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ABSTRACT
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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,

§ -y

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 abie 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 vould 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 15; we used the TAB function, which doesn't exist in
all BASIC compiles), It may be necessary to make some minor
changes in progrums to adjust this format. Another possible

i‘ problem is in the use of the RANDOMIZE cémmand 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.
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 .
Tt 1s Best to use DROS as soon as possible after GAMGN .

B. Materials -~ Eight containers grouped in two sets of four and labeled
, B, C, 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.

ERIC
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Biology
DROS

DISC USSION:

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
Afier 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. Connt them.
b} Determine the total number of offspring which lived.
c) Determine 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.
© Copyright 1971, Polytechnic Institute of Brocklyn D
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Bivlogy
TROS

( THIS PROGRAM IS5 DESIGNED TO GIVE THE GENETIC RESULTANT TRAITS
QF OFFSPRING WHOSE PARENTAGE WAS DISCUSSZD IN PROGRAM *GAMGN*

ARE YOU READY? HERE WE GO.

FOR THE SPERM CELL., WHAT IS ‘A'? (TYPE 1 OR 237 2
WHAT IS 'B'? 1
VHAT Is *'C*'? 2
WHAT Is °*'D'? 2
FOR THE EGG CELL., WHAT 1S °*A'? (TYPE 1 OR 27 2
WHAT IS 'B*7 1
WHAT IS *'C‘? 1
WHAT IS 'D'? 1}
OFFSPRING HAS NORMAL WINGS
- AND 1S RED EKYED.

LET'S TRY THIS SEVERAL TIMES AND SEE THE RESULTS WE GET
QUER SEVERAL TRIALS. KEEP A RECORD.
SHALL WE TRY AGAIN? IF YES TYPE 1, IF NO TYPE O.
71
FOR THE SPERM CELL, VHAT IS 'A'? (TYPE 1 OR 27 1
WHAT IS 'B'? 2
WHAT IS 'C'? 2
WHAT IS 'D'? 2
FOR THE EGG CELL, WHAT 1S 'A'? (TYPE 1 OR 2)7 1
WHAT 15 'B'7 2
WHAT IS 'C'? 1
WHAT 1S ''D'7 1
( : OFFSPRiING HAS VESTIGIAL WINGS
- AND I35 WHITE EYED

SHALL WE TRY AGAIN? IF YES TYPE 1, IF NO TYPE O.
71
FOR THE SPERM CELL., WHAT IS *A®'? (TYPE 1 OR 27 1
WHAT IS 'B'7 1
f WHAT 1s *'C'? &
WHAT IS °*D'7 2
FOR THE EGG CELL, WHAT IS "A'? (TYPE | OR 237 1
WHAT Is 'B'? 2
WHAT IS *C*7 1

ATt e -

-

! WHAT IS 'D'7 2

P OFFSPRING HAS VESTIGIAL WINGS

i AND IS RED EYED.

y .

3 SHALL WE TRY AGAIN? IF YES TYPE 1, IF NO TYPE O.
v 71

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

: WHAT 1S 'B'7? 2
: WHAT 1S 'C*'7? 2
- WHAT IS *D'? 2
3 FOR THE EGG CELL, WHAT IS 'A'? CTYPE 1 OR 2)7 1
4 WHAT 1S 'B'? 2
i WHAT IS 'C*'? 2
WHAT 1S 'D'? 2
OFFSPRING HAS VESTIGIAL WINGS
“ f4D iS WHITE EYED

16



Biology
DROS

SHALL WE TRY AGAIN? IF YES TYPE 1, IF NO TYPE O.
71
FOR THE SPERM CELL» WHAT IS ‘'a'? (TYPE 1 OR 237 2
WHAT IS *'B'? |
WHAT 1S °*C'? 1 -
WHAT IS *'D*'? 1
FOR THE EGG CELL, WHAT IS ‘A'? (TYPE 1 OR 2)7 1
WHAT IS 'B*? 1
WHAT 1S *C'?7 1
WHAT IS5 *D*'7 1
DEVELOPING EMBRYQ HAS DIED DUE TO LETHAL GENE ACTION.

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

70
I HOPE THAT I HAVE BEEN OF SOME HE.P TO YOU,
AND THAT 5 RUNS PROVIDE ENOUGH INFORMATION.

READY

@ Copyright 1971, Polytechnic Institute of Brooklyn T”)
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Biology
DROS

100HEM THIS PROGRAM DEVELOPED BY R. COOPEHMAN--JOBN GLENN HIGH SCHOOL
110 REM REVISED BY C.LOSIK 7-9-70

119 REM C IS THE RUN COUNTE:, ALL INPUTS AnE TEMPORARY
120 LET C=0

125 REN WE ASSIGN EACH GENE A "WEIGHT".,

126 REM AND COMBINE THE WEIGHTS TO GIVE HRESULTS !
130PRINT"THIS PROGRAM IS DESIGNED TO GIVE THE GENETIC AESULTANT TRAITS"
140PRINT"OF OFFSPRING WHOSE PARENTAGE WAS DISCUSSED IN PROGRAM °*GAMGN'"
150PRINT

H40PRINT"ARE YOU READY? HERE WE GO."

450PRINT

S40PRINT"FOR THE SPERM CELL, WHAT IS ‘A*? (TYPE 1 08 20';
550 INPUT X

551 IF X=1 THEN 559

552 LET X=5

553 GO TO 560

559 LET x=}0 .

S560PRINT' WHAT IS *'B*';

570 INPUT Y

571 IF Y=l THEN 579

572 LET Y=100,

573 GO TO 580

579 LET Y=50

SEOPRINT' WHAT 15 *C*";

590 INPUT W

591 IF W=l THEN 599

592 LET w=0

593 GO TO 600

599 LET Wa500

60CPRINT" WHAT IS °'D'';

610 INPUT 2

620PRINT"FOR THE EGG CELL, WHAT IS °*A'? (TYPE 1 OR 2)'3
630 INPUT L

631 IF L=} THEN 639

632 LET L=5

633 GO TO 640

639 LET L=1Q

640PRINT" WHAT IS 'B'';

650 INPUT M

651 1F M=1 THEN 659

652 LET M=100

653 GO TO 6¢€v

659 LET M=50

660PRINT" WHAT 1S5 *C*"3

670 INPUT N

671 IF N=} THEN 679

672 LET N=0

673 GO TO 680

679 LET N=500

680PRINT" WHAT 1S °'D*';

690 INPUT O

18



Biology
DROS

et ?

700 LET T=W+N

710 LET S=Y+M

720 LET RsX+L

725 LET C=C+]

730 IF T<999 THEN 750

740PRINT"DEVELOF ING EMBRYO HAS DIED DUE TO LETHAL GENE ACTION.'
745 GO TO 910

750 IF RH<19 THEN 770 -
760PRINT"OFFSPRING HAS VESTIGIAL WINGS"

765 GO TO 78Q

770PRINT'OFFSPRING HAS NORMAL WINGS*

780 IF S5<199 THEN 800

T90PRINT "AND 1S WHITE EYED"

795 GO TO 910

8JOPRINT"™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 TRIALSe KEEP A RECORD."

940 PRINT '*SHALL WE TRY AGAIN? IF YES TYPE 1, IF NO TYPE 0O." )
950 INPUT 1 '

960 IF I=}1 THEN 540

963 IF I1=0 THEN 970

966 GO TO 940 N

970PRINT"* 1 HOPE THAT I HAVE BEEN OF SOME HELP TO YOU," )
980 PRINT "AND THAT'C"RUNS PROVIDE ENOUGH INFORMATION."
990 END
6
@ Copyright 1971, Polytechnic Institute of Brooklyn :)
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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 depehds upon mutation, heredity, and environmental
pressures. :

PRELIMINARY PREPARATION:

A. Student - An understanding of the following terms: 1) mutation rate,
Z) species, 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. tudent level ~ average

2. Group size - Work in small groups of five or less. Remaining
students may be engaged in a related activity.

3. Assunmiptions - 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.

20
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DISCUSSION: (con't)

B.

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.

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

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

Suggested Follow-up

These questions may be used to initiate discussion:

Why does the mutation rate remain constant? Does it always
remain constant under natural conditions? Explain your reasons.
Assuming constant environmental conditions, how does
changing the mutation rate affect the population? Why?

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

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

Is evolution a slow or fast process? Explain your answer.

Why do a few white moths always remain in the population,

even though the environment favors the dark moths?

What is natural selection? What is its role in evolution?

Malke a list of all factors important to evolution.

6 Copyright 1971, Polytechnic Institute of Brooklyn




Biology
EVOLU

EVOLUTLION >5TJDY

WITHIN A LARGE POPULATION OF PEFPEn MOThSs Tutuk AsE A FEW
INDIVIDUALS WARICH ShOWsUr DARKER [N COLOn ianN ok wOidial
LIGHT COLO&EL MOThS BECAUSE OF JUIArluNO.

YOU ARE GOING TO STULY Thls POPULATION OF PEPPEn MOfnS FOn QU
YEARS AND SEE WhAT HAPPENS TO TRE NUMBE# OF DARK MUIns wihin
YOU ALTEi#n ENVIHRONMENTAL CONDITIONS.

SELECT A MUTATION RATE VALUE BETWEEN 1 AND lUe The

HIGRER THE NUMBER, THE hlGHE: ThE MUTATION HRATE 15, AND Tals
THERE ARE MORE DA#K MOTHOS IN OUn POPULATION.

79 *

HOW UMANY LIGHT COLORED MOTAS Auk (nkikE IN THE AUEA?
SELECT A NUMBExR BETUWEEN ludu AND 1UUUUUU 2?2 65789

YOU HAVE THE POWEnr TO CHANGE THE ENVIUMONMENT.

AT WHAT POINT IN OUR THIXRTY YEAR rEAIOD DO YOU WAN|

TO IMPLEMENT YOUd POWEH? SELECT A YEAH FROM 3 SAROUGH luUe
75

15 THE ENVIHONMENTAL CHANGE GOING TO FAVOR
LIGHT MOTHS (TYPE 1) OH DARK MOTHS (TYPE 2)7? &

HOW DO YOU wiSH TO SEE THE RESULTS?
leTABLE ONLY, 2=GHAPH ONLY, O=BOTH? U

FOR A MUTATION RATE OF 9

YEAR DARK MOTHS LIGHT MOTHS
1 o] 65 789
2 o 65789
3 0 651769
4 o 65789
) " 5921 59868
6 11309 54480
1 16212 4951717
8 20674 45115
9 24734 41055
10 28429 37360
11 31791 3399y
12 34851 JUY 3L
13 37635 28154
14 40169 25620
15 42475 23314
16 44513 21216
17 46482 19307
18 48280 17569
19 49801 15968
80 51240 14549
a1 52549 13840
28 537al 12048
{3 54835 10964
84 55612 9977
8s 56710 9079
26 57387 8268
27 s88171 “ 7518
[ ] ] 56948 $841
[ ] - 89564 311
20 60188 $665

O 9
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Biology
Lvory

M——’

L=LIGnl M0lfn>, U=bAK mAlhs
VALUEDL GuArned A> PERCENTAGE OF £OPJLATION.

o Q00D Wi

28
29
3V

-
-3

L R I e e e e R e N e e N Nl N N el el ekl - -E= K -
[ d
[w)

DO YOU WANT TO RUN ThIS P:i0GRAM AGAIN (1=YES5,0=NO0)? )

SELECT A MUTATION RATE VALUE BETWEEN 1 AND 10. [HE

HIGHER THE NUMBER, THE HIGHEHR THE MUTATION RATE 1S5, AND TnUS
THERE ARE MORE DAntK MOTHS IN OUR POPULATION.

9

HOW MANY LIGHT COLOKED MOTHS ARE TnERE IN THE AREA?
SELECT A NUMBER BETWEEN lUUU AND 1000000 ? 65789

YOU HAVE THE POWER TO CHANGE THE ENVIAONMENT .

AT WHAT POINT IN O.R THIRTY YEAR PERIOD DO YOU WANT

70 IMPLEMENT YOUR POWER? SELECT A YEAR FROM 3 THROUGH 10.
75

1S THE ENVIRONMENTAL CHANGE GOING TO FAVOR
LIGHT MOTHS (TYPE 1) OR DARK MOTHS (TYPE 2)7 1

HOW DO YOU WISH TO SEE THE RESULTS?
1=TABLE ONLY, 2=GRAPH ONLY, O=BOTH? 1

10 : )

Q 23 ,

8 Copyright 1971, Polytechnic Institute of Brooklyn



Biology
EVOLU

#0i A MUTATION RATE OF 9

YEAR DAt MOThS LIGri nQfns
1 V] 65189
2 v 65709
3 J 6518y
4 [¥] 65789
) [§) 65 ToYy
) V] 65709
: i ¥} Hhloy
-3 V] 05 /oY
E] V] 6570v
v [V} 6570y
: 11 v} oh'loYy
le V] 6H78Y
148 [V} 65 7ov
14 V] 6576y
15 V] 6GHloYy
16 V] 6570y
by [V} 6570y
lo V] 65 70y
1y V] 6578y
2v V] 6578y
21 [V} 65 TvYy
22 V] 6578Y
23 3] 6578y
24 0 657bY
25 [V} 65 78y
T 26 V] 65189
21 V] 65748y
g 28 4] 6578Y
29 Q 65789
3u Q 65 78Y

L0 YOU WANT TO sUN Tnlo PrUGrAalM AGALN (1=YES,Uu=NO)? U
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Biology
EVOLU

IOUsiEl #rOGic DEVELOPED By Dne Ae FnIsSAMANs SeUeNeYs FARMINGDALE
11UAEY, AND 1te CUOOPEmMAN, JOnM GLENN nlGr >CnO0L.

112 sy, BSEVISEL 8Y C.LOSIn  7-6-7J

115 il w=DAu8 M0Tn AKAY, L=L1Gnyr ¥0In AaRAYs &4=MAA. POrJle.

116 DIy LGSy, LGS

117 PiclNT ' " "EVOLUTION oiUbY™

1o rFatNT .
leurlNT"wlTaIN A4 LAKGE POPULATION OF PEPPEit MOTnS, TREsE Ank A FEW"
130PALNTYINDLVIDUALS WALCH SaQW Jr DAUKE Iy COLOR TnAN TnE NOsMAL'
lgqu Prlnl "LIGnf COLOKED MOTHS BECAUSE OF MUTATIONS."

150P 1N T

16UPHINT"YOU ArkE GOING TO sTubDY THIS POPULATION OF PEPPER MUOTHS FOu 30"
1UPRINT"YEARS AND SEr WHALl nAPPENS [0 fnE NUMBER OF vAanAK MOTns WnkN"
lourtINT"'YOU ALTEr ENVIHONMENTAL CONDITIONS.'

20U PRINT

21U "PHINT "SELECT A MUTATION RATE VALUE BETWEEN 1 AND lue THE"
22UPHINT"HI GHER THL NUMBER, IHE HIGHE#R TnE MUTATION nATE 1S, AND [nus"
23U PAINT “"THERE AxE MOHRE DARK MOTnS IN OUR POPULATION.'

2401INPUTM

250 1FM< 1 THEN280

260 1F M<=10 THEN 310

SBUPRINT"THE MUTATION RATE YOU HAVE CHOSEN DOES NOT FALL VITHIN ThE"

290t INT"PRESCHIBED AANGE 1-10. THY AGAIN."
0GOTO240

310 PRINT

330 PHINT "HOW MANY LIGHT COLOHED MOTHS ARE THERE IN THE AREA?"
340 PRINT “SELECT A NUMBER BETWEEN 1000 AND lU0ULUOO *3

350 INPUTPO

36u IF PU<IE3 THEN 390

37u IF »0<=1E6 THEN 420

390PRINT"THE NUMBER OF MOTHS YOU HAVE UCHOSEN DOES NOT FALL WITHIN ThE"
4)0PRINT"PRESCRIBED HANGE 10UO-10U0UOU. TRY AGAIN."

410G0TO3SY

420LET 2=PO

430PRINT

440PRINT"YOU HAVE THE POWEr TO CHANGE THE ENUVIRONMENT"
4S0PKINTAT WHAT POINT IN OUR THIRTY YEAR PERIOD DO YOU WANT"
460PRINT"TO IMPLEMENT YOUH POWER? SELECT A YEAR FROM 3 THROUGH 1u.”
470 INPUT X -
440 IF X<3 THEN 492

490 IF X<=l0 THEN 500

492 PRINT "THE YZAR CHOSEN DOES NOT FALL WITHIN THE RANGE 3-1u."
494 PRINT "TRY AGAIN."”

496 GO TO 470 oo

S00PRINT

SLOPRINT"IS THE ENVIRONMENTAL CHANGE GOING TO FAVOR"
S20PRINT“L1GHT MOTHS (TYPE 1) OR DARK MOTHS (TYPE 2)“;

SI0INPUT E

532 IF E=1 THEN S40

534 IF E=2 THEN 540

536 PRINT "PLEASE TYPE ! OR 2 NOT'E .

538 GO TO 530

S40PRINT

600 REM ONE LOOP FOH CALCULATION

610 FOR T=1 TO 30

615 HEM CHECK IF ENVIRONMENT HAS CHANGED

620 IF T>=X THEN 650 :

625 REM NOT YET C(FAVORS LIGHT MOTHS)

630 LET P1=0

640 GO TO 710

649 REM ENVIRONMENT HAS CHANGED

650 LF E<>2 THEN 630

660 LET P1=INT(P1+.01*M*PU+.5)

670 LET PO*INT(Z=Pl+.5)

12
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EVOLU

{: 66U IF rl<s THEN 710
. 669 itkkM COMPLETE REVENSAL OF POPULATION . HAS OCCURED
690 LET Pl=Z
0 LET PU=0
710 LET L{TY=r0
720 LET D(Ti=pPl
730 NEAT T
740 AEM OUTPUT OF HRESULTS
750 £RINT "HOW DO YOU Wish TO SEE THE #ESULTS?"
76U PRINT '"1=TABLE ONLY, 2=GrAPH ONLY, v=BOTA";
770 INPJUT E :
780 FOi T=0TO2
790 IF E=T ThEN 825
8UU NEAT T
810 PHINT "AW C°MONe I°'M NOT DUMB. TnY AGAIN.'
820 GO 10 760
- 823 PRINT
825 PRINT
826 PRINT "FOR A MUTATION RATE OF";M
830 IF E>1 THEN 91U

840 PRINT
850 PRINT
360 PRINT "YEAK", "DARK MOTAS", "LIGHI MOTns"
670 PRINT "===att, Me-ee —o--o M, Memees meee- "

875 aEM OUTPUT TABLE
BsU FOn =1 TO Uu
890 PRINT To D(T)» LCD)
90U NEAT [
910 IF E=1 THEN 1lUs0
915 PRINT
- 920 PRINT

(;— 925 PRINT ** “,'"L=LIGn1T MOThS» D=DAnK MOIns"
Y30 PRINT ' "»"VALUES GrAPHED AS PERCENTAGE OF POPULATION.'
¥35 PRINT )
940 REM SCALE OF GitAPR IS5 4EnO TO UNE
990 PRINT TAB(S3)3"U"3TAB(54)5'100"
1000 PRINT TAB(5)i']==~e===== I LS S R AR EL L LA it LA LT T "
Q11U FOr T=1 Q0 W
W20 PaINT T3TAB(5)3"1";
1023 LET L(TJI)=5U%L(T)/4
1026 LET D(T)=5U0%D(T)/4
1030 IF L(TI>D(T) LhEN 106V
104u IF DC(T)Y)> L(T) THEN IU7U
1050 PRINT TABC(S+L(T))3" %"
1055 GO TO 1075 ’
1060 PiINT TAB (5+D(1));5"D'"3 TAB(S5+L(T))3'"L"
1065 GO TO 1075
1070 PAINT TAB(S5+L(T))3"L"3TAB(S5+D(T)y;5"D"
1075 NEAT [T ' -
108U PRINT

. W90 PRINT
1100 PRINT DO YQU WANT TO nUN THIS PROGRAM AGAIN (1=YES5,U=N0)"3
1110 INPUT E :
1120 IF E=1 THEN 200
1130 IF E<>0 ThEN 1100
1140 END

ERIC - 26
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DTSCIPLINE BIOLOGY

- SUBJECT GAMETOGENESIS 4+ INHERITANCE

( ; . PROGRAM NAME GAMGN

DESCRIPTION:

A review of the process of gametogenesis, applying it to the concept of
dominant-recessive trzits.

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 rezessiveness, homologous
and non-homologous chromosomes.
3. Programming and machine knowledge. Xeep 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.

AlA2, BIB2, Ci1C2, DID2
AlA2, B2B2, ClC2, DID2
Alal, BI1B2, Cl1C2, DID2
AlA2, BI1B2, CICl, DID2

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

lethal gene

naoEon

B1B2 or BIBl
B2B2 (recessive)
AlA2 or A2A2

red eye
white eye
normal wing

vestigial wing AlAl (recessive)
non lethal gene c2Cz2
* lethal gene carrier CclCc2

lethal (dies) CI1C1 (recessive)

B. Materials - none necessary

14
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GAMGN

DISCUSSION:

A. Operational Suggestions

1,

2.
3.
4,

5.

Student level - Average to above average ability

If the student is confused alert him to the fact that chromosomecs are
letters and the number following the letter represent genes, Similar letters
indicate homologous chromosomes. (see program)

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

If the students are thrown off the machine see that they review with the
teacher the concept of gametogenesis before continuing with the program.
Ideally, students should work individually. If 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.

2.

Elicit from the students:

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

composition of the father?

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

(2) What is a polar body? How does the formation of polar bodies

increase the survival chance of the egg cell?
(b)Y 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.

ERIC
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1#UN

THE FOLLOWING DIAGiANMS ARE oEPHRESENTATIONS OF PulManxy deEa

(i . CELLSes ChrOMOSOMES Ank REPAESENTED BY LEITrEnSe
- PIMARY SPERMATOCYTE PrlMARY 00CYIE

( Al A2 ) C A3 A4 )

( ) (

¢ Bl B2 2 ¢ B3 B4 O

BY LIYPING IN A NUMBEA, WnAT IS5 TRE DIPLOIV NUMBEn OF
CniOMOSOMES FOxt THIS OAGANISM? 4

S0 YOU SEE THAT Al + A2, FOR EaAMPLE, Ank PALus OF nQMOLOGOUS
CHROMOSOMES. IT IS5 ESSENTIAL THAT AFTEx FERIILIZATIONs IF ink
DISLOID CONDITION I5 TO BE HETAINED TnAT WE HAVE SOME MEANS OF
PLACING ONLY ONE A AND ONE B CHROMUOSOME IN TnE SPEuM AND ONLY
ONE A AND ONE B CnHOMOSOME IN ThHE EGGe TnlS INVOLVES MEIOSIS.

LOOK AT THE PrIMARY SPERMATOCYTE ABOVE.
DURING THE FIAST STAGE OF MEIQSISs THE MALE S5EA CeLL
SHOULD APPEAR AS IT Is5 IN ONE OF [HE FOLLOWLING D1IAGHAMS.

1 2 3 4 S
( AlAl ) ¢ Al A2 ) A ) Al Az ) «( )
C agaz2 ) ¢ )y )y o« )« )
¢ B181 D I ¢ > ¢ ¢ )y« > ¢ )
C B2B2 » ¢ Bl B2 ) ¢ B >y o« ) ¢ Bl R2 )

WHIGthlAGMAM MOST CLOSELY #EPRESENTS Tnlb MEIOTIC STAGE 7 1

( S OeKes» NOW WE CAN MOVE ALONG. MEIOTIC DIVISION 0CLUnS AND
- WE GET TW0 SECONDARY SPERMATOCYTES FrOM EACH PRIMAKY
SPERMATOCYTE AND ONE SECONDARY OCCYTE FHOM EACH PAIMARY
00CYTE. EACH SPERMATOCYTE CONTAINS [HE FOLLOWING CnnOMOSOMES?:
Al a2, Bl B2. EACH OOCYTE HAS A3 A4, B3 B4.

ThE REASON WHY ONLY ONE OOCYTE I35 PrOLUCED 158

1)THE OOCYTE DOES NOT UNDERGO DIVISLONe
2)THE OOCYTE DIVIDES AFTER FERTILIZATION
3)A POLAA BODY 1S5 FORMED.

4)THERE IS AN EarOn IN THE COMPULER.

WHICH NUMBER WOULD HEPRESENT [RE CORRECT ANSWER? 3

- CORKRECT. NOW LET'S MOVE TO THE FINAL STAGE IN WnlCn
WE WILL END UP WITH 4 MONOPLOIDCHAPLOID) SPERM--1)AlBIl
2)A2B2 3)AlB2 4)A2B1 AND ONE OVUM==1)A3B3 OR 2)A4B4
0R 3)A3B4 0Or 4)A4B3

WHAT IS THE POSSIBILITY THAT THE OFFSPRING WILL HAVE

THE SAME CHROMOSOMAL- COMPOSITION As TnE FATHER?

PRINT ONE OF THE FOLLOWING NUMBERS.
1050 ChANCE 2)NO CHANCE 37100 CHANCE -
4)Y0U CAN'T TELL FROM THE INFORMATION GIVEN

? e

GOOD THINKING.

I HROPE YOU HAVE A FAI#LY GOOD IDEA OF SEVERAL HHINCIPLED

INVOLVED, PARTICULARLY RANDOM ASSORTMENT.

16
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Biology
GAMGN

NOW LEV'S SEE 1F WE CAN USE ThHESE 1VLEAS 10 DEIEAMINE WnAfl
0CCURS IN A POPULALIONe WE WwlLL USE AS 0Ur OnGAN1SM thE FRULT
FLy» DiOsSOPR1LA, wnlln #AS v AS TuE DIPLOlL NJMBEi OF
Cnn0ii030MESe THE FOLLOWING WILL AEPRESENT CExTAIN CONDITLIOUNS
IN FudiT FLIES 3

NOrimAL WING-REL EYe=AlAz2, Blup2, ClC2, bLlL2
NOMMAL WING-wnlTE EYE=AlAZ, B232, ClC2, Dlbe
VEST1GIAL WING=AlAl, B182, Cl1C2, DID2

LEInAL GENE=AlAZ2, Blsz, ClCl, DID2

SUPPOSE WE CnOSS THE NORMAL HED EYED WITH ThE NORMAL WHIE
EYED FrUIT FLY. WnAT COULD THE OFFsSPRING LOOAK LIKE? LOOK AT
THE GENOTYPES CAREFULLY AND SEE IF YOU CAN PICK OUT ThHE
DIFFERENT GENE COMBINATIONSe TREN MAKE ALL POSSIBLE CHOSSES.
Al A LATER DATE, WE WILL SEE nOW 1, THE COMPUTEis» CaAn

SOLVE THI> PHOBLEN FOitc ¥Y0U.

Ul FIasTs TAKE THIS SHEET BACK TO YOUR SEATS AND WOuK ON 1.

HEADY
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1oVl ThIS Pii0GiAN DEVELOFED BY He COCPERMAN==-JUnN GLENN nIGn 5Urn00L
WS #EM ®EVISED BY C.LOSIK 7=y~

107 4EM ALL INPUTS ARE TENMPOAARY

11UPGINT"THE FOLLOWING DIAGhAMS AxE BEFHELENTATIONS OF Prlitany ska'
12UPnINT"CELLSe CHitOMOSOMES Ak aAEPuBESENTED BY Liuridnse”

13UPRINT :

14Ul N FaimARl SPEMATOCY [k Puldan? 00CY T
l3uralni? | -ee-csscess=.  esoccsoses "
louralng® ¢ Al A2 ) ¢ A3 4 D"
VurpalNg” ( ) ( »
loupPisINT ¢ Bl B2 ) i ( B3 B4 "
190PINT"Y e mwesso-- s memescscccea "
200PRINT

210LET Y=U

220PnINT"BY TYPING IN A NUiLBE:its WHAT IS rne DIPLOID AJpEn OF'

230 INI"ChR0MOS0MES FOr THIS O.GANISM']

z4d INFULY C

2501IF C=4 (hneN 32U

couPnlng

27ueiINL ArE YOU SUnk AT YOU UNDBUSLEAND Wnal Io mMeaNi oy DIPLOIL"Y
S0P nINIAND nArLOlL2"

QuulF r=1 ThiN llou

SUULET 1=1+]

31UG0 10 22V

32018 INT

S330PRINTYS0 YOU SEE InAT Al + A, FUn BaAMNPLE, Ak rralid OF aOMOLOGOUS"
sauPINnT'CanOMOS0MESe 1T IS KSSENTIAL 1natl AFten FERTILLIGALLIONS, LF [HE"™
SSUPHRINI"DIPLOID CONDITION 15 10 BE nETAINED ThnAT wk naVE S0ME MEANS OF"
J6UPKINT"PLACING ONLY ONE A anD ONkE B ChaOmudOmik IN [hi sPEaM AND OwnLY'
3TUPKINTVONE A AND ONE 8 CniiOmQs0ME IN Trar EGGe THlS INVOLVES> MEL0SId.'
JoUrPRINT

390rRINITLO0A AT THE PRIMARY SPEMMATOCYTE ASOVE."

