipitation data on line 5; the R E. data on line 6 and
the title of the budget on line 4.
example:
4P1ZINT " Water Budget for N. Y. N. Y. :"
SDATA 89, 86, 98, 86, 84, 85,106,113, 88, 88, 82, 85
6DATA 0, 0,12, 40, 86,125,149,132,.94, 55, 22, 2

3. Type "RUN"

The complete water budget will print out. (Check the value for P
and PE to make sure you have typed them in correctly. )

To add other budgets repeat steps 2 and 3 until all budgets have
been completed.

Additional P and PE data for other regions can be found in
Investigating the Earth, Teacher' s Guide, Part I, pages 392-397.
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WATER2

ATER BUDGET

et

OR ANCHORAGE. ALASKA I

28 18 13 10 12 22 48 . 68: 66 47 25 23
PEI
0 0 0 18 71 104 115 105 65 .21 0 0

F.1..PIL

22 18 13 59 82 -67 -37 1 86 25 23
DELTA-STS
82 3 0 -33 0 0 1 26 85 23

STORAGE.. C ST) S
97 100 100 92 33 0 0 0 1 87 58 75

AEI
0 0 0 18 71 55 48 68 65 21 0 0

DS
0 0 0 0 0 49 67 37 0 0 0 0

SURPLUS I
0 15 13 0 0 0 0 0 0 0 0 0

TOTAL P 374
TOTAL PE 499
P /PE 749499

HEADY
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1 REM CALCULATES WATER BUDGET PEREZ 20MAR69
ODIN P(12),M12).X412),It12)
3 REM LINES 4.5,6 ARE FOR "TITLE "P DATA". A "P.E DATA"
4 PRINT"VATEll BUDGET FOR ANCHORAGE. ALASKA$"
SDATA22.12.13.10.12.22.48:66,66.47.25,23
6DATA0.0.0.18.71.106.116.105.65.21.0.0
7PRINT
8 PRINT
9 PRINT "Pl"
10 FOR I 1 TO 12
11 READ PCI)
12 LET ZCIIPCI)
13 GOSUB 499
IS NEXT I
16 PRINT
29 DIM ?CIO)
39 PAINT"PRI"
40 FOR I 1 TO 16
41 AZAD T(I)
42 LET SCI)ttI)
44 Goan Atoo
45 NEXT I
46 PRINT
59 PRINT "P-PAs"
61 FOR I 1 TO 12
GO LET ACIIPCI)T(I)
66 LET
64 WSW 499
67 NEXT I
66 PRINT*
69 6010 99
97 LET 6 0
96 DIN AC111).VC12)
99 PIN SC13).DC131.2C2)
100 FOR 1'81'1 10'12
001 IF XtI).0 THEN 106
106 LIT 6.4 0
003 LAT SCI) T NCI)
104 LET T"ig 2CI3
106. IF 3CII4.0 URN 176
106 LET G :co
MDT. NEXT I
106 LET t 100
109 LET MI) XCI)+a
110 LAT 6 4.SCI)
111 LAT T 100"
11* LET sm aci)44
tip IF 6C1)641100 ISBN 160
116 60TO 107'
116 LAT 114I1
176 6010 161
160 LET 11.(I)-100
161xL21 N1 1 1

166 LET 6 I

190 FOR I I Al TO 12
210 LAT 11011
211 LAT N*4
160 606011 ask
661 NEXT I
226 FOR441,TO I
6661.21 601-1
16171F16111120632
1166.1.2141412

70
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232 205(19 252
833 NEXT I
834 GOTO 391
258 LET S( I )BS(M)+X(1
255 IF SI Sam100 THEN '263
257 IF SW41 THEN 280
260 GOTO 268
261 GOTO 268
863 LET EU tag(' )..100
264 LET U13100
268 LET V(I)84( I ) ...S(M)
269 LET A( I )=T.0 I
271 GOTO 289
280 LET SC I )4.0
282 LET DC 1)84125(PC I)+SCM)T( I ))
283 LET A( I) sesonspt
284 LET V( I IBS( I )S(M)
889 RETURN
391 PRINT "DELTAST t "
392 FOR I mg 1 TO 12
393 LET Z(I).V(I)
394 GOSUB 499
395 NEXT I
396 PRINT
399 PRINT"STORAGE( ST ) t"
400 FOR 1.1 TO 12
435 LET SC I tisS( I )
406 GOSUB 499
410 NEXT I
415 PRINT
419 PRINT"AE I u
420 FOR I 1, TO- 12
425 LET Z( I )ai1( I )
426 GOSUB 499
487 NEXT I
488 PRINT
439 PRINT "DI"
440 FOR I 1 TO 12
445 LET 2(I)D(I)
446 GOWN 499
450 NEXT 1
451 PRINT
459 PRINT "SURPLUS"
460 FOR I 1 TO 12
465 LET Z(411(I)
46040800-499
468 NEU I
470 PRINT
475170L.:1, a 1 TO 12
477 :LET: 04P( I )40

7 LET, :/(14( I 44i
480 NEXT
481'.

P 1!!1,0
4183PRIllttr"TOTAL -PE 10°44
404::,0#1101901.10,147_-

''.4W000499
499 PRINT ZCI)1

:00:0''W04010:$0
501
OIL
0031,1410740:I$W$I5,:.5044,4tI)*00(41*500'

-.:505'skir*.504;'*Aps. >00: PREVZHT; SPACING AFTER NUMBERS BETWEEN
AND:.

515 ratity. fs:
osta.egitaHr:!ei
525 RETURN
9992ND
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DISCIPLINE CHEMISTRY

SUBJECT ATOMIC WEIGHT (ATOMIC

MASS)

PROGRAM NAME ATWT

DESCRIPTION:

This program will calculate the atomic weight (atomic mass)
of an element from the % abundance of each isotope of the element. The
% abundance may be found in the chemistry handbook.

OBJECTIVES:

To show that the atomic weight is an average weight and not
the weight of any particular atom.

PRELIMINARY PREPARATION:

A. Student - The student should have an introductory understanding
7:3rtc:nic weight, mass number, and isotopes.

B. Materials - A chemistry handbook from which mass numbers and
b10 abundances may be obtained is necessary.

DISCUSSION:

It is usually difficult to get the point across that the atomic
weight is an average weight and not the weight of any particular atom. This
point can be made rather easily if the calculations for atomic weight
are examined. This program will enable the teacher, in a few minutes
during his disctission, to do a large number of calculations. This is
particularly impressive when the teacher uses % data that is significant
to 5-6 figures, and thus produces an atomic weight as accurate as those
given in most tables.

If the teacher is interested in discussing programming with his
students, this program is a good one to use. It has the advantage of being
short, but still containing a number of interesting programming techniques.

1
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Chemistry
ANT

THIS PHOGAAK WILL CALCULATE TnE ATOMIC WEIGia (ATONIC MA,ss)
FnOM ThE PEACENT ABUNDANCE OF EACh ISOTOPE. PEnCENT
ABUNDANCES MAY a4 FOUND IN TnE ChEMIS1'n7 nANDBIYK.

nOW MANY ISOTOPES DOES TnE ELEMENT HAVE ? 7

INPUT Ink MASS NUMBEA AND ThE PERCENT ABUNDANCE FOn
EACH OF THE 7 ISOTOPES.

ISOTOPE NO. I ? 196a.15
ISOTOPE NO. 2 ? 1913.14)

ISOTOPE NO. 3 ? 199,16.9
ISOTOPE NO. 4 ? 200,23.1
ISOTOPE NO. 5 ? 201,13.2
ISOTOPE NO. 6 ? 2U2,29.13
ISOTOPE NO. 7 ? 204,6.B

ATOMIC WEIGHT ( ATOMIC MASS) IS 20U.525

ANOTHER HUN C1=YES, U=NU) ? U

HEADY
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Chemistry
ATWT

luU aLM nAAAY DOAFmAN 7-16-69
105 AEA nEVISED UY C.LOSIA o-12-7U
1J6 AEM 13(1) AAE fnE ASd NO.., C(I) AAE fne. rEaCENfd
11U ealwf " fnIS rhOGAAM WILL CALCOLAfE Af0mIC WElGnf (AIOMle mAdd)"
12U PAINT " FaOm fnE rEstUENi AdUNDANCE OF EACn isoToer, PEaCiAf"
13U ealar " ABUNDANCES MAY BE FOUND IN friE CnEMIdfAY nANDAOOK."
14U PAINf
15u ealNf " HOW MANI' IsororEs DOES ThE ELEMENI AAVE ";
16U INrWI' A
163 1F AA5(A-INT(A))>.uUU1 NEN 15U
166 PAINT
170 erawr " INPUT IHE MASS NUM8Ea AND fnE PEACENI ABUNDANCE F0a"
10U PAINf " EACh OF THE"A"ISOTOPEs."
1d5 elaNT
19U DIM B(2U),0(2U)
193 LET Dm0
196 LET EstO
0JU FOA 1 =1 CO A
2J5 PAINT " IdOTOrE NO."I" ";
21U INPUT B(I),C(I)
213 LET D=D+B(I)*C(I)
216 LET EaE +C(I)
220 NEXT I
235 PAINT
245 PAINT
WU IF ABSCk-10U)4.2 hEN 3O9
3J2 PAINT
:304 PAINT " THE PEACENT ABUNDANCE DUES NOf furAL IUU."
3U5 PRINT " CAECA PERCENTAGES AND AEENTEA DAM."
3U6 GO TO 1d5
309 LEf D=D/1U0
31U PAINT " ATOMIC WEIGAI (ATOMIC MASS) IS";D
315 PRINT
320 PAINT " ANOThEA RUN (1=YES, u=N0)%";
33U INPUT A
335 PAINT
340 IF Azol THEN 14U
-35U IF A.c>t) friEN 320
36U END



DESCRIPTION:

DISCIPLINE CHEMISTRY

SUBJECT AVOGADRO' S NUMBER

PROGRAM NAME AVOGA

A class presentation designed to calculate Avogadro' s number, by
using the molecular weight of a compound and dividing by the combined
actual weight of the total numbers of neutrons and protons in a single molecule.

OBJECTIVES:

To show by calculation, the value of Avogadro' s Number, and to
reinforce the concept of Avogadro' s hypothesis.

PRELIMINARY PREPARATION:

A. Student - The student must be familiar with atomic structure, atomic mass,
nuclear particles, and isotopes.

B. Materials - none

DISCUSSION:

A. Operational Suggestions
The presentation of this program can be utilized to occupy one forty-

five minute teaching period, even though the actual running time is
approximately 10 minutes.

B. Suggested Follow-up
The occurrence of built-in error, due to the use of average atomic

weights, generally provokes discussion as to the reasons for the error.

4
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AVOGA

IF INSTRUCTIONS DESIRED, TYPE 1, IF NOT, TYPE u? 1

This PROGRAM WILL CALCULATE AVOGADRO'S NUMBER BY USING
ANi PURE GASEOUS ELEMENT OA BINARY COMPOUND.

THIS VALUE WILL BE CALCULATED BY USING THE MASS IN GRAMS
OF THE NEUTAON, WHICH lb : 1.674363E-84
AND ThE MASS OF THE PROTON., WHICH IS : 1.674U5VE-24

YOU MUST SUPPLY THE ATOMIC NUMBER AND THE ATOMIC WEIGHT OF
EACH ELEMENT USED. CARRY DIGITS UP TO 6 PLACES IF YOU
WISH. WHEN THE MACHINE ASKS C?) INPUT THE ATOMIC NUMBER
AND THE ATOMIC WEIGHT OF THE FIRST ELEMENT, THEN THE
ATOMIC NUMBER AND THE ATOMIC WEIGHT OF THE SECOND IN THE
FOAM A,B,C,D. IF USING SINGLE ELEMENTS, BE SURE TO
PUT IN 0 FOA VALUES C AND D.

