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FOREWARD TO TEACHERS

This booklet was designed for the use of Junior High
School and High.School students. A student who shows an
interest in computers or has completed more than a semester
of High School Algebra should be given the opportunity to
use the regular BASIC Manual (latest edition).

While a limited number of exercises and program examples
are given in this booklet, sets of TOPIC OUTLINES are avail-

able from:

NSF SECONDARY SCHOOL PROJECT
Kiewit Computation Center
Dartmouth College

Hanover, New Hampshire 03755

NOT ALI OF THE BASIC LANGUAGE IS EXPLAINED IN THiIS BOOKLET.

Explanations of BASIC and other mathematical concepts
contained herein have been adjusted to meet the needs and under-
standing of the "average" teenager.

A table of contents and index is provided for easier
reference.

The specific individual ability, imagination, and creativity
of the student determines to a large extent the meaningful and
productive use of a time-sharing teletype in schocl. A high degree
of teacher interest also leads to motivated students.

Ken Weissman
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Preface

"A program is a set of directions that is used to tell a

a computer how to provide an answer to some problem."

This booklet will explain many of these directions, so
that you will be able to operate the computer. The directions

are called a language.

The language that this booklet explains is called BASIC.
It is a lot of fun to learn. However, not everything about the
BASIC language is explained in this booklet. When you finish
the booklet you might like to learn more. If you do, then ask

your teacher for more information.

The computer you are using is a GE-635 located in”the
Kiewit Computation Center at Dartmouth College, Hanover,
New Hampshire. You will be able to operate thé Dartmqpth'
Time-Sharing System (DTSS) computer from a teletyﬁé terminal.

at your school that uses regular telephone lines for com-

munication.

(l)a



CHAPTER ONE

USER NUMBER

Everybody needs a user number.

Get your user number from your teacher, or the person
in charge. Write it below so you won't forget.

My user number:

~




TURNING ON THE TELETYPE

Directions are posted near most teletyres telling how to
operate them.

There ars several different models of teletype machines.

Usually you just push the originate button, marked ORIG.
Some teletypes are marked LINE 1 or LINE 2, instead of ORIG.
In a tfew seconds, you will hear a beep, and you are ready to
start.

On :ome hook-ups, you may hear a dial-tone after pushing the
ORIG button. If this happens, then dial anyone of these special
phone numbers (don't pick up the phone):

7 6511 2091 2101

Then in a few seconds, you will hear a beep, and you are
ready to start.

If you have any trouble, please let your teacher know about
it, so that you can be helped.



NEW

After turning on the teletype, hearing the beep, and
giving your user number, the computer will ask NEW OR OLD--.

If you are starting a NEW program, type NEW, and push
the return key on the teletype.

( You must push the return key every time you have finished
typing a line. )

The computer will then ask for the NEW FILE NAME--.

Make up a name. ( You can name your program with any
word up to 8 letters. )

Given below are some sample progran names.

JOE FAT-2 X JACK BASEBALL

9



NOW YOU'RE READY TO WRITE A PROGRAM IN BASIC

The computer isn't very smart. You have to tell it every-
thing it has to do, in a specific order.

The line numbers tell the computer in which order to do the
program, usually lowest number first. Line numbers also make it
easy for us to locate parts of the program so that we can make
changes.

If you dida't already know that the computer could:

Add (+)
Multiply (*)
Divide (/7
Subtract (-) then you have just been

informed.

Let's write a program that will multiply 15 by 3.
O.K.!! Here goes the program!

DARTMOUTH TIME-SHARING
TERMINAL 124 ON AT 10:49 12 AUG 69, 058 USERS ( Heading typed by

DTSS TILL 2400. LIST CCNEWS*** 6 AUG 69 teletype.

USER NUMBER-- (Type your user number)
NEW OR OLD--NEW TIMES

READY
(remember to push the return key at -

the end of every line)

10 PRINT 15*3
20 END
RUN

TIMES 08/12/69 10:50

45
TIME: 0.038 SEC.
READY

That's all there is to it! After a second or so, the teletype
will print your answer....45.

With this little bit of information, you can probably do most
of the arithmetic you will ever need!

It's a simple job to change line 10 to either add (+),
subtract (-), or divide (/). It 1s just as easy to change the
numbers you want to work with.

(0



NOW YOU'RE READY TO WRITE A PROGRAM IN BASIC (Continued)
Here is another program that adds three numbers 8,3, and 7:

NEW ADD
READY
(remember you must push the return key at

the end of. each line.)
10 PRINT 8+3+7
20 END
RUN

ADD 08/12/69 10:51
18

TIME: 0.040 SEC.
READY




LINE NUMBERS

All programs have line numbers.

The line number identifies the line and tells the computer
which lines to do in order. (Usually, lowest number first.)

We try to leave space between line numbers, so that we can
place other lines between. (10,20,30 instead of 11,12,13, etc.)

A set of line numberxs is shown below:

10

20

30 you can choose any set of line numbers you want.
35

59

80

etc.

When you have finished typing a line, you must push the
return key on the teletype keyboard.

Line numbers mey be typed in any order.

8 8
32 the computer will sort them from lowest to 15
15 highest-—==—=—-—m oo ¥ 19
19 32

You may eliminate any line simply by retyping the line number
with nothing after it. (This is useful when making corrections.)

You may choose any set of line numbers you wish. Most
people pick line numbers in the ten times table. (10,20,30,40,etc.)




MAKING CORRECTIONS

e

. There are 5 major ways to make corrections when you are
working on the teletype that is hooked into the DTSS (Dartmouth
Time-Sharing System):

1. To eliminate the line you are working on, you can just
retype the line number and start all over again.

2. To delete the line that you are working on, push the
control key and the X key at the same time.

3. To delete one or two, or just a few letters, push
the shift keyand the O key at the same time. This produces
a backwords arrow +~ for each letter eliminated. An example
is shown below: ' o - ’ -

SATRUDAY+++++URDAY

The computer will continue as if RUDAY was never typed.

4. You can tvpe NEW at any time and eliminate or erase your
entire current program.

5. You can type IGNORE at any time and everything since
your last command will be ignored. Some commands are: RUN,
LIST, SAVE, UNSAVE, REPLACE, NEW, OLD.




END

.The last line of a program must contain the END statemg ..
It looks like this:

999 END

Only one END is allowed in a program.

(The computer isn't too smart, and you have to tell it
where the end of the program is.)




PRINT - Calculations

Calculations involving addition (+), subtraction (-),
multiplication (*), or division (/) can be done with a PRINT
statement.

Other calculations which will be explained later can also be
done using the PRINT statement 1n the same manner. The names of
some of these are: :

‘Exponents (4), Square root SQR(x), Sine SIN(x), Cosine COS(x),
Tangent TAN (x), absolute value ABS(x), exponents to base e EXP(x),
and complicated formulas that you can make up. -

In the example below, the number 10 is divided by 2.

NEW JOE
READY
~ (remember you must always push the return key at the
end of every line.)
15 PRINT 1lu/2
20 END
RUN

JOE 08/12/69 10:53
5

TIME: 0.039 SEC.

READY

The program will print the answer...5 after the RUN command
is typed. The calculation of 10/2 is done by the computer.

Can you write a program that adds two numbers togetherxr?

Can you write a program that multiplies three numbers together?




PARENTHESES

The computer isn't able to determine what you really wanted
to do if you make a mistake. It can only do vhat you tell it to
do.

Suppose you wanted to find the average of two test grades
70 and 90. If you wrote this program like someone I know did,
you would get the wrong answer.

WRONG

NEW AVERAGEW
READY

10 PRINT 70+90,2
20 END
RUN

AVERAGEW 08/12/69 10:54

115

TIME: 0.041 SEC.
READY

The computer prainted out 115 and we know this is wrong.

What we really wanted to do was to add 70+90 first, and
then divide by 2. This can be done by using parentheses.

CORRECT

NEW AVERAGEC
READY

10 PRINT (70+90)/2
20 END
RUN

AVERAGEC 08/12,69 10:54

80
TIME: 0.041 SEC.
READY
The computer will praint out 80, the correct answer.

What happened here was that the computer first added 70+90
and got 160, then divided the 160 by 2 to get 80.

The computer 1s scheduled to do multiplication and division
before addition and subtraction and then to proceed from left = to right
- 10 -
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PARENTHESES (Continued)

in calculating answers.

Suppose we wanted to add 2+2 and then multiply the result by 3.
If we simply wrote: 242*3 or 3*2+2, we would get the samé wrong
answer in both cases:

NEW TRY1 NEW TRY?2
READY READY

10 PRINT 2+2*3 10 PRINT 3*2+42

20 END 20 END

RUN or RUN

TRY1 08/12/69 10:55 TRY2 08/12/69 10:55
8 8

TIME: -0.041 SEC. TIME: 0.041 SEC.
READY READY

Of course, this isn't what we wanted to do. To correct this,
we use parentheses:

NEW TRY
READY

10 PRINT (2+2)*3
20 END
RUN

TRY 08,/12/69 10:56

12

TIME: 0.039 SEC.
READY

A good rule to follow is that if you aren't sure what the
computer will do, group your calculations with parentheses the way
you want the problem solved.

A more complicated problem is shown below:
Suppose you wanted to add 3+5 and 2+7, then take both of

these answers and multiply them together, after doing that you
want to divide by the number 4. What expression would do that?




PARENTHESES (Continued)

NEW PARENTHE
READY

10 PRINT ((3+5)*(2+7))/4
20 END
RUN

PARENTHE 08/12/69 10:57

18
TIME: 0.040 SEC.
READY
The answer that the computer will calculate is....l8,.

- 12 -
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PRINT - Numbers
Suppose you just want to print a number. The PRINT
statement can be used for this purpose.

NEW NUMBER
READY

10 PRINTS

20 END

RUN

NUMBER 08/12/69 10:58
8

TIME: 0.039 SEC.
READY

7 The program will print the number 8 after you type the
word RUN.

Write a program that will print the number 143.

NEW NUMBER1
READY

10 PRINT 143

20 END

RUN

NUMBERL 08/12/69 10:58
143

TIME: 0.040 SEC.
READY

- 13 =
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OLD

When the computer asks NEW OR OLD and you are calling-up a
program that you have already worked on and saved, type the word
OLD, and push the return key.

The computer will then ask for the OLD FILE NAME--.

Type the old program name exactly as you did the first
time you used it.

Some OLD programs that have already been worked on and
saved are given below (try them):

BANDIT* ** BINGO* *#* (***indicates placed in
the computer library)

<0



CHANGING THE PROGRAM YOU ARE WORKING ON

At any time you may type NEW or OLD. This will allow you
to start a new program or call-up an old program from a computer
library called catalog.

Once you have a little experience, you can take a shortcut
and call a program directly.

Two examples of this are shown below:

OLD BANDIT*** (return key)
The computer will answer READY or
NEW JOE (return key)

The computer will answer READY.

S KEY (STOP)

At any time, even when the teletype is printing, you may
stop the program simply by pushing the letter S key on the key-
board, or typing the word STOP.



Certain other commands you will find useful are given below:

'RUN Command'

When you type RUN, your program will do the job (be executed),
if properly written.

If not written correctly, the computer will tell you some
of the errors, and where to look for them.

'LIST Command'

When you type LIST, your program (as written and corrected)
wlll be listed on the teletype.

'SAVE Command'

. If you wish to.SAVE your. program for_ some later time, type
the word SAVE. The program is placed in an area in the
computer called storage, or library, or catalog.

'UNSAVE Command'
If you wish to remove your program from storage (library or

catalog) and UNSAVE it, type the word UNSAVE. This is almost
the same as DESTRUCT in the TV program "Mission Impossible."”

'REPLACE Command'

If you have already saved a program and wish to correct or
modify it, type the word REPLACE or REP after making the
latest correction.

'HELLO Command'

By typing HELLO or HEL you can change the user number without
turning off (disconnecting) the telephone line.

'BYE or GOODBYE Command'

When typing BYE or GOODBYE, this is a signal to the computer thut
you wish to discontinue your work. The computer will then dis-
connect the teletype and erase everything you have done. You
can avoid erasure by typing SAVE OR REP before typing BYE.




Now that you are an Official BASIC Programmer, Level One,
you are ready to start on Level Two.

If you tried either:
OLD BANDIT*** or

OLD BINGO*** described earlier, you realize
that there is more to programming than just adding or multiplying

numbers together.

First, these programs used words and whole sentences, while
you have used only numbers.

Second, these programs skipped or jumped lines and asked you
questions.

This chapter will explain how some of this was done, so you
can do it too. S

=-17-



MORE ON PRINT

A message to be printed must have quotes (" ") around it.
Also, everything inside the quote symbols will be printed as

typed.

A program to print the message SNOOPY SLEEPS is given below:

NEW SLEEPS

READY

30 PRINT "SNOOPY SLEEPS"
40 END

RUN

SLEEPS 08/12/69 10:59

SNOOPY SLEEPS

TIME: 0.040 SEC.

READY

Notice the guote symbols
before and after the message

Write a program that will print your name.

Write a program that will print the name of your school.

You can have more than one PRINT statement in a program.

Shown below are two programs that print a message about

Snoopy.
doesn't.

The first program has a semi-colon, the second program

The semi-colon (3;) at the end of line 32 causes the next line

to print right after it.
out the semi-colon (;).

NEW SNOOP-1
READY

32 PRINT "SNOOPY SLEEPS";
34 PRINT "UNDER THE TREE."
39 END

RUN

SNoopP-1 08/12/69 11:02

SNOOPY SLEEPS UNDER THE TREE.

TIME: 0.049 SEC.

READY

-18-

Try the program both ways, with and with-

NEW SNOOP-2
READY

32 PRINT "SNOOPY SLEEPS"
34 PRINT "UNDER THE TREE."
39 END
RUN
SNOOP-2 08/12/69 11:03
SNOOPY SLEEPS

UNDER THE TREE.

TIME: 0.049 SEC.
READY



MORE ON PRINT (Continued)

It is very important to realize that the semi-colon(;) causes
information to be squeezed or placed on the same line.

The comma (,) not shown on the preceding page places information
fifteen spaces apart in 5 columns. The comma will be explained in
greater detail later.




LINE JUMPING USING PRINT

We just learned that the PRINT statement permits the computer,
by means of the teletype, to print or write a message.

We can use the PRINT statement in other ways.

The PRINT statement with nothing after it (without a message)
is an order to make the paper on the teletype move-up one line.

An example of

20
30

Can you'write

Don't look at

this program is given below:

PRINT Paper moves up one line
END on the command RUN.

a program to jump the paper five lines?

the answer!!! Try it first.

- Most probably

you chose the following program or something:

like it to make the paper jump five lines:

NEW JUMP-1
READY

21
22
23
24
25
30

PRINT
PRINT
PRINT
PRINT
PRINT
END

However, an easier method is available using the line-feed key.

Here it is:

21 PRINT

30 END

L

Notice the line-feed key was used
between the quote symkols.

" Try it.



WHAT IS A VARIABLE?

{

A variable in the BASIC language is any one of the 26 letters
of the alphabet.

Each letter (or variable) may be given a different number value
at various points in our program.

However, we try to avoid using the letter 'O' (oh), because
we can easily mix this letter up with the number zero.
Some examples of variables are given below:

A B C R & T w X Y 2

Can you name any three other variables not already shown?

- 21 =~



SOME ADDITIONAL VARIABLES

If we use up all of the letters in the alphabet, the BASIC
language has additional variables we can use.

Every letter followed by a number from 0 to 9 is also
considered a variable. This combinatioun of letter and number

is treated just as if it were a single letter.

Some examples are given below:
Al A6 H9 17 Z5

Is K25 a variable?

Is N6 a variable?

Is 03 a variable?

Bl K3 L8

NO, because the letter is
followed by a 2 digit number.

YES.

YES, but we try to avoid using
the letter 'O' (oh), because
we easily mix it up with the
number zero.

- 22 -



THE LET STATEMENT USES VARIABLES (or letters)

So far, we have not assigned any number value to a letter.

The LET statement permits you to assign a value (some number)
to a letter (variable).

A program using the LET statement is shown below:

NEW LET1

READY

10 LET X=5 ' X IS ASSIGNED THE VALUE OF 5.
20 PRINT X ' THE 5 IS PRINTED.

30 END ' THE PROGRAM STOPS.

RUN

LET1l 08/12/69 11:08

5
TIME: 0.041 SEC.
READY
We didn't put a quote (" ") around X because we want the value

variable X printed, not the letter X. Another way of saying this
is: we want the number value assigned to X printed; in this case

it was 5.

Here is another program:

NEW LET2

READY

10 LET X=5 ' X IS ASSIGNED THE VALUE 5.
20 PRINT "X="X ' THE 5 IS PRINTED, SO IS X=.
30 END ' ' THE PROGRAM STOPS.

RUN s

LET2 08/12/69 11:09
X= 5

TIME: 0.045 SEC.
READY

Here the program will print out: X=5

of the



THE LET STATEMENT USES VARIABLES (or letters) (Continued)

Another program using the LET statement znd a different
variable is shown below:

NEW LET3

READY

10 LET R3=5 ' R3 IS ASSIGNED THE VALUE 5.
20 PRINT R3 ' THE 5 IS PRINTED.

30 END ' THE PROGRAM STOPS.

RUN

LET3 08/12/69 11:10
5

TIME: 0.044 SEC.
READY

Given below is a more complicated program that multiplies
TWO letters (variables) together:

NEW LET 4 or NEW LET5

READY READY

NEW LET4 10 LET A=15

READY 20 LET B=3
30 PRINT A*B

10 LET A=15 40 END

20 LET B=3 RUN

30 LET C=A*B

40 PRINT C LET5 08/12/69 11:12

50 END .

RUN 45

LET4 08/12/69 1l1:11 TIME: 0.044 SEC.
READY

45

TIME: 0.042 SEC.
READY

The answer 45 is printed by the teletype.
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ASKING QUESTIONS (INPUT STATEMENT)

We can make a program ask a question, perhaps even ask your
name and age. Below is a sample program that does just this:

NEW RED

10 PRINT "HI, MY NAME IS GE-635"
20 PRINT "WHAT IS YOUR NAME";

30 INPUT AS

40 PRINT "HOW OLD ARE YOU"

50 INPUT A

60 END

The computer will print:

HI, MY NAME IS GE-635
WHAT IS YOUR NAME? and stop.

Notice the semi-colon causes the question mark (?) to be
placed right after WHAT IS YOUR NAME. But, no question mark was
in the program!!! Where did the question mark come from?

The INPUT statement causes a question mark (?) to be printed.

Notice we used a variable A$, because we expect to receive a
word message (or string) back after the computer stops. The computer
stops after the ? is printed on the teletype paper.

You answer: (Your own name or RED BARON, or whatever)

RED BARON (return key)
HOW OLD ARE YOU

? and stop.

Notice the semi-colon is missing on line 40, so the INPUT
question mark (?) appears on the next line, and the teletype stops.
Also, the variable this time was A, because we expect a number and

not a word message.
You answer: (Your age, or 99, or some number) and (return key)

Can you write a program using INPUT statements?

e
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Given below are two more useful statements that we will use shortly.:

STOP

The STOP statement acts like the END statement, by ending or
stopping the program.

STOP statements can be located anywhere, except the last line.

Examples of a STOP statement look like this:

10

20 STOP

30 ?S The program has 2 STOP statements.

37 STOP

40

45

90

110 END The END statement is always the last line.
GO TO

The GO TO statement permits the computer to jump around in
a program and not follow the order of line numbers from lowest
to highest.

An example of this is given below:

30 GOTO 47 When the computer reaches line 30, it is told to
41 STOP go to line 47, jumping over the STOP on line 41.
47 :

53 GO TO 30 At line 53, it is told to go back to line 30,

99 END starting the process all over again.

This is called loop.

Will this program ever end?

How can you break (get out of) the loop?
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CONGRATULATIONS!! il iriirlty

You are now an Official BASIC Programmer, Level Two. Of
course, to be a Level Three Programmer requires more work on
your part, and a lot more math.

This chapter deals with something called exponents, which
is nothing more than a shorthand way of multiplying the same
number together.

Also, this chapter works with fractions and explains what
happens to them.

I'm certain that you would want to know more about loops
which make things easier to program, and how to display yous
answers in a neater fashion.

o
=



EXPONENTS

Inarithmetic, we have a saorthand way of saying 4 times 4.
It i8 writcen 4. The little is called an exponent. Of course,
the answer is 1l6.

Also,

7X7 | is 72 or 49

8X8 is 82 or 64

10X10X10 is 102  or 1000

2X2X2X2X2 is 2>  or 32
what is 3%2 522 432

In the BASIC language, we use the upward arrow (4) to denote
the exponent.

Suppose we wanted to find the area of a square whose side was
6, we could then write a program to do this:

NEW SQUARE
READY

10 PRINT 6+2
20 END
RUN

SQUARE 08/12/69 11:16
36

TIME: 0.040 SEC.
READY

Since the area of a square is its length times width, and in
this case both were six, we could have written 10 PRINT 6*6 and have
gotten the same answer.

- 29 -




SIGNS (+ and -)

Before every number in the BASIC language is a space for the
sign. If it's positive, the sign is NOT printed and the space is
left blank or empty. However, if it is negative or minus (-),

the sign is put in by the computer.

All numbers must be either positive (+) or negative (-) in
BASIC. Zero, of course, doesn't have a sign, but it does have the

space.



FRACTIONS AND SCIENTIFIC NOTATION

Fractions

The computer understands the symbol (/) meaning division, as

a fraction. However, all answers to problems are given as either:

(a) Integers 0,1,2,3,-5,etc.
(b) Decimals 0.1, .325, -.4,etc. or as an
(c) Exponent 1.4E+9 (meaning 1400000000) or

1.2E-3 (meaning .0012)

Scientific Notation

Numbers larger than 8 digits are converted into the E notation,
as well as decimals smaller than one-tenth (0.1l). Some examples of
this are given below:

(a) The number 45,176,325,416 has 1l digits. The computer
will then change the number to: 4.51763E+1l0

(b) The number 39,165,216 will be printed as: 39165216
(c) The number 0.34561273215 will be printed as: 3.45612E-1

- rom the above, it can easily be sgown that E+2 means 'times 100'
or 10° and E+3 peans 'times 1000' or 10°. E-2 means 'divide by 100’
or divide by 107.

This topic is usually called SCIENTIFIC NOTATION and additional
gquestions about it should be asked of your teacher. It was presented
here so that in the event you did get a number with E, you would
‘be somewhat familiar with this strange type of answer and could
find out more about it at that time.

z? 7



FOR...NEXT LOOP

Loops make counting easier, as well as scme other types of
problems.

Suppose we wanted to print a series of numbers 1,2,3,4,5, etc.
to 100. (Usually, this 1s wratten as 1,2,3,.. 100).

We could type out each number after a print statement something
like this:

5 PRINT 1
10 PRINT 2
15 PRINT 3
etc.

This is very time consuming, but it would worki

There is a shorter way of doing this using a loop. In this
case, the loop is called a FOR...NEXT loop because we use the words
FOR and NEXT.

For every FOR there must be & NEXT in the program.

Here's how to use the FOR...NEXT statements:

Choose any letter (a dummy variable). I like the letter J.
You can choose any letter you want.

NEW LOOP
READY

10 FOR J=1 TO 100
20 PRINT J;

30 NEXT J

40 END

RUN

Loop 08/12/69 1l:17

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73
75 76 77 78 79 80 81 82 83 B84 85 86 87 88 89 90 91
93 94 95 96 97 98 99 100

TIME: 0.257 SEC.

READY

I put the semi-colom (;) after J in line 20 because I wanted
the numbers close-packed. A comma (,) would put 5 numbers on a line.
Nothing after J would put the numbers underneath each other.

- 32 -
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(a)
{b)
\c)
(d»
el

FOR...NEXT LOOP (Continued)

What happens here 1s that the J takes the value of 1, is
prinred Ly iin~ 20, and sent back to line 10. The word NEXT acts
like 'GOTO line L0'.

fluwaver, we already used 1, so 1t takes the next number 2,
prints 2 and 1s sent back to line 10 by the NEXT. This continues,
round and round (loop), until all the J's are used up.

When 11 tha J's are used up, and we come to the NEXT, there
1S no NEXT J s the program goes onto line 40 which in this case
1s the end.

Sunposs 1 wanted to write a program that would print out all
of the w'ole nunisers between 8 and 17. It's a simple matter using
a FOR. ..¥MEXT loop to do thas!

MNPV LOOP- 1
READY

10 pOR J=8 T3 7
20 URINT T,

30 NEXT J

40 IND

RUN

op-1 03/12/769  11l:1Y

R 9 10 11
13 14 15 : 16
T1ME : 0.000 SEC.
RFEADY
I, tiies case, the numbers will be prainted 5 to a line, 15 spaces
apart booo o fe o comma (,) after J on line 20 was used.
Shows Lelow are ¢ number of other examples that can be done simply

hy cetyring line 1o,

1n FOR J=0 TO 4

i FOR J=-5 TO S

19 FOR J=-10 TO v

10 FOR J=-100 TO O

10 FCR J=100 TO Q ST ¥ -1

- 33 -
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FOR...NEXT LOOP AND STEP

By retyping (e) in program LooP*} §Q§ pIsTlnq We get:

LIST
LooP-1 08/12/69 11l:21

10 FOR J=100 TO 0 STEP -1
20 PRINT J,
30 NEXT J

40 END e
READY (Line 20 is 2 ty&ed to closely pack the numbers)

20 PRINT J;
RUN

LOOP-1 08/12/69 11:22

‘ 9
100 99 98 97 96 95 94 93 742 92 730 89 g8g 87 86 g5 84 8
82 81 80 79 78 77 76 75 358 43 54 Zé 70 69 68 67 66 65
64 63 62 6L 60 59 58 57 38 4 35 35 52 51 50 49 48 47
46 45 44 43 42 41 40 39 35 37 g 35 34 33 32 31 30 29
28 27 26 25 24 23 22 21 7 16 15 14 13 12 11
10 9 8 7 6 5 4 3 2 1 |

TIME: 0.259 SEC.
READY

’ l » h
The last example uses STEP /li Q,ﬂde the COmputer counts in a
positive direction on the numper hQ},, *

A\
>

W
and we wanted to count backwards’ N .ﬂétruCted the program to do
this with STEP -1. J




FOR...NEXT LOOP AND STEP (Continued)

We could write a number of things such as times tables and,
odd and even numbers using STEP.

Below is a program that writes the 5 times table:

NEW FIVEX
READY

10 FOR X=5 TO 100 STEP 5
20 PRINT X;

30 NEXT X

40 END

RUN

FIVEX 08/12/69 11:24

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
95 100

TIME: 0.085 SEC.
READY

" Retyping line 20 with a comma (,) after X spreads the numbers
into five columns.

20 PRINT X,
RUN

FIVEX 08/12/69 11:24

5 10 15 20
30 35 40 ' 45
55 60 65 70
80 85 90 95

TIME: 0.141 SEC.
READY

Write a program that prints the (a) 3 times table, (b) odd numbers,
and (c) even numbers.

STEPs may be variables, decimals, fractions, integers, complicated
formulas and negative or positive numbers.

11
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MORE ON FOR...NEXT

Of course, we could have more than one FOR...NEXT loop in a
program, but they cannot cross each other.

INCORRECT CORRECT

. FOR J ’ FOR J
FOR R FOR R
NEXT J NEXT R
NEXT R NEXT J

We could have many FOR...NEXT loops, these being nested
inside each other:

CORRECT

FOR J
FOR K

12
~




PREPARING A TABLE OF VALUES

" Often it is necessary to prepare a table of values, so that
you can see the relationship between variables in an equation. 1In
the case below, the table of values can be used to graph the line

y=3X+5.

NEW TABLE
READY

10 PRINT "TABLE OF VALUES FOR ";
20 PRINT "y=3x+5"
30 PRINT

40 PRINT "X","Y"
50 PRINT

60 FOR X=-10 TO 10
70 LET Y= (3*X)+5
80 PRINT X,Y

90 NEXT X

100 END

RUN

TABLE 08/12/69 11:30
TABLE OF VALUES FOR Y=3X+5

X Y

[ N T R R R I e |
HOHNMNWMAMUAAOANOWEKH
o

I

._l

o

LUKV ~WN
N
w

0 35

TIME: 0.243 SEC.
READY

S
'




PREPARIN'S A TABLE OF VALUES {Continued)

Write a program to print a table of values from -5 to 5 of Y=4X-2.

Write a program to print a table of values from -5 to 5 of
v=2X 4 4.
3

HINT: LET Y=(((2*X)/3)+4)

41




THE LINE and

eletype s exactly 75 ¢paces numbered from
S tb Aigigtg vwc ca?lEZHSQ lnformatlon to be
Q flc kloh on 2

Each 11n i o e t
0 - 74. py v oS ¥
printed at an

numbg (7) ¢ inted in the 13th
Suppose in Q t the ram =, sevel a O pe printed in e
space on the 3 NP pfog T thye will do thig si Shown below:
NEW TAB
READY
2) |
10 PRINT paB(* PNy
20 END
11,
TAB 08/12,69 "3y
1
S
TIME- :  g,044 "¥q
READY *
. the 3; . nter 2
This pro¢ Brlng od 1 than poln’ tto spac 13 (remember

0 is the firs " Q Secol _vSs) and prlnts out 7.
Since we yged pex Eg'plus (+) Or ﬁinus ( Sigp or SPace was taken
before the n N

NEW TABI1
READY

21 3
10 PRINT TzB(}  °?
20 END
RUN

TABL 08/12/67 ll=33

7
&
TIME: 0.045 5=~
READY
This roq*) Wlll Prigt the in SP 14 gince space 13 has
an 1nv151b1e ( ig T qu OtQ were T mOVed from around 7.
u
You, of o2 ?% could have MapnY TABS on a 1iner each separated

by a semi~o0ld !



THE LINE AND TAB (Continued)

Instead of TAB, we might find it useful to use a comma (,)
after a PRINT. The comma brings the line pointer to the next 15th
space from where it is. Commas cause the line pointer to skip
across from 0 - 14, 15 - 29, 30 to 44, 45 to 59, and 60 to 74.

The pointer points to either 0, 15, 30, 45, or 60 and returns to
0 on the next line.

THE LINE and COMMA

The program shown below causes the number "7" to print at the
space numbered 44. (This, of course, is the 45th space on the line

0 - 740)

NEW COMMA
READY

10 PRINT ,,,"7"
20 END

RUN

comMA 08/12/69 11:33

TIME: 0.056 SEC.
READY

-40-
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CHAPTER FOUR

You're really getting up there!l!

Now that you have become a Level Three BASIC Programmer, you
probably want to know more about BASIC.

This chapter deals with the mathematical concepts of in-
equalities and conditional statements called IF...THEN and ON...
GO TO and GOSUB. ..RETURN.

In addition, a method for putting in large - amounts of infor-
mation either numbers or strings, is explained by the use of
READ...DATA.



INEQUALITIES

In the BASIC language, as in mathematics, we have a great deal
of use for inequalities. Shown below are the inequalities used in

BASIC:

A<B means A is less than B

A>B means A 1s more than B

=B means A has the value of B

A<>B means A does not have the value of B

or

A><B

A<=B means A is less than or has the value of B
or

A=<B

A>=B means A is more than or has the value of B
or

A=>B




IF...THEN

The IF...THEN statement is a method for making a decision or
branching. 1In English, it is called a conditional statement "if
something happens, then something will be sure to follow."

Some examples using IF...THEN statements are shown below:
(The number after THEN refers to a line number 1n the program)

NEW RAIN
READY

10 PRINT "IS IT RAINING OUTSIDE";

20 INPUT AS

30 IF AS$="YES" THEN 100

40 IF AS$="NO" THEN 200

50 GO TO 10

100 PRINT "READ A BOOK OR PLAY CHECKERS."
110 STOP

200 PRINT "PLAY BALL!!! GOOD WEATHER."
999 END

RUN

The program asks the question IS IT RAINING OUTSIDE?

If you answer YES, then you are sent to line 100 which gives
indoor activities to do. If you answer NO, then you are told to
play ball because of good weather. If you type in some other word
like 'DON'T KNOW' neither the IF on line 30 or line 40 is done
(executed) and you drop through to line 50 which sends you back
to line 10 and asks the question all over again. The stop is
placed on line 110 so that you won't print the statement on line
200. There 1s no stop on any line after 200 since the next line
1s END.

RAIN 08/12/69 11:38

IS IT RAINING OUTSIDE? YES
READ A BOOK OR PLAY CHECKERS.

TIME: 0.076 SEC.
READY

RUN
RAIN 08/12/69 11:38

1S IT RAINING OUTSIDE? NO

PLAY BALIL!!! GOOD WEATHER.
TIME: 9.078 SEC.
READY



IF...THEN (Continued)
Another sample is given below:

NEW TEMP
READY

10 PRINT "WHAT IS THE TEMPERATURE OUTSIDE";
20 INPUT A

30 IF A<32 THEN 300

40 IF A=32 THEN 200

50 IF A>32 THEN 100
100 PRINT "THE TEMPERATURE IS NOT YET FREEZING, GET YOUR ANTIFREEZE NOW."

101 sTOP
200 PRINT "IT'S FREEZING NOW, ALMOST TOO LATE FOR ANTIFREEZE."

201 STOP
300 PRINT "IF YOU DIDN'T GET ANTIFREEZE YOUR CAR IS ZAPPED!!!!"

999 END
RUN

This program shows the use of 1nequalities on line 30, 40 and
50. We really didn't need line 50 since no other case could
exist if line 30 or line 40 weren't done (executed). The THEN
statements were so constructed that if line 50 wasn't there, the
program would still work for temperature above 32 since it would
print the correct statement when it reached line 100, and then

stop.
TEMP 08/12/69 11l:42

WHAT 1S THE TEMPERATURE OUTSIDE? 25
IF YOU DIDN'T GET ANTIFREEZE YOUR CAR IS ZAPPED!!!!

TIME: 0.092 SEC.
READY

RUN
TEMP 08/12/69 11l:42

WHAT IS THE TEMPERATURE OUTSIDE? 32
IT'S FREEZING NOW, ALMOST TOO LATE FOR ANTIFREEZE.

TIME: "0.094 SEC.
READY

RUN
TEMP 08/12/69 11:43

WHAT IS THE TEMPERATURE OUTSIDE? 101
THE TEMPERATURE 1S NOT YET FREEZING, GET YOUR ANTIFREEZE NOW.

TIME: 0.098 SEC.
READY - a4 -




ON...GO TO

Is similiar to the IF...THEN statement, but allows a many branched
switch.

ON GoTO 100,200,300,350 means:

| <

[

If X = GOTO 100
If X = 2 GOTO 200

If X = 3 GOTO 300

If X = 4 GOTO 350

The X may be a complicated formula

7
\




GOSUB and RETURN

As you become more expericawed in BASIC your programs will
probably become longer and wmare ~omplicated.

Often you may have tc do a certain routine a number of times.
Suppose you would have to compute a complicated set of instructions
a number of times in the same program. Instead of retyping out the
set of instructions, you could place them at a suitable location,
say line 850, and refer to them whenever you needed this set of
procedures. This is accomplished by using the GOSUB and RETURN.

15 GOSUB 850 sends your program to line 850 and does the
routine,in this case 2 lines,and then returns your program one line
later when the word RETURN at the end of the routine is reached.

14 FOR X=1 to 10
15 GOSUB 850

16 NEXT X

840 STOP

850 LET A = (3.14) * (R*2)
860 PRINT A, R, R 2

870 RETURN

S
8%




Often you prepare a program, but do not know the exact
information you are working with. This information is called
DATA. It could be sales of teckets to the school basketball
game, or election results or test grades. Anything that can
be represented as either a number or word can be considered
DATA.

DATA can be placed anywhere in your program, but is
usually at the beginning or the end. It is suggested that DATA
be placed, depending upon the size of your program, at lines 80
or 800 or 8000, etc.

READ statements use letters (variables) and can also be
placed anywhere in your program. If you do not have enough
DATA, or if you want the program to continue until all of the
DATA is used up, the computer will print OUT OF DATA ON LINE

, and end the program. This is a signal to you.

A program using READ and DATA is given below:

NEW LUNCHRM
READY

10 PRINT "SALES OF MILK AND SODA"

20 PRINT,"SEPT. 1969"

30 PRINT

40 READ AS$,A

50 PRINT AS$,A

60 GOTO 40

80 DATA MONDAY, TUESDAY, WEDNESDAY, THURSDAY, FRIDAY
90 DATA 32.40,23,5,76.45,27.40

99 END

RUN

LUNCHRM 08/12/69 11:46

SALES OF MILK AND SODA

SEPT. 1969
MONDAY 32.4
TUESDAY 23
WEDNESDAY 5
THURSDAY 76.45
FRIDAY 27.4

OUT OF DATA IN 40

TIME: 0.122 SEC.
READY

_47_




READ and DATA, RESTORE

S .
If the program has the word gﬁEmQﬂﬁ’ all the DApa can again
be used from the beginning. ST o*ical p
DATA and RESTORE* only restores tV AN~ DATA,

S
In the program LUNCHRM, the Fﬁ mQﬂﬁ statement was not used.
0Q i : :
If the words or strings are ¥ mh%gﬂp;;giﬁgd. it js sometimes
necessary to put a pair of quote Jiy N5% oring €ach particular
piece of data. Examples of compl? \Qd g are shown below:

800 DATA "SMITH, MR. JOHN", "SMITﬂﬁ,MQS, M?EEAS
810 DATA "SMITH, DR. & MRS. THOMA? ~ “J36 ANT ayg, "



CHAPTER FIVE

Congratulations again!!!

We are certainly pleased that you have come this far in
BASIC.

This chapter will discuss in greater detail exponents
that are fractions (or decimals), something called functions
and procedure of making your own functions.

Some special commands not given before will be des-
cribed, plus the REMark statement. A whole group of things
called the EDIT package will be explained, and of course,
more math.



J

J+1,etc.

In arithmetic or algebra the statement J equals J + 1 is
impossible! But in BASIC the equals sign does not have exactly
the same meaning. Equals in BASIC mezas whatever is on the left
side of the equals sign takes on the value of the right side.

A program using the idea of J = J * 1 is shown below:

NEW COUNTING
READY

10 LET J=J+1

20 PRINT J;

30 TF J= 100 THEN 50
1 GO TO 10

50 ~ND

RUN

COUNTING 08/12/69 11:47

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

2. 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73
75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91

93 94 95 96 97 98 99 100

TIME: 0.261 SEC.
READY

Line 10 says LET J be replaced by J+l. Since the first time
through the J in J+1 was not assigned a value the computer said to
itself that 1t was zero. Therefore line 10 LET J=J+1 gave the J
on the left of the equals sign the value of 0+1.

Line 20 prints J or in this case the number 1, close packed
because of the semi-colon¢{(;).

Line 30 1s checking statement if J 1s 100 then the program would
go to line 50 or END. The J was not 100.

Line 40 sends the program to line 10 with J now equal to 1 not
zero as before.

Line_ 10 says J=J+1 but now the J on the right is a 1, so 1+l
1s 2. J on the left now has the value of 2.

Line 20 praints J...in this case the number 2.

Line 30 checks 1f J 1s 100! J 1s 2 not 100.
_50_
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J=J+1 (Continued)

Line 40 sends program back to 10.

Line 10 now says Let J=J+l1, but the J on the right side
is a 2. Therefore 2+1 is 3.

Line 20 prints J...in this case the number 3.
Line 30 checks if J is 100. J is 3 not 100.

Line 40 sends program back to 10.

This continues until J = 100 and the check on line 30 sends
the computer to line 50 or END.

- 51 -
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MORE ON J=J+1

An excellent use for the idea of (concept) J=J+1 is problem
solving. Below are a number of problems and solutions using the
1dea of J=J+1 in BASIC.

PROBLEM 1

The base of an 1sosceles triangle 1s 4 feet less than the
sum of the two equal sides. The perimeter of the triangle is

76 feet. Find the length of each side. (X is a whole number.)
NEW

NEW FILE NAME--NEW PBLM1

READY

10 LET X=X+1 X X

20 LET P=X+X+2*X-4

30 IF P=76 THEN 50

40 GO TO 10 2X-4
50 PRINT X,X,2*X-4

60 END

RUN

NEW 08/12/69 11:49

20 2Y 36
TIME: 0.064 SEC.
READY
PROBLEM 2

The length of a yard exceeds twice its width by 25 feet,
and 950 feet of fencing are needed to enclose it. Find its

dimensions. (W is a whole number.)

NEwW PBLM2
READY

10 LET W=W+1 B
20 LET L=2*W+25 L=2W+25
30 LET P=2*L+2*%

40 IF P=950 THEN 60

50 GO TO 10 W
60 PRINT W,L,P

70 END

RUN

PBLM2 08/12,69 11l:52

150 325 950
TIME: 0.074 SFC.
REZDY 52
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MORE ON J=J+1 (Continued)

PROBLEM 3

John and Otto picked 33 quarts of cherries. The number
picked by John exceeded half the number picked by Otto by 3.
How many did each pick?

NEW PBLM3
READY

10 LET O=0+1

20 LET J=(.5*0)+3

30 LET N=J+0

40 IF N=33 THEN 60

50 GO TO 10

60 PRINT "JOHN= "J,"OTTO= "O, "TOGETHER= "N
70 END

RUN

PBLM3 08/12/69 11:54

JOHN= 13 OTTO= 20 TOGETHER= 33

TIME: 0.071 SEC.
READY

.n exit check should be inserted in programs PBIM1, PBLM2
and PBLIM3 in the event that the answer is not a whole number,
a sample exit check for PBLM3 is shown below:

45 IF N»33 THEN 65
64 STOP
65 PRINT "N-»33, ANSWER NOT A WHOLE NUMBER"

Write an exit check for PBLM1 and PBLM2.




RADIAN MEASURE, ANGLES and w(Pi)

Of course you are aware that you could measure angles with
something called a protractor.

The BASIC language does not use angles, but does use
something called a radian. Before we discuss this function

further you have been introduced to the symbol Pi (mw) back
in 6th, 7th, and 8th grades.

Do you remember what w stood for?

Sure you do: T© was almost equal to 3 1/7 or 22/7 or
3.14.

The teletype does not have the symbol 7 on the keyboard

SO we are going to have to use a decimal. We use the following
decimal for greater accuracy: 3.14159265

T = 3.14159265...for some purposes w. need T
to more decimal places

The area of a circle is T ﬁimes the radius times the
radius or:

A = TR2

In BASIC this would be:
LET A = (3.1415Y265)*R*2

The circumference of a circle was either:
C = %D or C = 27R

In BASIC you wculd write:

LET C

(3.14159265) *D
or

LET ¢ = 2%(3.14159265) *R

-54-
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RADIAN MEASURE, ANGLES and nm (Continued)

A circle, of course has 360°, so if we start at point 1
and go all around the circle and return to point 1, we have
then made a complete tour around the circle.

a

We could say we went 360° or better still 2w. Since 27
would seem to mean 360° or the circumference of the circle.

From this we could easily form the following table:

2m = 360°
T = 180°
n/2 = 90°
/4 = 45°
n/6 = 30°
n/18 = 10°

I'm certain you could figure mn/3 is 60° or 4w is 720°.
We now have a new meaning for n.
n = 180° = 3.14159265 (radian)

By careful calculation we can find that a specific angle
smaller than 60°has the value 1. This is called a radian.

One radian =+ 57°
<« 58°
57° < (one radian) < 58°

All of the angles in the BASIC language are written in
radian measure. Therefore 1t is necessary to convert radians
to angles and angles to radians.

We use the following proportion to do these calculations:

180° = 3.14159265

angle X

I[# -+~ have an angle of 90° and want to faind its value in
radirans, e would do the following:
- 55 -
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RADIAN MEASURE, ANGLES AND 7w (Continued)

180° = 3.14159265
90° X

or

180°*X = 3.14159265 * 90°

or

X = 3.14159265 X 90°
180°

A BASIC program that does this (FOR 57.296°) is:

NEW X
READY

10 PRINT "WHAT ANGLE DO YOU WISH CONVERTED (LEAVE OFF DEGREE MARKS)"

20 INPUT A

30 LET X=(3.141597 265)*A/180
40 PRINT X

50 END

RUN

X 08/12/69 17:05
WHAT ANGLE DO YOU WISH CONVERTED (LEAVE OFF DEGREE MARKS)

? 57.296

1.

TIME: 0.079 SEC.

READY

We could make the answer a little fancier by replacing line

40 with:

40 PRINT A" DEGREES = "X" RADIANS."

RUN

X 08/12/69 17:09

WHAT ANGLE DO YOU WISH CONVERTED (LEAVE OFF DEGREE MARKS)

? 57.296
57.296 degrees = 1. RADIANS

TIME: 0.092 SEC.
READY

G




SINE, COSINE and TANGENT

In 9th year math or algebra we use functions called Sine,
Cosine and Tangent. We must know how to convert angles to
radians to use the computer in these problems.

SIN (X)

cos (X) All refer to X as radian
measure.

TAN (X)

The sine of 45° is written:

Sine (1) or Sine (3.14159265) or Sine (.785381625)
4 4

You can construct your own Sine, Cosine and Tangent tables
using the following program:

NEW SOHCAHTOA
READY

SOHCAHTO 08/12/69 17:13

5 PRINT "ANGLE","RADIAN,"SINE,"COSINE","TANGENT"
10 FOR A=0Q TO 90 STEP 10

20 LET X=1(3.14159265)*A/180

30 PRINT A,X,SIN(X),COS (X) ,TAN (X)

40 NEXT A

99 END

READY

RUN

SOHCAHTO 08/12/69 17:13

ANGLE RADIAN SINE COSINE TANGENT
0 0 0 1 0
10 0.174533 0.173648 0.984808 0.176327
20 0.349066 0.34202 0.939693 0.36397
30 0.523599 0.5 0.866025 0.57735
40 0.658132 0.642788 0.766044 0.8321
50 0.872665 0.766044 0.642788 1.19175
60 1.0472 0.866025 0.5 1.73205
70 1.22173 0.939693 0.34202 2.74748
80 1.39626 0.984808 0.173648 5.67128
90 1.5708 1. 1.58933 E-8 6.29198 E+7

TIME: 0.360 SEC.
READY




REMARK also {(APOSTROPHE ')

The REMark or REM statement has no effect upon the running
of the program. It appears only on a listing as an aid to the
programmer. '

On long or complicated programs, the REM statement is used
to explain to the programmer what is happening.

An apostrophe (') does the same thing as a REM statement
and is quicker to type.

An incomplete program using the REM and (') is shown below:
10 LET X=(A*3.14)/180 ' CONVERTS DEGREES TO RADIANS
20 REM PRINTS OUT A TABLE OF SINES
30 FOR A =1 to 90 ' START OF LOOP IN A
40 PRINT A, SIN(X) ' OUTPUT A, SIN(X)

ETC.
(Special Note: REM's can only be used immediately after a line
number. In all other places, use the apostrophe (').)
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FUNCTIONS

The BASIC language provides many other useful tools called
functions. As you learn more Mathematics it will become easier
for you to understand the use of these functions.

(The definitions below are not strictly defined nor listed
completely-see full edition of BASIC Manual for a complete
description.)

FUNCTIONS INTERPRETATION

SIN(X) Find the sine of X X interpreted as a
COs (X) Find the cosine of X number, or as an
TAN (X) Find the tangent of X angle measured in
COT (X) Find the cotangent of X radians

ATN (X) Find the arctangent of X

EXP (X) Find "

LOG (X) Find the natural logarithm of X (ln x)

ABS (X) " Find the absolute value of x; [l 1/2

SQR (X) Find the square root of x (VX or x / )

INT (X) Gives the greatest integer not greater than X

INT (1.38)=1
INT (12.99)=12
INT (~2.65)=-3

RND Produces random numbers
SGN (X) Produces 1,0 or -1
SGN (6.25)=1
SGN (0)=0

SGN (-3.15)=-1

NUM Counts the number of numbers after a MAT input
(LET N = NUM)

TIM Gives running time of program in seconds
CLKS Has the value of the time (16:26:46)
DATS Has the value of the date (06/23/69)
USRS Has the value of the user number

VAL (SS) Converts the string (S$) to a number

LEN (S§) Counts the letters in a string

ASC (CHAR) or
ASC (ASCII abbreviation)fConverts the letters in ASCII value




FUNCTIONS, use of

An example of how to use one of these functions (SQR(X)) is shown
below:

NEW 'SQROOT
READY

10 PRINT "THIS PROGRAM PREPARES A TABLE OF NUMBERS,SQUARES AND H
20 PRINT "SQUARE ROOTS."
30 PRINT "

40 PRINT "NUMBER", "SQUARE
50 PRINT "=—-w—we—ea L - S
60 PRINT "
"
70 FOR J=1 TO 25
80 PRINT J,J*2,SQR(J)
90 NEXT J
99 END
RUN

SQROOT 08/12/69 17:18
THIS PROGRAM PREPARES A TABLE OF NUM..» ,SQUARES AND SQUARE ROOTS.

NUMBER SQUARE SQUARE ROOT

1 1 1

2 4 1.41421
3 9 1.73205
4 16 2

5 25 2.23607
6 36 2.44949
7 49 2.64575
8 64 2.82843
9 81 3

10 100 3.16228
11 121 3.31662
12 144 3.4641
13 169 2.60555
14 196 3.74166
15 225 3.87298
16 256 4

17 289 4.12311
18 324 4.24264
19 361 4.3589
20 400 4.47214
21 441 4.58258
2z 484 4.69042

- 60 -
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FUNCTIONS, Use of (Continued)

23 529 4.79583
24 576 4.89898
25 625 5

ROUNDING OFF (DECIMAL PLACES)

Using the INTeger function we are able to round-off numbers
to the nearest tenth (one decimal place) or nearest hundredth (two
decimal places)or to whatever number of decimal places wanted.

10 LET X= (some number)
20 PRINT INT(l0*X+.5)/10+42
30 END

Will round-off a number to two decimal places.

The following program will round-off a number to any number
of decimal places needed:

10 LET X= (some number)
20 LET D= (number of decimal places)
30 PRINT INT(X*10+D+.5),/104D



DEF

Often 1t is necessary for you to create your own functions.
You can do this in each program using a DEFine statement.

Of course as an alternate to this proced.re you could
always use a GOSUB and RETURN as previously discussed.

THE DEF STATEMENT 1s always followed by a space and the
letters FNA or FNB or FNC, etc. All the way to FNZ.

Therefore you can create up to 26 DEF FN'S in your program
for numbers. The two programs below print out a table of sines.

NEW SINETABL NEW SINETAB2

READY READY

10 DEF FNA(X)=(X*3.14159265) /180 10 DEF FNC(Y)=SIN (Y*3.14159265/1

20 DEF FNB(X)=SIN(FNA(X)) 30 PRINT "ANGLE","SINE"
30 PRINT "ANGLE","SINE" 40 FOR Z=0 TO 180 STEP 10

40 FOR X=0 TO 180 STEP 10 50 PRINT Z,FNC(2Z)

50 PRINT X,FNB(X) 60 NEXT Z

60 NEXT X 70 END

70 END RUN

RUN

SINETAB1 08/12/69 17:23 cr SINETAB2 08/12/69 17:26

ANGLE SINE ANGLE SINE
0 0 0 0
10 0.173648 10 0.173648
20 0.34202 20 0.34202
30 0.5 30 0.5
40 0.642788 40 0.642788
50 0.766044 50 0.766044
60 0.866025 60 0.866025
70 0.939693 70 0.939693
80 0.984808 80 0.984808
90 1. 90 1.
100 0.984808 100 0.584808
110 0.939693 110 0.939693
120 0.866025 120 0.866025
130 0.766044 130 0.766044
140 0.642788 140 0.642788
150 0.5 150 0.5
160 0.34202 160 0.34202
170 0.173648 170 0.173648
180 3.614 E-9 180 3.614 E-9

TIME: 0.277 SEC. TIME: 0.267 SEC.

READY READY

Please consult tre regulur BASIC Manual for more information about
the wse of DEF. - 62 - :
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ROOTS

The square root of 25 is 5.
The square root of 36 1s 6.
The square root of 1 is 1.

We can define the square root as "what number times itself
makes" 81? the answer is 9.

The square root of 100 is 10.

The square root of 50 is ... a decimal larger than 7, but
smaller than 8. Why?

Mo number times itself exactly equals 50. You can say 5
times 10 is 50, but this isn't a number times itself. Seven
times seven is 49, eight times eight is 64. Then of course the
square root of 50 must be more than seven and less than eight.

What is the square root 5f 507

We can use the SQR(X) function to find square root. A
program to do this is given below:

This program finds the square root of 50:

NEW ROOTS
READY

10 PRINT SQR(50)

20 END

RUN

ROOTS 08/12/69 17:27
7.07107

TIME: 0.042 SEC.
READY

We could expand the idea of square root!!i!

In fact, we could think of square root as the inverse of the

exponent ~. Below :is a table of squares and square roots.
N N2 /N or N+(1/2)
Number Square Sgquare Root
1 1 1
2 - 4 1.414
3 9 1.732
} 16 2



ROOTS (Continued)

We can easily write a program to prepare this table:

NEW ROOT1
READY

10 PRINT "N","Nt2","N4(1/2)"
20 PRINT"

30 FOR N=1 TO 10
40 PRINT N,Nt+2,N+(1/2)

50 NEXT N

60 END

RUN

ROOT1 08/12/69 17:29

M N+2 Nt (1/2)
1 1 1

2 4 1.41421
3 9 1.73205
4 16 2.

5 25 2.23607
6 36 2.44949
7 49 2.64575
8 64 2.82843
9 81 3.

10 100 3.16228

TIME: 0.226 SEC.
READY

Since we defined square root as N+/{1/2) or N raised to the

172 power (exporaent). We can think of cube root as N4 (1/3)

ROOT BASIC EXPRESSION INTERPRETATION
SAUARIE DT Nt (1/2) SQUARE ROOT OF N
CUBE 2007 N+ (1/3) CUBE ROOT OF N
FOURTH ROOT Nt (1/4) FOURTH RCZT OF N
FIFTH ROOT N+ (1/5) FIFTH ROOT OF N

- 64 -




CUBE ROOT DEFINITION

"What number times itself, three times" makes 8:
N *N* N= 8 The cube root is 2.
"What number times itgself, three times" makes 27?

N * N * N =27 The cube root is 3.

Can you write a simple definition for the 4th root or N+(1/4)?




Listed below are some other commands that you might find useful:.

'LIST (space) (line number)'

allows you to list a part of your program starting z~- a specific
line number. (i.e. LIS 320)

'sys!

allows you to change the system from the BASIC language.
(i.e. FORTRAN, ALGOL, LAFFF)

'CAT'

allows you to get a list of all of your pppJram names (or files)
that you have saved.

' RENAME '

allows you to rename a program without destroying it.
'SCRATCH'

allows you to destroy your current program and let its name remain.
' (RETURN KEY)'

allows you to find out how long your program has been running after
you type RUN. .

'OLD DARTCAT***!

You can only LIST this file. LISTs all subjects filed 1in
Dartmouth College Computer Library. From this you then LIST the
subject to get specific programs.

' (CONTROL SHIFT P)'

Stops your program when nothing else works, also called
break.

' 'I'TY 1

Supplies information about your teletype. (i.e. teletype
number, programmer, language, status).

'CATALOG'
May also be called with special option codes these are:
LEN (length) ALL (all options)

DLU (date last used) SEL (starts a request for
DLM (date last modified) 66 specific file names)



CHAPTER SIX

ADVANCED BASIC

This chapter contains information on the more advanced concepts
and ideas in the BASIC language. Details on how to use these concepts
are obtainable by calling the specific information from the computer.

(i.e. EDIT) or by consulting the regular edition of the BASIC manual.
This chapter includes such topics as secret passwords, debugging

programs, the EDIT package, MATRIX and determinants, files, random
numbers and flags.
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PASSWORDS

Certain user numbers have passwords. Passwords for user numbers
are availakle from ycur tencher.

Programs (or files) can have passwords, too!

(Caution: Since only you know what the password is, and if
you use too many passwords, and forget what password belongs- to
what program the programs are lost to you and everybody else.)

Therefore, please use the same password on all your programs.
Most programs don't need passwords at all. To place a password on
your program do the following:

NEW JOE
READY
SAVE JOE,PASSWORD:

The 'password' is assigned to the program JOE.

Your teacher has a special book in which passwords are
recorded for each student. Students may get and use as many pass-
words as necessary.




. DEBUGGING

If your program seems to have errors (or bugs), then it needs
correction (debugging.)

First, retype RUN for error messages.

Second, correct error messages. Type LIST.

Third, retype RUN for additional error messages.

Fourth, correct error messages again. Type LIST.

Fifth, continue until no error messages appear on RUN.

Sixth, if program still doesn't work, recheck for missing
PRINT statements and incomplete DATA.

Seventh, ask for help!

Your .teacher has a special TRACE program available

~7
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EDIT

The EDIT (or EDI) functions available are listed below:

EDIT APPEND DELETE DESEQUENCE LiST GMD

EXPLAIN INSERT EXTRACT RESEQUENCE LOCATE LIFE
HELP JOIN MOVE SEQUENCE PAGE JGK
STRING SID

To find out how to use any of these functions type:

EDIT EXPLAIN (name of function)
or

EDI EXP (name of function)
For more information about EDIT in general type:

EDIT EXPLAIN EDIT

(Mathematicians and computer programmers enjoy themselves

and like a little bit of entertainment. Four of the functions
listed above are for this purpose. Can you find them?)
_'70_




MATRIX and DETERMINANTS

A set of instructions for the use of the many MATRIX
statements are available from your teacher, o: from the regular
BASIC Manual (latest edition.)

If you are interested in finding out about this topic,
please ask your teacher.

FILES

A set of instructions for the use of the many FILE
statements are available from your teacher, or from the
regular BASIC Manual (latest edition.)

If you are interested in finding out more about this
topic, please ask your teacher.

ERROR MESSAGES

See the regular BASIC Manual for an explanation or
description of the many error messages that DTSS provides.
Listings of the error messages and their explanations are posted
near the teletype.




FLAGS

'Flags' are used by programmers to signal certain changes
in routine. Often the numbers -1 or 0 are used as a flag.

The program below would eventually produce an OUT OF DATA
message when RUN.

NEW FLAG
READY

10 READ A

20 PRINT A;

30 GO TO 10

80 pATA 1,3,4,5,6,7,2,5,6,7
‘99 END

RUN

FLAG 08/2/69 11:46

1 3 4 5 6 7 2 5 6 7
OUT OF DATA IN 10

TIME: 0.071 SEC.
READY

By inserting the two lines below, the program is given a
FLAG to finish the program without printing the OUT OF .DATA
message.

15 IF A=-1 THEN 99 'CHECKING FOR FLAG -1

90 pATA -1 'LAST PIECE OF DATA IS SET TO -1
LIST

FLAG 08/20/69

10 READ A

15 IF A=-1 THEN 99 'CHECKING FOR FLAG -1

20 PRINT A:

30 Go TO 10
80 paTA 1,3,4,5,6,7,2,5,6,7
90 DATA -1 "LAST PIECE OF DATA IS SET TO -1

99 END
READY

RUN
FLAG 08/20/69 11:48

1 3 4 5 6 7 2 5 6 7

TIME: 0.071 SEC.
READY



RND and RANDOMIZE

RND produces a sequence of numbers bet';een .000000 and
.999999 from a table of random numbers. Each time you run
RND the same sequence of numbers will be prepared.

Shown below is a program using RND:

NEW RND
READY

10 PRINT RND,
15 GO TO 10

99 END

RUN

RND 08/20/69 09:53
0.406533 0.927599 0.264283 0.789368 0.976272
0.948228 0.165784 0.328597 0.552183 0.615669
0.912571 0.512762 0.53556 0.825354 0.777282
0.907836 0.884522 9.99165 E-2 0.883958 0.109132
0.742572 0.362751 0.216531 0.858972 0.133681

0.420067 0.786135

STOP

TIME: 0.999 SEC.
READY

RANDOMIZE when used with RND produces a random sequence of
numbers between .000000 and .999999. A different sequence of numbers
be prepared each time.

Shown below is a program using RANDOMIZE with RND:

NEW RANDOMIZ
READY

5 RANDOMIZE
10 PRINT RND,
15 GO TO 10
99 END

'RUN

RANDOMIZ 08/20/69 09:54
.578099

0.867272 0.131017 0.246894 0 0.527731
0.659141 0.905874 0.781341 0.856027 0.182354
0.14529 0.126799 0.428908 0.584435 0.935397
0.4312: 0.330366 0.425612 0.618403 0.217188
0.929499 0.296386 0.624037 0.735241

STOP - 73 -
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RND and RANDOMIZE (Continued)

By using the round-off procedure and INT function a
sequence of numbers to the nearest tenth, hundredth, or
whole number could be produced.

The following program will produce a sequence of
numbers from the random number table between 0 and 99.

NEW RNDINT
READY

10 PRINT INT (RND*100):;
20 GO TO 10

99 END

RUN

RNDINT 08/20/69 11:33

40 92 26 78 97 94 16 32 55 61 91 51 53 82 77 90 88 9
88 10 74 36 21 85 13 42 78 31

Can you write a program to produce a sequence of numbers
between 0 and 999°?

Can you write a program to produce a different sequence of numbers
between 0 and 999 each time?

- 74 -
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APPENDLX A

SOME SUGGESTIONS FOR STUDEMT P:.OGRAMS

he following 1s taken from & list of computer programming

ideas 1n varvaing degrees of difficulty preparced by Jean H. Danver

under the MSF-Dartmouth Secondarv school Project

2246). For a full copy of this TOPIC NUTLINFE, please contact:

10.

11.

O

ERIC

Aruitoxt provided by Eic:

KIEWLT COMPUTATION CENTER

sDarcmouth College

Hanover, New Hampshire 03755
“'rite a proagram that will print out your name.

Vrite a program o find the product of two numhers.,

Write a program that will read successive palrs of numbers
and, ©on oach pass, <11l praint the numbers and their sum.

Write a nrogram to read an® compute the sun of the first
12 ¢voon fntegoers.,

Write a prodcam to compare two numbers. If the fairst is
laraer than the second praint, "NOT LESS THAN OR EQUAL".
Nrtherwise print. "LISS THAN OR Tir:AL 'TO".

Write a nrodram tn denerate and compute the first ten
lnreaers ance therr cubes.

Hrite o program o fand the sum of nalrs of numbers.
Print out €ach numbier and the sum 1n appropriate headed
columns.

write a program to divide any two numbers.

Read a list of numbers and praint them out in as few
rows as ponssihle.

Read & li1st of numiers and print out every other number.
Read a ifist of numbers and print them out 1n two colimns:

a)  As closo roagether as nossible
bt As Tar as vossihble

() BEopertoocg pn between

AN .- v orhat wil: genciate the first ten integers,
¢l i o Eguares and print out 1n columns headed:
Lo, e« "Sum of Sguares’

e : .. conerate the firs. 10 intcegers, compute
- 75 -
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SOME SUGGESTIONS FOR STUDENT PROGRAMS (Ccntinued)

14.

15.

l6.

17.

18.

19.

20.

21.

22.

23.
24.

their square roots, print out the number and its square
root in appropriately labeled columns.

Print out the aumbers 1-30 1in a) 5 columns, b) 7 columns,

c) like this: 12345 678910
1112131415 1617181920
2122232425 2627282930
Add up the squares of odd numbers for 101 to 201.

Write a program to find the sum and products of pairs of
numbers. Print out each number, the smaller first in
appropriate headed columns. Arrange the printout so that
the results of the last pair are printed first and the
first pair printed last.

Consider the numbers .5 thru 5 in steps of .5 inclusive.
Write a program that will center a three column tabhle on
the paper where the first column contains the numbers,

the second column contains the fifth powers of the numbers,
and the third column contains the fifth roots. Also, have
headings for each column.

Write a program that will have the computer center a
three column table on the page. The three columns should
have headings and should contain the entries X, X to the

fourth power, and the fourth root of X, where X takes on
the values .5, 1.5, 2, .. 4.5, and 5.

Write a program to compute absolute value without using
the command.

Write a program to round off numbers to the nearest 10,
100, 1000, 1/10, 1/100.

Write a program to round off numbers to any place desired.

Read any three numbers and print them out in descending
(ascending) order.

Determine 1f one number 1s divisible by ‘another.
Print out all integers between 1 and 100 which are:
1. Daivisible by 3 and 5
2. " "13
3. " " 31

Also, find the sums of the numhers in each group.
' - 76 -
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SOME SUGGESTIONS FOR STUDENT PROGRAMS (Continued)

25. Compose a program which will find the largest factor of
any number.

26. Determine the common factors of any two Jiven numbers.

27. Write a program to determine the greatest common divisor
(GCD) and lowest common multiple (LCM) of any two numbers.

28. Factor integer using the Method of Fermat.

29, Compute the greatest common divisor (GCD) of 2 given numbers
through the use of the Euclidean Algorithm.

310. List the prime numbers up to a given number, N.

31. List the prime numbers betweeh any two given numbers, N
and M.

32. Express any number as a product of its prime factors.

33. Find the prime factors of a given number.

34. List all primes which are the sum of squares.

35. Program the Sieve of Eratosthenes.

36. Find all the pairs of twin primes between any two numbers.

37. Test numbers for primeness by the use of Wilson's Theorem

.n is prime if the only if (n-1) ¢ = -1 mod({n).

38. List N, N! and 1/N in 3 <olumns.
39. Find the sum of the first N odd numbered even numbers.

40. Locate the largest number in a sequence of numbers and
1ts position in the sequence.

41. Find the smallest, the largest, and the difference bet-
ween the smallest and the largest of a list of numbers.

42. Order a list of numbers.

43. Construct a table of squares and cubes of the multiples
of 3 from 12 to 42.

44. Write a program to compute N*tE where N = any number and

E « any 1lnteger without using the operator+t.
45, Write a program to compute (X*Y)2 without using the commandt
or *.
46. Write a program using the random number generator to
_77_




SOME SUGGESTIONS FOR STUDENT PROGRAMS (Continued)

47.

48.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60. -

61.

generate 25 random integers between 1 and 100. Then
print out the list “hese integers from the smallest

to the largest.
Change fractions t tmals.

Write a program which will convert linear measures in

*he metric system (meters and centimeters only) to
'Fulvalent measures in the English system (feet and inches
“ly). INT(X) may be useful here.

write a program to play the following game: The com-
puter tries to guess a numher you have in mind from one
to 100. First, 1t guesses a number and you tell 1t if
the number 1s too high or too low or correct. On the
basis of the infecrmation you give, the computer guesses
acain. This continues until the computer guesses right!

Compose a program which will supply the decimal equivalents
to the rational numbers 1/11, 2/11,..., 10/11. On the
first vass through the program the equivalents should be
rounded off to the nearest hundre?th, on the second pass

to the nearest thousandth, and on the third pass to the
nearest ten-thousandth.

Program a general conversion between arbitrary bases.

List Pythagorean triplets.

List numbers which are the sums of two squares up to
any given number.

Write a program to compute N mod M.

Write a program to determine if two numbers are con-
gruent in mod M.

Print out modular arithmetic tables.

Proaram an algorithm to convert numbers from decimal
to octal to hainary.

'rite a program to determine the solutions of a
quadratic equation.

trite a program to solve lst dearee eauations in one
unknown. :

Determine the slcpe of a line given any two points.

Find the square root of a number without using the
operator SOR. - 79 -



SOME SUGGESTIONS FOR STUDENT PROGRAMS {(Continued)

62.

63.

64.

65.

66.
67.
€8.
69.

70.
71.
72.
73.

74.

75.

Program Newton's Method for approximating square roots.
This is a guess and then averaging the divisor and quotient
for a new guess.

Modify Newton's Method and approximate cube roots.

Write a program to calculate the sum of the first N terms
of a geometric progression.

Write a program to genarate a list of numbers which is
the sum of corresponding elements of two other lists of
equal number of elements.

Find the perimeter and area of various geometric figures.
Find the volume of various geometric faigures.

Write a program to solve percentage vord problems.

Change integers to Roman Numerals.

Read a four digit number. Print out the number and the
number of times the digit 7 appears in the number.

Find sets of 5 numhers greater than zero which have a
sum of 1000.

Given the coordinates of 4 points, deterzmine whether
they form the vertices of a square, a rhombus, a rect-
anjle or a quad.

‘iven two sets A,B, compute AUR and AQB.

Write a program which tells if two sets are equal.

Write a program to solve the triangle problem--i.e.,

to find the sum of the perimeters of triangles inscribed

in a 4 inch equilateral triangle 1f you continuously
counted the mid~points of previous triangles.
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The enclosed material is a compilation of computer programs
developed durinékthe period May, 1968 to September, 1970, These
programs were developed by teachers and students in the high schools

which participated with us, and by the Project staff,

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

hearing of any which emerge in the future,

These programs run in the version of BASIC which existed on
the TSS-8 in August, 1970, and should run on most other versions of
BASIC., The major potential problem on other machines is the output
format (DEC uses 14 columns per print zone, while some other manu-
facturers use 15; we used the.TAB function, which doesn’'t exist in
all BASIC compiles), It may be necessary to make some minor
changes in programs to adjust this format. Another possible
problem is in the use of the RANDOMIZE 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,

<y
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DISCIPLINE BIOLOGY

SUBJECT GENETICS

PROGRAM NAME DROS

DESCRIPTICN:
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.

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
off spring.

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 .
i Ts 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, DI
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.




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 frequencics.

B. Follow-up

After the program has been run:

1. Get as many runs as possible so that percentages can be determined
for each phenotype of the offspring.

2. a) Determine the total number of offspring. Each run represents 1
offspring. Count 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. )
h) (When using a small number of runs) Why did the Mendelian ratios
not hold true?

8 Copyright 1971, Polytechnic Institute of Brooklyn
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Biology
DROS

~ THIS PROGRAM IS DESIGNED TO GIVE THE GENETIC RESULTANT TRAITS
"OF OFFSPRING WHOSE PARENTAGE WAS DISCUSSED IN PROGRAM ‘'GAMGN'

ARE YOU READY? HERE WE GO.

FOR THE SPERM CELL, WHAT IS *A'? (TYPE 1 OR 257 2
WHAT IS 'B'? 1
WHAT IS 'C'? 2
WHAT IS °'D'? 2
FOR THE EGG CELL, WHAT IS ‘*A'? (TYPE 1 OR 2)7 2
WHAT IS °'B'? |
WHAT IS °'C*'? 1
WHAT IS 'D'? 1
OFFSPRING HAS NORMAL WINGS
AND 1S RED EYED.

LET'S TRY THIS SEVERAL TIMES AND SEE THE RESULTS WE GET
OVER SEVERAL TRIALS. KEEP A RECORD.
SHALL VE TRY AGAIN? IF YES TYPE 1, IF NO TYPE O«
S 2 - — e
FOR THE SPERM CELL., WHAT IS °*A'? (TYPE 1 OR 2)7 1
WHAT IS 'B°'? 2
WHAT 1S 'C'? 2
WHAT 13 'D'? 2
FOR THE EGG CELL, WHAT 1S *"? (TYPE 1 OR 237 |
WHAT IS *5°7 2
WHAT 1S ,°C*'? 1
WHAT IS ''D'? 1
OFFSPRING HAS VESTIGIAL WINGS
AND 1S 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 2)7 1
WHAT IS *B'? 1
WHAT IS °*C*'? 2
WHAT IS *D'? 2
FOR THE EGG CELL» WHAT IS *'A'? (TYPE | OR 237 |
WHAT IS 'B'? 2
WHAT IS °*C*'? 1
WHAT IS °'D'? 2
OFFSPRING HAS VESTIGIAL WINGS
AND IS RED EYEDe.