QUUPRINT"DURING THE FIuST STAGE OF MmEIQ»>ISs THE MALE oka CELL'
HIUPRINT"SHOULD APPEAn A5 IT I5 IN ONE OF THE MOLLOWING UIAGRAMS."
420PHINT

430P RINT" 1 2 3 4 5"
HUUP RINT ' e mencmnaa meestmssss cecsssssess  sesccc-o=- b '
450PHINT"C AlAl ) C Al A2 ) A Y ¢ Al A2 ) « ye
460PRINT ' ( A2A2 ) )y« > « DI ¢ DAY
470PRINT'C B1BIl > « ) o« )y« )y o« )
HoUPHINT' ( B2z 3> ¢ Bl B2 ) ( B )y o« ) (¢ Bl B2 O"
AYUPRINT wm e e en mmeses——- * So-sofsemcs sssmsccccss  ccceccccces "
SUULET A=0

S1UPRINT

520/ RINT"WHICH DIAGRAM MOST CLOSELY REPRESENTS THIS MmEIOTIC STAGE ';
S30INPUT D

S401F D=1 THEN 600

550£RINT

S6UPRINT"YOUR REASUNING IS5 FAULTY."

565 PRINT '"DO YoJ HECALL THAT A TET®AD I5 FOrmMED?™

5TU1FA=2THEN 1180

SHULET A=X+]

5%90G0 0 520

6ULPRINT

610°PRINT"OKs» NOW WE CAN MOVE ALONG., MEIOTIC DIVISION 0CCUis AND"
620PRINT"WE GET TWO SECONDARY SPEAMATOCYTES FnOM EACH PRIMARY"™
63UPRINT"SPERMATOCYTE AND ONE SECONDARY OOCYTE FunOM EACH PRIMARY
640PRINT"O0CYTE. EACH SPERMATOCYTE CCONTAINS THE FOLLOWING CHROMOSOMES:'
650PRINT''ALl A2, Bl B2. EACH OOCYTE nAS A3 A4, B3 84."

660PRINT

67UPRINT"THE HEASON WHY ONLY ONE QOCYTE 15 PHODUCED 1s:"

680PRINT

690PRINT ‘ 1)THE OOCYTE DOES NOT UNDERGO DIVISION."
TOUPRINT' 2)THE OOCYTE DIVIDES AFTEH FERTILIZATION."
3
31
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EVOLU
TlurnlnD® 3A rOLAKC BODY 15 FORMED.'
7208 I KANT" 4) fnEdk 15 AN Ennlis 1iv TAkE COiPJiene
T3urnlnt

T4uP i INT"WALCH wUMBEN WOULD nkPuEsSENT Tone COMnECT ANbSWik;

750 1INPUL E

190rnlInT

7701F k=3 hEn blu :

ToUuP K INT"STOP GUESSINGe thEE 5 A PERFECTLY GOUL EaAaPLANATLION unlin®
TouPnlNI"nAs A VITAL rFUNUTIONG'

vUUGY 0 73v

SlULINT"CUnEC i « NOW Lei 'S MOVE 10 Thie FINAL oTAGE fn Wnlca"
p2uPRINI"WE WILL ENL UP Wild 4 MONOPLOLL(nArLOLlD) Srenli=-~1)AlB1*
bIUFRANT2)AaZB2 JIAlBZ2 4)AZ281 AND ONE OUUN==1)RA4838 On  2)R434"
sauPnlNT"Oie  3)A3B4 O 4)A4aB3"

8S5urulNt

BOUPKINI"WHAT 15 nk POLSIBLILLITY inAT Thnk UFFOPiING WILL nnAVUE™
pTUPINT Tor baMk CnnOMOs0MAL COMPOSITION AS [nkE FATRER?"
ooUPRINT"PalNT UNE OF ThE FULLOWING NUMSEnSe"

sYULPRINT' 1)5u ChANCE 2)NU ChANUE 3)1uu ChAaNuE"

YUUFRINE 4)0U CAN'L fELL FnOi Tnk INFOaNMATION GiVEN'

vlulweUr F :

y2UIF F=2 T[HEN Y6U .

Y30PARINTYOU CUOULLN'P BE MORE WAONGe. LOOK AT ALL TnE UELLS AGAIN ANnD™
Y40 INT"COMPARE ALL POSSIBILITIES”

95060 TO vlu

YO6UPKINT'GOOD THINKING."

9TUPHINI"I HOPE YOU HAVE A FAIALY GOOD IDEA OF SEVESAL PUINCIPLE>"
YBUPRINT"INVOLVED, PARTICULAKLY HSANDOM ASSOuTMENT "

YIUPRINT :
WW0ULKRINTNOW LEI'S SEE IF UWE CAN USE ThESE IDEAS 10 LElenvilNE WHAT®
10luPAINTTOCCUNS IN A POrPULATION. Wwe WILL USE Ad OUx OnkGANISM ThkE FaUlT"
WEUPRINT'FLY, DiOs0PRILA, wnlCn HAS b AS nk DIPLOID NUMskEs OF'
W3UPRINT"ChiOMOS50MESe  ThE FOLLOWING WLLL REPHESENT CEX[AIN CONDITIONS"
10335 PaINI "IN FuULT FLIE> "

1040PRINT

LUSUPRINT''NOiMAL WING-nkED EYE=AlAZ2, BiBz, Clic2, Dlbz2"

lwelrrINT"NOMAL wiNG-WRITE Erfk=AlAZ2, B2B2, ClC&, vlvz"
IUTUPRINT"VESTIGIAL WING=AlAl, BIB2, UlLCR, Dlbg"

WoUPINT"LETRAL GENE=AlA2, B1B2s, ClICls, Dlb2"

1090°nINY

110UARINT"SJUPP0sE WE CiOS> thk NOuMAL nodh LYED wWilih TnE NOitMAL Wnl TE®
111UPRINT"EYED FnUIT FLYe WnAT COULD ThE QFFSPRING LUOK L1A4AR? LOOK A"
1120PRINT" THE GENOTYFES CAMEFULLY AND SEE 1F YOU CAN PICK OUT [hk"
113UPRINT"DIFFEMENT GENE COMblINATIONbSe. THEN MAKE ALL POsUlBLE CitOs3ES."
1140°PiINT"AT A LATEn# DATE, wE WILL SEE HOW 1, ThnkE COMPUTLEN, CAN"
11SuPINT" SOLVE Thls> ~oOBLEM FUit YOU."

1160PRINT"BUY FIitST» TAKE TnlsS SHEET BACK 10 YOUW SEAT> AND WOsK ON Il
117) STOP

118U HINT® YOU'RE JUST GUESSING. I DON'T HAVE TIME TO FOOL"
1190PINT"ARQUND« TAKE Thls SHEET 0Ul AND STubxy IT; THEN SEE YOUR"
1200PRINT" TEACHE:t BEFORE YQU COME BACK [0 ME."

12iVEM NEAT ¢PiOGHAM NAME 15 DrOS**

1220END

HEADY
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DISCIPLINE BIOLOGY

SUBJECT CELIL 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 acros's
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,
and 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 incorrect 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

L]
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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:

149 DATAIQ, 11, 12,13, 14 may be changed to:

14§ DATALZ, 3, 4,5
or 144 DATA4,2,6,9,1
or 14 DATA2$, 3¢, 40,59, 6¢

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 :he computer, and in the writing oi the rationalizations. This
is certainly lesirable.

Suggested Follow-up

Questions which may be used for discussion, or given as a honework
= E2 008,
assignment:

1.

2.
3.
4,

What happens o the concentration of water within the membrane as the
glucose diffuser out? Why?

What observaticns indicated that the iodine had moved into the "'cell'' ?
Why couldn' t the same observations be made outside of the membrane?
What changes in observations would you expect if the cellophane had not
been permeable?

Can materiils diffuse through a semipermeable membrane in both
directions a‘. the same time?

What is meant by equilibrium?

Under what conditions is a cell in complete equilibrium with its
environment? (When it ig dead.)

21
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CELL MEMBIANES

AN IMPONTANT FUNCIION OF CELL MEMBitANES 15 1O CONTsUL
fHE PASSAGE OF MRTERIAL INTO AND OUT OF CeELLS. inls PrOGnAM
GOES IN{O fThnk MEANS 8BY WnlCn (HIS PRrROCESS TAKE> PLACE.

IN Tils EArEnlmeENT A S5TAuCH AND GLUCOSE S0LJUTION WAS |
PLACED WITHIN A PIlECE OF CELLOFHANE TUBINGe CELLOPAANE 15
POr0Us ENOUGH TO PEnMIT THE PASSAGE OF SOME SMALLEXR MOLECULEs
InQUGh 1T. THEREFO:iEs» Q CLOSED OFF rlECE OF TUBING CAN
KEPRESENT A4 CELL.

AF kit THE SUPAnCA AND GLUCOSE SOLUTION WAS PLACED INTO THE
TUBINGs» THE END WAS TIED OFF AND The °CELL® PLACED IN A BEAARER
OF VATER TO WwhlCH A FEW DaO¢¥S OF 10DINE HAD BEEN ADDED.

LET 10 AEPHESENT TRE OUTSIDE OF The MEMBKANE
LET 11 HAEPRESENT TRHE INSIDE OF ThE MEMBrANE

WVhERE IS InkE CONCENTHATION OF GLUCOSE THE GREATEST? 11

IHAT 1S CORAECTe WHERE I3 THE CONCENIRATION OF STAiCH b
GHREATEST? 11

nlGnle WhREnE I> [HE CONUCENTRATION OF l1ODINE THE GrEATEST? 1V

WOW! WHAT A SUPEAIOR MIND YOU nAVE, Ont 15 IT JUST LUCKY
GUESSING? WHEHE 1S5 IRE CONCENTRATION OF WATEA THE GAREATEST? 1V

YESe IF THE MEMBRANE WEAE TnE OU[Ei LitMiTs OF A LIVING
CELL, WHIChn OF THE PHOUCESSES BELOW WOULD ACCOUNT FO4 ThE MOVE-
MENT OF GLUCOSE 0OUT OF THE CELL?

LET 0OsMOSISs = 12

LET ACTIVE TRANSPORT = 13
LET DIFFUSION = l4

?7 14

CORRECTe THE GLUCOSE DIFFUSED FHOM AN AREA OF AlGrEn
CONCENTRATION TO ONE OF LOWER CONCENTHATIONe WHICH PHOCESS
WOULD ACCOUNT FOit THE mOVEMENT OF THE WATER 0OUT OF THE CELL? 13
nRIGHTs THE CONCEMTHRATION OF WATER 15 GAEATER OUTSIDE OF THE
CELL ThAN INSIDE. ACTIVE TnANSPOAl WOULD ACCOUNT FOR MOVE-

MENT AGAINST DIFFUSIONe WnlCH #rOCEsS> WOULD EAPLAIN THE
TRANSPOAT OF VATER INTO THE CELL? 12

YES» OSMOSIS 15 DIFFUSION OF WATER TnnOUGH A SEMI?ERMEABLE
MEMBRANE. IF THE 10DINE OUTSIVDE OF THE CELL RAD TUANED BLACKH.,
WHAT PHOCESS WOULD nAVE CAUSED IT? 13

YES. SINCE STAHCH MOLECULES AKRE RELATIVELY LARGE, THE CELL
WOULD HAVE TO EAPEND ENERGY TO MOVE TRHEM ACHOSS THE

MEMBRANE, EVEN WHEN THE STAACH CONCENTRATION IS5 GAEATE:
INSIDE THE CELL.

CONGHATULATIONSs YOU HAVE SCORED 100« KEEr UP THE GOOD WORK.

*kk END OF PrOGRANM * XXk

READY

22
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MEMBR

1ounkEM COUNT», Ge» BLOLOGYs, 7/9/6Y

105 nEM nEVISED BY C.LOSIK 7-9-7U

107 KEM ALL INPUIS ASE TEMPORARY

11OoPRINT™ CELL MEMBAANES'

120PRINT

130READL»DMsNL O, P

14UDATALU» 11512513514

150PHINT
s leurRINT' AN IMPORTANT FUNCIION OF CELL MEMSHSANES 1S5 O CONTaOL"

170PRINT"THE PASSAGE OF MAVEAlAL INTO AND OUI OF CELL5e InlsS PrOGrAM™
1BUPKINT"GOr> INTU THE MEANS BY wilCn THIS PROCESS FAKES PLACE."
190PRINT )

200PINT" IN THIS EAPERIMENT A STARCH AND GLUCOSE SOLUTION WAS"
21UPRINT"PLACED WITnlN A PIECE OF CELLOPHANE TUHINGs CELLOPHANE 18"
220PRINT"POAQ0US ENOUGh TO PERMIT THE PASSAGE OF SOME SMALLER MOLECULES"
230rAINT"ThrOUGR 1T. THEHEFQOu&E, A CLOSED OFF PIECE OF TUBING CAN"

240°P R ANT"BEPRESENT A CELL."

25UFP nlINT

260P L INT" AFTER ThE STAHCH AND GLUCOSE SOLUTION WAS PLACED INIO Tnke"
270PRINT" TUBING, THE END WAS T1ED OFF ANL ThE 'CELL®' PLACED IN A BEAXER"
280PRINT"OF WATER 'O WHICn A FEW DuOrs OF 10DINE naD SLEEN ADDED."
290PRINT

JOLALINT” LET "L" HREPRESENT THE OUTSIDE OF ThE MEM3#ANE"
JIOPRINT LET "M" fEPRESENT THE INSIDE UF inE MEMB#tANE"
J20PRINT

JJUP:(INI"WhEuh 15 Tk CONCENTHATION OF GLUCOSE [nE GuEATES ('3
34U INPUTA

35UPRINT

36VIFA=MTHEN4 1V
JTUPRINT"SOnnY« THAT 15 NOI ThnkE COnnECT ANSWEH. WiAY NOT? WRITE YOUR"
JBUPRINT"REASONS ON A PIECE OF rAPEi® AND HAVE THEM VEKIFLED BY YOUR"
JYUPRINT"TEACHER BEFORE CALLING ThHIS PiiOGHAM AGAIN"

40 STOP

410PHINT"THAT 1S COnnkCTe WHERE IS5 THE CONCENTHATION OF STAHRCH THE"
42UPRINT" GHREATEST";

430 1NPUTB

44UPRINT

450 IFB<>MTHEN370 .

46UPRINT"RIGHRTe WHERE IS ThE CONCENTRATION OF IOULINE THE GREATEST";
470 INPUTC '

480PRINT

4901FC<>LTHEN370

SOOPRINT"WOW! WHAT A SUPExIOR MIND YOU HAVEs O Is IT JUST LUCKY"
S51UPRINT"GUESSING? WHEKE 15 THE CONCENTHATION OF WATEix THE GHEATEST";
520INPUTD :
S30PRINT :

540 IFD<>LTHEN370

550PINT"YESe IF THE MEMBARANE WEKE THE OUTEx LIMITS OF A LIVING"
560PHRINT"CELL, WHICH OF THE PHOCESSES BELOW WOULD ACCOUNI FOn THE MOVE=-"
570PRINT"MENT OF GLUCOSE OUT OF THE CELL?"

S80PRINT .
590PRINT" LET 05MOSIS = "N

600PRINT" LET AGTIVE TRANSPORT = "0

610PRINT" LET DIFFUSION = "P

620INPUT E

630PRINT ‘ -

640 IFE<>PTHEN370

650PRINT"CORRECTe THE GLUCOSE DIFFUSED Fi0M AN AKEA OF HIGHEA"
660PRINT'"CONCENTHATION TO ONE OF LOWER CONCENTHATIONe WniCn PROCESS"
670PRINT"WOULD ACCOUNT FOR THE MOVEMENT OF ThE WATER OUT OF THE CELL"3
680 INPUTF

690PRINT

'DUIFF<>OTHEN"7O

[mc
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FluralINIT"™nlGnle  1nE CONUENTARATION OF wAlen 15 GuEatin Jdubole OF 1he*
72oLalNECELL InAN INoILE. ACTIVE 1aaNSFULE WOJLL avluunNts FOO aQve=*
journlne"reNl ACSLINSS DIFFUS10Ns Wnlln Pnuccoas Wwuuby carLkAln 1o
Yquenl NP FadorOudr OF wALTEw INTO InE CeLL's

750 INPUTG

T6UPHIN |

TIIFG<>NTHENS 1V

7bUHHINr'\'¥ESJ 05MOSIS 1o LIFFUSION OF WATEx TnnUGn A sSEmIPEgMmEASLE™
TIUFRINT"MEMBANE. IF TnkE 1OLINE OUFISIDE OF TnkE CELL HAL [UNED BLACK."
worrINI"WHAL PrUCESS WUULD HAVE CAUSED 1§'; : ’
BIOLNPUTH

B2UPRINT

830 IFH=0THENS 6V

oQUPRINTNO. "5

850 GOTO0e 71U

BOUPRINT" Ye5e "3

BIUPRINT"SINGYE SPAnCH MOLECULE> Ank okLATIVELY LAKGEs IhE CELL"
bBUPHINT" WOULD JAVE TO EAPEND ENERGY TO MOVE ThHEM ACROSS thHE "
HYUPRINT"MEMBRANS, EVEN WREN THE STARCH CONCENTRATION IS GuEATEN"
YUUFRINT"INSIDE Tilk CELL."

91UPRINT

920 IFH<>0THENY60

930PHINT"CONGIATULATIONS. YOU HAVE SCOMED 1UUe KEEF UF ol GOOD WOuKe™
950GOTOY 7V

960UPRINT"WELL, YOU HAVE DONE WELL IN SPITE OF SOME ERaOK."

970PRINT

9BOPRINT" (1 1] END OF P110GrAM k"

Y90END

24
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DISCIPLINE BIOLOGY

SUBJECT ENZYMES

(‘ : PROGRAM NAME NZYMC

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

(

O
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NZYMC
re S OF ACTIVITY WHEN VARYING
pH ENZYME CONCENTRATION TEMPERATURE
A Enz. Conc.and g pH and Temp. o pH and Enz.
Temp. at : at Optimum 9 onc. at
Optimum § ﬁgnmum
o4
Yy
o
C 1A B345¢7 ek € 1o 2o 3040 50 L0 B o e oS BB RE R R s
pH Enzyme Concentration Temperature
{in percentage) (Deg. C.)
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 pragram.

3. Students’ graphs shoald 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 apprcpriate transparencies or chalkboard)
Ask the following questions, based on the plotted graphs, as lead-ins to
discussion or as a homework assignment.

[§Y]

(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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NZYMC

(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 reacticn rate? Why? *

(g) What is meant by limiting factors?

* Student must examine all three graphs before reaching a conclusion.

27
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LS PalGitaw 15 PESIGNED TO 3HOW (8AT ENcrri ACTIUN Lo
HELSIED TO CEnTAIN LIMIIING FACTUMSe iaikdl FALCIUIL LWUCLUDE #n,
fak CUNUENTHATION UF ENZYMEDs AND JiMsEnAfusEe IN Fnly #rOGinv
Wk ALSUME THAT TwU UF ok Tnnek FaCrons Atk CUNSTANTS AND
WILL CoANGE UNLY UNE Al A FlMiEe WE ALSU aAssUNE nal kAlCh
FAC 0 wORKS INUESEMDENTLY, ALTHUUGH Tnls 15 NOV Taue N
NalUJitke

YUU HAVE A ChOlICE UOF Tonk FOLLOWING LimllInG FACTOnSS
Ve Z2ICUNCENTALTION UF BNGYMES SITEMP Ea L Uitk
wedd NUMBER DU YOU Wisd 7 1
*kk P okkk

W ABACTIVE AN eEneYME Ak YOU WOUKING wlTh? Use A VALUE ¥
FROM 1 (NOT VERY HEACTIVE) [0 10U (VErY KEACTIVE)e T Teb

¢n VALUE HEACTION nATE U 5y 19u 15u 2uy
———essaa Ee Y LA ELL LR el E L e L L L L e e L LT I
1 U ¥

2 11.25 1 *

3 U 1 *

4 5625 1 *

5 90 1 »

6 13875 1 *

7 157.5 1 *

-] 13875 1 »

9 90 1 »

10 5625 1 *

11 3u 1 *

12 1125 1 *

13 3.75 &

14 U &

DO YOU WISH ANOTHER #UN? IF YESs ¢rINT 13 1IF NO, PRINT ue 2?2 1
YOU HAVE A CHOICE OF Thk FOLLOWING LIMITING FACTORS?
en 2)CONCENTHATION OF EN4YMES 3ITEMPERATURE

WHICH NUMBER DO YOU Wisd ? 2

*x% CONCENTHATION OF ENLYMES ®kx
HERE WE MUST ASSUME THAT THE SUBSTRATE 1S5 ALWAYS SUFFICIENT.

HOW REACTIVE AN ENZYME ARE YOU WORKING WITH? USE A VALUE OF
FROM 1 (NOT VERY HEACTIVE) T0 1U (VEHY REACTIVEJ). 7 7.5

ENZYME CONC. REACTION RATE U Su 100 150 20V
ceemeccsscns aceccccccscccs Jercecccces]eccevcccc]eccccneca]eccnenena]
10 v &

au 33.75 1 »

30 675 1 *

40 . 101.25 1 »

50 135 1 *

60 " 15745 1 *

n 1575 1 *

80 157.5 1 *

YU 157.5 1 *

100 157.5 1 *

28
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YOU naVE A ChUlCE OF Tane FOLLOWLING LINITING FAULUaOS
.l)r"H 2)CUNCENTHATION OF ENGrIMEDS 30 Fibur mutA V¥ dails
WwnlCh NUMBES 00 Y0U . klsn 2 3
dokk TEMPERA FUdk *okok

AUY BEACEIVE AN ENGrME ARE YOU WUAKING wiln? Usk A VaLUE UF
rriOM 1 (NOT VERY SEACLIVE) §0 1u (VERY nBEACTIVE)e 7 7ed

DEGakes Ce nEACIION iALE v 5V 1vJ 150
------- —-- mccemmmncemes [emcemcccc]ecccncccenfmnonnnenn]|caann
V] V] ¥
5 ll1e2% 1 %
v 2265 i *
15 41625 I3 *
20 6375 I *
a5 B6e2Y 1 *
3V 1125 1 *
35 14625 I3 *
] 1275 1 EN
49 375 1 *
SV V] &

PO YOU Wlsh ANOTHEw UN? IF YESs 2nlNT 13 1F NO» rulNl Ue 2 U
STUDY [hE GuASns AND FABLESs AND Tur [0 FiGuabk
OUT WRAT®'S nAPPENING nExkE.

READY

29
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TUUDLIMACLIS) s u(11)snC12)

11UMEM PitOGiHANM DEVELOPED BY ite COOPEHMAN = JOHN GLENN H1Gn >CHOUL
12unkMm ELWOOLS, NEW YOudk ,

121 kM gEVISED BY C.LOS1lA  9-6-7U0

122 HEM ALS0 SEE NAYMZ

123 #EM AC1Y=PH VALUES, J(1)=CUNC. UF ENaYME VALUES, nCl)=7giMre VALULD
124 REM Y=sKEACTIVLITY

25 KEM ALL HESULTS AxE IABULATELD AND Gearneu (nO OF FI0ND)

13uPtlnt™ TH1S PiOGHAM [5 DESIGNED TU >n0OW THAT ENLYME ACTION 15>
14UFOKN=1T014

15UHEADACN)

16UNEATN

1702 RINT"HELATED TO CERTALIN LIMITING FACTORSe IHESE FAUTUOitS INCLUDE Ph,'
1BUFOKN=1TO1U

1YOREADJCN?

20UNEATN .
210°PHEINTTHE CUNCENIHATION OF ENGYMESs AND TEMPERATUKE. IN [HIS FProGhAn*
220FUii=1TO1 1

23UREADH(N)

24UNEXTN

250rFRINT"WE ASSUME ThHAl TWU UF lnk ThnaEE FACTORS AE CONSTANTS AND'
260°F 1 INT"WILL CHANGE ONLY ONE AT A TIME. WE ALS0 A5SUME TnAl EACRH™
2TUPRINT"FACTOit WOnKS INDEPENDENTLYs ALIHOUGH thls IS NUT TRUE IN"
28UPRINTYNATURE." .

290PRINT

JUFRINTY YOU HAUE A ChulCE OF fnE FOLLOWING LIMIFING FACTORS:'
SIUPRINT . ‘
32UPRINT"1)¢Ph 2)CONCENTHRATIUN OF ENLYMES SITEMPERATURE"
S30PRINT

JUUPRINT"WHICH NUMBER DO YOU WwIsn ';

J5V0INPUTA

I6UPHINT

J7VI1FA=]1 THEN420

U IFA=2THEN6BU

39YU1FA=3THENS 10

HOUPRINTTHAT 15 NUOL A PEAMISSIBLE ANSWER"

410G0TO0340

420 PRINT 'k PH k#kk'

430G0SUB52V

QUUPRINT

450 PRINT "'PH UVALUE","HEACTION MHATE",'"V 50 100";
451PRINT * 150 200 "

460 PRINT "..--_...-....n,u......-.._..-_.......u "l""""""""l“""""""""l"'

461 PRINT "~=cecec—emc]ecn=ccnaa]"

470 DATA 051¢554¢02765,12e0518¢5521a051805,120U057¢5540U051e5,0.5,0
4BUFUHN=1TOLl4

490 PRINT NoACNI*Y, "I1'"; TABCINTC((ACNI*Y+e5)/5)+2805 "

SUUNEATN

51060T0920

S20XRINT

530 LET A=V

S4O0PRINT"HOW HEACTIVE AN ENZYME ARE YDU UOHKING WITH? USE A VALUE OF"
S550PRINT"FROM 1 (NOT VERY REACTIVE) TO 1U (VERY REACTIVE). ";
5601INFUTY

570 IFY<1 THEN6GU

560 IF Y<=10 THEN 670

600 IF A>=2 THEN 650

610PRINT'"TH . NUMBER YCU HAVE CROSEN DOES NOT FALL WITHIN THE HANGE "
620PRINT**GIVEN. TRY AGAIN."

630 LET A=A+l

640GO0TO560

650 PRINT “NEXT TIME, PLEASE FOLLOW INSTRUCTIONS.' .

660STOP

B6T0RETURN

680 PHINT *‘k%kx% CDNCENTRATXDN OF ENZYMES %%x*

30
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-NZYMC.

GourLINT'RESE WE MUST ASSUmie [nAT TnE SUBSTUATE 15 ALWAYS SUFFICLIENT "

WU GLSUBSEY

T1I£LINT

YU Frivl "ENGYME CONC"»"uBACTION stafe"»"y 50 JYSISALH
131 PLlne " 150 2uu'

T R T T R L L L L ALTLLE S T TR Spupipipy pepapupspupupepuyey LI

44l Palnil Neeeccecmccmecccaaaa

BUOATAU

YOULAT deDsYeUsrlIdedslvevszleusZlels2lodszleds2lon

Y19 Fua N=1 10 1J

Tod Prlol LO*N, oCiNIxYs IS [ABCIlNTC((ulNI®I+en) /D) +uL) s x"
WU Nbol W

o LG TOYZU

Clu PulnT "adk Thwe un fdik  oxEx?

LevbJIIUBSB ey

oedrnlnyg

04U PoINL "DEGREES Ce"Ho'"nitACTIUN nark',"u Su Luy's
o4l ralii " 150 auu"

U PUINT Vemmmmescea! e cem e r el | mccc e [ mcmmen e ]

ol FuiNl Neememcnec | cemmenean

i) DATA UsleSs3eUsde3s0eBs 1l ebslbeusivebslieusneau

Ctale TT=J

ouUFOaiv=1T0O1L1

oyd FUINT PonCal)ky,'1*3 [ABCINFCNCGI %1 +e35)/3)+20)5 "'
wlLeyrT=T+5

YiuNEaT N )

veurnlnig )

YAUrINTYDO OV wlon aNOinkay UN? IF (kds rFulnt 13 I NU» Fuaint ue 'S
= 4 INSUT A
{' wauealNT
YU IF A=l [ngEnN Juu

U IF A<>J ingN Ysu :

YU FuINT "STUDY TrHe GuadArnS AND TApLEss, AL TaY [0 FlgGuak'
vl PRINT "OUT WhnAT'sS HAPPENING noante"

YyJd END

31
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DISCIPLINE BIOLOGY

SUBJECT ENZYME REACTION RATE

(’ ) PROGRAM NAME NZYM?2

DESCRIPTION:

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

factors.

OBJECTIVES:

In addition to remforcmg 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.

A : Concentration = 50% A '

Reaction
rate

Reaction
rate

} Temp (°C) =~ Concentration

PRELIMINARY PREPARATION:

A. Student- Same as NZYMC . It might also be helpful if the student
has been exposed previously to an actual experimental dermonstration
in which the change of reaction rate with one or more factors is
vigually 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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NZ® 2

DISCUSSICN:

A,

Operational Suggestions
“p g8

1
2.

3.

This program has not yet been tested in the classrocm.
Average students sheuld work as part of 4 group; above-average
students couid be permitted tc wor: alone.

For grour effort activity, it woul2 be instructive ‘o use three
different groups, each of which holde a different factor

constan’, while the other two factors arc allowed %o vary.

Suggested Foliow-~up

1.

(7]
a

H

Each group should be reguired tc plot their data, on a board,
if possitle, so the wuole class can see ‘he results. Famiiies
of curves ghould be discussed.