***************

NOW INPUT THE VALUES FOH YOUR COMPOUND
? 6,12.0012,6,15.9994
INPUT THE NUMBER OF ATOMS Mt EACH ELEMENT.
CCO2 WOULD BE 1,2) i? 1,2

*** THE NUMBER OF PARTICLES 0E4 MOLE OF ThIS GAS IS 5.976496E+23

WOULD YOU LIKE TO TRY ANOTHER PROBLEM ?
TYPE 1 IF YES, TYPE U IF NO ? 1

***************

NOW INPUT TAX VALUES FOR YOUR COMPOUND
7 d,15.994,0,0
INPUT. THE NUMBER OF ATOMS FOR EACH ELEMENT.
CCO2 WOULD BE 1,2) i? 2,0

*** THE NUMBER OF PARTICLES PEA MOLE OF THIS GAS IS 5.976497E+23

WOULD YOU LIKE TO THY ANOTHER PROBLEM ?
TYPE 1 IF YES, TYPE U IF NO ? 0

HEADY

5



Chemistry
AVOGA

1UU AgM oOnm MAACA1SUTTO Pity 5Lh '6' 7/2/6'
103 hEM hEVisED dY U.LOSIK 7-27-7U
1J5' AEM A,B=Af NO AT WT OF FIAsT, o,u.ar mu, AT WC OF SECONO
1U6 AEM E,F=# ATOMS FIA6T, # ATOMS SECOND
11U PAINT "IF INSTAUCT1ONS DESIAED, TYPE 1, IF NUT, TyrE 0"; yk
112 AEM G=PAOTON MASS, A=NEUTAON MASs
113 LET G=1.602E-19/9.5s1E4
116 LET H=1.J086*G/1.0072

i

12U INPUT N
13U IF N=0 TnEN 220
131 IF N<>1 THEN 11U
135 PAINT
I4u PAIN1 "ChI6 PhOGAAM WILL CALCULATE AVOGADAO'S NUMbEh 131 USING"
15U PAINT "ANY PURE GASEOUs ELEMENT Uh BINAHY COMPOUND."
151 PAINT
152 PAINT "ThIS VALUE WILL BE CALCULATED BY USING TnE i'ASS IN GhAVIS"
153 PAINT "OF TnE NEUTRON, WAICA IS :";h
154 PAINT "AND THE MASS OF TnE PAOTON, WhICh ib :";a
155 PINT
156 PAINT "YOU MUST SUPPLY TAE A-1:0MIC NUMBEft AND TnE Atomic WEIGHT OF"
157 PAINT "EACh ELEMENT USED. CAL-LAY DIGITS UP TO 6 PLACES IF YOU"
I515 PAINT "WSh. wnEN THE MACHINE ASKS (?) INPUT' ThE ATOMIC NUM:1En"
159 PAIN/ "AND THE ATOMIC ,aIGhi OF THE FIAST,ELEMENT, THEN ThE"
160 PINT "ATOMIC NUMBER AND THE ATOMIC WEIGHT OF THE SECOND IN THE"
161 PAINT "FOAM AodoCID. IF USING SINGLE ELEMENTS, t3E, SURE TO"
162 PAINT "PuT IN U FOA VALUES C AND D."
22U PRINT
222 PAINT " ","***************"
224 PAINT
230 PAINT "NOW INPUT THE VALUES F06. YOUA C001140UND"
240 INPUT Ao2/GoD
25U PAINT "INPUT THE NUMBER OF ATOMS FOH EACH ELEMENT."
26U PRINT "CCO2 WOULD BE 1,2) :";
270 INPUT E,F
339 PRINT
34U PAINT "*** ThE NUMBEh OF PARTICLES PEh MOLE OF THIS GAS IS";
350 PAINT (( E*B)+CF*D))/(CCCE*A)*CF*C))*G)+CCE*CA-A))+CF*CD-C)))*A)
355 PAINT
360 PRINT "WOULD YOU LIKE TU TAY ANOThEA PROBLEM 7"
370 PAINT "TYPE 1 IF YES, TYPE0 IF NO ";
380 INPUT -N
390 IF N =1 THEN 220
395 IF N<>0 THEN 370.
400 END

6
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DISCIPLINE CHEMISTRY

SUBJECT RADIOACTIVE DECAY

PROGRAM NAME DECAY1

.....*1.1111{111.1111.

DESCRIPTION:

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

OBJECTIVES:

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

PRELIMINARY PREPARATION:

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

B. Materials-none

DISCUSSION:

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

Individuals or small groups find this program exciting. They
enjoy the game approach, at least the first timethrough 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 partici-
pation concerning the phenomenon



Chem
DECAY1

....TRE NEW CLEA

MR. A. TOM NICK. GENERAL MANAGER OF THE NEW CLSA CASINO,
HAS. AT TIME T.O. DISCOVERED 100.000 RADIOACTIVE PLAYING
CHIPS AT HIS TABLE. THEIR HALF -LIFE 15 10 MINUTES. EACH CHIP
IRANSMUTES.SPONTANEOUSLY AND COMPLETELY IN A RANDOM FASHION.

AT VARIOUS TIMES To AFTER P.O. YOU MUST DETERMINE WITHIN
A CERTAIN PERCENTAGE. HOW MANY CHIPS ARE LEFT.

.

TO FURTHER THE INTEREST OF THE GAME. YOU WILL START WITH
51.000 AND THE HOUSE PITH 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 FoLLoomo ODDS1
2) 8 TO 1 ODDS FOR GUESSING WITHIN 80 PERCENT
4) 4 TO 1 ODDS FOR GUESSING WITHIN 10 PERCENT
8) 8 TO 1 ODDS FOR GUESSING WITHIN 5 PERCENT.

. .

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

YOUR S HOUSE S

1000 10000000E+6
HOW MANY CHIPS LEFT 7 60700
ACTUAL NUMBER LEFT IS 60716
YOU WON. TRY AGAIN.

TIME CHIN)

7.8

ODDS

7 8

5000 996000 13.9 7 8
HOW MANY CHIPS LEFT 7 38150
ACTUAL NUHBER LEFT 15 38164
YOU WON. TRY AGAIN.''

85000 976000 86.9 7 8
HOW MANY CHIPS LEFT 7 15500
ACTUAL HOMIER LRVT IS I5502
YOU WON. TRY AGAIN."

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

685000 376000 4 88.4 7 8
NOV MARY CHIPS LEFT.7,3500
ACTUAL NUMBEWLEFT 15 3494 1.
YOU BROKE THE ROUSE: YOU. NEEDED ONLY THE MINIMUM 'NUMBER OF GUESSES.
CONGRATULATIONS..

-

YOU MUSTMNOV A LOT ASOUT.RADiOACTIVITYMND,THINGS.
THANKS FOR PLAYING..

CHECN.NO.. 3499

DATES 19 -.

PAY TO THE ORDER or
-

THE NEW CLEA CASINO

CASH S 1.001000rp6

A. TOM MICK
GENERAL MANAGER

DONT SPEND IT ALL IN ONE PLACE.

READY
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100 REM RICHARD F. PAV. PATCHOGUE H.S.. CPHYSICS) REVISED. NOV. 86.1968
105 RANDOMIZE
110 REM THIS IS A GAME BASED ON RADIOACTIVE DECAY.
180 PRINT ". -- -THE NEW CLEA CASINO- -"
130 PRINT
140 PRINT " MR. A. TOM NICK. GENERAL MANAGER OF THE NEW CLEA CASINO,
ISO PRINT "HAS. AT TIME TEO: DISCOVERED 100.000 RADIOACTIVE PLAYING"-
160 PRINT "CHIPS AT HIS TABLE. THEIR HALF -LIFE IS 10'MINUTE5. EACH CHIP"
170 PRINT "TRANSMUTES' SPONTANEOUSLY AND COMPLETELY IN A RANDOM FASHION."
180 PRINT
190 PRINT " AT VARIOUS TIMES 1 AFTER T.O. YOU MUST DETERMINE WITHIN
WO PRINT "A CERTAIN PERCENTAGE. HOW MANY CHIPS ARE LEFT."

.

210 PRINT
280 PRINT " TO FURTHER THE INTEREST OF THE GAME. YOU WILL START WITH
230 PRINT "51.000 AND THE HOUSE-WITH AN UNSPECIFIED AMOUNT; HALF THE"
840 PRINT "MONEY YOU HAVE WILL RIDE ON EACH GUESS YOU TAKE. LET'S SEE"
250'PRINT "IF YOU CAN BREAK THE ROUSE BEFORE THE CHIPS RUN OUT."
260 PRINT
270 PRINT "THE HOUSE OFFERS THE FOLLOWING ODDS1"
880 PAINT " 8) 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 S PERCENT."
310 PRINT
380 PRINT "ENTER THE NUMBER 2. 4. OR 8 FOR THE ODDS YOU WANT AFTER THE"
330 PRINT "QUESTION MARK IN THE COLUMN LABELLED ODDS."
340 PRINT
350 PRINT "YOUR 8", "HOUSE 8". "TIME CMIN)". "ODDS"
350 LET A0
370 LET Bm0
-380 LET T0
390 LET Y1000
400 LET C0
410 PRINT
420 IF AB5COD)(1500 THEN 450
430 LET G.5
440 LET DE
450 LET BmB.1
450 FOR Il TO 3+A.ABSCOD)
470 LET T3INTC100111INDC11)I10
450 NEXT I
490 LET TT.T3
500 LET DIiINTCIE5 *EXPC- .0693 *T))
510 IF DINO THEN 860
520 PRINT Y,1001000YeT.
530 INPUT A
540 IF A8 THEN 610
550 IF A4 THEN 610
560 IF A8.THEN 610
570 PRINT "SORRY PAL. WE DONT OFFER THOSE ODDS."
500 IF'Cal THEN 820
590 LET Cal
600 GOTO 580
610 PRINT "HOW MANY CHIPS LEFT "11
620 INPUT G
630 PRINT "ACTUAL NUMBER LEFT IS "SD
640 IF'Am8 THEN 700
650 17 Am4 THEN 680
660 LET P.OE
670 GOTO 710
680 LET P.1
690 GOTO 710
930 LET Pm.8

9
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710 LET TIA10*B
780 IF Ass(D.0)4.P*D THEN 770
730 LET YINT(YY/8)
740 IF Y.0050 THEN 880
730 PRINT "TOO BAD. YOU LOST. TRY AGAIN."
760 00TO 400
7713 LET YutHT(YAAY181
780 IF 1000000Y41 THEN 890
790 IF YMIES THEN 840
800 PRINT "YOU WON. TRY AGAIN."
810 GOTO 400
880 PRINT "IT SEEMS YOU JUST CANT GET THE HANG OP IT. SAVE YOUR BREAD."
830 00TO 960
840 PRINT "YOU CAN BREAK THE HOUSE IF YOU TRY A LONG SHOT."
850 GOTO 400
860 PRINT "OOOOPS... 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 "J
895 LET Y1001000
900 IF B'S THEN 930
910 PRINT "THE MINIMUM NUMBER OF OUESSES.H
980 00T0 940'
930 PRINT BJ"GUESSESO
940 PRINT "CONGRATULATIONS."
950 PRINT "YOU MUST KNOW A LOT ABOUT RADIOACTIVITY AND THINGS."
960 PRINT "THANKS FOR
970 PRINT
980 PRINT
990 PRINT
1000 PRINT " CHECK NO."7B.0
1010 PRINT
10A0 mum - PtIAS "S
1030 PRINT "
1040 PRINT
1050 PRINT
1060 PRINT " PAY TO THE ORDER OF "J
1070 PRINT " CASH
1080 PRINT "S "JY
1090 PRINT
1100 PRINT
1110 PRINT " THE NEW qua CASINO A. TON MICK"
1180 PRINT " GENERAL MANAGER"
1130 PRINT
1140 PRINT " W
1150 PRINT
11,60 PRINT "DON? SPEND IT ALL IN ONE PLACE."
11706110

10
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DISCIPLINE CHEMISTRY..PIIYSICS

SUBJECT NUCLEAR DECAY

PROGRAM NAME DECAY2

DESCRIPTION:

This program will do the following:
A. Calculate half-life from 2 readings on a geiger counter, and the

time between them.

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

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

TCY: TINT

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-
life before the use of the program.

. Materials - none

DISCUSSION:

It is difficult to teach about the exponential (logarithmic) manner
by,which radioactive elements decay without meaningful illustrations and
simulations.
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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 with students who feel
comfortable with scientific notation. For the others, you may use a
number up to 1, 000, 000 without having exponential numbers 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.

12
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DO YOU WAN( INSTnUCTONs. ci=ins. 0.N0) : 7 1

ThIS OnaGHAM WILL DU fnE FOLLOuING:
ChOICE 1 - CALCULATEs HALF -LIFE FAO:. fw0 HEADINGS

ON A-GE1GEH CUONfEH.
ChOICE 2 CALCULATES ntAt ?.UCH OF A AADIOADIIVe Sta...eLE

WILL At:MAIN AFIEn ION E GIVEN ANOUNT OF UNE
CnOICE 3 OnINfa UUf A TAwLE snuwINu mAs6 OF 6AweLE

Va. TINE OH NU. OF s'AATICLES VS. i.:.

:(41tblen OrilDNAL) NUPE: FO.t InE fAHLE IOU
MUST Ems-WI rOfAL fInh ANu fINE 1N,JHENENf.
EMNYLE: IF (OPAL rlhEwiuu AND fIME
INCHENENfulUs TnEN TIME IN DIE MULE WILL
dE 10,2J.3J 1UU.

CHOICE 4 - END OF OHOGHAM

NOTE: IN ANY ONE OnOBLEK.IIME MUST
ALWAYS 'Brio/OWED IN 141E SANE UNITS
OF EASUHE 61E1 SECS.,MINS.,E(G.)

**********

UHAT IS YOUR CHOICE? I

WHAT IS THE INITIAL HEADING ON ThE GEIGE4 COONTEhe
THE SECOND nEADING, AND fnE TIME HETWEENhLADINGs.
ISOu.3u0u,36

INITIAL HEADING= 3000 SECOND HEADING= 15UU TINE= 36
HALF- LIFE= 35.99755

4444******

MAI as loon S

WHAT 15 THE INITIAL HEADING ON THE GEIGER COONTEA,
TnE SECOND HEADING. AND fnE TINE dEfkEEN HEADINGS.
7 775.1296,212

AEAuING= Its(' SECOND HEADING= 775 TIP:E= 212
HALF-LIFE= JU4.3245

WhAT IS YOUA CHOICE? 2

wHAT IS (HE HALF-LIeE, INITIAL MASS OF SAWLE, AND
TOTAL TINE OF DECAY? 111.5606

hALF-LIFi= Ifs INITIAL Nrisb= 56 rare'. CINEm 76
MASS OF SAMPLE AE:AININO 3.UuUid6E

** ** *** ** ***

WHAT IS YOUACnUICE?