SHALL WE TRY AGAIN? IF YES TYPE 1, IF NO TYPE O.
?1
FOR THE SPERM CELL, WHAT IS 'A'? (TYPE 1 OR 237 1
WHAT IS 'B'? 2
WHAT 1S 'C*? 2
WHAT IS °'D'? 2
FOR THE EGG CELL, WHAT IS °*A'? (TYPE | OR 277 1
WHAT IS 'B'? 2
WHAT IS *'C*? 2
WHAT IS 'D*'? 2
OFFSPRING HAS VESTIGIAL WINGS
AND 1S WHITE EYED

=y




Biology
CROS

SHALL WE TRY AGAIN? IF YES TYPE 1, IF NC TYPE O.
71
FOR THE SPERM CELL, WHAT IS *A'? (TYPE | OR 237 &
WHAT IS 'B'? 1
WHAT IS *'C*? 1
WHAT IS *'D'? 1
FOR THE EGG CELL, WHAT IS 'A'? (TYPE 1 OR 237 1
WHAT IS *'B'? 1
WHAT IS 'C'? 1}
WHAT IS 'D'? 1 :
DEVELOPING EMBRYO HAS DIED DUE TO LETHAL GENE ACTION.

SIALL WE TRY AGAIN? IF YES TYPE 1, IF NO TYPE Oe
2 0

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

READY

8 Copyright 1971, Polytechnic Institute of Brooklyn
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DROS

100REM TH1S PROGRAM DEVELOPED BY Re COOPERMAN--JOhN GLENN HIGH SChHOOL
_ 110 REM  REVISED BY C.LOSIK 7-9-70
119 REH C 1S THE RUN COUNTER, ALL INPUTS ARE TEMPORARY
180 LET C=0
125 REM VE ASSIGN EACH GENE A *“WEIGHT",
126 REM AND COMBINE THE WEIGHTS TO GIVE RESULTS !
A30PRINT"THIS PROGHAM 15 DESIGNED TO GIVE THE GENETIC AESULTANT THAITS"
140PRINT"OF OFFSPRING WHOSE PARENTAGE WAS DISCUSSED IN PROGRAM *GAMGN®'
150PRINT .
QA0PRINT"ARE YOU READY? HERE WE GO."
4S0PRINT
_ S4OPRINT"FOR THE SPERM CELL, WHAT IS 'A°? C(TYPE 1 OR 2)";
550 INPUT X
551 IF X=1 THEN 559
552 LET X=5S
553 GO TO 560
559 LET A=10
S60PRINT* : WHAT IS 'B*";
_._sm_—lwu‘r __Y ot e+ 2 e o T S
571 IF Y=l THEN 579
572 LET Y=100
573 GO TO 580
579 LET Y=S0
SB0PRINT" WHAT IS *'C*'";
590 INPUT W
-------- s91 IF W=l THEN 599
. 592 LET W=0
593 GO TO 600
$99 LET w=500
600PRINT" WHAT IS 'D'";
610 INPUT 2
620PRINT"FOR THE EGG CELL, WHAT IS 'A'? (TYPE 1 OR 2)";
630 INPUT L
631 IF L=1 THEN 639
632 LET L=5S
633 GO TO 640
639 LET L=10
640PRINT* WHAT IS *B'*;
650 INPUT M
651 IF M=1 THEN 659
652 LET M=100
653 GO TO 66V
659 LET M=S0
660PRINT" WHAT IS *C**; .
670 INPUT N
671 IF N=1 THEN 679
672 LET N=0
673 GO TO 680
679 LET N=500
680PRINT" WHAT IS5 'D'";
690 INPUT O

S~
Fol
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700 LET T=W+N

710 LET S=Y+M

720 LET R=X+L

725 LET C=C+1

730 1IF T<999 THEN 750
740PRINT“DEVELOPING EMBRYO HAS DIED DUE TO LETHAL GENE ACTION."
745 GO TO 910

750 IF R<19 THEN 770

760PRINT*OFFSPRING HAS VESTIGIAL WING3"

765 GO TO 780

770PRINTOFFSPRING HAS NORMAL WINGS*®

780 IF S<199 THEN 800

79GPRINT "AND IS5 WHITE EYED"

795 GO TO 910

BOOPRINT"AND 15 RED EYED."

T9T0T PRINT
215 IF C>1 THEN 940
920PRINT" LET'S TRY THIS SEVERAL TIMES AND SEE THE RESULTS WE GET"

930PRINT"OVER SEVERAL TRIAl.S. KEEP A RECORD."

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

960 IF I=1 THEN 540

963 IF I=0 THEN 970

966 GO TO 940 )

970PRINT" 1 HOPE THAT I HAVE BEEN OF SOME HELP TO YOU,"
980 PRINT *AND THAT"C"RUNS PROVIDE ENOUGH INFORMATION."
990 END

@ 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 seiects the year and direction of
environmental changes which favors one or the other. The concept of
natural selection in evolution is developed. ‘

OBJECTIVES:

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 necesgsarily reach
maturity, because of the influence of environment.
' C. Evolution depends upon mutation, heredity, and environmental
pressures.

PRELIMINARY PREPARATION:

A. Student - An understanding of the following terms: 1) mutation rate,
ZY 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. Student level - average
2. Group gize - Work in small groups of five or less. Remaining
students may be engaged in a related activity.
3. Assumptions - Prior to running the program, the students should
be told to assume the following:

a) The environment initially favors the light moths.
b) At first, brown moths are produced, but because of environ-
mental pressures they do not reach maturity.
c¢) The total population in the area cannot exceed the initial
' number of moths, because this is the maximum number o
' moths the environment7can support.

20
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B.

DISCUSSION: (con't)

4.

5.
6.

Biology
EVOLU

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
rate? What other factors could affect a mutation rate?

1s evolution a slow or fast process? Explain your answenr.
Why do a few white moths always remain in the populatior,
even though the environment favors the dark moths?

What is natural selection? What is its role in evolution?
Make a list of all factors important to evolution.

® Copyright 1971, Polytechnic Institute of Brooklyn .
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EVOLU

' ‘ EVOLUTION SiJdby

WITAIN A LARGE POPULATION OF PErPkn nOlnss farab aub A Fhi
INDIVIDUALS WnlCn 3nOuw.uP DAnAdes IN Cubln racn ine wlaaual
LIGH L UOLO#&EL MOThs SECAUSE OF GUlATIUND. .

YOU AKE GOING [0 STULY fhls POPJLATION OF PerPEn Mulnd rdun Ju
YEARS AND SEE WwhAT narrin. TO Tnb NUBES QF VAsA MUind wabnN
YOU ALTEs ENVIRONHENTAL CONDIfIONSe

SELECT A MUTATION naTk VALJE BeETwkbEw 1 AND 10 The

HlGHER THE NUMBER, THE nlGrie. Tnk MUSATION HATE 15, AND Wnds
THEAE AHE MO#E DAnk 10Tn> IN Oun POrJLALION.

79

HOW MANY LIGHAT COLOsED MOrnS AuE limuskE IN Tnk aunknA?
SELECT A NUMBEA BEIWEEN luuu ahl 1duvouvu ? 6578y

{OU HAVE THE PUWEiR TO CHANGE [niZ ENVIIONMENT »
AT WHAT POINT IN OUA THIATY rEAn £EALOD DU UV WaNy
TO IMPLEMENI YOUA POWEi? SELECT A YEAR Frot 3 rhgouGin lue

IS THE ENVIHONMENTAL CHANGE GOING TO FAVO1t
LIGHT MOTHS (TYPE 1) Os DAHK MOThS (TYPE 27 2

HOW DO YOU WwlsSd TO SEE THE HE3ULTS?
1=TABLE ONLY, 2=GrAPH ONLY, O=BOTH? U

FOR A MUTATION HATE OF 9

' YEAR DAKK MOTHS L1GRT MOTHS -
1 0 65789
2 0 65789
3 0 65759
4 0 65789
5 5921 59866
6 11309 54410
7 16212 49577
8 20674 45115
9 24734 41055

¢ 10 28429 37360
11 31791 33998
12 34851 30938
13 37635 28154
14 40169 2562V
15 42475 23314
16 44573 21216
17 46482 19307
18 48220 17569
19 49601 15988
20 51240 14549
21 52549 13240
22 53741 12048
23 54525 10964
24 55612 9977
25 56710 9079
26 57527 8262
27 56271 7518
26 55948 6641
29 59564 6225
30 60124 5665

O
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L=L1Gn}l &Ulnss U=pDHsts dlho
VALVEL GaArney ds PEAUENIAGE UF 2O0rJLATION.

(ol ol ol ol

NV PN -

¥ o

-
[

Ll N R R  ala N ey N R - R
c
<

DO YOU WANT TU oUN Tnls £:i0GiHAM AGAIN (1=YES,U=N0)? 1

SELECT A MUTATION oATE VALUE BETWEEN 1 AND lUu. [hE

RIGHER THE NUMBEd», THE hIGhEr THE MUTATION ATE 15, AND TnuS
THERE ARE MOAE DAngK MOTns IN OUR POrPULATION.

Y

HOW MANY LIGHT COLOsED MOTHS ARE [fhERE IN Tnk AREA?
SELECT A NUMBEr BETWEEN lUUU AND 10UUUUU ? 657bY

YOU HAVE THE POWER TO ChANGE THE ENVIAONMENT.

AT WHAT POINT IN OUs THIRTY YEAR £En1IOD DO YOU WANT

TO IMPLEMENT YOUR rPOWER? SELECT A YEAR FnOM 3 THAOUGH 1U.
725

.

1S THE ENVIRONMENTAL CHANGE GOING TO FAOOH:
LIGHT MOTHS (TYPE 1) OR DARK MOTHS (TYPE 237 1

HOW DO YOU WISH TO SEE THE RESULTS?
1=TABLE ONLY, 2=GRAPH ONLY, U=BO0Th? 1

10

23
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EVOLU

' S0l A MUTATION aATE OF Y
TEAR DAsK MOThS LIGnf »0in>
1 V] 65789
2 ] 65°70Y
J J b9 loy
4 V) 6570y
5 V] 6HhT0Y
0 V] N ToY
i V] 0oy
[} v RWEY]
] v 6570v
iy 0] 65’ 10Y
11 V] nHIeY
12 J Jhdsy
ls U BRI
14 J S5 7oy
15 V] On 7oy ‘
15 J B 7oYv
14 ] 65 78Y

e lo- J PR Y- 2y IRV
v V] 6570y
=) U 65 70Y
21 V] 65 70y
22 ] 6578y
23 V] 6576y
24 V] 65709
25 v 6570Y
26 V] 65°/8Y
a7 ¢} 657869
28 8] 65758y

’ 29 v} 657069
KIS) 0 6576y

DO fOU WANT TO AUN Tals £a0GrAv AGALN (1=YES,U=N0)? U

REALY

11
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EVOLU

WWuaER #nlGikia VEVELOSED BY Dine Ae FnlonMANs deUeNeYe FAruilNGUALE
1luitkr AND 1te COOPEiANs wOnN GLENN nlGn 5Cn00L.

112 agr. nEVISEY 8Y Ce.LOSIA  7-6-71J

115 e v=pAang MO AitAYs L=L1Gny 20in AanAls &slaae £U-JL.

116 Die DCS1)s LGS

117 2addNi " 5"eEVOLJTION oldb1”

lle PuINY .
leurPd Wi wl FaslN A LA#GE POLULATION OF pPEpPren 0ns, Inkune Ank A FEW"
130PaUNTINDIVIDUALYS wnlCn 5n0W UrP DAKKE:s INn COLOA fnAN TnE NOaMAL"
lau 2niNT “LIGnT COLOUnED MOTnsS BECAUSE OF MJTATION>.'

150 INT

l6uPrINT"f0U ArE GOING TO 5iUDY THIS POPULATION OF PEfPER MOTns FOI, Ju*
17opPalINT"YEARS AND SEE wnAl nAPrPEND [0 I'RE NUMBER OF vank MOIns Wnki*!
loUrnINT"YOU ALTER ENVIARONNMENTAL CONDITIONS.'

20V PRrINT

210 "PulINT "SELECT A MUTATION HATE VALUE BETWEEN 1 ANUD lue THE®

2207 RINT"HIGHEA THE NUMBER,  I'nE HAIGRER TnE MUTATION nAlE 15, AND (nuo"
230" PIINT " THERE "AKE MOHRE "DARK MOTnS "IN OUR“POPULATIQN G mo s meees
240INPU M

250 1FM< 1 [HENZ2BU

26V IF m<=1lu THEN 310

200PAINT"THE MUTATION HATE YUU nAVE CHOSEN DOE>S NOI FALL WITnlN Tnk"
290 nINT"PHESCRIBED HANGE 1-1V. IHY AGAIN."

WV GOTOZ24v

310 PRINT

330 PRINT "HOW MANY LIGHT COLOKRED MOTHS ARE THERE IN TnE AREA?'

340 £HINT "SELECT A NUMBER BETWEEN lUuu AND 1U0QUOU "; )

350 INPUTPO

36V IF PU<IE3 THEN 390

370 IF rO<=1E6 THEN 420

IYUPRINT"THE NUMBER OF MOTHS YOU HAVE ChOSEN DOES NOT FALL WIThIN THE"
QUPRINT"PHRESCHIBED RANGE 10U0-100U000. Tnr AGAIN."

410GOT035v

Q20LET 4=PO

Q3VPHINT

4uUPRINT"YOU HAVE THE POWER 10 CHANGE [HE ENVIHONMENT."

aSUrRINT"AT WHAT POINT IN OUR THIATY YEAHd PERLIOD DO YOU WANT"

460 INT"TO IMPLEMENT YOUH POWER? SELECT A YEAR FAOM 3 THROUGA 1u."
47u I8NPUT X . -

480 IF X<3 THEN 492

490 IF X<=10 THEN 500

492 PRINT “THE YEAR CHOSEN DOES NOT FALL WITHIN THE HANGE 3~10."

494 PHINT "TRY AGAIN.' )

496 GO TO 470 - . .

SOOPRINT

SIOPRINT"IS THE ENVIRONMENTAL CHANGE GOING [0 FAVOR"

S2UPRINTYLIGHT MOTHS (TYPE 1) OH DARK MOTRS (TYPE 2)';

S30INPUT E

532 IF Eml THEN 540

534 1F E=2 THEN 540

536 PRINT ""PLEASE TYPE | OH 2 NOT"JE .
538 GO TO 530 ,
S40PRINT

600 REM ONE LOOP FOH CALCULATION

610 FOH T=1 TO 3V

615 REM CHECK IF ENVIRONMENT HAS CHANGED
620 1lF T>=X THEN 650 '

625 REM NOT YET (FAVOHS LIGHT MOTHS)
630 LET P1=0

640 GO TO 710

649 REM ENVIRONMENT HAS CHANGED

650 IF E<>2 THEN 630

660 LET PlaINT(Pl+.01*M*P0O+.5)

670 LET POU=INT(Z=Pl+.5)

25

i
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680
689
690
00
710

IF rl<é THEN 710

Biology
EVOLU

iEM COMPLETE REVERSAL OF POPULATION HAS OCCURED

LET Pl=s
LET Pu=Q
LET L(1)=pQ

720 LET DCT)=r1l
730 NEAT T

740 REM OUTPUT OF RESULTS

750 PAINT ""HOW DO YOU WISh [0 SEE THE KESULTS?"
76U PRINT ""1=TABLE ONLY, 2=GRAPH ONLY, u=BOTn';
770 INPUT E ' .

760 FOi T=UTO2

790 IF E=T ThEN 825

BUU NEAT T

610 PRINT "AW C'MON. I1'M NOT DUMB. TrY AGALN."
g20 GO TO 760

623 PRINT

625 PRINT

626 PRINT "FOik A MUTATION HATE OF';M

830 IF E>1 THEN 91U

640 PRINT

e PLINT e = e B}
66U PRINT "YEAR", “DAHK MOT#s", “LIGhi MOTns*
570 ?“INT 'l----", L — I', L 1)
875 WEM OUTPUI TABLE

BoU FOr T=1 TO 3U

890 PRING [» DCT)» LCT)

900 NEAT T

91U IF E=1 THEN 1080

Y15 PRINT

920 PHINT

925 PRINT ** *,"L=LIGHT MOTnS,  D=DArK MOLns"
930 PRINT * *,"VALUES GrAPnED AS PERCENTAGE OF POPULATION."
935 PHRINT

940 REM SCALE OF GuAPH IS5 LERO TO UNE

990 PHINT TAB(5);3"0"; TAB(54)3' 100"

1000 PRINT TAB(5);"[==ceeec=- R N R [--=memmun 1"
01U FOr T=1 [U 3U

1020 PRINT T3 TAB(S);*I";

1023 LET L(T)=5u%L(T)/%

1026 LET DCT)=50%D(T) /s

W30 IF LCT)>DCT) FHEN lUéu

04U IF DC(T)> L(T) THEN lu7u

105U PRINT TABCS+LCT)) """

1055 GO TO 1u75 :

106U PRINT TAB (5+DCT))3"D"; TAB(S+LCI[));"L"
1065 GO TO 1075

1070 PAINT TABCS+LCT) 3L TABCS+DCT) )3 D"

1075 NEAT T

108U PRINT

1090 PRINT

1100 PRINT “DO YOU WANT TO nUN TrHl$ PHOGRAM AGAIN (1=YES,JU=NO)";
1110 INPUT E

1120 IF E=1 THEN 200

1130 IF E<>U THEN 1100

1140 END

13



DISCIPLINE BIOLOGY

SUBJECT_GAMETOGENESIS 4+ INHERITANCE

PROGRAM NAME GAMGN

S5CR
Do
A

do{pinan:\view Of the process of gametogenesis, applying it to the concept of
\rece8sive trajtg.

JECT
Oﬁ H
7 Nygs

o x N
As divi,“\ntol‘ce the Mmeaning of the terms random assortment, meiotic
\n#> mMonoploid, and diploid.

°a
B/ Progilsvl the student 1o make decisions based upon knowledge gained in the
\ms thus Causing the students to think.

To b
c/ ujew and reinforce both spermatogenesis and oogenesis.

L .
ppf IM‘I\LARY PREPARATION:
StudQ
’
SN o
2. Q\gents should be familiar with all phases of meiosis. .
i hetics should have been introduced so that the student understands the
a,\plications of gene action, dominance and recesgsiveness, homologous
3. RN pon-homologous chromosomes,
th‘\grammmg and machine knowledge. Keep in mind that for this program
a,) gtudents shoylq be given time to try to determine what genetic traits
\ rePresented by the chromosome designation gshown in the program.

AlA2, B1B2, Cl1C2, DID2
AlA2, B2B2, ClC2, DID2
AlAl, BI1B2, ClC2, DID2
AlA2, Bl1B2, C1Cl, DID2

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

lethal gene

B1B2 or BI1BI1
B2B2 (recessive)
AlIA2 or A2A2
AlAl (recessive)
cacz2

clc2

CICl (recessive)

red eye

White eye

normal wing
vestigial wing

non lethal gene
letha) gene carrier
letha] (dies)

M

Ate, .
B. x“al’ ~ Tnone necessary

1+
@ Copyright 1971, Polytechnic Institute of Brooklyn
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DISCUSSION:

A. Operational Suggestions

1L
2.

3.

4.

Student level - Average to above average ability

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

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.

Elicit from the students:

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

composition of the father?

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

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

{b) How is random assortment responsible for genetic trait variations?

(c) Why is it possible for all offspring to have the same traits without

variations?

ARTICULATION INTO NEXT AREA TO BE COVERED:

This program can lead directly into the topic of genetics. A second

program,

DROS , appearing in the manual, should follow. It demonstrates,

with a game, the random recombinations of the chromosomes in offspring,
showing all possible combinations and, if repeated often enough, Mendelian ratios.

28



HUN

THE FOLLOWING DIAGHAMS ARE AEPHESENTATIUONS OF PstIMAitr Ska
CELLS. ChHOMOSOMES ARE REPRESENTED BY LELISEHS.

PRIMARY SPERMATOCYTE PRIMARY OOCY!E
( Al A2 ) ¢ A3 A4 )
( ) ( )
(¢ Bl B2 ) ( B3 B4 )

BY [YPING IN A NUMHBER,WhHAT 1S THE DIPLOID NUMBE# OF
CnnOMOSOMES FOR THIS OdAGANISM? 4

S0 YOU SEE THAT Al + A2, FOn EAAMPLE, ANE PAlLnS OF nHOMOLOGOUS
CHROMOSOMES. IT IS ESSENTIAL THAT AFTER FERTILIZATION, IF [HE
DIPLOID CONDITION IS TO BE RETAINED THAT WE HAVE SOME MEANS OF
PLACING ONLY ONE A AND ONE B CHROMOSOME IN TnE SrEifM AND ONLY
ONE A AND ONE B CnROMOSOME IN THE EGG. TnlS INVOLVES MEIOSIS.

LOOK AT TnE PrIMARY SPERMATOCYTE ABOVE.
DURING THE FInST STAGE OF MEIOSIS, THE MALE SEA CELL
siOULD APPEAR AS IT Is5 IN ONE OF THE FOLLOWING DIAGHANMS.

1 2 3 4 S
¢ AlAl > Al A2 ) «( A ) ¢ Al A2 ) « )
( A2AZ2 ) ( ) ) « ) < )
( B1BI ) )« ) « ) « )
( BeB2 > (( Bl 82 ) ( B ) « > ¢ Bl B2 )

Wwnlich DIAGRAM MOST CLOSELY AREPHESENTS Tnls MEIOTIC STAGE ? 1

Uef.s NOW WE CAN MOVE ALONG. MEIOTIC DIVISION OCCUxS AND

WE GET TWO SECONDARY SFERMATOCYTES FrnOM EACH PRIMARY
SPERMATOCYTE AND ONE SECONDARY QOCYTE FrOM EACH PHIMARY
OOCYTE. EACH SPEHMATOCYTE CONTAINS [HE FOLLOWING CnnOMOSOMES:
Al A2, Bl B2. EACH OQOOCYTE HAS A3 A4, BJ B4.

'nE AEASON WRY ONLY ONE QOOCYIE I>5 raQDUCED 153
1>THE OOCYTE DOES NOT UNDEiGO DIVISION.
2)THE OOCYTE DIVIDES AFTER FERTILIZATION.
3)A POLAR BODY 15 FORMED.
4)THERE 15 AN ExrOf IN THE COMPUIER.

WHICH NUMBERX WOULD REPRESENT [HE CORRECT ANSWER? J

CORRECT . NOW LET'S MOVE TO THE FINAL STAGE IN WHICn
, WE WILL END UP WITH 4 MONOPLOID(HAPLOID) SPERM-=-1)AlB1
- 2)A2B2 J3)AlB2 4)A2B1 AND ONE OVUM==-1)A3B3 OR 2)A4B4

Ot 33A3B4 0OR 4)A4B3

WHAT Is TnE POSSIBILITY THAT THE OFFSPRING WILL HAVE

THE SAME CHROMOSOMAL COMPOSITION A5 TnE FATHER?

PRINT ONE OF THE FOLLOWING NUMBEns.
1)5u CHANCE 2)NO CHANCE 3)1Ju CHANCE -
4)YOU CAN'T TELL FAOM TAE INFOHMATION GIVEN

72

GOOD TRINKING.

I HOPE YOU HAVE A FAINHLY GOOD IDEA OF SEVEnAL PRINCIPLES

INVOLVEDs PARTICULARLY RANDOM ASSORTMENT.

16
29
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NUW LEV'S oke LIF wkE CAn Jok InESE luens (U vEFEaMINE Waal
JCCUits I A POPJLATION. wkE wlLL USE AS Ourt UGGANISM 1nkE Faull
FL1» wi030PnllAs, wniln nAs o A> TnE DIPLOLD wUNMNBEIKL OF
Cna0mUo0MES . fnk PULLOWING WILL abEPgESENT CEalALN CONDITIUNS
IN FadlT FLIES 3 :

wOnnal WinG=3gED ETe=alazg, pligs ClC2s Dlue
NOMMAL WING=wnllE EYE=AlAZ, p2o2s, CllZs Ulue
VESTIGIAL wliNG=Alal, oslpg, Clie, Dlbz

LelnAl GeENE=AlAZ, bloegs, ClCl, bluz

oUre0ae WE Cn0535 ThnkE NOSMAL oED EYED WITn Ing NOnMalL whlin
gi1eb FaUll FLYe WnAT COULD [nE OFForPuING LOOA Lin£? LOOA AT
fnE GENOTYPES CAnEFULLI AND SEE IF YOU CAN PICK OJT ink
DIFFERENT GENE CUMEBINATIONSe (REN MARE ALL PUOSSIBLE CunOSsES.
al A LATEn DATE, we WILL SEE nOw 1, TAk COMPUTEI, CAawn

SOLVE [Trils Pa08LleEd FOn 10Je

vl FlusT, TAKE Tnls SAEEL BACA 10 10Ur 3EAL> Ay WOnK O 1.

[EVHEYI B .



WUkl This PrOGHANM DeVELOFED BY . CUOOrendMAN--JOnk GLENN nlGr 50n00L
105 HEM MEVISED BY C.LOSIK 7=-v~7U

107 AEM  ALL INPUTS ARE TEMPORARY

1IUPRINT"THE FOLLOWING DIAGHAMS AnE REFLESLENTATIQNS OF PrlisdnY sSEA"
120° nINT"CELLS e ChutOMOSOMES Atk JELnESENIED BY Letliznoe"

13urriINS )

14ur I NT"Pul AL SPEMATOCY [ ruldnnt 00CY V"

15uralivi'® | eecccemece esccaccasa

l6uP il ¢ Al R2 )

L70r aINT" C ) ¢
loursINT' « 81 B2 )

190PHINT =-c=c=--- s eessceccc--
20U0PRINT .

2IULET f=U :
220 INT"BY TYPING IN A NJUWBEd, WhAT 1> yne DIPLOLID NJdivpeEn OF

230 INTI"CnnOMOS0mES FOrt Fnlos OuGANISN"S

240 INPUL C

25J1F C=4 {neN 32V

RIS I AT S\'RY

270 INT'" Ank OU 3Unk ['nAl YOU UNDEas>tAaND Wnal lo MeaNt oy DIPLOID"
2oUP it INT"AND hArrLOID?"

SWulF Y=} TheN llou

JUULET =1+l

JluG0 TO 22V

32JP tINT

B3VPHINT" S0 YOU SEE I'mAT Al + A2, rUn eadbw’LEs Ane £ALiS OF nOMOLOGOUS'
40P INT"CAnOMUSOMESe IT I35 ESSENTIAL 1nAl AFten rFeEnlibllizAallON, F FngE"
SSUPHINI"DIPLOID CONDITION I5 TO BE uETAINED THAAT wE nAVE SOME oiEANS OF"
S6UP RINT"PLACING ONLY ONE A AND ONE b CnnOmusOiie IN T[ne SPErM ANU OwLY*
JTUPKRINT"ONE A AND ONE 8 CnitQixOs50ME [N IneE EGGe Tnlys INVOLVES MELOSIS."
JoUrP INT

SPUralINI"LO0A AT TRE PrlMARY SPEMALIOCYTE ASOVE.'

QUL RINTDURING THE Flasl »>TAGE OF MmEIO>IS, THE MALE oka CeLL .
QIUPHINT'SAOULD ArPEAn A5 IT I35 IN ONE OF Tne FOLLOWING UlAGRAMS.'

420PRHINT

43UPRINT' 1 2 3 4 5
QUUP RINT" == =~emecnn  ccccccccce ccccccmcce ccecccccee  cmecmcme—a "
450°PRINT"( AlAL ) ( Al Az ) [ A ) ( Al A2 ) ¢ )
46UPRINT(C AZ2A2 ) [ ) [ ) [ ) ( )
470PRHINT''C BlBIl ) ( ) ( )« ) ¢ )
4oUPRHINT'( B28B2 ) ( 81 B2 ) ( B ) ( > - Bl B2 )
APIP RINT == mmmmmmce ccmcccrmce mercrcccce sccmccccne coccmem——— "
SUULET &A=U

SIUPRINT

S2UPRINT"WHICH DIAGRAM MOS! CLUSELY oEPnESENIS Tnls MEIOTIC STAGE '3
S3UINPUT D

S4U1F D=1 THEN 6Uu

SSUPRINT

S6UPRINT"YOUR REASONING I> FAULTY."

565 PAIN[ "DU YOu AECALL THAT A [TETiAD 135 FOnMED?"

STUIFA=ZTHEN 1180

SBULET X=a+l

590G0 [0 52V

SUUPRINT

6lUPRINT"0.K+» NOW WE CAN MOVE ALONGe MEIOTIC DIVISION 0OCCUis AND"
62UPRINT"WE GET TWO SECONDARY SPEAMATOCYTES FuOM EACA PrRIMARY'"™
63UPRINT"SPEHRMATOCYTE AND ONE SECONDAnY OOCYTE FuOM EACH ralMAnY '
G4UPHINT"OOCYTE. EAUR SPENMAIOCYTE CONTAIN> THE FOLLOWING CHAOMOSOMES:*

550PRINT''Al A2, Bl BZ. EACH OO0CYTE nAs AJ A4, B3 B4."

66UPHINT

6TVPRINT"THE aEASON WHAY ONLY ONE OOCYTE 1> PoODUCED Is:e'

6BUPRINT

690PRINT"' 1)THE OOCYTE DOESs NOT UNDEKGO DIVISION."

MUPRINT® 2)THE OOCYTE [ ! JIDES AFTEN FEATILIZATION.'
3]
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Biology
EVOLU

Tluranlnil" 3)A PULA UUDY 15 FumtED."
T2 nLNT" A) rnkie 1o AN BEnnua by Ve Coerdieae”
TavurnlNt
TavP il walcn wudpen wQJLD skrabEoeNt Tne Cuiinbll AaNobemi's
Twularl B
rd3ulnlnl
TIlF L=4 inbkw olu
TeusaINT"S[0r GdkoolaGe Jtulknk lo n PuabelliLt Guuu marlnanallon wnlin®
Y9uenli''nAs 4 Vilal pruvCiluwe”
ouyulGu iV 749
clurfulNe'Ccdanancut « SNUw Lol 'o mUVE 10 ne FlaLl oinGe AN wnien®
cZulninive &ILL kb ur Wlin 4 auNUPLOLILDC(nnrLOoLy) sodidi==1dnlst”

e 0odUPLNT'Z2)dRZEE S)ALoE  4AdAZBl  ANU UNE OVUUOM=-1)A3gus Un 2)r4up4"
S4UPHINT"UIL $)nssd Un 4di4p4"
s9Jrilw b
sOuritl NI attal Lo Ine LULSILLILLIY 1nAY nk UFFornlNG will nnavVE"
olursnl e 0 ChvausuoUinAaLl Ccubrr usl VIUN AS Ine rAdakn?"
vourlsuINI"PRlNl UNE UF lng FULLUWLING nuUmokEnoe'
aYuPINT" 1)bu Cruwlis 2)NU UnANUE 3)luu cnawee"
YU LN 4)tud CAn'l JeLlLl Faldes Ine leFdamnllON GLVEWN"
Jiviwul W
vy2UIlF F=¢g [hEN v6u
YIurnINT"YOU COULLN'L dre MUME WitONGe LUOK ALV ALL Ink CELLS AGALN AND"
v4UP B INT"COMrARE ALL PUSSIBILITIES " )
¥Y5uCu v viv
YOUPLINT"GOOD FFnlINKING.'
Y7uenlINIl AOPE YOU nanVE A FALaLY GOOD lukA OF SEVLAAL PulNCieLed"
YOUP {INT"INVOLVED, radtlCULAnLY (ANDOM ASSOiMENT "
vyuenlng
WOUPHINT"WUW LEi's ouk IF WE CAN UsE fnkdSe ILnAs U velocoilnvkE WwnAT"
lvluralNi"OULUMO LN A PUrdlhilluNe we WILL Jown A vUan UnBANISM Tne Fabll"
luguPlnINT"FLI, vnUS0rnlla, wnlin nAos o A ok LIPLUID NUMBkn OF'
IWWIUPALINT"CRUMUodiES « Ink FULLOWING W#ILL sernbksEND CEilALN CONLITIQND"
luds PatlwNl "IN Faddd FLIES o'
lvauealNy
WOSUPRINT"NOnAL wlG=wnD EYE=Al1lAd, Blogs, Cligs, LILZ"
lubueniNi"nuwnaLl sING-wnl e eEik=AlAag, BzB2, UlCes, vivz"
IWWuPnWINI"Veo 1 Glal WwinNG=A1Al, BlBZ2, Clues, DIbz"
lWWouranlINi"LikTnall GENE=AlaZ2, pbld2s, CiCls, Dlue"
ovuealnNy
tluuPnlinI"odrrvon we CuUso tnk wUaanAal el ereu wlin tas wliuweal wWnl fg"
THLIVuPRINIVETED Fadl i FLYe wnAL CUULU Ink UFForalnwG LuOn L1gk? LUUN AL
Hl2uPnlINI"InEg GENOTYFES CAEFULLI AL SEE LF 10U CAN flidA 0UT I'nk'
L1Aur W INT"DIFFEa=NT GENe CORBINALIONDe fnky wArde ALL PUsOIBLE CaUsoks.'
H14uenINT"AT A LAYES DAalks, wi WILL SeEL nOW 1, [ne cvumrJlbEns CAN"
11SuralnNT"50LVeE tnlo PJdLEM FO. 10Ue"
116UPHINT"oUl FLi3T, Thke [nls snkEel BACK 10 YOUn oSkAlo AND WO OW Lre"
1170 sioe
o0 nlnNT YOU "1k JUost GUESSINGe. ! LON'L nAVE [ImE T'O FOOL"
119uPINT"AROUND. TRz Inlo snerkl VUl AaND oS1lJur I TnEN SEE YOuU.t'
12UUPINT" TEACAEG urF Ul YUU LUME BACK U wE."
lzlunkm NEAT PitOGiwr. NAME 1o DunOs*=*
122U0END

nEADY
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DISCIPLINE BIOLOGY

SUBJECT CELL MEMBRANES

PROGRAM NAME MEMBR

DESCRIPTION:

This program simulates an experiment on diffusion. Membrane

" characteristics are '' obgserved” by the student, and means of transport

across membranes identified.

OBJECTIVES:

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

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

C. To help in the understanding of solution concentrations.

PRELIMINARY PREPARATION:

A. Student - exposed to the meaning of diffusion, osmosgis, active transport,
and semipermeable; should understand the need for-energy expenditure
in accive 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

20
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Biology

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

14§ DATAI0,11,12,13,14 may be changed to:

14§ DATAL2, 3, 4,5
or 11¢DATA4 2,6,9,1
or 144 DATA2Y, 3¢ 4¢,5¢, 64

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

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

suggested Follow-up

Questions which may be used for discussion, or given as a homework
<=0 s
agssignment:

1.

What happens to the concentration of water within the membrane as the
glucose diffuses out? Why?

What observations 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 materials diffuse through a semipermeable membrane in both
directions at the same time?

What is meant by equilibrium?

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



CELL tEMBIANES

AN IMPOUTANT FUNCIION OF CELL MEMmiANES I3 TO CONCiUL
[RE PASSAGE OF MATERIAL INTO AND OUl OF CELLS. tnls PuOGraM
GOES INIO ThE MEANS BY WnlCn [HIS PROCESS IAKES PLACE.

IN TAlS EAPERIMENT A 3FfAsCH AND GLUCOSE SOLUTIUN WAS )
PLACED WITHIN A PIECE OF CELLOFHANE [USING. CELLOPHANE 1>
POROUS ENOUGH TO PErMIT TRE PASSAGE OF SOME SMALLEN MOLECULES
[htOUGH IT. THEREFO#E, A CLOSED OFF PIECE OF TUBING CAN
MEPRESENT A CELL.

AF Lt [Aak 50ARCH AND GLUCOSE SOLUTION WAS PLACED INTO T[HE
TUBING» ThHE ENL WAS TIED OFF AND THE 'CELL' PLACED Iy A BEAKEn
OF WATEN TO WHICH A FEW DnOrS OF IODINE nAD BEEN ADDED.

LET 10 AEPHESENT THE OUTSIDE OF lhE MEMSHANE
LET 11 REPAESENT [RHi INSIDE OF ThE mMEMSiANE

WhERE IS5 I'RE CONCENTAATION OF GLUUCOSE THE GnEATEST? 11

THAT 185 COAKECI. WaEAE 15 THE CONCEN[RATION OF STAulCn ing
GHEATEST? 11

nlGhTe WnEKE 1o [HE CONCENTRATION OF IODINE THE GREATEST? iu
Wwow! WRAT A SUQEHIOH MIND YOUJ nAVE, On I3 Il JUST LUCKY
GUESSING? WHERE IS I'mE CONUENIRATION OF WwATER THE GREATEST? lu

YESe IF THE MEMBHANE WERE THE OQUfElt LIMITS OF A LIVING
CELL, WHICh OF THE PROCESSES BELOW WOULD ACUCOUNT FO& Thk MOVE-
MENT OF GLUCOSE OUT OF ThE CELL?

LET 0Os5MOSIS = 12
LET ACTIVE TRANSFOHI = |3
LET DIFFUSION = 14

? 14

CORRECT. THE GLUCOSE DIFFUSED FROM AN AREA OF nlGrEx
" CONCENIHATION TO ONE OF LOWErt CONCENTHATION. WHICH PrROCESS
WOULD ACCOUNT FOsi THE OVEMENT OF THE WATEa OUT OF THE CELL? 13

nrIGHT. THE CONCENTHRATIUN OF WAIEr IS GrEArkER OUISIDE OF THE
CELL THAN INSIDE. ACTIVE [InANSPOR| WwOULD ACCOUNT FOr MOVE-
MENT AGAINST DIFFUSION. wnlin PrOCES> WOULD EAPLAIN THE
THANSPORT OF WATEH INTO THE CELL? 12

YES, OSMOSIS Is DIFFUSION OF WATER ThrOUGa A :EMIHEAMEABLQ
MEMBHANE. IF THE IODINE OUTSILE OF [hE CELL nAD TUANED BLAUK,
WHAT PROCESS WOULD nAVE CAUSED IT? 13

YES. SINCE STARCH MOLECULES ARE ®RELATIVELY LARGE» TnE CELL
WOULD HAVE TO EArEND ENERGY TO MOVE THEM ACit0SS [HE
MEMBHANE, EVEN WHEN [HE STAnCn CONCENIAATION 15 GrEATE:d
INSIDE THE CELL.

CONGHATULATIONSe YOU nAVE SCOHED 10U KEEr U THE GOOD WwORK.

Ak END OF PrOGrANM kK
READY
22
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lounkM COUEs» Ges oSI1OLOGYS 779769

105 HEM neVISED uBY C.LOSIK 7=-9Y=7U

07 #“EM ALL INPUIS Ade TeoPOnMitr

LloPiIng" CELL MEMS:HANES"

12uPRINT

130READL»MsN»OsP

140DA ALV, L1, 12513,5 14

1surPnint
S leurPnINT AN IMPOMATANY FUNCILLION OF CELL MeMbaANES 1S O CONTaOL'

PTUPRINT" THE PASOLAGE UF MATERIAL INTO AND QUL OF CiLLse 1nlS PROGHAM'
IBUPRINI"GOES INFO ThE MEANS BY Wwnlin lnld PuUCkss (AKES PLACE."
IYUPRINT

20UPlINT” IN I'nls EAPERIMENT A s>lAiCh AND GLUCUSE SOLUTION wAs'
2lUPHINT"PLACED WITnlN A PIECE OF CELLUPRANL TUBINGe UELLOPRANE 135"
2UPRINTPOROUS ENUUGH TO PenmlT THE PASSAGE OF SOME SMALLER MOLECJLESY
23UrnINI TnHUUGR 1le tnELEFOuE, A CLOSED OFF PILECE OF IUBING CAN'

40P INT"EPESENT A UELLe"

25U nINT

260PINT" AFTER [nE sSTAiCH AND GLUCUSE SULULION WAS PLACED INIO Ink*
2TUPRINTTUBINGs TnkE END WAS 11ED UFF ANV InkE °‘UELL' PLACED IN A BEAKE:"
80P RINT"OF WATER U wnlih A FEw DituPs OF LUDINE nAD SKEN ADDED.'

290 INT

Jienlnf" LET "L" dkf/HESENY TRE OJUTSIDE OF TnE MEMSUHANE"

Jluenlng" LEL """ f/ErGESENT The [NSIUE uF InkE MEMBoANE'

. JeUPINT

COSUPHINI'WRERE 1o rakE CUNCENTLALTION UF GLUCOsE fAE GueEATeot":

O
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34U INrFUA
35UPiINT

JOUILFA=MInEN4 LU

JIUPRINT"SOrutYe THAT 135 NOF Thne COuECT ANswER. wnY NOF? WillE YOJdu'
JOUPAINT"HEASONDS ON A rIECE OF PAPE AND nAVE [nEM VEMIFIED 8Y YOUR"
GUPRINT" TEACRE:®t SEFUik CALLING Thls 2uUGiAM AGAIN."

4V STOP

SIOPRINT"THAT I35 CvOnnkUle WneEnk 15 I'mE CONCENISATION OF sSTARCH [RE"
Q2UPRINT"GHEATEST S

430 INPUTB

L4UPRINT

45U IFB<>MTHENJ 7U :

46UPRINT"RIGHT . Wnkat 15 I'nkE CONCENTRATION OF IOULINE THE GREATEST'S
470 INPUTC

480PHINT

490 1IFC<>LTRENJ U

SOUPRINT"WOW! WHAT A SUPE;IOR MIND YOU HAVE, Ot Is5 IT JuSI LUCKY'
SIVPRINIT"GUESSING? Wnbnn 15 THE CONUENTHATION OF WA{iE«w InE GREATEST';
520 INPUTD

S30PRINT

540 1FD<>LThENJ3 TV

S550PRINI"YES. IF [ne MEMURANE WERE nkE QJlex LIMITS OF A LIVING"
S60PHINT"CELL» WHICH OF THE 2ROCESSES SELOW WOJLD ACLOUNL FOi. ThE MQUE-"
STOPRINT"MENT OF GLUCOSE OUT OF THE CELL?"

S80PRINT

S9UPRINT' LET 05M0s5ls = "N
60UPRINT* LET ACTIVE THANSPORT = **Q
610PRINT" LET DIFFUSION = "»p
6201INPUT E

63UPRINT

64U IFE<>PTHEN37V

650PRINT"CORRECT. TrHE GLUCOSE DIFFUSED FiOM AN AsEA OF nlGHER"
66UPRINT ' CONCENTHATION TO ONE OF LOWEnR CONCENTHATION. WnlCr PrROUESS'
670 INT"WOULD ACCOUNT FOn THE MOVEMENT OF [hE WATER OJUT OF THE CELL";

600 INPUTF
690PRINT
MUIFF<>0THEN370

38
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NurnlNI"nltng . ol CONCENSSATION OF walEn 1o GukAilEs OULolDE OF ink"
T2oPnINI"CELL InAN INOLUE. ACTIVE iiaNSFUAE WOULD ACCUOUNT FUus wlve="
WP RN meaNT AGALNSET DIFFUSLIUNS Wnlln ravliss wuulku EarLAly (ae”

Mur n N LaNSF O OF wATER INTO Ink CELL";

750 INPUTG

TOUPRINT

TI0IFG<>NTHENJ 7V

TourRINT"YES, O5NMOSIES Lo UDIFFUSION UF WALER THOUGR A SkEnIPERMBASLE"
ToUP RINT"MEMBHANE . IF Tnk IODINE QUlS1DE OF THE CELL HADL FUMNED BLACK,'™
UPRINTI"WwHA L PHOCESS WUULD HAVE CAJSED 103 ’

8lUINPUTH
B2UPRINT

YV IFHaOTHENB 6V
BAUP INT''NO. "3
85U GOT0b U

BOUPRINT" TESe i

BIUPHINI"SINCE STAiCh MULECULES Ank nELATIVELY LARGE, nE CELL"
BBUPRINT!" WOULD HAVE TO EAPEND ENERGY TO MOVE THEM ACROSS (hE
BYUPHINT""MEMBHRANEs EVEN WHEN THE STARCh CONCENTRATION 1S5 GuEATER'
YUUPRINT"INSIDE THE CELL."

9IUPRINT
92U I FH<>OTHENY6U
Y3UPRINT"CONGHATULATIONS. YOU HAVE SCOBED luue. AEEr UP [nkE GOOD WQitk+"

9S5UGOTOY 7V
96UPRINT"WELL, YOU HAVE DONE WELL IN SPITE OF SOME EnnOR.'

9T0PRINT
980PRINT" L2 1] END OF r£HOGhAM LT

990END

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 gsituation 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 wiit "he 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)

~
Lo
[V

ERIC

Aruitoxt provided by Eic:



Biology

NZYMC
RATES OF ACTIVITY WHEN VARYING
pH lI'ENZYMI": CONCENTRATION TEMPERATURE
‘ o Enz. Conc.and 3 pH and Temp. o pH and Enz.
,g Temp. at E at Optimum e onc. at
E Optimum g ‘Optimum
LY
o2
Gl
g
[J
o
o
V23T YA TA M C(om}o‘m.ﬂ‘sol‘mﬁrlm o 5 ¢ ,53015305%75?”
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 program.
3. Students' graphs shaild 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 pH, temperature,
and enzyme concentration? (Use appropriate transparencies or chalkboard)
Ask the following questions, based on the plotted graphs, as lead-ins to
discussion or as a homework assignment.

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

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

[

20
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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 reaction rate? Why? *

(g) What is meant by limiting factors?

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

t3
~
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"filb ™

P K0 Nyt 1S Ueblonk 10 SHUW innd mnveime AULIUN Lo
‘&'L'"“}.J'VFEN'(‘\&,J’AlN Elu‘il Liyg FacTuase tnpon paClUas bnclopk rno
E Vo UnE MG TION UF ENZYmpss aNU CEmPRGALIOREs LW I8lo 200G
o RZ0AAnGRNGp KW OF ink poase FastOMs ade CUNSTANTS Ay

u;LL e Wuu« gab¥ UNE Al A ikl WE ALSU noouwe rant mAlh
pﬂqud' Ny uEPENDEN Ly, ALrnddGn Pnls 1s a5 [nde LN
N.
N
$P8 Ny . .
VQ A CnULLE UF jak pGLLOWING Lz 1 dNG FACTULGS
e ZIVONUENn gy Uy eva e S fEmfPbiuy i Jdne
Mg
et k" v t0U Wign 5
*
P /r, * %
ALy
W ﬁf (oY 4¥ ENLTME Ang 0y WHAING lln? JSE A VALOE ur
oM UpAY BEACTIVE) [0 Ju (V! geaCiIVEDs 2 7e5
Je
o vﬁf’~ AEACTLION i e Su v 15V 2uy
aiald smmo=-= R R R ahhd TLEINS TP E L LT Yo Ja=m== ~—--1
) v 2
2 11.25 1 *
3 3V 1 *
P 56.25 1 ®
4 90 — 1 »*
6 138475 T *
1 1575 1 »
] 13875 1 *
Y 93 1 =
l') 56.25 1 *
1 3u 1 *
lﬁ 11.25 I =
13 3«70 F
1A v "
Wisn
U vV , \NOTHER 8UN? IF fE35, PuINT 15 IF NO, PRINT u. 7 1
40 ha
¢ Y\ 4 CHOICE OF {pr rOLLOWING LIMITING FACIOns3
U,an " Z,CONCENI‘M'HON OF ENLYMES ) TEMPERATUAE
pUnBg
it N0 YOU Wisd o
HCENT .
- _Uf’; MUS;“\TION OF ENLZYMES #*xx
£ . Aj;‘U.'u-. [nat The SUBSIRATE 15 ALWAYS SUFFICLENT.
ACTIYL v
wo¥ @ (0TS v ENZYME Ank (0U WORKING WITh? USE A VALUE OF
o c Vgu¥ REACTIVE) [0 ju C(VERY REACTIVE)s ? 7.5
g
A Y2 mnoll UEACTION RATE y 50 10U 150 2uu
o~ pmmo--- R Lt CETTREEES L L E e Ry SR L
I J ¥
2() 33.75 1 -
kY 6745 1 -
v 10125 i »
50 135 1 *
6(} 15745 1 *
W 1575 1 -
Ul‘) 157-5 I *
9‘) 157-5 1 L
l()() 1575 1 -
28
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10U Ve A Chllie OF ine FfULLOWLING LivdrInG FACLJass
nren 2ICUNCENTHATLIUN OF mNormiEs 3) Ve s oA Fdills

WalCh NUMBE: oV 104 wlsa ? 4

xk% TEMPESA IUae *%x

avs nkE=u ive AN ENsteE Ak Y0J wWuanrlnG wlln? Uok A VALUE UK
rid 1 (NOT VERY amACHIivE) 10 lU (VENY seEACiiviE)e 7 Ted

Uk Gakes Co. neAaLyloNn Rk v Su luy 15v
e mm e, ee ||| emmcemccce—e~—- fmmmmme === == le=mmm = l=———-
J . V] £

o} ) 1le2b 1 ox

lu 229 1 *

15 41 625 1 P

2U 6475 1 *

25 V625 M *

JuU ll12e5 I *

39 l4gbe2d 1 *
aJ 1275 1 »

43 KYES-) 1 *

SV V] 3

DO YOU WIsn ANOTAe:t aUN? IF TEss £nlnNi 15 LF NUs rulai ve 20U

STUDY [nE GunArns AND abLlEss aANL Tur 'V FlGune
QUT wWnAl'S nAfPENING nEnt.
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WUDLIMACLS)»uCll)ondle2)
FLUMEM #iOGHAM DEVELUPED LY e COOPEMMAN = JOnn GLENN nlGn 5CnyuL

" 12UiEM ELWOOL, NEW YOux

121 sk LEVISED 48Y CeLUdla 7=6='1u

122 1k ALSO oEr NLTZ

128 HEM ACl)3rn VALUED, JC1I)=UUNUe UF B rdle VALUES, slld)=deire VALULO
124 nEM Y=REACTIVIfY

125 REM ALL RESULTO ase TASJLATEL AND GrRrancy (U Of Pilng)

18uP Lt Trls pPuOGHAM 1o DESIGNED TO onUWw ThnAT ENsfwe aACKluN Lo
14UFOLKN=1 [0l 4

15U {EADACN).

16UNEATN

10PnINT"HELATED [U CEalALN LIMITING FACTOnS. 1rAbkoE FAUIUitS INCLUDE ¢Pns'
1oUFUiN=1TOlU

IYUREADJON)

SUUNEATN

210 1N TRE CONUCENTIATLOW UF ENoIMESs AND TEMPEAnTUtE. IN Ald PauGiam'
22UF0uN=1TO L}

23U READACN)

24UNEATN

SHUPRINT"WE ASSUME 1Al [WO UF aE Inke FACEURD> AitE CUONSTANLS ANDL™
20UPINT"WILL CnANGE ONLI ONE AT A FIME. WE ALSO ASSUME InAl Ealn
2TUFPKRINTYFACTOS WORKS LNDEPENDENCILY, ALIAQUGHA tnls 1S NOT TuUE IN"
BUPRINT "NATUKE "'

2YUPLINT

UPRINL 10U RAVE A CnulCE OF [nE FOLLOWING LiMILVING FACTOAS:'
JIUPHINT -
32UPHINT"1drh SICONCENTHATION OF ENOYMES 3 TeEMP ERA FUnE"
J3UFPRINT

SAUPHINT " WHICH NUMBEAR DU YOU Wlon '3

JSUINPUTA

36UPRINT

JIWIFA=]l THEN4ZU

JBUIFARZTHENG6BU

JYUIFA®JITHENS LU

- OUPRINT"TRAT 15 NUOL A PEMISSIBLE ANSWElte"

41UG0TO 34U

420 PRINT "#xs P swxx

43V G0OSUBS52v

QUUPRINT

450 PRINT *'PH VALUE","HEACTION HATE"™,'J Su 1003
Q5 1PRINT 150 2uu "

H46U PHINT "eowomcnna! Mo raccscecccaa M cnccecaca(ccacanaaa];
461 PRINT "====w- PR R L

470 DATA 0514554057655 120U018e5,210U018e55124U5T745s4eU21452U045,0
LEVFURN=1TOL14

490 PriNT NoAC(NI®Y, 13 TABCINTCOC(ACNI®Y+.5)/5)+20)3" %"

SUUNEATN

SIUGOTOYZ2V

SSUPHRINT

S3U LET A=U
S4UPRINT"HOW nEACTIVE AN ENJYME AitE YOU WURKING W1[H? USE A VALUE OF"

SSOPHINT'FHOM 1 (NOT VEAY AEACTIVE) [0 1u (VEARY HEACTIVE). "3
56V INPUTY

S701IFY<1THEN6UU

S80 IF Y<wl0 THEN 67V

600 IF A>=2 THEN 65U

61UPRINT"THE NUMBER YOU HAVE CHOSEN DOES> NOI FALL WIIRIN THE oANGE '
620PRINT"GIVEN. THY AGAIN."

630 LET AwA+]

G4V GOTOS6L

650 PRINT "NEXT TIME, PLEASE FOLLOW INSTAUCTIONS.'

66USTOP

670KETURN '
68U PRINT "x%xe CONCENTHATION OF ENLYMES *#*'

30
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DISCIPLINE BIOLOGY

SUBJECT ENZYME REACTION RATE

PROGRAM NAME NZYM2

DESCRIPTION:

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

OBJECTIVES:

In addition to reinforcing the concept that reaction rate is
governed by pH, temperature, and enzyme concentration; the program
can be used to:

A, Introduce the idea of controlled experimentation where two factors
are kept constant and a third is permitted to vary.

B. Develop the idea of plotting experimental data to generate a family
of curves as illustrated below.
A ' Concentration = 50% A '
! [
Reaction Reaction
rate rate

4 xr>
Concentration

PRELIMINARY PREPARATION:

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

B. Materials - none

® Copyright 1971, Polytechnic Institute of Brooklyn
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DISCUSSION:
A. Operational Suggestions

1.
2.

3.

This program has not yet been tested in the classroom.
Average students should work as part of a group; above-average
students could be permitted to work alone.

For group effort activity, it would be instructive to use three
different groups, each of which holds a different factor

constant while the other two factors are allowed to vary.

Suggested Follow-up

1.

2.

4.

Each group should be required to plot their data, on a board,
if possible, so the whole class can see the results. Families
of curves should be discussed.

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

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

Indicate that the maximum reaction rate obtained is the same
regardless of the technique used to reach maximum.
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Inls »u0GAAM WILL ENABLE YOU TO SEE Tnk EFFECIS ON THE RATE QOF
nEACTION WIfnlN A SYSTEM CONTROLLED 8Y ENLYME>. ThE

fEACTION nATE wiLL VARY A5 [AE ENVIKONMENTAL CONDITIONS

VARY. THESE CONDITIONS, £ns CONCENIAATION OF ENLYMES,

AND TEMPEHATURE, IN A NATURAL SITUATION AnE NEVER CONSTANL.
LEl*> SEE WnAT CONTAOLS TnlS RATE IN TnESE SYSTEMS.

THE FOLLOWING AHE TInE LIMILS WITnIN WRICH bAbn OF 0uUn
ENVIRONMENTAL CONDi 'IONS CAN VARY .
1)Ph==evwccaca- ~BETWEEN 4 AND U
2)ENL, CONC«--BETWEEN 10 AND 1UJU PERCENT
3)TEMP ¢ -=-=-=-BETWEEN S AND 47 DEGREES C.

I AM GOING TO PRINT A *?'. YOU MUST THEN TYPE A NUMBER FOR Phs
CONC«s AND TEMP« C(IN THAT ORDER), WHICH FALLS WITHIN EACh
LIMIT STATED (SEE ABOVE

? 4510,5
PH CONC. TEMS . REACTION HRATE

- -———-—- - - - - et ee em--

4 10 S . «US

.MOTE THE HREAGTION RATE WITH THE THREE VALUES WHICAa YOU
SELECTED TO PROVIDE A BASIS FOh JUDGEMENT OF REACTION
RATE» CHOOSE ANOTHEr SET OF VALUES FOR Phs CONC.» AND
TEMP. (SEE LIMITS ABOVE).

? 7,10,5 . .
PH CONC . TEMP . REACTION HRATE

7 10 8 4.5

1S THE RESULT A HIGHER OR LOWEr REACTION HATE? 1S THE HIGHEST
VALUE OBTAINED A MAXIMUM VALUE? DO YOU WANT TO TRY ANOTHER
SET OF VALUES (TYPE *1') OR WOULD YOU PREFER A MORE ORGANIZED
APPROACH TO DETERMINE MAXIMUM REACTION RATE (TYPE *2°)

72

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

7 4,20,5
TYPE THE NUMBER WHICH IS TO BE VARIED.
7 20
PH CONC. TEMP . , usacnou RATE
a 20 5 .l
4 30 5 .13
, a 40 5 .16
4 50 5 a7
a 60 5 19
a 70 5 19
a 80 5 .2
4 90 S 2
a 100 s .2
34
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YOU NOW HAVE A SEf OF VALUES FOA REACTION #ATE AS ONE OF

THE GOVEANING FACTO«S IS VARIED AND THE OTHER TWO ARE HELD
CONSTANT. DOE>S THE HEACTION HATE RAVE A MAAIMUM VALUE?

15 RIS TnE MAAIMUM POSSIBLE HEACTION HATE? TO LETEmialne [nls,
USE THE SAME INITIAL VALUE FOi THE VARYING FACTOas BUF Tnls
TIME TYPE LN VIFFERENT VALUES FOR THE CONSTANS FACIOfS.

1F YOU WANT ANOTHER SET OF VALUES FOR HEACTION mATe,Tire *1°%

1F YOU AKE SATLISFIED ThAT rOU ANOW TnE VALUES FOun EACH FACIOit's
FMAAIMUM HEACTION #ATE THEN [YPE '2'.

?21

1 AM GOING TO PRINT A *'2'. YOU MUSE [nEN [YPE A NUMBEit FO:t Pris
CONCe.» AND TEMP. C(IN THAT OuDEx)s WnlCn FALLS WITnlN EACn
LIMIT STATED (SEE ABOVE.)

2 7,2VU,5

[YPE Fne NUMBE; WniCh 1S [0 BE VARIED.

? 20

M CONC. TEMP » AEACTION RALE
7 20 ) [-XX-1-)
7 30 5 12.28
7 40 5 14.67
7 50. 5 16.28
7 60 5 17.31
7 70 5 1797
7 o) 5 18439
7 9u 5 158.65
7 100 5 1.8

IF YOU WANT ANOTHER SET OF VALUES FOr REACTION HATE,TYPE °*1'

IF YOU ARE SATISF1leED THAT YOU KNOW TnE VALUES FOR EACh FACTOi'S
MAAIMUM HEACTION HATE THEN TYPE °*2°.

? 2

READY
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Laouara, ne bhusords Pulzreln. Lyole OF SalaNe
vy ol sbVioEY s31 Cenvain  Y=lH="1u
lud nbke. 1=@ns ASENLe LCANUes (= ymiur

HurslnI"inls 2u0GitAlr wILL sl f00 £0 okl Thb EFFECTS ON TRk wals OF
TP HIN I REACTION wliniN 0 oroizl CUWINULLED UY ENCIFED. fng*

tovus ol " nEACTION v, WILL VA A3 TokE eV IgOnkentAL CONDITIONS
laurelnt" Vit fnEok COwul 11OND, £hs CONCENTHATION OF ENCYMES,'
Inuralwi'™inge leersedtunts 16 o0 Naceedl SITUATIUN Ak NEVER CONSLam o'
LaurnlNi"Lle U ' oek wWnal COWliOLo tnls (tATE IN TnEak oYSTENSG."
Lioralay

lourtlWi™ e FOLLOWING Ase Ine LixITs wWiinIN Wnlln EACh OF OUi"

Ivor g INI"ENVInUNMEN fAL CONLITIOND CAN VARY.

lu7 oee FOio BFrlclencrs, ALL CcaLiUlaviunos OONE VIA GOsub UALLS

Sdurnlwi M "L l)rpecrecenees selwekN 4 AND 10"

2Pl al " " s"2)eivaes CONCo~=BETWEEN 11U AND 10U PERCENT"
2eurnl N " "L 3 TEMP e w === ~BETWEEN S5 AND 47 DEGREES C.'
24UG0>UYl 32V

31UG0sUBLlUZY

J2UPINT .

33UPAINI"NOTE TAE REACTION AATE WITh Tnk raxke VALUES whlch YOU®

JAUPINTSELECTED TO PiOVIDE A BASIS FUuit JULGEMENT OF nEACTION'

39UPnINI"HATE, CHOOSE ANOTHEn SET OF VALUES FOR Phy CONCes.AND"

SOUPALINT TEMy . (SEE LIMITS ABOVE)."

370PHINT

38U GLLSUBLO2Y

J9UPRINT"IS [ak fESULT A nlGnks OR LOWER HAEACTION RATE? I3 THE AIGnEs>i™
s QUPRINT"VALUE OBTAINED A MAAIMUM VALUE? DO YOU WANT TO THY ANOTHE&'"

D 4l1OPaINT"SET OF VALUES (TYPE *1°') OH WOULD YOU PREFER A MORE OHGANIZED'

420°PnINT"APPYROACH TO DETEAMINE MAXIMUM HEACTION HATE (TYPE *2')"

430 INPUTA

440 LFA=2THEN 4bu

4421F As1l THEN 45U

444 PrRINT “PLEASE TYPE 1 O 2" .

446 GO TO 43v .

459 PrliNnl "WHAT ARE YOUR NEW VALUES FOH Pris CONC.» AND TEMP."3

460 G0SUB1U20

470G0T03%0

QBUPHINT

4UPRINT"WE AnE NOW GOING TO PERFO#M AN EXPEA/IMENT IN WHICH YOU ARE"

SUUPRINT"TO TYPE IN THE VALUES FOd ¥n, CONC. ANV TEMP. AS YOU DID"

SIOPRINT"BEFO®E. HOWEVEil,NOW YOU AAE GOING TO BE ABLE TO CHOOSE ThE"

S2UPRINT"FAC IOt WHICh WILL VARY. THE OInEx TWO FACTORS WILL REMAIN'

S30PRINT"CONSTANT. CUSE DIFFERENT NUMEAfICAL VALUES FOR EACH FACTOite)>"

S40PAHINT” IO OBTAIN THE MOST SIGNIFICANT DATA, START THE EXPERIMENT"

S5SO0rHRINT"USING LOW NUMERICAL VALUES FOR EACh FACTOH."

560LETM=0

570G0 sSU8 1320

58U G0S5UBL 100

SYOPRINT"TY,E THE NUMBEA WHICH IS TO BE VARIED.'"

DU INPUTX

63V IF A=A THEN 725

6401F X=K THEN 795

650 IF X=T THEN 655

652PRINT "PLEASE TYPE THE VALUE FOn PH, CONC.» Onr TEMP.";

653G0 1'0 6U0

655G05UB 1370

66UG0S5UBL 220

670G05UBL1240

680G0OSUB1260

690G0sUBL 28V

TOOLETT=T+5

710 IFT>=47THENS 70

36

8 Copyright 1971, Polytechnic Institute of Brooklyn
o 41

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

720GOTO66V
72560508 137V

73U GOSuUx ) 240 : ;

740 GOSUH 1 26V S;g;ggy

750 GOS3UB1220

760 GOSUB1 28U

770 IFA> 10 THENG 7V

TeULETA=A++5

790 G050 75V .
795G0SUB 137V :

BUUGODSUBL 22V

81U GOSUBL 26V

¢2U GOSUBI1 240

53U GOSUBL 260

BUULETK=K+10

850 IFK> 10U TRENB 70

86UGO0TOB2V

BTULET =M+l )

B8V IF>=32 FHENY6U .
BYUPRINT"YOU NOW HAVE A 3ET OF VALUES FOd fEACTION RATE AS ONE OF"
WUPHINI"THE GOVEGNING FACTOuS Is VArIED AND [fhk OfnEs TWO Ank hELD'
9IUPRINT"CONSTANT . DUES ThnkE uEACTIUN nATE HAVE A MAAIMUM VALUE?"
920°PRINT*"15 THIS TnE MAXIMUM rPOSSISLE HEACTION nAfE? 10 DETEMMINE Thls,"
93UPRINTYUSE THE SAME LINITIAL VALUE FOR THE VARYING FACIORs BUT Fnls"
Y4UPRINT"TIME TYrPE IN DIFFERENT VALUES FOR THE CONSTANF FACTOnS."
9SUPHRINT

Y60PRINT"IF YOU WANT ANOTHER SET OF VALUES FOR sEACTION HATE.TYPE '1°'"
9TUPHINT"IF YOU Ant SATISFIED THAT YOU ANOW THE VALUES FOrt EACh FAC10a'$
YBUPRINT"MAAL UM AEACTION HATE TnEN [YFE *2'."

990 INPUTB

1000 1FB=1 THEN 570

10USIF B=2 THEN 1010

1UU 7PRINT "PLEASE TYPE 1 Onr 2"

1UUBGO TO 99U

10105ToP

1020G0O5UB1 10V

1030 GoSUB 122V

1040 GOSUB1 240

1050 GO. B126VL

1U60GOSUB 137V

1060G0O5UBL 28U

AWYORETURN

1100INPUTAS K, T

1105 HEM INPUT AND CHECK UOUNDS

1110IFA<4THEN1 180

11201FA>1UTHEN] 180

1130 IFK<10THEN1 180

1140 1FK>1U0THEN] 180

1150 IF T<STHEN1 180

11601FT>47THEN1 180

1170G0T01210

1180PRINT"AT LEAST ONE OF ThE VARIABLES DOES NOT LIE WITHIN TRE"
1190PRINT"PRESCRIBED LIMITS. SEE LIMITS ABGVE AND TRY AGAIN." ’
1200G0OTO1100L

1210RETURN

1220LETVI=EXP (= ( (.71 %A-4.97)12))

1230 RETURN

1240LETU2=EXP (= O6*K) =2%EAP (= U5*K) +1

1250RETURN

1260LETU3= 16+ 3%EXP ( +U 74*%T)=EAP (« 1 33%T)

1270 RETURN

128ULETV= . 88 *U1%U2%U3

1290LETUs INTCU*10U+0.5) /7 iUV

1300PRINTAs KTV

1305 HEM FPRINT REACTION HATE

1310RETURN

1320 PRINT . .
1330PRINT"I AM GOING TO PRINT A '?'. YOU MUST THEN [YPE A NUMBEH FOR PHY
1340PHINT '""CONCes» AND TEMPe (IN [HAT OADER)» WHICH FALLS WITHIN EACH"
1350 PRINT "LIMIT STATED (SEE ABOVE.)>"

1360 RETURN

1370PRINT "PH","CONC.","TEMP.","HEAGTION RATE"

lsuopR‘NT l'--{""_-_-‘U"IU----_UI‘ll-------- -t

1390RETURN

1400END

37



DISCIPLINL BIOLOGY

SUBJECT PHOTOSYNTHESIS

o

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 id( 2s for increasing a plant' s food out-
put by manipulating factors involved in photosynthesis.

D. To learn or practice graphing.
To learn the concept of controlled experimentation.

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
at the computer while the remaining groups are engaged in a
related activity, ’

38
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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.

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
greenhouse? What, if any, limitations are there to this
type of increase?

What is apt to happen to 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.
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nkLLO. Y NOW YOU 5n0ULD ANOUw FrOM YOUR LECTURES WHAT
PrOTOSYNIAESLS 15 THIS LASOKATORY WILL ENABLE YOJ TO
CONDUCT EAPERIMENIS On Ink COmrPUTE WnlCn WOULD NOT BE
PHNCTICAL DUING CLASS [lve.

SINCE ALL OF O0Uit FOUL CONME> FauM ~LANTSs LET'> FIND QUT
AOW CAANGING InE AMOUNT OF CAsuON DIOALIDE O inkE INIENSLLI
OF LIGnl WILL AFFECT ThE ~LANI'S 4AFE OF PnOlOSYNIRESLS,
MEASURED IN MICiHOGaars OF GLUCOSE PuODUCED P DAT.

LET*S BEGIN Wllin CnANGING Tnk LIGHT INTENSITY. YOU WILL

VARY [rnlS BY SELECTING INTEGEn VALUES IN Tnk #ANGE OF

U 10 3u (InkE UNITS FOR LIGnT INTENSILY AnkE IN EAGS/5EC/Su.CM)
HY VAn31ING ONLY ONE FACTOR AT A TiMEs» WE AHE CONDUCTING

A CON[HOLLED EArERIMENT. WE WILL ASSUME THAT Oun PLANT

A5 ALL OF TnE CAxBON DIOASDE, WATEHKR AND CHLOROPHYLL

[HAT IT NEEDS.

YOU ShOULD CHOOSE BETWEEN FIVE AND TEN LIGnT INTENSITY
VALUES. TYPE IN ONLY ONE VALUE AFTER EACH QUESTION MAfRK.
BY TYPING IN 100, NO MOKRE WUESTION MARAS WILL APPEAR AND
THE PHOGRAM WILL CONTINUE.

(NOTEs 'AP* MEANS HATE OF PnOTHSYNITHESIS)

LIGHT INTENSI[Y(LI)? 2
P= 45

(LId? 15

ws= 121

(Lid? 7

;W= 99

(LIY? 29

HP= 125

(LI>? 20

P= 124

(Lid? s

HP= B4

(LIdX? 6

wa 92

(L1>7 11

A= 114

(L1Y? 12

iP= 116

(LI2? 1u

ws= 111 .

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

LIGHT HRATE OF
- INTENSITY PHOTOSYNTHESLS

2 44.81

S B3.8

6 92

7 9857

10 11l.42

i1 114.12

12 116.29

15 . © 180.52

20 123.52

29 1248

40
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PHOSYN
LIGHT
INTENSITY
RATE OF PHOTOSYNTHESILS
0 25 50 75 100 125 )
IETETS TS CLTTS ETTYS TP
1
1
2 1 »
1
l -
S 1 ' »
6 1 *
7 1 *
1
1
10 1 *
11 1 »
12 1 »
1
1
15 1 *
1
1
I
1
2u 1 »
1
1
1
1
1
1
1
1
29 1 »
1 -

O.K. LET'S NOW VARY THE AMOUNT OF CARBON LIOAIDE IN THE
ATMOSPHERE SURHOUNDING OUR PLANT.

THIS TIME ASSUME OUR PLANT nA5 ALL THE LIGHT»,» WATER AND
CHLOAROrHYLL THAT IT NEEDS.

LET THE VALUES YOU SELECT FOr ThE CARBON DIOXIDE CONCENTRATION
BE FOR TWO DECIMAL PLACES ONLY, AND IN THE RANGE OF O TO .3V
UNITS FOR C02 CONC. ARE CUBIC CENTIMETERS PER LITER OF AIR.

AS BEFORE, 1 WILL TYPE IN A *?°* AND THEN YOU TYPE IN THE
CARBON DIOXIDE CONC. AVAILABLE TO THE PLANT.

THIS TIME YOU MUST CHOOSE TEN DIFFEHRENT VALUES.

REMEMBER RP ® RATZ OF PHOTOSYNTHESIS.

CARBON DIOXIDE CONC.(C02>7 .1V

RPes 118 .