Equivaient points on each data set should dbe compared; e. z. is
rcaction rate the same when pH is 4. temperature is 25°C and
concentration is 50%, regardless of which factor is heid constant
and the others allowed to vary?

Introduce the concepis of interpciation betwren curves and
again check comparabie pcints on each set.

Indicate that the maximum rzaction rate obtained is the same
regardiess of the technigque used to reach maximum.

33
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NZYM2

P

IS PROGRAM WILL ENABLE YOU TO SEE I'nk EFFECIS ON nhE RATE OF
HEACTION WIynlN A SYSTEM CONTAOLLED BY ENAYMES. THE

REACTION KATE WILL VAHRY AS [HE ENVIAONMENTAL CONDITIONS

VAdYs THESE CONDITIONS» PHs CONCENTAAFION OF ENLYMESs

AND TEMPERATUHE, IN A NATURAL SITUATION AnkE NEVErt CONSTANI.
LET'S> SEE WHAT CONTHOLS THIS RATE IN TAESE SYSTEMS.

THE FOLLOWING Ak THE LIML¥s Wlfnln WnlCn EACA OF OUn
ENVIAONMENTAL CONDEIIONS CAN VARY.
1)Pheeee~----wBETWEEN 4 AND 10
2)ENZe. CONC+~=-BETWEEN 10 AND 100 PEHCENT
3)TEMP s»=v=-=-«BETWEEN S5 AND 47 DEGREES C.

I AM GOING TO FPRINT A *'?7'. YOU MUST THEN TYPE A NUNMBER FOR Ph,
CONC.» AND TEMP. C(IN THAT ORDER), WHICH FALLS WITHIN EACn
LIMIT STATED (SEE ABOVE.)

- ? 4,10,5 . .
PH CONC. TEMP o REACTION RATE

- EX Y XY oo - commoamaa, meon

4 10 S . 05

.NOTE THE HEACTION RATE WITh THE THHEE VALUES WrICn YOU
SELECTED Tu PROVIDE A BASIS FOsr JUDGEMENT OF REACTION
RATE, CHOOSE ANOTHER SET OF VALUES FOH Phs, GCHNCe» AND
TEMP. (SEE LIMITS ABOVE).

? 7,10,5

PH CONC. TEMP . REACTION HATE

7 10 5 445

IS THE RESULT A HIGHER OR LOWER HEACTION RATE? IS THE HIGHEST

VALUE OBTAINED A MAXIMUM VALUE? DO YOU WANT TO THY ANOTHER
L SET OF VALUES (TYPE *'1°') OR WOULD YOU PREFER A MCHE ORGANIZED
% APPROACH TO DETERMINE MAXIMUM REACTION RATE (TYFPE ‘c*)
e 72

VE AHRE NOW GOING TO PERFORM AN EXPERIMENT IN WHICH YOU ARE
TO TYPE IN THE VALUES FOR PH, CONC. AND TEMP. AS YOV DID
BEFORE+ HOWEVER,NOW YOU AnE GOING TO BE ABLE TO CHOOSE THE
FACTOR WHICH WILL VARY. THE OTHER TWO FACTORS WILL REMAIN
CONSTANTe (USE DIFFERENT NUMERICAL VALUES FOR EnCH FACTOR.)
TO OBTAIN THE MOST SIGNIFICANT DATA» START THE EXPEHIMENT
USING LOW NUMERICAL VALUES FOH EACH FACTOR.

1 _AM GOING TO PRINT A '?°. 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 IS TO BE VARIED.
? 20 .
. PH CONC . TEMP, . REACTION RATE
4 20 S el
4 30 5 .13
4 40 S .16
. 4q S0 5 17
'y 60 S 19
A 70 5 .19
4 80 S 2
L S0 S 2
.4 100 5 2
34
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NZYM2

YOU NOW HAVE A SET OF VALUES FOA SEACTION sATE A5 ONE OF

TAE GOVERNINZ FACTO.iS 1S VARIED AND THE OTHAER TWO ARE HELD
CONSTANT. DOEs THE REACIION ARATE BAVE A MAXIMUM VALUE?

18 IHAlS inE MAAIMUM POSSIBLE REACTION wATE? TO LETEntMINe Inls,
USE TrE SAME INITIAL VALUE FOi THE VARYING FACTOa. BUT fnls
TIME TYPE 1IN DIFFERENT VALUES FOuit Tne CONSTANID FACTORS.

IF YOU WANT ANOTHER SET OF VALUES FOR AEACTION mATE.TYre *1°

IF YOU BuE SATISFIED TraAT YOU ANOW TrE VALUES FOoun EACH FACIOi'>S
MAXNIMUM EACTION HATE THEN TYPE °*2°.

71

1 AM GOING TO PRINT A *?2°'e. YOU MUST ToEN TYPE A NUMSER FOu P
CONCes AND TEMP. CIN THAT Onueit), WnlCn FALLS WITHIN EACH
LIMIT STATER (SEE ABOVE.)

2 7,20,5%

TYPE Trie NUMBER WnlCH 1S TO BEE VARIED.

? 20

PH CONC ~ TEMP « REACTION iATE
7 20 5 bbb
7 30 5 l2.24
7 40 s 1467
7 50, 5 16.28
7 60 5 17.31
7 70 5 1797
7 [>10] 5 18.39
7 b 5 18.65
7 100 5 188

IF YOU WANT ANOTHER SET OF VALUES FOR HEACTION HATE,TYPE *1°

I ¥Y0U ARE SATISFILD THAT YOU KNOW TnE VALUES FOH EAChH FACTOn'S
MAXIMUM HEACTION RATE THEN TYPE '2°.

?7 2

READY

35
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Biology
NZyMm2

Lovate e DLLLIELs FULITELCHC LNDLe OF LnLiN.
Ivd ntik akViosy b1 Cenusin  Y=l6-W0
U3 nten u5P8 aASeEnGe CdNGes L=1ping

W7 nmes FOu UFFICIENUTS ALL CALUULATIUNS SONE Via GOsUb CALL>
HoPuln["Trls 2adGiiam wlLL @dasLe Y00 0 oEE Trk srFECES ON Trk adle QF"
LAUPBINT GEACTION el inlnN n ololsl, CUnIULLED BY KNG IMES rnpe'
Loura it "nEaCtIdn siadl WILL Vanl a5 Tak ENVIadwibeiviaLl COMNDLITIONS'
lavrnlwivang e IRESkE CUNLLILLIONDSs £hs CONCENTHALLON OF LNaYMss, "
Iourdala ANy feass Afunks IN 3 NadunsLl SITUACIUN Ank NEVED COND Ty o
LodrnldNiMLe s Sel Wnal CuwiaOLs Tnls #ALE IN [aEsl QUSTEMG"
Yloralwig

lowPsdWi™ fne FOLLOWING AudeE Ink LInlT3 WIfRIN Wnldn BEACh OF Oun"
WUPHIN Y ENVINONMEN FAL CONDL 110NS CAN VARY <"

SuUPnlivi " M) PR ccccammmanm P WEEN 4 AND 1OV

2luPnlnl " "ot 2dewnas CONC.==HETWEEN 1U AND I1J0 PEHCENT"

daurning " ", "3)TENY s == ==~=~dETWEEN S AND 47 DEGHEES TN

240G605UB1 320

31uG0osuUBILURY

J2urINT

JOUPAINI"'NOTE TAE REACTION RATE WITH InE THiEES VALUES WhICH you"
34UPBINT"SELECTED TO PiOVIDE A BASIS FUst JUDLGEMENT OF neEACTIQN"
S5UFRINIHATE> CHOOSE ANOTHEn SET OF VALUES FOR rPh, CONC., . AND"
SEUPRINT fEMP e C(SEE LIMITS ABOVE)."

J7UPHINT

3BUGOSUBLIU2AY

J9UPRINT"LIS TRE nESULT A nlGrnks On LOWER REACTION RATE? IS {HE HAIGhEST"
aPaINT"VALUE OBTAINED A MAAIMUM VALUE? DO YOU WANT TO TRY ANOTHER"™
4LOPUINT"SEL OF VALUES (TYPE '1') OH WOULD YOU PHEFER A MORE OnGANlZED"
4202 INT"APPROACH TO DETEHMINE MAXIMUM HEACTION HATE (TYPE '2')"

430 LrdTa .

44U IFA=2THREN 4bu

4421F a=l [nEN 45U

444 PHINT "PLEASE TYPE | OH 2"

446 GO TO 430

450 Palnl “WHAT ARE YQUR NEW VALUES FOx PH» CONC.s» AND TEMP."}

46V GOsuBlLUR2Y

470G0OT0390

48P INT

49UPRINT"WE AKE NOW GOING TO PEHFOiM AN EAPERIMENT IN WHICH YOU ARE"
SJUPRINT'TO TYPE IN THE VALUES FOd £H, CONC. ANL TEMP. AS YOU DID"
SIUPRINT'"BEFOrE. HOWEVEil,NOW YOU ARE GOING TO BE ABLE TO CHOOSE THE"™
SEUPRINT"FACTON WHICH WILL VAHY. 'THE OJRER TWO FACTORS WILL HEMAIN"
S3VUPHINT'CONSTANT« C(USE DIFFEHRENT NUMERICAL VALUES FOR EACH FACTOh.)>"
S4UPRINT"TO OBTAIN THE MOST SIGNIFICANT DATA. START THE EXPERIMENT"
SSUPHINT"USING LOW NUMERICAL VALUES FOR EACH FACTOR.™

S6VULETM~0

57000 ~UB 1320

S58UGO»UBLLIGY

SYOPRINT"TYPE THE NUMBER WHICH IS TO BE VARIEDW"

U INFUTX

63V0IF X=A THEN 725

6401F X=K THEN 795 - ‘

650 IF X=T THEN 655

652PRINT “PLEASE TYPE THE VALUE FOK FH, CONC., O TEMP "3

653GO 10 6LO

655GOsUB 13170

660 GOSUBI220

670 GOSUB1 240

68U GOSUBL2¢0

690GOSUBL 280

TOOLETT=T+5

7101FT>=47THENE 70

36
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720 GOTO6BL
725G05U8 1370

T30 GO5UB1 240 Biology
740 GOSUB L 260 NZYM2
750 GOsUB122V

760 GOSUB1 26V

PT01FA>1UTHENS 7V

TBULETA=A+.5

790 GO 0750

T95G05U8 137V

sJU GUSUBL 22V

810 GOsUB1 26V

820 GOSUB1 240

83U GOsUBL 280

CVAOLETK=K+10

850 IFK> 10U THENE 70

86V GOTOB2V

BTULET M=+l

580 LFM>=2 TRENY6U

890 SINT*YOU NOW HAUE A SET OF VALUES FOf/ REACTION RATE AS ONE OF*“
QUPHRIN [ fHE GOUERNING FACTO®RS IS5 VARIED AND THE OfnEn TWO ARE hELDL"
Y1UPRINT'CONSTANT. DOES ThE nEACTIONM MATE HAVE A MAAIMUM VALUE?"
Y20PRINT"IS THIS THE MAXIMUM POSSIBLE HEACTION HATE? (0 DETEMMLINE This,"
S30PRINT"USE THE SAME INITIAL VALUE FOK THE VARYING FACIOxs BUL Thi>"
940 RINTTIME TYPE IMN DIFFERENT VALUES FOr THE CONSTANT FACTOitS."
9S0PRINT .

960PRINT'IF YOU WANT ANOTHER SET OF VALUES FOHR ®REACTION RATE,TYPE °*1°'"
YTUPHINTIF YOU ArE SATISFIELD THAT YOU ANOW THE VALUES FOx EACh FACiIOn'Y
9BUPRINT"MAA]LMUM REACTION mATE TREN TYPE ‘2'."

990 INPUTR

1000 1FB=1THEN S70

100S1F B=2 THEN 010

IDO7PRINT “PLEASE TYPE 1 On 2%

lVUHGO TOo 990

10108TOP

1020 6OSUBLY 10V

1030 605UB1220

1040 GOSUBL1 24V

i050605UBL260

1060G0OSUB 137V

1060 G05UB1 280

LOYQRETURN

1100 1INPUTAsK»T

11058 REM INPUT AND CHECK BOUNDS

11101FA<4THEN] L1 80

1120IFA>10THEN1 1 80

11301IFK<:QTHEN1180

1140 IFK>300THEN1 180

1150IFT<STHEN11HO

L1EDIFT>47THEN] 180

117060701210

1180PRINT”AT LEAST ONE OF THE VARIABLES DOES NOT LI1E W1THIN THE"
1190PRINT"PRESCRIBED LIMITS. SEE LIMITS ABCUE AND TRY AGAIN.*"
1200GOTO1100

1210 RETURN

1220LETVI=EAP(=( (e 71 %A~4.97)12))

123GRETUARN

1240LETUSREXP ( ~ e DURKI ~2REXP (= USKK) +1

1250 RETURN

1260LETU3e1 6+ 3%EXP (0 74%T)-EAP(+133%T)

12 70 RETURN

1260LETUm LE8x V1 *U22U3

1290LETV=INT(UX100+0+5) /100

1300RRINTASK»T»

1305 HEM PRINT REACTION RATE

1310RETULN

1320 PRINT N
1330PHINT"I AM GOING TO PRINT A ‘?'. YOU MUST THEN TYPE A NUMBER FOR PHY
1340PHINT *'CONCs» AND TEMPe (IN THAT ORDER). WHICH FALLS WITHIN EACH"
1350 PRINT "LIMIT STATER (SEE ABOVE.)" .

1360 RETURN

1370PRINT "PH","'CONC+'"," " TEMP+"»""REAGTION BATE"

13B0PRINT em o e m® W8, Ve mmoal

1390 RETURN

1400 END

37
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DISCIPLIN. BIOLOGY

SUBYECT 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 USSION:
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 11, 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

—~—
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at the computer while the remaining groups are engaged in a
related activity. .
38
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Biology
PHOSYN

B. 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.

2.

3.

What happens to the rate of photosynthesis as:

a. The carbon dioxide concentration increases?

b. The intensity of the light increases?

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

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

Compare your graph with the graph made on the computer.
Point out similarities and differences. Explain them.

39

52



Biology
PHOSYN

nkLLO. Y NOW YOU 5nOULD ANOW FrOM YOUr LECTURES WHAT

rrOTOSYNTHESLIS 15« THIS LABOsATORY WILL ENABLE YOJU TO

CONDUCT EXPERIMENTS ON Thnt CUMAUTE WHICH WOULD NOT BE
PiiaCTICAL DUING CLASS Tldee

SINCE ALL OF QUi FOOD COMES FuwUM rLANTSs LET'S> FIND OUT
HOW CHANGING Ink AvOUNT OF CAwUON DIOAIDE On tHE INTENSLLY
OF LIGnl WILL AFFECT THE rLANT'S AlE OF FrOLOSYNTRESIS,
MEASURED IN MICHOGAMS OF GLUCOSE PHODUCED rEn DAY.

LET'S BEGIN WIl¥n CrANGING Thk LIGHT INTENSITY. YOU WILL
VARY [HlS BY SELECTING INTEGER VALUES IN TRE AANGE QF
" U 0 3U (Tnk UNITS FOR LIGHT INTENSILY AnkE 1IN ErGS/SEC/Su.Ci)
BY VAnTING ONLY ONE FACTOs AT A TIME, WE ARE CO%WDUCTING
A CONT#OLLED EAPERIMENT. WE WILL ASSUME THAT QUH PLANT
HAS ALL OF ThE CAKBON DIOAIDE, WATER AND CHLOROPHYLL
. [HAT IT NEEDS.

YOU SHOULD CHOOSE BETWEEN FIVE AND TEN LIGRT INTENSITY
VALUEsSe TYPE IN ONLY ONE VALUE AFTER EACH WUESTION MARK-.
BY TYPING IN 10U, NO MORE WUESTION MAnKs WILL APPEAR AND
THE PHOGRAM WwILL CONTINUE.

(NOTEs 'RP' MEANS HATE OF PrOTHSYNTHESIS)

LIGHT INTENSITY(LI)>? 2
A= 45
(LI)? 15
A= 121
(LI)? 7
= 99
(LI)? 29
W= 125
(LI)? 20
( RPw 124
(LI)? S
RP= 84
(LIx? 6
W= 92
(LI)? 11
RPs 114
(LI)? 12
RP= 116
(L1)? 10
A= 111 .

1 = TABLE ONLY, 2 = pPLOT ONLY», 3 = BOTh? 3

LIGHT RATE OF
INTENSITY PHOTOSYNTHESIS
2 44.81
5 83.8
6 92
7 98.57
10 111e42
11 114.12
12 116,29
[§-1 . © 120.52
20 123.53
29 124.8

40
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PHOSYN
LIGnT
INTENSILY
MATE OF PHOJOSYNThESLS
V] 25 50 15 10 125
|ewam]orecjrana]emcjewsa]
1
1
2 1 *
I
1 . .
5 1 ' *
6 1 »
7 1 *
i
1
10 1 »
11 1 *
12 1 -
1
1
15 1 *
1
1
1
1
20 1 »
1
1
1
1
1
1
1
1
29 1 *
1

0.K. LET'S NOW VAHY THE AMOUNT OF CARBON wIOAIDE IN THE
ATMOSPHERE SURROUNDING OUx PLANT.

THIS TIME ASSUME 0UR PLANT HAS ALL THE LIGHT., WATER AND
CHLOAOFHYLL THAT IT NEEDSe.

LET THE VALUES YOU SELECT FOR THE CARBON DIOXIDE CONCENTRATION
BE FOn TWO DECIMAL PLACES ONLY, AND IN THE HANGE OF 0 TO «3u
UNITS FOR CO2 CONCe ARE CUBIC CENTIMETERS PER LITEX OF AlR.

AS BEFORE. I WILL TYPE IN A '?* AND THEN YOU TYPE IN THE
CARBON DIOXIDE CONCe AVAILABLE TO THE PLANT.

THIS TIME YOU MUST CHOOSE TEN DIFFERENT VALUES.

PEMEMBEH RP = RATE OF PHOTOSYNTHESIS.

CARBON DIOXIDE CONC.C(CO2)7 «iU
RP= 118 .
(C02)7 .20

= 125

<Co2y? .30

FPm 125

tCoR)? .15 |
e 124

€C02)7? +05

P= 94

€Co2)? .25

AP= 125

(CogY? .0R

N> Sa

«coR)? O

P« 0

(CORI? 11" S ‘

RPe 119 : -
(C02)? .09 .

fP= 115

El{fC‘ 04
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PHOSYN

( i 1 = TABLE ONLY», 2 = rLOT ONLY, 3 = BOTH? 3

C02 CONC. HATE OF PHOTOSYNTHESIS
1] 0

e 5387931

U5 9441092

L] 1149425

ol 1178161

o1l 119.252y

o158 1235642

o2 125

«25 125

«3 125

C02 CONC.
KATE OF PHOTOSYNThESILS
- g 25 S0 5 luu 125

S LT e Rt
.02

05

«09
3
o1l

( | 15

25

D=t Ot Pt Dt Gt Dt 4 Ot Dt Dt i (ut Pt Dt Dud Dt Dt Dud Dt Ot Dt Dt Dmd Dt Dt Pt Dmi Bl Dt Ot Ui
*

3

DO YOU KNOW WHAT 1S HAPPENING IN BOTH THESE INSTANCES?

READY
42 ~ -
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10y
103
106
107
11y
120
13u
140
150
16u
200
210
230
23U
24U
299
30U

Biology
PHOSYN

REM Fe He COOPEn, WYANDANCH HeSes HEVISED 7/69

nEel REVILED BY C.LOSIL 7-9-T70

nkEM VCI)=INrPJdl VALULs (LIGAL INIENSITY, CO2 CONC.)

ket g(I1)=rATE OF PHOTOUYNIHESIS

DIM VC€31),1(31)

PRINT "HELLUe BY NOW YUJ 5a0ULD KNOW FROM 70Us LECTURES wHAL'
PrINT "PROTOSYNIAESLS Ls. ThlS LABORAKOAY WILL ENABLY YQU TO"
PrINT ¥CONDUCT EaredliENTS ON THE COMrulbkn WnlCn WOULD NOI BRE'
PHINT "PrACTICAL DURING CLASS TIME."™

PHINT

PalNT "SINCE ALL OF 0Ud FOQUD COMES FnOM PLANTS, LEI'S Flnu Quil*
PAINL "HOW CRANGING Tnk AMUUNI OF CAHRBON WIOALDE Od THE INTENSLIY"
PulivT “OF LIGh! WILL AFFECT [nE PLANI'S #AlY OF PHOI0SYNIRESLS,"
PrINI “MEASUUED IN MICnOGrAMS -OF GLUCOSE rPRODUCED rPEA DAY."
PRINT

P:INT "LET'S BEGIN WITH CBANGING. I'mk L1GAT INTENSITY. YOU WILL®
PRINE "VARY THIS BY SELECTING INTEGE:it VALUES IN THE HANGE OF"

310PaINT"U TO 30 (THE UNITS FUil LIGnT INTENSITY AnE IN EnGS/SEC/S5uw.Ci)"

315
320
330
335
340
350
360V
380

PRINT "BY VAAYING ONLY ONE FACTOR AT A TIME, WE ARE CONDUCTING'
PRINT "A CONTHOLLED EAPEAIMENT. WE WILL AS3UME TnAT 0Ux PLANL"
PoINT *"HAS ALL OF THE CAuBON LIOAIDE, WATEA AND CHLOROPHYLL"
PRINT "TnAT (T NEEDS.'

PRINT

PRINT *"YOU SHOULD CHOOskE BETWEEN FIVE AND TEN LIGHT INTENSITY"
PRINT "VALUES. TYFPE IN ONLY ONE VALUE AFTER EACH WQUESTION MAHK.'
PRINT “BY TYPING IN 100, NO MORE WUESTION MAK- WILL APPEAR AND"

39UPHRINT"THE £HOGRAM WILL CONTINUE."

395
LU0
410
412
413
415
217
419
420
430
435
440
450
460
470
480
490
500
510
520
530
550
560
565
570
5S40
590
593
595
596
&00
605
619
615
620
630
650
660
570
680
760
770
T80
790

PRINT "(NOTEs 'dP°® MEANS #ATE OF PHOTHSYNTHESIsS)
PRINT

PAINT "LIGHT INTENSITY":

REM INITIALILZE

FOst I=U TO 3u

LET V(I)=e-1

NEXT I

FOd I=1 TO 1U

PRINT **(LI)"; -

INPUT W

IF w=100 THEN 560

IF W>30 THEN 510

IF W<0 THEN 510

IF W<>INT(W) THEN 51U

LET V(WigW

LET R(W>=INTC(I2500%(1=EAP(=-¢222%U(W))I+.05)/100
PRINT "RP="JINT(il(Wi+.5)

GO TO 55u

PRINT '"WRONG! USE ONLY INTEGER VALUES BETWSEN O AND 3U."
PRINT '"'TRY AGAIN." '

GO TO 430

NEXT I

PRINT

REM CHOICE OF OUTPUT

PRINT "1 = TABLE ONLY», 2 = PLOT ONLY» 3 = BOTH"S
INPUT ¥

IF W=1 THEN 600

IF W=2 THEN 650

IF w=3 THEN 600

GO TO 570

PRINT .
PRINT " LIGHT"." RATE OF"

PRINT *“INTENSITY","PHOTOSYNTHESIS"

PRINT Weemmeceeat M mccaccecnama=t?
GOSUB 1510

IF Y<>3 THEN 760

PRINT

PHINT ** LIGHT"

PRINT "INTENSITY"

GOSUB 1600

PRINT

PRINT .

PRINT *0sKe. LET'S NOW VARY THE AMOUNT OF CARBON DIOXIDE IN THE"
PRINT "ATMOSPHERE SURROUNDING OUR PLANT."

Sb «} Q
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V)
8i0
[-P3V]
B30

Biology

PrnLNT PHOSYN

PRINT "Trls TIME AsSsUME OUUR rLANT nA> ALL The LIGRT., walkn anp*
PRINT “CALOsOPAYLL TnAT 1Y NEEDS."

PRINT

BAUPRINTYLET THE VALUES YOU SELECT FOx TneE CAnsSON DIOAIDE CONCENIaaA$LON"

H50
B0
890
wu
9l
Yeu
925
ER Y
Y4
941
942
944
946
94
950
960
970
You
99y

PuiNT 28 FOr WO DECIMAL PLACES ONLY» AND liV THE HANGE OF U [0 .30
PAINT PONITS FOI CO2 CONCe AE CUBIV CENVIMETERS PEn LItEd OF Alne*
PrINT

FaINT A5 SEFUE, 1 WILL (YPE IN A '?°' AND TRnEN 10U (YPE IN thE®
PrinT "CAM30N DIOAIVE CUNCe AVAILABLE 10 THE PLANT.

PRINT "TrlS Tldk YOU MUoT CHOOSE TEN DIFFEUENT VALUES."

PrINT "AEsEMBER ar = gATE UF PROTOSINIRESIS "

PRINT

PHINT "CAnbBON VIUAIDE CUNCe"s

REM  INITIALLLE

FOut I=y TO 3V

LET V(1)=~]

NEXT 1

FOrt 1=1 TO v

PuINT "C(CO2>";

INPUT W

IF Wsluu ThREN 1u50

IF WeU THEN 104V

IF W»>e3d THEN 1040

995 LET Wsluu*w

100V
1003
1yu5
101v
1020
1025
1030
1040
1041
w4s
1050
1060
1070
losu
1090
1093
lu9S
Y6
1100
1105
1110
1120
1130
1150
1160
1140
1200
1210
1220
1230
1499
1500

" 1510

1520
1530
1540
1599
1600
1610
1620
1630
1633
1636
1640
1645
1670
1680
1700

IF ABS(w~1lNT(u+eH))>eduUul [nkN lu4u

REM FUDGE 1005 CAUSE INTEGEit MESOED UP

LET dJd=2INTC(lOU*iW+e5)

LET U(d)=W

LET J(d)= er(175*(nohav(-au*vcu>>>+.005)/174*les
PRINT "®P="; INTGi(W)+e5)

GO TO 1u5U

PRINT "INPUT VALUES BETWEEN U AND 3 TO w0 PLACES ONLY"
PRINT "TRY AGAIN"

GO TO 96U

NEKXT 1

PRINT

PRINT "1 = TABLE ONLYs 2 = rLO{ OhLY» 3 = pUfin*;
INPUT W

IF wsl tHEN liJU

IF ws2 THEN 1150

IF Ws3 (hEN 11uU0

GO TO tV70

PHINT .

PRINT "C02 CONC.","HATE OF PHOTOSYNIRESLS"
PHINT [ _-_--ll,ll_--- R p—— ]
GOSUB 1500

IF w<>3 THEN 1200

PRINT

PRINT "C02 CONC."

GOSUB 160U

PRINT

PRINT

PRINT "DO YOU KNOW WHAT 15 HAPPENING 1N BOTH InESE INSTANCES?"
STOP

REM TABLE PRINTER

FOR Is0 TO 30

IF v(l><0 THEN 1530

PRINT VC1).1C1)

NEXT 1

RETURN

REM PLOT ROUTINE

PRINT " ","RATE OF PHOTOSYNTHESIS"
PRINT ** *»"™0 25 50 75 100 125"
PRINT * "s"lweewlomwe]econ]locac]aca]®
FOR I=0 TO 3U

IF V(1)>=0 THEN 1645

PHINT " l',lllll

GO TO 1670

PRINT VCI)L" 1" TABCLI4+INTC(RC(LII/5+5)23" %"
NEXT 1

RETURN

END

44
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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 evapoiranspiration 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 tc 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
Climatic 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.

45
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Earth Science

PRELIMINARY PREPARATION: (con't)

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

. T

Pand PE '~ ‘** IJ : ‘ I Ppcurve
(in inches |, | L L’ l ______ E curve
Of HZO) L ; ! '
i : ' P

L
N L]
3 L — [ AN

CE Y Month | Month -
2) Each student should be given a student progress code number,
This activates the szlection 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.

~a

bt - ——

v

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 swdents), 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
<13" < 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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Earth Science

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 maclhine. Later, individuals or groups
might be permitted to use the program as previously discussed. (If the
prograra 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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Earth Science
¢  CLIMAT

Uenes RERE ARE SOME VALUES FUu (ni pueClel IATLI0N (F) AND FUi
1nE POTENTIAL BVAPOIAANSPIRATION (PE) UF AN AnEaAl

i MONTR e Pl
=_==s== ===== SxNs===s
1 14 V)
=4 lu 3
3 v 7 .
4 16 - o’
5 g 13
6 14 14
7 B R] 13
8 5 HV)
v 12 7
10 I 3
11 13 1
12 11 )

TOTAL PRECIFITATION = 137 INCnbks

Oennes PLOT YOUn Giarn ON ThiE FAFPEn ¢ARQVIDED YOU
AND WHEN YOU AnE HEADY TO CONTINUEesee MEgELY TYFE
ANY NUMBEr AND TniE #ETURN AEY. 2V

ALADY? GOOD, NOW TELL ME « « o« DOES YOUn GHArHd SHOW TRAT
THE CLIMATE HAS DEFINITE WEYT AND DnY SEASONS Cl=YES, U=NO) 2?2 U

TELL MEs IS THE CLIMATE (1) WET, (2] DRY, OR (3] MODERATE ALL
TEAR? 1

NICE GOING» SMARTY PANLSe KEEP UP THE GOOD WOsAKe

BY CHECKING THE PE CUWVE ON YOUR GrArXn, WOULD YOU SAY Tnal Ink
SUMMERS ARE (1] nGT, (2] WARM, OR (3] COOL? 2

AW C° MON, TOU COULDN'T POSS1BLY MMAN THATeese
Y0U SHOULD HAVE SAID 1 .