DO .YOU -WANT' TO WOHM WIffs s'AnTICLEs OA NASb? (ANSWEA I Fen
PARTICLES On 2 FOA MASS) 7. 1

WAY IS 140; HALF -LIFE, INITIAL NLIMISEH OF PAATICLES IN THE
SAMOLE. TOTAL ELAr'SED.TINE Fan DECAY. AND fnE
INGHEMENC OlvELAsed TIME? 1U,G.u0E0a.luU.IU

HALF-LIFE 10 INITIAL NO. OF PARTICLES= 6.u2UU0UE+23
Tom. TINE= 100 INCHENENT= 10

13
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TIME PARTICLES PART. LOSS rorm. PART. LOSS

U G.U2UV0uE+4j 0 V
10 3.u10142i'. +22 3uo9e5bK+24 J.uu9o5o1C+2J
20 1.50514k:4+23 1.5u5uu0 6+23 4.s10000E+4j
30 7.526065E+24 7.545ss04+24 5.20J,J1:+2J
40 3.7632106+22 3.762056E+22 5.04007E+0J
5e 1.0016944+44 1.001516E+44 5.0.110,11E+2S
6G 9.4U0911E+21 9.400.1464+41 5o4409114+43
7J 4.7%,467vS+21 4.7042J62+41 5.972v5U+2.1
go 2,252450E+21 2.35222cE+21 5.996475E+2.1
90 1.17520011+41 1.17617vE+41 6.00520/6+23
100 5.11016014+20 5.001126E+20 6.U141106+43

po YOU RANI' THE /WOVE DATA ORAPRED? U-NO)? 1

6.020900E+23
TINE

U

MASS (On eART1CLES) nENAINING

1-
U 1

1U 1 *

20 1

30 1

40 1 *
Su 1 *
60 1*
7U
ho
90
100

***4***44*

1134f IS YOUR pH0ICET3

1)0 100 WAV xlin 1.16.TIcLE5 Oa AA067 CANS1v04% 1 FOR
PARTICLES OR 2 Mt ? 2

WHAT 15 IRE nALF-LIFe.. 1,NITIAL i%Aos OF 5Hm,LE,OTAL
ELAPSED )Z FUR bECAI, Amu Ind
EIWW6eu f1&.?

tALF,LIFE IS INIrJAL I.ASSe 100 TOTAL TINE= 1.0 INCREMENT= 15

TIME KASS 1,06s 1.01.11.4aiss LOSS
-----

0
15
3v

IOU
50.00236
25.. 00236

U
49.99764
25

u
4949764
74.9976 4

45 14.50177 10.50059 , 07.49003
GU 6.45110 6.25059 93040122
75 J.145137 11.12044J 96,07426
,90 1.562942 1.562796 9b.43706
105 7015001 70)4344 99.21049
120 .3907725 ;190 7056 .99.60923
135 .1953955 .195J77 99.0046
15U .0.40770224 .09769313 99.90229

14
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DO YOU WANE Trig ADOUE DATA Gicelr'zigIn (1-YEs, U-NO)?

TIME
U
I

MASS (Oa OARTICLES) AE,).AININO

-1 I I I

WO
I

0 1 *
15 t

30 1 *
45 1 *
60 1 *
75 1 *
90 1*
105 4.

120 4
135 4
150 4

**********
WAY IS YOUR CAOICE? 4

READY

15



Chem
DECAY2

100 AsEh h. 0OA:00:M+ J. MAnCAlsOff0 PIA 7/24/69
105 aE IlEviseu Id 0.1.044A 6-1.4-70
110 hh,m UALUULAfION OF HALF' -LliE AND nkAHINING MASS 1A0110111NQ
120 hhm f11uLL6 ANV GmAens.
122 OnINT"OU NU WANT ;NS1HUOTTONS C1=YES, 0.NO/ t "1
124 INPUT A
126 IF A.0 MEN 3U0
12A IF i crl ThiA 122
13U 0.,1Nf " . THIS Ifni3OnAM.WILL VU fnE FOLL01eING1"
14U pailNi. CHOICE 1 r CALC04ATES HALF -LIFE FAUN (WO aEhOINGs"
15U PAINT " ON A GEIGEn COUNIEn."
160PAINT" CHOICE 2 ',CALCULATES nOW sJUn OF A hAVIOAOTIVE SAOLt."
twe,ilar" WILL 0EAIN AFeS. somx! GIVEN AMOUNT OF T10.E"
100 eitINT " CHOICE 0 - 'HINTS OUf H indLE sn001NG PASS OF 6Ai4'1.&"
190 paINT" VS. (ME OA NU. OF hafIVI.0 Vb. TINO."
ah) estin" oerIONAL) NO41i0,. fnE MuLY; YOj"
210 0101NT" MUST INeUr yOrAL TINE aND rINK INCnOkATO
2201,1INT" 5x4mei.6; IF TOP IL IME1.1UU AND TINE"
230 enINT" INCHEMENIIIU, TnEN TIME 1.. fhE TABLE WILL"
240 PAINT" UE 10o2U,30 oo oo ....t..,1Uo."
250 PAINT" CHOICE 4 r ENO OF eocutv,"
260 PAINT
27U PAINT" NOTE IN ANY ONE PstUDLEM.fINE MUOT"
AbU. OnINT" ALWAYS HE INepew IN Tnx; ONE UNITS''
290 PAINT", 'OF MEASUnE (IN; SEC4+MIN0'4t41.1""
300 PAINT
31u PAINT."**********"
32U PRINT
330 PAINT uwkiAr IS YOurs CnOICE"i
340 INPUT A
3500AINT
360 IF A..$ TnEN'410
XIU i.t n-a .i1;.4

300 IF A-3 TriEN 570
390 IF A<>4 )'HEN 42u
/00 STOP
4100EINT" WHAT IS TnE INITIAL AEAOINO ON THEoE1GEn COUNTEss."
420 PAINT" ThE SECOND nEADING, AND THE TIME BETWEEN AEADINGS."
43U INPUT B,A.0
433 IF 1043 ThEN 440
435 PAINT "INITIAL HEADING IS ALWAYS LESS ThAN FINAL BEADING."
437 40 TO 430
44U LET D.(.6931*C)/L0604/21
450 PAINT'
460 PAINT "INITIAL. AE4D1140.."4;"SECoNu AEADING="111 "TIMEm"C
470 PAINT "HALF-LIFE="1; .

4110 GO TO 300
A90 PAINT "WriAf IS THE HALF-LIFE, INITIAL MASS OF OAMYLE. AND".
500 Oh1NT "(DIAL TIME OF DECAY";
510 INPUT C.F.G.
52U LET 41..F.0EA0C-.69J1*GFE)
530 PAINT
54UPAINT"HALF-LIFE="EI"INI1'1"AL MASS=''F/"TO(A4 TIME."G
550 PAINT "MASS OF SAmILE nEEAININGr"n
550 Go TO 3UU
570 estvor "DO YOU WAN( TO VOnit W1171 PARTICLES Oa MASS? CANSWEA 1 FOh"
SUU.OHINT" OAHTIULES 04 2 FOIL MASS) "I
590 INPUT J
600 enINT
610 IF 0.1 THEN 750
-615 IF J<>4 ThEN 57U

. 620 VAUNT" mar 10 fhE nALF- LIFE, INITIAL MASS OF s4meL5,r0T41."
.630 espir"ELAes5u PECAI'm AND ThE 1NenEENY OF "
6/0 1,t1,:i"13.:.e4m0-114t"i
6SU lweJi g,V,A,

lha
WA, LK. uuu.

16
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680 LET 4=F
690 OstINf
7UU IF J =1 rstEN ouu
710 PAIN1"AALF-L1FE."4)"IN1TIAL NAbb="Fi"rorAL fli.:E="111"INOnLNENT="M
720 ealNr
73U PAINT "TINE", "MASS", "MSS LOSS ", "TOTAL NASS LOjS"
710 PIUNI "----" .....
7SU GO TO osu
760 ealNr" WnAf IS THE nALF-LIFE, INITIAL Ntio:UNA OF PAATICLES IN THE"
770 PAINT" sa,eLE, roiAL ELAesEU TINE F0A UECAf, ANU TnE "
7d0 PAINT" 1NCAENENT OF ELAesED UE";
790 G0 TO 65U
795 PRINT
800 OhINT"nALF-L1 FE."43"INITIAL 1,4). OF PAATICLES=r
810 OHINT"TOTAL fINE=K,1NOAE6ENT."N
820 PAINT
b3U PAINT" TIME", " OAATICLES", "PAAT. LOSS", "TOTAL'OAAT. LOSS"
840 OltINT" " BO, 88 88

b5O PAINT
860 FOA G = 0 TO K SfEi' M
870 LET nmF*EAPC-.6941*G/E)
boU LEI' W=A0S(n-4)
b9U LET W.W.1.14
90U IF F >146 THEN 920
910 IF J=I THEN 940
920 PRINT G,H,W,tu
93U GO TO 95U
'940 PAINT INT(G+.5),IN(CH+.5),INT00.5),1NT(10.5)
95U LET 4=A
960 NEAT G
970 AJAINr
9bU PAINT
990 PAINT
1000 ?JUNI" uU IOU *MI !WOW. UHJH uomrnzug %J -16s, u-niu%".
1010 INPUT A
1020 IF 1.1=0 THEN 300
I023 IF A<>1 'THEN 1000
1U3U PAINT
1040 PAINT
1U50 PRINT
1060 OltINY TA8C3U)1"MASS PARTICLES) AENAINING"
1U7U PAINT
10bU On1WT " ","0"17112(6)iP
110UPAIMYT1NE","1 1 1 1 1 1"
1120 FOR G = U TO X STEP M
1130 LET h.F.Ene(-.6931*G/E)
114U LET HI=INT(d/F.SU+.5)
1150 IF H1 <=5J'InEM II70
1160 LET Al=50
1170 PAINT G,"1";TA8(h1+14.5),"*
125U NEAT G
1260 GO TO 300
12b0 END

17' -
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DISCIPLINE CHEMISTRY

SUBJECT EMPIRICAL FORMULAE

PROGRAM NAME EMPIR

DESCRIPTION:

A classroom demonstration designed to calculate the empirical
formulae from atomic mass (atomic weight) and percent composition.

OBJECTIVES:

A. To distinguish between molecular and empirical formulae

B. To illustrate the law of multiple proportions.

C. To emphasize the unity of the atom when writing chemical formulae

D. To demonstrate the importance of accurate calcuL.tion with empirical
formulae problems

PRELIMINARY PREPARATION:

A. Student - The student should have some experience in writing
chemical formulae and calculating percent composition from
chemical formulae. An understanding of significant figures would
also add to the value of the lesson.

B. Materials - none

DISCUSSION:

In this program the atomic number is used for identification only
and has no part in the actual calculations.

The student generally has difficulty understanding the function of
the ratio in calculating empirical formulae. This program is designed to
emphasize that function.

The importance of significant figures could also be illustrated.
The students' tendency to approximate generally results in numbers of
questionable value. In this` program, by using a series of calculations
for the same compaind with figures of progressively greater accuracy,
an empirical formula closer to whole numbers will be obtained.

18

Copyright 1971, Polytechnic Institute of Brooklyn



Chemistry
EMPIR

ThIS PROGRAM WILL FIND IRE EMPIRICAL FORMULA FOA
ANY COMPOUND CONTAINING UP TO FIVE DIFFEHENT ELEMENTS

WREN INFORMATION IS REQUESTED, TYPE IN TnE ATOMIC
NUMBER, THE ATOMIC WEIOnT, AND THE POT COMPOSITION tit
WEIGhT IN.ThAT ORDER; FOR EXAMPLE, IN TnE COMPOUND SU2,
rriE DATA WOULD dE ENTERED AS FOLLOWS: 16,32,5U FOR
SULFUn AND 6,16,50 FOR OXYGEN.

nOW MANY ELEMENTS DOES YOUR UNKNOWN COMPOUND CONTAIN? 2
ENTER THE ATOMIC NUMBER, THE ATOMIC WEIGnT,AND THE
PCT COMPOSITION FOR EACH OF THE ELEMENTS IN YOUR COMPOUND.
BE SURE TO ENTER ONE SET' OF NUMBERS FOR EACH QUESTION MARK.

I ? 26,55.9,69.96
2 ? 5,16,3U.U4

Aromlo ?CT. . INITIAL
NUMISEA COMP. RATIO
26 69.96.. 1

b 3U .UII 1 .5

nATIO*2

2

RATIO*s

4.5

TO FIND THE EMPIRICAL FORMULA LOCATE IRE FIRST RATIO
COLUMN IN WHICH ALL OF TOE NUMBERS mosr CLOSELY APPROxIMATE
A WHOLE NUMBER.
IF YOU WOULD LIKE TO TAY AGAIN TYPE 1, IF NOT TYPE U.? 1

HOW MANY ELEMENTS DOES YOUR UNKNOWN COMPOUND CONTAIN? 3
ENTER THE ATOMIC NUMBER, THE ATOMIC WEIGhT, AND THE
PCT COMPOSITION FOR EACh OF 'NE ELEMENTS IN YOUR COMPOUND.
SE 'SURE TO ENTER ONE SET OF NUMBERS FOR EACH QUESTION :MARK.

2 .

3 .

ATOMIC
NUMBER

I

16
b

IF YOU WOULD LIKE TO TAY AGAIN TYPE 1, IF NOT LYE

HOW MANY-ELEMENTSDOES YOUR UMKNOW,COMPOUND.CONTAiN?,,1
THE EMPIRICAL'FORMULAFOR A-COM#OUNDThAT CONTAINS ONLY
A SINGLE ELEMENT LS. STRAIGHTFORWARD.