(C02)?7 .20

Pa 125

(CO®)? .30

Pes 125

(CORY? .15 ]
RAPe 1824

(Coar? .05

WPa 94

(CoR)7? .85

APe 125

(CO8)? .08

Pe 54 ' ’
(Cosy)? ©

»Ps 0

(C08>7 .11

WPes 119

(Coa>)? .09

»Ps 115
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1 = TABLE ONLY, 2 = rLOT ONLY, 3 = BOTh? J

€02 CONCe. AATE OF PHOTOSYNTHESIS
8] 8]

U2 5387931

«05 Y4.1uv2

Uy 1149425

el 117.b161

211 119.252Y

«15 1235632

2 125

«25 125

«3 125

C02 CONC.
RATE OF PHOTOSYNTHESIS
v 25 50 75° luu 125

J==<=leee=]meeclrmacfamen]

[¢]
I
02 I *
I
b
«05 I *
I
1
I
«09 I *
e} 1 =
ell I *
I
I
I
«15 1 *
g .
I
b
-8 1 *
I
I
I
I .
«25 1 *
I
I
I
I
3 1 *

™ DO YOU KNOW WHAT IS HAPPENING IN BOTH THESE INSTANCES?

READY

42
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UV et Fe Ade COOPEms WIANLANUKR dedes nEVISED 1769

lus ol aeVILED 8 C.LOSIKL  7-9-7v

U6 et V(ld=lordl vaLuks (LIiGnL INTENSITI, CO2 CONC.)

U7 mi 1 (1)=ATE OF PHOTOSYN I IRESIS

11U DIM V(31),:a(31)

120 PitINY "RELLO. BY NOW YOU &5r0ULD KNOW FutOM YOUst LECLIUKES wnal*
130 PRINT "ProTO0SINIRnESLIS Loe Tnlb LABOAALTORY WILL ENASLE YOU [0
140 PulNT "CONDUCT EarenlaENIS ON ThRE CQrirdlkEn wnlin WOULD NOT 8L
150 POINT "PaaCTicAL pUnING CLASS TIME."

160 PulNT

20U PalaT "3INCE ALL OF OUa FOUD COMES FnOM PLANTS, Lir*s Flnu uJi”
210 raldNT "hOW ChANGING InE arOUxy UF CABON Ul0AlLOE Ot TAE INTENSLIX™
220 PulNl “"OF LIGnT WILL AFFECT I'fE PLANT'S iAlr OF PaAdl0sYninESLos."
230 Pali)l "NMEASUKED IN MICAOGmAMS OF GLULCUSE PrObDUCED rEit DAY’

24U ruINT

gvd Poalni "LET'S BeGIN Wlih ChANGING ine LIGn: IwTEnNSITY. YOU WILL'™
JOU PRINLE "VARY Thils BY SELECTING INTEGEs VALUES IN Tdk AANGE OF"
JluP2alNT"U TO 30 (TAE UNITS FOit LIGAT INUENSITY AE IN EnGS/SEC/5uw.Cim)*’
315 PrINT '"8Y VAAYING ONLY ONE FACTOMt af A TIME, WE Atk CONDUCTING'
320 PrINT A CONTHOLLED EArEnlvEnNT. WE WILL AooUME TnAL OuUst PLANT"
33V PoINT '"rAS ALL OF [nE CAuBON ULIOAIDE, WATEs ANLD CHLOnOSHYLL®

335 PURINT "TnnrT LT NEEDS."

340 PRINT

350 PoINT "YOU SHOULD ChOOSE BEIWEEN FIVE AND TEN LIGAT INVENSLILY"™
36U PRINT ""VALUES. TYPE IN ONLY ONE VALUE AFTEn EAUn WUESTION MARA."
W) PrINT "BY TYPING IN luu, NO MORE WUESTION MArRK> WILL APPEAR AND'
S0P INT THE PROGHAM WILL CONTINUE."

dvs Prlw] "(NOTE: ‘'nr' MEANS nATE OF PROTHSYNTRESIS)'

WU PRINT

41U o INT “LIGHT INTENSITY":
412 nEM INJTIALIGE

413 FOuit l=au TO 30

415 LET V(ly=-1

417 NEAT 1

419 Fouie 1=} TO U

420 PRINT "CLID";

430 INPUT W

435 IF w=100 THEN 56U

440 IF W>32 THEN 51U

450 IF W<y THEN 51U

460 [F W>INT(W) ThEN S51u
a’fu LET U(WisW

Ay LET (W) =INTC(1250u* (1 -EAP(-.222%U(W)))¥+.05)/1uu

490 PRINT "RPa"S INT(n(W)+.5)

50U GO TO 55vu

510 PRINT *"WRONG! USE ONLY INTEGEAR VALUES BETWEEN U AND 3u."
520 PRINT ""TRY AGAIN." ’

530 GO TO 430

550 .NEXT 1

560 PRINT

565 REM CHOICE OF 0OUTrUT

570 PHRINT "1 = TABLE ONLY, 2 = PLOT ONLY, 3 = BOTH';

SH0 INPUT W

590 IF Ww=] THEN 60U

593 IF Ww=2 THEN 650

595 IF Ww=3 THEN 600

596 GO TO 570

600 PRINT

605 PRINT ' LIGHT"," HATE OF"

610 PRINT "INTENSITY","PHUTOSYNTHESLIS"
615 P“IN"‘ l'-----___-","- _______ PRpEpE——

620 GOSUB 1500

630 IF W<>3 THEN 760

650 PRINT

660 PHRINT ' LIGHT"

670 PRINT "INTENSITY"

680 GOSUB 1600

76V PRINT

770 PRINT

780 PRINT "O.K. LET'S NOW VARY THE AMOUNT OF CARBON DIOXIDE IN THE"
790 PHRINT '"ATMOSPHEHE SURROUNDING OUR PLANT."
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80
810
820
B30

Biology
PaINT PHOSYN
PRINT “"THIS TIME ASSUME OUK rLANT nAS ALL Thk LIGnT, WATER AND" ¢
PRINT "CRLOROPHYLL ThaT 17 NEEDS."
PHINT .

B4UPHINT"LET THE VALUES YOU SELECT FOrt Tak CABON DIOAIDE CONCENTHALLION"

850
880
890
wu
vl
Y20
925
930
940
941
942
944
946
948
950
960
970
LD
990
995
1000
1003
1005
1010
1020
1025
1030
1040
1041
1045
1050
1060
1070
1080
1090
1093
1095
1096
1100
1105
1110
1120
1130
1150
1160
1180
1200
1210
1220
1230
1499
1500
1510
1520
1530
1540
1599
1600
1610
1620
1630
1633
1636
1640
1645
1670
1680
1700

PRINTBE FOrt TWO DECIWMAL rLACES ONLY, AND IN THE HANGE OF U TO .3u"
PRINT "UNITS FOit CO2 CONCe AHE CUBIC CENVIMETEnS PEf LITER OF Alx."
PHRINT
PRINT "AS SEFOiE, 1 WILL TYPE IN A *?7' AND THEN YOU TYPE IN (hE"
PRINT "CAMBON DIVAIVE CUNCe AVAILABLE 10 THE rLANT."
PRINT "TAlS TIME YOU (MUST ChHOOSE TEN DIFFEENYT VALUES."
PRINT "REMEMBER @’ = iATE OF PnOTOSINThESIS.”
PHINT
PrINT "CAnBON DIOAIDE CUNC.";
nEM  INITIALL4E
FOuit 1aU TO 30
LET V(]l)m=]
NEXT 1
FOst I=1 TQ vV
PrINT *(CO2>";

INPUT W

¥ Ww=1lUuy THEN 1050

IF w<U THEN 104U

IF W>»e3 THEN 1040
LET uW=luUu=*W

IF ABS(u=INT{(u+.5))>.000U1 [nEN lU4u

HEM FUDGE 1005 CAUSE INTEGEs ME>SES UP

LET W=INT(10U*W+.5)

LET V(w)=Ww

LET 2CQI=INTC(1 751 -EAP(-28%U{W)))+.005)/174%125

PRINT *"HP=" INTCi(W)+.5)

GO TO 1V50

PRINT *“INPUT VALUES BETWEEN O AND 3 0 W0 rLACES ONLY"
PRINT "THY AGAIN'"

G0 TO 96U

NEXT 1

PHRINT

PRINT **1 = TABLE ONLY» 2 = ~LOT ONLY» 4 = BOin'";

INPUT W

IF Ww=1 I'hEN 1100

IF W=2 THEN 1150

IF w=3 ThEN 1100

GO TO 1070

PRINT

PHINT "C02 CONC."»"nAlE QOF rPHOTOLSYNInESIS™
PHINT L g ll'll---- - Gm e es D oam Es e e e ”
GOSUB 1500

IF W<>3 THEN 1200

PRINT

PRINT "C02 CONC."

GOosSUB 1600

PHINT

PRINT

PRINT "DO YOU KNOW WHAT IS5 HAPPENING IN BOTHR TRESE INSTANCES?"
S5TOopP

REM TABLE PHRINTER

FOR I=0 TO 3V

IF VC1)<U THEN 1530

PRINT VL) ,HOLD

NEXT 1

RETURN

REM PLOT ROUTINE

PHINT " ",»"RATE OF PHOTOSYNTHESIS"
PRINT " '™ 25 SuU 75 100 125"
PRINT " "), lecmc]amac]ecac]~ec]=ca=]"
FOR I=0 TO 30

IF VCl)>=0 THEN 1645

PRINT (1] ""lIl!

GO TO 1670

PRINT VCI)o"1"STABCLA+INTCHCL) /5+e5) )5 %"
NEXT 1

RETURN

END

@ Copyright .771, Polytechnic Tnstitute of Brooklyn
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DISCIPLINE EARTH SCIENCE

SUBJECT CLIMATES

PROGRAM NAME CLIMAT

DESCRIPTION:

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

OBJECTIVES:

The program presents the student with the following concepts:
A. The value of graphing to help in the interpretation of data;

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

C. The P. E. characteristics of a region are primarily related to
1) latitude and 2) proximmity 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, regioral geography and altitude,

PRELIMINARY PREPARATION:

A, Student - The student should have been introduced to the general
climatic vregions and their characteristics. He should also have
some understanding of the earth's wind belts and how they affect
precipitation on the windward and lee side of mountains and

continents.
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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:
3

T
s

i ; R
A b e — ! ! P curve
p‘ apd PE ] D ’ ! i PE curve
(in inches ; “f‘ | ! -——— -
i ] i
of HZO) , L L |
l

|
!
!
!

B I S I P + PE

i
! !

§

'
s

i 1 J'

53

|
¢ 1
i
i
|
|

R

rr—

v

Month ' ° " Month —>
2) Each student should be given a student progress code number.
This activates ‘the selection of P and P. E. curves for that student
when typed into the computer. Each time a student uses the
prograr: he should be given a NEW progress code number.

DISC USSION:

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

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

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

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

In the program, the criteria used in evaluating P patterns are:

80" - wet climate
13-80" - moderate precipitation
<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.

46
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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 thc machine. Later, individuals or groups
might be permitted to use the program as previously discussed. (If the
program is used in this manner, the teacher rnight wish to prepare
transparencies of the data and curves in advance for use during the
computer run. )
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Earth Science
' CLIMAT

Jenss nkgE Anr SUME VALUES FU rne rabECLlel rATLIO0N (F) Any Fus
ine AUieNTiAaLl eVArO NS LAt LON (Fr) UF AN Aneas

SR, I Pl
1 14 V]
= lu 3
3 v 7
4 lo lu
S ] 13

v - - 6 14 14
1 1o 13
o o 1u
Y 12 7
lu -} 3
11 143 1
12 11 U

fOTAL PRECIFLITATION = 137 inCnks

Oennes rLOT YOUn GuArn ON Tre PAPER ~oOVIDED 30U

AND JaenN YOU A READY TO CUNIINUE« e« wvlEntELY {Y/k

AN VUMBSER AND TneE oETUN AET . ?2 Vv

ARADY?  GOOUDs NOW TELL 2 o o o DOES YOUn GuArd 5nOw Tnal

Tnk CLIMATE nAS DEFINi/ £ weEl AND DRY SEASONS (l=rEs, U=NO) ? u
TELL ik, IS TRHE CLIMA: L] WET, (2] by, Uit (3] MODERAIE ALL
TEAY L

NICE GOING, SMaitlYy Panioe KEAZP Ur Tak GUOD WO.aAk.

B3Y CHECKING THE FPE CUKVE ON YOQUit GrArn, WUJLD YQJ SAY ThnAl tnE
SUMMENRS AdE £11 n0T, (21 WAm4» On L341 COOL? 2

Al C'MON, 70U COULDN'[ PO5S1BLY MEAN [HAlecse.

(OJ SAQULD HAVE 5Al1D 1 .

FriOM TAE SAME INFOMMATION (PE GRAPN), WOULD YOU S5AY TnATl TnkE
WINFERS ARE (11 COLp, (2] MLLD, 04 £33 wARNM? |

LI WARMS MY REAKT TU nkAg YO0U SAY ThAls. GUOUOL GOING.
well, BY NOW YOU MUST nAVE AN InxKLING A3 1O Tnk VYPE OF

CLIMATE WE HAVE nEitk. BELOW Is A COMPLETE L13TING OF ALL ink
CLIMATES IN TRE WOnlbD. ®EFEf T0 ThEM BY TnkBlsx NOMsEr ONLY.
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wWUden

13

is
16

WnAaY Is Trk NUMNsEs OF TdAE CLIMATE We naVE C(WE'LL Accert
FACT THAT TnkY

e SUGGESTION

on 14

Earth Science
CLIMAT

whise UF CLIMATE

TP lCAL RALNFOEST
PO 1AL EAST COAST
Tl I1CAL Fi0WSUO0WN
fLOP1CAL 5aUANNA
N1i0P 1Call DESENRT

TUTMEDT FEARANEAN

MARINE wesT COAST

AUMID CONTINENTAL

nJnlb 3UBTrOFICAL

MIDDLE LATITUDE GAASSLANDS
MIODLE LAll ryuk DESERY
SUBAnTiv CLIMATES

nlGnLlaND CLIkATES

CiadrlCAl O MIDDLE LAFLITJUED)
POLAR TUNDRA

£0LAn IoElAr

MAY QVEsLAr)? |

- 53TICA TO LANGUAGE:s Uit S00IAL olPUDLIES.

T0J 5n0ULD nAVE 354AID 8 « GOOD DAY O rOJU.

neADY
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Earth Sciénce
CLIMAT

IWUAEM=-=2 A« GALLETIA,PATCRUGJE="He >+ 54/22/76Y canin SULENCE (BilCAl)
WhaeM=--Pa0GuiAM ON CLIMATES

11UREMd==aE Witl I TEN==7/20/6Y==BA>1lU~=<n0b>

112 #EM oEVISED 8Y ONY PEREL, wali wnliMAN nsSs o-6Y

113 snimin snbh=-nkEVISED 3Y C.LOSIK o-~26-7U

115DLL(56)

116 wANDOMIGE

120 HEADN S LD

1251FN<>561rndENL 2V

fsuLleif=u

135#010T"0eKe s nEE ARk 50ME VALUES FU ThRE PrECLIPLFALTION () AND FOA'
1UPRINT" TniE POTENILAL EVAPUINANSFIMATION (PE) OF AW AnEas"

Lo5rP AN T . -

17U sINT "L MONIAT L P, pEY

1750 INT' ",'ss===", " '=sz=z","=a===s=
1YSLETP=INTC(1U*ANDC1))

20U IFP>6TREN1YS

SUSIFP <1 THEN1YS

SIULETE=INT(lO*NDC(1))
21S5IFE>4TARENZIV

220 IFE<]1 THAENZ210

22SLETL=S*E+6 %2

230 IF (4-21)%(4=-22)%CL~1T7)%(4=-38)=U THEN 1YS
235F0RI=1TO12

240P A INT'" ", 1,

2451IFP>1 THENZSS
250LETP1=12%C05C 261 %1 ) t2+2x(ND(=1)
25SIFP<>2THEN26S
260LETP1=12%SINC.261 %1 )+2%x1ND(=1)
2651IFP<>3THENZ275
2TULETP1=2+3%RND(=1)
275IFP<>4THENZES

28ULETP 1=2%1ND(=-1)

285 IFr<>STHENRYS
2YULETP1=7+10%HNDC(=1)
2YSIFP<>6TRENJ3US
SOULETP1=3%C0O5(«5+.15+1) 12
USPHINTINTC(P1),

J10IFE>]1 THEN32V
SISLETEl=10%3INC(.261%]) 12
320IFE<>2THEN330
325LETEl=12%SIN(.261%1)t2
J3VIFE<>J3THEN340
S3SLETE1=2%SIN(eS+.15%I) 12
JQUIFE<>4THEN3S0
JASLETEl=8+4*HND(~1)
SSULETT=T+INT(L1)
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Earth Science
CLIMAT

355P il WIINTCEL+C(ELZ1VU) *x2)
S6UNREATL

J6oralnt

Sl TUTAL ueECiriTATION =5 05 iNCHEDS

3751 NT

SV RINTI"Oehes rLOT YOt Gotard On ThE rarcdi PaOViDEy YOUu"
SooPuINT"AND WneEN YOU AnE neAbDY [0 CONTINUEZsess Mnnelr trre"
JPLAINTANY NUKOER AND ThE seTUusiv AL e "5
JYSlineUTw

GluladlNT

A5 INT" nEADY?  GO0ODs, NOW TELL weE o o o DIES Y0Un GnArn sr0W Thal"
AlUPKRINT”TRE CLIMACE nA> VEFINITF WET AND Dbity SEASONS (1=1E5, u=N0O) '3
42u INPUT S

425°PtINT

43U I F5=UTHENSU S

433 1F 5<>1 [I'nEN 4us

4351FP<3TnuND6U

437 LET B=sU

44y GO SUB ludd

4457 LT TELL MEs 1o fhE CLIMATE L1] WeErs L2l uants, Ui L3) MUDERATE ALL'
450P RINT"YEAR"S .

455 INPJT 5

46UrstINT

4651 F5=1TnENS2S

4o IFo=3TAENSAUS

473 IF $<>2 THEN 445

47151FT<13THENGZ25

4oV 1 FT>5U THENA4YS

4u5G0sSUBlU4U

49U G0TO63u

495G0sUBlu2u

SUG0T0630

WSIFr>2TnEN44S

S51ulFP=2TREN4TS

515G0sUBluZU

520G0TOS6U

S5251FT>00 TrREN6ZD

S53VIFT>=13THEN4DS

535G0>UBl1U 3V

540G0TO63V

SASIFCT~13)*(bu-1)>=0uinEN6RS

SS5ULFT<13ThRENSJ3S

5531F {>3UTHENA4YS

SOUPINT"TELL ME, wnitn 15 ink WeEd owASONs L1] 1ok wlNitess Of (21 ThE™
S65P INT" SUMME:''5

S57UPINT

575 INPUT o

SHUPHINT

5051 F3=1TREN6US

S87 LF 5<>2 TAEN 560

51

Oy



Earth Science
CLIMAT

SYULFra2 i dEN625

SY5GUsSUBLLUEZ0

ULV GO'TLV6J3L

GWSIFP=1TRENG6ZD

61V G0sUBLLVZL

615G0TL63VL

620°PINT

625°INT"NICE GOING, SMARTY PANTSe. HKEEP UFP nE GOOD WOnHe.'
63UPRINT"BY CHECKING TnE PE CUAVE UN YOUr GHArns WOULD YUU SAY [hAy 1ng"
645, HINT" SUMMERS Ang L1 nOTs, £2]1 WARM, Oi L 31 COOL';

64y InNPUT o

e45°ninNy

65V IFS=2THENG6YS

6551F5=3TREN71S

657 LF <>l THEN 625

60U FE=2THENT2S

6651 FE=4TAENT725

667 Lr E=1 ThnEN 725

670 GLsUBLL2Y

6'i5GUiv7uL

6¥SIFE=1TRENT7ZS

TVULFE<>3TnEN6TU

MHGUSUBLIUY4Y

710GUI073v

7151FE=3TRENT725

T2V IFE<>3ThEN67V

725 INT"Y0U nAVE nkSIORED MY FALTh IN TEENAGERS.'
TUPHINT"FAOM TnE SAME INFORMATION (FPE GRAFPH)» wOULLD YOJ SAY InAT TneE"
735PRINT"WINTERS AnRE L1J) COLDs, £21 MILDs, OR [£3] wWAnM';

740 INPUT 5

1458 RINT

TS5V IF5=2TaENTYV

7551F5=3THENB1U

76V IF S<>1 THEN 73u

7651 FE<J3TRENBEZS

770 GUSUBLO 3L

775G0TObIL

780 GO0sUBLULU4U

T8SGOTOBIV

19V 1FE=3THENE2S

TISIFE=4TnENTBU

BUUGOSUBlu2u

BUSGUTObL I3V -

blUIFE=3THEN77V

BlSIFEa4THENG 30

820G0TOBOO

B25FMINT"IT WARMS MY HEART TO HEA# YOU SAY ThHAT. GOOL GOING."
o830PRINT

83SPRINT"WELL, BY NOW YOU MUST HAVE AN INKLING A5 TO ThE TYPE OF"
B4UPKRINT"CLIMATE WE HAVE HERE. BELOW 15 A COMPLETE LISTING OF ALL ThnE"
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Earth Science
CLIMAT

4bF Al M ULIMAYES UN I'neE wunbb. seFha (U 4ner. 8Y Thelo NUeiBeEa OibLye'

vhuriid |

pod¢ Nt

cournliv ' wUmB e, "N, OF CLloarg"
bOYralNI====== s!'=szsszcazsss=mx

8 UrP T 1", T 1CAL SALINFURESYE"
STIrnlNT"2Y, " TiOFICAL EasT COASTY

bour NI 3" ," TOr ICAL MONSOON'
BeSrdINT"4 ", " TaOrfval sAJVANNA"
ovurtlNEYS", " InOricnl VDeESE 1" '
oydrutINT"6" " MEDI TEiutANEAN""

YOUPRINT" 7', " MANINE WEST COAST"

O SFUINTD" L' nUMID CONIlnkivraL
SIupalNT"9","nulkiD suula0PIcal"
YISPINT"IVU" "l uuLE LALL fUDE Giladoolrnuo'
YeurgINT" 11", "mlvble Larlivuve vesicna"
vedralNT"12","sJdsAnt'ic CLIMmATrES"
YIUuralInNT' 13 O 14",'"'niGnLAND CLImmtlky"
vobrulwT" "o C{i0ricaLl On lbvbLie Lafllidun..
YAUr LA NT" 13, " rOLAK TUivDA"

Y45P tINT"16","POLAan ICECAPr"

vouralivy

»
»
»
»
»
»
»
»

YOSFPALNT"WRAT 15 (nk sivkioeEn OF Ine CLImAale wE RAVE C(WE'LL ACUES S

YO6U rAlNT "FAULD tna o iner mAY QVEnLas) '3

¥651INrPULS

Yiurnlnt

9I5P il

YBUP AL NT

YoSiFo=LCL)TnkENIUUS

wUralNi'"MY SUGGLESTION - SPICA TO LANGUAGES Us SOCIAL STUDIES."
WOrnlINT"YOU sSnOuLb nAVE SAalvp“;L(iss'". GUOL LAY TQO YOU."
lWuusTOrX

IUSPAINT"TOUK FORLTUNE AS A (METEORUOLUGLSY IS BUDDING. IT wAS"
WIUrPRINT"VELY NICE T0 WOKK WITn 10U. SO0 LONG.'

WwilssTor

IUZULETY=1

W25G0TO1V45

IUBULETB=2

1U35G0T01045

IU4ULETB=JY :
U4SrPRINT AW C'iONs YOU COULDN'D POoSIBLY MEAN [HATeess"
WSUPAINT"Y0U SnOULD HAVE sSalb';s

10S5PRINT

U6V iETUnN

IWoS5DATALL,6,16,7523510,2653,27515
IJUYUDATAR2b,8,29511532,3,33,13,34511

109 5DA

1A35,95,39516,4050241513544,5
HHUUDATA46,1U»45,16550,1,51,12,56s4
11OSDATA3Y,4,44555 8559540585455 154151554651 2,5155,56,16
111UDAfAL U

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 from 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

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

@ Copyrignt 1971, Polytechnic Institute of Brooklyn
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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 Irsson, Phase II of the program may be omitted
entirely, by procedure ], or from early runs by procedure 2.

Procedure 1 Procedure 2
Erase Lines 561 - 699, 770 - Change line 557 to read: If P) 1
790 and change line 557 to read: then 200Q
IfP>1 then 2000. .. When you are ready to use Phase II
merely retype line 557 as originally
listed.
55
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Earth Science
CLOUD NINE CLOUDS

STRONG CONVECTION CURRENTS ARE CAUSING ADIABATIC
COOLING OF AIR WHERE YOU ARE AND ARE RESPONSIBLE FOR THE
FORMATION OF A CLOUD. BOTH THE DRY AND THE MOIST ADIABATIC
(AS VELL AS THE NORMAL LAPSE RATES) AREK CONSI1DERED IN THIS

PRCGRAN .

LEGEND
. 2 2 2 1 1 3
1=THE TENPERATURL ON THE GROUND
¢wTHE DEV POINT TEMPERATURE ON THE GROUND
3=THE TENPERATURE AT THE BASx OF THE CLOUD
A=THE ELEVATION, IN FEKT, OF THE CLOUD BASE

CHOOSE ANY TWO OF THE ABOVE VARIABLES AND SELECT VALUES FOR
THEM. TYPE THEM IN AS:
VARIABLE CODE »VALUE, VARIASBLE CODE »VALUE.:«(E.8. 1,50,8,20)

7 1,50,8,41

BIAY, TYPE IN YOUR CALCULATED VALUE FOR

TNE TEMPERATURE AT THE BASK OF THX CLOUD

FOLLOVED BY A COMMA, AND THEN TYZK IN YOUR VALUE FOR
TME ELEVATION, IN FEET, OF THL CLOUD BASE

7 39,8000 '

VERY @GOOD. VERY, VERY @00D.

DO YOU HAVE ANY OTHER PROBLEMS YOU WOULD LIKE TO TRY?
(1=YES, O=NO) 3 7 § ’

USING THE SAME LEGEND AS BEFORE...

CMOOSE ANY TWO OF THE ABOVE VARIABLES AND SELECT VALUXS FOR
TMEM. TYPE THEM IN AS1 ’

VARIABLE CODE »VALUK, VARIABLE CODK 2VALUE e e e (EeGe 1,50,8,30)

7 1,50,3,8%

OMAY, TYPE IN YOUR CALCULATED VALUK FOR

TME DEV POINT TENPEBATURE ON THE GROUMD

FOLLOVED BY A COMMA, AND TKEN TYPE IN YOUR VALUL FOR
THE ELEVATION, IN FEXT, OF THE CLOUD BASK '

7 30,4000 :

IT LOOKS LIKE VE GOOFED SOME PLACE.
LET'S SEE WHAT THE CORRECT VALUKS ARK.

SO DEGREES - THE TENPERATURE OM THE GROUND

89.54545 DEGREES - THE DEV POINT TENPERATURK ON THE GROUND
25 DEGREXS - THE TEMPERATURE AT THE BASE OF THE CLOUD
ASAS.ASS FEKT - THE ELEVATION, IN FEET, OF THE CLOUD BASK

DO YOU MAVE ANY OTHER PROBLENS YOU VOULD LIME TO TRY?
(1=YES, OwNO) 5 7 0

VELL, BEFOAX YOU LTAVE, 1 HAVE A FEV I°'D LIKE YOU TO TRY...
BASED ON YOUR VALUZSE, THE HEIeHT OF TRE CLOUD
(NEASURED FROM THE CLOUD BASK) IS 18181.88 7T. CANM YOU TELL NE3

WAT IS TME TEMPERATURE AT EACH OF THESE ALTITUDES:
1 3182 r7 s ’ -
8 31818 PFT
3 13636 IFT

TAR TENPERATURE AT 31838 FT. IS 7?7 X

SORRY. YOU WZIRK DCING GREAT TMERK FOR A WHILEK.
VEL.L, BACK TO TME BOOKS. THE VALUES YOU SHOULD HAVE (RESs

1| THE TEMPERATURE AT J3!82 FEET 1§ 32.35 DEGREKES
8 THE TEWPERATURE AT 31818 FEET IS5 -6!.36364 DEGALRS
3 THZ TEMPERATURE AT 13636 FEET 15 ~8.87R787 PEGREIKS

56
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CLOUDS

IOREM==A.C.CAGGIANO+E.A+GALLETTA, PATCHOGUE H.S5., 11-20-68
.11REM=-~-REVISED BY CHARLES LOSIK AND TONY PEREZ 7/18/69

18 REM RE-REVISED BY C.LOSIK 8-26-70 )

SOREM~--TH1S PROGRAM 1S ASSOCIATED VITH CLOUD FORMATION

2SREM PHASE 1 OF PROGRAM BEGINS HERE. STUDENTS VILL BEI GIVEN
S6REM INTRODUCTORY INFORMATION AND BE ALLOVWVED TO ASK AND ANSVER
S7REM ANY NUMBER OF PROBLEMS. WHEN THEY INPUT NO. 8 C(LINES 354-556)
28REM PROGRAM SENDS THEM TO PHASE 11 (LINE S61 AND FOLLOVWING). )
JOPRINT* *,"CLOUD NINE" ) ’
AOPRINT™ “,"sccca asea'

4% DIM BC@), TCA)» Q€3I ACI)H» CCD)

SOPRINT ’ )

SOPRINT™ STRUNG CONVECTION CURRENTS ARE CAUSINS ADIABATIC"
POPRINT"COOLING OF AIR WHERE YOU ARE AND ARE RESPONSIBLE FOR THE"
SOPRINT™FORMATION OF A CLOUD. BOTH THE DRY AND THE ROIST ADIABATIC"
SOPRINT™C(AS VILL AS THE NORMAL LAPSE RATES) ARE CONSIDERED IN THIS"”
SI1PRINT"PROGRAM ™ : ’ ’
100PARINT

108 PRINT

1L0PRINT™ “,"LEGEND"

IN0FRINT™ ", esscas”

180PRINT™1="3

150@08UB1000

160PRINT 2="3

170@0SUBI010°

180PRINT®3="3

19080SUB1080

SOOPRINT™4="}

810@805UB 1030

S80PRINT

283 PRINT

230 PRIMT™CNOOSE ANY TWO OF THE ABOVE VARIABLES AND SELECT VALUKS FOR"™
831 PRINT™THEM. TYPEL THENM IN ASs"™ ’

S3SPRINT™VARIABLE CODE ,VALUE, VARIABLE CODE »VALUE.«.C(E.@. 1,30,2,30)"
233 PRINT ’ :
840 LET X=0

S48 LET Y=0

845 LET A=)

846 LET B=0

847 LET B(1)=0

848 LET B(8)=0

SS01MPUTRC( 1) ,A,B(R),B

S90PRINT ’ )

J0FORI=1TOA

310178t 1)=l THEN330

JBONEXTI

SWLETTC(I)=A

307ORJ=1TOS

3501 7B(R)a JTHENI 70

OREXTY’

IRLETTC(JIeB

IO 171 <>JTHENGOS

JPOPRINT™Y(L! CAN'T USE THE SAHE VALUES TWICE."

J9380T0R230 R

AOSPRINT™OKAY, TYPE IN YOUR CALCULATED VALUE FOR™3

EPRINT ’ ’

4l101rJel <>ATHENARS

ALILETTeC(TC(1)=-T(R)) /4.5

ALALETTCA)>=10009T

A ILETTCII=aT(R)-T

414008UBi090

418008UB10390

416605UD1020

Al T1INPUTX, Y

ALBIFAES(X-T(J))>=. 6 THENSOO

~?

0
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A19IFABS(Y=T(A))>=s .6 THENSOO
A2080T0550
ARSIFU* 1 <>ITHENAAD
QAR26LETT=(TC(1)-T(3))/5.5
A8 TLETTC(A)I®10008T’
AZBLETT(R)=T+T(I)
429@0SUB1010 ’
430G0SUB10S0
431G0SUB1030
AINPUTXL,Y 7 Tt
433IFABS(X~T(2) )>= .6 THENS00
434IFABS(Y=-T(4))>=.6THEN500
43530T05%0 ’
A0 IFJs 1 <>aTHENASS
AA1LETT=TCA4) /1000
A4SLETT(8)=T(1)-3.59T
A4JLETT(3)eT(R)-T
444@0SUB1010
445805UB1050
446G0SUB1080
AATINPUTX, Y
AASIFABS(X-T(8))>=,6THENSOO
S49IFABRSCY=T(3))>= .6 THEN500
ASOPRINT™OKAY, TYPE IN YOUR CALCULATED VALUE FOR®
A5SIFJe] <>6 THENATO ’
ASGLETTeT(R)=T(3)
ASTLETT(A)=1000+T
ASSLETT(1)aT(3)+5.5¢T
A459@0SUB1000
46060SUB10S0
46100SUB1030
ASRINPUTX, Y
4631FABS(X-T(1))>=,6THENS500
AGAIFABS(Y~T(A))>= .6 THENSOO
46580T0550
_ATOIFJ* 1 <>@THENABS
ATILETT®T(4)/1000
ATSLETT(I)=T(R)+T
ATILETT(1)aT(2)+6.50T
AT7AG0SUB1010
A756803UB 1050
A76G9SUB1080
ATTINPUTX,Y
ATSIFABS(X~=T(1))>=,6THENSOO
A791FARS(Y-T(3))>=.6THENS0O
48030170530
AB1IFABS(X~-T(3))>=.6THENSO0
A8SIFJUs]<>18THERIVO
ASSLETT=TC4) /1000
ASTLETT(1)aTC(3)+5.5%T
ABSLETT(8)eT(3I)+T
A89@0SUD1000
490680SUB1050
A491003UBI010
APBINPUTX,Y
493IFABRS(X~-T(1))>=.6THENSOO
AXIABS(Y-T(I,,>--Grﬂlﬂ500
4938070530
0VOPRINT
SOSPRINT™IT LOOKS LIKE WE GOOFED SOME PLACE.”
SOSPRINT"LET'S SEE SHMAT THE CORRECT VALUERS ARK.”
SO TPRINT ’
510 PRINT TC1)"DEGREES ~ "J
Sis @0 SUB 1000 i
518 PRINT T(8)"DEGREES - "}
517 G0 SUB 1010 '
580 PRINT T(2)"DEQREKS -~ "}
382 Q0 SUB 1080 :
58S PRINT TCAI“FEXT ~ "}
527 @0 SUB 1030

~
s8 (]
)
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$30 PRINT
$3560T0554
SSOPRINT
SSEPRINT“VERY GOOD. VERY, VERY GOOD."
SS3PRINT
SSAPRINT™DO YOU HAVE ANY OTHER PROBLEMS YOU WOULD LIKE TO TRY?"
555 PRINT “(1s=sYEKS, O-IO) LIS |
556 1NPUT P
S571FP <1 THRNSG61
SSEPRINT
SS9PRINT™USING THE SAME LEGEND AS BEFOREKE.e«e™
560 80TO0230
S6ILETHe(T(1)-T(J3))s2000~-78T(4)
S6SREM LINE 561 CALCULATES ALTITUDE FOR TOP OF CLOUD AND BEGINS
S63REM PHASE 11 OF PROG@GRAM. PROBLEM )NO.2 IN THIS PART (CALCULATION
S6AREX OF TEMP. ABOVE CLOUD ‘I‘DP) INVOLVES usk or m NORMAL LAPSE RATE.
S63PRINT
SSTPRINT™VELL, BEFORE YOU LEAVE, 1 HAVE A FPEV 1°'D LIKE YOU TO ‘l‘R\'...
STOPRINT"BASED ON YOUR VALUES, THR HEIGHT OF THE CLOUD™
SSOPRINT™(MEASURED FRON THE CLOUD Mst) lS "}H}" T CAN YOU TELL ME:"
GOOLETR(1)m. 78T (Q) ' )
GOILETACR)=TC(A)+1-58H
GELETA(3)=T(4)+. SN
GI1O0LETAC1)=T(1)-T(4)*3.85E~3
GLILETACR)=TC(1)=(T(A)+], 5.&!)03 SE-3
613].81“(3)-1‘(3)- «SE=3sH
G61APRINT
G1SPRINT™WHAT IS THE TEMPERATURE AT EACH OF THESE ALTITUDES:™
MOPOAN=]TO03
CSSPRINT™ ", NIINTC(QANI+S5)3"FT™
SSTHEXT N ’ ’ )
GREPRINT
629F0AN=1T03
CPRINT®THE Tmmtm AT ")ll‘l‘(ﬂ(l)o.’))" 7T, lS "3
631 1PYUTC M)
6353"‘8(0(.)-‘(.))»1 uuu'lso
SAOREXTN
C9PPRINT. ‘ .
‘BOPII.T"NU. YOU NUST BE A IlAlll- AND YOU PROBALLY IIOU"
TIOPRINT™A LOT ABOUT CLOUDS AND THINGS LIXE THAT. 1IT HS VERY"
TROPRINT™NICE TO WORK VITN SONEONE WO UADERSTANDS RE."”
TIOPRINT™ “,"THANK YOU AND « « « « PEACE AND LONE LIFE"
TA0STOP '
TSOPRINT
TSSPRINT™SORRY. YOU WERE DOING GREAT THERE FOR A WILE.™
PMAPRINT™VELL, BACK TO TNE BOOKS. THE VALUES YW SROULD HAVE amg:”
TeSPRINT
TIOFOMN=1TO03
TIAPRINTE)
TOPRINT*INE mmtm AT')I.T(G(I)O.S)}"'“T lS ")A(l))".l.ﬂﬁ"
PONEXTN
st
uo»nl
T*THE TEMPRRATURE ON THE GROUND™
100SARTURN
1010PRINT"THE BEV PO!I‘I’ TENPERATURE OM THER m
1013RETYRS
1000PRINT"TME TEMPERATURE AT THE RASE OF TME cLou»™
108SARTURA
1020PRINT"TME M\M‘l‘lﬂo IN FEET, OF TMRE CLOUD BASE"™
1033RETURR
10SOPRINT"F OLLOVED .Y A CM: Al. THEN TYPE 1IN YOUR vauz rea *
103SRETURA
2000 END

.

59
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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. Student - Students 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 covered.

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

60
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WATER BUDGET
FOR:

Progress/ M : '
code no. J F M A M -J J A S . O N D

PE

P-
PE

ST

AE !

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

DISC USSION:

This program is applicable to individual or stnall group ( 5 or less)
instruction, and is designed for average students.

The progress code numher assigned to the student indicates to

the program the extent to which the student has progressed through the program.
These numbers should be chosen according to the following table:

61
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N WATER1
Mrogress
Code # Stage of Calculation of Water Budget
0-10 Introductory information
11-20 Student is ready for "P-PE" section of program
21-30 _ ready for "ST" section of program
31-40 ready for " -ST" section of program
41-320 ready for "A.L." section of program
21-00 ready for "D" section of program
6nl1-70 ready for "8" section of program

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

This program should be used in conjuncrion with program
WA'TER2.

@ Copyright 1971, Polytechnic Institute of Brooklyn
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WHAT 15 YOUR PROGRESS CODE NUMBER? S
VATER BUDGET FOR RUTLAND,VT.3

u-q------------n-------------------------------

Ps :

57 48 63 74 80 90 86 86 98 94 88 56

PEs

o 0 0 a8 75 114 133 114 178 41 8 0

NOW, RETURN TO YOUR SEATS AND SEPARATELY WORK OUT YOUR VALUES
FOR: ‘PepL* AND °STORAGK'.

RETURN ONLY AFTER YOUR TEACHER HAS CHECKED YOUR WORK AND GKVEN
YOU A NEVW PROGRESS CODE NUMBER!

READY
RUN
WAT IS YOUR PROGRESS CODE NUMBER? 15

PRINT YOUR 18 VALUES FOR P-PE WHEN YQU SEE THE QUESTION
MARK:. AFTER KEACH OF THE VALUES PRINT A COMMA (,)=--BUT
DO NOT PRINT A COMMA AFTER YOUR LAST VALUEJ SKHPLY HlT
‘RETURN® »

? 55,48,63,46,5,~84,-47,-28,14,53,80,56,

TOO MUCH INPUT, EXCESS IGNORED

OUCH1! THERE®S AN ERROR AT MONTH 1 « RETYPE THIS LINE.

? 57,48,603,46,5,-84,~47,-28,14,53,80,56 oo )

@00D WORK! _

NOV LET*°S SEE HOV WELL YOQUR VALUES FOR °'ST° CAME OUT. PRINT
THEM AFTER THE QUESTION MARK. T )

? 100,100510051005100576,29,1,15,68,100,100

YOUR VALUES FOR °STORAGE® ARE CORRECT.

HAVE YOU FINISKS. THE REST OF THE WATER BUDGET?
(1=sYES, O=NO)> 3 ? 0¢°
GK! @0 BACK TO YOUR SEATS AND WORK OUT °‘'DELTA~-ST®' AND ‘A.E.°

READY

zn
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WATERL

i REM CLASS ROOM EDITION OF WB -- PEREZ 5/1/69

2 DIM Pc1a>.zcxa>.xcla>.r<12>.A<12>.v<13>.sc18).0(18).:(18)

3 DIM Q18

4 REM REVISED BY C.LOSIK 8-86-70

10 PRINT"WHAT IS YOUR PROGRESS CODE NUMBER"™S

13 INPUT B

1APRINT

30 FOR 1 = 1 TO 18

J2READP(1)

3RLETZ(1)=P (1)

361FB>10THENAS

&IFI>»1THENAT

ASPRINT"WATER BUDGET FOR RUTLAND,VT.:*

AIDATAS7+48563574,80,90,86,86,98,94,88,56

QADATAOD»0,0,865,75,114,5133,114,78,41,8.0

ASPRINT s e s e s s s e s s eSS es s s eSS S SESS s NSNS sssseseesessn®™

46 PRINT "Pt™

47 @OsSuB S00 . e

48 NEXT 1

49 PRINT

SO FOR 1 = 1 TO 18

5% READ T(I)

58 LET Z(1)=sT(D)

83 IF B>10 THEN 38

55 IF 1>l THEN 57

56 PRINT “PEs*"

$7 GOSUB %00

58 NEXT 1

0 IF B > 10 THEN 90

80 PRINT"NOW, RETURN TO YOUR SEATS AND SEPARATELY WORK OUT YOUR VALUES"

81 PRINT”™ FORS ‘'P-PL' AND 'STORAGE®."™

83 PRINT"RETURN ONLY AFTER YOUR TEACHER HAS CHECKED YOUR WORK AND GIVEN"

84 PRINT™ YOU A NEV PROGRESS CODE NUMBER!"™

85 aoTo 999

90 IFr D » 80 THEN 110 o

100 PRINT"PRINT YOUR 18 VALUKS FOR P-PE WHEN YOU SEE THE QUESTION®

101 PRINT™ 'MARK. AFTER EACH OF THE VALUEKS PRINT A COMMA (,)=--BUT"

U IOTRINT™ DO NOT PRINT A COMMA AFTER YOUR LAST VALUK} SIMPLY HIT™
TiRIETe 'RETURM ' .*

iC. J4o3U3 $30

110)0Ri=1TOLR

1ISLITX(XI=P(I)=-T(1)

1171FB>30THENI30

180 IF X(I)«QCI) THEN 130

121PRINT™OUCH! ! THERK'S AN ERROR AT MONTH "31". RETYPE THIS LINE."

188 @OTOl10S ' ’

130 NEXT I

137 IFr B » 30 THEN 200

138 IF B > 20 THEN 1483

140 PRINT "600D WORKI™

148 PRINT™NOV LET'S SEE HOW VELL YOUR VALUES FOR °'ST® CAME OUT. PRINT "

143 PRINT®™ THEM AFTER THE QUESTION MARK.Y

150 305UB S30

800 FOR 1 = 1 TO 18

S011IFXC1)>=0 THENR0OS

W LET @ =0

803 LET SCI) = T + X(I)

204 LET T = S(I) v

S0SIFS(1)<=0THENRTS

06 LET & = 0

807 MEXT I

208 LET T = 100

809 LET S(I1) = X(I)+G

8210 LET @ = SCI)

@ Copyright 1971, Polytechnic Institute of 3rooklyn
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all LET T = 100
212 LET SCI1) = X(1)+G

213IFS5(1)>=100THEN280

215--g0T0-207-

27% LET S(I) = O

276 GOTO 281

280LETSC1)=100

S8ILETNI=]+]

282LETGw=1

290FORI=NITO18

310LETM=]1~1

311LETN=] +1

320G0SUBA3S2

38INEXTI

324 FOR I = 1 TO G

385 LET M = I-1}

327 1IF 1»1 THEN 332

388 LET M=12

332 gosuB 352

333 NEXT 1

334 GOTO 400

352 LET SCI)eS(M)+X(1)

355 IF S(1)>=100 THEN 363

357 IF SCI1><I THEN 380

360 GOTO 368

363 LET EC(I)=SCI>~-100

364 LET S(I)=100°

368 LET V(1)=SC(I)~-S(M)

369 LET ACI)=TCID)

37! goTo 389

380 LET S(C1)=0

Be LET D(I)-ABS(P(I)OS(H)-T(I))

383 LET A(l)=S(MI+P(I)

384 LET V(I)=SC1)-S(M)

389 RETURMN ’ ’

400 IF B » 30 THEN 440

01 'FPOR 1 = 1 TO 18

408 IF Q(l) = SCI) THEN 420 ;

ADAPRINT"SORRY ABOUT THAT!! MONTH"313“1S IN ERROR. RECALCULATE PLEASE."
410 @0TO 999 )

420 NEXT 1

435 PRINT®YOUR VALUES FOR °'STORAGE®' AHE CORRECT,"

426 PRINT* HAVE YOU FINISHED THE REST OF THE WATER BUDGET?"

487 PRINT “(1=YES, 0=NO) 3 *}

428 INPUT L

430 1FL=1THENAAL

433 1F L<>0 THEN 426

43SPRINT"OKI GO BACK TO YOQUR SEATS AND WORK OUT °'DELTA~ST® AND ‘A+E.’
439 60TO 999 )

440 IF B » A0 THEN 455 !

441 PRINT"LKT'S SEE YOUR VALUES FOR °*DELTA~-ST'."

443 QOSUB 530

442 FOR I » 1 TO 18

4461FQ(I)=V (1) THENAS]

AATPRINT®THERE SKEMS TO BE AN ERROR IN MONTH "I1". BETTER TAKE A LOOK"
448 PRINT™ AT YOUR VALUES. REMEMBER DELTA-ST = ST FOR LAST MONTH MINU
A49PRINT® ST FOR THIS MONTH. PLEASE LEAVE AND RECHECK YOUR WORK."
4308070999

AS1NEXT]

453 PRINT“THESE VALUES ARE FINE."

453 IF B>S0 THEN 470

ASSPRINT"HOW DID YOUR A<Ee« VALUKS COME QUT? JUST LIST THEM AS BEFORE.
457 @OSUB 530

4ASBFORI=1TOLS

AS9IFQCI)=ACI)THENAGS

A460PRINT®0OPS! YOU DID IT! MONTH"I™IS INCORRECT..+RECALCULATEl!1"

~
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as1 G0 TO 999

465 NEXT I

266 PRINT"G0OD VORK! THEY'RE ALL CORRECT«"

470 IF B>60 THEN 485

471 PRINT*PLEASE LIST YOUR °'D' VALUES."’

473 GOSUB 530 :

ATAFOR I = 1 TO 12

a75 IF @(I)eD(I) THEN 480

476PRINT"YOU HAVE A DEFICIT VHENEVER PeEe>A+Ec~~=AND===STe0e THE"
A77PRINT® DEFICIT = THE AMT.OF K20 YOU'R SHORT TO MEET THE P.E. FOR"
478PRINT" MONTH"3I". THAT 1St DePE-AE. HAVE ANOTHER TRYecoseos®

479 GOTO 999 :

ABO NEXT 1

48SPRINT“NOV FOR THE FINAL ROVe PLEASE PRINT YOUR 'SURPLUS® FIGURES."
A86 GOSUB 530 ' :

487 FOR I = 1 TO 12

A88 IF @ (I>= £ (1) THEN 495

AB9PRINT"A SURPLUS OCCURS ONLY WHEN °ST'=>100. DID THIS CONDITION EXIST"
AOPRINT"FOR MONTH"I"7 IF SO THEN 'S'sEXCESS 'P' NOT NEEDED FOR PeE."
A91PRINT® SEE YOU AFTER YOU HAVE RECALCULATED!If!®

A92GOT0999

495 NEXT I

497 PRINT"WELL, IT LOOKS LIKE YOU DID IT. FINE1I™

499 G0 TO 999 :

S0OPRINTZ(1)3

2021FZ(1;>99THENS2S

s031FZ(15>9THENS20

S0AIFZ(15>~1THENS 1S

S0SIFZC1)>=10THENS20

S061FZC1)>- 1000 THENS@S

SISPRINT™ "}

S20PRINT" *}

S2SRETURN

=30 INPUTQC 12, QC2),QC3),QC4),Q(5),Q(67,0(7),Q(8),@(9),QC102,¢113,QC12)
S33RETURN ' '

999KND

6 1))
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DISCIPLINE EARTH SCIENCE

SUBJECT WATER BUDGET

PROGRAM NAME WATER2

DESCRIPTION:

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

OBJECTIVES:

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

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

PRELIMINARY PREPARATION:

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

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

WATER BUDGET
FOR:

| * { !
i i

‘rr‘JF M' A M T 7 A .S O 'N
|

n
—

67
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DISCUSSION:
To place a particular water budget in the »rogram:
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.:"
5DATA 89, 86, 98, 86, 84, 85,106, 113, 88, 88, 82, 85
6DATA 0, 0,12, 40, 86,125, 149, 132, 94, 55, 22, 2

3. Type "RUN"

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

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

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

68
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WATER BUDGET FOR ANCHORAGE, ALASKAS

Id

22 18 13 10 12 22 48 68 66 47 25 23
PE3

o] o o 18 .71 104 115 105 65 21 O 0
P-PES

22 18 13 -8 -59 -§2 =67 =37 1 26 25 23
DELTA~ST3 .

22 3 0 -8 -59 =33 0 o] 1 26 25 23
5TORAGE~(ST) 3

97 100 100 92 33 0O 0 0 1 27 s2 75
AE1

o o] o 18 71 55 48 68 65 21 O o]
Ds

0 o o 0 o] 49 67 37 0 o] ) o
SURPLUS3

0 15 13 0 o o] o] 0 0 o o 0
TOTAL P = 374

TOTAL PE = 499

P/PE = 749499

READY

&9
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Earth Science
WATER?2

* REM CALCULATES WATER BUDGET ~- PIREZ RS0MARSY

DM PCIR)2ZC1)LX(18),1C1ID)

3 M LINES 4,5,6 ARE FOR “TITLE LINE™, "P DATA™, & “P.E. DATA"

4 PIRINT"VATER BUDGET FOR ANCHORAGE, ALASKAt™
SDATAR8,18,13,10,18,88,48,68,66,47,25,83
6DATAD0,0,18,71,104,115,105,65,81,0,0
7PR]UT"----------------------------------------------------n--------"
8 PRINT

9 PRINT *“Pa*™

10 FCR I = | TO I8

11 READ P(1)

18 LET Z(1)=P(D) '

13 GCSUB 499

1S NEXT I

16 PRINT

29 DIn TU1R)

¥ PRINT"PEs™

4O roRk 1 = 1 TO 18
4l READ T(1)

48 LET Z2(1)=T(1)
44 QOSUB 499

43 MEXT 1

46 PRINT

59 PRINT "P-PEst™

6l FOR 1 = 1 TO 18

68 LET X(I)=P(1)>-T(1)

¢S LET T(1)=X(1) o

¢4 GO3UB A9Y )

67 NEXT 1

68 PRINT

69 8010 79

97 LET G = O

98 DIM AC12),V(18)

99 DIM S¢€13),DC(13),XC13)

100 foRr 1 = 1 T0 IR

101 1F X<1)>=0 THEN 108

108 LEBT € = O

103 LET SC(1) = T + X(D)

104 LET T = S(DD o

108 IF S(1)«<=Q THEN 175

10¢ LET 8 = O

107 NEXT 1

ice LET T = 100

109 LET $(1) = X(l1)+@

110 LET @ = S(CI)

111 LET T = 100

112 LET S¢1) o X(l)+@ -
113 1F 5(1)$=2100 TREM 180

11S @oTC 107
178 LET #<1) =0
i76 60TO (8}
180 LET $(1)=100
18} LET N} = 1 + 1)
188 LET @ = 1

190 FOR I = Nl TO 18
210 LET M=1-1)

81} LET N = 1+1

20C @03V 858

BR1 NEXT }

884 70R !+l TO @
285 LET K=l-1
S571r1>1THENRIS
£:8 LET M=l
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tarrn Science
WATER2

238 GO3UB 8958
233 NEXT 1
834 @0TO0 391 T
298 LET SC1)aS(M)+X(1)
235 IF SC13>=100 THEN 263
257 1IF S(l)<]l THEN 2860
860 GOTO R68
261 GOTO 868
263 LET E(I1)>=S(1)>~100
264 LET 5¢1)=100
885 LXT U(I)aSCI)=-S(M)
289 v SX)sT(l)
27 . £89 :
(5 T I ]
283 ea e DCIISABS(PCI)+S(MI=TC1))
283 LET AClY=SC(MI+PCI)
284 LET V(I)=aSCI)=SCH)
289 RETURN o .
391 PRINT "DELTA-STt%
392 FOR I = } TO 12
33 LET Z(1)=sv(l)
I94 GOSUB 499
395 NEXT 1
396 PRINT
399 PRINT™”STORAGE-(ST)1*
40 FOR I=1 TO 12
&5 LET 2C¢1)=SCI)
406 GOSUD 499
410 NEXT I
415 PRINT'
419 PRINT™AE:"
430 FOR I = ) TO 18
485 LET Z(1)«A(]).
Aag86 S0SUB 499 :
427 NEXT 1
428 PRINT
439 PRINT "D
440 FOR I = ]} TO 18
445 LET Z(1)=D(])
446 GOSUB 499
4S50 NEXT 1
aS1 PLINT
459 PRINT **SURPLUS:*
450 POR I = | TO 12
465 LET Z(1)=sEC])
466 GOSUB 499 ’
468 NEXT 1
470 PRINT’
475 FOR 1 = | TO 12
477 LET OsP(1)+0
479 LET HaT(I)+H
480 NEXT I :
481 PKINT
482 PRINT "TOTAL P =",0
483 PRINT "TOTAL PE =",H
48B4 PRINT "P/PE ="0/H
485 GOTO 999 ’
399 PRINT ZC¢I)>3
500 IF Z(1)>99 THEN 525
sO1 IF Z(1)>9 THEN S20
s02 IF Z(I)>»~1 THEN 515
503 IF Z(I1)>»=-10 THEN S15 .
s04 IF Z(1)»~1000 THEN 520
505 REM %04 READS >1000 TO PREVENT SPACING AFTER NUMBERS BETWEEN
506 REM =100 AND =-1000
515 PRINT ™ "3
520 PRINT " "}
525 RETURN
999END
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HUNTINGTON COMPUTER PROJECT

A TEACHER'S MANUAL

(COMPUTER - RELATED MATERIALS)

S econd Edition

January 31, 1971

Director: Dr. Ludwig Braun
Assistant Director: Dr. Marian Visich, Jr.

Polytechnic Institute of Brooklyn
333 Jay Street
Brooklyn, New York 1120}

Developed by the Huntington Computer Project during the period
May, 19¢€8 and September, 1970. This effort was supported hy the
National Science Foundation under Grant No. J000079.

oz
o




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

which participated with us, and by the Project staff,

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

hearing of any which emerge in the futnre,

These programs run in the version of BASIC v 'ch existed on
the TSS-8 in August, 1970, and shculd run on mos%* other versions of
BASIC, The major potential problem on othe: nuchines ig the ouipnt
format (DEC uses 14 columns per print zone, whiie some other manu-
facturers use 15; we used the TAB function, which doesn't exist in
all BASIC compiles), It mavy be necessary to make so™e minc:
changes in programs to adjust this format, Another 1 )ssible
problem is in the use of the RANDOMIZE c&mmand in some progranmg
to start the random-numbe: generator at a random noint, If thkigy
command is‘not available, some other means should e devised 1cr

randomizing the start,

It is our sincere hope that these programs and ¢heir sup-
porting documentation will be helpful to educators who are expl-~- -

ing the uses of computers in education,

We are anxious to hear, of any bugs, errors, or improveme; is
in :a1ese programs, and are especially anxious to hear of any ncvel

ways of using them,

Ludwig Braun

Marian Visich, Jr,

I'e
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Volume I
BIOLOGY

DROS
Game approach to determination of the genetic
characteristics of Drosophila.

EVOLU
Simulated experiment - The velationship between
evolution and natural selection is accomplished by
studying a population of mutant moths.

GAMGN
Review of gametogenesis using diagrams and questions.

MEMBR
Experiment simulation showing the active and passive
transport of materials across a membra.ie.

NZYMC
Simulated experiment - Degree of enzyme reactivity
varies as environmental conditions are ~hanged.

NZyYM2
Simulated experiment - Maximum enzyme reactivity is
shown as being dependent upon an interaction of
environmental conditions.

PHOSYN

Simulated experiment - Photosynthetic production of
sugar varies as student varies light intensity or
carbon dioxide concentration.

EARTi! °CIENCE

CLIMAT
Practice in identifying climates and climatic patterns.

CLOUDS
Explores problems related to the formation of cumu-

liform clouds.

WATERL
A tutorial program which goes through the calculations

of a water budget.

WATER?2
Prints out a complete water budget.

14

20

25

38

54

60

67
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CHEMISTRY

ATWT
Calculates atomic weight from percent abundance of

isotopes.

AVOGA
Calculates Avogadro's nunber.

DECAY1
Radioactive decay is treated qualitatively in a game-

tvpe situation.

DECAY2
Calculates half-life, mass and prints a table showing
mass or number of particles of a radioactive sample.

EMPIR
Calculates empirical formulas.

EQUIL1l, EQUIL2
Calculates the effects of concentration changes in the
equilibrium systems: 2HI®H,6 + I, and PC1;==PCl3 + Cl,.

KINET
Tabulates and graphs equilibrium concentration data.
MASSD
Calculates mass defect.
MOLAR
Calcul.utes molarity from tit:stion data.
PHPOH
Calculates p!l, pOH, and percent dissociuticn.
PRCNT
Calculates percent composition.
STOIC!
Solves mass/mass, mass/volume, and volume/volume
problems.




Volume III -

MATHEMATICS

ARITH
Review of multiplication skills. (General Math)

BANK
Solves financial problems concerning installment buying,

long term loans, and savings accounts.

CRVLEN

Computes t:e length of any curve. (@nalytically defined)

CVAREA

Computes the area under any curve. (analytically defined)

GCD
Finds the greatest common divisor of any set of numbers.

LIMSIN
Evaluates the limif of sin x/x as x approaches zero, in
both radian and degiee measure.

PI2
Computes the area of a circle using both inscribed and
circumscribed regular polygons.

FIOTTR
tJots the graph of any function.

PRIFA
Finds prime factors.

QUADRT
Describes the graph of the second-degree equation,
Ax" + Bxy + Cy” + Dx + Ey + F = 0,

RATIO -
Solves for the unknown in a proportion.

ROOTS2
Finds the real roots of the quadratic equation
ax“ + bx + ¢ = 0,

SETS

Finds the union and ntersection of any two numerical
sets.

8n
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29

37

40

43
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49



SIMEQN S3
Finds solutions to sets of up to ten simultaneous equations.

SLOFE S8
Computes the tangent slope fcr any function.

SORT 62
Finds the square root of counting numbers up to five
decimal places.

STATAL 65
Calculates the arithmetic mean (average) of a set of
numbers. :

STOCK 69

Simulates the stock market.

SURFAR 80
Computes the area of any surface of revolution.

VOLSOL 83
Finds the volume of solids of revolution.

)
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PHYSICS

BFIELD
A plot routine illustrating the B field about one and two

wire currents. (Electricity and Magnetism)

BOHR .
Hydrogen line spectrum and energy level diagrams are
displayed. (Atomic and Nuclear

CALORI
Calorimetry experimcnt to determine thie heat energy to
be supplied (or removed) from each mass to obtain the
equilibrium temperature. (Mechanics)

DECAY1
Radioactive decay is treated qualitatively i.. a game-
type situation.

DECAY2
Calculates half-life, mass and prints a table showing
mass or number of particles of a radioactive sample.

EFIELD
An extension of Coulomb's law. Finds the relative
field strength at a distance from a line and plane of
charge. (Electricity and Magnetism)

KINERV
Review of kinematics: jresents quastions concerning the

movement of" a ball in flight. (Mechanics)

LENSES
Solves lens problems. (Light and Waves)

MASSD
Calculates mass deflect.

NEWTN2
A problematic situation requiring repeated application
of Newton's second law. (Mechanics)

PHOTEL
Critical wavelength for photoelectric emission is to be
determined in a simulated experiment. (Atomic and
Nuclear)

1s

18

22

29

36

39
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PHYSTCS (aon't)

PHOTON
How energy levels are determined from the emissions of

excited atoms. (Atomic and Nuclear)

PLANK
A photoelectric simulation. Students adjust the retarding
potential to determine the wavelength of randomly
selected electron emitting X-rays. (Atomic and Nuclear)

PRJTL
Coordinates and speeds are printed for a projectile
fired <t selected speeds and angles (frictionless).
(Mechz4 ics)

REFLCT
Least time principle of light is presented as a challenge
involving a ~ame analogy. (Light and Waves)

SLITS
A plot routine permitting further exploration of Young's
Double-Slit experiment. (Light and Waves)

SNELL
A plot routine to aid in visualizing Snell's law.
(Light and Waves)

SPACE
Demonstrates the effects of changing velocity on orbital
motion. {Mechanics)

VFIELD ‘
Plots a picture of the relative potenrial strength in the

region surrounding two charges. (Electricity and Magnetism)

VLOCTY
Demonstrates that average velocity (4 D/AT) approaches

a limiting value as AT90. A graph of D vg. T 1is
plotted for an acceleration of 1 meter/sec”. (Mechanics)

WAVES
Plots a graph of a fixed and a variable wave, and the
superposition of the waves. (Light and Waves)

S7

61

68

72

76

100

105

110

115



- Volume V

SOCIAL STUDIES

BALANC
Simulates the effects of the relationship between costs

of production and revenues.

BANK :
Solves financial preblems concerning installment buying,
long term loans, and savings accounts.

CIRFIW
Simulates the effect of a change in consumption of the
"Circular flow model of goods, services and money ."

CONSMP
A simulation of economic depression and equilibrium as

effects of consumption.

- STOCK
Simulates the stock market.

99

15

22



Volume VI

TEACHER ASSISTANCE

AVEERGT
Averages grades, lists value of curve, and adijusts
grades.

AVERG2
Sorts and ave.ages grades.

FREQ
Prints a frequency distribution (bar graph) of grades.

GRADE
Prints a table of grades (in percentages), number of
questions missed, and number of questions answered

correctly.

ITEM1
Counts and prints number of times questions are missed.

ITEM2
Sums item analysis.

STAT
A statistical analysis of laboratorv data. (For teachers!'

use)

STATAL
Calculates the arithmetic mean (average) of a set of

numbers.

4

10

12

15

23



T

DISCIPLINE CHEMISTRY

SUBJECT_ ATOMIC WEIGHT (ATOMIC

MASS)

PROGRAM NAME ATWT

DESCRIPTION:

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

OBJECTIVES:
To show that the atomic weight is an average weight and not

the weight of any particular atom.

PRELIMINARY PREPARATION:

A. Student - The student should have an introductory understanding
of atomic weight, mass number, and isotopes.

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

DISCUSSION:

It is usually difficult to get the point across that tiie 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 discussion, 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 wcight as accurate as those
given in most tables.

If the teacher is interested in discussing programming with his
students, this program is a good one to use. It has the advantage of being

short, but still containing a number of interesting programming techniques.

€5 ~
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Chemistry
ATWT

Trls PrOGRAM WILL CALCULATE Trnk ATOMIC WEIGAT (ATOMIC A>2)
FrOm [tk £#EACENT ABUNVDANCE OF EACH ISOTOPE. FERCENI
ASUNDAWCES Iaf BE FOUND IN TnE CREMISIiY nANDBOOX.

nUw & 7 15000PES DLOmS (nE ELEMENT nAVE ? 7

INs © AA55 NJMBER AND TnE PERCENT ABUNDANCE FOu
EAT AE 7 15010PES.

lLarort NOe I 2 196,615

I150T0PE NOe 2 2 198,10

1SOTCPE NJe 3 2 LlyYsl6.y

I>0TOPE NOe 4 2 200U,2301

1aLFOPE NOe S ?2 20151362

1QY0rFE NOe 6 ?2 2U2s29eb

s 3ITOPE NOe 7 2 2U4s6e8

ATOMIC WEIGAT (ALOMIC MASS) 15 200525

ANOTHER RUN (i=YEs, U=NUO) ? 0O

HREADY

€@ Copyright 1971, Polytechnic Institute of Brooklyn
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vy
1us
1J6
liv
12V
130
l4v
15u
16V
163
166
170

Chemistry
ATWT

neEwi  aAnnd DOFNAN  T-15-6v

sk nEVISED UMY C.LOSIK wp-l2-7V

neEM  BCOI) AnkE Iank MASS NQoes CCI1) Ank Ink rEGCENTD

PalNl " Tals #a0Gind WILL CALCULASTE frne ALOMIC WELGRL (ALOMIUC MAassd"
PoINT " FuOm ok PEAUENL ASUNDANCE OF EACHn I50TOFPke PEsCENI
PRIND " ABUNDANCES MAY BE FOUND IN (HE ChnEMIStHY nANDBOOK.'
PoINY :

PRINT " HOW MANY 150TOrPES DOES L'hE ELEMENT naVE '

INFUL A

IF ABSC(A-INT(A)Y)>eUUU]l [HEN 15UV

rRINT

PHINT " INCPUT Ak MASS NUMBEX AND [nig PEMCENT ABUNDANCE KO

e U P LN T BACH U LR T A L SO T O B 0 0 e e e et e 2t n e

185
190
193
196
20UV
=)
21u
213
216
220
235
245
K1)
v
04
U5
we
JuY
Jiv
315
32v
33V
345
J4u
35u
Jeu

PiINT

DIM B(2ul),u(2U)

LET D=0

LET E=0

FOrt Isl [0 A

PRINT * 1I50TOrE NOW''I* ';

INPUT BCI),C(C1)

LET D=D+BC(1)*C(I)

LET E=E+C(I)

NEAT 1

PRINT

PRINT

IF ABS(E~-100)<.2 THEN 30Y%

PaINT

PrINT " THE rERCENT ASUNDANCE DUES NUL FUFAL luu."
PRINT " CAECHK PERCENTAGEs AND HEENTER DArAW"
GO 10 165

LET D=bDr1ivo

PRINT * ATOMIC WEIGRI CATOMIC MASS) 1353
PRINT

PrINT © ANOThER RUN (i1=YES, U=N0) "3
INPUT A o

PRINT

IF A=}l THEN 14J

IF A<>u I'HEN 320

END

¢e
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DISCIPLINE CHEMISTRY

SUBJECT AVOGADRO'S NUMBER

PROGRAM NAME AVOGA

DESCRIPTION:

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

OBJECTIVES:

To show by calculation, the value of Avogadro's Number, and to
“réinforce thé¢ concept of Avogadro's hypothesis.

PRELIMINARY PREPARATION:

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

B. Materials - none

DISCUSSION:

A. Operational Suggestions
The presentation of this program can be utilized to occupy one forty-
five minute teaching period, even though the actual running time is -
approximately 10 minutes.

B. Suggested Follow-up

The occurrence of built-in error, due to the use of average atomic
weights, generally provokes discussion as to the reasons for the error.

@ Copyright 1971, Polytechnic Institute of Brooklyn
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Chemistry
AVOGA

IF INSTHUCTIONS DESIRED, TYFE ls» IF NOTs TYPE U2 1

Tnls PROGrAM WILL CALCULATE AVOGADRO'S NUMBEn pY USING
AN1 PUKE GALEOUS ELENMENT 0s BINARY COMrOUND .

Thils VALUE WILL BE CALCULATED BY JSING ThE MASS IN GRAMS
OF THE NEUT«ONs WhICh 15 3 1«674383E-24
AND THE MASS OF THE PrOTUNs, WhICH IS5 3 1.672US59E=-24

YOU MUST SUPPLY THE ATOMIC NUMBER AND THE ATOMIC WEIGHT OF 7
EACH ELEMENT USED. CARRY DIGITS UP TO 6 rLACES IF You ’
WiSre WHEN THE MACHINE ASKS (?) INPUT THE ATOMIC NUMBER

AND THE ATOMIC WEIGHT OF [HE FlasT ELEMENT, TREN THE

ATOMIC wWJMBER AND THE ATOMIC WEIGHT OF [nE SECOND IN THE
FOnM A»BsCsDe IF USING SINGLE ELEMENTS, BE SURE TO

PUT IN O FOf/ VALUES C AND De.

*;***;**;******
NOW INPUT THE VALUES FOs YOUrt COMPOUND
? 6,12.0012,8,515.9994
INPUT THE NUMBER OF ATOMS FOnr £ACH ELEMENT .
(C02 WOULD BE 1.,2) 3?2 1.2
*%% THE NUMBEXR OF PARTIULES PEn MOLE QF ThlS GAS 15 5.976496E+23

WOULD YOU LIKE TO TRY ANUTHER »PnOBLEM ?
TYPE 1| IF YES, TYPE 0 IF NO 1?2 1

ok ok ok ok ok ok ok o ok o o ok ok ok ok

NOW INPUT THE VALUES FOi YOUr COMPOUND
?2 8515e99450,50

h INPUT THE NUMBER OF ATOMS FOst EACr ELEMENT.
(C02 WOULD BE 1,20 2?2 2,0 )

xkx*x THE NUMBER OF PARTICLES rPEn MOLE OF ThIS GAS 15 5.976497E+23
WOULD YOU LIKE TO TAY ANOTHER PROBLEM ?
TYPE 1 IF YES, TYPE O IF NO 2?2 0O

READY

ERIC
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10V
103
105
16
11V
112

-113

116
120
130
131
135
140
150
151
152
153

154

155
156
157
158
159
160
161
162
22V

224
230

250
260
270
339

350
355
360
370
380
39C
395
400

Chemistry
AVOGA

HEM  JOHH MAGUnLISOTTO PI5 SUMMER '6v  7/2/6v

HEN REVISED BY C.LOSIK 7=-27-7V

HEi1  A,B=Al NO, AY WT OF FInsT, C,b=Al NO» AT Wi OF SECOND
HEM E,F=# ATOMS FINST, # ATOMS SECOND i
PRINT "IF INSTHUCTIONS DESIRED» TYPE 1, IF NOT» TYrE o":jp
HEM G=PHOTON MASS, H=NEUTKON MAS> o
LET G=1+.602E~19/9.5b1E4 i
LET H=1.0086%G/1.0072 L
INFUT N \
IF N=0 THEN 220 \
IF N<>1 THEN 11v

PRINT

PRINT "IRIS PROGRAY WILL CALCULATE AVOGADHO'S NUMbEi BY USING"
PRINT "ANY PUsE GASEOUS> ELEMENT Ost BINARY COMPOUND.'

PRINT

PRINT "1rlS VALUE WILL BE CALCULATED BY USING ThE #ASS IN Guaws"
PrINT "“OF ThE NEUTH#ON» WnlCn 15 :'3n .