FHOM THE SAME INFOMMATION (FPE GRAPH)» WOULD YOU SAY THAT THE
VINTERS ARE (11 COLD, (2] MILD, Of C3) wARM? 1

IT WARMS MY HEA®T TO HEAX YOU SAY THAle GOOD GOING.
WELL, BY NOW YOU MUST HAVE AN INAKLING AS TO TnE TYPE OF

CLIMATE WE HAVE HEsgEe. BELOW IS5 A COMPLETE LISTING OF ALL THE
CLIMATES IN THE WORLDe HEFER TO THEM BY THEIR NUMBER ONLY.
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‘CLIMAT

NUBEA NANME OF CLIMATE

====== SESSRtssoSExREmES

THOPICAL RAINFOKEST

THOPICAL EAST COAST

T#O/I1CAL MONSOON

THOP1CAL SAVANNA

TiiOPICal DESERT

MED! IEnnANEAN

MARINE WEST COAST

HUMID CONTINENTAL

AUMID SUBTROPICAL

10 MIDDLE LATITUDE GRASSLANDS

11 MIDDLE LATITUDE DESERT

12 SUBARTIC CLIMATES

13 Ox 14 RIGHLAND CLIMATES
¢Tr0PICAL Or MIDDLE LATITULES)

15 POLAR TUNDRA

16 POLAR iCECAr

CO QO U DL

WHAT 1S TAE NUMSEs OF TAE CLIMATE We nAVE CWE'LL ACCePT TRE
FACT THAT THEY MAY QVERLAPI? 1

MY SUGGESTION - STICK TO LANGUAGE> Ui 50ClAL STUDIES.
Y0U S5A0ULD HAVE 35AID 8 « GOOD DAY TO YOU.

HEADY

49
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CLIMAT

WUnEM=~E A« GALLETTASPATCHUGUE=H e D¢ »4/22/6%Y Eanii SCIENCE (Bi1CAC)
WHaAEM==Fn0GaAM ON CLIMATES

11UREM==aE liitl FTEN==7/20/69~<Bad1lC=-=<u0D>

112 «EM dAEVISED BY TONY rPERELs waLi WHITMAN nS, b-6Y

113 niiv  ne-akEVISED 3Y CeLOSIK ©8-26~-7U

115D11L(ES)

118 RANDCMIZE

120 HEADNs L ()

1251FN<>56 THEN12V

130LE =0

155PiNT""0e Koy rkEnk ARE SOME VALUES FOR ThnE rrRECIPLTATION (P2 AND FOa
16UPRINT" THE POTENTIAL EVAPOTHKANSZIBATION (PE) OF AN AdEAs"

165¢ nINT

1701)“1‘\110" "J"MON““"J" ‘le'" ‘JE"

175PHHINT “sV=s===","=n==za","'=x=z=sx="
19SLETP=INT(lU*ANDC1))

200IFP >6THEN1Y5

2U5IFP<ITHEN19S
21ULETE=INT(10%*:NDC(1))
2151FE>4TrHENZ21V

22U IFE<1THEN210

225LETL4=5%E+6%p

280 IF (L=21)%(4=22)%(L=-1T7)*%(4=-38)=U0 THEN 1%5
235F0rI=1T012

240PAINT* 51,

2451FrP>1THEN255
25ULETP1=212%C05C«261%1) 12+2%KND(=1)
2551FP<>2THEN265

26ULETP 1=12%SIN(«261%1)+2%RND(=~1)
2651FP <>3THENZ275
270LETP1=2+3%RND(=1)

2751FP <>4THEN2K5

28ULETP 1=2%RgND(~1).
2851FP<>5ThEN2Y95
S9ULETP1=7+10%aND(-1)
2951FP<>6THEN305
SOULETP123%C05Ce5+e15+1) 12
WSPRINTINTC(PL)

3101IFE>1THEN320
S1S5LETE1=10%SINC261%1)t2
320IFE<>2THEN330
325LETEL=12%SINC«.261%I)1t2
33VIFE<>J3THEN340
33SLETE1=2%kS5IN(e5+¢15%]1) 12

34U IFE<>4THEN350
J45LETEl=8+4%RND(~1)
35ULETT=T+INT(P1)
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N CLIMAT
{ ; 355PHINTINTCEL+CEL/1U)*2)
A\ SGUNEAT I
$65PRiN T :
370FRINT"TOTAL PHECIFITATION ="3 03" 1NCHES"
3752l NT

SBUPRINT"OeKe» PLOT YOUr GHAPH ON Tnk rAriEic £rOVIDED YOU™
SoSPrINIVAND WHEN YuU ARE KEADY TO CONTINUE«ess pkEdiELy vYre
3YUPRINT"ANY NUMBER AND THE RETURN AEY. v
395IhPUTH
4)0r° RINT
4)SPRINT"KEADY? GOOD» NOW TELL ME . + o DOES YOUn Gnérh SA0W TnAT"
430PRINT"THE CLIMATE HAS DEFINITE WET AND DRY SEASONS C(i=YES» U=NO) '3
420 INPUT S
425°P RINT
430 IFS=0THENSUS
433 IF S<>1 THEN 4U%
: 4351FP<3THENS60
437 LET B=U s
440 GO sSUB 1U45
4452 4INT"TELL ME» Is THE CLIMATE (13 WEY, (2] Dnfs Ou L31 MODERATE ALL"
450P A INT"YEAR"S .
455 INPUT S
460PAINT
4651F 5=1TRENS25
A4TUIFS=3THEN545
473 IF s<>2 THEN 445
4751FT<13THENGR5
450 IF T>60 THEN49S
485GOSUBLU 4V
490G0TO63V
( 495G05UB1LEY
5JUGOT0630
505 1FP>2THENA44S
51UIFP=2THENA475
515G0SUB1020
520 G0T0560
5251 FT>80 THENGZS
S3UIFT>=13THEN4ES
535G05UB1U 3L
540GOT0630
S45IFC(T=-13)%{bU=T)>=UTHEN6LZS5
550 IFT<13THENS535
§551F T>80 THEN4YS
56UPIRINT"TELL ME» wnICHA 15 THE WEU SKEASON» (13 THE WINTER OR (21 THE"
565PRINT"SUMMER" 3
STUPRINT
575 INPUT &
S8OPRINT
5651F5=1THENGUS
587 IF $<»2 THEN 560
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CLIMAT

R

SYULFr=21TAEN62S

SY5G6USUI1020

UV GOTU63V

GUSIFP=1TRENG6ZS

6luGOsSUBLURY

615GO0TU63U

62UFPKRINT

62SPRINT"NICE GUING» SMARTY PANTS. KEEr UP [FHE GOOD WOnK."
63UPRINT"BY CHECKING TAE PE CURVE UN YOUR GRAPHs WOULD YOU SAY [hA| ThHE"™
63SPRINT"SUMMERS AKE (13 HOTs, (2] WArMs O £33 COUL'"3

64V INPUT o

6452 nINT

65U IFS=2THEN695

6551IF5=3TRENT715

657 IF b<>1 THEN 625

66U L FE=DTHENT2S .
6651 FE=ATREN725

667 L1 k=1 [HEN 725

670 G0sSUB102U

675600730

6951FE=1THEN725

TIULFE<>3ThisNG 70

MNHGEOEUBLO4Y

710GU 0730

TI5IFE=3TRENT725

72U LFE<>3ThEN67U . .

725PRINTYOU RAVE RESTOHRED MY FAITH IN TEENAGERS."

T30PHRINT"FnOM ToE SAME INFORMATLION (PE GHAPH), (WOULD YQU SAY InAT ThE"
T35 RINT"WINTERS AnE (13 COLD, (2] MILD, 0OR L3] WARM'3

740 INPUT S IS
745PRINT ;)

TSUIF 3=20nENTY0

TSS5IF5=3THENY 1V

76U IF S<>1 THEN 73u

765iFE<3THENB25

770 GOSUB10 30

775G0TOB3V

78U GOSUB L4

7$5G0TOB3V

T9V1FE=3THENB25

T951FE=4THEN 760

BUJGOSUBLIU20

HUSGOTOB3V

610 IFE=3THEN77

¥151FE=4THEN&30

820G6G07TO0800

825PRINT"IT WARMS MY HEART TO HEAR YOU 5AY THAT. GOOD GOING."
S30PHINT '

83SPRINT"WELL, BY NOW YOU MUST HAVE AN INKLING AS TO THE TYPE OF"
¥40PRINT"CLIMATE WE HAVE HEREe. BELOW IS A COMPLETE LISTING OF ALL THE"™: -
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Earth Science
CLIMAT

odabralnNf"CLINMALEDS IN lak WUnLbLe. sEFEx 'O Ched BY Thasls NUMBES ONLYe"
sSuPtliwl

o358 nINT
SGIPAINI"NUMBER" s "NAave UF CLIma k"
oBdrnlN T =sssss" y'ssscsrxsx====sss"

BIUPRINTY 1" " TRUPLCAL aRINFOREST

STOSPRINT" 2"+ "TROP ICAL EAaSLT COASTY

BoUPrtINT" 3" TrOr ICAL MONSOON®

BESFRINT!' 4" "' TrOF ICAL SAVANNA"

YU INTS s " IO ICAL DESERT!

by oriINT"6" » "MEDI TEAANEAN"

YUUPINT" 7' " MAINE WEST COAST"

JOSPAINT"B"»"HUMID CONTINENILAL"

FIUPRINTY"Y """l D suw 0P 1LALY

DISPRINT" 1" " MIVDLE LATIIULE GrASsLANLS'
JEUPRINT"IIYs"mIpDLE LATITU0E pESERD™

9258 INT" 12" s "SUBARTIC CLINWATES"

YUrnINT'1d On 14", "niGnLAND CLIMAVES™

YESralNT" """ (TaQPICAL Ors MIDDLE LATITUDES)I"™

YUUr LINT 13" "POLAR TUNDRA"

GYSPIRINT" 16" "POLAK ICECAP"

yhuralwi

YI5FPalNT"WhAT 15 ThE WUmBEK OF I'ae CLIMAVE WwE HAVE (WE'LL ACCEX)1 [mk"
96U FaINT "rFaACT [nAl ThnEY MAY QUERLAP)';

Y651NPULS

YTIOPRINT

YT RINT

IBULPRINT

9851IFo=L{Z)THENIOUS

PHUrRINT"MY SUGGESTION - STIUK TO LANGUAGES On 50CIAL STUDIES."
YISPRINT"YOU 5n0uLl HAVE SAID"3L(L)5"™. GOOL DAY TO YOU."
WYV STOR

WWUSPRINT"YOUR FORTUNE AS A METEOROLOGLSY IS BUDDINGs IT wAs"
WIUPKHINT"VERAY NICE TO WORK WITH rOUs * SO LONG.''

W15sTOP

102VULETH=1

1V25G0T01V4S

" 1030LETB=2

1035G0T01045

1040LETH=3

IWASPRINT"AW C'MONs YOU COULDN'T POSSIBLY MEAN THATsss "
IO50PRINT"YOU SHOULD HAVE SAID";:B

1055PRINT

JUBURETUAN

1065DATALLs60160752351Us2653227515
lUSUDATARE,E-29,11532,3533213,34,511

1095DbA

TA35,Y539516,405b05415135 4455
1100DATA4L6,10245,165505125152255654

Y10SDATABY s 454455535595 4058045510419 155465 1255155556016
11 tUDATAV »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 clends (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 frorn ground level data.

PRELIMINARY PREPARATION:

A. Student - Students should be familiar with the terms and values of
the dry and 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
Tunknowns:
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 bage of the cloud (LCL).

54
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Earth Science
CLOUDS

_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 l:sson, Phase II of the prograia may be omitted
entirely, by procedure 1, or from eairly runs by procedure 2.

Procedure 1 ‘ Procedure 2
Erase Lines 561 - 699, 770 - Change line 557 to read: If PD 1
790 and change line 557 to read: then 200G

If P»1 then 2000,

When you are ready to use Phase II
merely retype line 557 as originally
listed.

55
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arth.
CLOUD WINE cLoun

HESEMN AEeR

STRONG CONVEGTION CURRENTS ARE CAUSING ADIABATIC
COOLING OF AIR WHERE YOU ARE AND ARE RESPONSISLK FOR THE
FORMATION OF A CLOUD. BOTH THE DRY AND THE MOIST ADIABATIC
(AS VELL A5 THE NORMAL LAPSE RATES) ARK CONSIDERED IN 7THIS
PROGRAM ¢

LESEND

nEDanD
1=THR TEMPERATURE ON THE GROUND
2=THE DEV POINT TEMPEBATURE ON THE GROUND
mTHE TEMPERATURE AT THX BASE OF THX CLOUD
A=THE ELEVATION, IN FEET, OF THE CLOUD BASE

CHOOSE ANY TWO OF THE ABOVE VARIABLES AND SELECT VALUES POR
THEM., TYPR THEM 1IN AS?
VARIABLE CODE »VALUK, VARIABLE CODK »VALUReoo(EeGe 1,50,8,30)

? 1250,8s41

OMAY> TYPE IN YOUR CALCULATED VALUZ POR

THE TEMPERATURE AT THE BASKE OF THE CLOUD

FOLLOVED BY A COMMA, AND THEN TVPK IN YOUR VALUE FOR
THE BLEVATION, 1M FRET, OF THE CLOUD BASE

1 39,8000

VERY GOOD. VERY, VERY G00D.

B0 YOU HAVE ANY OTHER PROBLEMS YOU WOULD LIKE TO TRY?
(imYES, OmO) s 7 )

USING THE SAME LEGEND A5 DEFORE...

CHOOSE ANY TWO OF THE ABQUX VARIABLES AND SELECT VALUES FOR

THEM. TYPE THEM IN ASi ’

VARIABLE CODE »VALUE, VARIABLE CODE ,VALUKee+(XeGe 1,50,8.30) -

? 1,30,3,89%

QAY, TYPE 1IN YOUR CALCULATED VALUE FOR

THE DEV POLNT TENPEAATUSK ON THE QROUND

POLLOVED BY A COMMA, AWD THEM TYPE IN YOUR VALUE FOR
ﬂ'mn“‘:‘fluo iN FEET, OF THE CLOUD RASE '

? » Q

IT LOOKS LIKK Wt QONriPk SOME PLACE.
LET*S SEE WHAT THE CORRKCT VALURS ARE.

40 NEGHARES ~ TMX TEMPERATURE ON THE GROUND

R9-54345 DREAREES - THE DEY POINT TEMPERATURE ON THE @GROUND
25 DEGRERS ~ THE TEWPRRATURE AT THX BASE OF THE CLOUD
A843.455 FEET ~ THK ELEVATION. IN FEKT, OF THE CLOUD BASE

PO YQU HAVE ANY OTHER PROBLEMS YOU WOULD LIKKE TO TRY?
Cim¥ES, OWNO) s T O

WELL, BEFORZ YOU LEAVE, | HAVE A FEV .°'D LIKE YOU TO TRY.ee
BASED OM YOUR VALUKS, THE HEKl1eHT or TAR CLOUD
(MEASURED RGN THE CLOUD RASK)> 1S 18181.88 FT. CAN YOU TELL NE:

WIAT 1S THI TRWPERATURE AT BACHM Op THESE ALTITUDES:
1 e rt s ’ -
8 uss rt
3 13636 rT

THE TENPESATURK AT 3182 PT. IS 7 30

SORRY. YOU VERE DAING SAEKAT TMRRI FOR A WHILE.
VELL, BACK 10 TME BOOKS. THE UALUES YOU SROULD HAVE ARES

1 THE TEOPERATURE AT 3182 FEET IS J32.3 DEGARES
8 THE TEWPERATURE AT 31818 FEET 1S -61.36364 DEGARES
3 TME TENPERATURE AT 13634 FEET 1S -2.878707 DESRERS

= ) 56
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Earth Science
CLOUNS

IOREM=~A+C+CAGBIANO+E ¢A+GALLETTA, PATCHOGUE HeSe» 11-20-68
11REM-~REVISED BY CHARLES LOSIK AND TONY PERKZ 7/18/69

12 RRM RE~-REVISED BY C.LOSIK §8-26-70

OOREM=-THIS PROGRAM 1S ASSOCIATED WITH CLOUD FORMATION

GSREM PHASZ 1 OF PROGRAM BEGINS HERE. STUDENTS VILL BE GIVEN
Q6REM INTRODUCTORY INFORMATIONM AND BE ALLOWED TO ASK AMD ANSVER
N7REM ANY NUMBER OF PROBLEMS. WHEN THEY INPUT NO. 2 CLINKS 554-556)
28REM PROGRAM SENNDS THEM 70 PHASKE K1 (LINE $61 AND FOI-I.OHING).
JOPRINT" *.”CLOUD MINE"

KOPRINTY *s* nusm mesa’

4% nINM BC2), TCA), QCI), AL3), CII)

SOPRINT ' )

GOPRINT" STRONG CONVECTION CURRENYS ARK CAUSING ADIABATIC™
PPRINT"COOLING OF AIR VHERE YOU ARE AND ARE RESPONSIBLE FOR THE®“
SOPRINT"FORMATION OF A CLOUD. BOTH THE DRY AND THE MOIST ADIABATIC"
SOPRINT™CAS VELL AS THE NORMAL LAPSE RATES) ARE CONSIDERED IN THIS'
91PRINT"PROGRAM "™ ’
100PRINT

1GS PRINT

L110PRINT™ *,“LELEGEND"

180PRINT™ ", "ensssa"

180PRINT™ =™}

15080$UB1000

160PRINT* e}

1706€0SUB1010

18QPRINT™3n")

190805U31020

SO00PRINT"4A="}

810605UR1030

SR0PRINT

228 PRINT o
230 PRINT™CHOOSE ANY TWw0 OF THE ABOVE VARIABLES AND SELKCT VALUES FOR™ q)
831 PRANT™THEM. TYPE THEM IN ASs™

2IGPRINTVARIARLE CODE ,VALUE, VARIABLE CODI: sVALUE:e.(E.Q. 1,50,8,30>"
833 PRINT

840 LET X=0

848 LET ¥Y=0

945 LET A-Q

246 LT B0

847 LET BC1)»0

048 LET B(2)=)

880 1MPUTBC1),ASB(R) B

SPOPRINT ;

J00FORI=1TOA

3101FR¢ 1)1 THENIIO

IROMEXTL "

FPOLETTCL. 4

3M0F0RJ=1T0A .

35017B(R)wJTHENI 70

JORNEXTY’

370LETT(J)=R

MBOIFLe>JTHENADS :

I90PRINTYOU CAR'T USE THE SANE VALUES TVICE.” )
3953070050

420SPRINT*OKAY, TYPE IN YOUR CALCULATED VALUL FOR™}

AOGPRIBT

41017 Js] <>RTHENARS

ALILETTR(T(1)=T(R)) /4.5

A18LETTCA)=1000%T

A13LETTCII=TCR)I~-T

4146081010890

413008810850

416003UD1030 i . ‘

AL TINPUTXSY ‘ _
Aulunscx-u 3 )»-.crmsoo - O
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4191IFABS(Y=T(4) ) >= < 6THENS0O
42030T0550
4251FJUs1<>3THENAAD
426LETT=(T(1)-T(3))/5.5
427LETT(4)=1000sT’
42BLETT(2)=T+T(3)
429G60SUP10 10 )
43060SUB10SC

431G0SUB1030
A2INPUTKY 7
4331FABS(X=T(2))>=.6THENSOO
A341FABS(Y=T(4))>u.6THENSOO
4353070550

450 IFJ* I <>ATHENASS
A41LETT=T(4)/1000
AQ2LETT(2)0T(1)=4+58T
A43LETT(3)=T(23=T
444805UB1010

N 445805UB10 50

4464305UB1080

M TINPUTXK, Y
AABITABS(X~T(8))>=.4THENS00
M IFADS(Y=T(3))>=.4THENS0O
ASOPRINT”UKAY, TYPE IN YOUR
A55IFUS1 <SS THENATO
ASCLETTST(8)=T(3)
ASTLETT(2)=1000T
ASSLETTC1)0T(3) 45587
45980SUB1000
A46080SUB1050

461 6uSUP1030

MEEINPUTX,Y .
463IFABS(X=T(1))>=.6THENSOO
AB4IFABS(Y-T(4))>= .6 THENSOO

\) 4658070550
. . QTOIFJ* 1 <>STHENABS
- ATILETT=T(4)71000

ATBLETT(3)=T(R)+T
ATILETT(1)ST(RI+658T
A474805UB1010
475803UB1050
47660SUB1080
ATTINPUTX, Y
ATSIFABS(X~T(1))>=.6THENSOO
&791FABSC(Y=T(3) ) >= 6 THENS0O
A8080T05%0
4811FABS(X=T(3))>= «4THENSOO
ASSIFJe1 <> RTHERI9O
ASALETTSTC4) 71000
ASTLETT(1)=T(3) 48507
ABSLETT(R)=T3) T
. A89Q@05UB100C
- A90@0SUB10S0
491803UR1010
A9BINPUTX, Y
A931FABS(X=T( | ) )>m. ¢THENSOO0
. 494IFABSCY=-T(8) ) >=«6TRENS00
4938070550 )
NOPRINT

Earth Science
CLOUDS

CALCULATED VALUE roR®

SOSPRINT™IT LOOKS LIKE VE GOOFED SOME PLACE."

SOSPRINT®LET*S SEE GHAT THE

S0 TPRINT

/510 PRINT T(1)"PEGREES - 3

sig @0 SUS 1000

515 PRINT T(2)"DRGREES - *3
, 517 @0 SUB 1010

580 PRINT T(3)"DEGREES -

582 60 SUS 1080

585 PRINT T(A)"FEET - 3

527 60 SUB 1030

o &

O

ERIC

‘

GOIIIG‘I' VALUES ARE."
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CLOUDS

530 PRINT

5356070854 -

SSOPRINT

£52PRINT“VERY G00D. VERY, VERY GOOD."

553PRINT

5SAPRINT™DO YOU HAVE ANY OTHER PROGBLEMS YOU WCULD LIKE TO TRY?'

55% PRINT “(1mYES, O=MNO) & "3

556 INPUT P

5571FP< 1 THENS61

S$58PRINT

S59PRINTYUSING THE SANK LEGEND AS BEFORKeee”

5606070230

SOILETHR(TC 1) ~T(3) 222000~ 72TCA)

SAQRYXM LINE 561 SALCULATES ALTITUDE FOR TOP OF CLOUD Aun BEGINS
S63REM PHASE 11 OF PROGRAM. PROBLEM NO.2 IN THIS PART C(CALCULATION
S64RKM OF TEMP. ABOVE CLOUD TOP) INVOLVES USE OF THE NORMAL LAPSE RATE.
SESPRINT

54 TPRINT"VELL, BEFORL YOU LEAVE, 1 HAVE A FEV 1°D LIKE YOU TO TRYe«s.™
STOPRINT®BASED OM YOUR VALUES, THE HEIGHT OF THE CLOUD™
SBOPRINT™(MEASURED FROM THE CLOUD BASE) 15 “JH3*™ FT. CAN YOU TILL ME:™
GOOLETAC 1 Ime 74T (A) '
601LETACRInTCA)I+L 50K

GO2LETAC IImTCAY+oSaN

G10LETACLImT(1)-TCASE3858~3

611LETACRIST(1)~C(TCA)*1 e 5#HI#Ie5E-3

SISLETACIINTCIV =1 +5E-38H

614PRINT

GI5PRINT®UHAT 1S THE TEMPERATURE AT EACH OF THESK ALTITUDXS3™
CROrORN={TO3

GGSPRINT™ *,N5INTCRINI+.5)37FT™

SRTHERT ¥

6R8PRINT

SR9FORM=1TOI

S0PRINT™THE rwm‘rm AT “IINTCAINI+.85)3" FTe IS ™)

631 1MPUTCIN)

63SIFARSCCCM) ~ACN) »1.1-'3::?564

SAOERXTH

49OPRINT

TOPRINT"WIW, YOU MUST BE A BRAIN. ASND YOU PROPALLY xwow™
710PRIRT™A LOT ABOUT CLOURS AND THINGS LIXE THAT. 1T WAS VERY”
TROPRINT™KICE 1O WORK WITH ZHMEONE WO UNDERSTANDS HE.”

TIOPRIMT™ ®,“THANK YOU AMD « ¢ « « PRACK AMD LGHG LIFE™

740STOP

TSOPRINT .

TSSPRINT®SOBRY. YOU WERE NPOING GBEAT THEBE FOR A WHILE.™

'ng an VELL, PACK TO THE BOOKS. THE VALUKS Y#U SHOULD NAVE ang:™
PR ) :
TrOMM=1T03

TIAPRINTRS

780P "m-m TEWPERATURE AT®J INT(Q(N)++5)3"FRET 1§ ':A(ln*ums-

xﬁ@puu
nig‘ TEMPERATURE ON THX mm-

umrulf"m PEW POKNT TENPRRATURE ON TME mm-

191SRETUND

1020PRINT*TEE TENPERATURE AT THK BASE OF TMK cmuv'

1053RETURN

xo:nsi':xwun ZLEVATION, 1IN FEET, OF TME CLOUD DASE™"
ISROPRINTFOLLOWER RY A COMNA, AND THRN TYPK 1N YOUR VALER rem
10SSRETURN

SO0QEND
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DISCIPLINE EARTH SCIENCE

SUBJECT WATER BUDGET

PROGRAM NAME WATERL

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. 3tudent - Studcnts should understand the following terms: potential
evapotranspiration, actual evapotranspiration, deficit,and surplus.
The concept of a change in value of a number (A-ST or ' delta' -ST)
should also have been coverad.

B. Materials - Ditto sheets containing water budget tables should be
availaple for each class member. A sample table follows:
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Earth Science
WATER1

WATER BUDGET
FOR:

Progress[ :
code no. J F M| A M J J A s . 0O N D

P

PE

o —eee -

PE

ST _ )

| &ST

AE

. 0

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 L
P. 402 of the Earth Sciénce :Curric—tﬂ'um Project.

DISC USSION:

This progiram ie applicable to individual or snall group ( 5 or ]ess)
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 tuble:
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Progress
Code #

0-10
11-20
21-30
31-40
41-30

51-00

01-70

Earth Science
WATER1

Stage of Calculation of Water Budget

Introductory information

Student is ready for "P-PE" section of program
ready for "ST" section of program ’

ready for " -ST" section of program

ready for "A.E." section of program

ready for "D" section of program

ready for "S" section of program

Each student may work on a different water budget by entering

a unique set of' data in lines 43 and 44. Line 42 also may be changed to
indicate the region whose water budget is nnder study.

WATLR? .

~

O

ERIC

K

This program should be used in conjunection with program
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Earth Science

WATER1
WAT 1S YOUR PROGRESS CODE NUMBEAR? S
WATER BUDGET FOR RUTLAND,VT.$
sRaEoRuwS LT PP T e L T T 1 1
P3 . .
57 48 63 74 80 90 8s as °2 o4 88 56
FEs

0 o o 3 75 il14 133 114 78 AL 8 0

NOW, RETURN TO YOUR SEATS AND SEPARATELY WORK OUT YOUR VALUES
FORs 'P-PE’ AND °STORAGE's

RETURN ONLY AFTER YOUR TEACHER HAS CHECKED YOUR WORK AND GIVEN
YOU A NEV PROGRESS CODE NUMBER!

READY
RUN
WAT 15 YOUR PROGRESS CODE NUMBER? 15

PRINT YOUR 182 VALUKES FOR P-PE WHEN YOU SEE THE QUKSTION
MARK: AFTER EACH OF THE VALUES PRIET A COMMA €,)--BUT
DG NOT PRINT A COMMA AFTER YOUR LAST VALUES SIMPLY HIY
*RETURN® «

? 55,48,63,46,5,=24,-47,-88,14,53,80,56-

TGO MUCH INPUT, EXCESS IGNORED

OCHI! THRRE®S AN ERAROR AT MONTH 1 « RETYPE THIS LINZ.

7 57,48,83,46:5,"84,-47,-26,14,53,80,56 tT -

@00D VORK!

NOV LET'S SKE HOV WELL YOUR VALUES FOR °ST' CANE OUT. PRINT
THEM AFTER THE QUESTIDN MARK. )

7 100,100,100,1004100,76,29,1,15,68, 1005100

YOUR VALUES FOR °*STORAGX® AREK GORRECT.