IF YOU WOULD LIKE. TO' TRY.' TYPE MCTTYPE.U0 U

ittADY



luu aEM oOnN MAhCnISOTTO DASIC ?/14/6' r'LI EMPia*
105 av. ILEVISED k3 c.LosIn 7-31-7U
1u6 A(I)=ArOmIC NOS, B(1) =A1' WTS AND rnEw C(I)/a(I), e(I)=?Ci CON.-
13J PhINT " rnIS PAOGLIAM WILL FIND rhE EMPIhICAL FORMULA FOh "
140 PaINT "ANY COMPOUND CONTAINING UP TO FIVE DIFFEhENi ELEMENTS"
15J Ph1MT
16U PitINT " WHEN INFOhMATION IS hEuUESTED, rxPE IN thE ATOMIC"
170 PaINT " NUADEA, ThE ATOMIC WEIGHT, AND rhE PCT COMPOSITION Di"
1.s0 PaINT WE1GhT IN ThT OhDza; FOR ExAMPLE, IN -ink COMPOUND sue,"
19u PhINT " hE DATA WOjLD DE ENTEAED AS FOLLOWS; 16,32,5u tOit"
2UU pLaNr " 6sLFLJa AND 13.916,50 FOh OXYGEN."
21u PaiNf

A(5),D(5),C(n)
23u LET W=U
24o PhiNT " nOW MANY ELEMENTS DUES YOUA UNKNOWN COMPOUND CONTAIN";
eou INPUT
eon IF 6 =1 frt:N v3u

Fua iJ 5
295 IF I. TnEN 32J
dOu Wif I
sus p.a.k4r "ENrEh AN INTEGEa Fa00 1 TO 5."
31U GO TO 240
32U PaIAT " ENfEa ATO:q1C NJMEA, LAE ATOMIC WEIGhf, AND rhE"
330 PLaNr " Per. uoi..Pusirwm F0a EACn OF rhE ELEMENTS IN YUJri domeouNu."
340 eitINT " DE SJaE TO ENTEh ONE SET OF MJNDEAS FOA EACn uUESTION MAhh."
35U LEI' S=U
355 LIE F=1ES
357 PnINT
36U FOA I=1 TO 4
370 PhiN; TAD(5);I;". ";
3oU INPUT AU), J(I), G(I)
363 LE: 6(I)=C(1)/D(I)
365 IF LiCI)>F ThEN 390
3b7 LET F=:3(I)
3139 *M MAKE SURE SUM OF PCT COMPS = 100
39U LET S=S+CCI)
4UU NEXT I
410 IF ABSCS-100)<.1 THEN 76U
420 PRINT "THE :OCT COMPOSITION DOES NOT TOTAL 1UU PEhCENT."
43U PRINT "ADJUST DATA AND hEENTEA."
440 GO TO 32U
7UU AEM PRINT AATIOS
760 PRINT
77U PRINT " ATOMIC"," PCT. ","INITIAL","AATIO*2","AATIO*3"
780 PRINT "NUMBEA","COMP,-","AAT10"
bUU FOh I=1 TO 4
1610 PAINT AfI),C(I),INTC10 *D(I)/Ft.5)/1u,
820 PAIMT INTC20*D(I)/F+.5)/10,
b30 Ph/NT INIC3U*B(I)/F+.5)/10
b40 NEXT I
1345 PAINT
b5U IF W = 1 THEN 95U

.

1370 PAINT " TO FIND THE EMPIRICAL FOHMULA LOCATE THE FIRST hATIO"
OdOPRINT" COLUMN IN *LICH ALL OF ThE NUMBERS MOST CLOSELY APPROXIMATE"
890 PAINT " A WHOLE NUMBEA."
900 GO TO 95U
930 PAINT " THE EMPIRICAL FORMULA FOX A COMPOUND THAT CONTAINS ONLY"
940 PRINT " A SINGLE ELEMENT IS-STRAIGHTFOhWAhD."
-945 PAINT
950-PRINT "IF YOU WOULD LIKE TO TRY AGAIN TYPE 1, IF NOT TYPE U.";
9o0 INPUT W
985 PRINT
990 IF W = 1 THEN 24U
1000 IF W<>0 ThEN 950
10 70 END

20
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DISCIPLINE CHEMISTIIY

SUBJECT EQUILIBRIUM

PROGRAM NAME EQUIL1 and EQUIL2

DESCRIPTION:

This program calculates the effects of concentration changes
in the equilibrium systems 2HI* H2 +12 and PC1 PC13 + Cl2.3 2'

OBJECTIVES:

A. To show that an equilibrium system is a dynamic one.

B. To illustrate and reinforce Le Chateliers principle.

C. An exercise in the interpretation of experimental data.

D. The significance of the Equilibrium constants.

PRELIMINARY PREPARATION:

A. Student - The student should have been made aware of " reversible"
reactions, equilibrium systems and Le Chateliers principle.

B. Materials - none

DISCUSSION:

These two programs can be used as classroom demonstrations to
illustrate the effect of varying the concentration of one of the products of
a system at Equilibrium. The results are given not only as a table, but
also graphically, since it was found that students have less trouble
recognizing trends when they can be illustrated.

The equilibrium constant can also be changed to show its
effect on the equilibrium system.

As always, the teacher should have run the program he wishes to
use prior to its classroom presentation since the choice of constants
will determine the slope of the curves.

NOTE:

The vertical axis (horizontal on the output) is labeled in percent
of maximum y value.

21
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APYRVWSNOMMIC MIMS.

THIS PROGRAM WILL INVESTIGATE THE EQUILIBRIUM SYSTEM

2HI H2 12

MOAT IS THE EQUILIBRIUM CONSTANT? .5
WHAT IS THE INITIAL CONCENTRATION OF HI? 2

WOULD YOU LIKE THE RESULTS PLOTTED Me TABULATED (2)
OR 80TH (3) (TYPE THE APPROPRIATE NUMBER)? 3

INIT. 12 EQUIL. H2

INIT. HI INIT. HI

EQUIL. 12

INIT. HI

EQUIL. HI

INIT. HI

0 .2928932 .2928932 .4142136
1 .1771243 1.177184 .6457513
6 .1291713 2.129171 .7416574.
3 *1020842 3.102084 .7958316
4 .08452404 4.084524 .8309519
5 .0721727 5.072173 .8556546
6 .06899609 6.062996 .8740078
7 .05590278 7.055903 .8881944
8 .0502525 8.050252 .899495
9 .04564393 9.045644 .9087121
10 .04181236 10.04181 .9163753
11 2857601 11.03858 .922848
12 03580582 12.03581 .9283884
13 .03340775 13.03341 .9331845
14 .03131187 14.03131 .9373775
15 .0294627 15.02946 .9410746

At (imum. H2)/(INIT. HI) MAXIMUM IS .2988932
81 (EQUIL. HI) MAXIMUM IS 15.02946
Cs (EQUIL. RI) /( :MIT. HI) MAXIMUM IS .9410746

INIT. 12 A - 8 - C
0 25 50 75 100

INIT. HI I I I I I

0 18 C A
1 I 8 A C
2 I 8 A C
3 I 8 A C
4 I 8A C
5 I A 8 ' C
6 I A 8 C
7 I A 8 C
8 I A 8 C
9 I A B C
10 I A 8 C
11 I A 8 C
12 I A B C
13 I A 8 C
14 I A 8 C
15 I A 8

MOULD YOU LIKE ANOTHER BUN (I-YES 0'N0)? 0

READY

22
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Chemistry
EQUIL1

100 REM EQUILIBRIUM SYSTEM. JOHN MARCHISOTTO
101 REM REVISED 8/20/70 (D. PESSEL)
105 DIM D(80).E(20),F(20),V(3)
106 LET D1 m0
107 LET £100
106 LET F10
120 PRINT "THIS PROGRAM GILL INVESTIGATE THE EQUILIBRIUM ZYSTEM"
121 PRINT
122 PRINT " 2HI H2 + 12"
130 PRINT
140 PRINT "WHAT IS THE EQUILIBRIUM CONSTANT";
141 INPUT K
142 IF Kb40 THEN 150
143 PRINT "THE EQUILIBRIUM CONSTANT MUST BE NON- NEGATIVE."
144 GO TO 140
150 PRINT "WHAT IS THE INITIAL CONCENTRATION OF HI";
151 INPUT C
152 IF C.O.* THEN 159
153 PRINT "THE INITIAL CONCENTRATION OF HI MUST BE NON - NEGATIVE."
154 GO TO 150
159 PRINT
160 PRINT "WOULD YOU LIKE THE RESULTS PLOTTED (1). TABULATED (2)"
161 PRINT "OR BOTH (3) (TYPE THE APPROPRIATE NUMBER)";
162 INPUT 01
180 IT 2148 THEN 195
183 PRINT
184 PRINT
185 PRINT "INIT. 12"." EQUIL. HQ's," EQUIL. I2"." EQUIL. HI"
186 PRINT " "a" "a" "
187 PRINT "INIT. HI"," INIT. HI"." INIT. HI "." INIT. HI"
188 PRINT
195 LET 44*K
196 LET 8.1A
200 FOR X1 TO 16
201 LET X1 eX1
210 LET 1)(X)*(-tA+m)scut(cA4x1)110A568))/(2 sta)
220 LET E(X)41+D(X)
230 LET F(X)12*D(X)
240 IF 2142 THEN 260
250 PRINT X1aD(X).11(X),T(X)
260 IF D(X)4D1 THEN 870
265 LET 011)(X)
270 IF E(X)4E1 THEN Ego
275 LET 111sE(X)
280 IF F(X)4F1 THEN 290
285 LET FlF(X)
290 NEXT X
295 IF 214b2 THEN 395
300 PRINT
330 PRINT "****44
331 PRINT
340 PRINT "WOULD YOU LIKE ANOTHER RUN (1 -YES. 0NO)";
350 INPUT 22
360 IF 22)00 TUN 140
370 STOP
390 REM PLOTTING ROUTINE FOR THREE CURVES
395 PRINT
396 PRINT
400 PRINT "At (EQUIL. H2)/(INIT. HI) MAXIMUM IS "01
431 PRINT "St (EQUIL. I2) /(INIT. HI) MAXIMUM IS "El
,402 PRINT "Cs. (EQUIL HI) /(INIT. HI) MAXIMUM IS "Fl
403 PRINT
404 PRINT "INIT. I2";TAB(26)1 "A B C"
405 PRINT " 0 25 50 75 100";

23
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406 PRINT " 2 OF MAXIMUM"
408 PRINT "INIT. HI I I I I Is.

410 FOR Xl TO 16
420 PRINT TAB(5)SX-I1TA8C10/1"1"1
430 LET W(1)INTC4040(X)/01...5)
431 LET WII)mINTC40*E(X)I21+.57
432 LET 11C371111TC4010F(X)/F1...57
580 REM FIND WHICH IS SMALLEST, THEN PRINT IT AND MAXIMIZE IT
600 FOR el TO 3
605 LET K1011120
610 FOR Iml TO 3
620 IF W(I)24E1 THEN 640
630 LET X1wW(I)
640 NEXT I
650 PRINT TAD(K1+10)3
660 FOR 1.1 TO 3
670 IF ANSCVC17.411)4.0001 THEN 700
680 NEXT I
690 STOP
700 IF 1s2.1 THEN 730
710 PRINT "A",
720 80 TO 780
730 IF 1,Wil THEN 760
740 PRINT "8"1
750 80 TO 780
760 IF 143.3 THEN 690
770 PRINT "C "I
780 LET V(I )=1E25
790 NEXT
795 PRINT " "
800 NEXT X
810 PRINT
815 PRINT
820 80 TO 330
999 END
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Chemistry
EQUIL2

THIS PROGRAM WILL INVESTIGATE THE EQUILIBRIUM SYSTEM

PCL5 PCL3 CL2

MALT IS THE EQUILIBRIUM CONSTANT? .75
WHAT IS THE INITIAL CONCENTRATION OF PCLS? 10

WOULD YOU LIKE THE RESULTS PLOTTED (1), TABULATED (8)
OR BOTH (3) (TYPE THE APPROPRIATE NUMBER)? 3

INIT. CL2

INIT. PCL5

BUIL. PCL3

INIT. PCL5

EQUIL. CL2

INIT. PCL5

EQUIL. PCL5

INIT. PCL5

0 .2389168 .2389168 07610832
I .06574643 1.065746 .9342536
2 .03553601 2.035536 .964464
3 .0241998 3.0242 .9758002
4 .01832259 4.018323 .9816774
S .01473555 5.014736 .9852645
6 .0123907 6.012321 .9876793
7 .01058486 7.010585 .9894151

9.277403E3 8.009277 .9907226
9 8.256272E3 9.008257 .991743
10 7.438660E -3 10.00744 .9925613
11 6.767869E-3 11.00677 .9932321
12 6.208003E-3 12.00621 .993792
13 5.733609E3 13.00573 .9942664
14 5.326569E3 14.00533 .9946734
15 4.973471E -3 15.00497 .9950265

Ai (EQUIL.4PCL3)1(INIT. PCL5) MAXIMUM IS .2389168
8$ (MIL. CL2)/(INIT. PCL5) MAXIMUM IS 15.00497
Cs (EQUIL. PCL5)/(INIT. PCL5) MAXIMUM IS .9950265

INIT. CL2 A 8 C
0 25 50 75 100

/NIT. PCLS I I I I

0 18 C A
1 I 8 A C
2 I BA
3 I A 8 C
4 I A C
5 I A g 'C
6 I A B C.