PHINT "AND THE MASs OF [nE PROION, WhICE I> 3';G

PRINT

PRINT "YOU MUST SUPPLY InE ArOiIC NUNMBER AND TnE ATOMIC WEIGHAT OF"
PRINT "EACH ELEMENT USED. CARAY DIGITS UP TO 6 PLACES IF YOU"
PRINT "yI3H. wnkEN TnE MACRINE ASKS (?) INPUT [HE ATOMIC NUMBER"
PrINT “AND THE ATOMIC WEIGRT OF THE FIuST ELEMENT, THEN TRE"

PiINT "ATOMIC NUMBEr AND THE ATOMIC WEIGhT OF ThE SECOND IN ThE"
PRINT "FORM A,B»C,De IF USING SINGLE ELEMENTS» SE SURE TO"

PRINT *"PUT IN U FOst VALUES C AND D."

PRINT

PRINT *" "5 " " aokookook ook ok ko kok 20k ok ok ok *?

PRINT

PRINT '"NOW INPUT THE VALUES FOR YOUR COMrPOUND'

INPUT A»B,-CsD .
PRINT "INPUT THE NUMBER OF ATOMS FOR EACH ELEMENT.'

PRINT '"(CO2 WOULD BE 1.,2) 3"; _
INPUT E,F )
PRINT

PHINT "s** THE NUMBEn OF PAATICLES PER MOLE OF ThI3 GAS IS5";
PRINT C(CEXBY+C(F%D))/C(CC(E*A)+(F*C))I*GI+((EX(B-A))+(F*(D=-C)))*H)
PRINT

PRINT *"WOULD YOU LIKE TO TnY ANOTHER PrOBLEM 2"

PRINT "TYPE 1 IF YES, TYPE U IF NO ';

INPUT N

IF N=m1 THEN 220

IF N<»>Q0 THEN 370

END »

@ Copyright 1971, Polytechric Institute of Brooklyn
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DISCIPLINE CHEMISTRY

SUBJECT RADIOACTIVE DECAY

PROGRAM NAME DECAY1

DESCRIPTION:

Radioactive decay is treated pseudo-quantitatively, by permitfing the
student to determine the approximate number of radioactive particles remaining

after various times.

OBJECTIVES :

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

PRELIMINARY PREPARATION:

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

‘B. Materials-none

DISCUSSION:

The concept of radioactive decay is presented in a game format, allowing
the student to challenge his own ability in determining (with 5, 10, or
20% error), the number of radioactive '"chips" 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 groups find this program exciting. They
enjoy the game approach, at least tThe first time through it, and seem
to be motivated by the opportunity to '"break the bank."

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

ERIC
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Chem
DECAY1

«=~THE NIV CLEA CASINO~-==

MRe Ae TOM MICK» GENERAL MANAGER OF TUE WEV CLEA CASINO,
HAS, AT TIME T=0, DISCOVERED 100,000 HADIOACTIVE PLAYING
CHIPS AT HIS TADLE. THEIR HALF-L!FE IS 10 MINUTES. EACH CHIP
TRANSMUTES SPONTANEQUSLY AND COMPLETRLY IN A RANDOM FASHION.

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

TO FURTHER THE INTEREST OF THE GAME, YOU WILL START WITH
$1,000 AND THE HOUSE WITH AN UNSPECIFIED AMOUNTs HALF THE
MONEY YOU HAVE VILL RIDE ON EACH GUESS YOU TAKE. LET'S SEE
1F YOU CAN BREAK THE HOUSE BEFORE THE CHIPS RUN OUT.

THZ HOUSE OFFERS THE FOLLOUING ODDSS
8) 8 TO 1 ODDS FOR GUESSING WITHIN 20 PERCENT
4) 4 TO 1 ODDS FOR GUESSING VITHIN 10 PERCZNT
8> 8 TO 1 ODDS FOR GUESSING WITHIN S PERCENT.

ENTER THE NUMBER £, 4, OR 6 FOR THE ODDS YOU WANT AFTER THE
QUESTION MARK IN THE COLUMN LABELLED ODDS.

YOUR $ - HOUSE $ TIME <(MIND oDDS

1000 1.000000E+6 7.8 18
HOW MANY CHIPS LEFT 7 60700

ACTUAL NUMBER LEFT 15 60716

YOU VON. TRY AGAIN.

3000 996000 13.9 78
HOW MANY CHIPS LEFT ? 38150

ACTUAL NUMBER LEFT IS 38164

YOU WOile TRY AGAIN.

85000 976000 86.9 78
HOW MANY CHIPS LEFT ? 13500

ACTUAL. NUMRFR LueT IS 16502

YOU UONe TRY AGAIN.~ ’

185000 876000 30.7 78

WOV MANY CHIPS LEFT ? 11900 . '
ACTUAL NUMBER LEFT 1S 11913

YCU CAN BREAK THE HOUSE IF YOU TRY A LONG SHOT.

625000 376000 46.4 78

HOW PANY CHIPS LEFT 7 3500

ACTUAL NUMBER LCEFT 1S 3494

YOU DROKE JHZ HOUSE. YOU NEEDED ONLY THE MINIMUM NUMBER OF GUESSES.

- CONGRATULATIONS.

YOU MUST KNOW A LOT ABOUT RADIOACTIVITY AND THINGS.
THANKS FOR PLAYING..

CHECK NO. 3499
DATES ======cecme==]9a=

PAY TO THE ORDER OF~=====-<CASH==<==-3 1.001000E+6

THE NEW CLEA CASINO Ae TOM MICK
. GENERAL MANAGER

LI R L R T L P P Y e L PR R L L R PR PR P P P T T T Y Py

DONT SPEND IT ALL Ill ONE PLACE. -

READY
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270

Ao

47C
230

500
510

530
550
570
590
600
610
620
630
650
670

690
w0

Chem
-DECAY1

REM RICHARD Fe PAV, PATCHOGUB HeSes (PHYSICS) REVISED NOV. 86,1968

RANDOMIZE

REM THIS 15 A GAME BASED ON RADIOACTIVE DECAY.

PRINT " ===THE NEV CLEA CASINQ==~-%

PRINT

PRINT ™ MRe Ae TOM MICH» GENERAL MANAGER OF THE NEV CLEA CASINOY
PRINT “HAS» AT TIME Tw0, DISCOVEHED 100,000, RADIOACTIVE PLAYING'"

PRINY “CHIPS AT KIS TABLE. TREIR HALF-LIFE’ IS 10 MINUTES. EACH CHIP™
PRINT "TRANSMUTES 'SPONTANEOUSLY AND COMPLETELY IN A RANDOM FASHION.®™
PRINT

PRINT " AT VARIOUS TIMES T, AFTEN T=0, YOU HUST DETERMINE WITHIN
PRINT "“A CERTAIN PENCENTAGE, HOV MANY CHIPS ARE LEFT."”

PRINT

PRINT * TO FURTHER THE INTEREST OF THE GAME, YOU WILL START WITH
PRINT "$1,000 AND THE HOUSE WITH AN UNSPECIFIED AMOUNT: HALF THE® ~
PRINT “MONEY YOU HAVE VILL RIDE ON EACH GUESS YOU TAKE. LET'S SEE"

"PRINT "IF YOU CAN BREAK THE RAOUSE BEFORE THE CHIPS RUN OUT.*

PRINT

PRINT “THE HOUSE OFFERS THE FOLLOVWING ODDS3s*

PRINT " 8) 8 TO | ODDS FOR GUESSING WITHIN 20 PERCENTY

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

PRINT 8) 8 TO | ODDS FOR GUESSING VWITHIN S PERCENT."

PRINT ) : o

PRINT "“ENTER THE NUMBER 8, 4, OR 8 FOR THE ODDS YOU WANT AFTER THE"™

PRINT "QUESTION MARK IN THE COLUMN LABELLED 0DDS."
PRINT

PRINT "“YOUR $*» “HOUSE $%, ™TIME (MIN)", “ODDS"™
LET A=0 B . L0 Pl .
LET B=0

LET T=0

LET Y=1000 -

LET " 0 : [¢]

PRI

IF ABS(G-D)<1500 THEN 450

LET G=5 ’

LET D=2

LET BsB¢l

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

LET T3-1NT(100‘RND(°Y))110

NEXT § ~

LET TeTeI3

LET D-lNT(lES.EXP(--O693‘T))

IF D=0 THEN 860

PRINT Y»1001000=Y,T»

INPUT A

IF A=2 THEN 610

IF A=4 THEN 610

IF A=8 THEN 610

PRINT "SORRY PAL, WE DONT OFFER THOSE ODDS.'
IF Csl THEN 820

LET C=|

GOTO 580

PRINT “HOV MANY CHIPS LEFT ™)

INPUT @

FHINT "ACTUAL NUMBER LEFT IS "D

1F A=s2 THEN 700

IF A=4 THEN 680

LET P=.05

GOTO 710

LET P=.}

GOTO 710

LET P=.8

7R
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LET T=10¢B .

IF ABS(D=Q)<waP#D THEN 770

LET YoINT(Y=Y/8)

IF Y<=30 THEN 820

PRINT -“T00 BADs, YOU LOST. TRY AGA!N.“
G0TO 400

LET Y=INT(Y+AsY/2)

IFr 1000000~Y<i THEN 890

Ir Y»gES THEN 840

800 PRINT “YOU WONs TRY AGAIN."

GoTOo 400

:g:grg:;r SEEMS YOU JUST CANT GET THE HaNG 0’ I{Te SAVE YOUR BREAD."
PRINT “YOU CAN BREAK THE HOUSE IF YOU TRY A LONG SHoOT.”

G0TO 400

860 PRINT "0000PSeee SORRY PALs THE LAST CHIP JusT DISINTEGRATED."

PRINT “THE HOUSE 1S CLOSED."
qoTo 960

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

LET ¥=1001000
IF B»S THEN 930

910 PRINT “THE MINIMUM NUMBER OF GULSSES.”

GOTO 940

PRINT B3"GUESSES."

PRINT "CONGRATULATIONS.**

PRINT “YOU MUST KNOW A-LOT A3OUT RADIOACTIVITY AND THINGS."

960 PRINT ?THANKS FOR PLAYINGe "

PRINT

PRINT "-........-.-~-...-.--...:.-...-.......q...-.-....-.--...-.-.-

990 PRINT

vy
1030
1040
1050
1060
1070
1080
1090
1100
1t10
1120
1130
1140
1150
1160
1170

PRINT * - : CHECK NO«"3B+D
PRINT t U
raiNg DATES *3

PRINT Henananasnssean [ Quat : :

PRINT ) ’

PRINT

PRINT * PAY TO THE ORDER OP~-~"3

PRINT ”----'-CASI'l‘--"-""}

PRINT “s*3¥ ‘

PRINT

PRINT

PRINT " THE NEW CLEA CASINO Ae TOM MICK"
PRINT * ’ ’ GENERAL MANAGER"
PRINT ’
PRINT "-..-.--.-----.--.----....--..-..-----.-.-...-..----.-..----.
PRINT

PRINT "DONT SPEND 1T ALL IN ONE PLACK."™

END

10
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DISCIPLINE CIHIEMISTRY..1MIYSICS

SUBJECT NUCLEAR DFECAY

PROGRAM NAME DECAYZ

DESCRIPTION:

This program will do the following:

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

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 rangc of time.

ORTEoTIVTC,

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 studcnt shouid have a geacral) introduction to half-
Tifc before the use of the program,

B. Materials - none

DISC USSION:

It is difficult to teach about the exponential (logarithmic) manner
by which radioactive elements riecay without meaningful illustrations and
simulations.

11
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DISCUSSION: (con't)

With this program, a number of interesting possibilities are
available. For example, if the initial mass is 100 g and the time is
equal to 10 half-lives with an increment equal to the half-life, the
student will see the mass decrease to 0.1 g during that time. More
important, the example may be generalized to show that foi 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 mulfiple of 8) and the print-out of the table will keep time with
the decay of the sample substance.

Please note that the half-life calculations are not accurate for a
small number of particles, thus it is misleading to make runs go to zero
mass or zero particles.

12

@ Copyright 1971, Polytechnic Institute of Brooklyn

/0é




O

ERIC

Aruitoxt provided by Eic:

Chem
DECAY2

DO YOU WANT 1asTaUCTIONS (l=mina, ueND) ¢ 7
Trls 2aOGnAN, WILL LU Ink POLLUWINGE
CrUlutk | = CALCULATES nnLF=-LIFe Frie 1w0 n_eENLINUS
ON A GElGrae COUNTEs
ChOlCE 2 = CALCULATES nub muln UF A wnD10nCEIVe shdeLE
VILL abnAI) AFIEAR SUGE GIVEN AMQUNT U e
CROICE 3 = #ulNis VIl A Faski snuwlat totds UF Sner'Lk
Voe Tlig Vi NOs OF ¢ARTICLES VS Flise
CGuAra 0@ rI0WAL)Y NOIETD FUu luk Jasbke 10J
MUSE LUl POLAL Flak AND Ul ivonen N
EAAbrLES 1F fDIAL [laE=sluu AND fiNE
INCHEnEN= U, FneEN [lie 1N ol ToulkE WiLL
UE 1Us20s3J0se0cssesessss]lUule
CHOICE 4 = ENU OF ruagGuad

NOTEt IN ANT ONE £uOBLEN, FINME MNULT
ALVAYS gk LarUTED 1N Fnd Same UNITS
OF wEASUKE (1Et SECS.siilNSsETCs)

TITETITY Y]
winl 15 TOJu CnOICE? 1 .

wnAl lo [HE INISIAL HEADING ON [nkE GEIGri COUNIERS
ThE SECOND abablad, ANV InE TIME skiWESw nERAVEINGD .
7 150U 304V 306

INITIAL nEADING= JUUJ SECOND dEALING= 1500 [IME= J46
HALF«LIFE® J45.uv 755

LY IS TP
wing 4O luun uRviuer

WHI\‘T.:[S TnE INITIAL #EADING ON ToE GEIGE# COUNIEn,
fauls SECOND aEALINGs NAND Pk Tl Ll weEN ablvDINGS o
7 T15,1856 5412

INIVJAL nEADINGe 12596 SECOND dEADINGE 775 [lwkEs 21
MALF-LIFEs JudsJzob o Heke 2
LTI e

WHAT 15 YOUR CrOICE? 2

WHAT 15 1hE naLF-LIFE, INITIAL A>> OF ondr'LEs mdbL
TOTAL TINE JUF DECAYL? 10,565,710

PALF=LIFE= 1o INIFIAL tnsse 56 10FAL (InER 76 . ..
MA5d OF SANPLE nkNAlN1NGE Jeuuuvse R

YT YT Y
WAT 15 YOUit CnOlCE? 4

DO YOU WnlNI TO WOuK wlin ¢#AuTICLE> On m;~7 CAlvolis 3
PARTICLES Dit 2 FOu #A35) 2 ) ® -r fovEn L Fou
WnAl 15 ine anLPF<LIFE, INITIAL NUwoEa UF PARTICLES IN [nE
siitrlrs oAl ebarosp FINE Flie Drials aND e
INCHEMENT UF ELAPOED 1VINE? Us6.viEcdsluus ity

HALF~LIFR= 1U INITIAL NOso OF PAuTICLEOS* 6e02000uUn+2Y
10TAL Tlees 1uu INCaeceNT= QU

13
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50
6V
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by
I
19

DO YOU wANT

GeUCUUUUE+2Y
TINE !
V]

1Y)

2V

KDY}

“w

o

GuU

k(]

oJ

wu

1y

XL RN S XA

PARTICLES

6 VLUIVUL+ Y
Jewlulgur+dy
1eSUBLALL+EY
Te526U65L+2¢
Je7632lun sz
lebulbyarned
Yelihbylyneidl
e lunG'1va+ed
23524000 ¢2)
1e17620ixea)
SeBu1I6LL+)

Tk ASOVE bAA

c

PAnTs LULY

[ul

KESIVEL T3 K]
1e505000UE+24
Te58540dE+2e
Je 162bIdk*EL
lebolblbleue
Yeluoudinegl
LN U REY AL S
Lo dbdedeh izl
161761 10k+0)
Sebvll26K+Y

Chen
DECAY?

TOrAL Panis LOSS

v

JeUuYoboliedd
4edllodokedd
HeldGlaraedd
SebASLIVE+LSY
Ssodlodllieisy
Heuvddylloedy
Se¥Ydyniredd
XY WL YR ST
PRIV XY JoL K]
G4l lbE+Ly

GuAPRED? (l=fkd, U=NO)? 1

PiAD3 (U PARTICLED) aBLAINING

cemmeccem]eecmennac]ncnancnen]onccanaca]ennananaa]

*

L O S SR =
*
®

Winl 15 YOUn CHOICE? 4

*

*

DU 1UY kANt PV wOnk #lia rhad leles Ui mAos? (ANhobken | PUs
PALTICLES Oic g Fut &nou) 2 4

Wil 1o tnae nabe=LIF2, Jalrial anoeo IF oavLis 1ULAL
ELAP 4D Llye Fuo LECAT, AN lac livasenny Up

ELnrcopy Vina? losluvalav,ld

tALF-LIFes 15 Jnvlf1AL ¢%o5= JUU §0TAL Tliegs a0d INUAEMENT= 1D

RS wASD MALD LOoo fulnl oo LOSS
J 1ouv v J
15 SJ sUU2US HYy ey 164 4«9y 184
do PR VIV IER TS 25 TaedvI6Aa
as LzeSUL 1Y 125005y YLLK
Gy 6eudllo 6¢25J5Y vdelaobe
75 Jelavird? delenand Y60 7426
wu 1ebGev4e 1e562%Y5 Yo 446
Vs efelboel s7olud44 yvelleay
2u e JdYU Ty s dYUtdné YYeHUYed
135 1YSJ3uby AR YA] YYeoU40
150 WYesn WY 76V4ld YvevJuay
14
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DO YOU WANT [InE ABOVE DATA GiArnc.. (1=YEs, 0=-NOI? 1

FASS (0s PARTICLES) dErnINING

TiMg
Q
15
Ju
45
60
75
9
1u5
120
145

*

L O R e S S S Y N -
*
-

159 P e et e 2 et e ot e o

HREERES LA

WAT 135 YOUR CaOIcE? 4

HEADY

15
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10U sl fre P0LEeANT Je MARCAISOITO rPly 1724769
1S ain sEVISEL DY CeLUbla b-1d=' !
11U ik JALUJLAVIUN UF anall=LlrE nivi aBXAINING MASS INCLUDING
120 stk Fawbes AN Geaaye
122 Palid "ou UJ WRANT JaalaUuCIIgQNs ()1aYES., J=NO) ¢ '
124 INPUL A *
126 IF a=yu FdEN UV
128 1F a<>] TneEN 122
13V ulIND * Tdls Fi0GaA WILL VDU jnkE FOLLOWINGS"
4 Pring " CHOICE 1 = CALCULATED nAlF=-LIFe FuaQdN 0 #EADINGS"
150 PalNT * . ON A GEIGEM COUNIEj1e"
160~ 0l NT" CROICE 2 = CALCULATES AUW wJdin OF A anblOACTIVE sakeLett
RSN XS N VILL oEEALIN AF V20 SOs GLVEN GkQUNT QF Flae
180 CGINT " | CHOICE 3 =~ PitINI5 OYS o FRULE >n0WlNG BASH UF Shsein
RE VLIS R USe TINE Qi Nue OF FAREICLRS Ve Fligge”
20U PulNg” (GNP QrF FLOWSL) NOGES rii. boe TasLi yYad"
210 PalNy” BNUSE INPJUTF FOisb TIGE adD FINE laCnesdeni e
220M.i N EaAMeLES IF FOQAL [Ixez)luu AND Tipe'
23U LIN" INCHEMENT®IV, InEN FINE 1y IHAE TABLE WILL®
e QU P e LN BE-) U5 203U eatee ey UU o
2% PutIN CHOICE 4 =~ END OF £uOGisn
26U PHINY :
270 2/INE" NOTES 1IN ANY uneg #nGBLEM,TINE MUsI"
20U PulNi” ALWAY> BE INPULED 1IN ne SA8E UNL IS
290 PiINT* OF MEASULE 1kt SEGpesniNSesEFCeI"
JUU PRINT
U PRINT "sksssssnns’ - .
320 £1INT
330 PHINT “WHAT 15 YOUi CnOlCE'S
34U 102UT A
I0pPRINTG
36U IF aml THEN 41V
STV AF sime iy e
380 1F A=J3 FREN 5%
%V IF a<>4 TnEN 32v
40 ST
ALUPRINT' WHAT 13 ThE INIFIAL SREADING ON PHE GEIGEm COJINTERs,"
420 £RINT" ThE SECOND nfADING, AND THE [IME BETWEEN oEADINGS.'
430 1NPUS BrALC .
433 IF A>H THEN 44V
435 Piiwl “INITIAL AEADING IS ALWAYS LESS THAN FINAL dEADING."
437 GO TO 43u
449 LET D=(.6931*C)/LOGCA/S)
450 PRINT
46U PAINT “INITIAL ARADING='"AJ"SECOND akADING="b;" I IMES"C
470 PoINT “rALP-LIFE="D
48U GO TO Jduu . .
490 PRINT “WnAT 15 FHE nALF-Lireg, INIFIAL NASS OF SAMPLE, AND"
SUU PrHINT "“fFOJAL TIME OF DECAY';
510 INPUT E»F,G
52u LET n=F*EAr(=~.6941+G/E)
830 ~iINT
S4UPRINT ' ANLF=LIFE="ES"INLI 1AL MASSa2"F3"T0IAL TI1ME="G
S5V PuINT “MASS OF sAtkLsLLE neEsALNING='n
569 GO0 [0 3uu
ST PAINT DO YUU WANT TO WOusK WIlid PARTICLES 04 MASS? (ANSWEt | FOr"
S0U PINI" PAATICLES O 2 FO MASS)
SYu INSUT J
60U PiINT
61U IF vusl THZN 74U
615 IF J<>2 TukN S
62u Pu!Nl'" eyl o fae nALF=LIFE, INIFIAL Mass OF SAMePLE. 10FaLY
63U Silivivrl ke tlee P URCAT, ANU InE TNCAERENY OF
L2 15 TS B R L VI ST ER B T AL ]
DTS T R IR ~
. £
o i ot IRV )
16
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DECAY?2
680 LEY £4=F
69U FRINT
WU IF J=1 I'nkEN bUU
710 PulNIAALF-LIFE="E5"INI [IAL taidds"F3" FUSAL FlEESYKS " INCubnENF="
720 rPuilNg
730 PHINT “T1HEY, “§HASS", "NASS LOS>", 1 )IAL ¢in3s LOSS"
7“0 ?:(!Nl '.----Il' ||,---Il’ L [, ___-II' Mpymewe "ooe *owal!
HU GU fO bSuU
T60 PRINT" WnAT IS Tn¥ nALF-LIFE, INITIAL Numbkit OF PAgTPCLE> IN THE®
770 PAINI' SAFPLE, 10faLl ELAPSED T1HE FOa DLUAYs AND TnE ™
760 PrINT INCRENENT OF ELA¢SED Tlvg"s
790G0 TO 65V
TYS PRINT
8O0 Prlivi"aALF-LIFE="c3"INITIAL NO. OF PATICLES="F

810
T 820
b3V
B4V
850
860
LY

TUTTTTTTRBOTLET T WEA DS (RO T

bYv
9
910

PRINIVTOLAL [IMES"R3"INCREGEN ="

PRINT . } B
PRrINEG TIME", * 2AnTICLES", "ranl. LOS5",
PurINT®
PUulNE
FOuit G = 0 TO K sfE’ M
LET nefF4kar(-.6v3814G/E

mmmalt, I smmpecwanlt!, Vrccce ac=wlt,

LET usu+W
IF F >1E6 ThnEN 92V
1F J=1 THEN Y40

y2u PRIND Gotisviaw o

Y3u
‘940
950
96U
PX
PLLY
Yy
10y
wlv
1V2v
1wegd
D (VIR [F]
1049
1050
16y
10
1VeUL

HUUPRINT Tk

1120
1130
1149
1150
116V
1170
1250
126V
1260

GO TO Y5u

“TOTAL PAKT. LO5n"

PHIND INTCG+e5),INTCn+5), INTCW+e5), INTCuU+e5)

LET 4=n

NEAT G
PRINT
PiINT
Pulul

PNt UU 10U wHiNg
INPUT o

1¥ n=U TAEN Juu

1F ase>1 rhEN 1yuY
PrlINT
Putivtk
PrRINT
PulING
PHINT
Pnlwl " YU TABC6RISF

FOit G = U TO K »>IEP M

LEl hsFrgsr(=~,0vy314G67E)

LET H1usl{_TCA/Fa5U++5)

IF Hl<=5J laEy 1170

LET #il=50

PARAINT G "IV IAB(nl+14e5) 3 "
NEALI G

GO TO 3uvv .
END
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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.-W'I‘.omdistinguish-between-molecular--andm.empi»rical--fo.i:'mulaew» b e e

B. To illustrate the law of multiple proportions.
C. To emph#+'~ - the unity of the atom when writing chemical formulae
D. To demonstrate the importance of accurate calculation with empirical

formulae proklems

PRELIMINARY PREPARATION:

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

B. Materials - none

DISCUSSION:

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

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

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

18
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EMPIR

TRHIS PAOGRAM WILL FIND THE EMPIHAICAL FOu4aMULA FOR
ANY COMPOUND CONTAINING UP TO FIVE DIFFERENT ELEMENTS

WAEN INFORMATION 15 REWUESTED, TYPE IN TRE ATOMIC
NUMBER, TRE ATOMIC WEIGAT, AND THE p#CT CONrOSITION o
WEIGHRT IN ThAT ORDER; FOR EXAMPLE, IN ThnE COMrOUND 502,
InE DATA WOULD Bk ENTERED AS FOLLOWs: 16,32,5U FOut
SULFUr AND 8516550 FOrt OXYGEN.

nOW MANY ELEMENTS DOES YOUst UNANOWN COMrOUND CONTAIN? 2
ENTE:t THE ATOMIC NUMBEis, THE ATOMIC WEIGHT» AND THk

PCT COMPOSITION FOt EACH OF THE ELEMENTS IN YOUR COMrOUND.
BE SUdkE TO ENTER ONE SkT OF NUMBERS FOn EACH WUESTION MAHRK.

1 o ?2 26555.9569.96
2 . ? 8516,30.04

AlOmly £CTle INIYIAL aATIO*2

NUMBE CoMr e RATIO
26 69.v6 1 a2 3
-] 3V .04 1.5 3 45

TO FIND THE EMPIfICAL FOAMULA LOCATE tnk FIusT #ATIO

COLUNMN IN WHICH ALL OF THE NUMBEns MOST CLOSELY AFPUAIMATE
A WHROLE NUMBER.

IF Y0U WOULD LIKE TO TAY AGAIN [{rE 15 IF NOT TYPE U7 1

HOVWV MANY ELEMENTS DOES YOUR UNKNOWN COMPOUND CONTAIN? 3
ENTExr THE ATOMIC NUMBEH, Trk ATOMIC WEIGHT» AND THE

¢CT COMPOSITION FOrR EACH OF THk ELEMENTS IN YOUR COMrOUND.
BE SURE TO ENTEf ONE SET OF NUMBEnrS FOr EACH QUESTION mMARK.

1« 2 15152
2 o 7 165,32,32.7
3+ 7 B516565.3

ATOMIC PCT. INITIAL RAT1O*2 1ATIO*3
NUMBEA COMP . HATILY

1 2 2 3.9 Sev

16 32.7 1 2 3

b 653 4 b 12

IF YOU WOULD LIKE TO TrY AGAIN TYPE 1, IF NOT TYPE U.? 1
HOW MANY ELEMENTS DPOES YOUr UNANOWN COMPOUND CONTAIN? 1
THE EMPIRICAL FORMULA FOst A COMPOUND ThAT CONTAINS ONLY
A SINGLE ELEMENT 15 STHAIGHTFORWAKD .

IF YOU WOULD LIKE TO TuY AGAIN TYPE 15 IF NOT TYPE U.?2 O

AEADY

e
L
o
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Wy sEM  JOnN MACAISOTTO 4ASIC  7/14/6% PB1 EMP Litkx
105 nEN oEVISED BY C.LOSIa 7-31-7U
W6 akr ACI)SATOMIC NOSs, BCL)=AT WTo AND Trein CC(l)/sCL), CClI)=PCT (O
130 PtlNT " TnlS PrOGrAM WILL FIND THE EMPInICAL FORMULA FOR "
140 2oINT "ANY COMFOUND CONTAINING Ur TO FIVE DIFFEMENI ELEMENTS"
159 2AINMT '
16U prINT * WHEN INFOUMATION 1S5 AEJUESTED, Tif2E IN [nE aTOMIC'
170 PRINT ' NUMBEdA, THE ATOMIC WEIGH:, AND fngE PCT COMPOSITION Br*
120 PrlNT " WELGHRT IN 1HAT Oxbeits FOi EAAMPLE, IN TnE COMP2OUND sud,'
1YU PRINT ' THE DATA WOJLD B ENTEnkED AS FOLLOW>: 16,532,500 FOa''
200 PuINT ' SULFUR AND 8,16,50 FOit OarGz=Ne"
210 PalNy
229 DIt ACD)Y»s(5),0(h)
23V LEY W=y
240 PiINT " n0W MANY ELEMENTS DUOEsS TOUs UNKNOWN COmFUOUND CONTAIN"S
coy InPdl ¢ :
2od LF 4=1 [nEN vJiu
29J Fuiw I=2 {0 5
295 1F I=4 TaEN d2u
JUu NEAT I
JUS PuINT "eNTER AN INFEGE:n FilOvi 1 £O0 S
J1V GU 10 24uU
B2V 2l NT 2L ENToa ink. . AT0AM10 - NJUMBERs - THE -ATOMIC- -WELGAT» -AND (nk'- - :
33U PoINT " PCT CorPO5ITION FOit EACn OF [nE ELEMENTIS IN YOJit COMrOUND "
d4U PHINT ' BE sJnk TO ENTEr ONE SET OF NJMSBERS FOa EACA UESTION MAntK.*'
350 LES 5=V
355 LEI F=1EZ25
357 £2nlNT
36U FOn I=1 TO ¢
370 PrRINT TAS(S5)s3I3". 3
38U INSUT ACLI), 3CL1), CCID)
383 LET B(1)=CCl)i)/B(1)
385 IF BC(I)>F THEN 390
387 LET F=3(C1)
389 REM MAKE SUE SUM OF rCr COMrs = 100
390 LET 5=5+C(I)
400 NEXT I
410 IF ABS(S~100)J<.1 THEN 76U
420 PRINT "THE °CI COMPOSITION DOES NOT TOTAL 10U PERCENT.'
430 PRINT "ADJUST DATA AND #EENTErR."
449 GO TO 32U
MU HEM  PHRINT RATIOS
760 PRINT )
770 PHINT * ATOMIC",'" PCTe "L,"INITIAL","coATI10*2","HATIO*3"
780 PRINT "NUMBER'","COMP..","HAT1O0"
8J0 FOH I=1 TO <
8l0 PRINT ACII)LCCI)LINTCLlO*B(I)/F+e5)/1u,
820 PRINT INT(20%B(1)/F+.5)/1U0.,
830 PrINT INTC(30*%HBC(I)/F+.5)/10
84U NEXT I
845 PRINT
850 IF W = 1 THEN 95U
870 PRINT " TO FIND THE EMPIsICAL FOrMULA LOCATE TnE FlnstT nHATIO"
B8OPRINT'" COLUMN IN WwHICH ALL OF (nE NUMBERS MOSI CLOSELY APPHOXIMATE'
890 PRINT " A WHOLE NUMBER."
900 GO TO 95U
930 PRINT " THE EMPIRICAL FOMMULA FOrt A COMPOUND THAT CONTAINS ONLY*
940 PRINT '* A SINGLE ELEMENT IS STHALGHTFORWARD.'"
945 PRINT
950 PRINT "IF YOU WOULD LIKE TO THY AGAIN (YPE 1, 1F NOT TYPE U.';
98U INPUT W
985 PRINT
990 IF W = 1 THEN 24u
V00U IF W<>U THEN 95U
1070 END ] :
i
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DISCIPLINE CHEMISTY.

SUBJECT EQUILIBRIUM

PROGRAM NAME EQUIL1 and EQUIIL2

DESCRIPTION:

This program calculates the effects of concentration changes
in the equilibrium systems Z2HIa HZ +I, and PC15$ PCl3 + Clz.

OBJECTIVES:

A. To show that an equilibrium system ig a dynamic one.
B. To illustrate and reinforce Le Chateliers principle.
C. An exercise in the interpretation of experimental data.

D. The significance of the Equilibrium constants.

PRELIMINARY PREPARATION:

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

B. Materials - none

DISCUSSION:

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

The equilibrium consgtant 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.

N_OTE:

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

ERIC
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TRIS PROGRAM VILL INVESTIGATE THE EQUILIBRIUM SYSTEM

8HI = HE + 2

WHAT 1S THE EQUILIBRIUM CONSTANT? -5
WAT 18 THE INITIAL CONCENTRATION OF HI? 2

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

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

EQUIL. I8

EQUIL. HI

INIT. 18 EQUIL. Ha2 IL. 1
INIT. H1 INIT. &1 INIT. KL INIT. Hl
o 2928932 2928932 «4142136
1 «1771843 1:177184 <6457513
2 1891713 3189171 7416574
3 o EOHOEHB 30302084 « 7958316
A L GRaSRA0A 4.084524 8309519
S e SOTBLTRT. .. 5e0TRVT3___ 8556546 . ... _
6 060990609 6.062996 8740078
7 05520278 7.055903 8681944
s 0528585 8.050252 +899495
9 «04564393 9.045644 +9087181
10 404161236 10.04181 9163753
il 33857601 11.03858 <922648
18 03380588 18.03581 9883884
13 03348775 13.03341 9331845
14 03131127 14.03131 «9373775
15 0894687 15.02946 9410746
Al (EQUILe H2)/(INIT. HI) MAXINUM 15 .8988938
Bt CEQUIL. I2)/CINIT. HD) MAXINUM 1S 15.08946
Cs CEQUIL. RI3/CINITe HD) MAXINUN 1S .9410746
INIT. i8 A-B~-C
seceneie 0 25 50 75 100 X OF MAXINUM
wlr. ul l.-..‘b.-.l:“-...----l.‘..-.‘-.l...-....-l
o 18 A
1 1 B A C
2 1 B ' c
3 1 B A c
4 1 BA c
s 1 A B c
6 1 A c
7 1 A B c
s 1 A B c
9 1 A B c
10 1 A B c
TR S c
18 1 A B c
33 1 A B C
14 1 A B C
1s 1 A B
Lol 1 0]
WOULD YOU LINE ANOTHER RUN (1-YES, 0-NO)? O
READY



Chemist‘ry
EQUILL

100 REM EQUILIBRIUM SYSTEM, JOHN MARCHISOTTO

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

105 DIM D(20),EC20),F(20),W(I)

106 LET DIi=0

107 LET El=0

108 LET Fi1=0

180 PRINT '""THIS PROGRAM VILL INVESTIGATE THE EQUILIBRIUM SYSTEM"
121 PRINT

128 PRINT * H] = HR + 12"

130 PRINT

140 PRINT “VHAT IS THE EQUILIBRIUM CONSTANT™}

ial INPUT K

42 IF K>e0 THEN 150

143 PRINT "THE EQUILIBRIUM CONSTANT MUST BE NON-NEGATIVE."”

144 GO TO 140

150 PRINT “WHAT 1S THE INITIAL CONCENTRATION OF HI1"3}

151 INPUT C

152 IF C>=0 THEN 159

153 PRINT “THE INITIAL CONCENTRATION OF HI MUST BE NON=NEGATIVE."
..154_G0.T0_150_ et O, e N

159 PRINT
160 PRINT "WOULD YOU LIKE THE RESULTS PLOTTED (1), TABULATID 2"

161 PRINT "OR BOTH (3) (TYPE THE APPROPRIATE NUMBER)"}

162 INPUT QI
180 IF Ql<2 THEN 195

183 PRINT

184 PRINT

185 PRINT "INIT. 12","™ EQUIL. H2%"," EQUIL. 18%,” EQUIL. HI"
186 PRINT "ecccncec®," ceccccccat,” ccccccaca’y® ccccccc=a®
187 PRINT “INITe HI",™ INIT. HI",* INIT. HI",* INIT. HI™
188 PRINT

195 LET As=4sK

196 LKT B=l-A

800 FOR X=l1 TO 16

201 LET Xi=X~-]

210 LET D(X)=(-(A+X1)+SQRCCA+X1)12+A*B))/(3+B)
820 LET E(X)=X1l+D(X)

230 LET F{(X)=1-2+«D(X)

240 IF Q1<% THEN 860

850 PRINT X1,DC(X),EC(X),F(X)
260 IF D(X)<D! THEN 870

265 LET D1=D(X)

270 IF E(X)<El THEN 280

275 LET El!=E(X)

880 IF F(X)<F1 THEN 290

285 LET Fis=F(X)

890 NEXT X '

295 IF Ql<>2 THEN 393

300 PRINT

330 PRINT “ssssse”

331 PRINT

340 PRINT “WOULD YOU LIKE ANOTHER RUN (1-YES, 0-N0)"J
350 INPUT Q2 o
360 1IF Q28>0 THEN 140

370 STOP .

390 REM PLOTTING ROUTINE FOR THREE CURVES

395 PRINT

396 PRINT
400 PRINT "At (EQUIL. HR8)/CINIT. HI) MAXIMUM IS *DI

401 PRINT "Bs (EQUIL. I)/CINIT. HI) MAXIMUM IS “El

408 PRINT "Cs CEQUIL. HI)/CINIT. HI) MAXINUM 1S "F1

403 PRINT

404 PRINT “INIT. 18"3TAB(28)3"A - B - C"

40% PRINT "====e=== 0 85 50 75 100*3

I 7

23
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206
a8
410

710

S
800
810
813
680
999

Chemistry
EQUIL1

PRINT * % OF MAXINUM™
PRINT “INITe Hl Jewemeccccc]ecccccccc]eccccccac]accacanaa]w
FOR X=1 TO 16 ‘ '

PRINT TABCS)3X=13TABC10)3%1%;3

LET WC1)=INTCA0®D(X)/D1+.5)

LET V(R)SINTCAOSE(X)/El1+.5)

LET WC3)mINTCAOSF(X)/F1+.5)

REN FIND WHICH 1S SWMALLEST, THEN PRINT IT AND MAXIMIZE IT
FOR Q=1 TO 3 R T
LET Ki=s1E20

FOR I=1 TO 3

IF WC1)>Kl THEN 640

LET KleWcI)

NEXT 1 .

PRINT TAB(K1+10)3

FOR I=1 T0 3

IF ABSCVWCI)=K1)<.00C1 THEN 700

NEXT I

STOP

.0 1P 1<») THEN 730 ... . - - . e e

PRINT "A"}

60 TO0 780

1F 1<»28 THEN 760
PRINT "B"3

60 1O 780

1F 1<»3 THEN 6%0
PRINT "C"3

LET W(1)=]1E2S
NEXT Q°

PRINT * *

WEXT X

PRINT

PRINT

@0 T0 330

END

24
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Chemistry
EQUIL2

THIS PROGRAM WILL INVESTIGA"Z THE EQUILIBRIUM SYSTEM
PCLS = PCL3 ¢+ CL&

WHAT 1S THE EQUILIBRIUM CONSTANT? .75
WHAT 1S THE INITIAL CONCENTRATION OF PCLS? 10

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

INIT. CL2 EQUIL. PCL3 EQUIL. CL®  EQUIL. PCLS
INIT. PCLS INIT. PCLS  INIT. PCLS  INIT. PCLS
0 23689168 2389168 7610832
1 06574643 1.065746 9342536
2 03553601 2.035536 264464
3 .0241998 . .3.0242 +9 758002
4 01832259 4.018323 9816774
5 +01473555 5.014736 9852645
6 0123207 6.012321 9876793
7 01058486 7.010585 9894151
8 9.877403E-3  8.009277 990 7226
9 8.856972E-3  9.008257 991743
10 7.438660E-3 1000744 9935613
11 6+767669E=3  11.00677 9932331
12 . 6.808003E-3  12.00621 993792
13 5.733609E-3  13.00573 9948664
14 5.386569E-3 1400533 9946734
1s 4.973471E-3  15.00497 9950265
At (EQUIL. PCL3)/(INIT. PCLS) MAXIMUM IS +2389168
Bt (EQUIL. CL2)/CINIT. PCLS) MAXIMUM 1S 15.00497
Ct (EQUIL. PCLS)>/(INIT. PCLS) MAXIMUM IS .9950265
INIT. CL8 A-B-C
—eeeeceaae 0 25 50 75 100 £ OF MAXIMUM
INITe PCLS le--=em-cma]eccccscecocmcomeca]oncaccena]
o 18 c a
1 1 B A c
£ 1 BA c
3 1 a B c
A 1 A B c -
s 1A B c
6 14 B c
7 1A B c
8 1A B c
9 IA B c
10 IA B c
11 1A B c
12 IA B c
13 IA B C
14 IA B C
15 1A 8
shen

WOULD YOU LIKE ANOTHER RUN (1-YES, 0-NO)? O

Iy
25
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108

Chemistry

EQUIL2
REM EQUILIBRIUM SYSTEM, JOHN MBCRISGTTO
REM axvxsm 8780770 (D. PESSEL) .
DIM mao».:mo».rmo».wa;
LET Di=s0
LET Ei1=0
LET Fis0 .
PRINT *THIS PROGRAM VILL lthS‘l‘l“‘l‘t THE EQUILIBRIUM SYSTEM"™
PRINT
PRINT * PCLS = PCLI + CL3"
PRINT
PRINT "WHAT 15 THE EQUILIBRIUM CONSTAIT"J
INPUT K

IF X>=0 THEN 150

PRINT “THE EQUILIBRIUM CONSTANT WMUST BE NON-NEGATIVE.™
@0 T0 140

PRINT “WHAT 1S THE INITIAL CONCENTRATION OF PCL3"}
1MPUT A

1F A»=0 THEN 159

"PRINT "THE IMITIAL ‘CONCENTRATION OF PCLS NUST BE NON-NEGATIVE."

a0 TO 130

PRINT

PRAINT “WOULD YOU LIKE THE RESULTS PLOTTED (1), TABULATED (®)*
PRINT "OR BOTH (3) (TYPE THE APPROPRIATE MIB)"J '

1NPUT Qi

1F 03«8 THEN 199

PRINT

PRINT

PRINT *INIT. CL8",” EQUIL. PCL3","™ EQUIL. CL8"," EQUIL. PCL3"
’Rl"r “----------“.ﬂ -----------“.“ ----------n.n cscccccsasaa’
PRINT “INIT. PCLS™," INIT. PCLS"," ll!‘i’. PCLS"™,” 1NIT. PCLS"™
PRINT

LET Bak/A

FOR X=1 'TO 16

LET XimX-}

LET D(X)=u(~- (loxl)omt(io&l)t(loll)od‘lnlﬂ

LET R(X)uX}+DCX)" :

LET F(X)mi=DC(X)"

1Fr Ql<8 THEM 8B40

PRINT Xlab(&)at(&)a'(&)

1Fr D(X)<D} THEN 280 ’

LET DleD(X)

1F B(X)<E|l THEN 880

LET El=E(X)

IF F(X)<F} THEN 290

LET Flep(Xx)

NRXT X

1F Qle>8 THEN 393

PRINT

PRINT “esses”

PRINT

PRINT “WOULD YOU LIKE ANOTHER RUN ¢1-YES, 0-NOY™}

I1IWPUT a8

1r Q28>0 THEM 140

STOP

AEM PLOTTING ROUTINE FOR THREE CURVES

PRINT

PRINT ’ :
PRINT "As (ZQUIL. PCL3I)/CINIT. PCLS) MAXINUN 1§ "D}
PRINT "Bs (EQUIL. CL8)7¢(1INIT. PCLS)’ MAXINUM 1S K} .
PRINT *Cs (EQUIL. PCLS)IUG"‘. PCLS) mtuul !S “ri
PRINT . )

PRINT “INIT. CL"ITAB(29)3™A - B - C*

PRINT “enéccscs=a @ a3 w 75 100*3
PRINT * £ OF NAXINUW" 7

26
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Chemistry
ENUIL2

408 PRINT “INIT. PCLS JELT TP S TYT LY PYIC LI LT LS ELI LI LI LD 8o
410 FOR X=1 TO 16 ’ *
420 PRINT TAB(S)3X~-13TABC(13)>3"1"3
430 LET VY(1)sINTC(R03D(X)/D1+.5%)
431 LET YW(2)sINTC(QOSE(X)I/EL1+:5)
438 LET W(3)sINTC(A0sF(X)/Fl1+.5)
580 REM FIND WHICH 1S SMALLEST, THEN PRINT IT AND MAXIMIZE IT
60 FOR 72=1 TO 3
60S LET K1=1E20
©10 FOR 1=} TO 3
630 IF W(I)>>Kl THEN 640
630 LET Klew(l)
640 NEXT I
___650_PRINT TABCKI+13)}
830 PRINT TABCKLSIDN ...
670 1IF ABSC(W(1)=K1)<.0001 THEN 700
680 NEXT I :
690 STOP
90 IF l<>»] THEN 730
710 PRINT "A"3
720 GO TO 780
730 Ir 1<>2 THEN 760
740 PRINT "B
750 G0 TO 780
760 1IF l1<»3 THEN 690
770 PRINT “C™3
780 LET W(l)=lE2S
790 NEXT Q
9% PRINT "™ *
800 NEXT X
810 PRINT
818 PRINT
880 GO0 TO 330
999 END

27
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DISCIPLINE CHEMISTRY

SUBJECT KINETICS

PROGRAM NAME KINET

DESCRIPTION:

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

’

OBJECTIVES:

A) An understanding of Equilibrium

B) The significance of the magnitude of the Equilibrum conrs“-lr:-ant: ‘

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

PRELIMINARY PREPARATION:

A. Student{1l) The distinction between initial and equilibrinum concentration
should be mrade very clear.

(2) The meaning of the terms " Rate constant” and " Equilibrium
constant, " o

B. Materials - None

DISCUSSION:

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

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

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

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

28
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Chemistry
KINET

FOR THE EQUILIBRIUM PROBLEMS YOU ARE ABOUT +0 DO, THE
DATA MAY BE PHESENTED IN THE FOLLOWING MANNER:
(INDICATE YOUR CHOICE BY NUMBER)

CHOICE 1 = TABLE OF DATA

CHOICE 2 = GRAPH OF DATA

CHOICE 3 = TABLE AND GRAPH OF DATA
CHOICE 4 = END rrOGRAM

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

oK 36 346 2 206 246 3 i 26 26 o6 2 26 26 246 o4 o4 o o6 o ke ok e e o ok ok ok ok

LET Al = ORIGINAL CONCENTRATION OF A
LET A = PERCENT CONCENTRATION OF A (A/Al1%*100)
LET P = PERCENT CONCENTRATION OF P (P/A1%100)

TIME A P
0 100 V]
«069 750788 24.9212
«138 62.57893 37.42107
«207 5630929 43.69071
«276 5316459 46583541
« 345 51.58728 48 .41272
414 50.79614 49.20386
«483 5039933 49.60067
«552 50.20029 49.79971
621 50.10046 49.89954
«69 50.05039 49.94961
PERCENT CONCENTRATION OF A(*) AND P(+)
0 25 50 75 100

TIME IEE L E TR ) E L cmcc]ecccaccne]eccccccaa 1
0 3 *
<069 1 + *
«138 1 + *
«207 1 + *
«276 1 + *
« 345 1 + %
414 1 .
«483 1 o
»552 1 o
«621 1 o :
69 1 .

29
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WHAT IS YOUR CHOICE? 2

. Chemistry
- KINET

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

? 550.1

TIME

(o}
«01254545
«02509091
«03763636
«05018182
«06272727
«07527273
08781818
«1003636
«1129091
1254545

Ll N N N NS Ao =)

a5 2 2k 2 2 ok 2k o o ok o ok ok o ko K ok 2 o 3k ok o oK ok ok ok ok K

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

+ 4+ 4+ ++ 4

WHAT IS YOUR CHQOICE? 2

L 2R 2B R BN N

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

? 10,0.1

TIME
(o}

6.272727E-3 -

01254545
«01881818
«02509091
«03136364
«137656.,6
«04390v0LY
.05018182
+05645455
«06272727

3 3 3 2 2 3k 2 2K 3 2K 3K K K 3 2 K 3 K K K 3 K K koK K K K K K

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

+ + + 4+ -

124

50 75 100
------- O e GLL L Y|
*
*
*
*
*
*
*
*
*
*
*
30
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Chemistry
KTNET

WHAT IS5 YOUR CHOICE? 2

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.

? 5545

o 2 2 o 2 o ok ok o o ok 3k ok ok ok ok o ok ok ko ok ok ok ok ok Kok

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

25 50 75 100

B L TS T T [-memmmm- clecemcmane]

*

TIME

V]
«046
«092
«138
184
«23
«276
«322
«368
414
46

+ *

N N N N N N T N e
+

+ + + + + +
*

WHAT 1S YOUR CHOICE? 2

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.

? 5502
o i o o ol ok ok ok i ok o ok ok o i ok ok i ok ok ok ok ok ok ok ok ok ok
PERCENT CONCENTRATION OF A(*) AND P(+)
0 25 50 75 100
TIME J]ermrmrcwa Joemmm- L I L T e I 1
0 # *
«023 1 + *
«046 1 + *
«069 I + *
«092 I + *
«l15 I + *
«138 1 + *
«161 1 + *
«184 1 + *
«207 1 + *
«23 1 + *

WHAT (S YOUR CHOICE? 4

READY
31
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Chemistxy
KINET

100 REM KINET HOWARD SHANNON HARBORFIELDS HS §&/15/6%

110 HEM REVISED 7T/28/69 PIB J« MARCHISOTTO

115 REM REVISED BY C.LOSIK 7-28~70 :

116 REM F,K ARE DEFINED BELOW; L IS THE TIME INCREMENTS;

117 REM G IS THE DECAY CONSTANT3 D IS THE FRACTION OF ‘'P°

120 REM THIS PROGRAM STUDIES THE KINETICS OF A SINGLE SPECIES

130 REM (A) GOING TO A SINGLE SPECIES (P),»AND APPROACHES EQUILIBRIUM
140 REM WITH (P).

150 REM IE. ISOMER EWUILIBRIUM

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

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

180 RAEM THI1S PHOGHRAM CAN THEN BE USED FOR HRADIOACTIVE DECAY.

1950 REM AN INPUT OF THE FORWARD RATE CONSTANT AND THE EQUILIBRIUM
200 REM CONSTANT WILL GIVE A PRINTOUT OF THE CONCENTHATION OF (A)

210 REM AND '(P) COMPARED TO THE INITIAL CONCENTRATION OF (A) AT 10

220 AEM EQUAL TIME INTERVALS AS IT APPROACHES 99 .9PEHCENT TO EQUILIBRIUX

230 PRINT ' FOn THE EQUILIBRIUM PHOBLEMS YOU ARE ABOUT TO DO, THE "
240 PHINT " DATA MAY BE PRESENTED IN THE FOLLOWING MANNER: *
250 PRINT " CINDICATE YOUR CHOICE BY NUMBER)'"

260 PRINT

270 PRINT " CHOICE 1| = TABLE OF DATA"

260 PRINT " CHOICE 2 = GRAPH OF DATA'

290 PRINT " CHOICE 3 = TABLE AND GRAPH OF DATA"

300 PRINT " CHOICE &4 = END PROGRAM"

310 PRINT

320 PRINT ' WHAT IS YOUR CHOICE';

330 INPUT Q@

340 IF Q> &4 THEN 1120

350 IF Q<1 THEN 1120

360 IF Q = 4 THEN 1140

370 PRINT

380 PRINT ' LET F = THE FORWARD RATE CONSTANT"

390 PRINT ' LET K = THE EQUILIBRIUM CONSTANT FOR THE HEACTION A =P"
40 PRINT " TYPE IN THE CONSTANTS F AND K IN THAT ORDER."
410 INPUT FsK

420 -PRINT

460 PRINT . . .

470 PRINT " e o 2 3 3 o o e 3 o R ok ok 3 ok 3 o o o ok ok ok ok ok ok ok ok !
480 PRINT

500 LET H = K/(K+1)

520 LET G = F/H

530 LET L=.69/G

550 LET T = -L

552 IF Q=2 THEN 690

560 PRINT '* LET Al = QORIGINAL CONCENTRATION OF A"

570 PRINT " LET A = PERCENT CONCENTRATION OF A (A/A1%*100)>"
S840 PRINT ' LET P = PERCENT CONCENTRATION OF P (P/A1%100)>"

590 PRINT

32
@ Copyright 1971, Polytechnic Institute of Brooklyn

124

ERIC

Aruitoxt provided by Eic:



7901
800
850
930
950
1000
1100
1110
1120
1130
1140
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Chemistry

KINET
PHINT (1) TIME ll,ll A ll,ll 5’ " .
PHINT ” e ma- "," -- - ll,ll -_—m- '
FOR I = 0 TO 10 ' -
LET T = T +L
LET D = H¥ (1-EXP(=G*T))
PRINT T,(1-D)*100,D*100
NEXT 1
LET T =-L
IF Q = 1 THEN 310
PRINT _
PRINT" PERCENT CONCENTRATION OF A(*) AND P(+)"
PRINT A
PRINT " ", "0 2s 50 75 100"
PRINT " TIME","I=~==-==a-]----- S L il RLE LTS AL

FOR I = 0 TO 10

LET T = T+L

LET D = H%x(1=-EXP(-G*T))

LET X = 1-D
PRINT I*L,"I";

IF INTC40*D+.5) = INTC40*X+.5) THEN 930

F INTC40%*D+.5)> INT(40#X+.5) THEN 1000
PRINT TAB(40%D+14¢5)3"+"3TABCAOXX+1445) ;" %"

GO TO 1100
PRINT TAB(40*D+14¢5)5"."

GO TO 1100

PRINT TAB(40*X+14¢5);5"%";TABC4U*D+1445);"+"

NEXT I

GO TO 310 : :

PRINT " YOUR CHOICE MUST BE A NUMBER BETWEEN 1 AND 4, TRY AGAIN."
GO TO 310 :
END

33
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‘DISCIPLINE CHFEMISTRY

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).

ORJLCTIVES:

A. To calculate and explain mass defect.
B. To introduce the concept of binding energy.

C. Conversion of mass to energy. (atomic power)

PRELIMINARY PREPARATION:

A. Stndent - 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 Iists the actual mass. (IHandbook of Chemistry and Physics,
Chemical Rubber Company)

DISCUSSION:

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

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

34
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Chemistry
MASSD ' : -

THIS PROGRAM 1S DESIGNED TO INVESTIGATE MASS DEFECT

WHICH OF THE ELEMENTS WOULD YOU LIKE TO CONSIDER?Y
HEMEMBER WE AHRE DEALING WITH A SINGLE ATOM», THEREFORE
IN ADDITION TO THE ATOMIC NUMBER WE ARE GOING TO NEED THE
ACTUAL MASsS (IN AMU) aAND THE MASS NUMBER OF THE ISOTOPE
YOU WANT TO WORK WITH.

WHEN THE MACHINE TYPES A WUESTION MARK (?) TYPE IN

.YOUHR ANSWER THEN HIT RETURN KEY. USE NUMBERS OF UP TO
S1x SIGNIFICANT FIGURESe. HOUND IF NECESSAHY TO 6 DIGITS.
IN THE VALUES FOn MASS DEFECT.

THE ATOMIC NUMBER 15 ? &
THE ACTUAL MASS I35 7 1509949
THE MAS5 NUMBEx 15 ? 16

THE SUM OF THE MASS OF THE 8 PHOTONS AND THE & NEUTHONS
PLUS THE WEIGHI OF f(HE & ELECTH#ONS 15 THE CALCULATED

MASS.

~CALCULATED MASS - ACTUAL MASS = MAS5S DEFECT
1€13199 - 159949 = «1371

THE MASS DEFECT IN TERMS OF ENERGY IS THE EWUIVALENT OF
2936 A 1019 CALe PEr MOLE OF THIS SUBSTANCE.
O 184 £ 10t9 CAL. PER GHAM.

IF WE DIVIDE THlS BINDING ENERGY BY THE NUMBER OF

PARTICLES IN THE NUCLEUS, WE GET A nATIO KNOWN AS THE

BINDING ENERGY PEf NUCLEON, WRICH 15 A MEASURE OF ThE

STABILITY OF THE NUCLEUSe THE MOHE °‘BINDING®

PER NUCLEON, THE MOHE STABLE 1S5 THE NUCLEUS.

THE BINDING ENERGY PEH NUCLEON IS : 1276744E-S5 EnRGSe« PEn NUCLEON, O
3.047121E-13 CAL. PER NUC.,

WHICh 1S MOAE COMMONLY EAPHESSED A5 8UU MEV.

THE AMOUNT OF ENEHMGY (BINDING ENEHGY) CONTAINED IN ONE
GHAM OF THIS SUBSTANCE WOULD BE SUFFICIENT TO SUPPLY ALL
THE ELECTRICAL NEEDs IN AN AVERAGE ONE FAMILY HOUSE USING
15 KW-rinSe PER DAY FOR A PExRIOD OF 14245 DAYS OR

39 YEAAS.

IF YOU WOULD LIKE TO HUN ANOTHER PROBLEM TYPE IN 1,
IF NOT TYPE IN O.
2?0

o i o e o ok o koK ook K
READY
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luvu
1US
1u6
107
130
lau
1Su
160
170
lov
190
200
21V
22V
23V
237
238
240
250
260
270
280
290
JUu
31v
320
330
34V
350
36V
J7U
380
390
400
410
420
430
440
450
460
470
475
480
490
S00
S10
Sl11
S12

Chemistry
MASSD

KREM oOnN MAXCALISOTTO PIB SUMMER 6Y BASIC
REM HEVISED urf C.LOSIK 7-22-7U

#EM AT NO=A, MA53=8, MASS NU=C

uElM  MASS DEFECT ls F

PRINT" TH1S PriOGrAM I> DESLIGNED 10 INVESIIGATE MmaASS DEFEC
FHRINT

PRINT" WwnlCn OF [nE ELEMENTS WwUULD rOU LIKE TO CONSIDER? '
PRINT" HEMEMBEHX WE ARE DEALING WITd A SINGLE ATOM» THEREFORE'

PalNT" 1IN ALVLISION TO ThE ATOMIC NUMBER WE Ank GOLING [0 NEED Tnk*
PrINI" ACIUAL AS> (1IN AMU) AND THE MASS NUMBER OF Ths I30/URrE"
PHRINT'" YOU WANT TO wO:uK WITh.

PRINT

PRINT ' WHEN THE MACAINE TYPES A WUESTION MARK (?2) TyfE LN"
PAINT ** YOUH ANSWEHR THEN nlT REIUHUN KEY. USE NUMBEHRS IJF JP T
PRINT ' S5IX SIGNIFICANI FIGURESe ROUND IF NECESSAnY TO 6 DIGITSe"
PRINT "IN THE VALUES FOn MASS DEFECT."

PalNT

PRINT

PRINT ' THE ATOMIC NUMBE« 1ls ';

INPUT A

PRINT ** TnE ACIUAL MAsSsS 1s ';

INPUT C

PRINT ' TnE MASS NUMBEK Is *;

INPUT B

PRINT

nREM G 1S AVOGADHO'S NUMBEr

LET G=6.U23E23

LET D=B - A

LET E=(]1.007258%A)+( ] UUB6T7%D)+(S.48597E~4%A)

LET F=INTCLIE4*%(E~-C)+.5)/1E4 _

PRINT ' THE SUM OF THE MASS OF THE"A"PaOTONS AND [HE"LNEUTHONS®
PRINT * PLUS THE WEIGHT OF THE"A"ELECT#ONS 1S TRE CALCULATED"
PRINT ' MASS." :

PRINT
PHRINT" CALCJULATED MASS =~ ACTUAL MASS = MASS DEFECT"
H“INT" . "E)" - llc; (1} = llF

PRINT

REM CONVERSION FACTOuS:

REM le49Y & 10-3 ERGS PER AMU

HEM 4.1Y X 1V 7 EXHGS PEH CAL.

REM 3¢6 XA lU 13 ERGS PEd KW-n

REM 93le.U MEV PEHR AMU '

LET H=(]l49E~3*F*G)/4.19E7

PRINT * THE MASS DEFECT IN TERMS OF ENERGY IS THAE EWUIVALENT OF"
PRINT INTCH/IEY+.5)"A 11Uty CAL. PER MOLE OF This SUBSTANCE,'
PRINT "OR"INTC(CH/C)I/IE9+.5)"X 1019 CALe. PEr GHAM."

PHINT
PRINT ' IF WE DIVIDE THIS BINDING ENERGY BY THE NUMBEr OF*

36
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Sy satdNi "
sl4a Pring
515 rPutINT *
516 Putinl
517 PulNT

518 PINT 1o
51Y PHINT 1.

Chemistry
MASSD

SAnTLICLES IN IHE NUCLEUSs, WE GEI A nAllI0 ANOLN AS
BINDING ENERGY PEn NUCLEUN, Wniln I35 A MEASUNE OF
STABILITY OF [RE NUCLEUS. Tnk MNOKE °*BINDING'"
PER NUCLEONs, THE MORE SFABLE IS fnE NUCLEJS."

[ne S8INDING ENExGY PEi NUCLEON I> 3';
4YE-S*#F/B"E:iiGSe rkn NUULEON, Un';
4QYE-J3*¥F/(B*x4+19ET)"CAL. PEi NUC»"

tnhe"
r‘IEl'

S0P INT" wAlCn IS MOAE COMMONLY EArakESSED AS"IOU*INT(Y3LI*F/B+.5)"MEV."

522 LET J =
528 PRINT

530 PRINT "
S4u PRINT
55U ¢nlNT "
56U PuINT *

570 PuINT
560 PINT "
S5wu PotINT "
60U INPUT M
61U PuINT
62U PRINT "

(CH/C)*4.19ET7/3.6E13)/16

TRE AMOUNI OF ENEAGY (BINDING ENEAGY) CUNIALNED IN ONE"
GitAM OF THIS SUBSTANCE WQULD BE SJFFICLENT (0 SUPPLY aLL"™
ThRE ELECTalCAL NEEDS IN AN AVERAGE ONE FaMILY nOUSE USING"
15 Kiv=hitSe PER LAY FOuit A PEUIOD OF"INTC(U+e3)"DAYS On"

$65 PHINT INT(C(J/365)+5) "YEAuS."

IF 10U WOULD LIKE TO sUN ANOTnE:x PunOBLENM [YPE IN 1,"

IF NOT TYPE IN Ul

OV ok ok o ok ok Ak ke ok ok kY

63U IF M=1 TnEN 24U

64U IF M<>U
65U END

EADY
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DISCIPLINE CHEMISTRY

SUBJECT ACID - BASE TITRATION

PROGRAM NAME___ MOLAR

DESCRIPTION:

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

OBJECTIVES:

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

PRELIMINARY PREPARATION:

A. Student - This program can be used with students who have had
no preliminary preparation or those with extensive preparation.

B. Materials - none

DISCUSSION:

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

This program may be used in lab, as check on homework problems,

-and for tutorial work.

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

Moles H+ = Moles OH™
(MA)(VA)(n) = (M)(VB)(n) V = volume in liters
n = subscript of the H
or OH
38
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Chemistry
PHPOH

[ 4

THlS PROGHAM 1S DESIGNED TO CALCULATE THE UNKNOWN MOLARITY
IN AN ACI1DL-HASE TITRATION.

WHAT 15 THE SUBSCAIPT OF THE H+ IN THE ACID FOHMULA.
AND THE SUBSCHRIPT OF THE OH= IN THE BASE FOAMULA? 2,1

HOW MANY ML OF ACID, AND nHOW MANY ML OF BASE
WEnE USED? 1975100 '

Is THE KNOWN MOLARITY FOI THE ACID On ¥tnkE BASE?
ANSWEr 1 FOit ACLID O 2 FOR BASE? |}

WaAT 13 r'hk MOLAKITY OF THE AFID? 55
ANDSWEN: ik BASE 18 2167 M

DO YOU WANT TO WOdK ANOTAEK PHROSBLEM? ANSWE:x 1 FOui YES
Ot v FOu NO? 1

A6 0 R R R K K oK

wHAT IS [nE SUBSCRIPT OF THE H+ IN THE ACID FOnMULA,
AND THE 5SUBSCAlPT OF TrnE OH- LN [hk BASE FORMULA? 3,1

AOW MANY ML OF ACID» AND nOw MANI® vl OF BASE
WEitE USED? Us2v.3

15 ok ANOWN MOLAiI LY FOr ThE ACID On ThnE BASE?
ANSweEs 1 FOit ACLD 04 2 FOR BASE? 1

wrAl Is I'nme MOLAKITY OF ThE ACID? 2.0
ANSWEt: ThE OSASE IS U M.

00 rOU WANT [0 WOnA ANOTHE PHROBLENM?  ANSWER | FOit 1ES
Oit U FORt NO? 1

A R AR KKK K
WhRAT I> Trnk osubsCrIPT OF ok n+ In fng ACID FOuMULAS
AND IRk SUusCitlpl OF THE On- IN Ine sAbE FOuMULA? 251

nOW mANY Ml OF ACIDs, ANU nOW MANY ML OF BAsE
WERE USED? 15e0s24e7

15 fhE ANOWN [MOLAAITY FOu TheE AULID Un [nk BHALE?
ANSweit 1 FOit ACIDL Oit 2 FOit BASE? 2

WhAT 15 [HE MOLARITY OF [dk BASE? 1.5

ANSWEN: ThE ACID IS5 123 M.

DO YOU WANTF TO WORK ANOThEA PrUBLEM? ANSWEM | FOit YES
Ot U FOr NU? U

8K K K R R R OK

ADI
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100
W5
1v
120
130
140
150
16V
165
170
180
190
200
205
210
22V
430
240
250
26V
amw

Chemistry
PHPOH

REM AAulY DORFMAN 7716768 JORN GLENN HeSe ¢ HEVe 7/10/69 )

HEM SEVISED BY C.LOSIK 7-23-70

PRINT "THIS PHOGHAM IS DESIGNED TO CALCULATE THE UNKNOWN MOLAHALTY"
PHRINT "IN AN ACID=BASE TITRATION.'

PHRINT

PRINT ~
PrINT ' WHAT 1S THE SUBSCRIPT OF ThHE n+ IN THE ACID FOrMULA,"

PHINT " AND THE SUBSCRIPT OF THE On= IN THE BASE FOuMULA"3
HEM DsCms # OF H+, # OF OH-

INPUT D,C '

PRINT

PRINT " nOW MANY ML OF ACID, AND nOW MANY ML OF bLASE"
PHINT " WERE USED';

HEM E,F= ML ACID, ML BASE

INPUT ELF

PHINT
PHRINT ' 1S5 THE KNOWN MOLAHRITY FOR THE ACID O ThHE BASE?"

PHRINT ** ANSWEH 1| F2R ACID OR 2 FOR BASE"3
INPUT &

‘PRINT

IF £ = 2 THEN 360

IF 4<>]1 THEN 24V

PHRINT ' WHAT 1S THE MOLARITY OF THE ACID";

INPUT A

LETBa (E*A*D)/(C*F)

PHINT

PRINT

PRINT " ANSWER1 THE BASE 1S "INTC100#B+.5)/100"M."
GO TO 420

PRINT * WHAT 1S TAE MOLARITY OF THE BASE"3

INPUT B

LET A=(C*F*B)/(D*E)

PRINT

PRINT

PRIND " ANSWER: THE ACID IS "INTC100%A+.5)/100"M."

PRINT

" PRINT

PRINT " DO YOU WANT TO WORK ANOTHER PHOBLEM? ANSWER 1| FOR YES"
PRINT " OR O FOR NO"3 :
INPUT X

PRINT
PRINT " sssdsisnpnnnkps’

IF Xe] THEN 130
IF X<>0 THEN 430
END .

40

{31 o

@ Copyright 1971, Polytechnic Institute of Brooklyn



O

ERIC

Aruitoxt provided by Eic:

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 the 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 used in different ways, depending upon the ability

level of the group.

L  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 theBasic 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; value and the concentration

approaches 1 ~ 1077,

41



Chemistry
PHPOH

nlo PaUGasm wilLL Flab (nk £os rPuns AND #ULF D1D20ULALLION
MU v A MONOPAUJLLIL nallue.

am Or AL =2 le-b
vl coNCeENLawi el U Aclu =2 1

'n= ded Fun= 1lle> PUle Uloosullnlluns «3157202

ANT BURE Pausbbco (1=1Ess uswudl |

AV Ui AClD =7 le=Y
wULan slNLNLAliuN Jr el =2 2

rn= 1ed5% SIn= ldes PCTe DIDSOCIALION= Zedllgub
G mdse PuOobeno (l=res, U=N0Y? |

AA OF ACIb =2 lE-10

MOLAn CUNUENIRATLIUN OF ACLD =7 1

“n= 5 run= Yy £CLe plsduLlarTlon= 9-9;0850L-4
ANT MOtk P10B8Lkivs (1=YES, u=NOY? 1

AR OF ACID =7 1g-l15
MOLAn CONCENTATION OF ACID =7 2

fh= 6.96 POr= 7.04 £CTe DISSOCIATIONE YeledbT7uyk=7

ANY MOxE PrOBLEMS (1=YES, u=N0)? U

HEADY
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1oy
1ul
3
110
l4u
15v
170
180
190
20U
202
204
210
220
230
24V
250
260
270
280
29U
Uy
3lu
32V
330
340
350
36v
37V
380
390
41v
430

445
450
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Chemistry
PHPOH

HREM PrrOn*  JOHN MARCHISOTTO 7/1U/69Y CHEMISIAY BASIC

AEM  HEVISED BY C.LOSIK 7-22-7

HEM A IS Thnk KA, 8 IS THE MOLAR CONC.

AEM PROGRAM DOES ONE CALCULATION AT, A I'INME.!

PRINT "Tals PndGRAM WILL FIND THE Phns, POH» AND PCT DISSOCIATION'
PRINT ""FOsi ANY WEAK MONOPAOTIC ACID." :

PRINT ' .

PRINT KA OF ACID =";

INPUT A

IF A<=0.5 [HdEN 210

PRINT ""ANsSWE;t INVALID FOs WEAK ACID. TAY AGAIN.'
GO TO 19v ’

PRINT " MOLAx CONCENTHATION OF ACID ='"3

INPUL B

PRINT

LET 5 = A#B

IF S>=1E-12 THEN 25U

LET H = Sux(S+lE=14)

GO 0 2v0 )

LET h 2-A/2+(SJun(Aat2+(4*%A%B)) ) /2

LET [ = 1E=l4/n

LET #t = H={[

LET C = «L0G (H)/2.,303

LET b = 14 - C

IF B<lE-5 TAEN 36u

LET E = g&/B*100

GO TO 37u

LET E = 100

PRINT "PH="INTC(lO00%C+¢5)/100,"P0n="INTC10O0%D+.5)/100,
PRINT "PCT. DISSOCIATION="E )
PINT '
PRINT ' ANY MORE PROBLEMS (1=YES, U=NO)"3

-

"INPUT N

IF N=1 THEN 170
IF N<>Q 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 sample calculation which is optional.