HAVE YOU FINISRED THE REST oF THE WATER BUDGET?
Ci=YES, O=NO) ¢ 7 O
OK! @0 BACK TO YOUR SEATS AND WORK OUT 'DELTA=ST® AND 'AE.’*

READY

il
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Eerth Science
WATER1

1 REM CLASS ROOM EDITION OF WB <~ PEREZ 571769 .
2 DIM P(la):l(la)ol(lﬂ’o‘l(lﬂ)o‘(lB)oV(lB)aS(lﬂ)oD( 18),8C18)
3 DIM Q1 Q)
4 REM REVISED BY C.LOSIK 8-86-70
10 PRINT"VWHAT ls YOUR PROGRESS CODE NUMBER™S
; 13 INPUT B
i 14PRINT
: 0 FOR I = 1 TO 18
i 32READP(1)
JALETZ (I YsP(1)
361IFB>10THENAS
. HIFI>I THENG 7
} 42PRINT"VATER BUDGET FOR RUTLAND,VT.$™
L A3DATAS7,48,63,74,80,90,86,86,9R,94,88,56
44DATAQ,0,0,268,75,114,133,114,78,41,8,0
4SPRINT*s [ 1] (1] [ »
46 PRINT *Ps*
47 GOSUB 500
48 NEXT 1
49 PRINT
FOR I = 1 TO 18
READ T(I1)
LET Z(1)=T¢1)
IF B>10 THEN 58
IF 1») THEN 57
PRINT “PES"
GOSUB 500
NEXT 1
IF B > 10 THEN 90
PRINT"NOV, RETURN TO YOUR SEATS AND SEPARATELY WORK OUT YOUR VALUES"
PRINT" FORs 'P-PE’ AND °'STORAGE'.*
PRINT*RETURN ONLY AFTER YOUR TEACHER HAS CHECKED YOUR WORK AND GIVEN"
PRINT" YOU A NEV PROGRESS CODE NUMBER!™
a0To 999
IF B > 80 THEN 110
100 PRINT*PRINT YOUR 18 VALUES '08 P-PE WHEN YOU SEE THE QULSTION"
101 PRINT* "MARK. AFTER EACH OF THE VALUES PRINT A COMMA (,)==-BUT"
108 FRINT®™ DO NOT PBINT A COMMA AFTER YWB LAST VALUES SIMPLY HIT™ .
103 PRINT"™ 'RETURN' "
105 GOSUB 530
110FCRI=1TOLR .
1ISLETRCI)=PLI)=TCD)
11 71FB>30THENINO
180 IF XC1)=QCl) THEN 130
121PRINT"OUCH! ! THERE®S AN ERROR AT MONTH "31%. RETYPE THIS LINE."
188 GOTO105 o ) ’
130 NEXT 1
1371!'3’301'“"300
138 IF B > 20 THEN 148
140 PRINT "Q00D WORK!™

B e L IR L)

ERPE2BZEIRGEREE

: 142 PRINT"NOV LET'S SEE HOV VELL YOUR VALUES FOR °ST' CAME OQUT. PRINT "
143 PRINT®™ THENM' AFTER THE QUESTION MARK.Y
150 GosuB 530
900 FOR- I = 1 TO 18

’ 2011IFX(15>=0THENSOR

W8 LET @ =0
803 LET SCI) » T + XCI)
204 LET T's SCD) :
S0SIFS(1)<=0THERRTS
\ 20¢LET @ = 0

207 NEXT 1
208 LET T = 100
209 LET S¢1) = X(1)+8
810 LET @ = SCI)

* O | .. 64
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~ Earth Science
WATERL

811 LET T =100

818 LET SCI)> = X(I)+G
2131IFSC1)>=100THENRSO
215 80TO 207

878 LET SCI) = 0

276 GOTO 281
280LETSC1)=100
S6ILETNisI+])

: 248LETGs1

5 290FORI=N1TO18

: 310LETM=I~1

: 31 ILETNsI+1
: 320G0SUB352
: 3ZINEXTI
: 34 FOR I = 1 70 @
| 385 LET M = I-}
1 327 IF I»1 THEN 332
| 388 LET M=l
i 332 GOSUB 352
{ 333 NEXT I
2 334 @0TO 400
; 352 LET SCI)aS(MI+X(I)
355 IF 5(1)>=100 THEN 363
5 357 IF 5C1)<) THEN 380
360 @0TO 368
363 LET EC1)aSCI)-100
364 LET SC1)=100°
368 LET V(I}=S(1)=5(M)
369 LET ACI§sT(D)
371 @oTO 389
380 LET S(I)=0
: 382 L. DUIDmABSCPCI)+S(MI-TCI))
383 LET ACI)aS(MI+PCI)
384 LET V(I)aScI)=5t#)
389 RETURN ’ :
&0 IF B » 30 THEN 440
&1 ‘rorl =1 70 18
4R IF QCI) = SCI) THEN 420
AAPRINT"SORRY ABOUT THATI! MONTH"3I3“IS IN ERROR. RECALCULATE PLEASE."
410 4OTO 999 ‘
420 NEXT 1
428 PRINT®YOUR VALUKS FOR °STORAGE' ARE CORRECT ™
486 PRINT® HAVE YOU FINISHED THE REST OF THE VATER BUDGET?"
427 PRINT “(1sYES, O=NO) 3 *}
A8 INPUT L
43017La 1 THENAAL
433 IF L<>0 THEN 426
AISPRINT™OKI GO BACK TO YOUR SEATS AND WORK OUT 'nu.'m-s'r- AND 'A.E.'"
439 a0TO 999 '
4% IF B > &40 THEN 45S
4Al PRINT®LET'S SEE YOUR VALUES FOR 'DELTA=ST'."
443 GOSUB 330 -
44 FOR I = | TO 12
MACIFACI3aV( 1) THENAS)
QATPRINTTHEAR SEEMS TO BE AN ERROR IN MONTH “1%. BETTER TAKE A LOOK"
A3 PRINT"® AT YOUR VALUES. REMEMBER DELTA-ST & ‘ST FOR LAST MONTH MINU:
MA9PRINT® ST FOR THIS MONTHe PLEASE LEAVE AND RRCHECK YOUR WORK."
4308010999 , :
ASINEXTI
453 PRINT“THESE VALUES ARE FINE."
433 IF $>30 THEN 470
ASSPAINI™HOW DID YOUR A.E. VALUES COME OUT? JUST LIST THEM AS BEFORE.
437 @osys 530
4%8FORI=1TOLQ
AS91FQL1)=AC I ) THENAGS
ASOPRINT®00PS! "YOU DID IT! MONTH"I"IS xucomct...mawmnm"
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Earth Science
WATER1

4561 GO TO 999

465 NEXT 1

466 PRINT"GOOD WORK! THEY'RE ALL CORRECT."”

470 1F B>60 THEN 485 e

471 PRINT“PLEASE LIST YOUR 'D* VALUES."

473 GOSuUB 530 ’

474 FOR 1 = 1 TO 12

475 IF QC1)=DC1) THEN 480

476PRINT"YOU HAVE A DEFICIT VHENEVER P.E«>Ac¢Ec===AND===ST=0. THE"
A77PRINTY - DEFICIT = THE AMT.OF H20 YOU'R SHORT TO MEET THE P.E. FOR"
478PRINT" MONTH"31"e THAT 1St DsPE-AE. HAVE ANOTHER TRYeeeeo®

479 GOTO 999 '

480 NEXT !

48SPRINT"NOV FOR THE FINAL ROV. PLEASE PRINT YOUR °'SURPLUS' FIQURES."
486 GOSUB 530 )

487 FORI = 1 TO lg

468 IF Q ()= E (1) THEN 495

489PRINT™A SURPLUS OCCURS ONLY WHEN °ST'=>100+ DID THIS CONDXTXON BXiST*
490PRINTFOR MONTH"I"? IF 50 THEN 'S‘'sEXCESS *P' NOT NEEDED FOR PeE."
491PRINT" SEE YOU AFTER YOU HAVE RECALCULATEDIf!!"

492G0T0999

4P5 NEXT 1

497 PRINT"WELL, IT LOOKS LIKE YOU DID IT. FINE!I™

498 GO TO 999 '

SOOPRINTZC1)3

S021¥Z<1)>99THENS2S

S031FZC1>9THENS20

S041FZC13>-1THENS1S

S0SIFZ(1)>=10THENS20

S061FZ¢1)>-1000THENS2S

SISPRINT™ "3

SSOPRINT™ *3

S@SRETURN
530!"?01‘0(1)00(8)00(3)00(4)00(5)00(6)50(7):0(8):Q\9)a0(10):0(H)pﬁ( 12>
SIIRETURN

999END




DISCIPLINE EARTH SCIENCE

SUBJECT WATER BUDGET

) ' ' PROGRAM NAME WATER?

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 vérifying budgets they have been '
assigned for practice and drill, o

PRELIMINARY PREPARATION:

A. Student - Students should be completely familiar with the concepts
of evapotranspiration, water surplus, water storage, and water
deficit.

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

p. ' WATER BUDGET
FOR:

PE| - _ B | E -
P-P R * ' ' R 4
ST T ;
4ST
L

| AE

41

———— o .
b— .3
ot
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Earth Science
WATER2

DISCUSSION: - / . )

P

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 P. E. data on line 6 and
the title of the budget on line 4.
example:

4PRINT " Water Budget for N. Y., N. Y.:"
S5DATA 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 th_e Earth, Teacher's Guide, Part I, pages 392-397.
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Earth Science

WATER2
ATER BUDGET FOR ANCHORAGE, ALASKAS

{ =
4 } )
g2 18 13 10 18 @28 48 68 66 47 35 23
PES
O O O 18 T 1084 115 105 65 21 0 0
PePES ,
22 18 13 -8 _-59 -¢8@ =67 =37 1 86 25 83
DELTA-STS S
82 3 -0 <=8 <59 =33 0 O 1 26 85 23
STORAGZ=(ST)3
97 100 100 92 33 O 0 O 1 27 58 15
AES -
O O O 18 T S5 48 68 65 8 0 O
Ds
O © o0 O O 49 67 31 0 o0 o0 0
SURPLUSS
o i1s i3 o0 0 o0 o o o0 o o0 o
TOTAL P = 374
TOTAL PE = 499

P/PE = «T49499

READY
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Earth Science
WATER2

1 RBEM CALCULATES WATER BUDGET == PEREZ R0MARGY
SDIK PC12),2C18),XC10),1¢10)
3 REM LINES 4,5,6 ARE FOR "TITLE LINK*, "P D‘TA"‘ 4 “P-E- DA'I'A“ R
4 PRINT"VATER BUDGET FOR ANCHORAGE, ALASKAI"™ )
SDATARS,18513-10,18,80,48,68,66,47,85,83 T
SDATAG,0,0,18,71,104,115,105,65,81,0,0
TPRINT"wmow ssceses ©
€ PRINT
9 PRINT “Pa*
FOR I = | TO 18
READ P(1)
LET Z¢1¥sPC(D) . )
aosuB 499 : ' ’ .
NEXT I
PRINT
DIM TC(18)
PRINTYPEL”
FPOR I » 1 TO 18
READ T(1)
LET Z(D)=TtD
GOSUB 499
MNEXT I
PRINT
PRINT *P~PEs™
FOR I = i 70 18
LET RCi)aP(1)=T¢1) )
12T T(1)=XCLY o s
wWeus 499
MEXT I
PRINT
80TO 99
LET @ =0
98 DINM A< lﬂ’aV(lB)
9 »iN 3(13305( 133,2¢12)
100 POR 1 ='1 70 ‘I8
101 IF Xi1)»=0 THEN 108
108 LXT €& O
103 LET 8C1) = T ¢ X1
104 LET T8 $C})

SSEILEBZCRE2R2BEBEGGRED

108 1P 8¢1)e=( THEN 178

106 LET @ #°0

107 WBXT 1

108 LERT T = 100

109 LET 35C1) = J(1)+@
110 LET 8 & 5¢1)

111 LET T =» 100"~

118 LET 8¢1) = Xc1)v@

113 I1F $C13)5=100 TREMN 180
113 ®0TO 107"

. 178 LET 8¢1) =0

176 €0TO 161
180 LET $¢1)=100
161, LET N1- "= I & 1

190 POR 1 & N1 7O 18

810 LET l=l~1

811 LET W& I+1
80 S0SUB 838
881 NEXT I

‘884 POR 3141 TO @

848 LET finl=1
SRTIFI>1 THENS3S
008 °LET Nela
Lm, .
¥
B o,
70
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)

Do

- 585 RETURN: _ ’ .
‘999END PR . S

- B33 NEXT 1

234 GOTO 391
258 LET SCI)eS(MI+X(I)
855 IF SCI)>=100 THEN 263
857 IF SC1)<l THEN 280
860 GOTO R68

261 GOTO R68

263 LET E¢1)=SC1)-100
264 LET SC1)=100

268 LET V(I3=SC1)=S(M)
269 LET AC1)eT(I)

271 GOTD 289 -

280 LET SC1)=0

882  LET DCIDwABS(P(I)+S(MI=T(I))
283 LET ACI)aSCHI*P(1)
384  LET VC(1)aS(1)-S¢N)
289 RETURN ~~

391 PRINT "DELTA-ST1"
92 FOR 1 = L TO 12

393 LET 2¢D)eW(])

394 GOSUB 499

395 NEXT 1

396 PRINT

399 PRINT®STORAGE=(ST) 1"
400 FOR I=1 TO 18

&S LET 2¢1)es5¢1)

406 GGSUB 499

Al0 NEXT 1

AlS PRINT’

Al9 PRINT"AEI™

420 FOR 1 = '} TO- 18

485 LET 2(1)eACl)

486 GOSUB 499 -

427 NEXT 1

428 PRINT

439 PRINT “D1*

M0 FOR I » § TO 12

4AS LET ZC¢1)eDCI)

A46 GOSUB 499

~K50 NEXT. 1

451 PRINT -
459 PRINT "SUBPLUSI“
460 FOR 1- = 1 TO 18

f ans LET ZC1)eE(1)
466 'GOSUB 499
468 NEXT 1

" 470 PRINT

. A75.FOR. 1. 1 T0 18
A77" LT ogptxaoo

818 pnznr " -:

520" PRINT. » 3

karch Science
WATER2
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DISCIPLINE CHEMISTRY

SUBJECT ATOMIC WEIGHT (ATOMIC

MASS)

!
C / ' . 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
of atomic weight, mass number, and isotopes.

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

DISCUSSION:

C) ' 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 discdssion, 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. o

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.

-
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Chemistry
ATWT

THlS PROGRAN WILL CALCULATE TnE ATOMIC WEIGHT CATOMIC MA>a)
FnOM [hHE PEACENT ABUNDANCE OF EACH ISOTOPE. FPEsCENT
ASUNDANCES MAY BE FOUND IN TrnE CHEMIS (1Y nANDBO’ Xe

nOW MANY 1SOTOPES DOES “nE ELEMENT #AVE 2 7

INFUT Trk MASS NUMBER AND THE PERCENT ABUNDANCE FOus
7 ISOYOPES.

EACH OF

150TOPE
150TOPE
150TOPE
1SOTOPE
1S0TOPE
150TOPE
ISOTOPE

THE

NOe.
NO.
NO.
NOe«
NO.
NO.
NOe«

QOU D WM -

?
?
?
?
7
7
7

146515
198,10

199,169
200,23.1
201,13.2
2025298
2U426 8

ATOMIC WEIGHT (ATOMIC MAS3) 15 2uu.525

ANOTHER RUN (1=YES, 0=N0O) 2?2 O

HEADY

2
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luv
s
16
11y
12
139
14u
15v
16V
163
166
170
1oy
185
190
193
196

205
21U
213
216
220
235
245
KV}
KV
04
KL
36

3iv
315
320
330
335
340
350
36V

Chemistry
ATWT

ke nAarkY LDOLFNAN  T-15-6v

s nEVISED BY C.LOsSIK o-12-7V

¥ BCl) Ak InkE mAS> NUOses» CC1) ARE nk rPESCENTD

ralNT " Tnls Pa0GhaAd WILL CALCULASTE Ine AF0miC WELGRE (Aluxlu
PrINT ¥ FuOm [AE PERCENT ASUNDANCE OF EACH 150TOPke fEaCENL"
PiRINY ' ABUNDANCES MAY BE FOUND IN {HE CobEMISiniY AANDSQOK.'
rrINT

SoIND * HOW MANY 1350TOPES DOES IhME ELEMENT nAVE "3

INFUT A

1F ABSCA-INTC(A)I>eUUU] [HEN i5uv

erRINT oo

PalnT " INCPUT ink MASHS NUMBER AND [nE PERCENT ABJNDANCE FOuit'
rulnr * EACR OF ThEYA"ISOTOPES."

PulNT .

DIM B(2u)sl(20)

LET D=0

LET E=0

FOr I=1 10O A °

PAINT * 150TOrkE NOo'"I" 3

INPUT BC(1),CC1)

LET D=D+B(1)>*C(I)

LET E=E+C(1l)

NEAT I

PRINT

PRINT

IF ABS(E~10U)<+2 THEN 3UY

PRINT

PoINT ' YHE rPEURCENT ASUNDANCE DUES NOCU FOfAL luue'

PHINT " CHECK PERCENTAGES AND HEENTER DATA."

GO TO 185

7 LEI D=D/1U0

PRINT * ATOMIC WEIGAar C(AYOMIC mASS) Is"ip
PRINT : .

PRINT " ANOTHER HUN C(1=YE3, usNO) “;
INPUT A . :

PURINT

IF A=} THEN 140

IF A<>V I'HEN 320

END

3
popr Y
:

Mo
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DISCIPLINE CHEMISTRY

SUBJECT _ AVOGADRO' S NUMBER

PROGRAM NAME AVOGA

DESCRIPTION:

A class presentation designed to calculate Avogadro' s number, by
using the molecular weight of a compund 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 Suggestionsi

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.

“
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AVOGA

IF INST#UCTIONS DESIREDs TYPE ls IF NOT, TYPE U7 1

51> PROGRAM WILL CALCULATE AVOGADRO's NUMBEr BY USING
AN: PURE GASEOQUS ELEMENI Oit BINARY COurOUNLe

THIS VALUE WILL BE CALCULATED BY USING ThE MASS IN GHAMS
OF THE NEUTiON, WhICH 15 $ 1+674383E-24
AND THE MASS OF THE r1itOfUN, WHICH IS5 3§ 1.672059E-24
YOU MUST SUPPLY THE ATOMIC NUMBEK AND THE ATOMIC WEIGHT OF
EACH ELEMENT USED. CARRY DIGITS UP TO 6 PLACES IF YOU '
WlSte WHEN THE MACHINE ASKS (?) INPUT THE ATOMIC NUMBER
AND THE ATOMIC WEIGHT OF [HE FIksT ELEMENI, ThiN THE

: ATOMIC NUMBER AND THE ATOMIC WEIGHT OF [HE SECOND IN THE

- X FOnd AsBsCsDe IF USING SINGLE ELEMENTS., BE SURE TO

PUT IN O FOR VALUES C AND D.

a8 2 0 o o ke o o ke ok ok o ok de ok

4 ' NOWw INPUT THE VALUES FOx YOUR COMYOUND
7 6212¢U01258515.9994
INPUT THE NUMBER OF ATOMS FOR EACH ELEMENT.
(02 WOULD BE 1,2) 37 1,2

*%% THE NUMBER OF PARTIULES PEx MOLE OF ThlS GAS IS 5976496E+23

WOULb YOU LIKE TO TRY ANOTHER PrOBLEM ?
TYPE | IF YES», TYPE O IF NO 7 1

‘ > : . . . ke ke o o o ok ok ok ok ok ok ok ok ok

NOW INPUT TnE VALUES FOR YOUxt COMEOUND

7 82156994,0,50

INPUT THE NUMBER OF ATOMS FOx EACH ELEMENT.
(CO2 WOULD BE 1.,2) 3? 2.0

" ##* THE NUMBER OF PARTICLES PER MOLE OF THIS GAS 1S 5.976497E+23
WOULD YOU LIKE TO TRY ANOTHER PROBLEN ?
TYPE 1| IF YESs TYPE U IF NO 2 0

HEADY - ~ S

L l K .
PR~ o v
o I

-~
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JLY
193
15
106
11V
112
1i3
116
120
13V
151
135
14u
150
151
152
153
154
155
156
157
158
159
16V
161
162
220
222
224
230

250
a6v
270
339
34u
350
355
360
370
360
390
395
400

Chemistry
AVOGA

nEM  olnf HARCHISUTTO Plo summEils '6y 77276y
JMEN gEVISED 4Y LeLOSIK 7-27-7J

#Eid  A,B=AT NO» AL WI OF Flrsls cCou=al NOs AT Wi OF SECOND
HEN EsF=# ATOM> FlnusTs, # ATOMS SELOND :

PRINT “IF INSTHUCTIONS DESIRED, TYFPE 1»  IF NOT» T¥PE U“s)f

nEM G=PA0TON riASS5s H=NEUTHON MASS J l
LET G=1+6U2E~19/9.5b1E4 ]

INPUT N
IF N=0 TrkEN 220 ]
IF N<>1 ThEN 11U

PrlNT

Puilni Yoals PoOGraM WlLL CALCULATE AVOGADKO's NUMbEn BY USING®
PrINT "ANY PURE GASEOUS ELEMENT Us BINARY COMEOUND "

PRINT

PRINY "Tr1S VALJE WILL BE CALCULATED BY USING ThE 4A55 IN GuAvis"
PRINT "OF TnE NEUI#ON, WnlCH Is :'"ih

PRINT “AND THE MAS3 OF TRE PHOJION, whICh ls $';Q

PrINT .

PRINT ""YOU MUST SUPPLY Tnk 4rdmIC NUMBER ANL Tak ATO®IC WEIGAT OFY
PRINT "EACn ELEMENT USED. CAnaY DIGITS UF TO 6 PLACES IF you"
PRINT "WwISre wnEn THE MACAINE ASKS (2) INPUL THE ATOMIC NUMBER®
PnlNT "AND THE ATOMIC #EIGhI OF ThE FI®ST ELENMENT» THEN THE" :
PulNT "ATOMIC NUMBExR AND THE ATOMIC WEIGhT OF ThE SECOND .IN THE"
PrINT "FOaM Asdslstle  IF U3ING SINGLE ELEMENTSs 8£ SUKE TOY

PRINT “PuT IN U FOi VALUES C AND D"

PRINT

PRINT % ¥ 5 v dekookookok kokokok ok ok ek ok k'Y

PalINT

PHINT "NOW INPUT THE VALUES FO&K YOUR COisOUND"

INPUT A»BsCsD .

PRINT “INPUT THE NUMBER OF ATOMS FOR EACH ELEMENT.'

PRINT ™CCO2 WOULD BE 1,2) 3"

INPUT E»F -

PRINT

PRINT "#%* THE NUMBEn OF PARTICLES PEH MOLE OF ThIS GAS Is'3

PRINT C(CE*BY+(F*D))/(CCCE*A)+(F*C))*G)+( (E#(B=A))+(F*(D=C) ) )%kH)
PHINT : ‘ :

]
LET H=1.0086%G/1.0072 ‘

!

PRINT "WOULD YOU LIKE TO TxY ANOTHEX PROBLEM 7"

PRINT "TYPE 1| IF YES, TYPE'U IF NO "3
INPUT N '

IF N=1 THEN 220

IF N<>0 THEN 370 ‘ -
END . :

k3

i
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DISCIPLINE CHEMISTRY

SUBJECT RADIQACTIVE DECAY

PROGRAM NAME DECAY1

DESCRIPTION:
Radiouctive decay is treated pseudo-quantitatively, Ly permitting tiw

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 determim.ng (with 5, 10, or
20% error), the number of radioactive "chips' remaining~after 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 éroups find this program exciting. They
enjoy the game approach, at least the first time, through it, and seem
O to be motivated by the opportumty to "break the bank "

This program can be used as an mtegral part of a class lesson
. to introduce the concept, or to mot1vate g,roup d1scussion and part1c1—
,pation concernmg the phenomenon., L , '

Aot provided by R
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DECAY1

ee=THE NEV CLEA CASINO-==-

MRe As TOM MICK, GENERAL MANAGER OF THE NEW CLEA CASINO,
HAS» AT TIME T=0, DISCOVERED 100,000 HADIOACTIVE PLAYING
CHIPS AT H1S TABLEe THEIR HALF-L'FE 1S 10 MINUTESe. EACH CHIP
TRANSMUTES ' SPONTANROUSLY AND COMPLETELY IN A RAIDOM FASHION.

AT VARIOUS TIMES T, AFTER T=0, YOU MUST DETERMINE VITHIN
A CERTAIN PBRGENTAGB. HOW MANY CHIPS ARE LEFT.

70 FUBTHER THE INTEREST OF THE GAME, YOU WILL START WITH
$1,000 AND THE HOUSE VITH AN UNSPECIFIED AMOUNT. HALF THE -
HONEY YOU HAVE WILL RIDE ON EACH GUESS YOU TAKEe. LET®S SEE
IF YOU CAN BREAK THE HOUSE BEFORE THE CHIPS RUN 0UT. °

THEZ HOUSE OFFERS THE FOLLOUVING ODDS3
8) 8 TO 1 ODDS FOR GQUESSING WITHIN £0 PERCENT
4) 4 70 1 0DDS FOR GUESSING VITHIN 10 PERCINT
8) 8 TO 1 0DDS FOR GUESSING WITHIN S5 PERCENT.

ENTER THE NUMBER 8, 4, OR 8 FOR THE 0DDS YOU.VANT AFTER THE
QUESTION MARK IN THE COLUMN LABELLED 0DDS.

YOUR $
1000

- HOUSE § TIME (HIND oDDS

1.000000E+6 7.8 T8

HOW MANY CHIPS LEFT 7 60700
ACTUAL NUMBER LEFT 15 60716
YOU VONe TRY AGAINe

5000 -

996000 13.9 78

MOV MANY CHIPS LEFT 7 36150
ACTUAL NUMBER LEFT 15 38164
YOU WOile TRY AGAIN. *

85000

976000 869 18

HOW MANY CHIPS LEFT 7 158500
AGTUAL. NUMRRR L.EFT IS )8802

YOU UONe TRY AGAIN."

185000

876000 30.7 T8

HOV MANY CHIPS LEFT ? 11900
ACTUAL NUMBER LEFT IS 11913
YCU CAN BREAK THE HOUSE IF YOU TRY A LONG SHOT.

685000

376000 © QB4 ? 8

HOW MANY CHIPS LEFT.? 3500
ACTUAL NUMBFRLCFT 1S 3494

- YOU BROKE IHE ﬂOU.aE- You. N!!DED ONI.Y THE HINIHUH NUHBBB 0!‘ GUESSIS-

CONGRATULATIONS« . .
YOU MUST ‘KNOW A LOT ABOUT RADIOM:'HVITY ANDJ THINGS-

THANKS FOB PI.AYING--

o

' THE NEV GLEA CASINO A ToM.MicK

GENERAL ﬁANAGER

DONT SPEND IT ALL IN ONE PLACEe = . - o

READY

 Copyright 1971, Polytechnic Institute of Brooklyn -

FARGY




Chem

-DECAY1
() 100 REM RICHARD F. PAV, PATOHOGUE HeSes (PHYSICS) REVISED. NOV. 26,1968
: 105 RALDOMIZE ) ’
110 REM 'l'HlS 1S A GAME BASED ON RADIOACTIVE DECAY.
120 PRINT * «==THE NEVW CLEA CASINQ==a*
130 PRINT
140 PRINT ™ MRe Ae TOM MICK, GENERAL MANAGER OF THE NEW CLEA CASINOY

150 PRINT “HAS», AT TIME Te0, DISCOVERED 100,000 RADIOACTIVE PLAYING""
160 PRINT "CUIPS AT HIS TABLE. THEIR HALF=LIFE 1S 10 MINUTES. EACH CHIP"
170 PRINT "TRANSMUTES SPONTANEOUSLY AND COMPLETELY IN A RANDOM FASHION."

160 PRINT
190 PRINT * AT VARIOUS TIMES T, AFTER Tw0, YOU MUST DETERMINE. VITHIN
gm PRINT “A CERTAIN PERCENTAGE,» HOW MANY CHIPS ARE LEFT."
10 PRINT
280 PRINT * TO FURTHER THE INTEREST OF THE GAME, YOU viLL START WITH

230 PRINT *$1,000 AND THE HOUSE WITH AN UNSPECIFIED AMOUNTe HALF THE™ ~
240 PRINT “MONEY YOU MAVE VILL RIDE ON EACH GUESS YOU TAKE. LET'S SEE"
- 250 'PRINT “1F YOU CAN BREAK THE ROUSE BEFORE THE CHIPS RUN OUT.""