7 I A
A C

9 IA 8 C
10 IA C
11 IA
12 IA a

C

13 IA 8 C
14 IA 8 C
15 IA B

WOULD YOU LIKE ANOTHER RUN (1 -YES,' 0410)7 0

READY

110
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100 MN EQUILIBRIUM SYSTEM, JOHN MARCHISOTTO
101 REM REVISED 8/80,70 (D. PESSZL)
105 DIN D(20)./(20).F(20).8(3)
106 LET 040
107 LET 2140
108 LET F10
120 PRINT "THIS PROGRAM WILL INVESTIGATE THE EQUILIBRIUM SYSTEM"
121 PRINT
122 PRINT " PCL5 PCL3 + C1.2"
130 PRINT
140 PRINT "GHAT IS THE EQUILIBRIUM CONSTANT"'
141 INPUT X
142 IF X*40 THEN 150
143 PRINT "THE EQUILIBRIUM CONSTANT MUST BE NON- NEGATIVE."
144 GO TO 140
150 PRINT "WHAT IS THE INITIAL CONCENTRATION OF PCL5"i
151 INPUT A
152 IF 440 THEN 159
153 PRINT "THE INITIAL CONCENTRATION OF PCL5 MUST 811 NON - NEGATIVE."
154 GO TO 150
159 PRINT
160 PRINT "WOULD YOU 1.11(1 THE RESULTS PLOTTED (1), TABULATED (2)4
161 PRINT "OR ROTH (3) (TYPE THE APPROPRIATE NUMBER) ")
162 INPUT Q1
180 IV 2142 THEN 193
183 PRINT
184 PRINT
185 PRINT "INIT. CL2." EQUIL. PCL3 "," EQUIL. CL2"." EQUIL. PCL5"
186 PRINT mi. NO. 811,04 Wye
187 PRINT "INIT. PCLS"." INIT. PCL5"," INIT. PCL5"." INIT. PCLS"
188 PRINT
195 LET 8X/A
GOO FOR 16
201 LET Xix-1
210 LET D(X)4C+(II+X1)+22R((8+X1)((8+X1)+4*13)//2
GOO LET 11(X)X1+D(X).
230 LET F(X)1+D(X).
840 IF (1142.1111N 260
250 PRINT XI.Dtx),201)0(x)
260 111.2(204Di THEN 270
265 LET 11140(X)
270 IF 111(3)411 THEM 280
875 LET 111411(X)
280 IF F(X)4F1 THEN 290
285 LET F1.F(X)
290 NEXT X
295 IF 21442 THIN 395
300 PAINT
330 PRINT "*****4
331 PRINT
340 PRINT "WOULD YOU LIKE ANOTHER RUN (1 -YES. 0 +NO)41
350 INPUT 112
360 IF 411140 THEN 140
370 STOP
390 RIM PLOTTING ROUTINE FOR THREE CURVES
395 PUNT
396 PRINT
400 pieta "Al PCL3) /(INIT. PCL5) MAXIMUM IS "DI
401 PRINT "Ss (EQUIL. CLEiti217. PCL5). MAXIMUM IS "El
404 PRINT "CI (EQUIL. POL5) /4111/T. PCLS) MAXIMUM IS "Si
403 PRINT

.

404 PRINT "INIT. Cl2 "31/011C22);"2 - 2 - C"
405 PRINT '0 23 50 75 100".1
406 PRINT " 2 OF MAXIMUM"
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408 PRINT "INIT. PCL$ I I I I I"

410 FOR Xl TO 16
420 PRINT TABC5)3X.137A8(13)3"1"J
430 LET V(1)- INT(40 *D(X) /DI+.5)

431 LET W(2)SINT(40 *E(X) /E1+.5)

432 LET 2(3)0INT(4041FCX)/F1+.5)
580 REM FIND WHICH IS SMALLEST. THEN PRINT IT AND MAXIMIZE IT

600 FOR Ql TO 3
605 LET Klo11120
610 FOR Iol TO 3
620 IF W(I)1.K1 THEN 640
630 LE.. KloWCI)
640 NEXT I
650 PRINT TAB(O...13)J
660 FOR 11 TO 3
670 IF ABSCW(I)*K1)4.0001 THEN 700

680 NEXT I
690 STOP
100 IF 141.1 THEN 730
710 PRINT "Arl
720 GO TO 780
730 IF Is1.2 THEN 760
740 PRINT "8"I
750 00 TO 780

t.
760 IF 141.3 THEN 690
770 PRINT "C";
780 LET W(I)011E25
790 NEXT
795 PRINT " "
800 NEXT X
810 PRINT
8IS PRINT
820 GO TO 330
999 END

27
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DISCIPLINE CHEMISTRY

SUBJECT KINETICS

PROGRAM NAME KINET

DESCRIPTION:

A class room presentation designed to calculate equilibrium
concentrations and graph the progress (concentration vs. time) from
initiation to equilibrium for the general reaction A k-A. P.

OBJECTIVES:

A) An understanding of Equilibrium

B) The significance of the magnitude of the Equilibrum constant.

C) The relationship of the rate constant to the point of
equilibrium.

PRELIMINARY PREPARATION:

A. St-mien:(1) The distinction between initial and equilibrium concentration
should be made very clear.

(2) The meaning of the terms " Rate constant" and " Equilibrium
constant."

B. Materials - None

DISCUSSION:

To insure the success of this program in a teaching situation,
the teacher should run the program prior to its use in the classroom.
This is necessary to insure that the choice of constants illustrates the
point to be made and the amount of classroom time be kept to a minimum.

By varying the equilibrium constant it is possible to move the
point of equilibrium on the concentration axis, and show the relative con-
centrations of product and reactant as a function of the value of the
equilibrinn! constant.

The effect of different rate constants on the time it takes to attain
equilibrium can also be shown. The point at which the. two curves approach
a straight line is the point of equilibrium (if the two curves intersect a dot is
used as the point).

In this program, time is plotted in ten etfual steps from initiation
of the reaction to equilibrium; The time to attain equilibrium is different
depending on the constant used. It should be pointed out that while the point
of equilibrium on the graph may appear to be at the same spot, the units of
time are changing, thus the point on the graph is different.

28
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KINET

FOR THE EQUILIBRIUM PROBLEMS YOU ARE ABOUT TO DO, THE
DATA MAY BE PRESENTED IN THE FOLLOWING MANNER:

(INDICATE YOUR CHOICE BY NUMBER)

CHOICE 1 = TABLE OF DATA
CHOICE 2 = GRAPH OF DATA
CHOICE 3 = TABLE AND GRAPH OF DATA
CHOICE 4 = END PROGRAM

WHAT IS YOUR CHOICE? 3

LET F = THE FORWARD RATE CONSTANT
LET K = THE EQUILIBRIUM CONSTANT FOR THE REACTION A =P
TYPE IN THE CONSTANTS F AND K IN THAT ORDER.
? 5,1

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

LET Al = ORIGINAL CONCENTRATION OF A
LET A = PERCENT CONCENTRATION OF A (A /Al *300)

LET P =PERCENT CONCENTRATION OF P (P/A1*100)

TIME A P
....... ...... -....

0 100 0
.069 75.0788 24.9212
.138 62.57893 37.42107
.207 56.30929 43.69071
.276 53.16459 46p83541
.345 51.58728 48.41272
.414 50.79614 49.20386
.483. 50.39933 49.60067
552 50.20029 49.79971
.621 50.10046 49.89954
.69 50.05039 49.94961

PERCENT CONCENTRATION OF A(*) AND PC+)

TIME
0
I

25
I

50
I

75
I

100
I

0 f *

.069 I + *

.138 I + *

.207 I + *

.276 I +

.345 I + *

.414 'I

.483 I

.552 I

.621 I

.69 I

29
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WHAT IS YOUR CHOICE? 2

Chemistry
KINET

LET F s THE
LET K = THE
TYPE IN THE
? 6.0.1

FORWARD RATE CONSTANT
EQUILIBRIUM CONSTANT FOR THE REACTION A AP
CONSTANTS F AND K IN THAT ORDER.

******************************

PERCENT CONCENTRATION OF A( *) AND PC+)

0 25 50 75 100
TIME I I - -" I I

0 *
.01254545 *
.02509091 I +

.03763636 I + *

.05018182 I + *

.06272727 I + *

.07527273 I + *

.08781818 I *

.1003636 I + *

.1129091 I + *

.1254545 I + *

WHAT IS YOUR CHOICE? 2

LET F THE FORWARD HATE CONSTANT
LET K a THE EQUILIBRIUM CONSTANT FOR THE REACTION A =P
TYPE IN THE CONSTANTS F AND K IN THAT ORDER.

?

******************************

PERCENT CONCENTRATION OF A( *) AND PC+)

TIME
0
I

25 50
I I

75
I

100
I

0 * *
6.272727E-3 I + *
.01254545 I + *
..01881018 I + *
.02509091 I + *
.03136364 ' *
.03765b36 , *
.043909U9 1 + *
.05018182 1 + *
.05645455 I + *
.06272727 I + *

30
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WHAT IS YOUR CHOICE? 2

Chemistry
KTNET

LET F = THE
LET K = THE
TYPE IN THE
? 5s.5

FORWARD RATE CONSTANT
EQUILIBRIUM CONSTANT FOR THE REACTION A =P
CONSTANTS F AND K IN THAT ORDER.

******************************

PERCENT CONCENTRATION OF A(*) AND P(+)

0 25 50 75 100

TIME I I I I I

0 f *

.046 I + *

.092 I + *

.138 I + *

.184 I + *

.23 I. + *

.276 I + *

.322 I + *

.368 I + *

.414 I + *

.1:6 I + *

WHAT IS YOUR CHOICE? 2

LET F = THE FORWARD RATE CONSTANT
LET K = THE EQUILIBRIUM CONSTANT FOR THE REACTION .A =0
TYPE IN TXX CONSTANTS F AND K IN THAT ORDER.
? 5..2

******************************

PERCENT CONCENTRATION OF A(*) AND P(+)

0 25 50 75 .- 400
TIME I I I I I

0 1 *

.023 I + *

.046 I +

.069 I +

.092 I +

.115 I +

.138 I +

.161 I +

.184 I +

.207 I +

.23 I
*

.WHAT IS YOUR CHOICE? 4

READY

31
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Chemistry
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100 HEM KINET HOWARD SHANNON HARBORFIELDS HS 8/15/613
110 REM REVISED 7/28/69 PIB J. MARCHISOTTO
115 REM REVISED BY C.LOSIK 7-28-70
116 REM F,K ARE DEFINED BELOW; L IS THE TIME INCREMENT;
117 REM G IS THE DECAY CONSTANT; D IS THE FRACTION OF 'P'
120 REM THIS PROGRAM STUDIES THE KINETICS OF A SINGLE SPECIES
130 REM CA) GOING TO A SINGLE SPECIES CP),AND APPROACHES EQUILIBRIUM
140 REM WITH CP).
150 REM IE. ISOMER EQUILIBRIUM
160 REM IF THE EQUILIBRIUM CONSTANT IS VERY LARGE CK>10,000)a
170 REM IT CAN BE ASSUMED THAT ALL OF THE REACTANT GOES TO PRODUCT.
180 B22.1 THIS PROGRAM CAN THEN BE USED FOR RADIOACTIVE DECAY.
190 REM AN INPUT OF THE FORWARD RATE CONSTANT AND THE EQUILIBRIUM
200 REM CONSTANT WILL GIVE A PRINTOUT OF THE CONCENTRATION OF CA)
210 REM AND CP) COMPARED TO THE INITIAL CONCENTRATION OF CA) AT 10
220 REM EQUAL TIME INTERVALS AS IT APPROACHES 99.9PERCENT TO EQUILIBRIUM
230 PRINT " FOR THE EQUILIBRIUM PROBLEMS YOU ARE ABOUT TO DO, THE "
240 PRINT " DATA MAY BE PRESENTED IN THE FOLLOWING MANNER: "
25U PRINT " (INDICATE YOUR CROICE BY NUMBER)"
260 PRINT
270 PRINT " CHOICE 1 = TABLE OF DATA"
280 PRINT " CHOICE 2 = GRAPH OF DATA"
290 PRINT " CHOICE 3 .1 TABLE AND GRAPH OF DATA"
300 PRINT " CHOICE 4 = END PROGRAM"
310 PRINT
320 PRINT " WHAT IS YOUR CHOICE";
330 INPUT Q
340 IF 61> 4 THEN 1120
350 IF Q41 THEN 1120
360 IF Q = 4 THEN 1140
370 PRINT
380 PRINT " LET F = THE FORWARD RATE CONSTANT"
390 PRINT " LET K = THE EQUILIBRIUM CONSTANT FOR THE HEACTION A =P"
400 PRINT " TYPE IN THE CONSTANTS F AND K IN THAT ORDER."
410 INPUT F,K
420 PRINT
460 PRINT
470 PRINT " ******************************"
480 PRINT
500 LET H = KI(K-#.1)
520 LET G = F/H
530 LET 1.=.69/G
550 LET T = -L
552 IF Q=2 THEN 690
560 PRINT " LET Al 22 ORIGINAL CONCENTRATION OF A"
570 PRINT " LET A = PERCENT CONCENTRATION OF A (A/A134100)"
580 PRINT " LET P te PERCENT CONCENTRATION OF P (P/A1*100)"
590 PRINT
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600
610
620
630
640

PRINT " TIME "s" A "," P "

PRINT " "," "," "

FOR I = 0 TO 10
LET T = T +L
LET D = H* (1- EXP( -G *T))

Chemistry
KINET

650 PRINT T,(1-D)*100,D*100
660 NEXT I
67U LET T =-L
680 IF Q = 1 THEN 310
690 PRINT
700 PRINT" PEkCENT CONCENTRATION OF A(*) AND P( -I.)"
710 PRINT
720 PRINT " ", "0 25 50 75 100"
730 PRINT " TIME","I I I I. I"

740 FOR I = 0 TO 10
750 LET T = T+L
760 LET D = H*C1-EXPC-G*T))
770 LET X a 1 -k)

775 PRINT I*L,"I";
780 IF INT(40*D+.5) = INT(40 *X +.5) THEN 930
790IF INT(40*D+.5)). INT(40*X+.5) THEN 1000
800 PRINT TAB(40*D+14.5);"+"iTAB(40*X+14.5);"*"
850 GO TO 1100
930 PRINT TAB(40*D+14.5);"."
950 GO TO 1100
1000 PRINT TAB(40*X+14.5);"*";TAB(4U*D+14.5);"+"
1100 NEXT I
1110 GO TO 310
1120 PRINT " YOUR CHOICE MUST BE A NUMBER BETWEEN
1130 GO TO 310
1140 END

1 AND 4, TRY AGAIN."
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DISCIPLINE CHEMISTRY

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 to energy. (atomic power)

PRELIMINARY PREPARATION:

A. Storlpnt - The student should have an understanding of nuclear
partiMs, and the law of conservation of mass and energy.