OBJECTIVES:

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

B. The program may be used as a calculator to:

1) Illustrate the Law of Multiple Proportions
2) Illustrate the Law of Definite Proportions
3) Work out percent water of hydration, percent sulfate,
nitrate, etc. (see discussion)
4) Check homework problems, class problems, lab problems, etc.

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

PRELIMINARY PREPARATION:

A. Student - 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

DISC USSION:

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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Chemistry
PRCNT

tnis ruUGrAm 15> DESIGNED {0 CALCULAYE fnE PEMCENT
. COF OS5I 110N UY WEIGAS OF A CONMrOUND THAL #MAY CONIFAIN
FuOr 2 (0 5 pLEMENTS.

DU (04U waxnd [0 skk A SAmcLe CALCULATION?
ANSHEss L FUOsi fES Ui v (LEa0) FOn nO? |

=nAiirLe 3 fnE renCENT COMFOSITION OF sULFJall aclivp

L=l w1l = Aruxle welGni OF nruntOGEN

LEY Al = ThE NO. OF nibDaOGEN AVOM> LN Ink FOuweULA
LE L we = fne ALOMIC WelGn[ UF SULFJn

LED A2 = tng NUe OF SULrdit afols 1IN faeg Fumusdla
LEt wd = The ATOMIC WEIGnLY UF UAYGEN

LEYL AC = Thi NU. OF VAarGEN ATUOrs 1IN thb FOnMuLA

sOudedla wiklGni Or SJULFUslC ACLL
Civl*xAl) + (wexa2) + (W3*n3)
Cleuutkiz) + (32.0064%1) + (15.999%4)
Jbeu 76

-

wnun

o e

(Wlxal/Z1)xluy
(ledUB%R2/9b U 7HI)*10U
2.UUH

resCheNT N
FIUCENT n
rEACENT n

(WekxRA2/7Y)*1Iu
(32.064%] /Yb.0UT6)*1UU
32.6Y3

renCeENT o
- PEACENT 5
PEACENT o

PERCENT 0 = (WU*xA3/Y)*x1uV
PEHCENT O = (15.999%4/98.076)*10U
PERCENT O = 65.2514

DU YOU WanT TO DO A PnOsLEM ?
ANSWER 1 FOit YES Ost U (ZEn0) FUir NO? 1

WHAT 135 ThE NUMBER OF EL=MENTS IN fhE FOnMULA? 3

TYPE (ThE ATOMIC WEIGHI,NO. UF ATOMS) FOr EACH ELEMENT,
ONE ELEMENT TO A LINE.

? l12.01l1l,12

? l.uvps,22

7 154999511
Ak o o AR oK oK oK A K ok K K K Kk ok ok kK

FOAMULA WEIGHT = 342.297

ATOMIC WEIGHI NOe. OF ATOMS PEHCENT COMPOSITION

12.011 12 4210729
l.uus a2 6e479504
15.999 11 Sle4l4l2

o K K o oK K K ko A KR R Kt AT K K Kk ok ok ok K
DO YOU WANT TO DO ANOTHEr ritOBLEM?
ANSWE# 1| FOR YES Or U (ZErO) FOR NO? O

READY

O
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HEM nte SHANNON, HARBOAFIELDS neSe. 7/23/68 (REV 7/1b/69)

REM ‘EVISED BY C.LOSIK 7-23-70

nREM THE SAMPLE CALCULATION EAPLAINS HOW THIS PrOGrAM WOHKS
nkEM CALCULATES PERCENTAGE COMPOSITION BY WEIGHT OF A COMPOUND
PaINT ** THIS PROGRAM IS DESIGNED TO CALCULATE THE PEHCENI'
PRINT '""COMPOSITION BY WEIGHT OF A COMPOUND THAT MAY CONTAIN'
PRINT "FrOM 2 TO S ELEMENTY.'

PRINT

PRINT ** DO YOU WANI TO SEE A >AMPLE CALCULATION?'

PRINT "ANSWER 1 FOit YES OH U (ZERO) FOx NO';

INPUT A

IF X = U THEN 460

IF A<>1 THEN 170

PRINT

PRINT "EAAMPLE 3 THE PERCENT COMrOSITION OF 3SULFU&KIC ACID "
PRINT

PRINT "LET W1 = ATOMIC WEIGHT OF HYDROGEN'

PRINT ** LET Al = THE NO. OF HYDHOGEN ATOMS IN TRE FORMULA"
PRINT "LET W2 = THE ATOMIC WEIGAT OF SULFUR"

PHINT ' LET A2 = THE NO. OF SULFUR ATOMS IN THE FOaMULA'
PRINT "LET W3 = THE ATOMIC WEIGHT OF OAYGEN"

PRINT ** LET A3 = THE NO. OF OXYGEN ATOMS IN THE FOxRMULA '
PRINT

PRINT * Y= FORMULA WEIGHT OF SULFURIC ACID"

PRINT " Y= (WlxAl) + (W2*A2) + (W3%A3)"

PRINT ** f= (1.008%2) + (32,064%1) + (15.999%4)"

PRINT ' Y= 98.076"

PHINT

PRINT "PERCENT H = (W1*Al/Y)*100"
PHINT "PERCENT H = (1.008%2/98.076)%100"
PRINT "PERCENT H = 2.005" ’

PRINT

PRINT "PERCENT S = (W2%A2/Y)*100"

PRINT “PEHCENT S = (32.064%1/98+076)%100"
PRINT "PERCENT S = 32.693"

PRINT

PRINT "PERCENT 0 = (W3*A3/Y)>*100"

PRINT "PERCENT O = (15.999%4/98.076)%100"
PRINT °*PERCENT 0 = §£5.2514" -

PRINT

PRINT " DO YOU WANT TO DO A PROBLEM 27" .
PRINT "ANSWER 1 FOR YES OR U (ZERO) FOR NO"3
INPUT X

IF X = 0 THEN 770 .

IF X<>1 THEN 470

DIM W(5), A(S)
PRINT )
PRINT ' WHAT 1S THE NUMBER OF ELEMENTS IN THE FORMULA™3
REM J = NO«. OF ELEMENTS IN THE FORMULA

INPUT J -
REM THIS LOOP CHECKS FOR VALID ANSWER
FOR I=2 TO S

IF I=J THEN 560
NEXT 1 .
PRINT °**THIS PROGRAM CONSIDERS COMPOUNDS WITH 2 TO 5 ELEMENTS."
GO TO 510

LET Y = O =
PRINT " TYPE (THE ATOMIC WEIGHT,NO. OF ATOMS) FOR EACH ELEMENT,"
PRINT ' ONE ELEMENT TO A LINE."

FOR I = 0 TO J-1
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DISCIPLINE CHEMISTRY

SUBJECT STOICHIOMETRY

PROGRAM NAME STOICH

DESCRIPTION:
This program solves masg-masgsg, 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

OBJECTIVES:

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 must 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 calculations.
"2. Can be used in conjunction with a problem exercise in class so teacher

can go around and give individual help.
B. Outside of Class

"1. Tutorial Work
~2. Students can check homework problems during study periods or after

school.
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Chemistry
STOICH

L0 YUU Wlsn TU sSalP Iank INSTAUCTIONS? 1 KOst IS »U MU NU? U
Indo PalGitAm 5 Desl1GNEDL TO SOLVE:

le MALD=MADYS PrtULLEMS

2e¢ MASS-VOLUNE PROBLEMS

Je VOLUNME=-VULUGE PiusLio

SUE CENeanaL INSTaUUTiUNS FUit USING IneE ru0Gharm wiLL
s nelirJl AL 1nato TlEe :
le IF IWwu PlECES UF DATA Ank fEWUESTEDs SE oURE [Q
GlVhk nain I InE OMUEK fREJGUESTED AND SerAnAle
InE% Wlin aA COuvidAe
2e Ik LALANCED EWURTIUN Lo 1nE Fiast rnlaG
WEEDED wiin bACH Ire OF rPaUpLEM 50 nAVE 11 PhEPANED.
de Ink FOiwULA whlGhito Aul NEREUED NEar U naVE Inegi
PP Aiele

flon ine e Ur CALCJLATIUN YOJ LESIAE BY AnawenlNG 1ne
FULLOWING wJESTIUN vilin a la2s O 33

1 FUil MADS-MAS3S CALGULAT LOivo

2 Fuai SAa0o=-VULUNME CALCULALlluvd

3 FuUin VOLUME~-VOLUME CALCULATIONS

thAT Lo FRE NUNBEs OF fOUn ChOICE? 1
Ak o o ek A e K R ok ok Kok

FRUOVIDE TrnE FOLLUOWING DATA FOR THIS MASS~-MASS £A0BLEMS

HOW WANY MOLES OF "KNOWN "COMPOUND AND UNKNOWN COMPOUND ~~
AlE SHOWN 1IN THE BALANCED CrEMICAL EQUATION? 151

WAl 13 TnE FOuMULs WELGRT OF THE KNOWN COMPOUND

AND The undENOWN COre?OUND 2 1uuaeSe

WHAT MASS, IN GuAMSs UF TRE ANOWN COMPOUNDL 135 1NVOLVED

IN [nE CnEmICAL nEACI1ON? (F tnls INFOumallON 1S AVALLABLE
IN MOLES ANSWEM LEiO (U) AND WALIT FOxt TnE NEAT WUESTION? SU.U
ANSWENRDSS eevcceosccvccccscsce o5 MOLE> OF UNKN. CPDe

® &0 000 00O PSPPI OIOGIOISGDS zd GF‘AMS OF UNK{NO CPDO

e ok ok ok ok ok 3 o ok ok ok ok

DO 70U Wlshn TO SOLVE ANOThE:it PHROBLEM? ANSwen 1| FOu M-,
2 FOn M=Vs 3 FOu VU-VUs AND LEnO (U) {0 END Ine £i0GiunMe? 2

LRI IR ETIEEEE L
PAOVIDE TrnE FOLLOWING DATA FOut [nlo lAS5-VOLUe PitOBLEMS

HOW MANY MOLE> UF KiiOWww COMrOUND AND UNANOWN COMrOUND
Akl s3n0uUN IN The SALANCED EQUATION? 2.2
WRAT IS5 TnE FOrMULA WEIGHT OF THE ANOWN COtrOUND ANL ThE
UNKNOWN COMPOUND? lbaZ2
WHAT t1A35, IN GrAMS, OF THE KNUOWN COMPOUND 1S 1INVOLVED
IN THE CnEMICAL AEACTION? IF ONLY VOLUME 15 ANOWN
ANSWER ZE&Q (U2 AND WAIT FOs TnE NEAT QUESTION? 20.u
m\swEns: ® 0 00 00000 0000000000000 0 00000 1.111111 PIOLES OF UNKN‘ GAD~
® 0 00 00000000 000000000000 0000 24.666&9 LITEHS OF UNAN. GAD~

LEEEE L ELEL LS LT

DO YOU WIsrd TO SOLVE ANOTnEix PH{OBLEM? ANSWER 1 FOr M-Ms
T2 FOu M-V, 3 FOr U-U, AND ZEnO (U) TO END TAnE PuOGiAM«? 3

8K ko kR R K kR ROk K K

lt5
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Chemistry
STOICH

rOVIDE Tne FOLLOWING DATA FOn Inl3 VOLUME-VOLUMNE ruiOBLEMS

HOw MANY MOLES KNOWN GAS AND UNANOWN GAb Ase 5hO0WN
IN [hRE BALANCED EWUATION? 1.3,3
WHAT I3 ThE VOLUME IN LITE:is OF FRE ANOwit GA> 1NVOLVED
IN ThE CHEMICAL AEACTION? (VOLUME MUSE BE AT 51P)? 146

ANDWEILZ eceecsecscccsccscsscsscssccsscee J36e923) LIIENS OF UNKN.

LR EEEZESRERER S L 2

DO YOJ wlsh [0 SOLVE ANOTdEn PrROBLEM?  ANOWEN 1 FUit 11=t»
2 Fuuw =V, J FUi V=V, AND ¢ENO (U) U Env [nE PrOGrAlie? 1

A A K R K K
rrOVIDE TAk FOLLOWVING DATA FOit ThIS MASS-MASS ra0BLEMS

RUW MANY MOLES OF AXNOWN COMrPOUND AND UNANOWN COMFPOUNL
AnE SHOWN IN THE BAULANCED CHEMICAL EWUAFION? 1,1

WHAT IS5 THE FOmMULA WEIGAT OF TnkE KNOWN COMPOUND

AND [HE UNANOWN COMPOUND ? 56,74

WHAT MASS, IN GitAMS, OF THE ANOWN COMPOUND IS INVOLVED

IN TnE CAEMICAL gEACTION? IF ThlS INFORMATION 15 AVAILABLE
IN MOLES ANSWEAR LEKO (U) AND WALIT FOn [nE NEAT UESTION? U
AOWw MANY MOLES OF ANOWN COMPOUND WERE INVOLVED IN

ThnE CHEMICAL HEACTION? 2.9

ANSWEILS? eecccssscccssscses 2.9 MOLES OF UNKN. CrD.

scecescesscccccccss 2146 GrAMS OF UNKN. CPD.

LR R E R EEELEELE L]

DO YOU WISH TO SOLVE ANOTHER PROBLEM? ANSWER 1 FOA M-M.,
2 FOrt M=V, 3 FO:xt V-V, AND ZEHO (U) TO ENL THE PROGHAM.? 2

ok o o kR kR K
PrOVIDE THE FOLLOWING DATA FOR THIS MASS-VOLUME rHROBLEM:

HOW MANY MOLES OF KNOWN COMPOUND AND UNKNOWN COMPOUND

ARE SHOWN IN THE BALANCED EWUATION? 1,2

WHAT IS THE FORMULA WEIGHT OF THE KNOWN COMrPOUND AND THE
UNKNOWN COMPOUND? 2,23

WHAT MASS, IN GRAMS, OF THE KNOWN COMPOUND 15 INVOLVED '
IN THE CHEMICAL HREACTION? IF ONLY VOLUME IS KNOWN

ANSWER ZERO (0) AND WAIT FOr THE NEXT WUESTION? O

WHAT 15 THE VOLUME, IN LITERS» OF THE KNOWN GAS

INVOLVED IN THE CHEMICAL REACTION? (VOLUME MUST BE AT STPY? 212

ANSWERSZ eescccesoccccscsccses lBeY2857 MOLES OF UNKNs CPD.
. sessssesssssssssssse 435.3571 GrAMS OF UNKNe. CrD.

A e 2 o ok ol ok ok kK K kK K

DO YOU WISH TO SOLVE ANOTHER PROBLEM? ANSWER 1 FOr M=M,
2 FOR M-V, 3 FOR V=V, AND ZERO (U) TO END THE PROGHAM.? O

LA EEE SRR RS R LR
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Chemistry
STOICH -

fEM nAditY DOuFriaAN, JOnN GLENN Nede7/23/60 C 8EVe7/9/6Y )

#EM  HEVISED BY C.LOSIK 7=-22=70 - o

#EM  DIFFERENT VARIABLES AME USED IN EACH rPiOBLENM

wkEd  TneElg MEANING MAY 3E DETEs#MINED BY LOOKING AT EACn SECTiOwN
kM OF ThnE PHUGHAM (VARS. COLESPOND Wlid INPULFS AND PaliNTs)
b Tnls PndGrAM Is DESIGNED TU SOLVE MASS-MASS, MASS~VULUME »
fAEM AND VOLUME=~VOLUME ~2:tOBLEMS. :

nEM

ied EACR fwrJl nAS A DIFFEAENT Lei [En COAAESPUNDING TO

Rty fnk INFUAMATION IN I'nE PulNTED WUESTION.

139 AV

rrlNL " VDU TOU WIS TO SKI1P? Thi INSERUCTIONS? 1 FOuit riEs> »uU Funt NO S
INPJT ¢

IF 4=1 TREN 32U

IlF ¢<>u ThEN 14du

PrlINT “THIS PrUGIHAM I> DESIGNED TO SOLVE:™
P INT le MNASS-MASS PrOBLEisS*"

PuclNT " 2e MASS-VOLUME PrOBLEMS*
PalNy " Jde VULUME~VOLUME raUsLEMS®
PRINT

PulNT "SOME GENEanL INSInUCTIONS FOn USING Tak riOGRAM WILL"

PAlINT “BE nELFFUL AT Tnls TIME."

PRINT * l« IF TWO PIECES OF DATA ARE HEWUESTED, BE SURE TOo"
PRINT GLlUE TnEM IN TnE O#DER REWUESTED AND SEPARATE"

PoINT THEM WIId A COMMA'

PRINT 2+ THE BALANCED EuUATION 13 IHE FIHSI TnING'

PoINT" NEEDED WITn EACHA TYPE OF PrOBLEM S0 HaVE IT PREPARED."
PRINT 3« ThE FORMULA WEIGhIS AiE NEEDED NEAT S0 HAVE TdEM"
Pl ot PREPALED."

PiinT

PriNT -

PINT "PICK rRE I'YPE OF CALCULATION YOJU DESInE oYy ANSWERING [nE**
PrlNI"FOLLOWING wUESTION WITH A 1,2, On 33

PRINT" 1 FOit MASS-MASS CALCULATIONS™

PrINT® 2 FOn MASS-VOLUME CALCULATIONS®

PRINT" 3 FOit VOLUME=-VOLUME CALCULATIONS'

PAINT

PRINT “WHAT 1S5 TAE NUMBER OF YOU& CHOICE";

INeUT A

PHINT " 5 dekokokokokofoKk Kok ok ok okok

PRINT

IF A=l THEN 479
IF A=2 THEN o3du
IF A=3 THEN1150

PrINT “USE 1, 2, Ot 3. TRHY AGAIN."

GO TO svu

PRINT" PHOVIDE THE FOLLOWING DATA FOr Idls MASS-MASS PROBLEM:"
PRINT

PRINT"HOW MANY ¢OLES OF KNOWN COMPOUND AND UNKNOWN COMsL UUND'
PHINT "AdE >HOWN IN [nE BALANCED CheEMICAL EWUATLON':

INPUT B,C

PRINT"WHAT IS THE FOMMULA WEIGHI OF THE KNOWN COMrQUND*
PHINT ** AND THE UNKNOWN COMPOUND *;

JUNPUT DSE
PHINT'' WHAT MASS, IN GRAMS, OF THE KNOWN COMPOUND IS INVOLVED"

S560PRINT' IN TAE CHEMICAL nEACTION? IF Thls INFORMATION 1S AVAILABLE"

570
580
590
6UU
61V
620
63U
640

PHINT " IN MOLES ANSWER 4EnO (U) AND WAIT FO.d ThHE NEAT WUESTION';
INPUT F : '

IF F=0 THEN620

LET G=F/D

GO TO 650
PRINT' HOW MANY MOLES OF KNOWN COMPOUND WEHKE INVOLVED IN™

PRINT " THE CHEMICAL HEACTION';
INPUT G

15
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Chenistry
STOICH

650 LET H=(C/B8)*G

66U PUINT' ANSUEILS: seeesessssssessess' i MOLES OF UvdNe UrLe"

670 LEIl J=znxg

600 PiINT * teecsrssessssanss s GuANS OF UNAN. Crb."

60 rrlnt

TUU PriINT " "%, "0 amakooxok ook ook ok o4 o K ok k00

710 PRINT .

720 PoINTDO 10U Wlsh IO SOLVE ANOTHREA PLOBLEM? ANSWEX 1 FOR (=M,"
730 #rINT * 2 FOA M=V, 3 FOut U=V, AND 4EnC (u)d 10 £END THE PiOGuAM.";
740 INPUT Y

745 PiINT

750 PieInt A 2 L 22 2 22 eyl

760 PoINT

770 IF Y¥=1 [nEN 470

6V IF Y=2 TnEN s3du

790 IF Y=a3 Takn 1150

bul IF Y<>U THEN B10

bJsS STOP

8lu PLINT ** YOU MUST USE Uslas2s Ot 3 TaaY AGALIN."

b2y GO TO 72v

83U PRINT ' PuOVIDE TrkE FOLLOWING DAIA FOu Tnis MASS-UVOLUME PrHOSLEM:'
B840 PrINT

B850 prInT ** HOW MANY MOLES OF KNOWN COMPOUND AND UNKNOWN COMSOUND'™
o6V PuINI * AnE ShOWN IN THE BALANCED EWUATION';

870 INPUT A.L

880 PHRINT "WnAT IS THE FOHMULA WEIGHT OF I'nE KNGWN COMPOUND AND THE"
oYV FuiINT ** UNKNOWN COMPOUND';

KUY INPUT MaN

Y10 PRINT' WhAl MASS, IN GRAMS, OF TnE KNOWN COMPOUND IS INUYOLVED'
Y20 PRINT' IN IHE CHEMICAL REACTION? IF ONLY VOLUME IS KNOWN'

930 PRINT ' ANSWER ZERO (0) AND WAIT FOr IhnkE NEAT QUESTION';

94U INPUT P

Y50 IF P=0 THEN 1040

960 LET ut=C(L/K)*(P/M)

970 PRINT"ANSWERS? ceersscsscsssssssessssnnssesH'MOLES QF UNKN». GAS"
980 LET S=n%x22.4

990 PRINT" seccssssessessssssesssessssss’S LITERS OF UNKN. GAS"™
103U GO TO 69U T

1040 PRINT' WHAT IS THE VOLUME, IN LITERS, OF THE KNOWN GAS'

1050 PHINT*INVOLVED IN THE CHEMICAL HEACTION? C(VOLUME MUST BE AT STP)';
1060 INPUT &

1070 LET T=(uW/s/22.4)%C(L/7K)> :

1080 PHIN:I‘" ANSWERSZeeevcevseerssssssssss'T" MOLES OF UNKNe. CPD.'"

1090 LET U=sT=*N _ . '

1100 PRINT" soesssessessessasss U GRAMS OF UNKN. CPD."

1140 GO TO 690

1150 PHINT "PROVIDE THE FOLLOWING DATA FOxt ThlS UQLUME-VOLUME PROBLEM?2"
1160 PRINT R

1170 PRINT "HOW MANY MOLES KNOWN GAS AND UNKNOWN GAS ARE SHOWN'

1180 PRINT * IN THE BALANCED EWUATION':

1190 INPUT U,V

1200 PRINT' WHAT IS THE VOLUME IN LITEHS OF THE KNOWN GAS INVOLVED"
1210 PHAINT " IN THE CHEMICAL REACTION? (UVOLUME MUST BE AT STP.)";
1220 INPUT W ) :

1230 LET A=(U/0)*w

1240 PHINTANSWEH: ssssssscecssssssecssssssnsses ' X"LITERS OF UNKNs GAS*"
1280 GO TO 69V

1300 END
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HUNTINGTON COMPUTER PROJECT

A TEACHER'S MANUAL

(COMPUTER - RELATED MATERIALS)

S econd Edition

January 31, 1971

Dir-ctor: Dr. Ludwig Braun
Assistant Director: Dr. Marian Visich, Jr.

Polytechnic Institute of Brooklyn
333 Jay Street
Brooklyn, New York 11201

- Developed by the Huntington Computer Project during the period
May, 1968 and September, 1970, This effort was supported by the
National Science Foundation under Grant No. J000079,




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

which participated with us, and by the Project staff,

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

hearing of any which emerge in the future,

These programs run in the version of BASIC which existed on
the TSS-8 in.August, 1970, and should run on most other versions of
BASIC., The major potential problem on other machines is the output
format (DEC uses 14 columns per print zone, while some other manu-
facturers use 15; we used the TAB function, which doesn’t exist in
all BASIC compiles), It may be necessary to make some minor
changes in programs to adjust this format. Another possible
problem is in the use of the RANDOMIZE cammand in some programs
to start the random-number generator at a random point, If this
command is not évailable, 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, aund are especially anxious to hear of any novel

ways of using them.

Ludwig Braun

Marian Visieh, Jr,

O
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TABLE OF CONTENTS

BIOLOGY

Volume I
DROS
Game approach to determination of the genetic
characteristics of Drosophila. -
EVOLU
Simulated experiment - The relationship between
evolution and natural selection is accomplished by
studying a population of mutant moths.
GAMGN
Review of gametogenesis using diagrams and questions.
MEMBR
Experiment simulation showing the active and passive
transport of materials across @ membrane.
NZYMC
Simulated experiment - Degree of enzyme reactivity
varies as environmental conditions are changed.
NZYM2
Simulated experiment - Maximum enzyme reactivity is
shown as being dependent upon an interaction of
environmental conditions.
PHOSYN

Simulated experiment - Photosynthetic production of
sugar varies as student varies light intensity or
carbon dioxide concentration.

EARTH SCIENCE

CLIMAT

Practice in identifying climates and climatic patterns.

CLOUDS '
Explores problems related to the formation of cumu-

liform clouds.

WATER1

A tutorial program which goes through the calculations

of a water budget.

WATER2
Prints out a complete water budget.
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20

25

38

45

54
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Volume II

CHEMISTRY

ATWT
Calculates atomic weight from percent abundance of

isotopes.

AVOGA
Calculates Avogadro's number.

DECAY1
Radioactive decay is treated qualitatively in a game-
type situation.

DECAY2
Calculates half-life, mass and prints a table showing
mass or number of particles of a radioactive sample.

EMPIR
Calculates empirical formulas.

EQUILl, EQUIL2
Calculates the effects of concentration changes in the

~equilibrium systems: 2HI;=H2 + I2 and PCls?ﬁPCla + 012.

KINET
Tabulates and graphs equilibrium concentration data.
MASSD
Calculates mass defect.
MOLAR
Calculates molarity from titration data.
PHPOH
Calculates pH, pOH, and percent dissociation.
PRCNT
Calculates percent composition.
STOICH
Solves mass/mass, mass/volume, and volume/volume
problems.
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18

21

28

34

38

41

44

48



Volume III

MATHEMATICS

ARITH
Review of multiplication skills. (General Math)

BANK
Solves financial problems concerning installment buying,
long term loans, and savings accounts.

CRVLEN
Computes the length of any curve. (analytically defined)

CVAREA
Computes the area under any curve. (analytically defined)

GCD
Finds the gre.test common divisor of any set of numbers.

LIMSIN
Evaluates the limit of sin x/x as x approaches zero, in
both radian and degree measure.

P12
Computes the area of a circle using both inscribed and
circumscribed regular polygons.

PIOTTR
Plots the graph of any function.

PRIFA
Finds prime factors.

QUADRT
Degcribes the §raph of the second-degree equation,
Ax™ + Bxy + Cy™ + Dx + Ey + F = 0.

RATIO
Solves for the unknown in a proportion.

ROOTS2
Finds the real roots of the quadratic equation
ax® + bx + ¢ = 0.

SETS

Finds the union and intersection of any two numerical
sets.
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MATHEMATICS (con't) R
SIMEQN

Finds solutions to sets of up to ten simultaneous equations.

SLOFE
Computes the tangent slope for any function.

- SQRT
Finds the square root of counting numbers up to five
decimal places.

STATAL
Calculates the arithmetic mean (average) of a set of
numbers.

STOCK
Simulates the stock market.

SURFAR
Computes the area of any surface of revolution.

VOLSOL
Finds the volume of solids of revolution.

53

58

62

65

69
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Volume IV

PHYSICS

BFIELD
A plot routine illustrating the B field about one and two
wire currents. (Electricity and Magnetism)

BOHR
Hydrogen line spectrum and energy level diagrams are
displayed. (Atomic and Nuclear%

CALORI
Calorimetry experiment to determine the heat energy to
be supplied (or removed) from each mass to obtain the
equilibrium temperature. (Mechanics)

DECAY1
Radioactive decay is treated qualitatively in a game-

type situation.

DECAY2
Calculates half-life, mass and prints a table showing
mass or number of particles of a radioactive sample.

EFIELD
An extension of Coulomb's law. Finds the relative

field strength at a distance from a line“and plane of
charge. (Electricity and Magnetism)

KINERV
Review of kinematics: presents questions concerning the

movement of a ball in flight. (Mechanics)

LENSES
Solves lens problems. (Light and Waves)

MASSD
Calculates mass defect.

NEWTN2
A problematic situation requiring repeated application
of Newton's second law. (Mechanics)

PHOTEL
Critical wavelength for photoelectric emission is to be

determined in a simulated experiment. (Atomic and
Nuclear)
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PHYSICS (con't)

PHOTON
How energy levels are determined from the emissions of

excited atoms. (Atomic and Nuclear)

PLANK
A photoelectric simulation. Students adjust the retarding

potential to determine the wavelength of randomly
selected electron emitting X-rays. (Atomic and Nuclec.r)

PRJTL
Coordinates and speeds are printed for a projectile
fired at selected speeds and angles (frictionless).

(Mechanics)

REFLCT
Least time principle of light is presented as a challenge

involving a game analogy. (Light and Waves)

SLITS
A plot routine permitting further exploration of Young's

Double-Slit experiment. (Light and Waves)

SNELL
A plot routine to aid in visualizing Snell's law.

(Light and Waves)

SPACE
Demonstrates the effects of changing velocity on orbital

motion. (Mechanics)

VFIELD
Plots a picture of the relative potential strength in the

region surrounding two charges. (Electricity and Magnetism)

VILOCTY
Demonstrates that average velocity (4 D/AT) approaches
a limiting value as AT90. A graph of D v§- T is
plotted for an acceleration of 1 meter/sec”. (Mechanics)

WAVES

Plots a graph of a fixed and a variable wave, and the
superposition of the waves. (Light and Waves)
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Volume V

SOCIAL STUDIES

BALANC
Simulates the effects of the relationship between costs

of production and revenues.

BANK
Solves finaneial problems concerning installment buying,
long term loans, and savings accounts.

CIRFINW
Simulates the effect of a change in consumption of the

"Circular flow model of goods, services and money."

CONSMP
A simulation of economic depression and equilibrium as

effects of consumption.

STOCK
Simulates the stock market.

155
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Volume VI

TEACHER ASSISTANCE

AVERG1
Averages grades, lists value of curve, and adjusts

grades.

AVERG2
Sorts and averages grades.

FREQ
Prints a frequency distribution (bar graph) of grades.

GRADE :

Prints a table of grades (in percentages), number of
questions missed, and number of questions answered
correctly.

ITEM1
Ccunts ard prints number of times questions are missed.

ITEM2
Sums item analysis.

STAT
A statistical analysis of laboratory data. (For teachers!

use)

STATAL
Calculates the arithmetic mean (average) of a set of
numbers.

154
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DISCIPLINE MATHEMATICS 9th YEAR

SUBJECT MULTIPLICATION INVOLVING

ONE AND TWO DIGIT MULTIPLIERS

PROGRAM NAME ARITH

DESCRIPTION:

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

OBJECTIVES:

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

PRELIMINARY PREPARATION:

None

DISCUSSION:

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

B. Follow-up - By modifying line nur-bers 520 and 560 to
520 LET X =A+B
560 PRINT A ''4+'' B "' =",

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

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

interest.

ERIC

Aruitoxt provided by Eic:
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Math
ARITH

HELLO CLASSes+e+«TODAY 1 WANT TO REVIEW MULTIPLICATION
WITH YOU. WHEN 1 CALL ON YOU PLEASE COME UP AND TYPE IN
YOUR ANSWERS. IF YOU AHE WRONG YOU GET TWO MORE CHANCES.
HOW MANY STUDENTS ARE THERE IN THE CLASS TODAY? 30

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

OK,» STUDENT NO. 27 IT'S YOUH TURNI

GIVE ME YOUR LUCKY NUMBE#R
75

81 X 54 = 7 4374
YOU'RE RIGHT STUDENT NO. 27

63 X 97 = 7 6111
YOU'RE RIGHT STUDENT NO. 27

62 X 17 = 7 1054
YOU'RE RIGHT STUDENT NO. 27

50 X 78 = 7 3900
YOU*RE RIGHT STUDENT NO. 27

93 X 81 = 7 7533 ‘
YOU'RE RIGHT STUDENT NO. 27
YOU GOT 5 RIGHT OUT OF S5 PHOBLEMS.

GOODBYE e+« « STUDENT NO. 27
OK, STUDENT NO. 25 IT'S YOUR TURNI!

GIVE ME YOUR LUCKY NUMBER
?
tC

READY
2

Ii)é? ] ;Coﬁyright 1971, Polytechnic Institute of Brooklyn



Math
ARITH

10 REM W. TEPPER, WYANDANCH HS, 4/21/69

10S REM REVISED BY C.LOSIK &-5-70

106 REM VWE DO A RANDOM PROBLEM FOR EACH STUDENT, A -0P- B

110 REM THIS PROGRAM CALLS STUDENTS IN A RANDOM FASHION TO DO INDIVIDUAL
120 REM PROBLEMS. BY MODIFYING A FEW STATEMENTS I CAN CHANGE THE
130 REM TYPE OF PROBLEMS.

140 REM REVISED 5/17/69

150 PRINT "HELLO CLASSe¢¢«.TODAY I WANT TO REVIEW *J

151 REM CHANGE BELOW FOR YOUR OPERATION

152 PRINT * MULTIPLICATION"

160 PRINT

170 PRINT "WITH YOU. WHEN 1 CALL ON YOU PLEASE COME UP AND TYPE IN"
180 PRINT
190 PRINT **YOUR ANSWERS. IF YOU ARE WRONG YOU CET TWO MORE CHANCES."

200 PRINT

210 PRINT "HOW MANY STUDENTS ARE THERE IN THE CLASS TODAY";
220 INPUT S

230 PRINT

240 PRINT “TEACHER!«+«GIVE EVERYONE A NUMBER FROM 1 TO'"S
250 PRINT

260 PRINT

270 PRINT

272 REM YOU MUST RANDOMIZE THE PROCESS FOR BEST HESULTS
275 RANDOMIZE

260 LET Q=iNTC(RND(=2)*S) :

290 PRINT *"OK, STUDENT NO. *"Q" IT'S YOUR TURN!"
300 LET J=0

310 LET L =0

320 PRINT

330 PRINT

340 PRINT ""GIVE ME YOUR LUCKY NUMBER"

350 INPUT 2

260 FOR T=1 TO 2

370 LET A=mINTC(RND(=-2)%100)

380 LET BsINTC(RND(=5)*100)

390 NEXT T

Q00 LET N=0Q

410 LET JaJd+l

415 REM X 1S THE ANSWER TO A -0P- B

420 LET X=AsB

430 PRINT

440 PRINT

450 PRINT

455 REM PRINT A =0P- B = ?

460 PRINT A" X “B” = ";

470 INPUT K

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

490 LET NsN+l

By

ERIC
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Math
ARITH

IF N=3 THEN 530

PRINT "YOU'RE WRONGe+«THY AGAIN"

GO TO 460

PRINT "YOUR WRONG AGAIN"

PRINT *“THE ANSWER IS "X

IF J<S THEN360

PRINT *YOU GOT L' RIGHT OUT OF 20 PrOBLEMS"
PRINT *'GOOD BYE e¢eee STUDENT NO."Q

GO TO 250

PRINT *“YOU'RE RIGHT STUDENT NO.'u

LET L = L+}

IF J<S THEN360

PRINT *'YOU GOT *'L'* RIGHT OUT OF S PHOBLEMS.*
PRINT **GOODBYEe«««STUDENT NO.'"@

GO TO 260

END :

)
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DISCIPLINE MATHEMATICS-SOCIAL SCIENCE

SUBJECT FINANCIAL PROBLEMS

PROGRAM NAME BANK

DESCRIPTION:

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

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

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

PRELIMINARY PREPARATION :

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

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

DISCUSSION:

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

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

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



-~ . Math
BANY

FINANCIAL PROBLEMS
THIS PROGRAM SOLVES THREE TYPES OF PROBLEMSS
€1) INTEREST ON INSTALLMENT BUYING
(2) PAYMENTS ON LONG TERM LOAN
(3) BALANCE OF A SAVINGS ACCOUNT
WHICH PROBLEM WOULD YOU LIKE TO WORK WITH (TYPE 1: 2 OR 3)7 1

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

WHAT IS THE CASH PRICE OF THE ARTICLE ($)? 88.99
DOWN PAYMENT ($)7 10
NUMBER OF PAYMENTS EXCLUDING THE DOWN PAYHENT? 18
NUMBER OF PAYMENTS PER MONT:{? 1
AMOUNT PER PAYMENT (3$)7 4.85

THE RATE OF INTEREST CHARGED WAS 5.69 PERCENT.

WOULD YOU LIKE TO RUN THE PROGRAM AGAIN (1=-YES, 0-NO)7 1
MHICH PROBLEM WOULD YOU LIKE TO WORK WITH C(TYPE 1, 2'0R" )7 8

=mese
THIS SECTION WILL DET€ ,NE PAYMENTS FOR A LONG TERM LOAN.
WHAT IS5 'THE AMOUNT BORROWED ($)? 3000
' INTEREST CHARGED (2)>7 8
INTERVAL BETVEEN PAYMENTS '1ONTHS)7 1
TERM OF THE LOAN (YEARS)? 2

DO YOU VWISH TO SEE ThE TOTALS ONLY =~ INSTEAD OF THE ENTIRE
TABLE - {1-YES, 0-NO)? O ) B

OUTSTANDING
PRINCIPAL AT PRINCIPAL
BEGINNING INTEREST DUE AT REPAID AT
PERIOD OF PEB!OD END OF PER!OD END OF PERIOD
1 3000 20 115.68
2 2884.32 19.23 116.45
3 2767.87 18.45 117.83
L] 2650.64 1767 118.01
S 2532.63 16.88 118.8°
6 2413.83 16,09 119.59
7 2294.84 15.29 120.39
8 2173.85 14.49 121.19 *
9 2052.66 13.68 122
10 1930.66 12.87 122.81
11 1807.85 12.05 123.63
12 1584.28 11.23 124.45
13 155977 10.4 ) 135.28
14 1434049 9.56 1286.12
15 130837 8.72 126,96
16 1181.41 7.88 137.8
17 1053.61 7.08 128,66
18 924.9% 617 129.51
19 795.44 e 53 130,38
20 665.06 4,43 131.85
21 : 533.81 Je56 132.18
-} 401.69 2.68 133
83 288469 179 133.89
24 134.8 9 134.78
TOTALS 256,34 3000

YOUR MONTHLY PAYMENT IS 8 133.66 AND TOTALS $ 3856.34

6
-8 Copyright 1971, Polytechnic Institute of Brooklynm
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Math
BANK

22 1L )

WULD YOU LIKE TO RUN THE PROGRAM AGAIN (1-YES», 0-NO)? 1
WiICH PROBLEM WOULD YOU LIKE TO WORK WITH (TYPE i, 2'03'3?? 3

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

WHAT 15 THE AMOUNT DEPOSITED PER INTEREST PERIOD ($)? 10000
HOV OFTEN 1S THE INTEREST COMPOUNDED (MONTHS.? 3 ’

WHAT IS THE RATE OF INTEREST PAID (27 S
FOR HOW LONG WILL YOU DEPOSIT MONEY UYEARS)? $

THE BALANCE OF YOUR ACCOUNT AFTER 5 YEARS WILL BE $ 208500
L1 L L ] .
WOULD YOU LIKE TO RUN THE PROGRAM AGAIN (1-YES, 0-NOY? O

READY

16
\‘\

ERIC
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Math
BANW

100 REM FINANCIAL PROBLEMS A. VEBB 13{67

101 REM REVISED 8/25/70 (De PESSEL)

110 PRINT TAB(£0)J"FINANCIAL PRODLEMS"

115 REM REUWISED BY We TEPPER, VWYANDANCH H.S. 7710769

120 PRINT

130 PRINT"THIS PROGRAM SOLVES THREE TYPES OF PROBLEMSI”
132 PRINT

134 PRINT" (1) INTEREST ON INSTALLMENT BUYING"

136 PRINT" (2) PAYMENTS ON LONG TERM LOAN"'

138 PRINT" €3) BALANCE OF A SAVINGS ACCOUNT"

140 PRINT

143 PRINT"WHICH PROBLEM WOULD YOU LIKE TO WORK WITH (TYPE 1> 2 OR "3
144 INPUT Qt°

146 PRINT

147 PRINT"sssss"

148 PRINT

150 IF Q1>2 THEN 820

155 IF Ql>1 THEN 260

160 GO TO 590

260PR;NT “THIS SECTION WILL DETERMINE PAYMENTS FOR A LONG TERM LOANe"
270 PRINT : o
280 PRINT“WHAT IS THE AMOUNT BORROWED (3)"3

281 INPUT A

295 PRINT"™ INTEREST CHARGED (%)™}

886 INPUT 'L )

290 PRINT'" INTERVAL BETWEEN PAYMENTS (MONTHS)>"} °

291 INPUT P ) ) Tt

295 PRINT" TERM OF THE LOAN C(YEARS)"}

296 INPUT Y ) T

300 PRINT

360 PRINT”DO YOU WISH TO SEE THE TOTALS ONLY - INSTEAD OF THE ENTIRE"
361 PRINT"TABLE - (1-YES, 0-HO)"}

362 INPUT PSS’

C NIV J:YY })

375 1F P5>0 THEN 430

380 PRINT* OUTSTANDING"

390 PRINT" PRINCIPAL AT PRINCIPAL"

00 PRINT* BEGINNING INTEREST DUE AT REPAID AT®

410 PRINT™PERIOD Oor PERIOD END OF PERIOD’ END OF PERIOD*
420 PRINT ) ) .

430 LET Zw(Ys12)/P

440 LET K=(1%(P212))>/100
445 LET EmASK/Cl=1/781+K)12)
446 LET E-INT(EtIOO#.S)/lOO
450 LET C=A

460 LET Fr=0

461 LET DI=0

470 LET Til=0

480 LET TI=Tlel

490 1F T1>Z THEN 554

500 LET B=TI

S10 LET CmC-r

520 LET D=CsK

522 LET F=E-D

585 LET C=INT(C#*100+.5)/100
530 LET D=sINT(D#*]00+.5)/100
335 LET F-lNT(F-1004-5)1100
541 LET DI&DI+D °~

548 IF PS>0 THEN 480

550 PRINT BITAB(11)3C3TAB(29)3DITABCA8)IF

8 Copyright 1971, Polytechnic Institute of Brooklyn
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Math
BANK

552 G0 TO 480

$54 IF PS5<l THEN 561

555 PRINT

556 LET DI=INT(D1*100+.5)/100

558 PRINT“TOTAL INTEREST PAID - $*“D1
559 PRINT"TOTAOL’ PRINCIPAL’ REPAXD - S"A
560 GO TO 565

561 PRINT™ cecccecsccccnne cecoccsanacaan®

564 PRINT™TOTALS"3TAB(29)3DIJTAB(48)3A

565 LET ES=INTC((D1+A)#100+.53/100
566 PRINT ~

567 LET E6®ES/C((Y#12)/P)

568 LET E6=INTC100%E&+.53/100

569 PRINTYOUR MONTHLY . AYMENT 1S 3"E6“ AND TOTALS $"ES

570 GO TO 1060

590 PRINT“THIS SECTION WILL DETERMINE THE ACTUAL INTEREST YOU PAY™
600 PRINT®VHEN YOU PURCHASE SOMETHING ON CREDIT."" .

610 PRINT’

620 PRINT“WHAT IS5 THE CASH PRICE OF THE ARTICLE ($)*}

621 INPUT C '

$30 PRINT®’ . DOWN PAYMENT ($)%3

631 INPUT D s

6407PRINT™ ™" " NUMBER OF PAYMENTS EXCLUDING THE DOWN PAYMENT™}
641 INPUT'N ' ° ’ ' -
650 PRINT"™ NUMBER OF PAYMENTS PER MONTH'}

651 INPUT S :

660 PRINT"™ - AMCUNT PER PAYMENT (3)>*}

661 INPUT R . T

v9C PRINT

720 LET B=R=N+[

730 LET 1=B=-C

740 LET M=N/(S#%12)

750 LET T-lthOI(BtH)

760 PRINT’ ’

770 PRINT

775 LET T=INT(100*T+,5)/100

780PRINT ™THE RATE OF INTEREST CHARGED HAS"T" PEBCENT.

790 GO TO 1060

Cal FOLvLE 1040 ILUiIAUN LALVULALED 6k Drtsuwues Ur n anv&uua uuuvunn
830 PRINT"IN~ HHICH DEPOSITS ARE MADE REGULARLY."

840 PRINT ~

860 PRINT"WHAT XS THE AMOUNT DEPOSXTED PER INTEREST PERIOD (S)"l
861 INPUT A

870 PRINT"HOW OFTEN XS THE INTEREST COMPOUNDED (HONTHS)"I

871 INPUT B

880 PRINT"UHAT lS THE RATE oF INTERRST PAID (Z)"}

881 INPUT C°

890 PRINT™FOR HOV LONG UH.L YOU DtPOSXT MONEY (YEARS)"I

891 INPUT D

950 LET F=0

960 LET E-(CI&OO)I(lQIB)

970 LET 8»(12/8)4D ~

980 LET Ti=d ~ '~

990 LET Ti=T1+]

1000 IF Tl=@+] THEN 1030

1010 LET F=(EsA)+(A+F)

1020 GO TO 990 ~ -

1030 PRINT

{040 PRINT

10485 LET F=INT(100%F+.5)/100 .

1050 PRINT®THZ BALANCE OF YOUR ACCOUNT AFTER "D"YEARS UILL BE S"F
1060 PRINT"

1070 PRINT

1080 PRINT

1081 PRINT"s%ssa*

1082 PRINT

1084 PRINT*VOULD YOU LIKE TO RUN THS PROGRAH AGAIN 4 l-YES: O-NO)"I
1086 INPUT Q4

1090 IF Q4»0 THEN 142

1100 £ND

ERIC 165
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DISCIPLINE CALCULUS-GRADE 13

SUBJECT LENGTH OF ANY CURVE

PROGRAM NAME CRVIEN

DESCRIPTION:

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

OBJECTIVES:

A. Time saving factor for computations.

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

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

PRELIMINARY PREPARATION: None

DISCUSSION:

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

Plecewise lineu~ sprroximation of a smooth curve

10
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LENGTH OF A CURVE

THIS PROGRAM APPROXIMATZIS THE LENGTH OF ANY CURVE BETVEEMN
TWO POINTS HAVING P AND Q@ AS THEIR RXKSPECTIVER ABSCISSAS.
THE PROGRAM DIVIDES THE CURVE INTO INCREASING WUMBRRS OF
SUBINTERVALS, "JOINS THAESE VITH SECARTS AND FINDS THE SUM

OF THRESR SECANTS.

T0 INPUT THE FUNCTION WHICH YOUR CURVE REPRESINTS, TYPE AS

FOLLOVS AFTER THE PROGRAN STOPS3
(TYPE THE ‘RETURN® KEY AFTER EACH LINE INCLUDING *RUM®)

1 @0 TO 200
300 bEFr FHY(X)meoes CYOUR FUNCTION OF X)oooo
RUN

FOR EXAMPLE, TO USE THE FUNCTION 2¢X13+3eXrR2-8¢X+3
YOU WOULD TYPE:

1 @0 TO 800
300 DEF FNY(X)=ReX1I+3eX18-80X+3
RUM

YOU MIGHT TRY THAT AS YOUR FIRST RUN.

READY

i €0 TO 800
90 pxr FNY(X)=ReX13+30X1R-R0X+3

WMIAT ARE THE ABSCISSAS OF THE END POINTS OF THE INTERVAL
VHOSE LENGTK YOU SANT (SMALLER ONK F!BSTOP;O)? -1,6

NUMBER OF UK or
SUBINTERVALS SECANT LENGTHS X CHANGE IN LENGTX

1 3250467 MO PREVIOUS VALUE
2 " 388551583 -08185148
A 589.6588 +83$7383
s 531.0171 *R576957
16 . 531.9648 +1783583
a2 $38.0166 9.834268K-3
64 $32.0416 4571378983
128 ' $32.0485 1.887718K-3
256 $38.0301 3.068687K-4
L 2 L 1]

WOULD® YOU LIXKE TO TRY NIV END POINTS (1-YES, 0;"?1 o

T0 TRY ANOTMER FUNCTION, RETYPE LINE X0, AND °*RUM‘.
SEE INSTRUCTIGNS FOR MOAE DETAILS. 1IF YW ARE "FINISHED.
ml ‘1 ABD ‘RETURN® KEY AFTER TME PROGRAN STOPS.

READY
!

11

16'7




Math
CRVIEN

100 REM LENGTH OF A CURVE=-Q.J. 0°COMNOR 7-89-68
101 REM REVISED 8-7-70 (De PESSEL) (COMBIMATION OF LECUQ & LEFUQ)

103 REM IMPORTANT VARIABLES: S-SECANT LENGTES S1-PREVIOUS SECANT

104 REN LENGTH} P-PERCENT CHANGE 1N SECANT LEWGTH

110 PRINT TABC20)} "LEMGTH OF A CORVE™

111 PRINT

120 PRINT "THIS PROGRAM APPROXIMATES THE LENGTH (:f ANY CURVE BETWEEN"
181 PRINT "TVWO POINTS HAVING P AKD Q AS THEIR JNSPECTIVE ABSCISSASe™"
188 PRINT “THE PROGRAM DIVIDES THE CURVE INTO [:CREASING WOMBRRS OF®
183 PRINT “SUBINTERVALS, JOINS THESE VITH SECANTS AND FINDS THE SUM"
184 PRINT "OF THESE SEKCANTS.”

183 PRINT

186 PRINT "TO INPUT THE FUNCTION WHICH YOUR CURVE REPRESENTS, TYPE AS™
187 PRINT "FOLLOVS AFTER THE PROGRAR STOPS:"™

188 PRINT "CTYPE THE °RETUAN® KEY AFTER EACH LINE INCLUDING *RUN®)™

129 PRINT ~

130 PRINT * 1 €0 TO 800"

131 PRINT " 300 prr MIX)-....(YOUR mr!ou or X)...."
138 PRINT " RUN®" ' -
133 PRINT

134 PRINT "FOR EXAMPLE, TO USK THE FUNCTICM 88X13436X18-82X+3"
135 PRINT “YOU WOULD TYPES™

136 PRINT .
137 PRINT * 1 €0 TO 200"

138 PRINT = 300 DEF FNY(X)u@eX13+3¢X 12-89X+3"
139 PRINT * RUN™ T '
140 PRINT ° ‘

1al PRINT “YOU MIGMT TRY THAT AS YOUR FIRST RUN.®

150 STOP

200 AEM CALCULATION AND PRINTING IF RESULTS

803 PRINT "WHAT ARKE THE ABSCISSAS OF THE EMD POINTS OF THE IMNTERVAL"™
206 PRINT “WHOSE LENETH YOU GANT CSMALLER ONE FIRSTsP,Q)*3 ~ ’
207 INPUT P,Q

208 1r P<Q THEN 813

809 PRINT "P MUST BE LESS THAN Q=

210 @0 TO 207

818 INPUT P,Q

213 PRINT

814 PRINT " MUMBER OF™," Sun or~

815 PRINT “SUBINTERVALS™,"SECANT LENGTNS™," 2 CHANGE IN m‘“"

.l‘ PB," '-‘----------.’..-.----..----n-..’- --- tuted ---‘. P

LET 31«0

FOR Nel TO 9

DEF FRAT(X)ugeX?I+IsX 12-80X+D

LET Ewgf(R=1)>

LET Neca-PY/R

LET 80 T

FOR 10 TO E-1

LRT LaSQR( (M(Pol ‘lloll)-l‘l?(’ol ‘ll) ) OQOIOI)

LET SeseL

NEXT !

1F S150 TMEN 375

373 PRINT E,8," N0 PREVIOUS VALUR™

374 09 TO 388 ’ -

378 LET P3a((ARSC(S1-3))/81)¢100

PRINT R,8,% *PS "~~~ 7

38S LET Si=s - ° '

NEXT B

PRINT
401 PRINT “sness™
408 PRINT ~
403 PRINT "WULD YOU l.lll T TRY NEV END POllTS u-m. 0-.‘)"!
404 1WPUT Q1 )
403 1F Q1»0 THEN 8!0

- 410 PRINT -
4AS PARINT "TO TRY ANOTMER FUMCT1ON, RETYPE LINE 300, AND °‘RUN®."™
446 PRINT “SEX INSTRUCTIONS FOR NORR DETAILS: IF YOU ARK" 'lltl!np
A7 PRINT "TIYPE °1°' AND’ 'llﬂlll' XEY urrn m no-u 81'0?8._

’ O.(‘f | 12
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DISCIPLINE CALCULUS - GRADE 13

SUBJECT AREA UNDER ANY CURVE,

(ANALYTICALLY DEFINED)

PROGRAM NAME (CVAREA

DESCRIPTION:

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

mation:
I Rectangles (starting with f(a) as height)
II Rectangles (starting with f(ath) as height)
III Trapezoids
IV Parabolas (Simpson's Rule)
OBJECTIVES:

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

B. Dramatizes the limiting processes involved.

C. Decreases the time needed for lengthy computations.

PRELIMINARY PREPARATION:

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

y = f{x)
Yy
Starting with
f(a) as height
h
Ay x
a
13 Inscribed Rectangular Approximation
(o 1o




Mathematics

CVAREA
y = £(x)
Y /

74
]
)

_——

t

[}

_ Starting with
- fla + h) as height
x
a b

Circumscribed Rectangular Approximation
DISCUSSION:

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

Y "..—_ﬁ\

el

h
~—— b'd
a b

Trapezoid Approximation

14
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Mathematics
CVAREA

AREA UNDEHR A CURVE - INTEGRATION

Tn1S PROGRAM EVALUATES THE DEFINITE INTEGHAL OF F(X)
FHOM a=A TO a=B BY FOUn METHODS OF NUMERICAL APPROXIMATIONS

. 1 RECTANGLES (INITIAL HEIGHT OF F(X))
I1 ARECTANGLES C(INITIAL HEIGHT OF F(X+H))
I11 TRAPELOIDS

1V PARABOLAS (SIMPSON'S RULE)

AFTER THE PHAOGrAM STOrS, YOU MAY ENTEr YOUR FUNCTION AS FOLLOWS:
1 GO TO 2uvV
300 DEF FNY(X)=eeoe(YOUrt FUNCTION OF AX)eoe
RUN :

FOr EMANMPLE, TO FIND ThE AREA UNDEs THE CURVE Y=xt3 YOU
WOULD TYPE:

1 GO TO 20V
30U DEF FNY(A)=A13
HUN

YOU MIGHT THRY THAT AS YOUR FIAST RUN.
END EACH LINE, INCLUDING °*HUN®*, WITH THE °*RETURN® KEY.

READY

1 GO TO 200

300 DEF FNY(A)=X1t3
RUN

WHAT AnE YOUR VALUES FOR A AND B (SMALLER FInST3A,B)? 1,10

O

ERIC

Aruitoxt provided by Eic:

NUMBER OF 1. SUM OF 11. SUM OF 111. SUM OF IV. SUM OF
SUBINTERVALS RECTANGLES RECTANGLES TRAPEZ0IDS PARABOLAS
2 753.1875 5248.657 3000937 2499 .75
4 1501.172 © 3748.922 2625.047 2499.75
8 1969.137 3093.012 2531.074 2499.75
16 2226.612 2788455 2507581 249975
32 2361.223 2642.192 2501.708 2499.75
64 2429.997 2570 481 2500.239 2499.75

NOTE THAT SIMPSON'S RULE (IV) CONVERGES FASTEST.
WOULD YOU LIKE TO TRY NEW VALUES FOR A AND B (1-YES, 0-NO>? O

Ao e kK

TO USE A NEW FUNUTION YOU NEED ONLY RETYPE LINE 300

AND °"RUN'e SEE INSTRUCTIONS FOR MORE DETAILS.
IF YOU ARE FINISHED, TYPE °l°*' AND THE °‘RETURN® KEY.
READY
15
1
17



Mathematics
CVAREA

100 REM AREA UNDER A CUMVE-Wede O'CONNOsit

101l AREM REVISED B/18/70 (De PESSEL) (COMBINATION OF DEFIN AND ACCUQ)
102 REM IMPORTANT VARIABLES: D-# UF SUBINTERVALS; AREA BY

1u3 REM RECTANGLES (F(X))-r, BY RECTANGLES (F(X+n))-u.

lu4 REvi BY TAAPEZOIDS5-T, BY PARABQOLAS=-S5 C=-STORES PHEVIOUS

105 AEM VALUE OF S.

110 PRINT TABC15); "AREA UNDEn A CURVE - INTEGRATION'

111 PRINT

112 PrINT " THlS PROGHAM EVALUATES THE DEFINITE INTEuURAL OF F(X)>"
113 #RINT "FrOM &=A [0 a=B BY FOUR METHODS OF NUMERICAL APPROAIMATION:"
114 PRINT

115 PHINT TAB(2U)5 'I KECTANGLES (INITIAL HEIGHT OF F(x))"
116 PRINT TAB(1Y);5 '"11 RECTANGLES (INITIAL HEIGHT OF F(a+H))>"

117 PrINT TAB(18);5 111 TRAPELZOIDS"

118 PRINT TABC19)5 "IV PARABOLAS (SIMPSON'sS RULE)*

119 PRINT

120 PRINT '"AFTER THE PROGRAM STOPS», YOU MAY ENTER YOUR FUNCTION AS';
121 PRINT * FOLLOWS:"

122 PRINT

123 #rINT TABC13)5 "1 GO TO 200"

124 PHINT TABC13)3 "30U0 DEF FNYCA)=eee (YOUR FUNCTION OF X)eee"

125 PRINT TAB(13>;5 *""RUN" .

126 PRINT

127 PRINT "FOR EAAMPLE, TO FIND THE AREA UNDER THE CURVE Y=X13 YOU"
128 PRINT "WOULD TYPE:™

129 PRINT

130 PRINT TAB(13)5'1 GO TO Z2u0"

131 PRINT TABC13);'"3Uu DEF FNY(X)=Xt3"

132 PRINT TAB(13);'"AUN"

133 PRINT

134 PRINT "YOU MIGHT TRY THAT AS YOUr FIKRST HUN.'

135 PRINT "END EACH LINE, INCLUDING *HUN'» WITH THE °'RETURN®' KEY."
150 STOP :

200 PRINT "WHAT ARE YOUR VALUES FOrt A AND B (SMALLER FIRST:A,B)';
201 INPUT A»B

203 IF B>=A THEN 210

204 PRINT '"A MUST BE LESS THAN B!"

205 GO TO 200

210 PRINT

211 PRINT ' NUMBER OF',"1. SUM OF','"1l1. SUM OF","11l1. SUM OF",
212 PHINT "1V. SUM OF" )

213 PRINT '"SUBINTERVALS","RECTANGLES" " RECTANGLES'" ,""THRAFPEZ01DS",»
214 PRINT "PARABOLAS" '

218 PRINT "'==mmemmmccaaa R »

219 PRINT "ececcnceaa "

250 LET M=-2

260 LET S=0

300 DEF FNY(X)=X13

310 LET M=M+3

320 FOrt N=M TO M+2

330 LET C=S
340 LET Q=0
350 LET P=0
360 LET D=2tN
16
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Mathematics
CVAREA

365 PRINT D.

370 LET Has(B=-A)/D

380 FOR l1=0 TO (D=-1)

390 LET PwP+H*FNYCA+]*H)

400 LET QuQ+H*FNY(A+]xH+H)

410 NEXT 1

415 PRINT P.,Q.,

420 LET T=(P+Q)/2

425 PRINT T.

430 LET Ux=FNYCAJX+FNY(B)

440 FOR J=2 TO (D~-2) STEP 2

450 LET UsU+2%FNYCA+J%xH)

460 NEXT J

470 LET V=0

480 FOR K=l TO (D~-1) STEP 2

490 LET VuU+4xFNY(A+K%xH)

500 NEXT K

S10 LET S=(U+V)*(H/3)

520 PRINT S

530 NEXT N

535 IF D<64 THEN 310

S40 IF ABSC((C=S)/7C((C+S)/2))>.0001 THEN 31V

550 PRINT

560 PRINT "NOTE THAT SIMPSON'S RULE (1V) CONVERGES FASTEST."
600 PRINT

610 PRINT "WOULD YOU LIKE TO TRY NEW VALUES FOR A AND B (1-YES, 0-~NQ)>*;
611 INPUT Q5

612 PRINT

613 PRINT "#*xaxx%"

614 PRINT

615 IF Q5>0 THEN 200

620 PRINT "TO USE A NEVW FUNCTION YOU NEED ONLY RETYPE LINE 300"
621 PRINT "AND °*RUN'. SEE INSTRUCTIONS FOR MORE DETAILS."
o22 PRINT "]F YOU ARE FINISHED, TYPE '1* AND THE 'RETURN' KEY."
650 END ’

N




DISCIPLINE MATHEMATICS, JR.HIGH

GENERAL MATH

SUBJECT __ GREATEST COMMON DIVISOR

PROGRAM NAME GCD

DESCRIPTION:

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

OBJECTIVES:

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

PRELIMINARY PREPARATION:

See discussion.

DISCUSSION:

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

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

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

18
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GCD

THIS PROGRAN VILL FIND THE GREATEST COMNON DIVISOR
VO OR MORE WUMBERS.

585 NANY SUNBERS DO YOU VISH TO INVESTIGATE? 3

7YPE IN THE MUMBERS, ONE AFTER EACH QUESTION MARK.

118 ‘

7 36

7 96
THE MRBERS 18 36 96 HAVE THE @.C.D. 18

AMOTHER SET OF MRBERS C1aYES, QeNO) ? )
HOV NANY WRAGERS DO YOU VISH TO INVESTIGATE? 3
TYPE 1N THE MAMBERS, OME AFTER EACH GUESTION MARK.
? 36

7 96

THE NUMBERS 90 36 96 HAVE THE G.CeDe 4

ANOTHMER SET OF WUMBERS (leYES, O=NO) ? )
HOV MANY WUMBERS DO YOU VISH TO INVESTIGATE? 3
TYPE 1N THE NUNBERS, OMK AFTER EACH GUESTION MARK.
7 36

? 97

THE MAGMERS 80 36 97 ARE RILATIVELY PRIME.

ANOTHER SET OF WMBERS (1eYES, 0sNO) ? O

READY

1%
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GCD

100 REM V. {EPPER VYANDANCH M.3. =  MATHEMATICS
110 REM REVISED BY C.:LOSIK §-10-70 T :

{11 REM X(CI) ARE THE NUMBERS (UP TO 100)

180 PRINT “TRIS PROBRAM VILL FIND THE GREATEST COMMON DIVISOR™
130 PRINT "FOR TVWO OR MORS NUMBERS."

140 DIK XC100)

150 PRINT "HOV MANY NUMBERS DO YOU VISH TO INVESTIGATE™)

160 INPUT N

165 1F ABSCN-INT(N))<.000} THEN 170

166 PRINT “TRY AGAIN."

167 G0 TO 130 =

170 PRINT “TYPE IN THE NUMBERS, ONK AFTER EACH QUESTION MARK.™
175 LET SeigeS -

1860 FOR K=1 TO N

190 1NPUT XCXO

193 17 XCK)>S THEN 810

200 LET SeX(K)

210 WEXT K -

LET Q=0

FOR Me2 TO S

FOR I=l TO M

IF XI1)/M<>INTC(X(1)/M) THEN 300
SEXT I

LET GaM

NEXT N

PRINT “THE NUMBERS™;

FOR T®1 TO N

PRINT X(T)3

NEXT T

IP 6»>0 THEN 380

PRINT “ARK RELATIVELY PRINE.*
@0 70 390

PRINT “HAVE THE G.C.D. “3@
PRINT

PRINT

PRINT “ANOTHER SET OF MUMBERS C1=YES, 0=NO) 3
INPUT Z° ,

iF Z=1 THEN 150

IF Ze0 TUZN 470

PRINT “TYPE | OR O AS DIRECTED.®

€0 70 480

END

S2EEEER

[ 2]
-
o

JEEERBEE 3RS R

20
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DISCIPLINE CALCULUS - GRADE 13
sin x
SUBJECT LIMIT OF x

PROGRAM NAME LIMSIN

DESCRIPTION:

sin x
This program demonstrates that the limit of x , as x approaches
0, equals 1, provided x is measured in radians. If x is measured in degrees.,
the limit equals approximately , 017,

OBJECTIVES:

sin x
A. To demonstrate the manner by which the limit of = x is approached.

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

PRELIMINARY PREPARATION:

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

None

DISCUSSION:

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

T

0
r A
!
Here, ir?sine ¢ ir?® ¢ ir2un e
Circular Sector with Circumscribed and Inscribed Triangles
21
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Calculus -
LIMSIN

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

2
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LIMSIN

.......TH1S PROGRAM DEMONSTRATES THAT THE LIMIT OF
F(X) = (SIN X)/X» AS X APPROACHES 0, IS EQUAL TO 1.

PRIVIDED X 1S MEASURED IN RADIANS.
SINCX)

WHEN X IS IN RADIANS,

WHEN X 15 IN DEGREES,

X 1Is F¢x> IS X Is F(X? 15
90 01111111 1570795 +6366203
85 «01171994 1.483529 «6715035
80 «01231009 1.396262 « 705317
75 «01287901 . 14308996 «7379134
70 «01342418 1.221729 « 7691492
65 «01394319 1134463 7988866
60 «01443375 1.047197 «826993¢
55 01489367 «9599303 «8533449
S0 «01532088 «8726639 «877822%
45 «01571347 » 76853975 «9003165
40 «01606968 «63981311 «920 7256
3as «01638789 «6108647 «938%575
30 «01666665 «5835983 « 3549297
25 «01690472 +4363319 « 9685696
20 «01710099 + 3490656 «9798156
15 «01725459 «2617992 «988616
10 «0173648 1745328 «9949308
S «01743113 «08726639 « 9987313
1 «01745239 «01745328 9999492
9 «01745256 «01570 795 9999589
.8 «01745271 «01396862 9999675
-7 «01745¢84 «0128: 729 «9999751
6 «01745296 «01047197 «9999817
5 «01745306 8-7266395"3 ~9999873
Y| «C1745314 6+981312E-3 « 9999919
«3 0174532 5.235984E-3 9999954
2 «01745324 3:490656E-3 « 999998
ol «01745327 1.745328E-3 9999995
«09 «0} 745387 1.570795E-3 + 9999996
«08 0745327 1.396262E-3 « 9999997
«07 «01745337 1.221789E-3 9999998
«06 «01745327 1.047197E-3 9999998
«05 «01745388 8.726639Kk~4 « 9999999
«04 «01745328 6.981311E-4 9995999
«03 «01745328 5.835984Kk~4 1
.02 «01745328 3+490656E~-4 i
«01 «01745328 1.745328E~4 1

READY
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100 REM BRUCL BRENT HHHH BKLYN POLY 7711769

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

110 PRINT * THIS PROGRAM DEMONSTRATES THAT THE LIMIT OF"

115 PRINT "F(X) = (SIN X)/X,» AS X APPROACHES 0, IS EQUAL TO 1,"
117 PRINT "PROVIDED X IS MEASURED IN RADIANS."

120 PRINT
125 PRINT * *," SINCX)"

130 PRINT * ",;“LIMIT =cccv- = |}v

135 PRINT * *,"X=-->0 X"

140 PRINT

150 PRINT

160 PRINT "UHEN X IS IN DEGREES,","WHEN X IS IN RADIANS,"
165 PRINT “=e=ce-cecccciccccccccan T T "
170 PRINT "X lS" YF(X) IS","X IS5","F(X) IS5"

l"s PRINT 'l----ll’ll-----;-ll’ll----ll’ll----..--ll

180 PRINT

200 FOR Y=90 TO 5 STEP -5
210 LET 4=Y

220 LET 2m3.14159%Z/180
230 LET X=SIN(Z)/Z

240 LET 9msSIN(Z)/Y

250 PRINT Y»,Q,Z,X

260 NEXT Y

270 PRINT

300 FOA Y=l TO «1 STEP -.l
310 LET Zs=sY

320 LET Z=3.14159%Z/180
330 LET X=SIN(Z)/Z

340 LET Q®SIN(Z)/Y

350 PRINT Y,Q,Z,X

360 NEXT Y .
370 PRINT

&00 FOR Y=2.09 TO .01 STEP =-.01
410 LET ZzZ=sy

420 LET Z=3.14159%Z/180
A30 LET X~SINC(Z)/Z -

440 LET QeSINCZY/Y

450 PRINT Y,Q,Z,X

460 NEXAT Y

500 END

13

Q
E lC @ Copyright 1971, Polytechnic Institute of Brooklyn

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

YE
DISCIPLINE MATHEMATIC'S_M

GEOMETRY -~ ~~_
pE
SUBJECT AREA OF A CIRC

PROGRAM NAME PI2 / ~

DESCRIPTION:

This program computes the area of a circle and ''pi'' by

using the areas of inscribed and circumscrited regular polygons.

OBJECTIVES:

As an introduction to the limit process and a method for

approximating '' pi''.

PRELIMIZYARY PREPARATION:

A. Student - Students must know how to calculate the area of a circle
and a triangle using the formulas: A =7TR® and A = 3bh.

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

DISCUSSION:

Ask students to find the area of a circle without using the ‘ormmul?’
The instructor may suggest to the class to inscrihe and/or circumscribe 2 5t
equilateral triangle. Have students compare the area of their figures to t

-of thre circle. Some students will suggest to increase the number of sides

and the instructor should suggest that a regular hexagon be used for
convenience of drawing. This can be illustrated on the chalkboard for the g
class. Another comparison is made between the areas and then the stude?
will observe that to obtain any satisfactory results, the number of sides
must increase greatly. At this moment the instructor should introduce
this program and explain to the class that the program will increase the
number of sides of a regular polygon and compute the area of each new
figure. A table is printed giving the areas of both inscribed and circum-
scribed regular polygons and also the number of sides for each area.

The students can readily see that the machinehas elimrinated the tedious
calculations. Now, have the students calculate the area of the circle
using the formula and make a comparison of results; thus, th. students
can observe that the 2reas of the polygons approach the are'. of the zircle.

25
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P12

DISCJSSION: (con't)
—— et ottt POy

If students hagd ¢ ken 2 unit circle, they would have observed a
method for approXimating n »i” -

Due to machine gperatio™ the vajye of " pi" wasg used to
convert degrees into ragjang. TC 2Vaid any circular reasoning, the
instructor can use half~ang1e formulas to e¢)iminate " pi" from this
program,

26
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PI2

ARZA OF A CIACLE USING INSCRIRZD AND CIRCUNSCRIBED REGULAR POLYQONS
Lo 2 1 1]

WAT IS THE BADIUS OF THE CIRCLE? 10

INSCRIBED CIRCUMSCRIBLD NUMBER OF INSCRIBED ClRCUMSCRIDED
ARBA ) AREA S!DIS ‘S BRAOR " 8 RRAOR
1899039 ... 3519.6148 3 5865 63 .4
259.8078% 346.4098 6 173 1G.27
299.95 8 381.5387 !8 =451 838

MOV MANY SIDES DO YOU THINK ARE WEXDED TO Appmxmn
TME AREA OF TMlS cncu:t 100°

3‘30’5‘3 J14.2684 ‘00 -e07 +03

WULD YOU LIXKE TO TRY ANOTHER NUMBER OF SIDES ¢ I-YES, 0-NO)? |
MOV MANY SIDES DO YOU THINK ARE NEEDED TO APPROXIMATE

THE AREA OFf THIS CIRCLE? I1Eé’

THAT NANY SIDES 1S VALID, BUT NOT MECESSARY FOR A

@000 APPROXINATION. USE 10000 AS THE NAXINUN WAMGER.