260 PRINT
270 PRINT "'I'H! HOUSE OFFERS THE FOLLOWING ODDSI"
2680 PRINT * 2) 2 TO 1| ODDS FOR GUESSING VWITHIN 20 PERCENT"
. . £90 PRINT " 4) 4 TO )} ODDS FOR GUESSING WITHIN 10 PERCENT®
?0 FR:NT h 8) 6 TO 1} ODDS FOR QUESSING WITHIN S PERCENT.”
0 PRINT

380 PRINT “ENTER THE NUMBER 8» 4» OR 8 FOR THE 0DDS YOU WANT AFTER THE™
330 PRINT "QUESTION MARK IN THE COLUMN LABELLED ODDS."
340 PRINT

350 PRINT “YOUR $"» ™“HOUSE $*, *“TIME (MIN)¥, "0DDS*
350 LET A=0 : T oot )

370 LET B=0

-380 LET T=0

390 LET Yel1000 .

400 LET C=0 i
410 PRINT

420 IF ABG(G-D)<1500 THEN 450

430 LET G=5

440 LET D=2

450 LET BeBe]

450 FOR I=1 TO J+A+ABS(G-D)

47C LET TIsINTC100#RNDC~¥))/10 c

: 430 NEXT 1
RSN 490 LET T=T¢T3
5 . : §00- LET D-lNT(IE5.W('o°693‘T)’
S10 IF D=0 THEN 860 .
§20 PRINT YIIOOIOOO'YDT: °
630 INPUT A
S40 IF A2 THEN 610
550 IF A=4 THEN 610 . .
s i "+ 560 IF A=8.THEN 610
3 o 570 .PRINT “SORRY PAL,» WE DONT OFFER THOSE 0DDS "
800 IF C=) THEN 620
590 LET c-l
600 BOTO S
» 810 PRINT "HOV MANY CHIPS LEFT *3
620 INPUT
630 PRINT "ACTUAL NUMBER LEFT 1s *sp
‘" 640 IF Awg THEN 700
‘650 . IF Am=4 THEN 680
. 660 LET Pwe0S :
670 GOTO 710
: 680 LET Pwmel
. ) ‘ : 690 GOTO 710
L ' 0 LET Pa.g -

"

92
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710 LET Twi0eB _
720 IF ABS(D=G)<wPeD THEN 770
730 LET YeINT(Y-Y/8)
740 IF Y<w50 THEN 820 :
750 PRINT “T00 BAD, YOU LOSTe TRY AGAIN."
760 GOTO 400
770 LET Y&INTCY+ASY/2)
760 IF 1000000-Y<l THEN 890
790 IF Y>ES THEN 640
600 PRINT "YOU VON. TRY AGAIN.*
610 GOTO 400
820 PRINT “I7 SEENS YOU JUST CANT GET THE HANG OF IT. SAVE YOUR BREAD."
840 PRINT “YOU CAN BREAK THE HOUSE IF YOU TRY A LONG SHOT"
850 GOTO 400
860 PRINT “0000PSsee SORRY PALs THE LAST CHIP JUST DISINTEGRATED."
870 PRINT "THE HOUSE IS CLOSED."
880 GOTO 960
890 .PRINT “YOU BROKE THE HOUSE. YOU NEEDED ONLY 3
895 LET Y*1001000
900 IF B»S THEN 930 -
910 PAINT “THE NINIMUM NUMBER OF GUESSES.™
930 GOTO 940
930 PRINT B3“GUESSES."
940 PRINT "CONGRATULATIONS.*
950 PRINT “YOU MUST KNOV A LOT ABOUT RADIOACTIVITY AND THINGS.
960 PRINT ®THANKS FOR PLAYING.."
. 970 PRINT ~ :
980 PRINT * ' . . .

990 PRINT .

1000 PRINT * . . - o -GHEGK NOa"384D
1010 PRINT ’ o T
VBV rriNt - NLIES "3

1030 PRINT “eeoncncowcccce|Quun ' T

1040 PRINT ’ :

1050 PRINT

1060 PRINT PAY ‘I‘O 'I‘Hl OBDBR OF ==}

1070 PRINT
1080 PRINT "S"}Y

1090 PRINT

1100 PRINT .

1110 PRINT " THE NEW CLEA CASINO Ae TOM MICK"
1180 PRINT ’ GENERAL MANAGER"
1130 PRINT ' '

{140 PRINT *
1150 PRINT
§160 PRIKT “DONT SPEND IT ALL IN ONE PLACE."

Y " 10v

. .@ Copyright 1971, Polytechnic Tngtitute of Brooklyn
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DISCIPLINE CHEMISTRY..MIYSICS

SUBJECT NUCLEAR DFECAY

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.

QRITCTTVLS:

—iiee .

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-
Tifc before the use of the program.

B. Materials ~ none

. DISCUSSION:

It is difficult to teach about the-exponential (loganthmm) manncer
by which radmactwe elements decay without meaningful illustrations and
su'nulatwns.

foreTy
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Chem
DECAY2 -
DISCUSSION: (con't)

L

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 iz misleading to make runs go to zero
mass or zero particles. '

12
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DECAY?2

DO YOU WANT 1xSTaUCTIONS. C(l=inds usNO) 2 27 1
Tnls 2noGuAr WILL LU InE FOLLOWINGS : » -
CROICE 1| = CALLCULATED naLF=LIFE Fuls Fw0 sEADINGS
’ ON A Gl GEu COUNTEI.
ChOICE 2 = CALCULATES n0% wUCH UF A nabl0ACTIVE 3AMPLE
WILL AEMALN AFIER 30k GIVEN ANOUNT UF 1ddE
CnOICE 3 = 2ulNis Ul A TASLE arUwlwG Mad3 UF 3newrLl
Use Tl On NOe OF PASTICLES VSe [linie
(GaArn 02 C1ONAL) NOFE: FOa IaE FadLE 700
MUSY 1iwPUr FOPaL TIiE ANU (I INCHECENT.
EABPLES 1F (UFAL [linE=1UU aND rlVe
INCHEmEN 21U ThAEN [liig IN Ink TooLE WILL
BE 10s2Us30secccccccnsaslUle
CHOICE 4 - END OF rPu0GiAN

NOTES IN ANY ONE PuOBLEW, I'IME MNUST
ALWAYS BE INPUCED IN InE SaME UNITS
OF #MEASUME (1E3 SELSesiiINS«sEfCe)

kb kok kK

WiAT IS YOUR CHOICE? 1 .
wnal 15 THAE INITIAL AEADING ON TnE GEIGE:i COQNTEH:
THE SECOND aFADINGs AND I'nE TIME SETWEEN nkADLINGSe
7T 150U, 300U, 36

INITIAL READING= 3000 SECOND AEANING= 150U [lbME= J6
HALF-LIFE= 35.99755

sk ook kg
winl 45 1uud LRVILL? 4

WHAT 15 THE INITIAL nhEADING ON THE GEIGEit COUNTEts
TRE SECOND H#EADINGs AND ¢nE [ling ol WEEN gEADINGS«
T 7Y5,1256 5212
INIVJAL SEADING= 1256 SECOND «KEADING= 77% Tlrik= 212
HALF=LI1FE® Ju4.3208%

hkknkkkkk
WHAT 15 ¥0UR CiOl1CE? 2

WAT IS IHE HALF-L1FE, INITIAL MAS> OF SANPLES AND
TOTAL TIME OF DECAY? 18456576

PALF=LIFEs 1o InIFIAL MAdas 56 FOTKL flMEs %6
MASS OF SANPLE d{EMAINING® J.0uuysz

Rt LA L LY L]

WHAT 15 YOUR CnoOICE? 3

PO YOU Unwr TO WOuK Wiln PATICLES Ot MAss? (ANSWEK 1 Fu
PARTICLES Oit 2 FGu ASS) 2.1

WAL 13 InE nALF-LIFE, INITIAL NUYBEK® OF PAGTICLES IN THE
SAMPLEs TUIAL ELAPSED TIME FOit DECAYs AND (RE
INCAEMENT OF ELAPSS0 F1Me? 1UsG6evzEzdsluus i

: =,
-HALF-LIFE= 10 INITIAL NOe« OF PAUTICLES® 6.02UU0Uc+23

TOTAL TIMEs 1UU INCAEMENT= 10

13
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TINE

-

v
1V
=1V]
JJ
49
5
640
w
pU
90
100

PARFICLES

6eU20UVUE+EY
Sevlulagneiy
1:5U51455+23
T+526U658+22
3.763210E+22
lebulbyat+en
Ye4ubyl i+l
Yo WHOG1Y=+2]
2edb20Hutiv2)
el 762012+¢)
S+ BBIOLIE+LY

PO YOU WANF Tunk ASOVE LAFA

: v
6URUOPOE+Y

lnregeqera]lcancrevas] qercncarn]lrarvasaau]arnasaven]

TINE
v

10
20
3
Ho

wJ
vy

SITTITIY 2

W W e Bt Do B Gt Gt P Bt
*

WAl 13 YOU: CHOICE? S .
LU SUU kANE FO W0RA widn PALTICLES Uit A537 CANSKen 1 FOo
PARTICLES Qu & Fust daasd) ? &

PARY. LQOS

cqm—. me=-

Q

JeuUYBSbE+RS
1 e§USUUUE+2S
Te525355e+22
Je 762055k +22
leboiblbltee
9e4uauas+El
LR OUEREFL L))
2 35222ck+2]
be176) ki)
Sebb) 126E+2V

Chem
DECAY2

FOFPAL Piutils LOSS

conee mmea= weme

3

JeUuvoebbit+ds
deSilibookteS
RPNV RERYL K]
De06436T9E+2S
Secdlogl+id
Seygbylir+ey
SeYT2YSiL+RS
DeYYGLYSE+ES
QaUPLLESTE+RS

GeULALIBE+RS

GRAPRED? C1=YES, D=NOI? 1

MASS (O PARFICLES) nEHAINING

*

*

WHAL 15 Ink naLe~LIFEs 1&1TIAL oo OF 3asLEs 1QVAL

ELAPSED J1ne Fus LECAT, Any lap LhCandli

ELarsey [lhe?

13210U0 1205105

N

U

*

LALF=L1FEs I 1N PlAL HAunSe 100 TOVAL TlkEs 139 INCHENENT=s 1S

Flni

J
15
dv
45
[V
15
ko
1wH
13
135
150

NASS
L2 L) e

(1Y)

BV RYVIVE- R T

2HeUuu 236
V15e501 77
6e351l0
Sel26937
1562942
e 7015v0)
eIV 1 T2H
«19¥53vsd
WG IN

MALS LO3S

Smaw qmee

Y

49 +94 764
25
12.50VU5% ¢
625059
Jel2haag
br5627v5
«foladaq
e 3YU 7356
1YS37%
WYT6YILY

FOIAL Knoo LOSS K

v
4y 9V 764
74499764
87+49043
Y3 74pb2
96?07436
YO 436
yye2logy

L YYe6UY23
Yv.0046
Yy I22Y
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Chem
DECAY2

DO YOU WAN! Tnk ABOVE DATA Gm\r‘rif.'b?‘ (l=YESs, U=NOI? 1}

MASS COus PARTICLES) AEMAINING

U 10

TINE leermurcme]ennrnacac]asencnnrcc]anensnnce]reamanans]
»
. %

*
*

12v
135
150

«©
[
'-'-'-ﬂ-l:.-.-.-u-.-—

Ty

WAT Is YOUR CrOICE? 4

HEADY

&
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Chem
DECAY?Q

100 sikim he DOLRCAN® Jde NABCRIDOTIO PIB 7724709 ¢
WS s sEVISED pY CeLlOaln bo-l2=w . :
110 sk CALCULATION OF nALF-LlfE AL aEMAINING NASS LINGLUDING
120 ke Faoles AND GoiPads

122 #ulsid "o 10U WANT \w:ludCthh: Cl=YESs UnNO) ¢t 3

124 INSUL A

126 IF a=U fHEN Juy

128 IF a<»l Then 122

130 ¢alNT " Als fiiQGaAM WILL LU inE FOLLOWINGY'

140 pPalni * bliOlbI‘. 1 » CALCYLATES nALKF~LIFE Fu0d 1y HERDINGS"
IS0 PAINT " - ON A GElGEs bDU.‘\Hnn."

1602:INT CHOICE 2 m»- CALCULATES nOW ;mJdun QF A (LHDIO\OIIV‘. Satpble
1IN VILL pERAIN AFISa 5082 GIVEN ANOUNG OF Flae®
180 22INT CHOICE 3 - r’ulNl.: OUi n FRBLE anDilNG BASS OF SAiw’LEY
w0 PriNT Vde TIME O NUe OF l‘mnler.a Voe Tlhge"
20 PN (Glh\t’ll 0F T10NAL) NOVES 'sUs fnE PasLlb YO\J"
210 PAlNYY , BUST INPUF TO4AL FIRE nND FINE 13CngMicge
220P,tIN T EAANPLES IF FOFAL JijkE=lou AND. Tleg'

230 p2ilNTY . . INCHEMENT=10, TnkEN rIME Iy FHE TABLE wWILL®
240 Pulvl" BE 10;3036\-\.'--\-9---y--oluu."

250 PiINP" CHQICE 4 « END OF t’tiD(nU\i'" .

260 PrINT

870 2RINT" NOTE: IN ANY ONE J’nUdLbM:Th‘ll"p MUST"

860 PuliNr . ALWAYS BE INPUCED I8 Tne samk Unlps”

290 PuINT' . 'OF MEASULE (1E3 SECSsatiIN3e Y G

QU0 PRINT '

31U PRINT . hkkkkkmdkkt

320 PRINT _

330 PRINT "WhRAT 15 YOup CpoOICE™S - ,

340 JNPUT & : _

S0P RINT '

J60 1F A=) TrEN 410

S0 ir a=e tacw sios

380 IF A=3 THEN 57V . .

390 IF a<>4 TnEN 32v

400 sTor

410PRINT" WHAT 15 TnE INITIAL AEADING ON THE ‘GEIGEK COUNTEs,"
420 PRINT" THE SECOND 4EADING, AND THE TIME BETWEEN nEADINGS.'
430 INPUT BrALC .

433 IF A>B ThEN 449

T 435 PUINT "INITIAL READING 1S5 ALWAYS LESS THAN FINAL AEADING.”

437 .60 TO 43v
440 LET D=C.6931#L)/LOGEA/B)

450 PRINT -

460 PRINT “INITIAL READING®“A"SECOND nEADING="EB3"IIMEs"C

470 PRINT “HALF-L}FE="D

480 GO TO 3uUv

490 PRINT “WHAT 13 THE HALF-LIFEs INITIAL MASS OF SAMPLE, AND™

500 PRINT “IO1AL TIME OF DECAY"3

510 INPUT EsFaG ]

520 LET n=F¥EAP(-.6931%G/E) : -

530 rRINT - T
SAUPRINTYRALF » LlFrﬂ"LJ"lNlllAL NASS=YFINTOIAL TI%E="G .
550 PiINT “NASS OF SAMLE MENAININGs"n

560 GO TO 30u

570 PRINT DO YOU WANI TO WOsit WIFH PARTICLES O MASS? (ANSWER 1 FOK™
560 PRINI" PASTICLES O« 2 FOK MASS) *3

S0 INPUT b

60V PRINT

610 IF =1 FHEY 754

615 IF J<>2 THEN $70

. 620 PrINT" wnil 15 {uE nOLFeLIFEs INITJAL WASS OF $ANPLE, [OTALY
630 AN

LArskn ek Fos DECATa AND [HE INCaENENY OF *
Swtonid Sinets
Sabaiait

M) sl
65V Ilnedy
AL B Y ST

LIV Ly umU

16
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Chem
DECAY2

680 LET 4=F
. 69V PRINY
Nt WU IF J=1 InkEN bUU

0 PRAINI"HALF-LIFER"E£3" INITIAL 0552 F3'" yOial (linkEs"Ks " INCibiENF="iq
720 £riNy
T30 PRINDI “TIME", "NASS"» "8ASS LOS®", "IOTAL viASS LOSS"
740 F:(lNl' ll----ll, ll----ll, V- .-.-Il, Hpwenaw acos gowell
™V GO TO b5V
60 PAINT" WnAL IS THE nALF~LIFE. INITIAL NurbiEd OF PARTICLES IN THE"
T PAINT® sAarsLEs FOQAL ELAPSED Tl FOi DECAYs AND TnE *
T80 PRINT TNCHENMENT OF ELAFSED Tlid
790G0 TO 65V
795 PRINT
800 PRINT"GALF-LIFE="£3"INITIAL Q. OF PARTICLES="F
810 PRINT"TOTAL TIME="K;" INCREMENT ="M .
' 820 PrIND .
. B3V PRINI' TIMNE"s ** PARTICLES"s “PAnls LO33", '"IOTAL' PARLs LOS"

BAU PHINT' ceoctl, ¥ cecavanee!, Yaceae reeel, "ecmee cccmn cooe!!

[ A

850 PAINT
860 FOit G = 0 TO K SIEP M
BV LET n=F*EAPr(=.6931%G/E)
- B8V LET w=ARs(n=-4)
890 LET deutd
90 IF F >1e6 THEN v2v
910 IF J=1 THEN 940
Y2V PRINY GeHalsw
930 GO TO 950 v
‘940 PRINT INTCG+e5)sINFCR+eS)s INTCU+eS5I s INI(U+e5)
950 LET 4=d
960 NEAT G
970 PRINT
Y8 PaINT

Y9V PRINT
UV PitINIT DU TUU WHND e ABUVE DAIA GRHEREUE \I=i60s U=nUs's
WIiv INUT & .

1020 IF n=U THREN 3uu )

1023 IF n<>l YHEN oo
<103V PRINT

104V PRINT

B

o 1050 PRINT -
W6V PRINF TABCIUI3"NASS (On PAXTICLES) AEMAINING"
3 1070 PRINT
i — 1080 £RINT * ","0"3TABCGR)3F
JIOUPRING ' TLHE" " [ = m=mmom o] ememcaaee]mmcmeecne] secemanes ] oamascnaa]n

1120 FOR 6 = U TO K STEP M

113U LET heFrear(=.6v3146/E)

1140 LET HI=INTCH/F#50445)

1150 IF H1<=5J InEN 117V

1160 LET rl=5v

1170 PRINT Go"1%3 TABCh1+1445);" %"
1250 NEAT 6 -

1260 GO TO 3vv

1260 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 calculution 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 idéntification only
and has no part in the actual calculations. .. o
The student generally has difficulty understanding the function of

the ratio in calculating -empirical formulae. This program is designed to
‘emphasize that fuaction. ) .

The importance of significant figures could algo 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 compoind with figures of progressively greater accuracy,
an empirical formula closer to whole numbers will be obtained.

18
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K3

ATOMIC. ¢

Chemistry
EMPIR

ThlS PrOGiAM WILL FIND THE EMPIRICAL FOaMULA FOR
ANY COMPOUND CONTAINING UP TO FIVE DIFFEHENT ELEMENTS

WHAEN INFORMATION 1S AEGUESTED, TYPE IN InE ATONIC
NUMBErs» THE ATOMIC WEIGnT, AND THE PCT COMPOSITION o1
VEIGHT IN  ITHAT OADEA; FOr EXAMPLE, IN TnE COMPOUND 502
[(HE DAlA WOULD B8k ENTEKED AS FOLLOWS: 16,32,5u FOuit
SULFUn AND &316350 FOA OXYGEN.

HAOW MANY ELEMENTS DOk YOUr UNKNOWN COMwOUND CONTALN? 2
ENTE: THE ATOMIC NUMBER, THE ATOMIC WEIGHT, AND Trk

PCT COMNPOSITION FOA EACH OF THE ELEMENTS IN YOUR COMPUOUND.
BE SUAE TO ENTEx ONE SET OF NUMBERS FOst EACH WUESTION MAKK.

1 o ? 2625509569496
2 o ? 8,165,30.04

ATOMIV ' PCTe INItian HATLIO%x2 AATIO*3

NUMBER GO o HATIO
26 69496 . L1 2 , 3
® 30404 1.5 . 8 4.5

TO FIND THE EMPIRICAL FORMULA LOCATE (HE FIfST ATIO

COLUMN IN WHICH ALL OF THE NUMBERJ MObI CLOSKELY APPiOAIMATE
A WHOLE NUMBE:s.

IF Y0U WOULD LIKE 10 TAY AGAIN {(PE 1, IF NQT TYPE Ue? 1

HOW MANY ELEMENTb'DOES YOUr UNKNOWN COMPOUND CONTAIN? 3
ENTER THE ATOMIC NUMBER, Trik ATOMIC WEIGHT, AND THE -
PCT COMPOSITION FOr EACH OF IHk ELEMENTS IN YOUx LOMHOUND-
BE bUdE TO ENTEH ONE bbT OF NUMEEnb FON EACH uUEbTION MAKK.

l ., ? 13103 e
? 1633233207':. o

NUMBER -
1

16
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luu
105
lué
130
140
15
16V
170
120
vy
20U
210
[ereAN]
23V
240
z8J
3705
29J
295
v
3U5
31V
J2u
330
34U
350
355
357
358U
370
38U
383
388
3687
389
390
4090
410
420
430
-440
0
760
770
780
sU0
8l0
820
&30
840
645
850
870

sy 0N MACnISOTTO BALLIC 1/14r76Yy P11 EMeP Ltk
nlr, oEVISED 8Y CeL0SIn  7=31-7u
nka ACDI=ATOMIC NOS», BCL)=A[ WTL AND Then C(1)/78Cl), C(1)=2C 1 CObir
PRINT * InlS PrOGrAM WILL FIND [HE EMPlualICAL FORMULA FOr "
#nINT "ANY COMPOUND CONTAINING UP TO FIVE DIFFERENS ELEMENTS"
2alNT
PurINT " wWHEN INFOUMATION 15 RAEQUESTED, rYPE IN [RE ATOMIC!
PRINT " NUMBEARs THE ATOMIC WELIGHT, AND [HE PCT COMPOSITION By
PalNt " wELGRT 1N fAAT O0xbens FOrt EaAAMPLE, 1IN ThRE COMPOUND suds"
SlNT " ThE DATA WOULD BE ENlEdep AS FOLLOWws ¢ 16,32,5U rUa"
Paolhl " SULFUIL AND 8516550 FOul OaYGENe" )
Palny
Dle, AU (3L (H)
Ll w=u :
PaIlNT Y 0w MANY ELEMENTS DOES YOUn UNKNOWN COirOuNl CONLTAIN';
Iwnedl o
1F 4=l fnﬂN v 3J
Fua I=2 (9 5
1F I=4 Tn N 324
whkal 1 .
Pulil "EnTER AN INYEGE: Fudri 1 10 Se"
GO [0 24V
PulNT " BENiEs nk ATOM1C NJMBEA, 1Ak AfOMIC WELIGRIT» AND yHE"
PuINf " PCT CINPUSITION FOsit EACA OF [RE ELEMENTS IN YOWt COMrQUNU"
PLRINT ' BE sSJunk TO ENTER ONE SET OF NJUMSBSERS FOs EACn QUESTION MAnKe™
Le !l 5=V
LE! F=lk:s
PrlNt
FOs I=1 TO &
PRINY TAB(S)I3L3"e '3
INPUT ACI), 5(1); [ @]
LET B{I)=C(l)i/B8(I)
I B(I)>F THEN 390
LET F=3(C1)
HkM  MAKE SUdE sdM OF PCT COMFMFS = 100
LET 8=5+4C(I1)
NEX| I
IF ABS5(S5-100)<e1 THEN 76U
PRINT "THE £CI COMPOSITION DOES NOT TOTAL 100 PERCENT."
PRINT '"ADJUST DATA AND #EENTER."
GO TO 32v
HEM PHINT RATIOS
PRINT
PRINT " ATOMIC",'" PCTe "L"INITIAL""nALI0%2"," " "RATIO*3"
PRINT "NUMBLR" "COMP e "ﬂATlO"
FOk I=1 TO £ )
PRINT A(I):C(I)aINT(lU*B(I)/F+.5)/lU:
PRINT INTC20XBC(I)/F+5)/710,
PRINT INTC3UXBC(I)/F+5)/10
NEXT I
PRINT
IF W = 1 THEN 95U
PRINT " TO FIND THE EMPIRICAL FOHMULA LOLATE THE FInsT HATIO*

.

SBOPRINT" COLUMN IN WAICH ALL OF vnE NUMBERS MOST CLOSELY APFHOXIMATE"

890 PRINT " A WHOLE NUMBERe"
900 GO TO 950 '
930 PUHINT ' THE EMPIRICAL FORMULA FOR A COMPOUND THAT CONFAINb ONLY"
940 PRINT " A SINGLE ELEMENT IS5- STRAIGHTFOHWAHD."‘
945 PRINT ’ ' :
950 “PRINT "IF YOU WOULD LIKE TO TRY AGAIN IYPE 1, 1F NOT TYPE Ue"3
980 INPUT W '
985 PRINT
990 IF W = 1 THEN 240
1000 IF We<>U THEN 950
1070 END :
.

20
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DISCIPLINE CHEMISTLY

SUBJECT EQUILIBRIUM

PROGRAM NAME EQUILl and EQUIL2

DESCRIPTION:
This program calculates the effects of concentration changes
in the equilibrium systems 2HI& H + I2 and P_.lsv- PC13 + Cl
OBJ ECTIVES:
A. To show that an equilibrium system is a dynamic one.
B. To illlustrate 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”
Teactions, equilibrium systems and Le Chateliers principle.

B. Materials - none

O DISCUSSION:
These two programs can be used as classroom demonstrations to
illustrate the effect of verying 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 vert1cal axxs (horizontal on the output) is labeled in percent

of maximum y value.

v L . R
' v
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THIS PROGRAM WILL INVESTIGATE THE EQUILIBRIUM SYSTEM
@HI = H2 + 12

WHAT 1S THE EQUILIBRIUM CONSTANT? 3
WHAT 15 THE INITIAL CONCENTRATION OF HI? 2

WOULD YOU LIKE THE RESULTS PLOTTED (1), TABULATED (2)

OR BOTH ¢3) (TYPE THE APPROPRIATE NUMBER)? 3

INIT. 12 EQUIL. H8 EQUIL. 18 EQUIL. HI
INITe HI INIT. HI INIT. H1 INIT. HI
o 2928938 2988938 4142136
i 1771843 1177184 6457513
- «1891713 2189171 «7416574 .
3 21080848 3.102084 . 7958316
4 «08458404 4.084524 «8309519
S «0781787 $.078173 +8556546
6 «062399609 6062996 8740078
7 «05590278 7.055903 «8881944
8 «0508585 8.050252 8994953
9 «04564393 9.045644 9087181
10 «04181836 10.04181 9163783
11 «03857601 11.03858 «932846
18 «03580588 18.03581 «9383884
13 03340775 13.03341 9331845
14 «03131187 14.03131 9373775
15 0294687 15.082946 «9410746
At C(EQUIL. H2)/CINITe HD) MAXINUN IS 8988938
Bs (EQUIL. I8)/¢INIT. HD) MAXINUM IS 15.08946
Cs (EQUILe RIJ/CINIT. H1) MAXINUN IS .9410746
INIT. 18 ‘ A-B-C
=eascaca 0 25 S0 ’ 7% 100 % OF MAXIMUN
w‘r. "x l------.-.x.--------x-.------.x.----.---l .
0 18 c A
1 B A C )
] 1 B A (4]
3 4 B A c
4 1 BA c
S 1 A B ” c
¢ 1 A B . c
7 1 A B c
8 1 A B c
9 1 A B c
10 1 A B c
15 1 A B c
18 1 A B c
13 1 A B c
14 1 A B C
1S 1 A ]
L L 22

WOULD YOU LIKE ANOTHER RUN C1-YES, 0-N0O>? O l

READY

22
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( : 100

. 101
105
106
107
108
180
1el
ige
130
140
141
- 148
143
142
150
° 151
152
183
154
139
160
161
162

183
184
188
186
187
188

ORI

275

01

- 403
04

408

M08

Chemistfy
EQUILL

REM EQUILIBRIUM SYSTEM, JOHN MARCHISOTTO
REM REVISED 8/80/70 (D« PESSEL)

DIM DC20),EC20),F(80),W(3)

LET D10 ’

LET Els0O

LET Fi=0

PRINT "THIS PROGRAM VILL INVESTIGATE THE EQUILIBRIUH SYSTEN"
PRINT

PRINT * 8Hl = HR + 12"

PRINT -

PRINT “VHAT ls THE EQUILIBRIUM CONSTANT"3
INPUT K

IFf Kk>e0 THEN ISO

PRINT “THE EQUILIBRIUM CONSTANT MUST BE NON-NEGATIVE."