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

DISCUSSION:

It should be noted that the masses used here include the electrons.
The very small difference which would be obtained if the bare nuclear
mass were known is negligible for the purpose of this calculation.

Time permitting, it would be beneficial to have the student
investigate the conversion of atomic mass units(AMU) to calories and
kilowatt-hours in order to recognize the significance of the units and the
magnitude of the numbers involved.

34
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Chemistry
MASSD

THIS PROGRAM IS DESIGNED TO INVESTIGATE MASS DEFECT

WHICH OF THE ELEMENTS WOULD YOU LIKE TO CONSIDER ?'
REMEMBER WE AHE 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 (?) TYPE IN
YOUR ANSWER THEN HIT RETURN KEY. USE. NUMBERS OF UP TO
SIX SIGNIFICANT FIGURES ROUND IF NECESSARY TO 6 DIGITS.
IN THE VALUES FOR MASS DEFECT.

THE ATOMIC NUMBER IS ? 6
THE ACTUAL MASS IS ? 15.9949
THE MASS NUMBER IS ? 16

THE SUM OF THE MASS OF THE 8 PHOTONS AND THE 8 NEUTRONS
PLUS THE WEIGHT OF DIE f5 ELECTRONS IS THE CALCULATED
MASS.

CALCULATED MASS ACTUAL MASS = MASS DEFECT
16.13199 15.9949 = .1371

THE MASS DEFECT IN TERMS OF ENERGY IS THE EQUIVALENT OF
2936 A 10t9 CAL. PER MOLE OF THIS SUBSTANCE,
OH 184 X 1019 CAL. PEA GRAM.

IF WE DIVIDE THIS BINDING ENERGY BY ThE NUMBER OF
PARTICLES IN THE NUCLEUS/ WE GET A RATIO.KNOWN AS THE
BINDING ENERGY PER NUCLEON, WHICH IS A MEASURE OF ThE
STABILITY OF THE NUCLEUS. THE MORE 'BINDING'
PEH NUCLEON,. THE MORE STABLE IS THE NUCLEUS.
THE BINDING ENERGY PER NUCLEON IS s 1.276744E-5 ERGS. PEA. NUCLEON, OK
3.047121E -13 CAL. PEA ,NUC.,
WHICH IS MORE COMMONLY EXPRESSED AS SOO MEV.

THE AMOUNT OF ENERGY CBINDING ENEAGY).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-HRS. 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 O.

? 0

***************

HEADY
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lUu itEM oOnN MAAuAISOTTO PIS SUMMER 69 BASIC
1J5 REM REVISED C.LOSIK 7-22-70
1J6 REM AT NO=A, MASS=B, MASS NO=C
1U7 AEM MASS DEFECT IS F
13U PAINT" ThIS PROGRAM IS DESIGNED TU INVESTIGATE MASS DEFECi"
140 PHINT
15U PRINT" WhICH OF THE ELEMENTS WOULD YOU LIKE TO CONSIDEA? "
160 PAINT" HEMEMBEA WE AAE DEALING With A SINGLE ATOM, TAEHEFOAE"
17U PAINT" IN ADDITION TO ThE ATOMIC NUM8En WE AuE GOING TO NEED ThE"
IdU PAINT" AClUAL mASS (IN AMU) AND THE MASS NUMBER OF THE ISOTOPE"
190 PAINT" YOU WANT TO WORK WITH."
20U PAINT
21U PAINT " thiEN THE MACHINE TYPES A QUESTION MARK (?) TYPE iN"
22U PAINT " YOUR ANSWER THEN hIT HETUAN KEY. USE NUMBERS OF UP TO"
23U PAINT " SIX SIGNIFICANT FIGURES. HOUND IF NECESSARY TO 6 DIGITS."
2.37 PAINT "IN IhE VALUES FOA MASS DEFECT. ".
238 PAINT
240 PAINT
25U PAINT" THE.ATOMIC NUMBEA IS ";
260 INPUT A
270 PAINT " THE ACTUAL MASS IS ";
280 INPUT C
290 PAINT " THE MASS NUMBEA IS ";
.300 INPUT 8
31U PAINT
320 AEM G IS AVOGADHO'S NUMBER
330 LET G=6.U23E23
340 LET D = B - A
350 LET Em(1.00728*A)+(1.00867*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"NEUThONs"
350 PAINT " PLUS THE WEIGhT OF ThE"A"ELECTuONS IS ThE CALCULATED"
390 PRINT " MASS."
400 PAINT
410 PRINT" CALCULATED MASS - ACTUAL MASS = MASS DEFECT"
420 PRINT" "E," - "C;" = "F
430 PAINT
440 HEM CONVERSION FACTOAS:
450 HEM 1.49 X 10-3 ERGS PEA AMU
460 HEM 4.19 X 10 7 ERGS PEA CAL.
470 REM 3.6 X 10 13 ERGS PEH KW-H
475 REM 931.0 MEV PEA AMU
480 LET Hm(1.49E-3*F*G)/4.19E7
490 PAINT " THE MASS DEFECT IN TERMS OF ENERGY IS THE EQUIVALENT OF"
500 PRINT INT(H/1E9+.5)"X 10t9 CAL. 0E8. MOLE OF ThIS SUBSTANCE,"
510 PRINT "OR "INT((H /C) /1E9+.5) "X 1019 cAL:etri GRAM."
511 PRINT
512 PRINT " IF WE DIVIDE THIS BINDING ENERGY BY THE NUMBER OF"

36

0 Copyright 1971, Polytechnic Institute of Brooklyn

121



e.

Chemistry
MASSD

513 PAINT " PAAfICLEs IN THE NUCLEUS, WE GET A AATIU KNOW N AS InE"
514 PAINT " BINDING ENEAGY PEA NUCLEON, WnlCn IS A MEASURE OF fnE"
515 PAINT " STABILITY OF THE NUCLEUS. TnE MOAE 'BINDING"
516 PAINT " PEh NUCLEON, THE MOAE STABLE IS ThE NUCLEUS."
517 PAINT " ThE BINDING ENEhGY PEA NUCLEON IS 2";
518 PAINT 1.49En3*F/B"EAGS. PEh NUCLEON, Oh";
519 PAINT 1.49E-3 *F/(13 *4.19E7)"CAL. PEh NUC,"
520P1110T" WHICH IS MOAE COMMONLY EAPAESSED AS"IUU*INC(931*F/13 +.5)"MEki."
522 LET J = ((H/C)*4.19E7/3.6E13)/15
525 PAINT
530 PAINT " ThE AMOUNT OF ENEAGY (BINDING ENERGY) CONTAINED iN ONE"
54U PAINT " GRAM OF THIS SUBSTANCE WOULD BE SUFFICIENT 10 SUPPLY ALL"
55U PAINT " TAE ELECTRICAL NEEDS iN AN AVERAGE ONE FAMILY HOUSE USING"
56U PAINT " 15 KW -hAS. PEA DAY FOA A PEAIOD OF"INf(J+.5)"DAYS Oh"
565 PAINT INT((J/365)+.5)"YEAAS."
570 PAINT
560 PAINT " iF YOU WOULD LIKE TO HUN ANOTAEA enosum TYPE iN 1,"
59U PAINT " IF NOT TYPE IN U."
600 INPUT M
610 PAINT
620 PRINT " ","***************"
63u iF M=1 ThEN 24U
640 IF M<>0 THEN 580
65U END

READY
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DISCIPLINE CHEMISTRY

SUBJECT ACID - BASE TITRATION

PROGRAM NAME MOLAR

DESCRIPTION:

This program will calculate molarity by using data obtained
from an acid-base titration.

OBJECTIVES:

To provide the teacher and the student with a molarity calculator
to be used where either finds it applicable.

PRELIMINARY PREPARATION:

A. Student - This program can be used with students who have had
r=1-1:Ire iminary preparation or those with extensive preparation.

B. Materials - none

DISCUSSION:

It should be noted that normality is no longer in the New York
State syllabus. It thus becomes necessary to teach titration calculations
in the molarity systems by way of moles of H+ reacted vs. moles of OH
reacted, a much preferred method. This program does just that.

This program may be used in lab, as check on homework problems,
and for tutorial work.

The teacher may also wish to show the logic of programs in
general by using this very elementary program. The teacher need only
take the list and explain it line by line to enhance the students' under-
standing. The equation used to solve the problems is:

Moles H+ = Moles OH'
(MA)(VA)(n) = (M)(VB)(n)

38

V = volume in liters
n = subscript of the H

or OH
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Chemistry
PHPOH

THIS PhOGHAM IS DESIGNED TO CALCULATE THE UNKNOWN MOLAHITY
IN AN ACID -BASE TITRATION.

WhAT IS THE SUBSCRIPT OF THE h+ IN THE ACID FORMULA,
AND THE SUBSCRIPT OF THE OH- IN THE BASE FORMULA? 2,1

HOW MANY ML OF ACID, AND hOW MANY ML OF BASE
WEAE USED? 19.7,10.0

IS THE KNOWN MOLAHITY FOH THE ACID Oh ThE BASE?
ANSWEA 1 FOA ACID OR 2 FOR BASE? 1

WhAI IS ThE MOLAttITY OF THE ACID? 5.5

ANSWEA: ThE BASE IS 21.67 M.

DO YOU WANT TO WO:LK ANOThEA '4A0BLEM? ANSWEA 1 FOH YES
OA U FOh NO? 1

***************

WHAT IS ThE SUBSCH11'T OF THE H+ IN ThE ACID FORMULA,
AND THE SUBSCRIPT OF ThE OH- IN ThE BASE FORMULA? 3,1

HOW MANY ML OF ACID, AND hOW MAN' ML OF BASE
WEA6 USED? 0,29.3

IS fHE KNOWN MOLAAIfY FUR 1'i-1E ACID Oh rhE BASE?
AN6wEA 1 FOIL ACID OA 2 70h BASE? I

WnAf IS THE MOLAAITY OF InE ACID? 2.0

ANSWEA: rnE BASE IS U M.

DO YOU WANT TO WORK ANOTHER HOBLEM? ANSWEA I FOA YES
OA U FOR NO? I

***************

WhAT IS THE SUBSCRIPT OF fnE n+ IW rnE ACID FOAMULA,
ANL rhE SUBSCRIPT OF THE Oh- IN fnE BASE FORMULA? 2,1

hOW mANY mL OF ACID, AND hOW MANY ML OF BASE
wEhE USED? 15.0,24.7

IS rhE KNOWN 1zOLAA1TY FOA ThE ACID OA rhE BASE?
ANSWEA 1 FOR ACID OA 2 FOR BASE? 2

WhAT IS THE MOLA1t1TY OF ThE BASE? 1.5

ANSWEA: ThE ACID IS 1.23 M.

DO YOU WANT TO WOHA ANOTHER PROBLEM? ANSWER 1 FOR YES
OA U FOR NO? U

***************

ttEADY

39
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100 xEM riAma DOAFMAN 7/16/64 JOhN GLENN H.S. ( REV. 7/1U/69 ).
105 REM kEVISED BY C.LOSIK 7 -23 -70

11U PAINT "THIS PROGRAM IS DESIGNED TO CALCULATE THE UNKNOWN MOLAAITY"
120 PRINT IN AN ACID-BASE TITRATION."
130 PAINT
14U PRINT
15U PRINT " WHAT IS THE SUBSCRIPT OF THE h+ IN THE ACID FORMULA,"
16U PRINT " AND THE SUBSCRIPT OF THE Oh- IN THE BASE FORMULA";
165 REM D,Ca 0 OF H+, 0 OF OH-
170 INPUT D,C
180 PAINT
190 PRINT " HOW MANY ML OF ACID, AND hOW MANY ML OF BASE"
200 PRINT " WERE USED";
205 AEM E,F* ML ACID, ML BASE
210 INPUT E,F
220 PAINT
290 PRINT " IS THE KNOWN MOLAHITY FOR THE ACID OR THE BASE?"
240 PRINT " ANSWER 1 FOR ACID OR 2 FOR BASE";
25U INPUT 4
26U PRINT
970 IF im 2 THEN 360
2110 IF h<>1 THEN 24U
29U PAINT " WHAT IS THE MOLAHITY OF THE ACID";
300 INPUT A
31U LETB* (E*A*D)/(C*F)
320 PRINT
330 PRINT
340 PRINT " ANSWERS THE BASE IS "INT(100*B+.5,)/100"M."
350 GO TO 420
360 PRINT " WHAT IS THE MOLARITY OF THE BASE";
37U INPUT B
380 LET A*(C*F*B)/(D*E)
390 PRINT
400 PRINT
410 PRINT." ANSWERS THE ACID IS "INT(100*A+.5)/100"M."
420 PRINT
430 PRINT
440 PRINT " DO YOU WANT TO worm ANOTHER PROBLEM? ANSWER 1 FOR YES"
450 PRINT " OR 0 FOR NO ";
460 INPUT X
462 PRINT
464 PRINT " ***************"
470 IF Xml THEN Lao
480 IF X<>0 THEN 430
490 END

40
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DISCIPLINE CHEMISTRY

SUBJECT pH, pOH, PCT. DISSOCIATION

PROGRAM NAME PHPOH

DESCRIPTION:

A class presentation designed to calculate pH, pOH, and percent
dissociation of weak monoprotic acids, using the quadratic equations for
rigorous solutions.