MOV NANY SIDES DO YOU TMIRK ARR WESEDED TO APPROXINATE

THE AREA OF THIS CIRCLE? 10000

3la.159 3t P 10000 0 ]

WOULD YOU LIKK TO TRV AMOTMRR NULBER OF Sipgs (1-YES, 0-20)? ©
WULD YOU LIXE TO TRY AMOTRRR BIUS < i-TRe, 0-NG)? I -

_onsne
WAT I3 THE RADIUS oF TMRE CIRCLE? 1000000

ASY RADIUS VILL VOAX, BOT OSE A NWUNBER LRSS THAN 1000«
WAT IS THR RADIUS OF THE CIRCLE? 999

INSCRILZD CIRCUMSCRIBED NUMBER OF  IMSCRIBED Ci2CUMECR1IBED
" ARBS AREA T 8 ERROR

SipEs “$ ERROR
1.8964438¢6  5.1837548+6 3 ~56.68 8.4
2.598881806  3.4571 73K+6 ¢ ~17.3 10.87
8.9900015¢6  3.008960K+¢ 18 ~4.81 2.3

MOV MANY SIDES DO YOU THINK ARE WEZDEP TO APPROXINATE
THE AREA OF THIS CIACLE? 10000

3:138310K¢¢  3-138310E+¢ 10000 ] 0

SOULD YOU LIKE TO TRY ANOTMUIR SaER OF 31ags (:-YES, 0-N0>T O
wWuLD TOU l-lll TO TRY ANOTRER aADIUS Ci-TR3, 0-M0)? O

L2 1 2

185
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REM II-I-UST“TIN or Lllll’l usine cuct.u AND POI-Y“S
REM REVISED 8/73/70 (D« PESSEL)

REN IMPORTANT VARIASLES: Al-INSCRIBED AREAS AR-CIRCUMSCRIBEN
REN AREAS AJ-ACTOAL AREAS Pl-f EAROR OF Als pa-3 ERROR OF a8
PRINT “AREA OF A CIRCLE USING INSCRIBED AND CIRCUMSCRIBED "5

PRINT “REGULAR POLTGONS™ -

PRINT

PRINT “sssse®

PALRT

PRINT “"WIAT 13 TNE MDIUS OF THE CIRCLE™}

IN*UT R

IF R<1000 THEN 13}

PRINT “ANY RADIUS VILL WORK, BUT USK A NUMBER LESS THAN 1000,."
€0 10 180

1WPUT R -

17 Rr=,] THEN 134

PRINT “RADIUS SHOULD BX AT LEAST .111"
30 °TO0 180

LET A3s3.laléshsR

.PRINT ~

PRINT
PRINT ~1MSCRINED™,"CIRCUMSCRIBED",” NUMBER OF™,

PRINT "I1NSCRIBED™,"CIRCUNSCRIDED™ ~

PRINT = AREA®, ° AREA®,®  SIDES"," £ ERROR™,” X ERROR™
b el ) e 1DES", " )
FOR K=0 TO &

LET Ne3e(R0K)

aosus 180

NEXT K

80 TO 240

REM COMPUTATION SUBROUTINE (LIMES 180-880)

LET LaBeReSIACS.14159/M)

LET Al=ReCO0S(J.14189/M)sNels/8

LET ARsNe(R1S)STANC3:14159/M)

LET PlaCCA1-AJI/AI®100 -

LIT PR=(CAS-A3)7A3)#100

PRINT Al,A8," ~ "IN, 1NTC(P 31004.3)/100, INT(PR*1QI+:r . "13%
PRINT

PRINT

PRINT "0V ANY SIDES DO YOU THINK ARE KEIDED TO PP AMRTE"

PAIRY “THE AREA AF TNIS CIRCLE™)

IPUT 8

1V W IES TKEW 2455

17 we3 THURR 266

@M% 1

::lg ;mw NMBER OF SIDE" SMOULD BE AT LEAST TMARR!I®
PRINT "THAT NANY SIDES IS VALID, BUT MOT RECESZARY FOR A"
PRINT “0095 APPROXINATION. USE 16000 AS THR MAXINUN NUNBER.
o 10 Sed : - - : -
PRANT

LE? BolWT¢%e+.5)

osua 18¢

PRIRZT

PRiNT -vou.p YOU LIXE TO TRY ANOTIER WUKBSER OF 31DES™)
PRINT ® {1-YES, 0-80)")

1PUT Q1

17 al»>0 THARN 860

PRINT “VOOLD YOU LINK TO TRY ANOTMER RADIUS (1-YXS, 0-N0)"}
I1NPUT 08

PRINT

PRINT "sssss™

PRINT

17 Q8»0 THEN 120 :

250 X .



DISCIPLINE MATHEMATICS 9, 10,11,12,13

SUBJECT PLOTTING A GRAPH

PROGRAM NAME PLOTTR

DESCRIPTION:

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

OBJECTIVES:
A. To check a student's plotting procedures.
B. To ohtain a quick plot of an involvad function.

PRELIMINARY PREPARATION:

AL Student - Knowledge of coordinates, and plotting procedures.
B. Materials - graph paper for plotting
DISC USSICN:

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

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

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

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




Mathematics
PLOTTR

In the third sample run, a plot is made of a rather complex
transcendental function. It is worth mentioning that this plot is
obtained as easily, using this program as is that of the function
Y:=X.

The teacher should notice also, that, in this third sample
rut, we have found two of the roots of the function
Y=X+LOG (2% (SIN(X)) 2 )1.5xC08(X)

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

30
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PLOTTR

THIS PROGRAM VILL GRAPN A FUNCTION OF X BETYEEMN ANY LINITS

(A AND B> YOU CHOOSE, WITH AN INTRROAL OF YOUR CHOICE (1)
BETVEEN SUCCKSSIVE VALUES OF X, IF YOU TYPE THE FOLLOVINGs

1 G0 TO 880

290 DEF FNY(X)m.e(YOUR FUNCTION OF X).,.

230 LET A=.0{YOUR SMALLER LINIT or x,o.'o

840 LET B=...(YOUR LARGER LINIT OF X):,,

230 LET !.ooo‘Ym Xﬂlcamh--

RUM ) .

-
-
[ -]

280
FNYCX)=SINCX)
AsQ =~ )

g

numcerl €' x Egggg
hhk
!

- - = - Y-VALUES - - - = -
-3 1.8 0 1eS

¥ ---------!----0----! ccscccc=a] ---n-----x----0----!

0

S

|

1% .

8

8.5

3

3.5 *
4 ’ s

4.3 ' ®

S *

B9 *

é *
[ 7% .

)

GBY¥E: TME SIX 1°S OM.TME MORIZINTAL Y-AX]S REPREpSENTS
-‘_.“b-liDiloﬂ-

»

10 5t et oo (o0 00 O 0 50 (v 0 Dt 0 Pt )

READY

880 DEF FNY(X)=X '
230 LET As-] °

840. LET B9

230 LET le=}
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X
v
A
L
/]
) 4
s
.’ ....:-mm....
.‘ ’........ 5
.x...nﬂ...-.l.......-. ocoeoee §
0 . e SRS
8 1
3 1 ¢
A H *
s ! *
¢ i *
7 $ *
: 1 ‘
4
1 T
”ry, *
Pl 5’8 o% T v
- 1N 813 105 3% NORIZONTAL Y-AXIS REPAESENTS
sEapy
)
i\\ 0
)
32
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PLOTTR

1 GO TO 220

220 DEF FNY(X)=X+LOG(2*(SIN(X)>>12)~-1.5%C0S(X/2)
230 LET A=0.5

240 LET B=3.1

250LET 1=0.1

RUN

wECEDC I X

- = - - Y-VALUES = - -
-3 =15
l-ccceenae- J-==-tomem]mmcccaa-a-
*

1.5
--------- I-=mmteeae]

*

e o o o o
L el IR B e W5 )]
*

e & & o o 8 o o o
V200 LEWN—

* % %

e © & & & & o o o
VRGOV & WD -
Pt Bt Bt Bt Bt Bed bt Bt Bt Bt Bt bt et Bt Bt Bt Gt Bt Bt Bt Bt W Bt bt bt Bt bt bt O
*

WWNRNNRNMODNRNODDMDMDMDND ™ o o b e bt e e o e

*

[
—

NOTE: THE SIX 1'S ON THE HORIZONTAL Y-AX1S REPRESENT?:
v =2 =1 » 0 » 1 » 2

33
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HEADY

1 GO TO 220

220 DEF FNY(X)=LOG((SINC(X))*t2)

230 LET A=]

240 LET B=3

250 LE7T I=0.1l

HUN

P.s

V)

A

L

u

E

S5 ~ =~ = = Y-VALUES = = = =~

-5 -3.5 -2 -« 5
Jewcencnea I Ry e T I L Jemeepmw==]

1 * 1
1.1 * I
1.2 *1
1.3 *]
1.4 ¥
1.5 &
1.6 ¥
1.7 ¥
1.5 *]
1.9 x]
2 *x I
2.1 * 1
2.27 * 1
2.3 * 1
2.4 * 1
25 * I
2.6 * 1
2.7 * 1
2.8 ® J
2.9 * I
3 * I

NOTE: THE SIX I°'S ON THE HORIZONTAL Y-AXIS REPRESENT:
~5 »=4 ,=3 »=-2 ,-1 , O

READY

34
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110 REX QUENTIN Je O°COMNOR, COMMACK u.loIOI‘nb ml’m JULY,» 1969
113 REM REVISED BY C.LOSIK 8~-7-N0

116 REM A,B,1 ARE SILF~-EXPLANATORY

117 RER AUTOMATIC SCALING AND A FLOATING AXIS ARE USED.

100PRINT™ TRIS PROGRAN VILL GRAPH A FPUNCTION OF X BETVEEN ANY LINITS™
1J0PRINT™CA AND B) YOU CMOOSE, VITH AN INTERVAL OF YOUR CHOICE (I)™
J40PRINT™BETVEEN SUCCESSIVE VALURS OF X, ir YOU TYPE THE 'omu.ﬂ."
150 PRINT™ 1 60 T0 280"

160 PRINT™ 880 DEF FNY(X)meo o CYOUR FPUNCTION OF X)oo o™

170 PRINT" 30 LET A=+¢+(YOUR 3MALLER LIKIT OF t’ooo

160 PRINT" 840 LET B=...{YOUR LARGER LINIT OF X) soe™

190 PRINT" 230 LET l.ooo(ywa X-IM‘Du.

200 PRINT" RUN™

210 STOP

880 DEF FNY(X)=X

230 LET As~] ~

LET B=9

IF A<B THEN 830

PRINT “YOUR 'A' NUST 8‘ LESS THAN YOUR 'B’ »

STOP

LET 1e}

LET LePNY{A)

LET UsFNY(A)

POR XeA TO B 3TRP l

AT YeFNY(X)

300 IF Y~-L<O THEN 320

3106070 330

GOSUB3B0

IF Y=U»Q0 THEN 330

a0 TO 360

GOSUB 400

NEXT X

80 TO AaR0

LET L=Y

RETURN

LET UsaY

RETURN

IF IKTC(UI=-U=0 THEMN 430

LXIT Ul=IAT(U)+)

80 TO 440 i

LET Ui=U

LET Li=sINTC(L)

LET DeQUl-LI ~

IF INTC(D/3)~D/5<0) THEN 570

PFOR Kes1 TO8

LET LisLi-l

LET D=0l-L1

1V INT(D/S)-D/3=0 THEN 570

LET Ulsylel

LET DaUl-L1

ir ll"(DIS’-DIS-O TUEN 570

ABXT K

LET l'bls

PRINT "X™

PRINT "-"

PRINT "V

PRINT "A™

PRINT "L™

PRINT "U™

PRINT *k*

PRINT ™S o @ » o YoVALUES = = - =%
SSOPRINT” "L1s™ "IL1OER15," ™)LLi*Ee)," "IL1+4E%4,.8
6”’““" l------‘--‘-‘ --0----[------.--l-..,.-...ln,

§§§§§§§§§
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671
680
6%
00

710FOR XsA TO 3 STEP

- 010

1000
1010

Math
PLOITR

’u" “----.-..-!“

IF Li>0 TMRN 1080

‘LB QuINT((~L1)8(10/K)+.3)

mr 'I'(Y)'l.f(("bl?‘(lO/l)OoS)
PRINTX,

LET YaFNY(X)

IV Y>=0 THED 830
PRINT TA.‘lS’P.P(Y))l“‘“lf‘.(ﬁ’lS’l“l“

€0 TO0 1000’

IP Y>0 THEM 910
PRINT T‘.(COIS)J“O'

&0 TO 1000
PRINT T‘.(ISOQ)J“I”JTAl(ISOFUP(Y))l“.”

NERXT X

€0 T0 1100

FOR X=A TO B STIF I -
PRINTX,

LET Y= FNY{X)

PRINT T‘.Cl.f((?-Ll).(lOIl)Ool)Oll)l’.“
NEXT X

PRINT

PRINT “NOTE! TME SIX 1I°S oM 'l’ll MORIZOMTAL Y-AXIS REPRESENTI™
::%.T L1)%, 'JLIOSJ‘ ”lﬁl’l‘ﬂl' ~JL10303:* “l&i’l‘.l“ "JL1+KsS

T 3t
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DISCIPLINE MATHEMATICS, GEN. 9th YR

SUBJECT PRIME FACTOR

PROGRAM NAME PRIFA

DESCRIPTION:

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

OBJECTIVES:

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

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

PRELIMINARY PREPARATION:

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

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

DISCUSSION:

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

logic behind this method.

37
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Mathematics
PRIFA

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

WHAT IS5 THE NUMBER ? 105

105 3 5 7

WHAT IS THE NUMBER ? 72

72 2 2 2 3 3

WHAT IS THE NUMBEs ?7 89

89 IS PRIME

WHAT 15 THE NUMBER ? 47

47 IS PRIME

WHAT 1S5 THE NUMBER ? 155
155 ) 5 31

WHAT IS5 THE NUMBER ? 362
362 2 1bl

WHAT 1S THE NUMBER 7 0O

READY

38

@ Copyright 1971, Polytechnic Institute of Brooklyn




100
105
106
110
120
130
140
150
160
170
172
174
180
190
200
205
206
207
210
215
220
230
240
245
250
260
270
<860
300
310
320
330
340
350
360
370
380
385
")
410
420
430
440
460
470

REM W. TEPPER WYANDANCH Hese.
HEM REVISED BY C.LOSIK &~10-70

Mathematics
PRIFA

REM M Is5 THE NUMBEHs AC1) AHRE ITS FACTORS

REM ADAPTATION OF TWO PROGRAMS

HEM THIS PrROGRAM FINDS THE PRIME FACTOHS OF ANY GIVEN INTEGER
fREN AND PRINTS PRIME IF IT HAS NO PROPER DIVISORS

DIM ACI00)
LET C=0

PRINT "THIS PROGRAM WILL GIVE YOU THE PRIME FACTORS OF ANY"
PHINT "WHOLE NUMBER. IF YOU WISH TO STOP THE PROGRAM» ENTER A"

PRINT "ZEKO FOR THE NUMBER."
PRINT

PRINT "WHAT IS THE NUMBER '";

LET Xx=0

INPUT M

IF ABS(M=-INT(M+.5))<.0001 THEN 210
PRINT "WHOLE NUMBERS ONLY, PLEASE."
GO TO ls&u -

PRINT

IF M<=0 THEN 470

PRINT M»

LET I=}

LET I=z=I+1

IF I>M THEN 310

IF M/1<>INT(M/1) THEN 240

LET A=x+1

LET ACX)=1

LET M=M/1

GO TO 250

IF X=1 THEN 360

FOR L=} TO X

PRINT ACL); ' -

NEXT L

GO TO 370

PRINT "1IS PRIME"

PRINT

PRINT

GO TO 180 .
INPUT B

IF B=l THEN 180

IF B=0 THEN 470

PHRINT * TYPE | OR O AS INSTRUCTED"
LET C=C+1

GO TO 4GO

END
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DISCIPLINE MATHEMATICS 12, 13

SUBJECT ANALYTIC GEOMETRY

PROGRAM QUADRT

DESCRIPTION:

This program determines the nature of the graph of Ax2 + Bxy +
Cy2 + Dx + Ey + F =0, after the operator inputs the six constants (A,
B, C, D, E, F). Limiting cases, such as a point or a line, are separ-
ated from the general cases so that the computer type-out gives the
exact nature of the graph.

OBJECTIVE:

To permit exploration of the properties of the second-degree
equation.

PRELIMINARY PREPARATION:

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

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

DISCUSSION:
Before‘running the program, the teacher should discuss the
general form of a second-degree equation in two variables, the functions

of the coefficients used in the program, and the implications of the
flow chart.

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

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

40
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Math
QUADRT

THIS PROGRAM DETERMINES THKE MATURE OF THEK Wl_l ors
T AsXt2+BeXeYeCaTr2eDeXeEsYeFn0 '
ENTER YOUR CONSTANTS IN THE ORDER LISTED ABOVE.

? 5+,8,%5,0,0,0
THE GRAPH OF YOUR EQUATION IS5 A SINGLE POINT.

AMOTHER RUN (1=YES, 0=NO) 8 ? 1
ENTER YOUR CONSTANTS IN THE ORDER LISTED ABOVE.

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

ANOTHER RUN (1=YES, O0=NO) § ? |}
ENTER YOUR CONSTANTS INTTHE ORDER LISTED ABOVE.

? 0+,5,0,0,0,9
THE GRAPH {F YOUR EQUATION !S A HYPEBSOL@.

ANOTRER RUN (l=YES, O=NO) ¢ 2 0

READY

19y
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Math
QUADRT

REM QUENTIN J.0°'CONNOR, COMMACK H.S.MORTH, JULY 16, 1969

REN REVISED BY C.LOSIK §-7-70

REN AsB,C.D.E,F ARE AS 1IN EQUATION

PRINT ™ TH1IS PROGRAM DETERMINES THE NATURK OF ﬂl' GRAPH OF:*

PRINT * T ANK126BeXeY+CaT1ReDEXOECYoFn”
::{IT : ENTER YOUR CONSTANTS IN THE ORDER LISTED ABOVE.™
NT » » : . . - -

IMPUT A,D,C,D.R,0F

IF AsA+BB4CoCoDeDoksRerer>0 THEN 8210

PRINT™ ' VITR ALL YOUR CONSTANTS EQUAL TO ZERO» ANY VALUES OF X*
PRINT™AND Y WILL SATISFY YOUR EQUATION. 1IN OTHER WORDS, YOUR™
PRINT"GRAPH 1S A COMPLETE PLANE.”

80" TO 830 ~

IP A®A+BeB¢CeC+DeD>E*E=) THEN 500

IF AsA+BeR+CeC>0 THEN 840

G0 T0 400

LET 1IsA+C

LET KeAsAsC~BeB

LET JsqQeASCH+ASCEPoASASF~EeE~DeD-BsB

LET PaqsAsCoF+BsDsE-ASEsE<CoDeD-FsBsB

IF P=0 THEN 360

17 K=0 THEN 340

I1F X<O THEN 380

1F 1eP>»0 THEM 300

IP A<>C THEN 340

IF Bs) THEN A80

PRINT “TAR Ml OF YOUR EQUATION 1S AN ELLIPSE.”

€0 70 580 B -

1F K»O THNEN A&O

I1F K<O TREN A&0

I1F J<O0 THEN 480

1F J»0 THENS0O

PRINT ":gl GRAPH OF YOUR EQUATION 13 A SINGLE STRAIGHT LINE.™
e0 T0 8 . N o2 e - > al
nug “gl GRAPH OF YOUR EQUATION CONSISTS OF 2 PARALLEL LIMES."
@0 s - - . )
PRINT "gl GRAPH OF YOUR EQUATION CONSISTS OF 8 INTERSECTING LINES.”™
e TO0 8 ° B ) B
PRINT "THE GRAPH OF YOUR EQUATION 1S A siINGLE POINT ™ ‘

60" TO 850

PRINT “THE GRAPH OF YOUR EQUATION 15 A CIRCLE."
80 T0 $50 i -
PRINT “THEaS 1S MO REAL LOCUS FOR YOUR EQUATION.®
€ 710 S ST
PRINT “THE SRAPH OF YOUR EQUATION IS A KYPERBOLA.®
€0 T0 330 - e
PRINT “TNE GRAPM OF7 YOUR EQUATION 13 A PARABOLA.”
TRINT “THE GRAP oM 1 ARABOLA:
PRINT “ANOTHER RUN (leYZS, O=N0; 8 ")

INPUT A T

PRINT

17 A=l THEN 130

IF A<>0 THEN 360

) |
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DISCIPLINE MATHEMATICS 9th YEAR

SUBJECT' PROPORTIONS

PROGRAM NAME RATIO

DESCRIPTION:

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

OBJECTIVES:
A. To teach the student(s) the relationships in a proportion.
B. To aid in teaching the solution of p-oportions.

PRELIMINARY PREPARATION:

A, Student - no particular preparation necessary

B. Materials - see discussion

DISCUSSION:

The student is given the opportunity to see any number of solutions
to proportions. The program then asks a series of questions designed
to allow the student to discover that in a proportion, the product of the means
equrls the product of the extremes. The program can be used either with
individual students or with an entire class depending upon the availability of
equipment to display the output. Th#¢ running time varies, denending upon
the number of proportions you wish to solve. In 10 to 15 minutes, the program
can be run with about 100 proportion problems. Included in this time is a
built-in variable pause for observation of the tabulated results.
Another value of using this program is that the teacher can easily handle
numbers in proportions that heretofore were too difficult.
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Math
RATIO

THIS PROGRAN SOLVES FOR THE UNKNOWN IN THE PROPORTION
A/B A8 C/De USE A ZERO AS A DUNNY VALUE POR THE UMANOWN.

HOW MANY PROPORTIONS DO YOU WISH TC SOLVE? 4
BIAT ARE THE VALOES FOR Ao!oﬁobf 328208,9
YOU PORGOT TO IMPUT A ZERO FOR YOUR
MIKNOWI. TRY AGAIN.? 3,4,6,0
- 374 A 6/ 8

WAT ARE THNE VALUES FOR AsB,C,D? 1,10,0,30°
' 1710 AS 5/ 90
WHAT ARRE THE VALUES FOR AsB,CoD? 36+0,1,8
) ' T3/ 1 AS 1/ 8
WIAT ARE THE VALUEKS FOR A»B,CoD? 0,48,3,%
' ’ R 87 /745 AS 23/ 8

TAKE A G00D LOOK AT THE PROPORTIONS. TME TVO MIDDLE
POSITION NUMBERS ARE CALLED THE °MEANS®; THE TWO
D% POSITION MUMBERS ARE CALLED THE ‘EXTAEMES®.

LOOK AT THE °*MEANS® AND THE °EXTRENES® - SEE 1IF

YOU CAN FPIND SONE KIND OF RELATIONSHIP EBETVEEN TMEM.

WEN TOU THINX YOU RAVE FOUND A RELATIONSHIP BETUREN

THE °NMEANS® AND THE °EXTREMES®,; TYPE | AND HIT THE RETURN XEY.
g -0 - .

DID YOU SEE THAT IF YOU WULTIPLY THE ‘NEANS®
AND WULTIPLY THE "EXTAENES', THZ PRODUCTS AAE EQUAL?Y

IN TME LAST PROPORTION 45 X 3 EQUALS 87 X §

CMECK TME OTMERS, T0O. WHEN YOU ARK READY TO CONTINUE.
TIPS | AND NIT THE RETURN KEY. : ‘
24 -

"

I7 YOU VISH TO USE THIS PROGRAN AGAIN TYPK 1, 17 NOT TYPE 0
°

READY

44
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Math
RATIO

100 REN V. TEPPER VYANDANCH H.$. =  MATHENATICS

105 REM mxun BY C.LOSIR 6-3-

106 REX A/B = C/D, TOTALLY OBVIOUS, ALSO USES GOSUD TO SIMULATE PAUSE
110 REM THIS PROGEAN SOLVES FOR THE UNKNOW IN THE PROPORTION®

180 REM OF TME TYPE A/B AS C/D '

130 PRINT "TH1S PROGRAN SOLURS FOR THE UNXNOWN IN THE PROPORTION™
:g ;:ll:; "A{ﬂ AS C/D. USE A IERO As A DUNMY VALYUE FOR THE uunou.
160 PRINT "HOW m\' PROPORTIONS DO YQU ViSH TO SOL'*JI"}
170 INPUT B
160 FOR K=1 TO N
190 PRINT “WHAT ARE THE VALUES FOR AsB,C,D")
200 INPUT A,B,C,D
210 1IF A=0 THEN 870
280 1r B=0 TREN 890
830 Ir C=0 THEN 310
240 IF D=0 TREN 330
8350 PRINT *YOU FORGOT TO INPUT A ZERO FOR YOUR™
288 PRINT "UMXNOWI. TRY AGAIN."3
860 GO TO 900 T
270 LET A=BsC/D
280 GO TO 340"
890 LET B=A®D/C
00 @0 TO 340
310 LET C=A®D/sB
390 a0 TO 340°
330 LET D'ﬂ‘CIA
JAOPRINT™ "IA®/"B™ AS "C™/"D
343 NERXT K T I
380 PRINT
360 PRINT
370 PRINT "TAKE A 600D LO0OK AT THE PROPORTIONSe THE TWO MIDDLE™
380 PRINT "POSITION NUMBERS ARE CALLED THE °*MEANS®, THE TW*™ ‘
3’3?0 Pgl‘l’ “ZND POSITION NUMBSRS ARE CALLED THE °*EXTREMES® ™
S PRINT ° *82 A andiBl i
400 PRINT "LOOXK AT THE °*MEANS' AND THE °*EXTREMES® -~ SEE IF”
410 PRINT “YOU CAN FIND SOME RIND OF Bmf:OKﬂﬂP BETWVZEN THEM.™
PRINT “WVHEN YOU THNINK YOU RAVE POUND A &ufle" IP BETUREN"
PRINT *THE 'MS‘ AND THE 'IKTMS' ot )
€0 SUB 810 .
PRINT “D1D YOU SEE THAT IF YOU MULTIPL)Y THE °MEA»S'™
PB:"I' ARD MULTIPLY THE 'lxrnms'. THE PRODUCIS ARE EQUAL?™
PRINT nad il
PRENT "IN THE LAST PROPORTION "B X"C"EQUALS™ A"X"D
PRINT "CHECK THE OTHERS, TOO. “"WHER YOU ARE READY TO CONTINUE,"™
oo‘m 810 ' ' . ) b
PRINT
:g.‘l’ “IF YOU VISH TO USE THIS PROGRAN AGALY TYPE 1, IF NOT TYPE O"
UT X~
ST 1IF X=] THEN 200
580 IF Xe«0 THEN 640
590 PRINT “TYPR 1 OR O AS DIRECTED." \
600 @0 TO 360 )
610 PRINT "TYPEL 1 AND HIT THE RETURN KEY."
680 INPUT X
683 IF X<>} THEN 620
685 PRINT =~
a7
630
€3S
640

$EES3BIABEES

PRINT
PRINT
RETURN
END




DISCIPLINE MATHEMATICS

SUBJECT QUADRATIC EQUATIONS

PROGRAM NAME ROOTS2

DESCEIPTION:

This program de.:cribes the nature of the roots of a quadratic
equation, and finds the roois whether real or complex.

OBJECTIVES:

A. To familiarize the student with quadratic function.
B. To review and drill exercise... to study the nature of roots.

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

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

E. To provide ''lead-in'' material for the introduction of further study
of the real number line, the real cartesian plane, complex numbers,
quadratic inequalities, etc.

PRELIMINARY PREPARATION:

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

formula. .. or hoth.

B. Materials - none

DISCUSSION:

The program uses the ''discriminant'' to determine the nature
of the ro~.s of the quadratic equation. Regardless of the nature of the
roots, che student is asked to graph y = F(x), and to compare his graph
with the kind of roots he finds for a specific FI(x) = 0. He should be
impressed with the picture: and he should understand (ultimately) the
reasonableness and validity of the analytic methods presented in class.
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Math
ROOTS?2

THIS PROGRAM HANDLES ALL POSSIBLE CASES OF SOLUTION OF THE EQUATION $
As Xt 8 ¢ PBPesX ¢ C = 0

TYPE IN YOUR VALUKS FOR A, B, AND C 3 2 1,00,3

DISCRIMINANT IS LXSS THAN ZERO, SO ROOTS ARKE IMAGINMARY.

1REY ARR OF TRAL FORM 8 P+lsQ , P~1sQ , WHERE ¢ =

P ma] ‘A = j.414814° ) '

PO YOU WANT ANOTHER RUN C O = MO » | = YES 3 & ? )
TYPE 1N YOUR VALUES FOR A, Bs AND C 8 ? 157.3
DISCRININANT 18 GREATER THAN ZERO, SO ROOTS ARE REAL.
RDOTS ARE X1 AND X8 ‘ ' o
x! -00‘5'.!.1 Xe -5605“”_‘

e

DO YOU VANT AMNOTHER RUN ¢ O = NO » | = YES ) 8 7 |
TYPE 1IN YOUR VALUES FOR A, B, AND C 8 7 1,6,9
DISCRININANT 13 EQUAL TO ZERC, 30 ROOTS ARE EQUAL. X ==3

DO YOU WANT ANOTHER RUN C O = MO » 1 = YES ) 8 2 |
TYPE 1N YOUH VALUES FOR A, B, AND C & ? 28,6
DISCRIMINANT IS GREATER THAN ZERO, $0 ROOTS ARE REAL.
RDOTS ARE XI AND X8 . )
n-.! "n.-.3

il 1
DO YOU WANT ANOTHER RUM ¢ O = MO , | = YIS ) ¢ 7 0

READY
' 47
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Math
PHYSICS

100 REM HE ULTIMATE QUADRATIC SOLUVER, UNTIL THE NEXT VlllSlOﬂ
110 REN CRARLES LOSIN, PIB, 7721770, JASIC
180 PRINT *TH1S PROGRAN mnus ALL POSS!.LI CASSS or IOLU‘NOU or*;
128 PRINT * m tﬂtlA‘l’lOﬂ { Lo
130 PRINT
140 PRINT * AsX 18 ¢+ BeX ¢ C = 0=
150 PRINT
160 PRINT "TYPE 1IN YOUR VALURS FOR A, B, AND c (] "l
163 REM 1BPUT VALUES FOR A.l.c
170 1WPUT ArB,C
171 PRINT
I7T% REN FOR ALL CASES, CHECK A-Oo "’ S0, TAEN I.IIIABH’Y
180 IF A=0 THEN 808
183 RN D 1§ THE DISCRIIIWT
190 LT DeBiB-AsAsC’ -
198 L.ET Z=8%A ’
200 IF D=0 THEM 710
210 1F D>0 THEMN 610
W0 XM D<O, IMAGINARY RESULTS
310 PRINT "DISCRIMIMANT 1S LESS THAI ZERO, SO ROOTS 27X xmexmv.
380 PRINT "TREY ARR OF TAR FO:M ‘PelsQ , P=10Q , ¥ % = "
330 PRINT "PF -"-a/z.-e -‘SOMABSQD) )/z )
30 80°T0 9200 -
600 REN D»0, SO0 REAL ROOTS
610 PRINT "DISCRININANT 1S QREATER THAN ZERO, SO ROOTS All IIAL.
680 PRINT "R00TS ARK X1 AND X8 .*
60 Plll‘l' X1 »*™{ -l03“¢D> )/Zo"&ﬁ -”(-I-SGB(D))IZ
o0 @G0 TO 900
0 REM EROUAL ROOTS (D=0)
710 PRINT "ll“llllm IS EQUAL TO ZERO, §$0 ROOTS m EQUAL: X =s"eR/Z
780 GO0 TO 900 o
300 REN A=0, 30 x--cm. UNLESS Be0
808 IF B<»0 THNEN 810
903 1iF C») THEN 807
804 PRINT "NMEANINGLESS sunnun bt
806 @ TD 900 -
807 PRINT "0XK, ZERO = ZERO.™
808 @0 /0 900
810 rgn “THE KQUATION 13 LINEAR., X ="-C/B
PRINT * el Nabd
901 PRINT TAP(IO) i™ses™
908 PRINT < -
910 FPAINT
980 PRINT "DO YOU VANT ANOTHER RUN ¢ O = N0 , | = YES ) s ™)
930 IwruT L ' C -t
940 Ir Z=1 THEN 130
950 g’ 450 THEN 980

g
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DISCIPLINE MATHEMATICS - JR. HIGH

SUBJECT INTERSECTION AND UNION

OF SETS

PROGRAM NAME SETS

DESCRIPTION:

"'This program finds the intersection and union of any two
‘numerical sets.

OBJECTIVES:

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

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

PRELIMINARY PREPARATION:

A. Student - no sp:cial preparation necessary.

B. Materials - see discussion ,

DISCUSSION:

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

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

SETS
TH1IS PAO0GRAM FINDS THE UNION AND INTEARSECTION OF ANY TWO
NUMERICAL SETS.

HOW MANY ELEMENTS IN THE FIRST SET? S

THESE ARE = (HIT ThE RETURN KEY AFTER ENTERING EACh ELEMENT).

N W W W W
O win~—

HOW MANY ELEMENTS IN THE SECOND SET? S

THESE ARE:?
2
4
6
o]
10

SN ) ) )

THE INTERSECTION CONTAINS 2 4

THE UNION CONTAINS 2 4 6 8 10U 1 3 5

DO YOU WANT ANOTnER nUN (1=YES, U=NO) : 7 1
HOW MANY ELEMENTS IN THE FInST SET? &

THESE ARE = (HIT THE RETUHAN KEY AFTER ENTEHING EACh ELEMENT).

W) ) W W) ) W) e
—_— O D W -

(V]
2
HOW MANY ELEMENTS IN THE SECOND SET? 10

SE ARE?

THE INTERSECTION CONTAINS 1 2 3 4 6 b5 10
THE UNION CONTAINS 1| 2 3 4 5 6 7 & 9 10 12

DO YOU WANT ANOTHER RUN (1=YES, 0=NO) 23 ? U

READY
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Math
SETS

I00REM W. TEPPEH, WYANDANCH RS, 7/29/69
101 REM REVISED BY C.LOSIK &-10-70

103 DIM A(C30),B8¢30)

110 REM UP TO 30 ELEMENTS PER SET ARE ALLOWED(UNLESS DIM l$ CHANGED)
120PRINT"THIS P.0GRAM FINDS THE UNION AND INTERSECTION OF ANY TwO"
130PHINT"NUMERICAL SETSe"

140PRINT

ISOPRINT" HOW MANY ELEMENTS IN fHE FIRST SET';

16UINPUT N -
L LB RS0 THEN @30~ e+ == e e e
166 IF N=INT(N) THEN 170

167 PRINT "ONLY AN INTEGER NUMBER OF ELEMENTS IS POSSIBLE."

169 GO TO 140 _

170 IF N<=30 THEN l&u

173 PRINT "THE MACRINE CANNOT HOLD MORE THAN 30 ELEMENTS.";

175 PRINT " SEE YOUx TEACHER."

177 GO TO 690

180 IF N>U THEN 1&9

183 PRINT "THERE CANNOT BE A NEGATIVE NUMBEx OF ELEMENTS."

186 GO TO 14v

189 PRINT .
I90PRINT"THESE ARE ~ (HIT THE RETURN KEY AFTEXR ENTERING EACH ELEMENT)."
200FOR K=1TON

210 INPUTACK)

220NEXT K

230PRINT

240 PRINT " HOW MANY ELEMENTS IN THE SECOND SET';

250INPUT J

253 IF Js0 THEN 550

256 IF J=INT(J) THEN 26U

257 PRINT "ONLY AN INTEGER NUMBEiX OF ELEMENTS 1S POSSIBLE."

259 GO TO 230

260 IF J>30 THEN 173

270 IF J>0 THEN 279

273 PRINT "THERE CANNOT BE A NEGATIVE NUMBER OF ELEMENTS."

276 GO TO 230

279 PRINT

280 PRINT'THESE ARE:"

290 FOR KI=1TO J

300 INPUT B(KI)

310 NEXT Ki

311 PRINT

312 PRINT

315 IF N<=0 THEN 640

320 PRINT "THE INTERSECTION CONTAINS *';

330 FOR K=1 TO N

340 FOR L=1 TO J
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350 IF ACK)=B(L)>THEN 380
360 NEAT L '
370 GO TO 400
380 PRINT ACK);
390 LET X=X+}
400 NEAT K
410 IF X>OTHEN 430
420 PRINT" EMPTY SET....NO ELEMENTS"
430PRINT
440 PRINT''THE UNION CONTAINS";
450 FOR L=1 TO J
460 PRINT B(L)3
470 NEAT L
480 FOH K=1 TO N
490 FOR L=l TO J
500 "1F ACK)=B(L)THEN 530
510 NExXT L
520 PRINT A(K);
530 NEAT K
540 GO TO 6%V
550 IF N<=0 THEN 620
560 PRINT " INTERSECTION 1S EMPTY"
570 PRINT '""UNION CONTAINS';
560 FOR K=1 TO N
590 PRINT A(K)>:
600 NEXT K
610 GO TO 690
620 PHRINT '"UNION AND INTERSECTION AHRE EMPTY"
630 GO TO 690 .
640 PRINT "INTERSECTION Is EMPTY"
650 PRINT *"UNION CONTAINS';
660 FOR K=} TO J
670 PRINT B(K);
680 NEXT K
690 PHRINT-
M0 PRINT S .
720 PRINT ""DO YOU WANT ANOTHER HUN (l=YES, O=NO> 3 '}
730 INPUT N
740 1F N=1 THEN 140
750 IF N<>0 THEN 720
760 END

52

@ Copyright 1971, Polytechnic Institute of Brooklyn

0o
O
cc




DISCIPLINE ALGEBRA

SUBJECT  SIMULTANEOUS-EQUATIONS

PROGRAM NAME SIMEQN

DESCRIPT ION:

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

OBJECTIVES:

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

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

PRELIMINARY PREPARATIONS:

Presentation of concepts of simultaneous equations and methods
for finding solutions. -
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Thily PrOGRANM SOLVES ANY NUMBER OF SETS OF SIMULTANEOUS
EQUATIONS OF Ur [0 10 EQUATIONS PEr SET. ENTER YOUn SETS
OF EJUATIONS IN DATA STATEMENTS IN LINES 700~800.,
PHRECEDED BY THE NUMBEH OF EWUATIONS IN EACH SET.
EAAMPLE TO 'SOLVE TnoE OSYSIEM

14aCl) + 2%a(2) =

4*xAC1) + GxX(2) =
ENTEit DATA AS FOLLOW

7uU DATA ¢

Ul DATA 1,2,3

702 DATA 4,9,10
fHEN TYPE:

1 GO TO 110

RUN
THE .COMPUTER WILL PiINT A MATKIA OF YOUr -EQUATIONSs- FOLLOWED - - -
BY THE SOLUTION TO ThE EWJUATIONS.

3
10
S:

HEADY

0 DATA 2
V1 DATA 1,2,3
N2 DATA 4,951V

1 GO TO 11u
AUN

1 ' 2 3
4 9 10
XC 1 D)= 7
X( 2 )= -2
HEADY

700 DATA 2

1 DATA 3,2,16
02 DATA ~6,~4,-32 .
1 GO TO 11v

RUN
3 2 16
-6 -4 -32

NO UNIQUE SOLUTION
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SIMEQN
READY
7200 DATA 3
701 DATA 3,255.,10
702 DATA =l,4,7s-21
703 DATA 1,1,~1514
1 GO TO t1V0
AUN
3 2 5 10
-1 4 7 -21
1 1 -1 14
XC 1 J= 7413044
XxC 2 )J= 20956522
AC 3 D= ~3.630435
READY
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Aruitoxt provided by Eic:

10
15
20
25

35
40
45

62
€4
66

72

74

865

90

100
110
120
130
140
150
155
160
165
17
185
190
200
210
220
230
240
250
260
276
340
350
360
370
380
390
40V
410

Math
SIMEQN

HEMARK D.SOBIN, BKLYN ~£OLY, 11-6Y

HEM HREVISED BY C.LOSIK, 9-25-70

“THIS PROGHAM SOLVES ANY NUMBER OF SETS OF SIMULTANEOUS
“EWUATIONS OF UP TO 10 EWUATIONS £ER SET. ENTErR YOUR SETS*"
“OF EQUATIONS IN DATA STATEMENTS IN LINE3 700-BuU,"
“PRECEDED BY THE NUMBEi OF EWUATIONS IN EACH SET."
“EAAMPLE: TO SOLVE ThE SYSTEM

o lxadl) + 2%A(2) = 3

*o4*%AC]l) + 9xK(2) = 10"

“ENTER DATA A5 FOLLOWS:'"

** 700 DATA 2"

** 701 DATA 1,2,3"

702 DATA 4,9.,10"

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

PRINT
PRINT

PRINT
5TOr

. PRINT _“THEN TYPES'

* 1 GO TO 1l1lu”

" BUN"

PRINT "“THE COMPUTER WILL PRINT A MATRIA OF Y0UR EQUATIONS, FQLLOWED'
*BY THE SOLUTION TO THE EWQUATIONS.'

DIM EC10,11), aClu)

READ
IF N
FOR

PRIN
NEXT

N

=0 [HEN 999
I=1 TO N

FOR Kzl TO N+1
READ E(I,K)

PRINT ECL1,K)»

NEXT K

T o L1
1

REMARK EVALUATE MATRIA
FOR J=1 TO N-1l
IF E(J»J)=U THEN 560

FOoR

1=J+1

TO N

LET Q@=E(1,J)/E(J,J)
FOR K=J TO N¢l
LET EC(I,»K)=SECI,K)~E(J,K)*U

NEXT
NEXT
NEXT

K
I
J

REMARK SOLVE FOR X(N>
IF E(N,N)=0 THEN 520

LET

IuN+1

LET X(N)SE(N,I)/EC(N,N)
FOR J=1 TO N-l!
LET S5=0

FOR K=1 TO J

LET

S=S+E(N=-Js I -KI)*A(I=-K)
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420 NEXT K
430 LET X(N=J)=(E(N~Js1)~5)/E(N=-JsN~J)
440 NEXT J

" 450 REMARK PRINT VALUES
455 PRINT

460 FOR J=1 TO N
470 PRINT "X("J")=",A(J)
480 NEXT J
e S00_GO_TO. 530
520 PRINT
525 PRINT "NO UNIQUE SOLUTION'
530 PRINT
535 PRINT
540 PRINT
550 GOTO 110
560 FOR T= J+1 TO N
570 IF E(T,J)<>0 THEN 600
560 NEXT T
590 GOTO 520
600 FOR C=J TO N+l
610 LET A=E(J,C)
620 LET E(J,C)=E(T,C)
630 LET E(T,C)=A
640 NEXT C
650 GOTO 210
801 DATA U
999 END
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DISCIPLINE CALCULUS - GRADE 13

SUBJECT TANGENT SLOPE FOR

ANY FUNCTION

PROGRAM NAME SILOFE .

DESCRIPTION:

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

OBJECTIVES:

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

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

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

PRELIMINARY PREPARATION:

Materials

The diagram below may be shown to the students on a blackboard,
or an overhead projector, to explain the computations geometrically.
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Y y= f(x)

Secants

Tangent
(Limiting Case)

a a4 3 a+1

DISCUSSION:

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

THIS PROGRAM CONSIDERS A FUNCTION OF X (YsuF(X)) WMICH IS
DIFFERENTIABLE AT X=A AND AT ALL POINTS IN TuUR INTRRVAL
(AsA¢l)., "THE VALUE. OF THE DERIVATIVUE AT XeA IS°
APPROXINATED THROU(GH SECAMT SLOPES.

AFTER THE PROGRAM STOPS, TYPE IN THE FOLLOVING:
(END EACH LINE, INCLUDING °*RUN‘, VITH A °CAARIAGE RETURN®)

i 60 TO 300
300 pxr FIY(X)-....(YOUR FUIC‘HOI or X)....
RUNM

FOR EXAWPLE, TO PIND THE SLOPE OF THE EQUATION Ys=Xt3
VOU WOULD TYPE AS FOLLOVS?

1 @0 TO 200
300 DEF FNY(X)=X?t3
RUN ’

"YOU NIGHT TRY THAT AS YOUR FIRST BUN.
FOR SUBSEQUENT RUNS, YOU NEED ONLY CMUANGE LIMK 300 FOR

A WEV FUNCTION, FOLLOVED BY °RUN'.

READY

1 @0 TO 200

300 DEF FNY(X)=X13

7] '

FOR WHAT VALUE OF A 1S TME SLOPE TO BE EVALUATED? 8

‘CHANGE IN X° IS THE DISTANCE FROM °A°, AND °CHAMGE IN Y*

IS THE DISTARCE FROM °F(A)° UPON WHICH THE SLOPE 1S CALCULATED.

GIANGE IN X CHANGEK IN Y  SECANT Ml 2 CHANGX IN sLOPER

7 1 19 19 NO PREVIOUS VALUE
17 8 7.683 is.as 19.73684
17 A 3390623 13.5688 11.0638%7
17 8 1.998703 ig.763568 5.873576
17 16 +7736816 18.37891 3.08937¢
17 s 3808899 1818848 1.53834

17 eA 1889687 1209399 7731783
17 128 «09411689 12.04694 «3891031
17 836 +04694667 i2.08247 * 1948049
17 318 «02346039 18.01178 «09771946
17 1084 01178447 i12.00886 «048 78049
17 2048 $.8608068~3 12.00893 02440815
"o

DO YOU WiSM TO USE A DIFFERENT VALUE OF X (1-YES, 0-NOD? O
70 CHANGE YOUR FUNCTION SEE THE IMSTRUCTIONS. )

IF Y0U ARE PINISMED, TYPE °l°, ASD THE °RETURN' XRY

APTRER THE PROGAAR 3TOPS. B

READY
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100 REM SECANT SLOPE OF A CURVE - G. J. O'CONNGR 8-12-68
101 REM REVISED §-7-70 (D. PESSEL) (COMBINATION OF SLCUQ AND DIFFQ)
108 REM 1MPORTANT VARIABLES: S-SECANT SLOPES P-PERCENT CHANGES

103 REN D-CHANGE IN X} Y-CHAMGE IN Y

105 LET S1=0

110 PRINT TAS(10)J7SECANT SLOPE OF A CURVE - THE DERIVATIVE"

1% PR . )" o H 1VAT1

130 PRINT "TH1S PROGRAM CONSIDERS A FUNCTION OF X (YaF(X)) WHICH IS
131 PRINT “DIFFERENTIABLE AT X=A AWD AT ALL POINTS IN THE INTRRVAL™
138 PRINT "(A,A+1). THE VALUE OF THE DERIVATIOE AT XeA 1s*

133 PRINT “APPROXIMATED THROUGH SECANT SLOPES.”

134 PRINT

139 PRINT "AFTER THE PROGRAM STOPS, TYPE IN THE FOLLOVINGS"

140 PRINT "(ENMD EACH LINE, INCLUDING °*RUN’, VITH A °CARRIAGE RETURN®)"

14} PRINT

fag PRIt * . 1 60 TO 300"

143 PRINT * 300 DEF FNY(X)®.eeo(YOUR FUNCTION OF X)eoo o™
145 PRINT ™ RUN™

iaé PRINT

-~ 147-PRINT-"FOR EXANPLE, TO FIND THE SLOPE OF TNE EQUATION Y=Xt3™
148 PRINT "YOU WOULD TYPE AS FOLLOVS:”

149 PRINT

150 PRINT . 1 @0 TO 300"

151 PRINT * 300 DEF FNY(X)=uX?3™
153 PRINT * RUN™

154 PRINT

155 PRINT “YQU MIGHT TRY THAT AS YOUR FIRST RUN."

156 PRINT “FOR SOBSEQUENT RUNS, YOU NEED OMNLY CHANGK LINE 300 FOR"™

157 PRINT A NEV FUNCTION, FOLLOVED BY ‘RUN® ™"

160 STOP

890 REN CALCULATION OF SLOPE AND PRINTOUT

300 DEF FHY(X)=X?d

20S PRINT "FOR WHAT YALUE OF A IS THE SLOPE TO BE EVALUATED™)

306 INPUT A ) ' C ) ) o o

310 PRINT '

311 PRINT "°CHANGE IN X° 1S5 TME DISTANCE FROM °A°, AND °CHANGE IN Y°~
318 PRINT "13 THE DISTARCE FROM ‘FCA)* UPON WIICR THE SLOPE 1S CALCO™3
313 PRINT "LATED.” R oo
316 PRINT

317 PRINT

300 PRINT “CHANGE IN X™,”CHANGE IN Y"o"SMT SLOPE™," % CHANGE IN SLOPE™

. 410 FOR N=0 TO 11 ’
4980 LET Degi'N ’
430 LET YOM(AOlID)°'"(A)
440 LET SepsY )
444 IF 3150 THEN 447
448 PRINT 'll‘ﬂo?o’o'” PREVIOUS VALUER™
446 60 TO A8S
447 LET Ps( (”S(Sl"))lSl )oxoo
480 PRINT "I1/"D,Y,S.,P°
483 LRT si1=§ -
480 NEXT B
470 PRINT
“0 PRINT “essee”
490 PRINT
900 -PRINT "DO -YOU VISH TO USE A DIFFERENT VALUE OF X (1-YES, 0-NO)™3
01 INPUT “
0% 17 as»0 THEN 305
S10 PRINT "TO CHANGE YOUR FUNCTION SEE THE INSTRUCTIONS.”
S80 PRINT "1IF YOU ARE PINISHED, TYPE °1°', ARD m 'R‘Tm' KEY™
S0 ::‘D.'l' "AFTER THE PROSGRAK STOPS.™ ~ - )
S40 '
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DISCIPLINE MATHEMATICS

SUBJECT ALGEBRA(9TH and 12TH GRADE)

PROGRAM NAME SQRT

DESCRIPTION:

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

‘OBJECTIVES:

A. To demonstrate and familiarize the students with aquare roots.

B. The method utilizes " pinching" 4 Z between the endpoints of
smaller and smaller domains.

-~ PRELIMINARY PREPARATION: ="~

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

B. Materials ~ none

DISC USSION:

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

‘'The program may be effectively utilized for introducing the
limiting process.
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PROGRAM FINDS SQUARE ROOT OF ANY POSITIVE NUMBER
BY 'PINCHING® IT WITHIN A SMALLER AND SMALLER INTERVAL.

WHAT IS THE NUMBER WHOSE SQUARE ROOT YOU SEEK? 54

LOWER LIMIT UPPER LIMIT
(o} < SQ.RTe OF 54 < 54

Sed4 < SQ.RTe OF 54 < 108

7.02 < SQ.RTe« OF 54 <« 756
7344 < S@.RT. OF 54 < 7.398
7344 < SQeRTe. OF 54 < 73494
7348319 < SA.RTe. OF 54 < 7348859
7348427 < SQeRTes OF 54 < T«348481
7348465 < SQ.RTe. OF 54 < Te34847
7348469 < S@eRTe OF 54 < 734847

APPROXIMATION NOW CORRECT TO AN ACCURACY OF 1.000000E-~S
YOU MAY USE EITHER 7.348469 OR 7.34847 AS THE SQUARE ROOT OF 54

WANT TO TRY ANOTHER NUMBER (1=YES, O=NO)> $ 2?2 1

WHAT 1S THE NUMBER WHOSE SQUARE ROOT YOU SEEK? 39

LOWER LIMIT UPPER LIMIT
0 < SQ.RTs OF 39 < 39

3.9 < SQ.RT. OF 39 <« 7.8

624 < SQ.RT. OF 39 < 663

6.24 < SQ.RT. OF 39 <« 6.279
62439 < SQ.RT. OF 39 < 62478
624468 < SQ.RT. OF 39 < 624507
6244992 < SQ.RTes OF 39 <« 6245031
6244996 < SQeRTe OF 39 <« 6245

APPROXIMATION NOW CORRECT TO AN ACCURACY OF 1.000000E-5
YOU MAY USE EITHER 6244996 OR 6.245 AS THE SQUARE ROOT OF 39

WANT TO TRY ANOTHER NUMBER (1=YES, O=NO) 8 ?2 O

READY
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100 HEM Te BURNS» JOHN GLENN HS, 8<6-69

110 REM REVISED BY C.LOSIK 8-27-70

120 REM A=LOWER LIMIT, BasUPPER LIMIT, 4=STEP IN INTERVAL

121 REM E IS THE ACCURACY YOU DESIRE

125 LET E=.00001 .

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

160 PRINT

170 PRINT *'WwHAT IS THE NUMBER WHOSE SQUARE ROOT YOU SEEK"3
182 INPUT 2

18S PRINT

190 IF Z>0 THEN 220

200 PRINT °**YOUR NUMBER MUST BE POSITIVE !!t*"

210 GO TO 160

220 PRINT

230 PRINT *"LOWER LIMIT',* *',' ",'UPPER LIMIT"

235 PRINT [ P -_‘,-_-u‘n ”n‘" n’n-_--_ P—— 1 ]

240 LET A=O

250 LET B=Z

260 LET S=(B-A)/10

270 PRINT A,''< SWU«RT. OF"Z2'"<*",B

275 IF ABS(A*B=Z)<E THEN 360

280 FOR I=A TO B STEP S

290 IF Z<1*1 THEN 310

300 NEXT 1

31 LET B=B*10

02 GO TO 260

310 LET B=l

320 LET A=]-S

350 GO TO 260

360 PRINT

370 PRINT "APPROXIMATION NOW CORRECT TO AN ACCURACY OF"E
380 PRINT **YOU MAY USE EITHER"A"OR"B"AS THE SQUARE ROOT OF"4
390 PRINT

400 PRINT

410 PRINT '"WANT TO TRY ANOTHER NUMBER (1=YES, 0=NO) 1t *;
420 INPUT 2 :

430 IF Z=) THEN 150

440 IF Z<>0 THEN 400

450 END
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DISCIPLINE MATHEMATICS_-TEACHER ASSISTANCE

SUBJECT ARITHMETIC MEAN (AVERAGE)

PROGRAM STATAL

DESCRIPTION:

This program Iinds the average (arithmetic mean), median, and standard
deviation of P to one hundred numbers.

OBJECTIVES:

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

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

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

PRELIMINARY PREPARATION:

A. Student - "Arithmetic mean", “average", "median', and "standard
deviation' must be well-defined.

B. Materials - None

DISCUSSION:
Civen N temrms, A1), A(2)...., A(N-1), A(N)', students will have
learned the average of these N terms is "A(1)+A(2)+...A(N-1)+A(N)".

N

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

(N+2}/2 terms.

The program =erV€s as an excellent vehicle for drill in division and
addition, and 'elps strengthen the concept of arithmetic mean (average).

This program iS5 useful in demonstrating a simple "loop” routine for
students intereSted in programming.
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MEAN, MEDIAN, AND DEVIATION OF A SET OF NUMBERS.

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

1000 DATA 1,2,3,4 ETC. (YOUR DATA GOES HERE)
WHEN YOUR DATA HAS BEEN ENTEHED, TYPE 13

1 GO TO 3u0
RUN

THEN RELAX WHILE THE MACHINE GrINDS OUT THE ANSWERS.

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

WARNING -- THE NUMBER 9999 1S USED AS AN INTERNAL DATA
VALUE. IF THIS VALUE IS ONE OF YOUR DATA VALUES, SIMPLY
RE-TYPE LINES 999 AND 200! WITH A COMMON DATA VALUE WHICH
YOU WILL NOT USE.

READY
1000 DATA 244,182,112,2,198,10,314,169,18,38

1 GO TO 300
RUN

THESE ARE YOUR NUMBERS :

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

NUMBER OF VALUES 1S5 10

SUM OF THE VALUES 1S 1287

THE MEAN VALUE 1S 128.7

THE MEDIAN VALUE IS 140.5

THE STANDARD DEVIATION IS5 209.5409

FOR ANOTHER RUN» RE-ENTER DATA ON LINES

1000 - 2000, TAKING CARE TO ELIMINATE OLD DATA

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

1

1000
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100 REM CHARLES M. LOSIK, BKLYN £OLY, MEAN-MEDIAN-DEVIATION
110 REM (7-66 IN FORTRAN II) 5 (8-26-70 IN BASIC)

115 REM REVISED 9-24-70

120 REM YOU PUT YOUX NUMBERS IN DATA STATEMENTS AND

130 REM YOU GET WHAT YOU PAY FOR.

140 PRINT * ",''MEAN, MEDIAN, AND DEVIATION OF A SET OF NUMBERS.'
150 PRINT

160 PRINT ' ENTER YOUr NUMBERS IN DATA STATEMENTS ON LI1NES"

170 PRINT ' 1000 - 2000+ FOA EXAMPLE, YOU MIGHT TYPE 3*

171 PRINT

172 PRINT ' ",''1000 DATA 1,2,3,4 ETCe (YOUR DATA GOES HERE)>"
173 PRINT

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

180 PRINT

190 PRINT ' *,'1 GO TO 300"

200 PRINT ' '',''RUN"

210 PRINT .

220 PRINT ' THEN HELAX WHILE THE MACHINE GRINDS OUT THE ANSWERS.'
222 PRINT

225 PRINT " IF A 'SUBSCRIPT ERHOR®' APPEARS, INCREASE THE SIZ4ZE OF THE"
227 PRINT " ARRAY IN LINE 295." :

230 PRINT

240 REM ACl) ARE THE NUMBERS, S 15 THEIR SUM,

250 HEM S2 IS THE SUM OF THEIR SQUARES.

260 REM .

270 PRINT * WARNING -- THE NUMBER 9999 IS USED AS AN INTERNAL DATA"
275 PRINT ' YALUE. 1IF THIS VALUE 1S ONE OF YOUR DATA VALUES, SIMPLY"
2680 PRINT * RE-TYPE LINES 999 AND 200! WITH A COMMON DATA VALUE WHICH"
285 PRINT ' YOU WILL NOT USE."

290 STOP

295 DIM AC100)

300 PRINT

303 PRINT * THESE ARE YOUR NUMBEHS 3"

305 LET I=l

310 READ E

315 LET S=0

316 LET S2=0

320 READ A(ID)

330 IF E = ACl)> THEN 370

340 PRINT ACI)

345 LET S = S + ACID)

347 LET S2 = S2 + ACI) * ACD)

350 LET I = 1 + 1

360 GO TO 320

370 LET N = 1 - 1

380 PRINT

390 PRINT

399 REM ***%%x BUBBLE SORT**%%% _

400 PRINT " THESE ARE YOUR NUMBERS (HIGHEST TO LOWEST) 8"

405 FOR 1 = 1 TON - 1
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410 FOR U = 1 + 1 TO N

420 IF ACI) > ACJ) THEN 460

430 LET T = A(I)

440 LET AC(I) = A(J)

450 LET A(J) = T

460 NEXT J

465 PRINT ACI)

470 NEXT 1

475 PRINT A(N)

480 PRINT

490 PRINT

500 PRINT ' NUMBER OF VALUES 1S'iN

510 PRINT ** SUM OF THE VALUES 1S8"3S

520 PRINT ' THE MEAN VALUE 18" 3 5 / N

530 PRINT ' THE MEDIAN VALUE 15"

540 IF N 7 2 <> INT ¢ N /7 2 ) THEN 570

550 PRINT ¢ A(N/2) + ACI(N+2)/2))/2

560 GO TO 600

570 PRINT AC(N+1)/2)

600 PRINT ' THE STANDARD DEVIATION IS"™ 5 SUR ( N * $2 + S * S ) / N
610 PRINT

620 PRINT

630 PRINT ' FOR ANOTHER RUN» RE~ENTEH DATA ON LINES"

640 PRINT " 1000 - 2000, TAKING CARE TO ELIMINATE OLD DATA"
642 PRINT ' BY TYPING THOSE LINE NUMBERS WHICH YOU DO NOT USE AGAIN;"
645 PRINT * THEN TYPE 'HUN'."

650 STOP

999 DATA 9999

2001 DATA 9999

2010 END

READY
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DISCIPLINE MATHEMATICS, SOCIAL STUDIES

SUBJECT THE STOCK MARKET

PROGRAM NAME_STOCK

DESCRIPTION:

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

OBJECTIVES:

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

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

C. To give an example of the use of everyday mathematics
and economics in everyday 1life.

PRELIMINARY PREPARATION:

A. Student - no special preparation
B. Materials - possibly graph paper
DISCUSSION:

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

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

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

formula is:

new price=old price + (trend x old price) + (small random price
change) + (possible large price change)
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The trend is a random number between -.1 and +.1. It remains
constant tor a random number of days, at which time the trend is
changed randomly. The trend affects all stocks equally, and attempts
to simulate general market trends. The small random change ranges
between -3 and +3 points. It occurs every day to every stock.

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

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

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

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

70

@ Copyright 1971, Polytechnic Institute of Brooklyn

P

e
2, -
SRV
Q
ERIC

Aruitoxt provided by Eic:



Math
STOCK

THE STOCK MARNKT
DO YOU WANT THE INSTRUCTIONS (YKS-TYPE 1, NO-TYPE 0)7 1

THIS PROGRAM PLAYS THE STOCK MARKET. YOU VILL BE GIVEN
$10,000 AND MAY BUY OR SELL STOCKS. THE STOCK PRICES VILL
BE GENERATED RANDOMLY AND THEREPORE THIS MODEL DORS MOT'
AEPRESENT EXACTLY WHAT HAPPENS ON THE EXCHANGE. A TABLE
OF AVAILABLE STOCKS, THEIR PRICES, AND THE NUNBER OF SHARKS
IN YOUR PORTFOLIO VILL BE PRINTED. FOLLOVING THIS, THE
INITIALS OF EACR STOCK WILL BE PRINTED VITR A QUESTION
RARK. HERE YOU IMDICATE A TRANSACTION. "TO BUY A STOCK
TYPE *NMN, TO SELL A STOCK TYPE -MiN, WHERE RBNN IS TiE
NUMBER OF SHARES. A BROXERAGE FEE OF 1% VILL BE CHARGED
OGN ALL TRANSACTIONS. NOTE THAT IF A STOCK'S VALUE DAOPS
70 LERO IT MAY REROUND TO A POSITIVE VALUE AGAIN. YOU
HAVE 310,000 TO INVESTe. USE INTEGERS FOR ALL TOUR INPUTS.
(NOTES TO GET A °FEEL® FOR TRE MARKET RUM FOR AT LEAST

10 DAYS) ) B ) ’
wea=a@00D LUCK!-==~~

STOCK INITIALS PRICE/SHARE
INT. BALLISTIC MISSILES IR 88:78
JED CROSS OF AMERICA RCA 85.8
LICKTENSTEIN, BUNRAP & JOKE LBJ 155023
ARERICAN BANKRUPT CO. ABC 138
CENSURED BOOKS STORK cBS 104,35

MEV YORK STOCK EXCHANGE AVERAGES 113.7S

TOTAL STOCK ASSETS ARE 8 O
TOTAL CASH ASSETS ARE $ 10000
TOTAL ASSRTS ARE $ 10000

VAT 13 YOUR TRANSACTION 1IN
1087
CA?
LJ?
ABC?
Cas?

- o G B

ssssssesss END OF DAY'S TRADING

STOCK PRICE/SHARE ml..s VALUZ NET PRICE mc
8] 8.3 K 193 10.78%"

ACA [ 3 3 843 =48

1J 183.9 1 183.3 =178

ABC 138.3 | 135.3 =2.9

cas o9 1 9?9 =583

MEY YORK STOCK EXCHANGE AVERAGES 113¢1  NET CHANGES -+65

TOTAL STOCK ASSETS ARE § 884
TOTAL CASR ASSETS ARE $ 9166.83
TOTAL ASSETS ARE $ 9990.83

DO YOU VISH TO CONTINUE (YES-TYPE 1, NO-TYPE 007 1
AT IS TOUR TRANSACTION 1N
«a? 8

RCA? 1 P
LBJ? 1§ 227 .«
Q ABC? 1| 71 L

ERIC e 0




seeessssss END OF D@st TRADING

STOCK PRICE/SHARE HOLDINGS
im 98.73 7

acA 88.5 4Q

LBJ 1954 8

ARG 133.$ 8

cas 108.78 1 §

MEV YORK STOCK EXCHANGE AVERAQK: !14-3
TOTAL STOCK ASSETS ARK $ 1699

TOTAL CASH ASSETS ARE 3 8305.82
TOTAL ASSETS ARE $ 10004.83

Math
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VALUZ

691.83
330
086
867
108.7S

MET CMANGES

DO YOU VisSh TO CONTINUE (YES-TYPE 1, NO-TYPE 0)7 1|

WAT 1S TOUR TRANSACTION IN
m? 3
ACAT? &
LBJ? S
ABC? -1
cas? 3

sesssessss END OF DAY'S TRADING

STOCK PRICR/SNARK HOLDINGS
1. 99.28% 10 °
RCA 88.8% [

LB 154.78 7

ABC 133.3 : ]

s 103.83 4

MEV YORK STOCK EXCHANGE AVERAGE: 114.6

JQJAL ST0CK ASIETS ARX  $ 311S.75
CASH ASSETS ARE 3 6888.5

TOTAL ASSETS ARE $ 9998.85

VALUZ

998.8
493.3
1083.83
133.8
413

MET CHAMNEE:

DO YOU VIS TO CONTINUE ¢ns—m: 1, NO-TYPE Q)7 |

WIAT IS TOUR TRANSACTION 1IN
e 3

RCAT? 3
1aJ? 3
AC? 3
Cas? 4

ssesesseses END 07 D_AYjS TRADING

STOCK PRICE/SHARE  HOLDINGS

1 9%.73 15 -~

aca 0.5 ?

sy 150 is

ASC 138 A

s 98.75 s

MRV YORX STOCK EXCHANGE AVERAGE: 111.6

TOTAL STOCK ASSETS ARE S S893.73

TOTAL CASR ASSETS ARE 3§ 4388.95

TOTAL ASSETS ARE s 9088.7 ‘
£ 43

VALUE

1431.85
184.8
1800
388
790

NET ’Rlc‘ CHAVGE
883
| Y-
'Y}
-8
3.75

B; ’mc‘ ClAMEGE
-
.78

NET PRICE CuAMNEGE
2 1Y}
1«79
4.7%
=]e3%
4.3
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D0 YOU UISH TO CONTINUE (YES-TYPE lc N-TYPI 0?1

12 0
ACA? -5
LBJY =7
ABC? O
cas? -s

*issssnsss END OF DAY'S TRADING

STOCK PRICE/SHARE HOLDINGS VALUZ NET PRICE CHANGE
I 9875 15 -~ 1451.88 0 N T
ACA 6673 ? 267 «13.78

1BJ 150.78 .3 783.78 «758

AC 138 4 588 0

Qs 95.78 3 2887.83 -3

MEV YORK STOCK EXCHANGE AVERAGES 108.4  NET CHANGK: =3.8

TOTAL STOCK ASSETS ARE 3 38867.83
TOTAL CASH ASSETS ARE $ 6435.74
TOTAL ASSETS ARE $ 9748.99

DO YOU WISH TO CONTINUE CYES-TYPE 1, NO-TYPE 0?1
WAT 1S TOUR TRANSACTION IN

1e? 10

RCA? -8

LBJ? 8

ABC? 8

cas? 0

s esss EKND OF nujs rwgld

STOCK PRICE/SHARE  HOLDINGS VALUE NET PRICE CHANGE
1" 87.8 s 437.8 -9.85

ACA 58 s 1.6 ~8.78

L8y 135.88 7 946 75 ~15.5

ABC 188.5 6 738 9.8

as 98.78 3 296:88 3

MEV YORK STOCK EXCMANGX AVERAGE! 100.4  NET CHANGE: -0

TOTAL STOCK ASSETS ARE 3 2531.5
TOTAL CASH ASSETS ARE 3 6974.58
TOTAL ASSETS ARE 3 9306.08

DO YOU ¥isR TO0 CONTINUE C(YES-TYPE lc NO-TYPE 0)? l
WRAT 18 TOUR nnucnou in
IN? =4
RCA? -}
LBJ? ~¢
ABC? -8
cas? -

~
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ssssssssss END OF DAY'S TRADING

STOCK PRICE/SHARE HOLDINGS VALUE . NET PRICE GCNANGE
i | 80 N 80 e - 77
RCA sl 1 -] | -7

LBJ 18178 | 18175 *(3:%

ARC 1093 ) 438 »13

cas 91.3 ] 913 =7.8%

MRV YORK STOCK EXCHANGE AVERAGES 90.7S NET CHANGE) ~9.6S

TOTAL STOCK ASSETS ARE 3§ 788.85
TOTAL CASH ASSETS ARK $ 8619.96
TOTAL ASSETS ARE s 9408.81

DO YOU VISN TO COMNTINUE (YES-TYPE 1, NO~-TYPE 07 |
WIAT IS TOUR TRANSACTION IN o
Im? 0 T ’

RCA? O

stsssessss EKMD OF DAY'S TRADING

STOCK PRICE/SHARE MOLDINGS VALUE NET PRICE CNANGE
I 778 ~ v 778 B8 ~°~ 7
cA 32.89 1 S8.88 " 389
LBJ 119.85 1 3119.83 I}

. ARG 107 ] 167 =88
s 93.85 1 98.85 .78

MEV YORK STOCK EXCHANGE AVERAGES 89.65  NET CHANGEs =11

TOTAL STOCK ASSETS ARE  § 448.83
TOTAL CASE ASSETS ARE 3 §943.18

TOTAL ASSETS ARE $ 9393.43

DO YOU VISN TO CONTINUR (YES-TYPE 1, MWO-TYPK 007 1
WAT IS YOUR TRANSACTION IN ‘ T
i ANSACTION" 1

RCA? O

1J? 0

as? 1o

sossssssss END OF DAY'S TRADING

STOCK PRICE/SHARE MOLDINGS VALUE WET PRICE CHANGE
o | 745 | . 748 -3 o
oA 84 | 34 Le?78
5 N 107 | 107 =1R.8%
ABC 108 | 108 ]
s 9078 ll 998.89 ‘!05

0.