80 TO 140 '

PRINT “WHAT 1S THE INITIAL CONCENTRATION OF HI"™3

INPUT C '

IF C>=0 THEN 159

PRINT “THE INITIAL CONCENTRATION OF Hl MUST BE NON-=NEGATIVE."
G0 TO 150

PRINT

PRINT "WOULD YOU LIKE THE RESULTS PLOTTED (1)» TABULATED (8)"
PRINT "OR BOTH (3) (TYPE THE APPROPRIATE NUMBER)"}

INPUT QI

IF Ql<2 THEN 195

PRINT

PRINT

PRINT "INIT. 18"," EQUIL. H2",* EQUIL. 18%," EQUIL. HI"

PRINT LT LT LT Y Y L) soaancace®, " sesssasssaR? N Lanievene™
PRINT “INIT. RI","” INITe HI%,™ INIT. HI%,* INIT. HI®
PRINT

LET As4xK

LET B=l-A

FOR X=1 TO 16

LET XisX~}

LET DCX)=(=CA+X1)}+SQR(CA+X])12+A%B) ) /7(2%B)

LET EC(X)=X]+D(X)

LET F(X)=]<=2sD(X)

IF Ql<g¢ THEN 260

PRINT X1,D(X)sE(X),F(A)

IF¥ D(X)<Dl THEN 870

LET D1=D(X)>

IF ECX)<E]l THEW 280

LET EiIsECX)

Ir F(X)<F1 THEN 390

LET rl"(x’

NEXT X

IF Qle>g THEN 398

PRINT

PRINT "ssnis”

PRINT

PRINT "WOULD YOU LIKE ANOTHER RUN (1-YES, 0-NO)";
INPUT Q8 )
lr ﬂﬂ’o Tﬂlu 140

Bll PLOTTI"G ROUTINE FOR THREE CURVES

PRINT

PRINT

PRINT “As (EQUIL. H8)/CINIT. HD) MAXIMUM IS *DI

PRINT "Bt CEQUIL. I2)7¢INIT. HI) - MAXIMUM IS "El

PRINT “Cs (EQUIL, H1)>/CINIT. HDID MAXINUM IS "FI

PRINT ) o '

PRINT “INIT. 18“3TAB(R6)I"A -~ B - C"

PRINT "eeceamc== 0 85 50 75 100*3

23
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%06
€08
410

A3}

610

no

Chewistry
£ouiT)

PRINT * % OF WMAXIMUN™

Pﬂlur "lulr. HI l"’“‘-“" .-l.-.-"-nn-l --.--.---l ---.—-.--l“
FOR Xel TO 16

PRINT TAB(S)3X~13TABC1023“1";

LET VC1)eINTCAORDIX) /D] +e5)

LET V(R)nINTCADIELCX)/B1+e5)

LE7 WC3)aINT(ROSF(X)/Fise8)

REN FIND WHICH IS SMALLEST, THEN PRINT IT AND MAXIMIZE IT
FOR Q=1 TO 3 T
LET Klel1Kg0

FOR Iel TO 3 _
IF WCI)>K)1 THEN 640 -
LET Kiew(D)

NEXT 1 :

PRINT TABC(KI+10)}

FOR lel 70 3 o
IF ABS(V(I)=K1)<.0001 THEN 700
NEXT 1

STOP

IF l<>] THEN 730

PRINT “a»3

G0 TO 780

IF¥ 1<>2 THEN 760

PRINT "B}

80 70 780

1P 1<>3 THEN 690

PRINT “C";3

LET W(I)elEQS

NEXT Q

PR‘ "T "w

NRXT X , .

PRINT e
PRINT . i
@0 TO 330 '

N :

24
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Chemistry

EQUIL2

THIS PROGRAM WILL INVESTIGATE THE EQUILIBRIUM SYSTEM

PCLS = PCLJ3 + CLZ2

WHAT 1S THE ZQUILIBRIUM CONSTANT? *75
WAT 15 THE INITIAL CONCENTRATION OF PCLS? 10

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

EQUIL. PCLS

INIT. CL2 EQUIL. PCL3 EQUIL. CL8
INIT. PCLS INIT. PCLS INIT. PCLS INIT. PCLS
o +2389168 +2389168 + 7610832
1 «06574642 1.065746 +9348536
2 «03553601 2.035536 *964464
3 0241998 J.034a8 +«975800¢2
4 «01832R59 4.018323 *9816774
S «01473555 5.014736 +9852648
6 «0183207 6.0123821 9876793
7 «01058486 7.010588 9894151
8 9.877403E~3 8.009877 +990 7286
9 8.256% 78E-3 9.008857 991743
10 7.438660KE~-3 10.00 744 9935613
11 6¢767869K~3 11.00677 «9938321
18 6+208003E~3 18.00621 «993798
13 5¢733609E~3 13.00573 « 9942664
14 5¢3R6569E~3 14.00533 « 9946734
15 4+973471E~3 15.00497 «9950265
A1 (EQUIL. 'PCL3}/CINIT. PCLS) MAXIMUM IS .2389168
Bs (EQUIL. CLB)>7CINIT. PCL3) MAXIMUM 1S 15.00497
Ct (xQulL. PCLS)I(!ﬂlT. PCLS) MAXIMUM IS .9950265
INIT. CLSE A=-8B-C
epeccscace 0 25 S0 75 100 £ OF MAXIMUM
INIT. PCLS Jeacancncs]cncvcaanc]ecrecacva]cwncvcnca]
B 0 1B c A
1 1 B A c
2 1 BA (v
3 1 A B (v
4 1 A B (+
) 1A B ‘C
é 1A B C
7 1 A -] ¢
8 -1 A B - (]
9 A " B c
10 1A B (v
i1 1A B (]
1§ 1A B (v
13 1A B (]
14 1A B C
15 1A »
Lo 2t L

WOULD YQU LIKE ANOTHER RUM (1-YES, 0-NO)? O

READY

110
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Chemistry
EQUIL2

REM EQUILIBRIUM SYSTEM, JOHN MARCHISOTTO

REM REVISED 8/80/70 (D. PESSEL)

DIN D(m)ot(ﬂo)t’(ﬁo)ow(a,

LET Dis)

LET EL1=0

LET Fi=g

:lnlgg": “THIS PROGRAM VILL INVESTIGATE THE EQUILIBRIUM SYSTEM"
PRINT " PCLS = PCLI + CLa"

PRINT

PRINT “WHAT 1S THE EQUILIBRIUNM CONSTANT™)

INPUT K

IF¥ X>=0 THEN 1350

PRIH; ';Igl EQUILIBRIUM CONSTANT MUST BE NON~NEGATIVE."

a0 T

PRINT “WHAT 1S THE INITIAL CONCENTRATION OF PCL5"3

INPUT A

iFr A>=0 THEN 156

PRINT "THE INITIAL CONCENTRATION OF PCLS lus" BE NON-NEGATIVE."™
80 70 180

PRINT

PRINT "WOULD YOU LIKE THE RESULTS PLOTTED (1), TABULATED (83 0
PRINT "OR BOTH {3) (TYPE THE APPROPRIATE NUMBER)™3

INPUT Q1

iF Qleg THEN 183

PRINT

PRINT

PRINT "INITe CLR2"s" EQUILe. PCL3I",” EQUIL., CLR"," EQUIL+ PCLS*
PRINT Moavavaccaat,® creecnccsoe® ,? scossncass?,® cecccecsesa®
PRINT ™INIT. PCLS™," INIT. PCL5"," INIT. PCLS5"," INIT. PCLS"
PRINT

LET B=K/A

FOR Xl 'TO 18

LET XisX-~l

LET D(X)n{«(R+X1I+SQRC(B+X1I%CH+A] ) +40B) } /R

LET BCX)nX1oDC(X)’

LET F(X)nl=D(X)’

Ir Ql<l THEN R$0

PRINT X1,D(X)sE(X)oF(X)

IP D(X)<D] THEN 20 ’

LET Dlap(Xx>

IP ECX)<E]l THEN 880

LET EleECX)

IP FP(X)<Fl THEN 890

LET FlaF(d)

NEXT X

1F QGle>g THEN 398

PRINT

PRINT “stase™

PRINMT

PRINT "“WOULD YOU LIKE ANOTHER RUN Cl<YES, 0-N0Y*";

oF
AR PLOTTING ROUTINE FOR TMREEX CURVES
PRINT
PRINT '
PRINT “As (EQUILe PCLII/CINIT. PCLS) MAXINUM 1S "D}
PRINT “Bs (EQUEL. CLB)/7(INiIT. PCLS)’ NAXINUM 1S5 “K} )
::::‘l’t “Ct (EQUIL. PCLSI/{IMIT. PCLS) NAXINUM 1S "Fi
PRINT "INIT, cu"unuon-a - B ~C*
PRINT ™eciwsasecs ' 85 50 () 100*;
PRINT ™ 2 OF MAXINUN™ ‘ T

26
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408
410

430
431
438
S80
0
0%
610

640

660
670
680
690
00
no
720
730

770

95
800
810
818

999

Chemistry
TOrIT

PRINT “INIT. PcLs x.-..o..o.x.........x....-....x.........l“
FOR X=1 TO 16 :
PRINT TAB(S)IX-13TABC13)3"1"}
LET WC1ImINTCA03DC(X)/DI+e5)
LET W(2)=INTCAO*EC(X)/Ei#:5)
LET WC3)=INTCQ0*F(X)/Fl¢e5)
REM FIND WVHICH 1S SMALLEST, THEN PRINT IT AND MAXIMICE IT
FOR Q=1 TO 3

LET Ki=1E30

FOR I=} TO 3

IF W(l)>»K1l THEN 640

LE:. KisWClD)

NEXT I

PRINT TABC(K1+13)$

FOn I=s) TO 3

1F ABSCHC(II=K1)<.0001 THEN 700
NEXT I

STOP

IF l<»] THEN 730

PRINT "A"}

@o TO 780

iIF¥ 1<>2 THEN 760

PRINT "B"$

G0 TO 780

IF le»3 THEN 690

PRINT "“C"$

LET W(I)=1ERS

NEXT Q

prNT "w "

NEAT &£

PRINT

PRINT

@0 TO 330

ZND '

27
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DISCIPLINE  CHEMISTRY

SUBJECT KINETICS

PROGRAM NAME KINET U

DESCRIPTION:

A claas room presentation designed to calculate equilibrium
concentrations and graph the progress (concentration vsg, time) from
initiation to equilibrium for the general reaction 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. Standenf{1) The distinction between initial and equilibrium concentration
should be rmade very clear. .

{2) The meaning of the terms " Rate constant' and " Equilibrium
constant. " o

B. Materials - None O

DISCUSSION:

To insure the success of this program in a teaching situation,
the teacher should run the program prior to its uge in the classroom.
This is necessary to insure that the choice of constants {11ustrates the
point to be made and the amount of clagsroom time be kept to a minimum.
Ry varying the equilibriom constant it is posgible to move the
point of eyguilibrium on the concentration axis, and show the relative con-~
centrations of product and rcactant as a function of the value of the
equilibriur: 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 Jine 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 equal steps from initiation
of the reaction to eguilibrium: 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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Chemistry
KINET

FOR THE EQUILIBRIUM PROBLEMS YOU ARE ABOUT TO DO, THE
DATA MAY BE PRESENTED IN THE FOLLOWING MANNER: )
CINDICATE YOUR CHOICE BY NUMBER) '

CHOICE 1
CHOICE 2
CHOICE 3
CHOICE 4

TABLE OF DATA

GRAPH OF DATA

TABLE AND GRAPH OF DATA
END PROGRAM

WHAT 1S 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 '

o o o o 3 3 e afe e o o e 3 e 3 ke o o ek 36 o e o e ok ok ok e ok

LET Al = ORIGINAL CONCENTRATION OF A
LET A = PERCENT CONCENTRATION OF A (A/Al*100)
LET P = PERCENT CONCENTRATION OF P (P/Al%*100)

TIME : ‘A ‘ P

0 100 0

«069 75.0 788 24.9212

«138 62+57H693 37.42107
«207 5630929 43.69071
«276 53.16459 4683541
«345 . 51.58728 48.41272
414 50.79614 49.20386
483 50.39933 49.60067
«552 50.20029 . 49.79971
«621 5010046 49.89954
69 50.05039 49.94961

PERCENT CONCENTRATION OF AC*) AND P(+)
25 50 75 100

PSS SIS RN T T T T ¢

TIME
0 *

«069 * *
«138
«207
«276
« 345
o414
«483
«552
«621
«69

Hu-HouéouHounoumouo
+ ¢+
* *

29
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Chemistry
KINET

WHAT 15 YOUR CHOICE? 2

LET F = THE FORWARD RATE CONSTANT
LET K = THE EQUILIBRIUM CONSTANT FOHR THE REACTION & =P
TYPE IN THE CONSTANTS F AND K (N THAT ORDER.

? 5,001

TIME

0
«01254545
«02509091
«03763636
«0501&182
06272727
«07527273
«08781818
«1003636
«1123091
«1254545

***;***************#**********

PERCENT CONCENTRATION OF AC(%) AND P(+)

0 a5 50 75 100
Jecocscnan]cscccncnc]ccdeccccecaaaa cen=]
¥ *
1+ *

1 + *

1 + *

1 + B

1 + *

1 + *

1 + *

1 + *

¢ + *

1 + *

WHAT 1S YOURB CHOICE? 2

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

? 10,0.1

TIME
0

6.272727E=3

«01254545
+01861818
«02509091
+03136364
*037656 i6
«04390909
«05018182
+05645455
«06272727

.Q

RIC

Aruitoxt provided by Eic:

0

1

¥
-1 - *
¢

e

i

'

350 3 e 2 o e o e 3k 300 3k ok 2 3ol o a0 3 o o 2 3 3 3k o ook o ok

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

25 50 75 100

LTS C T PR LS T Y T ey Jemmcccaaa]

++ e
*

gt e
IR SR N
H X KN R
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" Chemistry
KTNET

WHAT 1S YOUR CHOICE? 2

LET F = THE FORWARD RATE CONETANT

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

? 5545

sk 2k e a0 ok i ok o8 e ok o kol 3 ok e e ok ok oK ok ok ok oK o ok

PERCENT CONCENTRATION OF A(*)AAND'P(+)

0 25 S0 75 - 100
TIMF Jewemcene]acceneee- [ommmem=- mleecceene=]
0 : *
«046
<092
«138
«184
«23
«276
«322
«368
o414
L6

+ *

Pmt Pmt Pmg Pmd Pmd Pmt Puma Pme Pme Pme MM

*+++++
T

WHAT IS YOUR CHOICE? 2

LET F = THE FORWARD RATE CONSTANT

LET K = THE EAQUILIBRIUM CONSTANT FOR THE REACTION A =P
TYPE -IN THE CONSTANTS F AND K IN THAT ORDER. .

? 5542

' sk o a0 kol ok o ok ol o akakok ok ok ko ok ok ok ke ok okok ok ok ok ek

¥

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

0 25 . .ASO N - R -100 .
TIME I--?----"I---"----I7------9-1------7--1
0 ¥ v e . *
«023 I + - § o *
«046 1 + . *
«069 1 + . *
«092 & 1 + : : *
«115 I + ’ *
+138 1 + *
o161 1 + *
<184 1 + *
«207 1 + *
«23 ) I ‘ e : L *x

- WHAT 1S YOUR CHOICE? 4

READY

| 31
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550
552
560
570
580
590
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REM

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
INPUT
IF Q>

Chemistry
KINET

KINET HOWARD SHANNON HARBORFIELDS HS 8/15/6%

REVISED 7/28/69 PIB Je MARCHISOTTO
REVISED BY C.LOSIK 7-28-70
F»H ARE DEFINED BELOW; L IS THE TIME INCREMENT3;
G 1S THE DECAY CONSTANT3 D 1S THE FRACTION OF °‘P°*

TH1IS PROGRAM STUDIES THE KINETICS OF A SINGLE SPECIES
REM (A) GOING TO A SINGLE SPECIES (P)»AND APPROACHES EQUILIBRIUM
REM WITH (PJ. )

IE.

I1SOMER EQUILIBRIUM

IF THE EQUILIBRIUM CONSTANT IS VERY LARGE (K>10,000),

REM IT CAN BE ASSUMED THAT ALL OF THE REACTANT GOES TO PRODUCT.

REM THIS PHOGHRAM CAN THEN BE USED FOR RADIODACTIVE DECAY.

AN INPUT OF THE FORWARD RATE CONSTANT AND THE EQUILIBRIUM
REM CONSTANT WILL GIVE A PRINTOUT OF THE CONCENTHATION OF (A)

REM AND (P) COMPARED TO THE INITIAL CGCNCENTRATION OF CA) AT 10

REM EQUAL TIME INTERVALS AS IT APPROACHES 999PERCENT TO EQUILIBRIUM
' FOR THE EQUILIBRIUM PHROBLEMS YOU ARE ABOUT TO DO, THE "

* DATA MAY BE PRESENTED IN THE FOLLOWING MANNER: *

' C(INDICATE YOUR CHOiCE BY NUMBER)"™

CHOICE 1| = TABLE QF DATA"

CHOICE 2 = GRAPH OF DATA" N
CHOICE 3 = TABLE AND GRAPH OF DATA"-
CHOICE 4 = END PROGRAM"

* WHAT IS YOUR CHOICE':

Q
4 THEN 1120
IF @<1 THEN 1120

IF Q@ = 4 THEN 1140

PRINT
PHINT
PRINT
PRINT
INPUT
PRINT
PRINT
PRINT
PRINT
LET H
LET G

" LET F = THE FORWARD RATE CONSTANT"
» LET K = THE EQUILIBRIUM CONSTANT FOR THE HEACTION 4 =P*
" TYPE IN THE CONSTANTS F AND K IN THAT ORDER."

FsK

= K/(K+1)
= F/H

LET L=.69/G

LET T
IF Q=

= -L
2 THEN 690

******.*******************#****"

PRINT ** LET Al = ORIGINAL CONCENTRATION OF A"
PRINT * LET A = PERCENT CONCENTRATION OF A (A/Al%100)"
PRINT " LET P = PERCENT CONCENTRATION OF P (PsA1%100)"

PRINT

32
@ Copyright 1971, Polytechnic Institute of Brooklyn

117’ i



Chemistry

KINET
600 PRINT " TIME "»" A "," P " .
610 PRINT | | I— ll’" [ "’" [e——1]
620 FOR I = 0 TO 10 : -
630 LET T = T +L
640 LET D = H* (1=EXP(=G*T))
; 650 PRINT T,(C1-D)*100,D*100
; 660 NEXT I
: 670 LET T =-L
: 660 IF @ = 1 THEN 310
! 690 PRINT
LT 700 PRINT" ’ PERCENT CONCENTRATION OF AC#) AND P(+)"
710 PRINT
720 PRINT " ", "0 as 50 75 100"
730 PRINT * TIME","l-=-=-c--= [==ecemmee- I=mcecamee I-mcmcmnee In

740 FOR 1 = 0 TO 10
750 LET T = T+L
760 LET D = H#(1-EXP¢=G*T))
770 LET X = 1-D
775 PRINT I#L,"I1";
760 IF INTC40#D+.5) = INTC40#X+.5) THEN 930
7901F INTC40%D++5)> INTC40%X+.5) THEN 1000
800 PRINT TABCAO*D+1445)3"+"3TABCAO*X+14¢5) 3% %"
€0 GO TO 1100
930 PRINT TABC4O*D+1445)3"."
, 950 GO TO 1100
f 1000 PRINT TABCAO*X+1445)3"#" 3 TABCAUKD+1445) 3%+
1100 NEXT I
. 1110 GO TO 310
( ) 1120 PRINT " YOUR CHOICE MUST BE A NUMBER BETWEEN 1 AND 4, TRY AGAIN."
1130 GO TO 310
1140 END

e

33
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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)

EEELIMINARY PREPARATION:

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

B. Materials - The teacher should make available a table of isotopes
that 1ists the actual mass. (Handbook of Chemistry and Physics,
Chemical Rubber Comp:any)

DISCUSSION:

It should be noted that the masses used here include the electrons.
The very small differcnce 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 v : .

)

THIS PROGHAM 1S DESIGNED TO INVESTIGATE MASS DEFECT

WHICH OF THE ELEMENTS WOULD YOU LIKE TO CONSIDER?
REMEMBER WE AHRE DEALING WITH A SINGLE ATOMs THEREFORE
IN ADDITION TO THE ATOMIC NUMBER WE ARE GOING TO NEED THE
ACTUAL MASS (IN AMU) AND THE MASS NUMBER OF THE 1SOTOPE
YOU WANT TO WORK WITH.

WHEN THE MACHINE TYPES A QUESTION MARK (2) 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 18 7 &
THE ACTUAL MASS IS 7 15.9949
THE MASS NUMBER IS ? 16

THE SUM OF THE MASS OF THE & PHOTONS AND THE 8 NEUTRONS
PLUS THE WEIGHT OF THE & ELECTRONS IS ThHE CALCULATED
MASS.

- CALCULATED MASS <= ACTUAL MAS5 = MASS DEFECT
16413199 - 159949 = «1371

THE MASS DEFECT IN TERMS OF ENERGY IS THE EWUIVALENT OF
2936 A 1019 CAL. PEH MOLE OF THIS SUBSTANCE,»
OR 184 X 10'9 CAL. PEH GRAM.

(‘ ) IF WE DIVIDE THIS BINDING ENERGY BY THE NUMBEX OF

= PARTICLES IN THE NUCLEUS», WE GET A RATIO.KNOWN AS THE
BINDING ENERGY PER NUCLEONs, WHICH IS A MEASURE OF ThE
STABILITY OF THE NUCLEUS. THE MORE *'BINDING®
PEH NUCLEON, THE MORE STABLE 1S THE NUCLEUS. :
THE BINDING ENERGY PER NUCLEON IS 3 1.276744E-5 ERGS. PER NUCLEON, Ox
3:047121E-13 CAL. PER NUC.., :
WHICH IS MORE COMMONLY EXPRESSED AS 80U MEV.

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

. IF YOU WOULD LIKE TO RUN ANOTHER PROBLEM TYPE IN 1.
IF NOT TYPE IN O.
20 . .

. e e 2k o 36 28 o ke o o o o ok e ok
HEADY
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. Chemistry
MASSD

sEM JOnN MARUALSOTIO rIB SUMMER 6Y BAS1C
REM REVISED BY Ce.LOSIK 7-22-70

#EM AT NO=A, MAS5=B, MASS NO=C

4EM MASS VEFECT 15 F

PRINT" THIS PROGRAM IS5 DES1GNED TU INVESIIGATE MASS DEFEC:*
PRINT ’ .
PRINT" WnlCHd OF TRE ELEMENTS WOULD YOU LIKE TO CONSLDER? *

PRINT' HEMEMBER WE AKE DEALING WITn A SINGLE ATOMs, THEREFORE®
PRINT' IN ADVLITION TO ThE ATOMIC NUMBER WE ARE GOLING IO NEED ThE"
PRINT ACIJAL mASS (IN AMU) AND THE MASS NUMBER OF THE ISQTOPE"
PRINT YOU WANT TO WOuK WITH.*

PRINT

PRINT ** WHEN TRE MACHINE TYPES A JUESTION MAnK (?) TYPE IN"
PRINT * YOUH ANSWER TREN HIT HRETUAN KEYe USE NUMBEHRS OF U¢ 10"
PRINT " 51X SIGNIFICANT FIGURESe. HOUND IF NECESsSAunY TO 6 DIGIT>."
PRINT "IN IHE VALUES FOR MASS DEFECT.".

PoINT

PRINT .

PRINT * TRE ATOMIC NUMBER l1ls ';

INPUT A

PRINT ** THRE ACIUAL MASS Is ;3

INPUT C _

PRINT " THE MASo NUMBER 1> '3 ) -
INPUT B

PRINT

REM G 15 AVOGADRO'S NUMBER

LET G=6.023E23 :

LET D= 8B - A .

LET E=(l.00728%A)+(1 Q086 7%DI+(S. 4859 TE=-4%A)

LET F=2INTC(1E4%(E~C)+.5)/1E4

PRINT ' THE SUM OF THRE MASS OF THE"A"FHOTONS AND THE'D"NEUTHOND'
PRINT ' PLUS THE WEIGHT OF THE'A“ELECTRONS 15 THE CALCULATED"
PRINT ** MASS."

PRINT

PRINT" CALCULATED MASS - ACTUAL MASS = MASS DEFECT"
9RINTIO "E, ” - "c; " = "F

PRINT '

REM CONVERSION FACTORSS .

REM 1.49 & 10-3 ERGS PER AMU

REM 4.19 X YO0 7 EHGS PER CAL.

REM 3¢6 A 10 13 EAGS PER KU-H

REM 931.0 MEV PER AMU

LET H=(1l49E-3%F*G)/4.19E7

PAINT ' THE MASS DEFECT IN TERMS OF ENEAGY 1S THE EQUIVALENT OF"
PRINT INT(H/1E9+.5)"X 10t9 CAL. PER MOLE OF ThlsS SUBSTANCE,"
PRINT "OR"INTC((H/G)/1E9+.5)"X 1019 CAL. PER GRAM.*

PRINT

PRINT ** IF WE DIVIDE THIS BINDING ENERGY BY THE NUMBER OF"

36
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513
514
515
516
517
518
519

FalNT
PaINTt
PRINT
PiRINT
PRINT
PRINT
PRINT

520PRINT"

522
525
- 530
54v
55v
56V
- 565
570
580
590
60U
610
620
63v
640
650

LET J
PRINT
PRINT
PRINT
PRINT
PHINT
PRINT
PRINT
PRINT
PYrINT
INPUT
PRINT
PRINT

Chemistry
MASSD

" PARTICLES IN I'HE NUCLEUS, WE GET A RATIO ANOWN A> (nn'

" BINDING ENERGY PEs NUCLEON, wnlin Is A MEASURE OF [nE"

" STABILITY OF ThE NUCLEUSe Tnk MO#E °*BINDING'"

" PER NUCLEONs THE MORE STABLE IS THE NUCLEUS."

" THE BINDING ENERGY rER NUCLEON Is '3

1e49E=3%F/B"ERGS. rErt NUCLEON, Oun'3

1+49E-3%F/(B*4.19E7)"CALes PER NUC.>»"

WHICH 15 MORE COMMONLY EAPRESSED AS"1U0XINTC(Y31*F/B++5)"MEV."
= ((H/C)*4+19E7/3+6E133/15

" THE AMOUNT OF ENERGY (BINDING ENERGY)> CONITALNED IN ONE"

" GilAM OF THIS SUBSTANCE WOULD Bk SUFFICIENT [0 suUPPLY ALL"
" TAE ELECT«i1CAL NEEDS IN AN AVERAGE ONE FAMILY #OUSE USING"
" 15 KW-hiSe PER DAY FOr A PERIOD OF"INT(J+.5)"DAYS O
INTCCJ/365)+5)"YEAIS.""

" IF YOU WOULD LIKE TO fHUN ANOTAEL PrOBLENM IYPE IN 1,"
" IF NOT TYPE IN U.”

M . .

000, PO skokok ok ok ok o ok ok ok ok ok ok ok T

IF M=1 THEN 240
IF M<>0 THEN S5&U

END

HEADY

O

ERiC
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»

DESCRIPTION:

DISCIPLINE CHEMISTRY

SUBJECT ACID - BASE TITRATION

PROGRAM NAME MOLAR

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
Tio preliminary preparation or those with extensive preparation.

B. Materials - none

State syllabus.

DISCUSSION:

It should be noted that normality is no longer in the New York

1t 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.

general by using this very elementary program.

This program does just that.

This prograrm 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

The teacher need only

take the list and eéxplain it line by line to enhance the students' under-
The equation used to solve the problems is:

standing.

Moles H* =

(Mg )V 4)(0)

Moles OR™
(M)(V 5 }n)
38

V = volume in liters +
n = subscript of the H
or OH

@ Copyright 1971, Polytechnic Institute of Brooklyn
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Chemistry
PHPOH

e

THIS PHOGRAM 1S DESIGNED TO CALCULATE THE UNKNOWN MOLARITY
IN AN ACID-BASE TITRATION.

WHAT 15 TRE SUBSCRIPT OF THE n+ IN THE ACID FORMULA»
AND THE SUBSCHIPT OF THE OH~ IN THE BASE FOR/MULA? 2,1 .

HOW MANY ML OF ACID, AN} HOW MANY ML OF BASE
WEAE USED? 19.75,10.0

15 THE AKNOWN MOLARITY FOR THE AC1D Or TnE BASE?
ANSWER 1 FOit ACID 08/ 2 FOr BASE? 1

WHAT 135 ThE MOLARITY OF THE ACID? 55

ANSWErRS IHE BASE 15 21.67 M.

bo YOU.WANT TO WOiK ANOTHEi raOSLEM? ANSWEX 1 FOR YES

o v FOr NO? 1

e e 3k e ke ook 30 o o of ok ¢ ok ok .
WHAT 1S TRE SUBSCRIPT OF THE H+ IN THE ACID FOHMULA.

AND THE sSUBSCalPT OF TRE OH= IN [HE BASE FOHMULA? 4,1

H0W MANY ML OF ACID, AND HOW MANY ML OF BASE
wEsE USED? vs29.3

15 fHE ANOYN MOLARIITY FOa fnkE ACID Okt I'nE BASE?
ANSwER 1 FOit AClD Ois 2 ¥O0R BASE? 1

wnal 15 fhdie MOLAislITY OF ThnkE ACLID? 2.0
ANSWEM: [nE BASE IS5 U M.

DO YOU WANT TO WOxK ANOTHE rAOBLENM? ANSWER 1 FOx YES
0t 0 FOR NO? 1

e 3 e 3 ke 3 o 3 o ek ok e ok ok

WHAT 135 THE SUBSCRIPT OF fnk n+ IN Tnk ACID FOuMULA,
AMD tHE SuUBsCiulel OF VHE OH~ IN [ak sSASE FOuMULA? 2,1

HOW mMANY ML OF ACID, AND HOW MANY ML OF BASE
WERE USED? 15052447

IS I'nE KNOWN [OLARITY FOu ThE ACID OR [RE HASE?
ANSWEK 1 FOH ACID Ox 2 FOx BASE? 2

WHAT 15 FHE MOLAHITY OF Tnk BASE? 1.5 .-
ANSWENMS THE ACID IS 1.23 M.

DO YOU WANT TO WORK ANOTHEA PHOBLEM? ANSWER 1 FOr YES
OR U FOR NO? U .