OBJECTIVES:

A. To illustrate the relationships between the magnitude of the Ka value.
and the strength of th.:* acid.

B. To show the relationship between pOH and pH.

PRELIMINARY PREPARAT ION:

Student - The distinction between weak and strong acids should have been
covered. The student should also be aware of the role hydrogen ion
concentration plays in acid-base calculations, and the effect it has on
hydroxide ion concentration.

DISCUSSION:

This program can he used In different ways, depending upon the ability
level of the group.

1. With groups of average abilities, it is used primarily as a
calculator, to solve large numbers of problems in a minimum
amount of time.

2. In above average groups, the program listing was used as a
device to illustrate theory. The entire lesson consists of an
extensive step-wise explanation of the program list. In these
classes all students were familiar with the Basic programming
language. Some calculations built into the program (lines 41-43)
are not part of the normal curriculum, but are necessary to solve
the problem as the product of the Ka value and the concentration
approaches 1 r 10-14.

41
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)

Inib enOGni.0i WILL FM) inE en, eur., eLl ViS6OUlml1ON
Fun Ahlt WiAA MONOen01' il; ACHE.

Am Ur AC11, =?
OLan CUNeENiamilUN OF At:Ili =? 1

eh= 2.5 euh= 11.5 VioaOCIAIWN= J157202

AN1 mwte ehuaLt.e.5 (1=vEba u=ow)?

,(A OF ACID =? 1E-3
MULAn CONLENfnAIIUN OF OID =? 2

en= 1.:35 eUn= 1'4.66 ecr DIDsoulArlow= 2.2112Uo

AN: mUnE en0ALEms (1=YE4, u=N0)? 1

AA OF ACID =? 16-1O
MOLAn CONCENIAATiON OF ACID =? 1

en= 5 eoh. 9 ecr. VLSOGIArlON= ..99b .5w. -4

ANY MOE ea0BLEMS (1=YES, J=N0)? 1

AA :OF ACID =7 1E-15
MdLika U06WENIaATION OF ACLU =? 2

eh= 6.96 e0n= 7.04 ecT U1660CiAtON= 9.12b7U9E-7

ANY MOnE 0A0BLEMs (1=YE6, U=N0)? U

2EADY
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IUJ PAPOn* 00n MAuCnI5J1t0 7/10/69 CnEm1Sfax DA51C
lul AEm AEV15ED Liz C.1.051A
1u3 AEm 14 IS frig AA, d 15 The: MOLAA
11U aEr. PAL/GA.1AM U0E5 UNE CALCULATION Al.A liMn; !

140 en1N "Tnlz PAUGAAm WILL FIND inn, rn, eUn, AND PUT 0155uCIAI1Ute
15u ehiNr "FOA ANY WEAK NuNueaurie 14010."
170 PAINT
loU ehiNT "AA OF ACID =";
190 INPUT 14
200 IF A<=u.5 fnEN 210
2U2 PAINT "ANSWEA INVALID FOA WEAK ACID. fAz A6A1N."
2U4 GO TO 190
alu ettINI " MULAit CUNCENfilACIUN OF ACID =";
220 INPUT Li
23U eaINT
24U LET 5 = A*A
25U IF S>=1E-12 InEN 250
260 LET h = 6wA(6+1E-14)
270 GO TO 290
2HU LET n =-A/2+(6WA(Al2 +(4*A*1:)))/2
290 LEC I = 1E-14/n
300 LET A = h-r
310 LET C = -LUG (n)/2.3U3
32U LET D = 14 - C
33U IF S41E-5 ThEN 360
340 LET E = h/S*100
350 GO TO 37U
36u LET E = 100
370 PAINT "1' H="INT(luu*C+.5)/IUU,"PUn="INI(100*D+.5)/10U,
3b0 ehINT "ref. DISSOUIATION="E
39U ehINf
410 PAINT " AN( MOAE PAOBLEM5 (1=YE5, U=NO)";
43U INeuT N
44U IF N=1 ThEN 17U
445 IF N.c>0 THEN 41U
45U END

43
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DISCIPLINE CHEMISTRY

SUBJECT PERCENT COMPOSITION

PROGRAM NAME PRCNT

DESCRIPTION:

This program is designed to calculate the percent composition
(by weight) of a compound that may contain up to 5 elements. The
program also contains a detailed sample calculation which is optional.

OBJECTIVES:

A. For the students who are familiar with percentage, this program
may be used as a self-teaching device to show how this concept
applies to a chemical situation.

B. The program may be used as a calculator to:
1) Illustrate the Law of Multiple Proportions
2) Illustrate the Law of Definite Proportions
3) Work out percent water of hydration, percent sulfate,

nitrate, etc. (see discussion)
4) Check homework problems, class problems, lab problems, etc.

C. The program may be used as a tutorial device for students having
difficulty.

PRELIMINARY PREPARATION:

A. Strident - The student should at least have an understanding of the
concept of percentage. The teacher may also wish to discuss how
this concept applies to chemical compounds.

B. Materials - none

DISCUSSION:

This program makes it possible for the teacher to spend very
little time in class on percent composition and still have the student
receive ample instruction and drill on the topic. This is possible since
the program may be used in a number of situations such as teaching, self-
teaching, and tutorial.

It should be brought to the students' attention that % water of
hydration, % sulfate, % nitrate, etc., may be calculated by treating the
groups of atoms as a single element when entering data.

44
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ThIS PROGnAN IS DESIGNED TO CALCULATE TnE PERCENT
COMPOSITION dY WEIGHT OF A COMPOUND THAT MAY CONTAIN
FhON 2 TO 5 ELEMENTS.

DO YOU *ANA' TO SEE A SAMPLE CALCULATION?
ANSWER 1 FOh YES OR 0 (ZERO) FUn NO? 1

EXAMPLE s ThE PEhCENT COMPOSITION OF SULFURIC ACID

LET W1 = Aromic WEIGHT OF hYDAOGEN
LET Al = THE NO. OF hYDAOGEN ATOMS IN LAE FOhMULA
LEI W2 = ThE ATOMIC WEIGHT OF SULFUR
LET A2 a: THE NO. OF SULFUst ATOMS IN THE FOANULA
LET W3 = THE ATOMIC WEIGAT OF OxYGEN
LET A3 = THE NO. OF OntGEN ATOMS IN ThE FORMULA

1= FORMULA WEIGni OF SULFUAIC ACID
Y= (Wl*A1) + (W2*A2) + (W3*A3)
Y= (1.00b*2) + (32.064*1) + (15.999*4)
Y= 98.076

PEaCENT A = (Wl*Al/Y)*100
PERCENT h = (1.U0b*2/96.076)*100
PERCENT A = 2.005

PERCENT S = (W2*A2/Y)*1UU
PERCENT S = (32.064*1/9b.O76)*1OU
PERCENT S = 32.693

PERCENT 0 = (W3*A3/Y)*1UU
PERCENT 0 = (15.999*4/911.076)*100
PERCENT 0 = 65.2514

DO YOU WANT TO DO A PROBLEM ?
ANSWER 1 FOR YES Oh U (ZEa0) FOn NO? 1

WHAT IS THE NUMBER OF ELEMENTS IN THE FOAMULA? 3
TYPE (THE ATOMIC WEIGHT,NO. OF ATOMS) FOR EACH ELEMENT,
ONE ELEMENT TO A LINE.
? 12.011,12
? 1.01116,22
? 15.999,11

******************************

FORMULA WEIGHT n 342.297

ATOMIC WEIGHT NO. OF ATOMS PERCENT COMPOSITION
12.011 12 42.10729
1.008 22 6.47b5b4
15.999 11 51.41412

******************************

DO 'YOU WANT TO DO ANOTHER PROBLEM?
ANSWER 1 FOR YES OR 0 (ZERO) FOR NO? 0

READY

.130
45



Chemistry
PRCNT

100 HEM H. shANNON. HARBORFIELDs R.S. 7/23/6d (REV 7/lb/69)
1U5 REM hEVISED BY C.LOSIK 7-23-70
106 REM THE SAMPLE CALCULATION ExPLAINS HOW THIS PROGRAM WORKS
110 REM CALCULATED PERCENTAGE COMPOSITION BY WEIGHT OF A COMPOUND
12U PRINT " THIS PROGRAM IS DESIGNED TO CALCULATE THE PERCENT"
13U PRINT "COMPOSITION BY WEIGHT OF A COMPOUND THAT MAY CONTAIN"
140 PRINT "FROM 2 TO 5 ELEMENTS."
150 PRINT
160 PRINT " DO YOU WANT TO SEE A SAMPLE CALCULATION?"
17U PRINT "ANSWER 1 FOR YES OR 0 (ZERO) FOh NO";
Its0 INPUT A
190 IF X n U THEN 460
193 IF x<>1 THEN 170
199 PRINT
20U ?HINT "EXAMPLE s THE PERCENT COMPOSITION OF SULFURIC ACID "
210 PRINT
220 PRINT "LET WI ATOMIC WEIGHT OF HYDROGEN"
230 PRINT " LET AI THE NO. OF HYDROGEN ATOMS IN THE FORMULA"
240 PRINT "LET W2 THE ATOMIC WEIGHT OF SULFUR"
250 PRINT " LET A2 THE NO. OF SULFUR ATOMS IN THE FORMULA"
260 PRINT "LET W3 THE ATOMIC WEIGHT OF OXYGEN"
270 PRINT " LET A3 THE NO. OF OXYGEN ATOMS IN THE FORMULA "
280 PAINT
290 PRINT " Y'. FORMULA WEIGHT OF SULFURIC ACID"
300 PRINT " Y= (W1 *A1) + tW2*A2) + (W3*A3)"
310 PRINT " i (I.U08*2) + (32.064 *1) + (15.999*4)"
320 PRINT ° Ym 98.076"
330 PRINT
340 PRINT "PERCENT H (W1*A1 /Y)*100"
350 PRINT "PERCENT H (1.008412/98.076)*100"
36U PRINT "PERCENT H 2.005"
370 PRINT
3d0 PRINT "PERCENT S (W2 *A2 /Y) *100"
390 PRINT "PERCENT S (32.064*1/916.076)*100"
400 PRINT "PERCENT S m 32.693"
410 PRINT
420 PRINT "PERCENT 0 (W3*A3/Y)*100"
430 PRINT "PERCENT 0 (15.99944/98.076)41100"
440 PRINT "PERCENT 0 65.2514"
450 PRINT
460 PRINT " DO YOU WANT TO DO A PROBLEM 7"
470 PRINT "ANSWER 1 FOR YES OR 0 (ZERO) FOR NO ";
480 INPUT X
490 IF X 0 THEN 770
493 IF X.c>1 THEN 470
500 DIM W(5). A(5)
505 PRINT
510 PRINT " WHAT IS THE NUMBER OF ELEMENTS IN THE FORMULA";
520 REM J NO. OF ELEMENTS IN THE FORMULA
530 INPUT J
533 REM THIS LOOP CHECKS FOR VALID ANSWER
535 FOR 11E2 TO 5
540 IF I-.1 THEN 560
545 NEXT
550 PRINT "THIS PROGRAM. CONSIDERS COMPOUNDS WITH 8 TO 5 ELEMENTS."
552 GO TO 510
560 LET Y 0
570 PRINT " TYPE (THE ATOMIC WEI8HT*NO. OF ATOMS) FOR EACH ELEMENT*"
C80 PRINT " ONE ELEMENT 70 A LINE."
590 FOR I m 0 TO J...1

46

0 Copyright 3971, Polytechnic Institute of Brooklyn

131



Chemistry
PRCNT

600
610
62u
63v

1Nz4OT W(i),A(L)
1.0lp; Y = FOAMOLA wElGnT

LET f= +W(I)*A(1)
1

64v " ******************************
64t. PnINf
650 P:iiNT "iO.t.701.!A viElGAT =";

660 PdINT
67u P/IINt "ATONIC wEIGnI NO. OF ATOM 14EztCENE COM141f1ON"

60v tiCDl v = NO. OF EL)..MENE6 iN TAE FOLIMULA

69U FOzt 1 = v TO 0-1
WU 14111NE 0(1),A(1),W(I)*A(I)/Y*100
710 NEAT i
72v 14ziINT

7.30 Pi:1NT " ******************************"
740 Pz1INT
750 P:1INI" DO 10J vjANI TO DU ANOTAElt ritottLEva"

760 GO IO 47J
77o END
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DISCIPLINE CHEMISTRY

SUBJECT STOICHIOMETRY

PROGRAM NAME STOIC!!

DESCRIPTION:

This program solves mass-mass, mass-volume, and volume-volume
prnble ms. The input may be in grams and/ or moles and the output will be
In grams, moles and/ or liters

OR

To provide the teacher and the student with a stoichiometry calculator
to be used where either finds it applicable.

PRELIMINARY PREPARATT ON:

A. Student - The student m119 t have an introduction to stoichiometry.

B. Materials - none

DI SC USSI ON:

Some of the situations where this program is useful:

A. In Class
1. Enables teacher to cover a large number of problems without using

time to do calculations.
2. Can be used in conjunction with k problem exercise in class so teacher

can go around and give individual help.

B. Outside of Class
1. Tutorial Work
2. Students can check homework problems during study periods or after

school.

48
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00 YOU WISh fO bni? IRE INSTRUCTIONS? 1 FOR 1E6 ,u FUn NU?
EnIS PnUGstAN IS DESIGNED TO SOLVE:

1. MAzS-MazS PROBLEMS
2. MASS-VOLUmE PROBLEMS
J. VOLUME-VOLUME PROBLEMS

ZuME GENERAL INzfROCTIuds FOR USING IRE PROGRAm WILL
DE nELPFUL Ar TIME.

1. IF TWO PIECES OF DATA ARE REQUEsIED, BE zJAE TO
GIVE inEM IN TnE ORDER AEQUES'rED AND sPARATE
fnEM WI in A COMMA.

2. ati. BALANCED EQUATION lz fnE FIRST fnING
NEEDED wIfn Lauri clet; OF PROBLEM sO HAVE 11 PREPAnED.