<470
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MEV YORK STOCK EXCHANGR AVERAGES 86.85  NET CHANGE! -32.8

TOTAL STOCK ASSETS ARE S 1341.75
TOTAL CASN ASSETS ARE $ 8013.46
TOTAL ASSETS ARE $ 9355.81

DO YOU VISM TO CONTINUE (YES-TYPE 1, NO-TYPE 0)? |
WAT I3 YOUR TRANSACTION IN

‘182 8

ACA? 6

LaU? 10

ABC? 10

cas? 10

shssssssss END OF DAY'S TRADING

STOCK PRI CIIM HOLDINGS VALUE NET PRICE CHANGE
I M 6 438 8.8 °

RCA 3%8.5 7 3678 L ¥ )

LBJ 108 ¥ 1198 e

ADC 103885 il e 3 4380 TS *4:.7%

cas P1.8 81 19815 «7%

MEV YORK STOCK EXCHANGE AVERAGES 84.85  NET CHANGES -8
TOTAL STOCK ASSETS ARE 3§ 5011.7S
TOTAL CASR ASSETS ARE S 4881.98
TOTAL ASSETS ARE $ 9833.67

DO YOU V1Sl TO CONTINUE (YES-TYPE 1, NO-TYPE 07 0
MOPE YOU HAD FuM!l

READY
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STOCK MARKET SIMULATION =STOCK~
REVISED 8/18/70 (De PESSEL, Le BRAUN, C. LOSIK)
INP URBLS! A-MRXT TRND SLPJ BS-BRERGE PEXS C-TTL CSH ASSTSS
CS=TTL CSH ASSTS (TENP)S CC1)-CRNG IN STK VAL D-TTL ASSTS)
El1,E8-LRG CHNG MISC) 1-STCK #3 11,18-STCKS ¥ LRG@ CHMG)
Nl,M23-LRG CHNG DAY CNTSS PS-TTL DAYS PRCHSSS P(1)-PRTFL CNTNTSS
Q9=NEV CYCL?J SA4-S@N OF A} S3-TTL DYS SLS! S(l)-VALUlISHRJ
T=TTL STCX ASSTSS TS-TTL VAL OF TRMSCTNSS
¥3-LRG CHNGS X1-SMLL CHNG(<S$1)) ZA,Z3,Z6-NYSE AVE.S zcx:-rnuscr-
PRINT TABC(R0)J*THE STOCK MARKET™'

DIN SC(S),P(8),Z(8),C(S)
REM SLOPE OF KARKET TREADIA (SAME FOR ALL STOCKS)

RANDONIZE )

LET A-INT¢¢RND¢X)IIO)‘IOO¢.5)IIOO

LET TSa0

LET X9=Q

LET Ni=0 .
LET M8@=0

LET Eils0

LET ER=0
REM INTRODUCTION

PRIAT *DO YOU VANT THE IHSTRUCTIOHS <YES-TYPE lo NO~TYPE 0)”’
INPUT 29

PRINT

PRINT

1F "Z9<] THEN 800

PRINT "THIS PROGRAM PLAYS THRE STOCK MARKIT. YOU WVILL BE GIVEN"
PRINT *$10,000 AND MAY BUY OR SELL STOCXSe. THE STOCK PRICES WILL®™
PRINT "BE UENERATED RANDOMLY AND THEREFORE THIS MODEL DORS NOT®
PRINT "REPRESENT EXACTLY WNAT HAPPRNS ON THE RXCMANGE. A TABLE"™
PRINT "OF AVAILABLE STOCKS, THEIR PRICES, AND THE NUMBER OF SHARES"™
PRINT "IN YOUR PORTFOLIO VILL BE PRINTED. FOLLOVING THIS, TNB™
PRINT “INITIALS QF EACR STOCK VILL BK PRINTED VITR A QURSTION™
PRINT “NMARK: MERE YOU INDICATE A TRANSACTION. 'TO BUY A S$TOCK™
PRINT "TYPE +MMN, TO SELL A STOCK TYPE -MNSl, WMERK MMM IS THE™"
PRINT "NUMBER OF SHARES. A BROARERAGE FEIE OF 1f VILL BE CHARGRD”™
PRINT “ON ALL TRANSACTIONS: MNOTE THAT IF A STOCK'S VALUK DROPS™
PRINT "TO ZERD IT MAT REPOUND TO A POSITIVE VALUE AGAIN. YOU™
PRINT “HAVE 310,000 TO IAVEST. USK INTEGERS FOR ALL TOUR 1MPUTS.”
PRINT "(NOTR: TO GET A °FEEL’ FOR TAE MARKET RUN FOR AT LEAST™
PRINT "10 DATS)™

PRINT “eeeec-@00D LUCK]====="
REN GENERATION OF STOCK TABLES I1NMPUT REQUESTS

REM INITIAL STOCK VALURS

LIT 3t 1)=100

LET $(8)=8S3

LET 3¢3)=1%0

LET $CA)=]l A0

LET $5¢(3)=110
REN INITIAL TS - # DAYS FOR FIRST TREND SLOPK (A)

LET TO=INTCA.99SRND(X)¢])
REM RANDOMIZE $1GN OF FIRST TREND SLOPE (A)

1P RNDC(X)> .3 ‘l’m a1 -

LET A==A’
REN RANDONMIZE IIITIAL VALUES

eosSUs 830
REM INITIAL PORTFOLIO CONTENTS

FOR 1@l °10 S

LRT PC1)=0

LET Z¢1)=0

WEXT 1°°

PRINT

t.\)'.
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330 PRINT
333 RENM’ nuﬂm.ul CASH ASSETS3C
333 LET C210000
338 REM PRINT INITIAL PORTFOLIO
340 PRINT "STOCR™>"™ ","INITIALS","PRICR/SHARE"
350 PRINT "INT. BALLISTIC MISSILES™,® IBN",S$C1).
338 PRINT "RED CROSS OF AMERICA™,™ RCA™,S(8)
354 PRINT "LICHTENSTEIN, BUMRAP & JOKE™," LBJ",5¢3)
356 PRINT “ANMERICAN BANKRUPT CO«™,™ ABC™,S5(4)
358 PRINT “CENSURED BOOKS STORE"™,™ cBS"oS(S)
380 PRINT ‘
361 REM NYSE AVERAGESZS) TEMP. VALUESZAS NET CHANGES Z6
363 LET Z4=Z5
334 LET I5=0
36S LEIT T=0
370 PFOR I=} TO 5
375 LET 25e25+3(¢1)
30 LET TeT+SCI)WP(I)
390 MNEXT 3
391 LiET ZS=INT(100#%(2Z5/5)+.5)/100
398 LET Z6=INT((ZS-Z4)+100+.837100
393 REM TOTAL ASSETSsD
394 LET D=TeC

395 IF X9>0 THEN 3986
396 PRINT "NEW YORK STOCK EXCHANGE AVERAGKs ~ZS
I}P7 GO0 TO 399
398 PRINT "NV YORK STOCK EXCHANGE AVERAGKS "25" NET CHANGEs "Z6
399 PRINT )
400 LET TeINTC(100%T+.5)/100
41 PRINT "TOTAL STOCK ASSETS ARE $™3T
403 LET CeINTC1009C+.5)/100
405 PRINT ®“TOTAL CASH ASSETS ARE $™s3C
407 LET DeINTC100%D*:.5)/100
408 PRINT “TOTAL ASSETS Aal " $™ID
410 PRINT ’
411l IFP X9=0 THEN 416
AlR PRINT DO YOU ¥WISH TO CONTINUE (YES~TYPE 1, NO-TYPE o>-:
INPUT Q9

IF Q9<1 THEN 998

REM INPUT TRANSACTIONS

PRINT “WHAT IS5 YOOR TRANSACTION 1]

PRINT "I1DN";3

INPUT Z<¢1)

PRINT "RCA™}

INPUT Z(8)

PRINT "LBJ™}

INPUT Z¢Y)

PRINT “ARC™}

INPUT Z(A)

PRINT "CBS™)

INPUT Z(S)

PRINT )
REM TOTAL DAY*®S PURCHASES IN $3PS

LET P3=0 ’
REM TOTAL DAY'S SALKS IN $3SS

LET $5«0 )

FOR Iesjy TO S

LET ZCI)SINTCZCI)+.S)

IF ZC13340 THEM 810

LET PSaPSeZiId*sCI)"

20 T0 680 o

LET S3e88-ZC1)%5(CI)

IFP ~ZC1)<mP(l) THER 6820

PRINT “TOU NAVE QVERSOLD A STOCK} TRY AGAIN."
@0 TO 480

NEXT I

343133311335
3 ¥ X

[F ]
-
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REM TOTAL VALUT OF TRANSACTIONSSTS

LET T3=pSess
REN BROKERAGE FEEX:BS

LET B3aINT(.01+T5¢100%.3)/100

Rﬂl CASH ASSET5e0LD CASH ASSETS-TOTAL PURCHASES

REN ~BROKERAGE FEES+TOTAL SALESSCS

LET CSeC~P3-B3+53

IF C8»=0 TNEN 674

PRINT *“YOU HAVE USKD $"-C5" MO

THEN YOU HAVE.™

@0 TO 480
LET C=C3
REM CALCULATE NEV PORTFOLIO

FOR I=] TO S

LET P(D-P(lhz(l)

NEXT 1
REM CALCULATE NEV STOCK VALUES

eosUB 830
REM PRINT PORTFOLIO
REM BELL RINGING~DIFFERENT ON MANY COMPUTERS
FOR 1=l TO 20

PRINT CMR$C13%)3

T 1

PRINT’

PRINT “sssssssese END OF DAY'S TRADING™
PRINT ) ’ ‘
PRINT

1P X9<1 THEN 769

PRINT "STOCK™,"PRICE/SHARE™,"HOLDINGS"., “VALUK","NET PRICE ClANGZ"
PRINT “IBN™, SC1), PC1), SC1)PCLY, CC1)
PRINT “RCA™, S$(R), P(R), S(R)eP(8Y, C(8)
PRINT "LBJ™, S(33s P(3), SCI)P(I), C(I)
PRINT “ABC™, SCA)s PCA), SCAYWP(A), CCA)
PRINT “CBS™, S(3), P(3), S(3)eP(3), C(3)

a0 TO 360
REN NEV STOCK VALUES - SUBROUTINE
REM RANDOMLY PRODUCE NEV STOCK VALUES BASED ON PBlVlOUS

AEM DAY*S VALUES
REN N1,88 ARE RANDOM MUMBERS OF DAYS WNICH RESPECTIVELY
REM DETERNXINE VHEN STOCK 11 WVILL IWRIASI 10 PTS. AID STOCK
ARM If ¥ILL DECREASE 10 PTS.
REM 1IF Ni DAYS NAVE PASSED, PICK AN 11, SET El, DETERMINE MEV N1
IFr A1>0 THEN 8830

LET 11aINTCA.996RND(X) *1)

LBT l:-xnu.nomtxhu

LET Eisl

REM 1¥ NR DAYS HAVE PASSED. PICR AN 18, SET ES. Dl‘l'lallll NEV N8
I1F Ng»0 THEN 840

LET 18aINTCA.998RND(X)*]1)

LET n-xnu.nom(x)ou

LET E8=|

mmocrmurrmmmn

LET Mi=Ml-]

LET NR=Ng-|
REM LOOP THROUGH ALL STOCKS

FOR I=} TO 5 ~

LET X1=RND(X)

IF Xi5.835 THENW 980

78 =Z33- &
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916 LET Xi=.35
917 a0 TO 93s

980 IF X1>.80 THEN 98%

981 LET X1s.S0

988 @0 TO 933

983 IF Xi1>.75 THEN 930

986 LET Xie.75

937 GO0 TO 933

930 LET Xi=0.0

931 REM B1G CHANGE CONSTANTIVW3 (SET 70 ZERO INITIALLY)
933 LET ¥3=0’ . :
936 IF Ei<] THEN 945

937 IF INTCIL+.5)€*INTC1¢.5) THEN 945

938 REM ADD i1G PTS5¢ TO TRHIS STOCK3 RESET Kl

939 LET ¥3=10 ‘

943 LET EKi1=0

945 IF ER<] THEN 955

947 1IF INTCIR+e3)<*INTC1e.5) THEN 935S

948 REN SUBTRACT §0 PTS. FROR THIS STOCKS RESET E2
949 LET V3=¥3-10

953 LET K8=0

984 REM C¢1) 1S CHANGE Iy STOCK VALUEK

958 LET ctx»-xuttﬁtscxs:oxxoxurca-c-nuncx:o.s:ova

956 LXT ccx)-tnrthO-ccx)..sszaoo

987 LET SCIdusc1)9CCI)

960 1IF SC13>0 TASH 947

964 LET Cl1dw0

968 LET S(1)e0

96 @0 TO 970

967 LET scx:-xurtloooscxxo.s)/xoo

970 MEXT 1 -

978 REM AFTER T8 PAYS RANDOMLY CHANGE TREND S1GN AND SLOPE
-973 LET TE=T8-1

974 1F T8« THEN 983

960 RETURN

963 REM RANDOMLY CHANGE TREND SIGN AND SLOPE CA), AND DURATION OF
986 REM OF TARND (18)

990 LET TS=INT(a,9PSRND(X)>+1)

998 LET A=IATC(RND(X)/10)#100+.5)/100

993 LET SA&RND(X)

994 1IF S4q<=.5 THEN 997

998 LET A=A

997 RETURN

998 PRINT “HOPEL YOU HAD pumit®

999 END '

z 33>-&
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DISCIPLINE CALCULUS-GRADE 13

SUBJECT AREA OF ASURFACE OF

REVOLUTION

PROGRAM NAME SURFAR

DESCRIPTION:

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

-OBJECTIVES:

A. The saving of time in computations.
B. The speedy demonstration of limiting processes.
C. The focusing of attention upon those processes needed to develop the

analytic approach.

PRELIMINARY PREPARATION:

Before running this program, the lateral area of a frustrum of a
cone should be discussed. Many students in the Advanced Placement
Program have not taken a course in Solid Geometry and may be unfamiliar

with the formula:

Lateral Area =11 (r1 + rZ)

Frustrum of a Cone

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

80
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AREA OF A SURFACE OF REVOLUTION

THIS PROGRAM APPROXINATES THE AREA OF A SURFACK OF
REVOLUTION BY COMPUTING LATERAL AREAS OF FRUSTUNS OF CONES
OF REVOLUTION. TYPE IN YOUR FUNCTION QF X (YaF(X)),

WOSE GRAPR VILL BE ROTATED ABOUT THE X AX1S, AS POLLOVSS

1 G0 TO 200
300 DEF FNY(X)meee(YOUR FUNCTION OF X)eoo
RUN . o '
FOR EXANPLE, TO USE THE FUNCTION YeXt2 YOU WOULD TYPE:
1 @0 TO 200
300 DEF FNY(X)uXt2
RUN ‘
YOU MIGHT TRY THAT AS YOUR FIRST RUN.
DND EACH LINE, INCLUDING 'RUN', VWITH THE ‘RETUAN' KEY.
EEADY
1 @0 TO 200
300 DEF FNY(X)=X18
RUN o

WAT ARE THE ABSCISSAS OF THE END POINTS OF THE SECTION
T0 BL COMSIDERED (SMALLER FIRSTs P,Q3? -3,8 )

MMBER OF sum oF X CHANGE
SUBINTERVALS  APPROXIMATING AREAS IN S0M

1 268.7871 | NO PREVIOUS VALUE
2 324.6329 11.68411

A 317.6819 2.161263

s 315.3346 ' +7418313

16 314.7434 1876635

s 314.5933 +04769154

64 314.5587 +01197374

128 314.5461 3.025796K-3

WULD YOU LIKE TO TRY NEW END POINTS C1-YES, 0-NO)? O
TO ENTER A REV FUNCTION YOU MEED ONLY RETYPE LINK’
300 AND °‘RUM°. SER INSTRUCTIONS FOR MORE DETAILS.

IF YOU ARE FINISHED, TYPE ‘1’ ANP THE °'RETURN' KEY.
READY

!
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100 REM AREA OF A SURFACE OF REVOLUTION, Qe+ Je 0'00“08: 7718768

101 REM REVISED 8/21/70 (D. PESSEL) ~ o

105 PRINT TAB(I‘I)J "AREA OF A SURFACE OF REVOLUTION"

106 PRINT

110 PRINT * THIS PROGRAM APPROXIMATES THE AREA OF A SURFACE OF"

120 PRINT "REVOLUTION BY COMPUTING LATERAL AREAS OF FRUSTUMS OF CONES™
130 PRINT “OF REVOLUTION. TYPE IN YOUR FUNCTION OF X (Y=F(X)),"

131 PRINT "“WHOSE GRAPA WILL BE ROTATEC ABOUT THE X AXIS, AS FOLLOWSs*

150 PRINT

160 PRINT ™ 1 60 TO 200"

170 PRINT » 300 DEF FHY(X)m...CYOUR FUNCTION OF X)..."
180 PRINT " RUN" ’
188 PRINT

186 PRINT “FOR EXAMPLE, TO USE THE FUNCTION Y=Xt2 YOU WOULD TYPE:"
187 PRINT ‘ )

188 PRIMT » 1 GO TO 200"

189 PRINT " 300 DEF FNY(X)-X'B"

190 PRINT * RUN"

191 PRINT

198 PRINT "YOU MIGHT TRY THAT AS YOUR FIRST RUN."™

193 PRINT "END EACH LINE» INCLUDING °*RUN', WITH THE °*RETURN' KEY.™
198 sTOP ’ ) ) ' o7 )

200 REM COMPUTATION SECTION OF PROGRAM

880 PRINT “WHAT ARK THE ABSCISSAS OF THE END POINTS OF THE SECTION"
230 PRINT "TO BE CONSIDERED ( SMALLER FIRST: P,Q)"™3

840 INPUT P,Q

84S IF P<=Q THEN 250

246 PRINT "P CANNOT BE GREATER THAN Q"

847 @0 TO 820

PRINT

PRINT "NUMBER OF SUM OF 2 CHAaNGE”
PRINT "SUBINTERVALS APPROXINMATING AREAS IN SUm*
LET ElwD

DEF FNY(X)=Xt:2

FOR N=1 TO 9

LET E=Re(N~1)

LET H=(Q-P)/L

LET $=0 o

FOR I=0 T0 (Ek-1)

LET SGoFNY(P+IsfieH) +FNY(P+IeH)
LET M=FNY(P+1sA+A)-FNY(P+IeH)
LET Le3. Ml”cchQn(ncﬂ»nim °
LET SeS+L

MEXT I

39S IF S180 THEN A0S

¥ LET U-IOOb(ABS(s-SIM/((SﬂH)/2)
399 IF Si=0 THEN 4085

A0 PRINT K,S," ",y

408 IF we<lI-8 THEN 480

404 80 TO 407

408 PRINT EK,S," ","NO PR!VIOUS VM.Ut"
407 LET S1=5 ’

3ESEEELBSUEREIRR

NEXT B

PRINT

PRINT "WOULD YOU LIKE TO TRY NEW END POINTS (1-YES, 0-NOJ*™3
INPUT Q1

IF Q1>0 THEN 280

PRINT “TO ENTER A NEV FUNCTION YOU NEED OMLY RETYPE LINE™
PRINT =300 AND °*RUM‘'. SEE INSTRUCTIOMS FOR MORE DETAILS.”
PRINT "IF YOU ARR FINISHED, 'TYPX ‘1’ AND THE ’RITUBII' KEY."”
< ]

2.3¢
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DISCIPLINE CALCULUS - GRADE 13

SUBJECT VOLUME OF ANY SOLID

OF REVOLUTION, (ANALYTICALLY

DEFINED)

PROGRAM NAME VOLSOL

DESCRIPTION:

Through the use of cylindrical discs, the program approximates the
volume of a solid of revolution generated by rotating about the x~axis the
area bounded by y =f(x), the x-axis, and the vertical lines x=a and x=b.

OBJECTIVES:

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

PRELIMINARY PREPARATION:

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

DISCUSSION:

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

Yy Yy = f(x)

Rotated about the

x-axls

Approximation of Volume of Revolution by Cylindrical Discs
83
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Math
VOLSOL

VOLUME OF A SOLID OF REVOLUTION

THIS PROGRAM USES CYLINDRICAL DISCS TO APPROXIMATE
THE VOLUME OF A SOLID OF REVOLUTION. THE SOLID 1S GENE-
RATED BY ROTATING ABOUT THE X-AXIS THE AREA BOUNDED BY
YsF(X), THE LINES X=A AND X=B, AND THE X-AAIS.

TO INPUT YOUR FUNCTION OF X (Y=aF(X)) TYPE AS FOLLOWS:
1 GO TO 200
220 DEF FNY(X)=ee+o(YOUR FUNCTION OF X)ese®
RUN

FOR EXAMPLE, TO USE THE FUNCTION Y=Xt2 YOU WOULD TYPE:
1 GO TO 200
220 DEF FNY(X)=X12
RUN

YOU MIGHT TRY THAT AS YOUR FIRST EXAMPLE.

END EACH LINE, INCLUDING 'RUN', WITH THE °'RETURN® KEY.

READY

1 GO TO 200

220 DEF FNY(X)=X12

RUN

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

NUMBER OF SuM OF % CHANGE

CYLINDERS CYLINDER VOLUMES IN sumM

1 0 NO PREV. VALUE, OR IT WAS ZERO
2 306.7959 NO PREV. VALUE», OR IT WAS ZERO
4 939.5624 206.25

8 1400 .955 49.10714

16 1669.476 19.16702

32 1813.291 B.614392

64 1887.594 4.097653

128 1925.344 ... _ . ..1.«999911 .

256 1944.369 «9881206

512 1953.918 «+4911339
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Math
VOLSOL

WOULD YOU LIKE TO TRY YOUR OWN °‘NUMBER OF CYLINDERS®' (1-YES, 0-NOJ?
HOW MANY CYLINDERS WOULD YOU LIKE TO TRrY? 700

FOR 700 CYLINDERS THE VOLUME IS 1956.487

WOULD YOU LIKE TO TRY AGAIN (l-YES», OU-NOJ? O

Ak A X

WOULD YOU LIKE TO TRY NEW VALUES OF A AND B (1=-YES, 0-NOJ>? O
TO USE A NEW FUNCTION YOU NEED ONLY RETYPE LINE 220 AND
'RUN's SEE INSTRUCTIONS FOit MOAE DETAILS.

IF YOU ARE FINISHED» TYPE '1' AND THE 'RETUKRN' KEY.

READY

1 .

85
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VOLSOL

100 REM VOLUME OF A SOLID OF nEVOLUTION» We Je. O'CONNOKs» 8/1/68
! 101 HEM REVISED &/24/70 (D. PESSEL)
110 PRINT TAB(15)3"VOLUME OF A SOLID OF REVOLUTION"

111 PRINT . |
115 PRINT" THIS PROGRAM USES CYLINDRICAL DISCS TO APPROXIMATE"

117 PRINT'THE VOLUME OF A SOLID OF REVOLUTIONe. THE SOLID 1S GENE=-"
120 PRINT"RATED BY ROTATING ABOUT THE X-AXIS THE QREA SOUNDED BY"
130 PRINT"Y=sF(X)» THE LINES A=A AND aA=B, AND THE A-AXIS."

135 PRINT

140 PRINT"TO INPUT YOUR FUNCTION OF x (Y=F(X)) TYPE AS FOLLOWS3"
141 PRINT

145 PRINT" 1 GO TO 200"

150 PRINT" 220 DEF FNY(X)=eeee(YOUR FUNCTION OF X)eseo"
160 PRINT" RUN'

161 PRINT

165 PRINT'"FO:X EXAMPLE, TO USE THE FUNCTION Y=Xt2 YOU WOULD TYPE:"
166 PRINT ‘

167 PRINT"™ 1 GO TO 200"

168 PRINT" 220 DEF FNY(X)=X12'"

169 PRINT" RUN"

170 PRINT

175 PRINT"YOU MIGHT TrY THAT AS YOUR FIRST EXAMPLE."

176 PRINT"END EACH LINE, INCLUDING 'RUN's, WITH THE 'RETURN' KEY."
180 STOP

199 PRINT ’ .

200 PRINT'WHAT ARE YOUR VALUES FOR A AND B (SMALLER FIRST: A,B)";
210 INPUT A»B

211 IF A<B THEN 214

212 PRINT"A MUST BE SMALLER THAN B!"

213 GO TO 200

214 PRINT
215 PRINT"NUMBER OF SUM OF % CHANGE"
216 PRINT"CYLINDERS CYLINDER VOLUMES IN SuM"
217 PRINT"==e===eos  cocccmmimmcccacs cmccaca- "

218 LET V1=0

220 DEF FNY(X)=X12

230 FOR N=1 TO 1O

240 LET D=271(N~1)

250 LET H=(B=-A)/D

260 LET V=0

270 FOR I=0 TO (D-1)

280 LET Y=FNYCA+1%H)

290 LET VmsU+3.14159%Y%Y*H
300 NEXT 1

A5 IF Vi=0 THEN 315

307 LET P=100*CABS(V-V1)) /vl
310 PRINT D»,Vs'" ",P
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Math
VOLSOL

312 IF P<+5 THEN 330

313 GO TO 318

315 PRINT D,V," NO PREV. VALUE, OR IT WAS ZERO"

318 LET V1=V

320 NEXT N

330 PRINT

333 PRINT .
334 PRINTWOULD YOU LIKE TO TRY YOUR OWN °'NUMBER OF CYLINDERS®' C(1-YES";
335 PRINT", 0-NO)"; :

336 INPUT Q5

337 IF @S5<1 THEN 377

338 PRINT"HOW MANY CYLINDERS WOULD YOU LIKE TO TRY";

339 INPUT DI

340 IF D1>1 THEN 343

341 PRINT"NUMBER OF CYLINDERS MUST BE GREATER THAN LERO!"

342 GO TO 338

343 IF D1<1000 THEN 347

344 PRINT"THIS IS5 A VERY LARGE NUMBER OF CYLINDERS AND MAY TAKE"
345 PRINT"”A LONG TIME TO RUN.*" '

347 LET v2=0

348 LET Hl=(B-A)/DI

349 LET DI=INT(Di+.5)

350 FOR I=0 TO (Di-1)

352 LET Y1=FNY(CA+I*Hl)

354 LET V2=V2+3¢14159%Y1*Y1*Hl

356 NEXT 1

358 PRINT

360 PRINT "FOR *D1" CYLINDERS THE VOLUME I$ "v2" .v

362 PRINT

363 PRINT"WOULD YOU LIKE TO TRY AGAIN C(l-YES, U-NO>";

364 INPUT Q6

365 IF W6>0 THEN 338

377 PRINT

378 PRINT"#*%xx"

379 PRINT

380 PRINT"WOULD YOU LIKE TO TRY NEW VALUES OF A AND B (1-YES, 0-N0)>";
382 INPUT Ql

384 IF Q1>0 THEN 199

386 PRINT"TO USE A NEW FUNCTION YOU NEED ONLY RETYPE LINE 220 AND"
388 PRINT"'RUN'e. SEE INSTRUCTIONS FOR MORE DETAILS."

390 PRINT"IF YOU ARE FINISHED, TYPE 'l1°' AND THE 'HETURN' KEY."
500 END
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HUNTINGTON COMPUTER PROJECT

A TEACHER'S MANUAL

(COMPUTER - RELATED MATERIALS)

S econd Edition

January 31, 1971

Director: Dr. Ludwig Braun
Assistant Director: Dr. Marian Visich, Jr.

Polytechnic Institute of Brooklyn ‘ o
333 Jay Street Sl R
Brooklyn, New York 11201

Developed by the Huntington Computer Project during the period
May, 1968 and September, 1970. This effort was supported by the
National Science Foundation under Grant No. J000079,




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 staif,

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

heéring of any which emerge in the future,

These programs run in the version of BASIC which existed on
the TSS-8 in Augusf, 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 programs to adjust this format, Another possible
problem is in the use of the RANDOMIZE cammand 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,

ERIC

Aruitoxt provided by Eic:
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DISCIPLINE PHYSICS

SUBJECT MAGNETIC FIELDS

PROGRAM NAME BFIELD

DESCRIPTION:

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

OBJECTIVES:

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

PRELIMINARY PREPARATION:

A. Student - Prior preparation involving currents and fields.

B. Materials ~ None

DISC USSION:

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

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

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

WULD YOU LIKE TO THY TWO DIFFERENI CURRENIS AT THE SAME
TIME C(YES=13 NO=U)? O

WOULD YOU HATHER THY ANOTHER CURHENT (YES=1; NO=0)? 1
ENTER YOUR VALUE OF CURRENT? 6

THE MAGNITUDE OF THE FIELD DECHEASES FrOM 9 TO U.
9 1S THE HIGHEST POSSIBLE FIELD STRENGTH, AND U
(WHICH MEANS A 4ERO FIELD) THE LOWEST.

METERS

=1.2 -6 U 6 le2

METEHS .+.........+.........+.........+.........+.
1.2 . 2222222222222222222222222 .

le.1 . 22222222222222222222222222222 .

1 . 222222222222 222222222222 .

«9 e 2222222222 2222222222 .

Y- ¢ 22222222 3333333333333 22222222 .

o7 22222222 333333 333333 22222222.

6 222222 3333 444444444 3333 222222.

*5 22222 3333 44 555 44 3333 22222,
] «2222 333 44 55 66666 55 44 333 2222.
«3 «2222 33 44 5 67 888 76 5 44 33 2222.

2 222 333 44 56 Y 9 65 44 333 222.
S | 222 33 45 9 9 S 4 33 222,
g «222 33 4 56 8 + 8 65 4 33 222.
-l «222 33 45 9 9 S 4 33 222,

-.2 «222 333 44 56 9 9 65 44 333 222,
-3 <2222 33 44 5 67 BBE 76 5 44 33 2222,
-y <2222 333 44 55 66666 55 44 333 a2222.
=5 «22222 3333 44 555 44 3333 22222.

-6 «222222 3333 444444444 3333 222222.
-7 «22222222 333333 333333 22222222.
-8 « 22222222 3333333333333 22222222 .
-9 « 2222222222 2222222222 .
-1 . 222222222222 222222222222 .
-1.1 . 22222222222222222222222222222 .
1.2 2222222222222222222222222 .

.+.........+.........+.........+.........+.

[3%]
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Physics
BFIELD

WOULD YOU LIKE TO TRY TWO DIFFERENT CURRENTS AT THE SAME

TIME (YES=1; NO=0)>? 1 :

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

ENTER THE TWO CURRENTS? 4,-8

METERS
-1l.2 -6 0 6 1.2
METEHS .+.........+.........+.........+.......'..+.
1.2 . 11111111111 222222222222222222222 .
1«1 . 111111111 22222222222222222222222222.
1 « 11111111 2222222 C 222222.
9 « 1111111 22222 333333333333 222.
Y] « 111111 2222 3333333 333333 2.
7 e 11111 222 3333 4444444444 3333 .
6 e 11111 222 333 4444 555555 444 333 .
5 « 1111 22 3 44 555 666666 S5 44 33.
o4 « 111 2 3344 555 666 77 7 6 55 4 3.
3 « 111 2 3 45 66 7717 68 9 76 5 4
2 « 111 2 678 BBYE 9 676 S44 .
el « 111 23469 9999 8 65 4 .
0 e 1112 3 7 + - 8765 4 .
-l « 111 23469 9999 8 65 4 »
-2 « 111 2 6178 sBBE 9 876 S44 .
-3 « 111 2 3 45 66 777 6 9 76 S 4 .
-ed « 111 2 3344 555 666 177 7 6 55 4 3.
-5 e 1111 22 3 44 555 666666 55 44 33.
=6 « 11111 222 333 4444 555555 444 333 .
-7 « 11111 222 3333 4444444444 3333 .
-8 « 111111 2222 3333333 333333 2.
-9 « 1111111 22222 333333333333 222.
-1 « 11111111 2222222 222222+
-1«1 » 111111111 22222222222222222222222222.
-1.2 » 11111111111 222222222222222222222 .
.+.........+.........+.........+.........+.

WANT TO TRY AGAIN (YES=l; NO=0)>?7 1

THE TWO CURRENTS WILL BE SEPARATED BY 1.0 METER. (NOTEs IF
THE CURRENTS ARE TO BE OPPOSITELY DIRECTED, STATE ONE OF THEM
AS A NEGATIVE VALUE).

ENTER THE TwWO CURRENTS? 4,4
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Physics

BFIELD

METERS
-le2 =6 8] 6 l1e2
METERS .+.........+.........+‘........+.........+.
1.2 -22222222222222222222222222222282222222222.
le1 « 222222222 222222222.
1 22222 : 22222.
Y «22 3333333333333333333 22
8 . 33333333333333333333333333333 .
7 . 33333333333333333333333333333333333 .
6 . 33333 3333333 33333 .

) « 3333 44444444 33333 44444444 3333.
o4 +333 444 555 444 33333 444 555 444 333,
«3 33 44 S 666 5 4 33333 4 5 666 5 44 33.
2 +3 44 56 B B 6543 2 3456 B B 65 44 3.

ol «3 44 5 ¥ 8 432 1| 234 & 8 5 44 3.
0 «J 44 567 + 64 101 46 + 765 44 3.
-l «3 44 5 B B 432 1 234 8 8 S5 44 3.

-.2 *3 44 56 8 8 6543 2 3456 B B 65 44 3.
-3 +33 44 5 666 S 4 33333 4 5 666 5 44 33.
-eq +333 444 555 444 33333 444 555 444 333
-e5 «3333 44444444 33333 44444444 3333.

=6 « 33333 3333333 33333 .
-7 . 33333333333333333333333333333333333 .
.me8 . 33333333333333333333333333333 .
-9 «22 3333333333333333333 22,
-1 22222 22222,
-l.1 222222222 222222222.

-l.2 .22222222222222222222222222222222222222222,

.+l.ll.l..l+.lll.....+ll..l...l+.........+.

WANT TO TRY AGAIN (YES=1; NO=0>7 |

THE TWO CURRENTS WILL BE SEPARATED BY 1.0 METEK. (NOTE: IF
THE CURRENTS ARE TO BE OPPOSITELY DIRECTED, STATE ONE OF THEM
AS A NEGATIVE VALUE).

ENTER THE TWO CURRENTS? 4,-4

@ Copyright 1971, Polytechnic Institute of Brooklyn




Physics

BFIELD
METERS

"1-2 LY 0 1Y) 1.2
METERS .+.........+.........+.........+.........+.
1e2 & 1111118001000 00000020202111111 .
lel o 1111111111110 0000002000000230211011 .
1 e 111111110103 303110202300020000002020000000202L8080 o
9 «111111111111 111111111181,
o8 el11111111 22222222222 11111111,
o7 «111111 222222222222222222222 111llle.
6 ell11l 22222 22222 1111

5 o111 222 3333333333333333333 222 111.
o4 o1l 222 33 44444444444444444 33 222 1le.
«3 el 222 3 4 55 55555555555 55 4 3 222 1.

2 1 22 3 88 7 66 66 T 88 322 1.
ol e« 22 3 4 7 . 9 7666 79 743 22 .
0. « 22 3 6 + 7 7 - 6 322 .
-l e 22 3 4 17 9 7 666 79 74 3 22 .
-2 el 22 3 88 7 66 66 7 BY 322 1.

-3 «l 222 3 4 55 555555-+5%%5 55 4 3 222 1.
-4 ell 222 33 44444444444%54444 33 222 ll.
-5 11l 222 333333333333%333333 =222 111,

-6 el1111 22222 22222 111le.
-7 «111111 222222222222222222222 111111,
-8 «11111111 22222222222 11111111.
-9 «111111111111 111111111111.
-1 e 1111131013033 000000002020202020220001013130011L1 o
=11 11111111111111111108002231L211111111 .
=l1.2 1111118013000 00000000012211111 .

etoeosssssesetecsscsossscsetecscsccrccscsotesccscsccnnte

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

HEADY




Physics
BFIELD

IREM A.C. CAGGIANOJ PATCHOGUE H.S5.3 PHYSICS} 7-'69

2 REM THIS PROGRAM PERMITS A STUDENT TO VISUALIZE THE MAGNETIC

3 REM INDOCTION ABOUT A SINGLE CONDUCTER AND THE INFLUENCE OF THE
4 REM CURRENT ON THE MAGNITUDE OF THE FIELD. THE STUDENT MAY ALSO
S REM VIEW THE MAGNETIC FIELD DUE TO TWO CURRENTS IN THE

6 REM SAME OR OPPOSITE DIRECTIONS.

7 RENM

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

REM
11 REM REVISED BY L. BRAUN AND C. LOSIK 7-88-70
12 RxM ]

13 €0 TO 240
80 PRINT"THIS PROGRAM VWILL PERMIT YOU TO EXPLORE THE MAGNETIC FIELD"™

PRINT"ABOUT A CURRENT DIRECTED INTO THK PAGE AS A FUNCTION OF THE™
PRINT*CURRENT MAGNI TUDE."

0
&0
.50 PRINT

60 PRINT™WHAT VILL BE YOUR INITIAL CURRENT (SELECT POSITIVE VALUES"
0

80

80

PRINT"BETVEER 1 AND 8 AMPERES) .*
PRINT"ENTER YOUR VALUE OF CURRENT"}
90 INPUT 11
95 IFr ABS{11)»8 THEN 110
100 IF ABS{Il)>=] THEN 130
110 PRINT”C'MON NOVW-- ENTER PROPER VALUES."
180 GotTo 80"
130 1IF K»0 THEM 180
140 PRINT
150 PRINT "THE MAGNITUDE OF THE FIKLD DECREASES FROM 9 TO O. *
1S5 PRINT "9 1S THE HIGHEST POSSIBLE FIELD STRENGTH, AND 0"
160 PRINT “(VRICH MEANS A ZERO FIELD) THE LOVEST.”
170 PRINT
180 QO3um 440
190 LET K=i+1
200 PAINT
210 IF x=8 THEN 240
PRINT™SELECT A DIFFERENT CURREMT."
eoTe 80
PRINT"WOULD YOU LIKK TO TRY TWO DIFFERENT CURRENTS AT THE SAME™
PRINT"TINE (YES=1} NO=0)"} .
INPUT @’
IF Q=1 THEN 330
IF Q«>0 THEN 240
PRINT"WOULD YOU BATHER TRY ANOTHER CURRENT (YES=1) NO=0)>*"}
1PUT P .
1Fr Pe=] THEN 80
IF P<>0 THNEN 280
PRINT"WELL | QUESS YOU°'RE ALL ‘I'HROUN- THANKS~-- SEE Y'A™
STOP T
PRINT"THK TVO CURRENTS VILL BE SEPARATED BY 1.0 METER. (MOTES IF”™
PRINT"TRE CURRENTS ARK TO BE OPPOSITELY DIRECTED, STATE ONE OF TREN™
PRINT™A3 A NEGATIVE VALUK)."
PRINT"ENTER THE TWO CURRESTS™)
INPUT 11,18
PRINT -~
GOSUD 440
PRINT™WANT TO TRY AGAIN (YES=}) NO-O)"J
410 INPUT P
1Fr P=} THEN 330
483 1Fr P=0 THEM 310 .
423 80 TO 400

SREIEUEERCHEIRIIRARER

440 PRINT
A4%0 PRINT ™ "»" ","METERS™
460 PRINT™ ","-1.8 ~e6 0 6 1.2"
[}
@ Copyright 1971, Polytechnic Institute of 3Brooklyn
o —25,7 o




Physics
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470 Pn!" bad “ms- "o’ooooooooo’ooooooooo’ooooooooo’ooooooooo’o"
480 FOR Y=1.8 TO ~1.8 STEP(~.1)
500 PRINT * "3""'(10‘\’005)1100"0"3
530 FOR Z=-2 TO 8 ST”(.I’

S40 LET Xwe6%Z

545 LET Y@wmYeY

SSO0 IF Q<»1 THEN 730

S60 IF ABSCY)>.00) THEN 640

570 1Fr ABS(Z+.8)».001 THEN 610
380 Ir 11>0 THEN 600

990 PRIRKT "=~}

595 GO TO 9435

600 PRINT ™+%}

60S @0 TO 945

610 IF ABS(Z-.8)».001 THEN 640
680 1F 18>0 THER 600

630 @0 to 590

635 REM R] AND R3 AREK SQUARES 111
LET Xi=Xe.5

LET X8=X~.5

LET RimsX]sX]+Y2

670 LET RE=X8sXR2+YR

REM PARALLEL VIRES

890 LET Hi=llsY/R1i+I2¢Y/RR

695 REM R2 1S REALLY KIwnuS OF WHAT WE HAVE
70 LET HE=11sX1/R}+18¢X8/R2
710 LET ﬂismﬂllﬂlloaﬁtﬂﬁJ

a0 TO0 760

LET R®"SQR(X*X+Y8)

1F ABSCR)<.00) TREN 580
LET B=ABS(I1/R)

Ir B».001 THEN 800

PRINT ™0™}

G0 TO 948

FOR J=} TO 9

Ir “S(B-Q-S‘J)<o15 THEN 840
REXT J°

PRINT = "}

G0 TO 945’

1y J»S THEN 900

Ir J<»} THEN 860

PRINT "1%)}

G0 TO 945

IFr J<»2 THEN 870

PRINT "8}

@0 TO 948"

Ir Je«»3 THEN 880

PRINT "3";

@0 TO 948

1r Je»a4 THEN 890

PRINT "aA%)

@0 TQO 948

IF Je<>§ THEN 900

PRINT "S8") ‘

80 TO 948

Ir Je>é6 THEN 910

PRINT "6™) ’

€0 TO 948

910 IF Je«>»7 THEN 980

913 PRINT "7") .
916 @0 TO 945

920 IFr Je<>»8 THEN 930
983 PRINT "8}

926 GO TO 948"

930 IF Je<>9 THEN 885
933 PRINT "9}

945 NEXT Z°

950 PRINT ".”

988 NEXT Y

960 PRINT " "p"o’ooooooooo’ooooooooo*ooooooooo’ooooooooo’o
970 PRINT ~

960 RETURN

990 EMND

333
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DISCIPLINE PHYSICS
HEK ND
SUBJECT PHOTON EMISSION

PROGRAM NAME BOHR

DESCRIPTION:.

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

OBJECTIVES: B ——

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

PRELIMINARY PREPARATION:

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

B. Materials - A picce of paper and a pencil.

DISC USSION:

After the student selects the series he wishes to see, itis
displayed and he tries to discover which quantum level jumps &y the
electron are responsible for the first two of three lines in ths ieries.

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

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

8 Copyright 1971, Polytechnic Institute of Brooklyn
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BOHR

YOU MAY VIEW THE le LYMAN 2.BALMER OR 3. PASCHEN
SERIES BY TYPING IN THE NUMBER OF THE SERIES YOU WANT
DISPLAYED, OR TYPE 4 FOR AN ENERGY LEVEL DIAGRAM.

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

78

7000
6900
6800
6700
6600
6500
6400
6300
6300
6100
6000
5900
$800
5700
5600
5300
5400
5300
5800
5100
3000
4900
4800
4700
4600
4300
4400
4300
4800
4100
4000
IN0
3800
3700
3600
3500
3400
3300
3800
3100
3000

P22 PPPDIPPPPIIPPIPIDPIIED

>
[
:
]
)
)
s
:
]
]
'

A

Acccnccccee

A

Ao cccnccaa

A.------.-.

A

Ao cocavmas

> > > >

65644706

4868+ 745

4341737
“0009.‘3

3971 .84
3690.196

3647+059 -~~--SERIES LIMIT

’
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Physics
BOHR

ACCORDING TO THE BOHR THEORY EACH OF THESE LINES RESULTS
FROM THE EMISSION OF A PHOTON DURING THE TRANSITION OF THE
ORBITAL ILECTRON OF AN EXCITED HYDROGEN ATOM PROM A HIGHER
ENERGY STATE CORBIT) TO A LOVER ONE. IN A PARTICULAR SERIKS
THE TRANSITION (JUMP) IS ALWAYS INTO TRE SAME LOWER LEVEL
CORBIT) FROM ANY HIGHER ONK.

LET*S SEE 1P YOU CAN DETERMINE WHICH TWO ORBITS THE ELECTRON
JUMPED BETWEIN TO GIVE THE LINES THAT HAVE BKEN DISPLAYED.

THE LOVEST ENERGY LEVEL (GROUND STATE) IS NUMBERED ONE.
HIGHER ENERGY LEVELS HAVE HIGHER NUMBERS IN SEQUENCE.

FOR EXANPLES FROM 4 TO | ENTER A3 4,17 3,4
HEY!! FROM A HIGHER TO A LOVER ENERGY LEVEL.

FOR EXAMPLES FROM 4 TO | ENTER AS 4,17 3,8

G0OD START. THAT GIVES A WAVELENGTH OF 6564706
THE NEXT LINE 1S FORMED BY WHICH TRANSITION? 42-,8

BY GRORGE!! I THINK YOU'VI @G0T 1T!! THE WAVELENGTH IS 486R.745
TRY ONE MORK - THEK NEXT ONE. ENTER NOW.? 3,8

ANY TRANSITION FROM A HIGHER ENERQY LEVEL INTO THE
SECOND ENERGY LEVEL YIELDS A PHOTON OF THX BALMER SERIKS.

I1F YOU WOULD LIXK TO TRY ANOTHER SERIES TYPEK IN THE NUMBER
OF TNAT SERIES. IF YOU WANT TO 00 ON TO A NEV PART OF

THE PROGRAN TYPK 4

WICH?? &

YOU WILL MOW GET AN ENERGY LEVEL DIAGRAM FGR HYDROGEN.
IT SHOVS THE ENERGY OF THE ELECTRON IN THE VARIOUS ENERGY.
(EVELS. TAE DIFFXRENCE BETVEEN THE ENERGY OF THE ELECTRON
IM A HIGHER LEVEL AND THAT IN A LOVER LEVEL IS THE ENERGY
OF THE EMITTED PHOTONe KECPHOTON) = K (HIGHER) - K (LOVER)

Vg . 10
el o
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Physics

CONTINUUM ' BOHR

seeeeINFINITYe0oee Em 000000
ciecieiccccmcee En = 0370001

[

5 LD E L L Y F X T ¥ PP z- - .5‘000‘
‘ coosccsssoncscse ‘- - .85000‘
3

F FYFF

ecccecacccecece Ex = 1,510001

L}

a eeecaccccccca~c= Eo = 3,4800001

F

Ne | ececcccccccccce Eo = 3.6

FIND THE ENERGIES OF THE PHOTONS GIVEN OFF FOR THE
TRANSITIONS GIVEN BELOV. ’

FROM LEVEL 8 TO LEVEL 1| THE ENERGY OF THE PHOTON
@O0D. TRY ANOTHER
FROM LEVEL 4 TO LEVEL 8 THE ENERGY OF THE PHOTON

THE ENERGY OF LEVEL 4 1S-.85
THE ENERGY OF LEVEL 2 1S-3.4

THEIR DIFFERENCE = PHOTON ENERGY = 2.55
FROM LEVEL 4 TO LEVEL 8 THE ENERGY OF THE PHOTON
@0D. TRY ANOTHER

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

FROM LEVEL 5 TO LEVEL 8 THE ENERGY OF THE PHOTON
@00D. TRY ANOTHEZR

FROM LEVEL 5 TO LEVEL 8 THE ENERGY OF THE PHOTON
THANK YOU, AND GOODBYE.

READY

Q6

11

15717

177

1577

1577

177

1877

10.8

.55

10.8

885

8.86



Physics
BOHR

1 REM JOHN HOSIE - NORTHPORT H!GI{I - 7/723/69

90 LET T=8

100 REM REVISED BY C.LOSIK 8-81-70

105 REM M 1S5 WHICH PROBLEM, L IS A SERIES WAVELENGTH,A AND B ARK
106 REM UPPER AND LOVER LIMITS OF POSS!BLE SERIES VALUES

180 RANDOMIZE T :

130 PRINT "™YOU MAY VIEV THE 1. LYMAN 2.BALMER OR 3. PASCHEN"
140 PRINT "SERIES BY TYPING IN THEL NUMBER OF THE SERIES YOU WANT"™
150 PRINT "DISPLAYED, OR TYPE 4 FOR AN ENERGQY LEVEL D;AGBAH."
160 PRINT :

170 PRINT * CHOOSE THE NUMBER OF THE PART YOU WOULD LIKE TO SEE.”3
180 PRINT - o
190 LET @Qe}

200 DIM SC10>

210 LET J=s0

880 INPUT M

888 FOR Q=1 TO 4

284 IF M=Q THEN 235

886 NEXT Q

288 PRINT "1, 8, 3, OR 4 ONLY, PLEASEI"

830 60 TO 280

835 PRINT

840 IF M=4 THEN 1200

850 LET N=M+}

860 LET D=18400%M13/13.5

270 LET DI=INT ¢(.014D)

2880 GO TO 450 ’

FOR I=A TO B STEP -1

LET E=13.6%C)/M18=-1/N1R)

LET L=12400/% :

LET P=INT (.01sL)

IF 1=p] THEN 430°

1F 1=P THEN 370

PRIRT 100s1* A"

@0 ' TO 410 ~

LET JmJe}

LET SCJ)=L

PRINT 10081 Accccccaaaa®],

LET N=Ne+]

NEXT 1

@0 TO 590

PRINT 1008%8]"” Acccccccaca"{8400sHEN/13.6"~~~~=SERIES LINIT™
@0 TO 410 '

LET Y=18400¢(Mt28¢N18)/(13.6%C(N18~-M?18))

LET Y=INTC.01sY) o '

IF Y<1$ THEN %00

IF Y<70 THEN 530

IF Y<190 THEN 560

LET A=1S

LET Bas

80 TO 890

LET A=T0)

LET B=30

a0 TO 890

LET A=}190

LET B=78

IFr a»]1 THEN 480

40 TO 890

PRINT
FRINT * ACCORDING TO THE BOMR THEORY EACH OF THESE LINES RESULES™

8%

gES

JAEEERBCRBEARERERIEERIRES

33§

Z43

) e hS ~ : s s
E]{[C _ s @ Copyright 1971, Polytechnic Tnstitute of Prranklyn
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610
630

635
670
690

00

no

730
735
740

770

0
6800
810

830

850
860
870

890
900
910

930
940
950

70

1000
fo10
1020
1030
1040
1050
1060
1070
1080
1090
1100
tt10
1120
1120
1140
1150
1160
119C
1800
1810
1880
1830
isa0

Physics
LOHR

PRIZT "FROM THE EMISSIOH OF A PHO:CN DURING THE TRANSITION OF THE™
PRINT "OR3:i’7AL ELECTii)N OF AN EXCITED HYDROGIH ATOM FROM A H1GHER”
PRINT “ENELGY STATE ZORBIT) TO A LOVER ONE. IN A PARTICULAR SERIES"
PRINT "THE TRANSITION (JUEHP) IS ALYAYS INTO THE SAI! LOVER LEVEL"
PRINT "(OBBLT) FROM ANY HIGHER ONE.*”
LET a=@e¢l
PRINT ® LET'S SKE IF YOU CAN DETERMINE WHICH TWO ORBITS THE ELECTR®
PRINT “JUMPED BETWEEN TO GIVE THE LINES THAT HAVE BEEN DISPLAYED.™
PRINT * THE LOWVEST ENERGY LEVEL (GROUND STATE) 1S NUMBERED ONE."
::%NT :HIGHER ENERGY LEVELS HAVE HIGHER NUMBERS IN SEQUENCE.”
F=

PRINT co e
PRINT
PRINT " FOR EXAMPLE: FROM 4 TO } ENTER AS 4,1";
LET T=Tel

INPUT NoM)
PRINT

IF N>M1 THEN 820

1F F<>»1 THEN 800
PRINT “HEY1! FROM A HIGRER TO A LOVER ENERGY LEVEL.*™

G0 'TO 710
PRINT "00PS = FROM HIGHER TO LOWVER."™

é0 TO 710
LET Li=]Q4008C(M]1 128N13)/(13.6%(N18=M]112))

IF ABSC(L1-S(F))<.008 TREN 890

1F F>1 THEN 870
PRINT "NOPEIl TRY AGAIN."™

@0 TO 710
PRINT "“SORRY. TRY AGAIN! YOUR FINAL ENERGY LEVEL SHOULD BE™M

80 TO 710 ’ ’

IF F=] THEN 930

I1Fr M=1 THEN 1010

IF F=8 THEN 970

€0 TO 1010
PRINT *@00D START. THAT GIVES A WAVELENGTH OF"L}
PRINT " THE NEXT LINE lS FORMED BY WHICH TBANSITION"}

LET FaFel

GO TO 740
PRINT "BY GEORGE!! I THINK YOU'VE GOT ITI!! THE WAVELENGTH IS“Ll
PRINT "“TRY ONE NORE - THE NEXT ONEe. ENTER NOW.™}
LET FaFe]

80 TO 740

PRINT

PRINT " ANY TRAHSITION FRON A HIGHIR ENERGY LEVEL INTO THE"™

IF M=] THEN 1080

IFr N=8 THEN 1110

PRINT "THIRD ENERGY LEVEL CAUSES THE lﬂlSSlOﬂ OF A PHOTON OF THE"™
PRINT “PASCHEN SKRIES.”

G0 'TO 1180

PRINT “QROUND STATE I3 ACCOMPANIED BY THE INISSXON or A PHOTOH OF“
PRINT “LIGHT BELOlGIﬁG TO THI LIMAN" SIRIIS.

@0 'TO 1180

PRINT "SECOND ENERGY LEVEL Y!ELDS A PHOTON OF THE BALMER SERIES.”
PRINT ' ) i
PRINT "IF YOU VOULD LIKE TO TRY ANOTHER SERIES TYPE IN THE NUMBER"™
PRINT ™OF THAT SZRIES. IF YOU WANT TO GO ON TO A NEW PART 0!"'
PRINT "“THE PROGRAM TYPE 4%

PRINT "WHICH1™;

@0°TO 220 ° ~

PRINT

PRINT * YOU VWILL NOV GET AN ENERGY LEVEL DIAGRAM FOR HYDROGEN.”
PRINT "IT SHOWS THE ENERGY OF THE KLECTRON IN THE VARIOUS ENERAY"™
PRINT "LXVELS. THE DIFFERENCE BETVEEN THE ENERQY OF THE ELECTRON™
PRINT "IN A HI1GHER LEVEL AND THAT IN A LOWER LEVEL IS THE ENERGY"™

13 Eg(jﬁ’
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BOHR

1350 PRINT "OF THE EMITTED PHOTON. ECPHOTON) = E (HIGHER) = E (LOVER)"™
1260 PRINT ’ ' T o : '
1270 PRINT * CONTINUUM"

1280 PRINT '

1890 PRINT “N= socec INFINITYseeee Em 000000*

1300 LET N=6 o '

1310 FOR I=]1 TO 40

1320 LET ¥=INT(40/N12+.56)

1330 1F 1l=Y THEN 1360 )

1340 Pﬂlis

1350 60 TO 1380

1360 PRINT "Na"pN" e--=cc=c=-- weee= Em -%INT(1360/N?2)/100+.000001

1370 LET N=N-1 ' ’ o '

1380 MNEXT 1

1390 PRINT

1400 PRINT "FIND THE ENER@IES OF THE PHOTONS GIVEN OFF FOR THE™

1410 PRINT "TRANSITIONS GIVEN BELOW.™ :

1480 LET V=0 ’ '

1430 FOR 1=0 TO Te*Q

1440 LET Y3=RND(1)

1450 NEXT 1 o

1460 FOR I=] TO 20

1470 LET Y3=INT(1+(S5*RND(1)))

1480 LET YA=INT(1+(S5+RND(1+1)))

1490 1IF YA>Y3 THEN 1510

1300 REXT 1

1510 PRINT

1580 PRINT *“FROM LEVEL™YA™ TO LEVEL"Y3™ THE ENKRGY OF THE PHOTON 1S7™3
1530 INPUT EI il

{ .

1S40 LET JmJel

13350 PRINT

1560 LET E=-13.063(:"(Yq18)~1/¢(YJ3¢82))

1870 IF ABS(E1-K)>.005 THEM [610

1560 IF Ju=8 THEN 1660 ’ )

1590 PRINT “@OOD. TRY ANOTHER"

1600 @0 TO 1460

1610 PRINT "THE EMERGY OF LEVEL"Y] " 15"-13.6/(Y412)
1680 PRINT ™THX EMNERGY OF LEVEL"Y3 ™ IS"-13.6/7(Y3'8)
1630 PRINT ) ' : )
1640 PRINY “TKEIR DIFFERENCE = PHOTON EMNEREY ="K
1650 80 TO 269~ i |

1660 PRINT "THANK YOU, AND GOODBYK."™

1670 EMD ’

e

[y
¢
i

14
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DISCIPLINE PHYSICS

SUBJECT CALORIMETRY

PROGRAM NAME CALORI

DESCRIPTION:

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

OBJECTIVES:

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

B. To determine the equations governing these relationships.

PRELIMINARY PREPARATION:

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

BE. Materials - Table of Specific heats

DISCUSSION:

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

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

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

15
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CALORT

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

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

THE FINAL TEMPERATURE OF THE MIXTURE 1S 53.33 DEGREES.

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

YOU'RE CLOSE ENOUGH. THE CORRECT ANSWER IS 2664 CALORIES.

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

YOU'RE HOFRE THAN 3 PERCENT OFF. YOU SHOULD HAVE SAlD

266.8 CALORIES.

"WANT TO TRY AGAIN (1=YES, O=NO) 8 ? 1

CHOOSE A LIQUID 3 O=VATER, 1=ALCOHOL. WHICH? 1

YOU HAVE TVWO BEAKERS OF ALCOHOL .

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

WHAT 13 THE MASS (IN GRAMS) AND THE TEMP (1IN DEGHREES) OF THE
ALCOHOL IN THE SECOND BEAKER? 100,70 ‘

THE FINAL TIMPERATURE OF THE MIXTURE IS 60 DEGREZS.

HOW 2% © $RYZES WERZ iNVOLVED IN CHANGING THE TEMP OF
THE ¥IR3T AZAKER FROM 50 TO 60 DEGREES? 1000

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

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

YOU'RE CLOSE ENOUGH. THE CORRECT ANSWER IS 600 CALORIES.
WANT TO TRY AGAIN (1~ 3. O=mNO) 8 * o

READY

-y 16

O
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Physics
CALORI

C. CAGGIANO} PATCHOGUE HeS.3 PHYSICS} 8-'69
?ﬁxs PROGRAM INVOLVES CALORIMETRY EXPERIMEATS OR THEIR

1
2
3 SIMULATION.
S REVISED BY CoLOSéK 8-23-;0 WHICK B

REM K TELLS WHICH L1QUID, ELLS EAKER,
g REM M(J) ARE TRE MASSES OF LIQUID, T(J) ARE THEIR TEMPERATURES

80 LET K=0

90 DIM M(R),T(2)

100 PRINT " ","HEAT AND CALORIMETRY"
110 PRINT

112 PRINT

114 PRINT “e0eteeetoe”

116 PRINT

120 PRINT"YOU HAVE TvWO BEAKERS OF"}

130 @osSuB 590

140 PRINT™."

150 FOR Ja} TO 2

160 PRINT"WHAT 1S THE MASS C(IN GRAMS) AND THE TEMP CIN DEGREES) OF THE™
170 gOSUB S90

180 PRINT™IN THE™}

190 GOSUB 340

800 PRINT™BEAKER"™)

210 INPUT MCDSTCD)

220 PRINT ‘

230 NEXT J

240 LET TS-(H(!).T(l)onta)trte))/(H(l)onte))

845 LET T3=INT(100#T3+4.5)/100

250 PRINT”THE FINAL TEMPERATURE OF THE MIXTURE IS "T3% DEGRKS "

260 PRINT

270 FOR Jwl TO 2

280 PRINT"HOW MANY CALORIKS VERE INVOLVED IN CHANGING THE TEMP oF™

290 PRINT"THE *;

300 GoSUB 540

310 PRINT* BEAKER *3

320 PRINT=FROM “T(J)* TO "13" DEGREES™}

330 INPUT H

335 PRINT

340 LET G=ABS(H)

350 LET T=ABS(T3-T(J))

360 1F G<»0 THEN390

370 IF S*M(J)»T=0 THEN 400

380 G0TO 430

390 IF ABS((G~S*M(J)=T)/@)>.03 THEN 430

400 PRINT"YOU'RE CLOSE ENOUGH. TAE CORRECT ANSVER 1S "3

403 6010 440

410 PRINT

A80 @OTOAG0

430 PRINT"YOU'RE MORE THAN 3 PERCENT OFF. YOU SHOULD HAVE SAlD™

440 PRINT INT(100#S#M(J)*T+.5)/100 = CALORIES."

450 PRINT ~

460 NEXT J

483 PRINT

A70 PRINT “WANT TO TRY AGAIN (1sYES, 0=NO) t *}

475 I1NPUT Q

480 1F Q=0 THEN 660

A83 IFr Q<»1 THEN 465

485 PRINT "“CHOOSE A LIQUID 1 O=WATER, 1=ALCOHOL. WHICH"3

490 INPUT K T

S00 IF Ke(K-1)<>0 THEN 485

$10 60 TO 110

S40 IF J=g8 THEN 570
5SSO PRINT* FIRST ~J
560 g0TO %80
$70
380
590

REM
REM
REM
REM

PRINT™ SECOND "j
RETURN
. IF K=1 THEN 630

600 PRINT® WATER "}
610 LET S=)
680 8010630
630 PRINT™ ALCOMOL "}
640 LET S=.6 .
650 RETURN
660 END




DISCIPLINE PHYSICS

SUBJECT RADIOACTIVE DECAY

PROGRAM NALIE DECAY]1

DESCRIPTION:

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

after various times.

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
DISC USSION:

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

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

This program can be used as an integral part of a clags lesson to introduce
the concept, or to motivate group discussion and participation concerning the
phenomena. S -
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DECAY1

===THE NEV CLEA CASINO=-=~

MRe Ae TOM MICK, GENERAL MANAGER OF THE NEW CLEA CASINO,
HAS» AT TIME T=C, DISCOVERED 100,000 RADIOCACTIVE PLAYING
CHIPS AT H1S TABLE. THEIR HALF-LIFE IS 10 MINUTES. EACH CHIP
TRANSMUTES SPONTANEOUSLY AND COMPLETELY IN A RANDOM FASHION.

AT VARIOUS TIMES T» AFTER T=0,» YOU MUST DETERMINE WITHIN
A CERTAIN PERCENTAGE,» HOV MANY CHIPS ARE LEFT.

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

THE HOUSE OFFERS THE FOLLOVING ODDS3
8) 8 TO | ODDS FOR GUESSING VWITHIN 20 PERCENT
4) 4 TO 1| ODDS FOR GUESSING WITHIN 10 PERCENT
83 8 TO | ODDS FOR GUESSING WITHIN S PERCENT.

ENTER THE NUMBER 2+ 4» OR 6 FOR THE ODDS YOU WANT AFTER TaE
QUESTION MARK IN THE COLUMN LABELLED ODDS.

YOUR $ HOUSE $ TIME (NIN)  ODDS

1000 1.000000E+6 7.8 18
HOV MANY CHIPS LEFT ? 60700

ACTUAL NUMBER LEFT IS 60716

YOU WON. TRY AGAIN.

$009 996000 13.9 78
HOV MANY CHIPS LEFT ? 38150 °

ACTUAL NUMBER LEFT IS 38164

YOU WON. TRY AGAIN.’

85000 976000 86.9 78

HOW MANY CHIPS LEFT 7 15500
ACTUAL NIIMBFER LEFT IS 15502

YOU WON. TRY AGAIN.~

185000 876000 30.7 78
HOV MANY CHI1PS LEFT 7 11900

ACTUAL NUMBER LEFT IS 11913

YOU CAN DREAK THE HOUSE IF YOU TRY A LONG SHOT.

625000 376000 48.4 78

HOW MANY CHIPS LEFT 7 3500

ACTUAL NUIBER LEFT 1S5 3494

YOU BROKE THE HOUSE. YOU NEEDED ONLY THE MINIMUM NUMBER OF GUESSES.
CONGRATULATIONS .

YOU MUST KNOW A LOT ABOUT RADIOACTIVITY AND THINGS.

THANKS FOR PLAYING..

CHECK NO. 3499
DATES weccccccccesea]fee

PAY TO THE ORDER OF=~-======CASH===-==3 1,001000E+6

THE NEW CLEA CASIND A. TOM MICK
: GENERAL MANAGER

DONT SPEND 1T ALL IN ONE PLACE.

READY

O i 4 (/‘
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100
105
110
120
130
140
150

10
180
190
D0
210
220

260
870
230

300
310
320

350
360
370
380
390
00
]10

430
840
450
460
A70
a0
490

510

Physics
"DECAY1

REM RICHARD F. PAV, PATCHOGUE HeS.» (PHYSICS) REVISED NOV. 26,1968
FANDOHIZE ’ )
REM THXS IS A GAME BASED ON RADIOACTIVE DECAY.

PRINT ™
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRIKT
PRINT
PRINT
PRIRT
PRINT
PRINT
PRINT
PRINT
PRINT
PHINT
PRINT
PRINT
PRINT
PRINT

-=-THE NEW CLEA CASINQ=-=--*
" MR. A. TOM MICKs» GENERAL MANAGER OF THE NEW CLEA CASINOY
“HAS, AT TIME T=0, DISCOVEHRED 1C0,000 RADIOACTIVE PLAYING"™~

“CHIPS AT HIS TABDLE. THE!R HALF-LIFE 1S 10 MINUTES. EACH CHIP™
“TRANSNMUTES SPONTANEOUSLY AND COMPLETELY IN A RANDOM FASHION.®

* AT VARIOUS TIMES .» AFTER T»Q0, YOU MUST DETERMINE WITHIN
“A CERTAIN PERCENTAGE, HOV NANY CHIPS ARE LEFT."

" TO FURTHEL THE INTEREST OF THE GAMZ, YOU WILL START WwITHM
*$1,000 AND THE HOUSS WITH AN UNSPECIFIED AMOUNT. HALF THE™ ~
*MONEY YCU HAVE WILL RIDE ON EACH GUESS YOU TAKE. LET'S SEE"
“1F YOU CAN BREAK THE HOUSE BEFORE THE CHIPS RUN OUT."’

“THE HOUSE OFFERS THE FOLLOWING ODDSs"

" 2) 2 TO 1 ODDS FOR CGUESSING WITHIN 20 PERCENT"™

" 4) 4 TO )} ODDS FOR GUESSING WITHIN 10 PERCENT"

" 6> 8 TO | oDDS FOR GUESSING WITHIN S5 PERCENT.™
"“ENTER THE NUMBER 2, 4, OR 8 FOR THE ODDS YOU WANT AFTER TH

“QUESTION MARK IN THE COLUMN LABELLED oDDS."

“YOUR $", “HOUSE $™, "TIME (MIN)", ™0DDS"

LET A=0Q

LET Be

0

LET T=0

LET Y=

1000 .

LET C=0

PHINT

IF ABS(G=D)<1500 THEN 450
LET Gx5

LET D=2

LET BeB+l

FOR 1wi TO J+A+ABS(G~D)
LET T3=INTC100#RND(-Y))/10

NEXT 1

LET TeT+T3
LET D=INTCIES#EXP(=.06934T))
IF D=0 THEN 860

PRINT
mnPUT

¥,1001000-Y,T,
A

IF A=2 THEN 610
IF A=4 THEN 610

IF A=8 THEN 610

PRINT "S$O0RAY PAL; WE DONT OFFER THOSE ODDS.*
IF C=! THEN 620

LLT C=t

GOTO 5280

PRINT "HOW MANY CHIPS LEFT "3

INFUT G

PRINT

*ACTUAL NUMBER LEFT 1S "iD

I¥ A=2 THEN 700
IF A=a THEN 680
LET P=.05S

c070 710

LET Puel

GOTO 710

LET Pe=.8

20
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DECAY1
710 LET T=»)0sB
720 IF ABS(D~Q)<wP#D THEN 770
730 LET Y=INTCY-Y/2)
740 IF Y<=50 THEN 620
780 PRINT "T00 BAD», YOU LOST. TRY AGAIN."
760 GOTO 400
770 LET YsINTC(Y+AsY/2)
780 IF 1000000-Y<] THEN 890
790 IF Y>2ES THEN £%0
800 PRINT "YOU WON. TRY AGAIN.‘
810 GOTO 400
820 PRINT “IT SEKEMS YOU JUST CANT GET THE HANG 0? IT- SAVE YOUR BREADe*™
830 @OoTOo 960 ' :
840 PRINT **YOU CAN BREAK THE HOUSB IF YOU TRY A LONG SHOT.“
850 GOTO 400
860 PRINT *0000FS... SORRY PALs, THE LAST CHIP JUST DISINTEGRATED-
870 PRINT "THE HOUSE IS CLOSED."
880 GOTO 960
690 PRINT "YOU BROKE THE HOUSE. YOU NEEDED ONLY *}
895 LET Y=1001000
900 IF B>S THEN 930
910 PRINT *THE HINIFUH NUMBER OF GUESSES.
920 GOTO 940
930 PRINT D3*GUESSES.*
$40 PRINT “CONCRATULATIONS.*
950 PRINT **YOU MUST i‘tiO¥ A LOT ABOUT RADIOACTIVITY AND THINGS.
960 PRINT “TMANKS FOR PLAVINGe*
970 PRINT
980 PRINT "----‘-------.----.-.------.-.----.------.---.-------------.-.
990 PRINT )
1000 PRINT * . CHECK NO+*3B+D
1010 PRINT C T
VBV FRINT *° DATEs *“3
1030 PRINT "coccccnacecan]faa ’
1040 PRINT ’
1050 PRINT
1060 PRINT ** PAY TO THE ORDER OF=="}
1070 PRINT "-*----CASH------"}
1080 PRINT *“s$"3Y
1090 PRINT
1100 PRINT
1110 PRINT * THE NEV CLEA CASINO Aes TOM MICK"™
110 PRINT * ’ GENERAL HANAGEB"
1130 PRINT
1140 PRINT “---------------------------.---..---------..-..----.--.-.-.'
1150 PRINT -
1160 PRINT *DONT SPEND IT ALL IN ONE PLACE."

Physics

11 70END
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___DISCIPLINE __ CHEMISTRY-PHYSICS

SUBJECT NUCLEAR DECAY

PROGRAM NAME DECAYZ

DESCRIPTION:

This program will do the following:

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

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

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

OBJECTIVES:

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

B. To provide a calculator for determining the amount of mass of a
radioactive sample remaining after some given amount of time.

C. To provide a calculator for half-life experiments.

PRELIMINARY PREPARATION:

A. Student - The student should have a general introduction to half-
[ife before the use of the program.

1%
B. Materials - none

DISC USSION:

It is difficult to teach about the exponential (lcgarithmic) manner
by which radioactive elements decay without meaningfu’ illustrations and
gimulations.

[
1%
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DECAY2
DISCUSSION: ™ (con't)~~ = == i ta
With this pro . . number of interesting possibilities are
available. For examp .ne 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 gtudents 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 tirne with
the decay of the sample substance.

Please note that the half-life calculations are not accurate for a
small number of particles, thus it is misleading to make runs go to zero
mass or zero particles.

23
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SUBJECT ELECTRIC FIELD STRENGTH

PROGRAM NAME EFIELD

DESCRIPTION:

The electric-field strength at a point near a fixed charge is calculated
and printed. A line of charge is-then generated by adding charges to either side
of the fixed charge. As cach additional charge is added, the new electric-field
strength is calculated and selected values are printed.

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

in both cases, the fields can be seen to approach a limiting value w!.'ch
is then wrinted for an infinite line and plane.

OBJECTIVES:

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

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

PRELIMINARY PREPARATION:

A, Student - A knovledge of Coulomh's law and the vector addition of electric
fields.

B. Materials - non¢

DIX{"[JSSION:

The operator chooses a distance (y) away from a fixed charge (Q)) at which
he wishes to know the field strength. iie also chocoses the number of charges (N}, «ad
their spacing {C), that he wishes to add to each side of the fixed charge to generatr
a line of charge. Afiew {1+ '° - has been generated, the operator enters the number
of such lines (M) that n- w: - . to use in building up the plane of charge.

Actual values of force are not given, «nly relative valties. wWhen the fixed

charge (Q;) is at a distance Y=1 from the teot charge (Q), the force is ! unit. The
force may be calculated in Newtons if all distances are in meters, and the program

13
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...is.slightly changed.so.that Q).and.Q;.are in.coulombs. . If both of these.

charges were to be taken as single elementary charges, tlen the following changes
should be made:

280 LET Q] =1.6*%E-19
290 LET Qp=1 6*E-19
300 LET K = 9*E£9

If the spacing (C) is taken as .1 and the number of charges {N) as
1000, tken three runs through the program using the distance between the
test charge and the fixed charge (y) asi, 2, and 4 should be sufficient for the
relationships to be determined. A casual inspection of the exact values of the
field strength for these three distances should yield the following conclusions:

1. The field strength varies inversely with the gquare of the distance
away from a single poi nt charge. '

2. The field strength varies inversely with the distance from a line of
charge.

3. The field strength remains constant even though the distance from
a plane of charge changes.

It should be noted in 2 and 3 above, that the spacing between charges
must be small as compared to the distance away from the line - - plane of charge,
and of course that the line be so ‘ong and the plane so broad that any further
increase in length or breadth be insignificant.