330 3 ok 3 3 3R o e ke e ok ok ok

READY

39
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100
105
11
120
136G
140
150
160
165
170
150
190
20
205
210
220
230
240
250
260
a70
280
290
00
310
320
330

350
360
370
360
390
400
410
420
430
440
450

462
464
470

430
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Chemistry
PHPOH

—

KEM nAunY DORFMAN 7716765 JORN GLENN HeSe ¢ REV. 7/10/69 ).

HEM REVISED BY C.LOSIK 7-23=70

PRINT “THIS PROGRAM 1S DESIGNED TO CALCULATE THE UNKNOWN MOLAKIIY"
PRINT "IN AN ACID-BASE TITRATION.*

PoINT
PRINT

PRINT * WHAT 1S THE SUBSCRIPT OF THE H+ IN THE ACID FOHMULA,*
PRINT " AND THE SUBSCRIPT OF THE Oni- IN THE BASE FOKMULA™;
HKEM DsC= # OF H+, # OF OH-

INPUT DbC
PRINT

PHINT * HOVW MANY ML OF ACID. AND nOW MANY ML OF BASE" .

PHINT " WERE USED"3

HEM E,F= ML ACID, ML BASE

INPUT E»F
PRINT

PRINT " 1S THE KNOWN MOLARITY FOift THE ACID Of THE BASE?"
PRINT " ANSWER 1 FOR ACID OR 2 FOH BASE") .

INPUT &

PRINT

IF Z = 2 THEN 360
IF Z<>)] THEN 240

PRINT * WHAT IS THE MOLARITY OF THE ACID";

INPUT A

LETB= (E#%A%*D)/(C*F)
PHINT

PHINT

PRINT ' ANSWERs THE BASE IS "INT(C100%B+.52/100"M."

G0 TO 420

PHINT ' WHAT 1S THE MOLARITY OF THE BASE";

INPUT B

LET A=(C*F#B)/(D¥E)
PRINT

PRINT

D,

PRIND * ANSWER: THE ACID 1S “INTC100%A&++5)/7100"M."

PRINT
PRINT

PRINT " DO YOU WANT TO WORK ANOTHEX PHOBLEM? ANSWER 1| FOR YES"

PRINT " OR O FOR NO"3
INPUT X
PRINT

PRINT *
IF Xei THEN 130
IF X<>0 THEN 430
END .

0 ()

@ Copyright 1971, Polytechnic Institute of Brooklyn
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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 K, value,
and the strength of th2 acid.

B. To show the relationship between pOH and pH.

PRELIMINARY PREPARATION:

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 be useé :n 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 K, wvalue and the concentration
approaches 1 10-14,

41
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PHPOH

inl> PrdGorit wiLL FINL ok Pns PUns, &Nl rUL V1I530LLAL 0N
WU AN WEAA MONOPROLIU AClL.

dn OF ACIL =7 la=b 4
MOLt CONCEN LA LLON OF acly =7 1

vhs 25 Por= 115 PCLle D15o0CIALLIUNE 3157202

ANY MUKE PaOBLEMNy C(l=sYEds us=n02? i

bl e e S i s THRTAREY

A OF ACID =7 lk=J4 ’ .
KOLAs CONUVENERATION OF aClb =7 2

PO R E F0n= 1265 PCTe DIBSO0CLIALIION= 24211200 '

ANT MUsE PuiQoLlomd (l=YEss u=N0D? 1 é
g OF AClu =7 la&-1J }

MOLAs CONCENInATION OF ACLD =7 1

rns S5 YOn= Y PCle DISSOCIATION= YeYYoyS5unr=-4
ANY MOHE PrOBLEMS (1=YES, J=N027 1

AA OF ACID =7 1E-15
MOLAn CONCENTSATION OF ACID =7 2

PH= 6496 Pon= 7.U4 PCTe LDISSOCIATION= Yel2b7UYE=-7

ANY MOxE PROBLEMS (1=YES, U=N0)? v

HEADY
. LY -
42
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Wy
il
ud
1lv
l4u
ou
17V
JE-TV)
lyu
aJyu
a2

2l
220
20U
24U
250
26V
270
280
a9V
RO
K1Y
32V
J30
34V
350
36uV
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Chemistry
PHPOH

akd PoPunt  JOnn fAnCaloolly /10769 CRENLISTaY 1saoll
abks GEVISED Bi UeLUdIN  7-22-1

aEM A 13 ne ads B 135 Ine MULAn CONCe

aEr,  Pr0GaaAlr VOk> Uk CALUULALION AL A [lwe

Pulnt "tnls PauGiar: WILL Flivw Iafd rns £Uns AND £PCL wlssullial fow
CuINT “FOs ANY WhAK mONOPROLLIC ACLD"

PiINY

PrINT KA OF aClb =';

lnrdi A

IF A<=u«5 [nkN 21U

PRINT "ANSWEit 1NVALID FOu weEAd ACLIDe Lax AGALINe'

GO Tu vy .

PrINE * MUOLAK CONCENIAALION OF AClY =";

INneUT B

PrINT

Lil 5 = A*d

IF sS»=1k~12 I'nkN 280

LET H = ou(o+lk~14)

GO 0 2yu

LES n ==A/2+(oditlAte+(4%4%8)) ) /2

LEr [ = lk~14/n

LET & = n={

LET ¢ = ~LUG (n)/2.303
LEIT b =14 = C

IF B<1E~5 TAEN 36V

LET E = rR/B*1UV

GO TO 37

LET k£ = 11UV -

PRINT "PH="INICIUURC+e5) /10U " PUR="INICIQU*D+¢5) /10U
PRINT "PCle DISSOULIATION="E

PuINg "

PRINT " ANY MOKE rPROBLEMS (1=YEs, us=n0)'™;
INPUT N

IF N=1 [HEN 17V

1F N<>0 THEN 410

END
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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 aample calculation which is optional.

OBJECTIVES:

A. TFor 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) Tllusirate the lLaw of Definite Proportions
3) Work out percent water of hydration, percent sulfate,
nitrate, ctc. (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 PREPARATI ON:

A. Stadent - 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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Thls P:i0GnAM 15 DESIGNED [0 CALCULATE Tnk PERCENT

. CUOMPOSITION BY WEIGHT OF A COMPOUND THAT MAY CONFALIN

O

ERIC

Aruitoxt provided by Eic:

FuOM 2 TO 5 ELEMENTS.

DY T0U WANT TO SEE A sS5AMPLE CALCULATION?
ANSUER 1| FOii YES 08 O (ZEnQ) FOn NO? 1}

EXAMPLE 3 ThE PERCENT COMPOSITION OF sULFWiile acly

LET Wl = ATOMIC WEIGhT OF hrybLsfOGEN

LET Al = THE NOe. OF HYDROGEN ATOMS LN [frnk FOnMULA
LET w2 = TAE ATOMIC WEIGHT OF SULFUs

LET A2 = THE NOe. OF SULFJR ATOMS IN [HE FORwJLA
LEi W3 = THE ATOMIC WEIGnT OF OAYGEN

LET A3 = THE NOe. OF OAYGEN ATOMS IN ThE FOnMULA

1= FORMULA WEIGnY OF SULFUKIC ACID
= (WI*AL) + (WE¥AZ) + (W3%A3)
= (1eUUB*Z) + (32.,064%1) + (15.¥99%4)

Y= 984U 76
PERCENT d = (WlxAl/YI*luy ‘
PEHCENT H = (1.008%2/98¢0376)%100
PEACENT d = 2.005
PEACENT & = (W2*A2/Y)%*1UV

PERCENT S = (38.064%1/98.076)%10U
PERCENT 5 = 32.693

PEKCENT 0 = (W3xA3/Y)*1luu

PERCENT 0 = (15.999%4/98.U 762 %100
PERCENT 0 = 65.2514

DO YOU WANT TO DO A PrnOBLEM ?
ANSWER 1 FOR YES Or 0 (ZEi0) FOr NO? 1

WHAT 1S THE NUMBER OF ELEMENTS IM THE FOnMULA? 3

TYPE (THE ATUMIC WEIGHT,NO. OF ATOMS) FCR EACH Ei.EMENT,

ONE ELEMENT TO A LINE.
? 12.011,12
? le0UB,22
? 15.999,11
e s o 0 o o 0k sk e o s e 0 e 0 o o ko ke o oe sk o sk o

FORMULA WEIGHT = 342.297

ATOMIC WEIGHT NO. OF ATOMS PERCENT COMPOSITION

12.011 12 : 42410729
1.008 22 6478584
15999 il Sl.41412

e s 0 o s 0 o 3 e 0 e s o S e o i 3 s 4 o sk ook o o 3 o
DO YOU WANT TO DO ANOTHER PROBLEM?
ANSWER 1| FOR YES OR O (ZERO) FOR NO? O

READY
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1UU HEM H. SHANNON, HARBOAFIELDS Hese 7/23/68 (REV 7/1b/69)

105 REM 'REVISED BY CeLOSIK 7-23-70

106 HEM THE SAMPLE CALCULATION EAPLAINS HOW THIS MHROGRAM WORKS
110 HEM CALCULATE:S PERCENTAGE CGMPOSITION BY WEIGHT OF A COMPOUND
120 PHINT ** THIS PROGRAM 1S DESIGNED TO CALCULATE THE PERCENI"
130 PRINT “*COMPOSITION BY WEIGHT OF A COMPOUND THAT MAY CONTAIN"
140 PRINT “FiOM 2 TO 5 ELEMENTS."

150 PHINT

160 PRINT ' DO YOU WANT TO SEE A SAMPLE CALCULATiION?'

170 PRINT "ANSWER 1 FOH YES OR 0 (ZEHO) FOst NQ";

180 INPUT &4

190 IF X = U THEN 460

193 IF x<>1 THEN 170

199 PRINT

200 PRINT ‘"EXAMPLE 3 THE PERCENT COMPOSITION OF SULFURIC ACID *
210 PRINT

220 PRINT “LET Wl = ATOMIC WEIGHT OF HYDROGEN"

230 PRINT " LET Al = 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 OAYGEN"

270 PRINT " LET A3 = THE NO. OF OXYGEN ATOMS IN THE FORMULA “

240 PAINT

290 PRINT " Y= FORMULA WEIGHT OF SULFURIC ACID"

00 PRINT "™ Y= (WixAl) + (W2xA2) + C(W3*A3)"

310 PHINT * = (1.008%2) + (32.064%1) + (15.999%4)"

320 PRINT * Y= 98.076"

330 PRINT

340 PRINT "PEHCENT
350 PRINT "PERCENT
360 PHINT "PERCENT
370 PRINT

340 PRINT “PERCENT
390 PRINT "PERCENT
400 PRINT *“PERCENT
410 PRINT

420 PRINT "PERCENT
430 PRINT °'PERCENT
440 PRINT "PERCENT
450 PRINT

460 PRINT ** DO YOU WANT TO DO A PROBLEM 2"

470 PRINT ""ANSVER 1 FOR YES OR O (ZERO) FOR NO"I

480 INPUT X

490 IF X = 0 THEN 770 .

493 IF X<>1 THEN 470

500 DIM W(5)s, A(S)

$0S PRINT

510 PRINT " WHAT 1S THE NUMBER OF ELEMENTS IN THE FORMULA“J

520 REM J = NO. OF ZLEMENTS IN THE FORMULA

530 INPUT J -

533 REM THI1S LOOP CHECKS FOR VALID ANSWER

535 FOR I=2 TOQ 5

580 IF l=J THEN 560

545 NEXT 1

$50 PRINT "THIS PROGRAM. CONSIDERS COMPAOUNDS WITH 8 TO 5 ELEMENTS.'
552 GO ToO 5)0

50 LET ¥ =

570 PRINT * TYPE CTHE ATOHIC VEIGHT,NO. OF ATOMS) FOR EACH ELEMENT.,"
£80 PRINT " ONE ELENENT TO0 A LINE.*

590 FOR 7 = 0 TO J=1

= (WI*AL1/Y)*100"
= (1.008%2/98.076)%100"
n 2.,005"

= (W2*A2/Y)*100"
(32.064%1/98.076)%100"
w 32.693"

= (W3IxA3/YIx100"
- (150999*41950076)*100"
= 65.2514"

OpO VLWLWL XXX
]
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60U LINPUT WCLIaalh)
610 ntm ¥ = FOiiMULA wELGnT
62U LET ¥= Y+wd(lli*a(l)
63u Nmot 1
64y Pualwl ¢ ok o ok o e ok o o ok ok o o ik ke o i ok ek ok ok ook F ok !
s Pulnt
650 £alwT “FOumJln WE1GAT =3 Y
66U Prlni
67u PrINT "ATOMIC w=16aT NO. OF AlOMs PECENT COwruslslon"
G50 1EM 0 = NOe OF ELrMENTS 1N TRE FOaMJLA
690 FOr 1 = u TO u-l
MY PrlNi WCI)»ACLY s WCID)*ACL) /Y *10U
- iU NEAT 1
20 Polnt
30 PHRINT " s ok o ok 3k ok o ok ok ok ok oK oK ok ok ok ok ok ke sk ok ok ok ok k ok ok ok !
T4 PniINT
750 Palwl" DU YOJ «€ANE TO DO ANOTAk PrOBLEM2"
- 160 GO PO 47
T7J BEND

O
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DISCIPLINE CHEMISTRY

SUBJECT _ STOICHIOMETRY

PROGRAM NAME STOICH )

DESCRIPTION:
This program solves mags-mass, mass-volume, and volume-volume

proble ms. The input may be in grams and/ or moles and the output will be
in grams, moles and/ or liters

ORJECTIVES:

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

PRELIMINARY PREPARATION:

A. Student - The student mﬁst have an introduction to stoichiometry.
B. Materials ~ none
DISCUSSION:

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 calculatiors.
2. Can be used in conjunction with z problem exercise in class so tzacher
can go around and give individual help.

B. Qutaide of Class

1. Tutorial Work
2. Students can check homework problems during study periods or after
school.

48
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Chemistry
STOICH

VO YOU WwWish T0 osnlr [ak INSTHUCTIONS? 1 MOt 185 2V Fun nNU? U
13 Pii0GrAm 15 DESIGNED TO S50LVE:

le MABRS=MADS PiUBLEMS

2« MASS-VOLUME rPAOBLEMS

Jde VOLUME=-VOLUE 2iUBSLEMS

SUME GENEAAL INLLaJUUTiUn> FOit USLING ne 2:i20GiAm wiLL
vt aeLPFUL Al Talo FlviEe
le IF TWU PIECES OF DATA Ank fEQUESTED, use odrk [
GlVL ineM Lln 'nE QubDEit AEJUESTED AND serAnAle
ThEM WIin A COuiiMA.
2 ThE BALANCED 2wUALLION 1> 18E Fladty nlnG
NEEDED wiith RACH (YPr OF PrOBLEM 50 nAVE 11 PuEPAnED.
de nE FOumvULA WL1IGhI> AJE NEEDED NEaL dU naVE o
PuEPARED e

Pl ink {{PE OF CALCULATLION Y0J DESIRE BY ANSWEiING i1hk
FUOLLUVING @UESTIUN WiTm A lsds On 33

1 FUit MAL3=-MA35 CALCULATLIOND

2 Flus MAS3=-VOLUME CALCULATluws

3 FOu VOLUME=VOLUME CALCULAT1ONS

AT lo I'nE NUMBEs OF YOU:x CRULCE? 1
4 ade 3K e 3K 3K 3K 3K 3 3 K ok ok Kk

PROVIDE THE FOLLOWING DATA FOR THIS MASS-MASS +#HROBLENM:

HOW (mAwWY MMOLES OF ANOWN COMPOUND AND UNKNOWN COMPOUND
Ak sSHOWN IN THE BALANCED CoEMICAL EJUATION? 1,1
VvhaT 15 THE FOuULA WEIGRT OF THE KNOWN COMyeOUND
AND ThE UNKNOWN COMPOOND 2 1UUL56
WHAT MASS, IN GrtAMS, OF TnE #NOWN COMPOUND IS5 INVOLVED
IN IHE CHREMICAL nEACLION? iF inlb INFOAMRLIION 15 AVALLABLE
IN MOLES ANSWEi Z4ZEhO (0) AND WAIT FOr ThRE NEAT GUESTION? SU.U
ANSWENRSS eeesecccccscccscces o5 MOLES OF UNHKNe CPDe
e0eecsceecescccencse B GRAMS OF UNKNe CPDe

ok ok ke ok o ok ok 3 ok ok ok ok ok ok

DO YOU WIsh TO SOLVE ANOThEHR PROBLEM? ANSWkir 1 FOit m=N,
2 FOr M=V, 3 FOi V=V, AND ZLEnO (U) TO END inp Pu0GuAMe? 2

ok o o ok 3k 3K ook 6 oK o ok oK ok
PAOVIDE THE FOLLOWING DATA FOuit THIS> MAS53-VOLUME PitOBLEin:

HOW MANY MOLE> OF KNOWW COMPOUND ANU UNANOWN COMFOUND
ARE 5nOVWN IN THE BALANCED EWUATION? 2.2

WHAT IS THE FORMULA WEIGHT OF THE ANOWN COMrPOUND AND ThE
UNKNOWN COMPOUND? 18,2

WHAT !ASS, IN GRAMS, OF THE KNOWN COMPOUND Is INVOLVED
IN THE CHEMICAL HEACTION? IF ONLY VOLUME IS AKNOUWN
ANSWER ZERO (0) AND WAIT FOR THE NEAT QUESTION? 20.u
ANSUEItS? eeecvcesccccscsvcecsrcccccessce leoellllll MOLES OF UNKNe GA>S
G0ere00c 00t onntcretecec e 245&&&&9 LITEHS OF UNKNe GAS

a0 o 3K e b e e ok e e ok ok ok ok o

DO YOU WISH TO SOLVE ANOTHEit PROBLEM? ANSWER 1 FOR M-M,
2 FOn M=V, 3 FOn U-VU, AND LERO (V) TO END THE £PROGRAM.? 3

3¢ 3k ok 3k ok ok ok 3k 93¢ ok ok ok 3 ok 3k

134
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PHOVIDE Trne FOLLOWING DATA FOr THIS VOLUME~VOLUME ¢rOBLENMI

HOW MANY MOLES KNOWN GAS AND UNANOWN GAS AHE SHOWN
IN THE BALANCED EWUATIONT 13,3
WAAT 15 THE VOLUME IN LI{v:us OF THE XKNOWN GAbS INVOLVED
IN THE CHEMICAL HEACTION? (UOLUME MUsST BE AT STP«)? 146
ANSWMLILE secevveccvosesscossosssscensonse 336.9231 LITEKS OF UNKN. GAS

20 2k 2k ok 2 ok o 3 she ok ok o ok ok ok

PO YOU wlsSH [Q SOLVE ANOTHEH PROBLENM? ANSWEL 1 FOH 41-M»
2 FOu M-V, 4 FOi U=Us AND LExO (U) TO END THE PROGHAM.? 1

a e e e ok o 2 0 o 20 ke ke ook ok
PROVIDE THE FOLLOWING DATA FOi THIS MAS5-MASS PrROBLI'M2

HOW MANY MOLES OF KNOWN COMPOUND AND UNKNOWN COMPOUND

ARE SHOWN IN THE BALANCED CHEMICAL EWUATION? 1,1
: WHAT 1S THE FORMULA WEIGHT OF ThE KNOWN COMPOUND
| AND THE UNANOWN COMPOUND ? S6,74
: WHAT MASS» 1IN GRAMS, OF THE KNOWN COMPOUND 15 INVOLVED

IN THE CHEMiCAL REACTION? IF THIS INFOMMATION i5 AVAILABLE
; IN MOLES ANSWER 4EHO (0) AND WAIT FOH THE NEAT WQUESTION? O
: HOw MANY MOLES OF KNOWN COMPOUND WERE INVOLVED IN
: The CHEMICAL HEACTION? 2.9

ANSWERS: sevecossevscossssse 2.9 MOLES OF UNKN. CPD.

cevsesssesssvsnanss 21l4.6 GRAMS OF UNKN. CPD.

0 20 e 2 ok 2 e 20 20 3 3ok ok ok ok

DO YOU wISH TO SOLVE ANOTHEH PROBLEM? ANSWER 1 FOR M=M»
2 FOR M-V, 3 FOrt V-Us» AND ZErRO (0) TO END THE PROGRAM.? 8

oo o o oo o oo o
i PROVIDE THE FOLLOWING DATA FOR THIS MASS=-VOLUME PROBLEMS

HOW MANY MOLES OF KNOWM COMPOUND AND UNKNQWN COMPOUND

ARE SHOWN IN THE BALANCED EQUATION? 1,2

WAT IS THE FORMULA WEIGHT OF THE KNOWN COMPOUND AND THE -
UNKNOWN COMFOUND? 2,23

WHAT MASS», IN GRAMS, OF THE KNOWN COMPOUND 1S INVOLVED

IN THE CHEMICAL HEACTION? IF ONLY VOLUME 15 KNOUWN

ANSWER ZERO (0) AND WAIT FOX THE NEXT WUESTION? O

WHAT 15 THE VOLUME, IN LITE4S, OF THE KNOWN GAS

INVOLVED IN THE CHEMICAL REACTION? (VOLUME MUST BE AT sTP)? 212
ANSWERS3sescsacossnnsevasnses LB.Y2857 MOLES OF UNKN. CPD.
SocvsrevPPPIPOOOTIOIOPROTS “35-3571 GHAMS OF UNKNO CFD'

v

a0 ok 2 2 e o o ok o 2l ofe 2 o ok ok

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

ok e ok ook e ol o ok sl ok ok ok ok

READY

El{llC " | 135
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Chemistry
STOICH °

AEM nAdnY DOnFMANs, JOHN GLENN re>s7/23/6b ( HEVeT7/9/69 )

HEM REVISED BY C.LOSIK 7-22~-70 - ~

#EM DIFFERENT VARIABLES AiE USED IN EACH PiOBLEM

HEM THEIR MEANING MAY BE DETEAMINED BY LOOKING Al EACH SECTION
HEM OF TnE £rROGRAM (VARS. COuRESPOND Wild INPUTS ANJ PnINIS)
#EY Tnls PrOGrAM IS DESIGNED TO SOLVE MASS=-MASS,MA>S>=-VOLUME,
HEM AND VOLUME~UVOLUME PrOBLEMS. .

nEM

wEM  Bacn liwdl HAs & DIFFERENT LEITE:n CORAESPONDLING TO

HEM ThE INFOaMATION IN THE PRINTED WUESTION.

ne

rRIND " DO YOU WISH TO SKIF THE INSTARUCTIONS? 1 FOst YES »U FOu NO'3
INPUT &

IF 4=1 THEN 320

IF w«<>J) THEN 130

PRINT "THIS PHOGrAM 15 DESIGNED TO SOLVE:“

#ulNT " le MASS-MASS PROBLEMS"
PRINT ** 2e MASS-VOLUME PAOBLEMS"
PnlINT ™ 3e VOLUME=-VOLUME rnusLEMS"
PRINT

PulINT YSOME GENEmAL INSToUCTIONS FOn JLING Thk PROGRAM WILL®
PHRINT ""BE HELPFUL AT TRIS TIME."

PRINT " 1« IF TWO PIECES OF DAlIA ARE REQUESIEDs BE SURE 12"
PRINT " GIVE THEM IN TnE OuDER REJUESTED AND SEPARATE"

PiINT THEM WITH A COMMA."

PRINT " 2. THE BALANCED EWUATION 1S HE FIRSI [nlNG"

PRINT" NEEDED WITH EACH TYPE OF PHOBLEM 50 HAVE IT PREPARED."
PRINT ™ 3« THE FORMULA WEIGHTS AHE NEEDED NEAT SO0 HAVE THEM"
PuINT " PREPARED."

PRINT

PRINT .

PINT "PICK THE TYPE OF CALCULATION YOJ DESIfik 8Y aAvdwendING TdAE"
PRINI"FOLLOWING QUESTION WITH A 1,2, On 33"

PRINT" 1 FOR MASS-MASS CALCULATIONS"
PrINT" 2 FOR MASS-VOLUME CALCULATIONS®
PRINT" 3 FOR VOLUME-VOLUME CALCULATIONS'
PRINT

PRINT “WHAT 1S THE NUMBEHR OF YOUs CHOICE":

INCUT A

PHINT ' %5t skokokokok oleok ok ok o kol sk ke

PRINT

IF A=1 THEN 470
IF A=2 THEN ¥30
IF A=3 THEN1150
PRINT "USE 1, 2, O 3« TRY AGAIN."

GO TO 3%
PRINT'* PROVIDE THE FOLLOWING DATA FOx THIS MASS-MASS PROBLEM:"
PRINT

PRINT"HOW MANY MOLES OF KNOWN COMPOUND AND UNKNOWN COMPUOJND"
PRINT '""ARE SHOWN IN THE BALANCED CHEMICAL EWQUATION"S

INPUT BasC

PRINT*WHAT IS THE FORMULA WEIGHT OF THE KNOWN ©€OMPOUND'

PRINT * AND THE UNKNOWN COMPOUND "3

UNPUT D.E

PRINT' WHAT MASS, IN GRAMS, OF THE KNOWN COMPOUND 15 INVOLVED"

S60PRINT' IN THE CHEMICAL REACTION? IF THIS INFORMATION IS AVAILABLE"

570
S80
590
600
610
620
630
640

PRINT * IN MOLES ANSWER ZERO (0) AND WAIT FOl THE NEAT QUESTION"S
INPUT F

IF F=0 THEN680

LET G=F/D

GO TO 650

PRINT" HOV MANY MOLES OF XNOWN COMPOUND WERE INVOLVED IN'

PRINT '* THE CHEMICAL REACTION'":

136
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Cheistry
STOLC

65U LET hiz=/(C/B) =G
66U ralr " ANSULIDS ecccesasscesscscace’it’ MOLES OF UNAN. UrPle
LU Lel usn*k

s8u PuINT escsscsssssssesess™U’ GuAMS OF UNdANe UFDe™
690 rali

F0U ERINTD '° s sokkokokkokkkokokkokkx'!

710 ralii

720 PolnT"Lo 10u wWish TO SOLVE ANOTHER PUUBLEM? ANSWEK 1| FOR M=M,'
730 Pulivt 2 FOn M=V, 3 FOi V=V, AND <Eu0 {u) TO END ThE PrOGnAM.";
740 INSUL Y

U5 Pisivi .

T50 PIINT ' % tdokokokakokokokokokkokokokok
76V PrINI

770 1F ¥=1 [nEN 470

780 1
790 1
U0

F ¥Y=2 TnEN ud0
F Y=3 [dAkEN 1150
F Y<>u [IfdAEN 810

BUS >TOr

810 PHINT * YOU MUST USE Vs1,2, OR 3. {dY AGAIN.”

g2y GO 0 72V

830 PHINT * PHROVIDE THE FOLLOWING DATA FOr ThiS MASS-VOLUME PROBLEM:"

s4v ¥
BSu ¥

sINE
wIME ** nOW MANY MOLES OF KNOWN COM&OUND AND UNKNOWN COM£OUND'

veu PRINI * AKE ShOWN IN THE BALANCED EQUATION'3

870 1

NPUT KoL

o0 PRINY "wnAl 15 THE FORMULA WEIGHT OF ThHE KNOWN COMPOUND AND THE'
89U PoINT ' UNKNOWN COMPOUND';

YuU INPUT Mo

w10 PRINT" wnAl MADSs IN GRAMS, OF ThE KNOWN COMPOUND 15 INVOLVED
y2u PRINT™ IN THE CHEMICAL HREACTION? IF ONLY VOLUME IS KNOWN'

930 PrINT * ANSWEnR ZERO (U) AND WAIT FOr ThE NEXT WUESTION'S

Y40 i
)50 1

NedT P
F ¢¥=u inEN 104U

Y60 LET um(L/K)*(P/M)
970 PRINT"ANSWERSE escesccscscscsnccscscscssscsccacces''R'MOLES OF UNKNe GAS"
980 LET S=gax22.4

990 P

RINT' ssesssssssssssssssssssssssss’S" L. ES OF UNKN. GAS"
GO TO 6YUu
PRINT" WHAT 1S5 THE VOLUME, IN LITErS, OF THE KNOWN GAS*"

PRINTINVOLVED IN THE CHEMICAL HEACTION? C(UVOLUME MUST BE AT STPI";
INPUT w

LET T=(W/22.4)*%(L/K)

PBIN?“ ANSWERSS secssescsesesssssnsesssT” MOLES OF UNKNs CPD.*

LET U=T*N , -

PRINT" “eesscccsssssssssse " GRAMS OF UNKNe CPD."

GO TO 690

PRINT “PROVIDE THE FOLLOWING DATA FOH THIS VOLUME=-VOLUME PROBLEM3*
PRINT .

PRINT “HOW MANY MOLES KNOWN GAS AND UNKNOWN GAS ARE SHOWN'

PRINT " IN THE BALANCED EQUATION";

INPUT U»V

PRINT" WHAT 15 THE YOLUME IN LITERS OF THE KNOWN GAS INVOLVED*
rRINT " IN [HE CHEMICAL REACTION? (VOLUME MUST BE AT STP.)";

INPUT w :

LET A=(V/Ud*v

PRINT“ANSWERS eccveecsscsccsocsosssscssscsescnesse"X'LITERS OF UNKN. GAS"

GO TO 6%V
END
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