J. TnE FORMULA WEIGhiz ARE NEEDED Nt;AT bu HAVE inEm
PREPARED.

P1CA InE rePE OF CALCULATION YOU DESIRE aY ANSWERING inn
FOLLOWING QUESTION WITH a 1,2, On 3:

1 FOR Naz6-mASS CALCULaTIONs
2 FOn Maz6-VOLUME CALCULArluNZ
3 FOR VOLUME-VOLUME CALCULATIONS

lz fnE NUMBER OF YOUR CHOICE? 1
***************

PROVIDE THE FOLLOWING DATA FOR THIS MASS -MAzz PROBLEM:

HOW MAW: MOLES OF KNOWN COMPOUND AND UNKNOWN COMPOUND
ARE SHOWN IN THE BALANCED CHEMICAL EQUATION? 1,1
LhAT I., THE FORMULA WE1GhT OF ThE KNOWN comeouND
AND ThE UNKNOWN COmPOUND ? 100,56
WHAT MASS, IN GRAMS, OF THE KNOWN COMPOUND IS INVOLVED
IN rhE CHEMICAL REACTION? iF THIS IFORmatION IS AVAILABLE
IN MOLES ANSWER LEhO (0) AND WAIT FOR ThE NEAT QUESTION? 50.0
ANSWERS: 5 MOLES OF UNKN. CPD.

26 GRAMS OF UNKN. CPD.

***************

DO YOU WISh TO SOLVE ANOThEA PROBLEM? ANSWER 1 FOR M-M,
2 FOn M-V, 3 FOR V-V, AND ZERO (U) TO END rhE PROGRAM.? 2

***************

PROVIDE IRE FOLLOWING DATA FOR THIZ MASS-VOLUmE PROBLEM:

HOW MANN MOLES OF KNOWN comeouND AND UNANOWN COMPOUND
ARE SnOWN IN THE BALANCED EQUATION? 2,2
WHAT IS ThE FORMULA WEIGhT OF THE KNOWN COMPOUND AND ThE
UNKNOWN COMPOUND? 15,2
WHAT MASS, IN GRAMS, OF THE KNOWN COMPOUND IS INVOLVED
IN THE CHEMICAL REACTION? IF ONLY VOLUME IS KNOWN
ANSWER ZERO (U) AND WAIT FOR ThE NEAT QUESTION? 20.0
ANSWERS: 1.111111 MOLES OF UNKN. GAS

24.15b15159 LITEhS OF UNKN. GAS

***************

DO YOU WISH TO SOLVE AMOThER PROBLEM? ANSWER 1 FOR M-M,
2 FOR M-V, 3 FOR V-V, AND hEA0 (0) TO END ',FRE PROGRAM.? 3

***************
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PROVIDE frit. FOLLOWING DATA FOr. NIL. VOLUME-VOLUME PAOBLEM:

how MANY MOLES KNOWN OAS AND UNKNOWN GAS ARE SHOWN
IN THE BALANCED EQUATION7 1.3,3
WHAT Is THE VOLUME IN Lli,_Rs OF THE KNOWN GAS INVOLVED
IN THE CHEMICAL REACTION? (VOLUME MUsr BE Ar sw.)? 146

ANSWER: 336.9231 LirEtis OF UNKN. GAs

***************

DO YOU wISH TO SOLVE ANOTNEH 0ROBLEM? ANSWER 1 FOA i4 -M,
2 FOR m-V, 3 FOR V-V, AND ZERO CU) TO END THE PROGRAM.? 1

***************

PROVIDE THE FOLLOWING DATA FOR THIS MASS-MASS PAOBLVM:

HOW MANY MOLES OF KNOWN COMPOUND AND UNKNOWN COMPOUND
AAE SHOWN IN THE BALANCED CHEMICAL EQUATION? 1,1
WHAT IS THE FORMULA WEIGHT OF THE KNOWN COMPOUND
AND THE UNKNOWN COMPOUND ? 56,74
WHAT MASS, IN GHAMS, OF THE KNOWN COMPOUND IS INVOLVED
IN ThE CHEMICAL REACTION? IF THIS INFORMATION IS AVAILABLE
IN MOLES ANSWEA LEM) (0) AND WAIT FOK THE NEAT QUESTION? 0
HOW MANY MOLES OF KNOWN COMPOUND WEAE INVOLVED IN
ThE CHEMICAL REACTION? 2.9
ANSWERS: 2.9 MOLES OF UNKN. CPD.

214.6 GRAMS OF DUN. CPD.

***************

DO YOU WISh TO SOLVE ANOTHER PROBLEM? ANSWER 1 FOR M-M,
2 FOA M-V, 3 FOA V-V, AND ZERO CO) TO END THE PROGRAM.? 8

***************

PROVIDE THE FOLLOWING DATA FOR THIS MASS-VOLUME PROBLEM:

HOW MANY MOLES OF KNOWN COMPOUND AND UNKNOWN COMPOUND
AHE SHOWN IN THE BALANCED EQUATION? 1,2
WHAT IS THE FORMULA WEIGHT OF THE KNOWN COMPOUND AND THE
UNKNOWN COMPOUND? 2,23
WHAT MASS, IN GRAMS, OF THE KNOWN COMPOUND IS INVOLVED
IN THE CHEMICAL REACTION? IF ONLY VOLUME IS KNOWN
ANSWER ZERO (0) AND WAIT FOR THE NEAT QUESTION? 0
WHAT IS THE VOLUME, IN LITERS, OF THE KNOWN GAS
INVOLVED IN THE CHEMICAL REACTION? (VOLUME MUST'BE AT STP)? 212
ANSWERS: 113.92(557 MOLES OF UNKN. CPD.

435.3571 GAMS OF UNKN. CPD.

*Ilgellnklulgrn*****

DO YOU WISH TO SOLVE ANOTHER PROBLEM? ANSWER 1 FOX M-M,
2 FOR M-V, 3 FOR V-V, AND ZERO CO) TO END THE PROGRAM.? 0

READY

**Ilgalg*********##

50
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luu AEM RAAAY DOhFMAN, JOHN GLENN h.s.7/2.1/6o ( hEV.7/9/69 )
105 HEM REVISED BY C.LOSIK 7-22-70.
106 REM DIFFERENT VARIABLES ARE USED IN EACH PROBLEM
1U7 REM THEIR MEANING MAY BE DETERMINED BY LOOKING AI EACA SECTION
1U8 REM OF THE PROGRAM (VANS. COttriESPOND WIfh INPUTS AN.') PRINTS)
110 REM THIS PROGRAM IS DESIGNED TO SOLVE MASS-MASS,MAss-VOLUME,
12U REM AND VOLUME-VOLUME PROBLEMS:
123 REM
ley REM EACR INPUT UAS k DIFFERENT LZITEh CORRESPONDING TO
126 REM THE INFORMATION IN THE PRINTED QUESTION.
IJU REM
140 ?RINI' " OU YOU WISH TO SKI? ThE INSTRUCTIONS? 1 FOR :Es ,0 FUR NO";
150 INPUT 4
160 IF 4=1 TREN 32U
162 IF 4<>0 THEN 130
17U PRINT "THIS PROM-LAM IS DESIGNED TO SOLVE:"
loU PRINT " I. MASS-MASS PROBLEMS"
19u PRINT " 2. MASS-VOLUME PAO2LEMS"
cUu PRINT " 3 VOLUME-VOLUME pROBLEMS"
21J PRINT
e2J PAINT "SOME GENERAL INSTAUCTIONS FOR USING TRE PROGAAM WILL"
83u PAINT BE HELPFUL AT TATS TIME."
24U PRINT " 1. IF TWO PIECES OF DATA ARE REQUESTED, BE SURE T3"
25U PRINT " GIVE THEM IN THE OADER REQUESTED AND SEPARATE"
26u PRINT " THEM WITH A COMMA."
270 PRINT " 2. THE BALANCED EQUATION IS THE FIRST /RING"
28U PRINT" NEEDED WITH EACH TYPE OF PROBLEM SO HAVE IT PREPARED." '

290 PRINT " 3. THE FORMULA WEIGHTS ARE NEEDED NEAT SO HAVE THEM"
300 PRINT " PREPARED."
J1U PRINT
3eu PRINT
330 PRINT "PICK THE TYPE OF CALCULATION YOU DESIRE BY ANswEAING IRE"
340 PAINT"FOLLOWING QUESTION WITH A 1,2, OR 3:"
35u PRINT" 1 FOR MASS -MASS CALCULATIONS"
360 PAINT" 2 FOR MASS-VOLUME CALCULATIONS"
370 PRINT" 3 FOR VOLUMEVOLUmE CALCULATIONS"
380 PAINT
390 PAINT "WHAT IS THE NUMBER OF YOUR CHOICE";
4uU INPUT A
410 PRINT " ","***************e.
420 PRINT
430 IF A=1 THEN 470
440 IF A=2 THEN d30
45U IF A=3 THEN1150
455 PRINT "USE 1, 2, OR 3. TRY AGAIN."
460 GO TO 390
470 PRINT" PROVIDE THE FOLLOWING DATA FOR THIS MASSMASS PROBLEM:"
48u PRINT
49U PAINT"HOW MANY MOLES OF KNOWN COMPOUND AND UNKNOWN COMPOUND"
500 PRINT "ARE SHOWN IN THE BALANCED CHEMICAL EQUATION";
510 INPUT B,C
520 PRINT"WHAT IS THE FORMULA WEIGHT OF THE KNOWN COMPOUND"
53U PRINT " AND THE UNKNOWN COMPOUND ";
54U %INPUT D,E
550 PRINT" WHAT MASS, IN GRAMS, OF THE KNOWN COMPOUND IS INVOLVED"
560PRINT" IN TILE CHEMICAL REACTION? IF THIS INFORMATION IS AVAILABLE"
570 PRINT " IN MOLES ANSWER ZERO (0) AND WAIT FOR THE NEAT QUESTION";
580 INPUT F
590 IF Fg20 THEN620
600 LET G.F /D
610 GO TO 650
620 PAINT" HOW MANY MOLES OF KNOWN COMPOUND WERE INVOLVED IN"
63U PRINT " THE CHEMICAL REACTION";
640 INPUT
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(,SU LE: ii..,e/B).6
661.) r.tlws" ANSWLAS' "h" MOLEs OF UNKN. CeD."
f,7u Lr.f o=m*E
cibu estINC " "0" GRAMS OF UNKN. CrD."
69U eAINL
700 Pn1NI " ","***************"
710 en1NI
720 PRINT",:, xUu W15h TO SOLVE ANOTHEn PROBLEM ANSWEit 1 FOA M-M,"
73U PILIN1 " e FOn M-V, 3 FOR V-V, AND LER() :u) TO END ThE PROGaAM.";
740 'Nevi I

745 estINL
75u PAINT - ","***************"
76U PAINI
770 IF Y=1 fnEN 47U
7b0 iF Y=2 TnEN b3U
790 iF Y=3 CAEN 1150
bUU IF Ii.c>u THEN 810
505 scar
blO PRINT " YOU OUST USE 0,1,2, Oh 3. fAY AGAIN."
520 GO TO 72u
830 PRINT " PROVIDE THE FOLLOWING DATA FOtt Th1S MASS- VOLUME PAULEN:"
040 PRINT
5Su rhINI " nOW MANY MOLES OF KNOWN COMPOUND AND UNKNOWN COMPOUND"
060 PRINT ' AAE SHOWN IN THE BALANCED EQUATION ";
570 INPUT K,L
ndu PHINr 'WnAl IS THE FORMULA WEIGHT OF THE KNOWN COMPOUND AND THE"
590 PRINT " UNKNOWN COMPOUND";
900 INPUI M,N
91U PRINT" whAi MASS, IN GRAMS, OF Tea: KNOWN COMPOUND Is INVOLVED"
920 PRINT" IN rhE CHEMICAL REACTION? IF ONLY VOLUME 1S KNOWN"
930 PAINT " ANSWER LERO (0) AND WAIT FOtt IttE NEAT WUESTION";
940 iNeUT e
OSU IF em.0 InEN 104U
960 LET hm(L/K)*(P/M)
970 PhINT"ANSWEAS: "h"MOLES OF UNKN. GAS"
950 LET Smh*22.4 .

990 PRINT" "5" La.EAS OF UNKN. GAS"
1030 GO TO 690
1040 PAINT" WHAT IS THE VOLUME, IN LITERS, OF THE KNOWN GAS"
1050 PAINT"INVOLVED IN THE CHEMICAL HEACTION? (VOLUME MUST BE AT STP)";
1060 INPUT w
1070 LET T=1/22.4)*(L/K)
1050 PRINT" ANSWERS: "T" MOLES OF UNKN. CPD."
1090 LET O=T*N
1100 PRINT" "U" GRAMS OF UNKN. CPD."
1140 GO TO 690
1150 PRINT "PROVIDE THE FOLLOWING DATA FOR THIS VOLUME-VOLUME PROBLEMS"
1160 PRINT
1170 PRINT "HOW MANY MOLES KNOWN GAS AND UNKNOWN GAS ARE SHOWN"
1180 PRINT " IN THE BALANCED EGUATION";
1190 INPUT U,V
1200 PRINT" WHAT 1S THE VOLUME IN LITERS OF THE KNOWN GAS INVOLVED"
1210 ehINT " IN THE CHEMICAL REACTION? (VOLUME MUST BE AT STP.)")
1220 INPUT w
1230 LET 4=(V/U)*W
1240 PhINT"ANSWER: ,....")("LITEAS OF UNKN. GAS"
1250 GO TO 690
1300 END

HEADY
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