An interesting bonus tc this program is discov ‘red when distances from
test charge to plane is decreased to .0(., . 0001, and . 0000l. Here it can be
seen that the field no longer is constant, but changes as an inverse square law
for a single charge because the test charge begins to '"see'' the fixed charge
instead of the whole plane. The ""EXACT VALUE...,'' is calculated for
charges smeared over the whole plane and not in discrete point charges as we
have here; hence, the disagreement with actual field values.

This program mavy be run by an individual student after proper
introductory explanation concerning vector additicn of electric fields,
contributions of the charges beiag added in the lin. or lines to the pla:e. It
may also be used as a class demonstration and discussion. When used with a
whole class it is best to have a television camera and monitor a+ailable for
immediate display of print out. A summary table constructec either by the
teacher on the board or by students at their desks is useful in analysis of the data.
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THIS PROGRAM WILL CALCULATE THE FORCE ON A TEST CHARGE
THAT 1S PLACED SOME DISTANCE» Y, AWAY FHOM ANOTHER CHARGE;
A LINE OF CHARGE; AND A PLANE OF CHARGE.

YOU MUST ENTER THE DISTANCE AWAY, Y3 THE SPACING DESIRED
BETWEEN CHARGES, C, AND ALSO BETWEEN LINES OF CHARGE THAT
MAKE UP THE PLANE OF CHARGE-.

YOU MUST ALSO CHOOSE THE NUMBER OF CHARGES (N) IN THE LINE OF
CHARGE THAT YOU WOULD LIKE TO USE (S5C0 IS A GOOD VALUE IF
YOU USE A SPACING CF .1 FOR C. '

JUST SO 1hI CALCULATIONS DON'T GO, TOO FAR I'VE INCLUDED

A STOP Ti#T DEPENDS UPON THE ANGLE FROM TEST LCHARGE TO THE
LAST CHARGE TO BE CALCULATED. IF THE ANGLE IS LESS

THAN 2 DEGREES, CALCULATIONS VILL CE#SEw

INPUT Y»C,N? 1,.1,1000

NO. OF CHGS.
ON EACH SIDE FORCE

0 1

1 2.97

2 4.86

3 661

4 g.21

5 965

6 10.91
7 12.01
8 12.96
9 13.78
10 14.49
20 17.98
30 19

40 19.42
50 19.62
60 19.73
70 19.8

80 19.85
90 19.88
100 19.9

200 19.98
287 19.99

EXCESSIVE COMPUTER TIME WOULD BE REQUIRED TO CALCULATE
THE FORCE FOR ADDITIONAL CHARGES.

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

31
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NOW ADD ROWS ON EITHER SIDE OF THE LINE OF CHARGE JUST
CALCULATED. THE SPACING BETWEEN ROWS WILL BE THE SAME AS

THE SPACING BETWEEN THE CHARGES.

ENTER THE NUMBER OF EQUALLY SPACED ROWS YOU WANT ON EACH SIDE
? 500

NO. OF LINES
ON EACH SIDE FORCE

0o 20

] 59.58

2 98.02

3 134.69
4 169.16
5 201.14
€ 230.53
7 257.36
8 281.73
9 303.82
10 323.81
20 448655
30 501,31
40 531.18
50 549.8

60 562.47
70 571.62
80 578454
90 58396
100 5883

200 608.03
287 614.05

EXCESSIVE COMPUTER TIME WOULD BE REWQUIRED TO CALCULATE
THE FORCE FOR ADDITIONAL LINES OF CHAHGE.

THE EXACT VALUE FOR AN INFINITE PLANE OF CHARGE 1S 628.3l%
DO YOU YANT ANOTHER RUN (1=YES, O0=NO) : 2?2 U

READY

il
.
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100 REM JOKN HOSIE = NORTHPORT HIGH == 3/14/69

105 REM REVISED BY C.LOSIK &-25-70

106 REM SEE BELOW FOR IMPORTAMT VARIABLES

107 REM *‘F* TYPE VARIABLES ARE FORCES

110 REM [°'VE CHOSEN THE ELECTROSTATIC CONSTANT TO BE ONE AND

120 REM ALL CHARGES TO BE ONE SO THAT THE FORCE CALCULATED

130 REM IS JUST A RELATIVE FORCE. IF YOU WOULD LIKE YOU MAY CHANGE
140 REM THINGS WHEN YOU RUN IT TO GET EXACT FORCES IN NEWTONS AND

150 REM USE CHARGES IN MICROCOULOMBS OR WHAT EVER ELSE YOU WISH.

160 PRINT "THIS PROGRAM WILL CALCULATE THE FORCE ON A TEST CHAKGE"
170 PRINT '"THAT 1S PLACED SOME DISTANCE, Y» AWAY FROM ANOTHER CHARGE;"
180 PRINT ‘A LINE OF CHARGE; AND A PLANE OF CHARGE."

190 PRINT "YOU MUST ENTER THE DISTANCE AWAY» Y; THE SPACING DESIHED"
200 PRINT ''BETWEEN CHARGES, C» AND ALSO BETWEEN LINES OF CHARGE THAT"
210 PRINT '"MAKE UP THE PLANE OF THARGE.'"

220 PRINT *"'YOU MUST ALSO CHOOSE THE NUMBER OF CHARGES (N) IN THE LINE OP
230 PRINT ''CHARGE THAT YOU WOULD LIKE TO USE (500 IS A GOOD VALUE IF"
240 PRINT '"'YOU USE A SPACING OF ‘<1 FOR C."

250 PRINT '"JUST SO THE CALCULATIONS DON'T GO TOO FAR I‘'VE INCLUDED"
260 PRINT "A STOP THAT DEPENDS UPON THE ANGLE FROM TEST CHARGE TO THE"
270 PRINT "LAST CHARGE TO BE CALCULATED. IF THE ANGLE IS LESS"

275 REM Q1 AND Q2 ARE THE CHARGES

280 LET Ql=1

290 LET Q2=1

295 REM K IS THE ELECTROSTATIC CONSTANT

300 LET Km=i

0SS REM A IS THE CUTOFF ANGLE. THIS MAY BE CHANGED TO YOUR PREFERENCE
310 LET A=2

315 PRINT '"'THAN'A'DEGREES, CALCULATIONS WILL CEASE."

320 LET S=SIN(3.14159%A/180)

330 PRINT

340 PRINT "INPUT Y,C,N'3

350 LET Fl=0

353 INPUT Y»CsN

356 IF C<=0 THEN 365

358 IF Y<=Q THEN 365

360 IF N>=0 THEN 370

365 PRINT “ONE OF YOUR VALUES 1S UNREASONABLE.'

367 30 TO 330 :

370 PRINT

380 PRINT

390 PRINT "NO. OF CHGS."

4079 PRINT "ON EACH SIDE'","FORCE"

410 PRINT "“eeemecmeccceax R "

420 FOR I=0 TO N

£30 LET X=Ix%*(C

440 LET ResSQR(X*X+YxY)

450 LET F=K*Q1*Q2/(R*R)

33
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460 IF l1<>0 THEN 490

470 LET Fls=F

480 GO TO 510

490 LET Fla/ 1+2%F%(Y/R)

510 IF 1<=10 THEN 580

520 IF I=1000%INTCI/1000) THEN 580

530 IF I>1C '0 THEN 600

540 IF I=1UusINTC1/100) THEN 580

550 IF 1>100 THEN 600

560 IF I=10%INT CI/10) THEN 580

570 GO TO 600 L

580 PRINT I,INiC100%F1+.2)/100

590 IF N=O THEN 330

600 IF Y/R<S THEN 612

610 NEXT 1

611 GO TO 620

612 PRINT I1,INTC100*F1+.5)/100

613 PRINT "EXCESSIVE COMPUTER TIME WOULD BE REQUIRED TO CALCULATE"
614 PRINT **THE FORCE FOR ADDITIONAL CHARGES." '
620 PRINT

625 PRINT

630 PRINT "THE EXACT VALUE FOR AN INFINITELY LONG LINE OF CHARGE 15";
640 PRINT 2#%(K=*Ql/C)/Y

650 PRINT

660 PRINT

670 PRINT

680 PRINT '"*NOW ADD ROWS ON EITHER SIDE OF THE LINE OF CHARGE JUST"
683 PRINT "CALCULATED. THE SPACING BETWEEN ROWS WILL BE THE SAME AS"
686 PRINT '""THE SPACING BETWEEN THE CHARGES."

690PRINT"ENTER THE NUMBER OF EQUALLY SPACED HOWS YOU WANT ON EACH SIDE"
700 INPUT M

702 IF M>=0 THEN 710

704 PRINT ""NO NEGATIVE VALUES, PLEASE."™

706 GO TO 690

710 PRINT

720 PRINT

730 PRINT "NO. OF LINES"

740 PRINT **ON EACH SIDE'",'"FORCE"

750 PRINT P T amemwee ll‘ll ..... ”

760 FOR P=0 TO M

770 LET Z=pP=*(

780 LET R1=SQR(Z*Z+Y=»Y)

790 IF pP<>0 THEN 850

830 LET F3=2%(K#Q1/C)/Y

840 GO TO 870

850 LET F3=F3+2*F1x(Y12)/(R112) .

870 IF P=1000*INTC(P/1000) THEN 930

880 IF P>1000 THEN %40

8950 IF P=100sINT(P/100) THEN 930

900 IF P>100 THEN 940

910 IF P=10*INT(P/10) THEN 930

920 1F P>10 THEN 940

930 PRINT P,INT(100*F3+.5)7100
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940 IF Y/Rl<S THEN 952

950 NEXT P

951 GO TO 960

952 PRINT P,INTCl00*F3+.5)/100

953 PRINT "EXCESSIVE COMPUTER TIME WOULD BE REQUIRED TO CALCULATE"
954 PRINT "THE FORCE FOR ADDITIONAL LINES OF CHARGE."

960 PRINT

96%5 PRINT

97¢ PRINT "THE EXACT VALUE FOR AN INFINITE PLANE OF CHARGE 15"}

% ° PRINT 2#3.14159%(K*Ql)/(C*C)
tie DRINT
. PRINT .
#RINT "DO YOU WANT ANOTHER RUN (1=YES, O=NO) & “;
+. INPUT C
1w.#) IF C>0 THEN 330
U0 END
35
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DISCIPLINE PHYSICS

SUBJECT KINEMATICS REVIEW

PROGRAM NAME KINERV

D ESCRIPTION:

Questions are asked concerning the motion of a ball thrown vertically
upwards at various velocities. Neglecting air resistance, the student is to determine
such quantities as 1) maximum obtainable height; 2)time of flight; and 3) the height
reached at different times,

OBJECTIVES:

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

PRELIMINARY PREPARATION:

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

B. Materials - none

DISC USSION:

The student is presented with various problems concerning the motion of
the ball. In each case, the initial velocity V, of the ball is given. There are five
tasic questions asked:

1. Determine maximum height reached:

2. Find the height after t seconds;

3. Find the velocity when the ball is at height h;
4. Determine the time of flight; and

5. Find the velocity after t seconds.

The quantities V_, h, and t are randomly determined for each question
asked and the correct answers are given following the student response.

The program is designed to serve a3 a review of typical motion problems
discussed in class and to aid in overcoming student ''uncertainty'' in the solution
of numerical problems.

The program may be modified to cover other areas of review by entering
new questions in place of those presently offered (sge listing).

36 -
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-==-gEVIEW OF KINEMATICS=-=--

A BALL 15 IHrOwN STRAIGRT Ur AT VARIOUS VELOCITIEsS.
Al FRICTION IS NEGLIGIBLE. ThE UPWARD DInECIION 1S TAKEN
AS POSITIVE, AND THE DOWNWAnD DIRECTION AS NEGATIVE.

THE LOCAL AUCELEAATICON DUE [0 GRAVITY IS5 =-1lu METEKS/SECOND/SEC.

FOrt VARIOUS ThROWING SPEEDS, YOU MusSl ANSWER CERTAIN
WUESTIONS AS3S0UT InkE BALL IN FLIGRT.

1 « Tk UPWARD THAOWING SPEED Is 25 NMEFERS/SECOND.

WHAT 1S5 Ini VELOCITY WnEN IT AEACHES A HEIGRT OF 1845
METERS ABOVE Thne GuOUND ? 16

YOU '#E CORHRECT WITHIN 5 PERCENTe THE COnsECS ANsWwEn Io> 16 .

2 o TnE UPWARD THiOWIWG SPEED 15 16 METEunS/SECOND.
WnAT IS TnE VELOCITY AFfEwx 2 SECONDS OF FLIGHT? 14
YOU'RE OFF MORE THAN S PEHCENTe THE CORKECT ANSWER 15 -4 .

3 « THE UPWARD THHOWING SPEED 15 35 METERS/SECOND-.
HOW HIGH ABOVE THE GAOUND WILL [HE BALL GO? 7v
YOU'HE OFF MORE THAN 5 PERCENT. TRE COHRECT ANSWER IS5 61.25 &

4 . THE UPWARD FHHOWING SPEED Is 29 METERS/SECOND-~
HOW LONG WILL IT TAKE THE BALL TO HETURN TO THE GHOUND? 6.0
YOU*RE CORRECT WITHIN S5 PERCENTe THE COAHECT ANSWER IS5 S8 o

5 « THE UPWARD THROWING SPEED 15 21 METERS/SECOND-.
WHAT IS THE VELOCITY WHEN IT REACHES A HEIGHT OF 1035

METERS ABOVE THE GROUND ? 12
YOU'RE OFF MORE THAN 5 PERCENTe. TRE CORRECT ANSWEH IS5 15.297U6

OUT OF 5 WUESTIONS, YOU GOT 2 RIGHT.
DON'T YOU KNOW ANYTHING ABOUT THHOWING THINGS UP?277?

WANT TO TRY ANOTHER 5 PHROBLEMS (1=YEsS, O=NO) $ 2 U

AEADY
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REM RICHARD F. PAVJ PATCHOGUE H.S:) 1-24-693 PHYSICS .
11OREN THIS PROGRAM 15 DESIGNED TO SERVE AS A AEVIEV TEST IN KINEMATICS.
REVISED BY C.LOSIK 8-25-70
130 REN U 1S VERTICAL VELOCITY, ALL ELSE IS °A* C(FOR COMPARISONS)
140 REM VE GENERATE A V RANDOMLY AND RANDOMLY PICK A QUESTION

143 RANDONILE
150 LET P=0

53 LEY Re0
60 PRINT® ==~REVIEV OF KINENATICSeeew

170 PRINT
180 PRINT™ A BALL IS THROW STRAIGHT UP AT VAR]IOUS VELOCITIES ™
190 PRINT"AIR FAICTION IS NEGLIGIBLE. THE UPMARD DIRECTION IS TAKEN"
:vg ::::tr_'as POSITIVE, AND THE DOWNWARD DIRECTION AS NEGATIVE.» )
g ::::;‘m LOCAL ACCELERATION DUE TQ GRAVITY IS -10 METERS/SECOND/SKS
860 PRINT™ALL VALUZS ANE 1N N.M.5e NETANC VIR TS,
850 PRINT . -
240 PRINT™ FOR VARIOUS TMAOVING SPEXDS. YOU MuS) ANSWER CERTAIN®
270 PRINT®QUESTI0ONS ABOUT THE BALL IN PLIGHT.* .
SB8OPRINT : :
E90PRINT
300 LET USRNDC(X)
330 IF Q=OTHEN 350
330 IF Q/S=INTCQ/S) THEN 770
JSO0LET UmS+INTC35eQ)
J60LETZw]+INT(4.9994U)
370 1F(Z<-P)sC(V~-R)=0 TREN 300
‘380 LETPwZ" :
390 LET QuQe}
400 LET Rev
410 PRINT
420 PRINT Q“. THE UPWARD THROWING SPEED IS "y» METERS/SECOND «**
430 1F2=1 THEN 540 ' ‘ :
4430 IF Zw2 THEN 590
450 IF Z=3 THEN 630
460 IF Zwa THEN $00
470 LET Am.0SeVsy
480 PRINT"HOW HIGH ABOVE THE GROUND WILL THE BALL GO'';
4%0 GO0T0670 ‘ ) T )
S00 LET A=vU/S
340 PHINT"HOW LONG VILL IT TAKE THE BALL TO RETURN TO THE GROUND"}
520 GOT0670 ) ) ) '
540 LET Twi+ INT(22VsU)/10
SSOLET AsUsT<SeTeT o
560 PRINT"HOW HIGH ABOVE THE GROUND VILL THE BALL BE AFTER "3T
570 PRINT“SECONDS OF FLIGHT*} o ’ -
580 G0TO06 70 )
590 LET T=I+INT(2eVeU)/10
600 LET A=U-j0eT T
610 PRINT“WHAT IS THE VELOCITY AFTER “T“ SECONDS OF FLIGHT"}
620 GO'TO 670 ’ ’
630 LET S=.S¢INTC(VeVelU)/10
640 LET A=SQRtVeV-20eS)
650 PRINT“WHAT 1S THE VELOCITY WHEN IT REACHES A HEIGHKT OF 35S
660 PRINT“METERS ABOVE THE GROUND “3° . ’
670 INPUT @
680 PRINT"YOU°*RE"}
690 IF ABSC(G-A)/A)>.05 THEN 730
700 LET CmCey "
710 PRINT ™ CORRECT WITHIN 3
720 GOTO740 oot
730 PRINT™ OFF MORE THAN =)
740 PRINT™S PERCENT. THE CORRECT ANSVER IS “A™ o~
TIOPRINTY . o ) o
7068020300
™ FaIny
780 FRINT™OUT OF “Q™ QUESTIONS, YOU 80T "C» RIGNY.™
70 17C/a»m.7 THENS10 : ’
830 PRINT™DON'T YOU KNOV ANYTHIMJ ABOUT THROVING THINGS UP?TI™
810 PRINT .
680 PRINT “WANT 70 TRY ANOTHER 3 PROBLEINS Ci=YES, O=MQ) s "3
830 INPUT N : N ) )
6835 LET U=RND(X)
840 IF M=| THEN 3%0
830 IF Me<>0 THEN $10
860 END ' ’
38
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DISCIPLINE  PHYSICS

SUBJECT LENSES

PROGRAM NAME LENSES

DESCRIPTION:

The focal length, object distance, image distance, image size, or object
size, may be calculated if sufficient information is entered by the student.

_OBJECTIVES:

A. To solve for focal length of a lens from laboratory data,
B. To check image position and size from lab data.

C. To solve lens problems.

PRELIMINARY PREPARATION:

A. Student - Data from a lens experiment.
B. Materials - none
DISCUSSION:

If this program is used in conjunction with a lens laboratory, the student
may check his calculations of focal length.

He may also check his image size and position from known object size
and position. '

39
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ThlS PHOGRAM MAY BE USED TO SOLVE LENS PrOBLEMS.

IN THE ORDEx GIVEN ENTER THE VALUES FOR THE FOLLOWING:
FdCAL LENGTH» OBJECT DISTANCE, IMAGE DISTANCE., OBJECT
SIZEs IMAGE SIZE. INPUT U (4EiRO) FOn UNKNOWN VALUES.
EVERY TIME THE COMPUTER ASKS °'READY?'» ENTEx 1 IF YOU HAVE

MORE PROBLEMS TO DO, O O TO END [HE PROGRAM.

*%x% READY 7 1
WHAT AHE YOUR VALUES FOR Fs Ps» Ws 0, 12 1,2,35455

YOUr W 1S NOT CORRECT FOR THE F AND ¥ YOU HAVE ENTERED

NOTE CHANGED W« THE PERCENT EHHOX ON YOUR Q IS -
50 PERCENT. )

YOUR I 1S5 NOT COAHRECT FOH THE O YOU HAVE ENTERED

NOTE CHANGED l. THE °PEHCENT EHRO;t ON YOUR I IS3

25 PEHCENT.

Q= 2 0= 4 I= 4

n
39}

F= 1 P

*x% HREADY ? 1

WHAT ARE YOUR VALUES FOR F» Ps Ws 0s 1?2 152520454539
YOUR Q@ 15 CORRECT TO WITHIN 2 %

NOTE CORRECTED Q.

YOUR 1 1S CORRECT TO WITHIN 4.411765 %
NOTE CORRECTED 1.

F= | P= 2 W= 2.04 0= 4 I= 4.08

*%% READY 7 1

WHAT ARE YOUR VALUES FOR F» P, Qs 0s 12?2 Us5,85454

40
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YOUR I IS NOT CORHECT FOHR THE O YOU HAVE ENTERED
NOTE CHANGED I. THE PEMCENT ERnOn ON vOUR I IS3
37.5 PEHRCENT.

Fa 3.076923. pP= 5 w= ¥ 0= 4 I= 6.4

*kx READY 2 1

WHAT ARE YOUR VALUES FOR Fs £» us 0s 12 46553,0,34,32
YOUR I IS NOT CORRECT FOR THE O YOU HAVE ENTERED

NOTE CHANGED I. THE PERCENT ERROs ON YOUR I I>5
8567775 PERCENT.

F= 46 r= 53 W= 348.2857 0= 34 I= 223.4286

*xkx READY 2?2 1
WHAT ARE YOUR VALUES FOR Fs» Ps Qs 0, I? 48575256400

YOUR Q& 1S NOT CORRECT FOR THE F AND ¥ YOU hAVE ENTERED
NOTE CHANGED Qe+ THE PEARCENT ERROR ON YOUR & 1S53
399.8765 PERCENT.

F= 4857 P= 2 W==-2.000624
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100 REM JOHN We. HOSIE - NORTHPORT HIGH - PHYSICS

Ul HEM REVISED 11-18=-7U0, L.BRAUN

110 PRINT "THIS PROGRAM MAY BE USED TO SOLVE LENS FPHOBLEMS.'
120PRINT

130PRINT"IN THE ORDER GIVEN ENTER THE VALUES FOs THE FOLLOWING:"
140PRINT

ISUPRINT"FOCAL LENGTH, OBJECT DISTANCE, IMAGE DISTANCE, OBJUECT"
160PRINT

170PRINT"SILE,» IMAGE SIsEe INPUT U (LERO) FOR UNKNOWN VALUES."
180PRINT .

1s2 PRINT "EVERY TIME THE COMPUTER ASKS °*HEADY?'» ENTER 1 IF YOU HAVE'
183 PRINT '

14 PRINT "MORE PHOBLEMS TO DO, OR O TO END THE PROGRAM."

186 PRINT

188 PRINT

190 PRINT "'**% JEADY '

191 INPUT F

192 IF F=0 THEN 7&U

193 IF F<>]1 THEN 1%

195PRINT

196 PRINT "WHAT ARE YOUR VALUES FOR F» P, ds 0s I';

200 INPUT FsPsus0,1

210 LET P=ABS(P)

220 LET 0=ABS (0)

230 PRINT

240 IF F=0 THEN 390

250 IF P<>F ThEN 280

260 PRINT “THE IMAGE 15 AT INFINITY"

270 GO TO 1u6

280 IF P =0 THEN 360

290 LET 4=P*xF/(P=~F)

V0 IF &@=0 THEN 340

310 IF Z=Q THEN 420

312 IF ABS(Q-Z2)<0.05%Z THEN 344

320 PRINT "YOUARA @ IS NOT CORRECT FOR THE F AND P YOU HAVE ENTERED"
330 PRINT "'NOTE CHANGED Q. THE PERCENT ERROR ON YOUR Q IS3:*
335 PRINT 100*ABS(Z-Q)/ABS(Z): ' PERCENT."

340. LET Q=Z

342 GO TO 420

344 PRINT"YOUR & IS CORRECT TO WITHIN';100*ABS(Q=Z)/ABS(4L)'%"
346 PRINT'NOTE CORRECTED W.'

350 GOTO 420

360 IF Wd=0 THEN 560

370 LET Ps@*F/(Q-F)

380 GO TO 420

390 IF P=0 THEN 550

400 IF Q=0 THEN 490

410 LET F=Q*P/(Q+P)

420 IF 0=0 THEN 730

430 IF I=0 THEN 470

42

@ Copyright 1971, Polytechnic Institute of Brooklyn




Physics
LENSES

435 LET 49=0%W/2

440 IF 1=49 THEN 66V

445 IF ABS(I=49)<0.05%i'9 THEN 474

450 PRINT "YOUR I IS NOT CORKMECT FOxt THE O YOU HAVE ENTEnRED"
460 PRINT ''NOTE CHANGLED I« THE PERCENT Ex80n ON YOUR I ISs"
465 PRINT 100*%ABSC1-49)/7ABSC4Y)5 ' PEHCENT."

470 LET I=49

472 GO TO 660

474 PRINT"YOUR I IS CORRECT TO WITHIN";1UuU*ABSC(I=49)/7ABSC49)"R"
476 PRINT"NOTE CORAECTED le"

476 LET 1=49

480 GO TO 66V

490 IF 0<>0 THEN 520

500 PRINT "IF Fsds AND O O I = 03 CANNOT CALCULATE - TnY AGAIN."
510 GO TO 186

520 IF I=0 THEN SU0

530 LET w=P*1/0

540 GO TO 65V

550 IF WQ<>0 THEN 590

560 PRINT '*THE FOCAL LENGTH CANNOT BE CALCULATED IF BOTH OBJECT"
570 PRINT "AND IMAGE DISTANCES ARE ZERC.'

580 GO TO 186

590 IF 0=0 THEN 610

W0 IF 1<>0 THEN 640

610 PRINT "MUST KNOW BOThn OBJECT AND IMAGE SIZE TO FIND FOCAL"
. 620 PRINT '"LENGTH AND OBJUECT DISTANCE."

630 GO TO 186

640 LET P=w*0/1

650 LET F=Q*P/(P+4)

660 PRINT

665 PRINT “F="F, "P="P, "wu='"d, "0="0, "I="1

670 PRINT '

680 PRINT

690 GO TO 186 .

700 PRINT ""INFOHRMATION ABOUT EITHER FOCAL LENGTH OR BOTH OBJECT"
710 PRINT *AND IMAGE SIZE NEEDED FOR COMPLETE SOLUTION."

720 GO TO 186

730 IF 1=0 THEN 760

740 LET O=Ix*P/d

750 GOTO 660

760 PRINT

765 PRINT '"F="F, '"P="p, '"Q="u

770 GO TO 670

780 END
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DISCIPLINE PHYSICS

SUBJECT MASS DEFECT

PROGRAM NAME MASSD

DESCRIPTION:

A classroom presentation that could be used to calculate mass
defect, and give the answer in terms of usable energy (kw=-hr. of
electricity}.

OBJECTIVES:

A. To calculate and explain mass defect.
B.. To introduce the concept of binding energy.

C. Conversion of mass to energy. (atomic power)

PRELIMINARY 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 Company)

DISCUSSION:

. It should be noted that the masses used here include the electrons.
The very small difference which wouid 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.

44
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THIS PHOGRANM 15 DESIGNED TO INVESTIGATE MASS DEFECT

WwHnlChn OF THE ELEMENTS WOULD YOU LIKE TO CONSIDER?
REMEMBEft Wk ARE DEALING WITH A SINGLE ATOM» THEREFORE
IN ADDITION 7O FHE ATOMIC NUMBER WE ARE GOING TO NEED THE
ACTUAL MASS (IN AMU) AND THE MASS NUMBER OF THE ISOTOPE
YOU WANT IO WOnrK WITH.

WHEN THE MACRHINE TYPES A WQUESTION MARA (?2) TYPE IN

YOUR ANSWER THEN HIT nRETUNN KEY. USE NUMBErS OF UP TO
SIX SIGNIFICANT FIGURES. HOUND IF NECESSARY TO 6 DIGITS.
IN THE VALUES FOR MASS DEFECT.

THE ATOMIC NUMBER 15 ?2 8
IHE ACTUAL MASS I5 7 15.994Y
THE MASS NUMBE# 15 ? 16

THE $UM OF TnE MASS OF THE & PAOTONS AND THE & NEUTRONS
PLUs THE WEIGHT OF THE & ELECTHRONS 15 THE CALCULATED
MASS.

CALCULATED MASS = ACTUAL MAS> = MASS DEFECT
1613199 - 159949 = «1371

THE MASS DEFECT IN TERMS OF ENERGY 1s THE EQUIVALENT OF
2936 X 10tY CAL. PEr MOLE OF THIS SUBSTANCE.,
Or 184 A 109 CAL. PEr GrAM.

IF WE DIVIDE THIS BINDING ENEAGY BY TnE NUMSBER OF

PARTICLES IN ThE NUCLEUS, WE GET A nATIO KNOWN AS THE

BINDING ENERGY PER NUCLEON, WwHICH IS5 A MEASURE OF THE

STABILITY OF THE NUCLEUS. THE MORE 'BINDING®

PEH NUCLEON», THE MORE STABLE 1S THE NUCLEUS.

THE BINDING ENERGY PER NUCLEON I>5 % 1.276744E-5 ERGS. PEH NUCLEON.
3.047121E-13 CAL. PER NUC..»

WHICH 1S MORE COMMONLY EXPRESSED AS 8UU NMEV.

THE AMOUNT OF ENEAGY (BINDING ENERGY) CONTAINED IN ONE
GRAM OF THI1S SUBSTANCE WOULD BE SUFFICIENT TO SUPPLY ALL
THE ELECTRICAL NEEDS IN AN AVERAGE ONE FAMILY HOUSE USING
IS KW-HRS. PER DAY FOR A PERIOD OF 14245 DAYS OR

39 YEARS.

IF YOU WOULD LIKE TO #{UN ANOTHER PHOBLEM TYFE IN 1.
IF NOT TYPE IN O
20

e 2k 3 oK g ok ook ok ok ok ok ok ok
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luu AEM JORN MARCHISOITO PIB SUMMER 6Y BASIC

1U5 AEM |EVISED BY C.LOSIK 7-22-7U

16 HEM AT NO=A, MASS=B, MASS NO=C

lu7 HEM MASS DEFECT Is F '

130 PrINT" TnlsS PrOGiAM 15 DESIGNED TO INVESTIGATE MASsS DEFECT"

140 PRINT
150 PRINT® wnlin OF |fdE ELEMENIS WOULD YOU LIKE TO CGNSIDER? "

160 PRINT'" iEMEMBER WE ARE DEALING WITn A SINGLE ATMs THEREFOQRE"
170 PiINT' IN ADDITION TO [IdE ATOMIC NUMBE:i WE ARE 0ING TO NEED Tnk"
1 PRAINT"™ ACTUAL MASS (IN AMU) AND I'nmE MASS NUMBE# OF THE LSOTOPE"
190 PRINTI" YOU WANT [0 WOnn WIlin."

200 PRINT

21V PRINT ' WREN Fnk MACAINE LYPES A WUESTION MAnK €(?) [YPE IN"

220 PRINT " YOUrn ANoSWER [nEN nll uETUN KEYe. USE NUMBER> OF UP 10"
230 PHINT " 51A SIGNIFICANT FIGUHES. HOUNL IF NECESSARY TO 6 DIGITs."™
237 PrINT "IN THE VALUES FOn MASS DEFECT." :

248 PulNt

24U PrINT

25U PRINT ' THE ATOMIC NUMBE# Is ';

260 INPUT A

270 PuINT * The ACTUAL MASS Is5 ';

20U INPJUT C

290 PRINT * TnkE MASS NUMBEA I35 '

30U INPUT B

310 PRINT

320 HEM G ls AVOGADiO's NUMBER

330 LET G=6.023E24

340 LET D =38 - A

350 LET Es=(]1.0U0728%A)+(1U0867*D)+(5.45597E=-4%A)

36U LET F=INTC(lE4*(E-C)+.5)/1E4

370 PAINT ' THE SUM OF THE MASS OF TrE"A“"PIRROTONS AND TRE"D"NEUTAONS"
380 PAINT ' PLUS ThE WEIGHT OF THE"A"ELECTHONS IS THE CALCULATED"
39U PRINT " MASS."

400 PARINT

410 PRINT'" CALCULATED MASS - ACTUAL MAS53 = MASS DEFECT"
420 P“INT" "EJ" - "C; L1 = "F

430 PRINT

440 HEM CONVE«#SION FACTOnS:

450 HEM 1e4Y A 10=-3 EnGS PEn AMU

460 HEM 419 A lU 7 ER65 PEA CAL.

470 HEM 3¢6 A 1lU 13 EHGS PER KW=-n

475 REM 9310 MEV PEr AMU

480 LET H=(].49E-3%F*G)/4.19E7

490 PRINT ' THE MASS DEFECT IN TEAMS OF eNERGY Is IHE EwUIVALENT OF"
500 PHINT INT(H/1E9+.5)"A 1019 CAL. PEi¢ MOLE OF THIS SUBSTANCE,"

510 PHINT "QA"INTC(C(H/C)/1E9++5)"A 1019 CAL. £PEn GAAM.'"
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Sl PRINT

512 PRINT " IF Wk VIVIDE inls SINDING ENE«GY BY Thk NUMBER OF"

513 PalNT ' PARTICLES IN [nE NUCLEUS, wE GELI A #ATIO0 ANOUWN AS [ngE"
514 PRINT " BINDING ENEHRGY PEr NUCLEON, Whlin 1S A MEASURE OF [ngE"
515 PuINTF " SPABILIT¢ OF Tnk NUCLEUS. inE MOKE °'HBINDING®"

516 PRINT ' PE«t NUCLEON, Tnk MOnk STABLE 135 I'nE NUCLEUS."

517 #ulNF " ThE BINDING ENEnGY PEit NUCLEON 13 23

518 PRINT 1| «49E=-3*%F/58"EitGoe kit NUCLEON, 0Ox'3

SIY PRINT | 49E=3%F/(B8%4.19E7)"CALe FPEi NUCes"

S2UPRINI" wAdlCH 1S MO§tE COvitvONLY EAPnESSED AS"IVUXINT (Y31 %*F/B+e5)"MEV "
522 LET u = ((R/C)*4.19E7/3.6E13)/15

525 PRINT ' :

53V PRINT ' TI'mbk AMOUNL OF ENERGY (BINDING ENEAGY) CONIAINED IN ONE'
540 PRINT " GuAN UF [nl> SUBSTANCE WOULD 8r SUFFICLENT TO suPfPLi ALL"
550 PrINT " THE ELECTi#ICAL NEED> IN AN AVEsAGe ONE FANMILY nOUSE UsING"
56U PiINT * 1S5 AW-ritse PEn DAY FOn A PEnlOD OF"™INTC(uU+.5)"DAYS On"

565 PRINT INTCC(JU/365)+5)"YEARS "'

570 PRINT

560 PRINT " IF 10U WOULD LIKE 'O nUN ANOTnER PHOBLEM {YPE IN 1"

590 PRINT ' IF NOT TYPE IN O."

U0 INPUT M

61U PRINT

620 PRINT *' ", " okkokokkohoron ok kxx'

63V LF =1 TnEN 24U

640 IF M<>U TnREN Sbu

65u END
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DISCIPLINE PHYSICS

SUBJECT FORCES + DISPLACEMENTS

PROGRAM NAME NEWTN2

DESCRIPTION:

A problematic situation is presented to the student which requires
repeated applications of Newton' s 2nd law. By selecting various angles and
forces, the operator can observe the resulting moticn produced. To successfully -
complete the program, the student must complete a specified displacement
within ten attempts.

OBJECTIVES:

- To aid in the development of skills in applying the equations of motion.

PRELIMINARY PREPARATION:

A. Student - An awareness of Newton's 2nd law is required. In addition, some
familiarity of force components (resolution of vectors) is necessary.

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

DISCUSSION:

A. Operational Suggestions

This program was designed for operation by individual students or
small groups, but the program may be used with a class as a '' lead-in''
demonstration of forces and vectors. The presentation is also helpful in
describing two dimensional motion under the influence of a constant external
force.

When executed by small groups of average students, it has been noted that
programs of this type stimulate discussions and involvement for those
participating.

B. Suggested Follow-up

The student is confronted with a situation which requires that he
overcome a given force (the wind), in moving a boat across a channel 10 Km.
wide. The magnitude of the force produced by the wind on the boat varies with
each '' run'', but the direction of the vector is always southwest, i.e 45 deg.
vith respect to the direction EAST. The student may vary his paddling
force (limited to values less than 200 Newtons), and direction at intervals
during his displ acement. After each choice of variables, he is given his
position, as well as the resulting speed and direction of the boat. A
certificate i s presented for successful completion of the task.
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" NEWTN2

HINT: GRAPH PAPER 1S HELPFPUL IN RUNNING THIS PROGRAN.
P MA SPEEDsece '

YOU'RE TRYING TO ESCAPE FROM DEVIL'S ISLAND ON A SMALL BOAT.
DEVIL®'S ISLAMD 1S LOCATED AT COORDINATES (0,0).

70 SUCCEED, YOU MUST REACH A CHANMNEL S0 METERS VIDE AND
10000 METERS DUK EAST, AT ABOUT €10000s0).

IN ADDITION, YOU NUST GET THERE IN FIVE MINUTES OR LESS OR
SUFFER RECAPTURE === CHEH,HEH,HEH<=) ‘

WAT DO YOU VEIGH CIN POUNDS)? 170
YOUR SITUATION 1S AS FOLLOVS!

THE VIND 1S BLOVING FROM THE NORTHEAST (45 DEGREES) EXERTING
A FORCE OF 100 NEVTONS ON YOUR BOAT. YOU MAY PADDLE VITH

ANY-PORCE -1M-THE-EASTUARD -DIRECTION (ZERO-DEGREES-15-BAST) - .o oo -

70 ACCELERATE YOUR BOAT ACROSS THE BAY AND THUS
REACH THE OPPOSITE SHORE CAND FREEDOM) .
(MOTEs THE MASS OF THE EOAT VITH YOU ABOARD 15 177 KILOGRAMS).

VITH WHAT PORCE CIN NEVTONS) AND DIRKCTION CIN DEGREXS) WILL

YOU PADDLE? 199,88
Ts 3 Xeo 876 Y= 38 Vi(X)= 18 V(e 8

WANT TO CHAMGE FORCE UR DIRECTION (1=YEKS, O=NO> 3 2 1

VITH WHAT FORCE ¢IN NEVTONS) AND DIRECTION C(IN DEGREES) VILL

YOU PADDLE? 199,83
T= 1 X= 1111 Y= 118 V(X)es 37 V()= 3

WANT 70 CHANGE FORCE OR DIRECTION C1=YES, O=NO) 3 ? 1

VITH WHAT FORCE C(IN NEVTONS) AND DIRECTION C(IN DEGREES) VILL

YOU PADDLE? 199,80
Te 1.3 X= 2583 Ys 199 V(X)e 57 V<Y)ms 3

WANT TO CHANGE FORCE OR DIRECTION (1=YES, O=NO) 3 ? o
Te 8 Xe 4320 Yo 269 VX)a 76 V(Y)e 8

WANT TO CHANGE FORCE OR DIRECTION (1=YES, O=NO) 31 2 0
T= R85 Xe= 7103 Ys 381 ViXia 96 V(Y)s }

¥..T TO CHANGE FORCE OR DIRECTION C1=YES, O=NO) s ? 1

VITH WHAT FORCE CIN NEVTONS) AND DIRECTION CIN DEGREES) VILL
YOU PADDLE? 130,10 ’ ' . ) .

™= 3 X= 10173 Yo 248 VCids 109 V(Y )Im=§
YOU MAVE REACHED THE OPPOSITE SHORE, . -
BUT ARE 848 METERS OFF COURSK.

ALL TMAT VORK FOR NOTHING!

YOU'RE LOST IN THE SUARPS FOREVERS GOODBYE.

SEE 1IF YOU CAN INPROVE YOUR ABILITY LATER.

READY



1008EM A.C. CAGGIANO3 PATCHOGUE }3.Se¢3 DEC.4,68

105 REM REVISED BY C.LOSIK 8-18-70

106 REN X AND Y COORDINATES ARZ USED VITH 1-TYPE VARIABLES IN
i07 BEM X DIRECTION AND 8-TYPE VARIABLES IN THE Y DIRECTION
108 REM IT 1S BEST TO CHECK THE EQUATIONS BELOW

110REM THIS IS A PHYSICS PROGRAM WHICH ATTENPTS TO DEVELOP A
190RENM *FEEL® FO TRE FeMA RELATIONSHIP

130 PRINT"HINTs GRAPH PAPER 1S HELPFuUL IN RUNNING THIS PROGRAM.”
I40LETX=0 '

150 LET Y=0

160LETVi=0

170LETVE=0

180 PRINT

i90LETQ@=0
SOOPRINT™ ",* "3*F°* MA SPEEDse+es"

SI10PRINT™ ",™ "} caevecccccccmccccaa®

S20PRINT .
SIOPRINT*YOU'RE TRYING TO ISCAPE FROM DEVIL*S ISLAND ON A SMALL BGAT."

23S PRINT “DEVIL'S ISLAND IS LOCATED AT COORDINATES (0,0)."
S840PRINTTC SUCCEED, YOU MUST REACH A CHANNKL 50 METERS VIDE AND"
SSOPRINT™10000 METERS DUE EAST, AT _ABOUT £1000050).% B -

" 9SOPRINT

R870PRINT”IN ADDITION, YOU MUST GET THERE IN FIVE MINUTES OR LESS OR"
S80PRINT*SUFFER RECAPTURE =-~- (HEH,HEH HEH=<-)"

S90PRINT ’

J00PRINT™EHAT DO YOU WEIGH CIN POUNDS)*™}

J10INPUTY

380 RAMNDONIZE

JGOLETP 1=RND(X) *3

JSOLET P=80¢INT(P1+.5)

390 LET M=INT(V/8.2+100.5)

400 LET T1=0

410 LET T=30

A20PRINT

AJ0PRINT"YOUR SITUATION IS5 AS FOLLOWSS"

SM0PRINT

AS0PRINT™THE VIND IS BLOVING FROM THE NORTHEAST (45 DEGREKS) EXERTING™
AS0PRINT”A FORCE OF*P"NEVIONS OM YOUR BOAT. YOU MAY PADDLE WITH™
A7 PRINT "ANY FORCE IN THE EASTUARD DIRECTION (ZERO DEGRERS 15 EAST)™
473 PRINT "“TO ACCELERATE YOUR BOAT ACROSS TAE BAY AND THUS™

477 PRINT “RRACH THE OPPOSITE SHORE CAND FREEDON).™

“OPR:NT"(HOTll THE MASS OF THE BOAT WITH YOU ABOARD 1S"M"KILOGRAMS) . "
AO0PRINT

SOOPRINT"VITH WHAT FORCE CIN NEWTONS) AND DIRECTION (1IN DEGREES) WILL"™
SIOPRINT"YOU PADDLE"3 .

S80 INPUT F.A
330 IF ABS(F-100)<100 THEN 610

SAOLETA=G+)

S50 1Ir Q>8 THEN 370

401 FQ>1 THENS 90

STOPRINT™TOU MUST THINK YOU'RE SUPERMAN. BE PRACTICAL.”
3808970490

SP9OPRINT™1F YOU°RE THAT STRONG, JUMP THE CHANNEL---"
6003070490 ’

610 1Ir APSCA)<90 THEN 640
SGBOPRINT™YOU'RE HEADING THE WAONG@ VAY. TRY AGAIN."
63068010490

640 LET AO=.0]175%A

630 LET Al=(PrsCOSC(AD)=.T1TePI/N

660 LET AR=(FsSINCAO) =« 71 7P /K

670 LET XeAlsTeT/2eVieT+X

680 LET YmAS$TST/8+VBeTeY

3 %0

0 Copyright 1971, Polytechnic Institute of Brooklyn



Physics
NEWTN2

938 LET Visadstiva
Teva

710 LET TisTie.S
780 PRINT “Te"T1,"Xe“INT(X¢.5),"Ya"INT(Y+.5),"V(X)"INT(V1+.5),
781 PRINT "V(Y)u"INT(YR+.5)
788 IF X>0 THEN 730
784 PRINT "NO HELP THAT VAY. YOU'RE GOING BACKWARDS."
726 Q0 TO 490 '

IF X»10000 THEN 800
?3% IF T1>S THEN 900

a0 PRINT
730 PRINT "WANT TO CHANGE roac: OR DIRECTION (1sYES, OwNO) 5 "}
760. INPUT R
770 1F Rel THEN 490
780 IF Re0 THEN 630
19060 TO 750
810 IF ABS(Y)<300 THEN 830
820 PRINT "BUT ARE™INT(Y+.S)"METERS OFF COURSE."
825 PRINT "ALL THAT WORK FOR NOTHING!™
836 PRINT "YOU'RE .57 IN THE SWAMPS FOREVERS GOODBYE+"
837 G0 TO 950
830 1IF ABS(Y)><100 Thix 850
840 PRINT “AND YOU MIGHT MAKE IT, THOUGH YOU ARE OFF COURSE."
843 GO TO 950
850 IF ABSCY)<85 THEN 870
860 PRINT "BUT YOU'ARE CLOSE ENOUGH TO GET AVAY. @0OD LUCKI™
863 a0 TO 930
870 PRINT "AND HAVE REACHED THE CHANKEL."
880 PRINT “HOW SVEET SUCCESS 1S 1t
890 @0 TO 9%0
900 PRINT "YOUR TINE IS UP.*
910 IF X<=10000 THEN 800
980 PRINT "YOU HAVE NOT REACHED THE CHANNEL, AND ARKE ONLY™
930 PRINT INT(SQR(XeX+YsY)+.5)"METERS FROM WHERE YOU STARTED.*
940 PRINT "YOU MUST SUFFER RECAPTURE."
945 PRINT “SORRY, CHUM, BUT THAT®S PHYSICS."
930 PRINT :
960 PRINT "SEE IF YOU CAN IMPROVE YOUR ABILITY LATER."”
970 END : ' ‘ '

300
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DISCIPLINE PHYSICS

SUBJECT PHOTOELECTRIC EFFECT

il

PROGRAM NAME PHOTEL

DESCRIPTION:

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

OBJECTIVES:

To demonstrate a ''critical wavelengtH' for photo-electronic emission.

. PRELIMINARY PREPARATION:

A. tudent

1. Prior discussion of” the phwnowenon as an introduction to modern physies
2. Students must be previously aware of such properties of light as wave-
length and intensity.

B. Materials - none

DISCUSSION:

The student is permitted to select any one of five metals, which is sub-
sequently subjected to ultraviolet radiation. The electrons are '' counted'' by an
ammeter incorporated in the simulated experimental set-up.

The data collected is tabulated for three trials, indicating the current
measured for various wavelengths. The data will indicate that:

1. The photoelectric emission is a function of wavelength;

2. For light of wavelength less than the critical value, the number of electrons
emitted is dependent upon the incident light intensity: and

3. For wavelengths greater than the critical value, light intensity has no
effect on the emission of electrons.

“The program is designed for individual qualitative investigation of the -
phenomena, but may also be utilized by small groups. e

It should be noted that this program is advantageous where limited or
non-existent lab equipment hinders actual experimentation.
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PHOTEL

THE PHOTOELECTRIC EFFECT

WHEN LIGHT OF SHORT WAVELENGTH FALLS ON A METAL SUHFACE.
ELECTHONS ARE EJECTED FHROM THE METAL. ACCORDING TO THE
DESCRIPTION OF THIS PHENOMENON BY EINSTEIN, THERE IS A
MAXIMUM WAVELENGTH FOR EACH METAL ABOVE WHICH NO ELECTRONS
ARE, EMITTED. IN THI1S EXPERIMENT WE WILL DETERMINE THE
CRITICAL WAVELENGTH AT WHICH THIS OCCURS.

THE METAL SELECTED WILL BE PLACED IN A VACUUM WHERE IT
WILL BE BOMBARDED BY SOFT X-RAYS. THE NUMBER OF ELECTHONS
EJECTED WILL BE CULLECTED AND COUNTED WITH AN AMMETEH.
(NOTEtTHE CURHENT 1S RELATED TO THE NUMBER OF ELECTRONS
EMITTED BY THE METAL).

SELECT ONE OF THE METALS LISTED BY TYPING ITS NUMBER.

1> SILVER

2) BISMUTH .

3) CADMIUM

4) LEAD

5) PLATINUM
? 3

MEASURED CURRENT (MICROAMPERES)
WAVELENGTH TRIAL 1 TRIAL 2 TRIAL 3
2380 20.7 20.3 20.1
2500 . 20.6 20.3 20 .4
2631 20.5 20.1 - 20 .8
2777 20.8 20.6 20.2
2941 20.1 20 .8 20 .8
3125 20.2 20 20.8
3333 2.2 3.6 3
3571 4 2.8 4
3846 1 3.5 3.5

DO YOU WISH TO INCREASE THE LIGHT INTENSITY?
(1=YES, O=NO) ¢ 7 1

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

77

MEASURED CURRENT (MICROAMPERES)
WAVELENGTH TRIAL 1 TRIAL 2 TRIAL 3
2380 140 140 140
2500 140.1 . 140.1 140.1
2631 140 140 140.1
2777 140 140.1 140.1
2941 140.1 140 140.1
3125 140.1 140 140
3333 405 409 303
3571 le4 1.7 2
3846 4 0 3.7
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DO YOU WISH TO INCREASE THE LIGHT INTENSITY?
(l=YES5, 0aNO> ¢ 2?2 v

DO YOU WISH TO THRY ANOTHER METAL (i1=YES, U=NO) : ? 1
SELECT ONE OF THE METALS LISTED BY TYPING ITS NUMBER.

15 SILVER

2) BISMUTH

3) CADMIUM

4) LEAD

5) PLATINUM
? 2

MEASURED CURKRENT (MICROAMPERES)
WAVELENGTH TRIAL 1 TRIAL 2 TRIAL 3
2380 10+.6 107 . 111
2500 10«4 11 10 .5
2631 11 11 114
2777 114 106 10
2941 111 11.6 109
3125 33 48 1.7
3333 4.2 3.6 2
3571 3.9 4 4.2
3846 1 1.7 3.3

DO YOU WISH TO INCREASE THE LIGHT INTENSITY?
(l=YES, O0=NO)> 32 2?2 0

DO YOU WISH TO TRY ANOTHEX METAL (1=YES5, 0=NO)> : 2?2 O

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

THANK YOU.

READY
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~210PRINT**THE- METAL - SELECTED ‘WILL BE-PLACED-IN-A-VACUUM-WHERE IT" - - -~

Physics
PHOTEL

100 REM A.C. CAGGIANOSPATCHOGUE HeS5. PHYSICS; 7-16-68

105 HREM REVISED BY C+LOSIK &-21-70

106 REM A IS WHICH METAL», L IS THE PRINTED WAVELENGTH,

107 REM N ARE THE CURRENTS, K I5 INTENSITY, F IS5 INCREASING INTENSITY -
110 PRINT * *,"THE PHOTOELECTHIC EFFECT"

120PRINT

13UPRINT
l140PRINT'*WHEN LIGHT OF SHO:.iT WAVELENGTH FALLS ON A METAL SURFACE,"

ISOPHINT"ELECTRONS ARE EJECTED FKOM THE ME[ALe. ACCOHDING TO THE"
160PRINT''DESCRIPTION OF THIS PHENOMENON BY EINSTEIN, THERE IS A"
170PRINT"MAXIMUM WAVELENGTH FOH EZACh METAL ABOVE WHICH NO ELECTHONS"
180 PRINT"ARE EMITTED. I# THIS5 EXPE«IMENT WE WILL DETERMINE THE"
190PRINT'CRITICAL VWAVELENGTH AT WdAICH THIS OCCUHS."

200PRINT

220PRINT'" WILL BE BOMBAKDED BY SOFT A-HAYS. THE NUMBER OF ELECTRONS'
230PRINT'EJECTED WILL B% COLLECTED AND COUNTED WITH AN AMMETER."
240PRINT" (NOTE:THE CURARENT IS HRELATED TO THE NUMBEi OF ELECTRONS"
250PRINT"EMITTED BY THE METAL).'

260PRINT

270PRINT"SELECT ONE OF THE METALS LISTED BY TYPING ITS NUMBER."
280PRINT

Z290PRINT' *,"1) SILVER"™

S00PRINT' *","2) BlSMUTH"

310PRINT* *,'"3) CADMIUM"

320PRINT' ",'4) LEAD"

33CPRINT®” *",'"5) PLATINUM'

340PRINT

345 RANDOMIZE

350INPUT A

360 IF A>{ THEN 380

370 LET VO=.308

380 IF A<>2 THEN 400

390 LET VO=.3386

400 IF A<>3 THEN 420

410 LET V0=.318

420 IF A<>4 THEN 440

430LET VO=.+340

440 IF 4<5 THEN 460

450 LET VO=.385

460 LET K=INT(1+2%RND(X))

470 PRINT

480 PRINT' ",'MEASURED CURRENT (MICROAMPERES)"

490PRINT *WAVELENGTH',"TRIAL 1'»**TRIAL 2","TRIAL 3"

SO0 FOR L=.420 TO 250 STEP -.02

510 LET M=INT(I000/L)

520 PRINT M.,

530 FOR Jel TO 3

540 IF L> VO THEN 570

550 LET I=SQRCINT(25%RND(X)))

560 GO TO 580

570 LET I=SQR(K*®K*100+iINT(35%RND(X)))

580 LET N=INTC(IO*I+.5)/10

590 PRINT N.
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600 NEXT J
610 PRINT
620 NEXT L
630PRINT
640PRINT'"DO YOU WISH TO INCREASE THE LIGHT INTENSITY?"
650 FPRINT "(1=YES, 0=NO) ¢ *;
660 INPUT G
670 IF G=0 THEN 730
675 IF G<>1 THEN 650
680 PRINT
690 PRINT"BY WHAT FACTOR? (SELECT FACTOR BETWEEN 1 AND 10)."
00 INPUT F
705 IF ABS(F-5¢5)>4¢5 THEN 69U
- ‘W""710~LET—K'K*F I T T P
720 GO TO 470
730 PRINT
740PRINT'DO YOU WISH TO TRY ANOTHER METAL (1=YES, U=NO) ¢ '';
750 INPUT H
760 1IF H=l THEN 270
765 IF H<>0 THEN 740

770 PRINT
TEOPRINT''NOW BY PLOTTING THE WAVELENGTH VSe THE MEASURED CURRENT.,"

T9O0PRINT*"(AVERAGE OF THREE TR1ALS), [HE PHOTOELECTRIC EFFECT AS"
BOOPRINT'DESCRIBED BY EINSTEIN WILL BECOME APPARENT." .
810PRINT -

B20PRINT'' TAANK YOU."

830 END
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DISCIPLINE PHYSICS

SUBJECT ENERGY LEVELS

PROGRAM NAME PHOTON

DESCRIPTION:

The student fires 15 shots, from a photon gun, at a mythical
gaseous element with 4 randomly-selected energy levels. After each
shot,the computer prints out the energies of photons, if any, emitted

. .by the gas. The student.is to.construct an.energy level diagram for
the element from a knowledge of the energies of the photons emitted.

OBJECTIVES:

To promote a better understanding of how energy levels are
determined from a knowledge of the emissions of excited atoms.

PRELIMINARY PREPARATION:

L.  Student - It is desirable that he have run BOHR, but it is not a
2mucent
necessity.

B. Materials - none

DISCUSSION:

The computer randomly selects 4 energy levels for the element.
The energies range between 1x10-19 and 15x10-19 joules . -

The energies of the students' 15 shots are picked at randoimn,

' but cover the range from 1 to 15. Whenever one of the photons shot by
the student is capable of exciting the atom all of the possible photon
emissions from that excited state are printed.

By examining the photons emitted as a result of the 15 shots the
student can construct an energy-level diagram of the element and account
for each photon.
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IMAGINE THAT YOU HAVE A PHOTON GUN THAT FIRES PHOTONS WITH
RANDOMLY SELECTED ENERGIES.

YOU WANT TO FIND SOME Or THE ENERGY LEVELS OF A GAS THAT
YOU HAVE ISOLATED FROM A SAMPLE OF MOON ROCK. YOU WILL

DO 1T BY FIRING PHOTONS INTO THE GAS AND MEASURING THE
ENERGIES OF PHOTONS EMITTED BY THX GAS. THE GAS VILL EMIT
GNLY IF THE PHOTON YOU FIRED 1S CAPABLE OF EXCITING ITS
ATOMS TO RIGHER ENERGY STATES.

TO FIRE A BURST OF SINGLE ENERGY PHOTONS INTO THE GAS TYPE |
TO CEASE FIRING PHOTONS TYPEK O ’
YOU HAVE 1S SHOTS TO DETERMINE THE ENKERGY LEVELS.
SHOT NUMBER ENERGY OF EMITTED PHOTONS (E-19 JOULES?

FIREI1? )

-

FIREI1? |
FIRE11?7 |
FiAZ$1? 1

© © O o

FIRE11? |
14 7 S 3 11 &4 8 9

FIRE11? }
’ 5 3 8 9

FIRE117 |
' 3 9
FIRE11? 1}

FIREI1? |

® @ 9 0 v > W K

FIRE11? 1

-
o

FIRES1? 1

© O © ©

-
-

FIAKI1? |}
7 % 3 4 2

-
®

FIRK11? 1

-
(2]
(-]

FIRE11? 1 .

-
»
o

FIRE11? 1
- 13 0

FIND THE ENERGY LEVELS OF OUR ELEMENT - NYSTERIUM

ARD ACCOUNT FOR EACH OF THE EMITTED PHOTONS BY DRAWING
AN IWERGY LEVEL DIAGRAM AND SHOWING WAICH TRANSITIONS
GIVE RISK TO THE PHOTOMNS. .

READY

. . ;} 0"}
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110 REM JOHN We HOSIE = NORTHPORT HIGH - PHYSI"S 871769
113 REM REVISED BY L.BRAUN 8-20-70
115 REM R(1l) ARE THE ENERGY LEVELS
180 RANDOMIZE
185 DIM 8(25)01“35)03(6)
130 FOR J=0 TO &6
140 LET EC(J)=0
150 NEXT J
170 PRINT™IMAGINE THAT YOU HAVE A PHOTON GUN THAT FIRES PHOTONS WITH"”
180 PRINT™RANDOMLY SELECTED ENERGIES.™
190 PRINT :
800 PRINT™YOU WANT TO FIND SOME OF THE ENERGY LEVELS OF A 8AS THAT"™
210 PRINT"YOU HAVE ISOLATED FROM A SAMPLE OF MOON ROCKe YOU WILL"
PRINT"DO IT BY FIRING PHOTONS INTO THE GAS AND MEASURING THE”
PRINT"ENERGIES OF PHOTONS EMITTED BY THE GASe THE GAS VILL EMIT"
PRINT™QNLY 1r THE PHOTON YOU FIRED 1S5S CAPABLE OF EXCITING ITS"'
PRINT"ATOMS T0 HIGHER ENERGY STATES.”™
PRINT
PRINT
-REM.. TH1S GENERATES A RANDOM NO. IN RANGE 0-15
LET KeoINTC15%RND(X)+.5)
FOR I=8 TO S
IF KeECI) THEN 310
NEXT 1
FOR J=2 TO S
1F ECJI)®0 THEN 390
NEXT J
a0 TO 410
LET ECJImK -
@0 TOo 310
FOR J=}] TO A
FOR ImJ+]l TO S
IF ECJI<EC]) THEN 470
LET KeE(J)
LET ECJI=EC])
LET ECl)=K
NEXT 3~
NEXT J
PRINT™TO FIRE A BURST OF SINGLE ENERGY PHOTONS INTO THE GAS TYPEK 1"
PRINT™TO CEASE FIRING PHOTONS TYPE O™
PRINT*YOU HAVE 18 SHOTS TO DETERMINE THE ENERGY LEVELS.™
PRINT
PRINT = ","SHOT NUMBER™,"ENERGY OF EMITTED PHOTONS (E-19 JOULES)™
PRINT
IFr ' D=1S THEN 930 .
PRINT "FIREI1"3
INPUT F
1F FsQ THEN 930
ir Fe»] THEN 370
LET DaDel
LET N=0
LET P‘l“(l"M(X)Q.S)
FOR I=§ TO 1S
1¥ PeK(1) THEN 680
Apxr 1
LET KiD)=p
FOR 1=} ' TO S .
I1F PagCl) THEN 7820
NRXT I
Pll.r - "oDo"O"
€0 T0 %60
FOR Mw}] TO I

JBEEEE

5
-
[ =]

S I B3]

EEEEREUBEEIREEE

§§§§§§

31
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FOR J=) TO 1

LET N=N+)

LET R(N)-t(lﬂ-d)-!(ﬂ)

NEXT J

NEXT H

PRINT*™ »,D»

FOR I=) TO 85

IF RCI>>0 THEN 830

LET R¢1)>=0

60 10 80

FOR J=i TO 85-1

IF RCI)<»RCI4D) THEN 860

LET R(l’d).o

NEXT J

NEXT 1

FOR Ne1 TO 85

17 RCM)>e0 THEMN 930

PRINT R(N)3_

NEXT N

pmnn -

@0 TO 360

PRINT

PRINT .
PRINT™FIND THE ENERGY LEVELS OF OUR ELEMENT - NYSTERL U™
PRINT™AND ACCOUNT FOR EACH OF THE EMITTED PHOTONS BY DRAVING™
PRINT™AN ENERGY LEVEL DIAGRAM AND SHOVING WHICH TWSITIO“S"
PQIN‘GIV‘ RISE TO THE PHOTONS.*™

1010 END

§§§§§§§§§2§§§§§§§§§%§2§§§§§§
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DISCIPLINE PHYSICS

SUBJECT PHOTOELECTRIC EFFECT

PROGRAM NAME PLANK

DESCRIPTION:

This program simulates an experiment to determine Planck' s
constant, threshold frequency, and work function of a metal.

OBJECTIVES:

A, To enable the student to do an experiment on the computer that he is
not likely to be able to do in a high-school laboratory.

B. A better understanding of the photoelectric effect.

PRELIMINARY PREPARATION:

A. Student

1. He should have read and studied about threshold frequency, cut-off
potential, and know (schematically) how the experimental apparatus
used in such an experiment works.

2. It is desirable that he have run PHOTEL- though not a neces sity.

B. Materials - Graph paper

DISCUSSION:

The student may choose one of the five metals in the program, the
intensity of the x-rays used, and the number of different x-ray frequencies
he would like to use. The computer then randomly chooses an xX-ray
frequency, and prints it for the gtudent to see. The student enters voltages
to be used as retarding potentials in the simulated tube and the computer
prints a current for each potential entered until the current is zero when
the cut-off potential is reached. A new frequency x-ray is then used and the
student again tries to find the correct potential for cut-off.

Finally, a table of frequencies and cut-off potentials are printed
and an assignment given (plot a graph and answer questions).

The student may then run the program again with a different in-
tengity and the same metal, or he may change the metal and intensity.
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IN THIS EXPERIMENT YOU VILL BE GIVEN THE FREQUENCY OF THE
X~-RAYS BEING USED AND YOU ARE TO DETERMINE THE VOLTAGE SET~
TING (RETARDING POTENTIAL) NECESSARY TO CAUSE THE COLLECTOR
CURRENT TO DECREASE TO ZEKRO. .

FIRST CHOOSE THE METAL YOU W1SH TO USE FOR YOUR PHOTO-
SENSITIVE SURFACE.

1 SILVER, 2 BISMUTH, 3 CADMIUM, 4 LEAD, S5 PLATINUM
WiICH METAL DO YOU CHOOSE? 4
WHAT INTENSITY OF X-RAYS WILL YOU USE (FROM 1 TO 53?7 J

HOW MANY DIFFERENT X~-RAY FREQUENCIES WULD YQU LIKE TO
USE TO RADIATE YOUR SAMPLE (FROM S5 TO 87 7 i

THE X~RAY FREQUENCY IS 14.59 | 3%
VOLTAGES HIGHER THAN CUT OFF VWILL GIVE CURRENT READINGS OF

ZERO SO TRY LOWER ONES. I°'LL ROTIFY YOU OF CUT OFr.
FIND THE CUT OFF (STOPPING) VOLTAGE.

Ya? 84

1=
Ve? 20

1= 9.780632 E-6
Va? 23

1= £.838173 E-6
Ya? 23S )

1= .2982859 E-6
Un? 236

I= 747686 E-6
Yu? 83.8

CUT OFF 1m0
THE X-RAY FREQUENCY IS 18.84 KIS
FIND THE CUT OFF (STOPPING) VOLTAGE.

Uu? 84

I= 23.08785 E-~6
Va? 28

I=m 16.97117 E-6
Ve 38

I= 6416513 | £
Yeo? &0 ’

1=0 )
U=? 38 '

1= 1.580819 E-6
W2 39.5

1=0
U=? 39

CuT OrF I=0
THE X-RAY FREQUENCY 15 9.06 E1S
FIND THE CUT OFF (STOPPING) VOLTAGK.

W7 10
’ 1=0
Ve? § '
1=0
Vo7 | ’

CuT OrF 1=0

.t 62
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THE X~-RAY FREQUENCY 1S5 13.8 ElS
FIND THE CUT OFF (STOPPING) VOLTAGE.

V=7 20

I=0
V=2 17 .

I= 3.75%7a} E~6
w7 19

1=0
W7 18 .

I= .4778508 E~6
V=7 18.5

1=0
Ve? 18.8 ’

CuT Orr 1=0
THE X-RAY FREQUENCY 1S 12.44 E1S
FIND THE CUT OFF (STOPPING) VOLTAGE.

Us?2 15
cut orr 1=0

THE X~-RAY FREQUENCY 1S 9.43 E1S
FIND THE CUT OFF (STOPPING) VOLTAGE.

w7 10

1=0
W7 S

1=0
w7 8 ’

1= 12.50934 E=-6
Ww? 3 ’

I=0
V=? 8.7

1=0
Ww? 8.5 )

CUT OFF  I=0
THE X-RAY FREQUENCY 1S 8.65 EI15
FIND THE CUT OFF (STOPPING) VOLTAGE.

w=? 1
I=0
W7 <A ’
1=0
Vwo? .8

TH1IS FREQUENCY IS TOO LOV TO CAUSE PHOTOELECTRIC ﬂllSSlO&l
'LI. GIVE YOU A NEV FREQUENCY.

THE X-BAY FREQUENCY 15 30-55 E1S -
FIND THE CUT OFF (STOPPING) VOLTAGE.

w? 10
1=0
w? 8 ‘
1=0
W7 s )
l= 18.15371 E-6
w? 6 )
l= 9.785334 E-6
w7 7 )
I= 1.385315 E-6
w? 7.5
1=0
W? 7.3 -
1=0
Ww? 7.8
: CUT OFF 1I=0 3 i‘l .
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X=RAY CUT OFF
FREQUENCY VOLTAGE
E1S FPS VOLTS
14.%9 23.0

18.84 39
9.06 1
13.8 18.8
12.44 : 15
943 85
1055 7.2

PLOT A GRAPH OF CUT OFF VOLTAGES (Y AX1S) VS. FREQUENCY

WAT IS THE MEANING OF THE POINT AT WHICH THE LXTRAPOLATED
GRAPH INTERCEPTS THE VOLTAGE AXI1S? ‘

WAT 1S THE LOVEST FREQUENCY THAT WILL CAUSE EMISSION OF
PHOTORLECTRONS FROM THIS METAL? o

REMENBER THAT THE RETARDING POTENTIAL APPLIED BETVEEN THE
EMITTER AND THE COLLECTOR AT CUT OFF, EXPRRSSED IN EXLECTRON
VOLTS, 1S EQUAL TO THE XINETIC ENERG@Y OF THE FASTEST
ELECTRONS KESCAPING FROM THE EMITTER. FIND THE SLOPE OF THE
GRAPH BUT EXPRESS THE STOPPING POTENTIAL IN JOULES. '

WIAT 1S THE VALUE OF THE SLOPE OF THE “RAPH AND WHAT SPECIAL
MAME 1S GIVEN TO THIS CONSTANT? ‘ i

THE SAME METAL VITH A DIFFERENT INTENSITY 1S WORTH
INVESTIGATING. WHEN YOU DO THIS EXPLAIN TAE MEANING

OF ITS GRAPH WHEN COMPARKD TO THE PREVIOUS ONE.

YOU MAY ALSO WISH TO TRY A DIFFERENT METAL AND EXPLAIN
THE MEANING OF 1TS GRAPH WHEN COMPARED TO YOUR OTHER ONKS.
OR COMPARRD VITR THOSKE OF ANOTHER STUDENT. ’

DO YOU WISH TO TRY A DIFFERENT IMNTENSITY OR A
DIFFERENT METAL (1=YES, O=NO) s 7 O

READY
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REM JOHN W. HOSIE = NORTHPORT HlgH - 7/89/69

REM REVISED BY C.LOSIK 8-21-70 CT

REM M 1S5 WICH METAL,C 1S X-RAY INTENSITY, K 1S NO. OF FREQS.
REM F(S) ARE THE FREQS. USKD, V(S) ARL THE CUT OFF POINTS
LET P=0 ’ ’ ’

PRINT
PRINT * IN TH1S EXPERIMENT YOU WILL BX GIVEN THE FREQUENCY OF THE™

140PRINT “X-RAYS BEING USED AND YOU ARE TO DETERMINE THE VOLTAGE SET-"

150
160
170
180
190

810

83RIRTELE

3334 &

31311334 534 5

3ERBCBEEILEELES

28

PRINT "TING (RETARDING POTENTIAL) NECEKSSARY TO0 CAUSE THE COLLECTOR"™
PR:IT “CURRENT TO DECREASE TO ZERO."™

PRINT

PRINT * FIRST CHOOSE THE METAL YOU VISH TO USE FOR YOUR PHOTO-"
PRINT "S“SITIW SURFACE.”

PRINT

PRINT * 1| SILVER, 8 BISMUTH, 3 CADMIUM, 4 mn. S PLATINN"
PRINT ° h A e -
LET Kw=0

PRINT “WHICH METAL DO YOU CHOOSE™;

INPUT M

1F M>=} THEN 880

30 TO 430

1F M>] THEN 310

LET FO=9.74

a0 To 430

1F N>»8 THEN 340

LET FO=8,.88

a0 TO 430

I1F M>3 THEN 370

LET FO=9.43

@ TO 450

1r n>»4 THEN 400

‘LET Fro=g8.82

€0 TO 4%0

IF N>3 THEN 430

LET FO=7.79

60 TO 430

PRINT “SORRY - THE METALS HAVE NUMBERS FROM 1 TO 5%
@0 TO 840 .
DIM FC10),VC10)

PRINT ’

PRINT “WHAT INTENSITY OF X-RAYS WILL YOU USKE (FROM 1 TO 5)™3
INPUT C

Ir C»>S THEN a80

Ir Cel THEN 480

LET S=0

PRINT

PRINT™HOV MANY DIFFERENT X-RAY FREQUENCIES WOULD YOU LIKK TO"
PRINT"0SE TO BADIATE YOUR SAWMPLE (FRON $ TO 8)™)
INPUT K .

PRINT

IF K»>=3 THEN 610

PRINT "1 SAID BETVEEN 3 AND 8 FREQUENCIES."”

@0 TO 830 -

1Fr Ke<=8 THEN 680

PRINT “TOO MANY TRIALS FOR THE AVAILABLE TIME."

G0 TO 3530 ’

RANDOMIZE

LET Re0

FOR 1I=] TO 100

LET F=RND(X)

o

[N
[
N
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WVO LET "ll’f(moo"‘OoS)/lOO
710 1F F>7 THEN 730

790 REXT 1

790 LET Uﬂﬂol-a‘(”'m)

TA0 LET J=Q

750 PRINT "THE X~RAY FREQUENCY 1S™Fr"” [Kis*

0 PRINT

770 1F R>»0 THEN 600

70 PRINT "YOLTAGES HIGIER THAN CUT OFF VWILL GIVE CURRENT mt““ or”
790 PRINT “ZERO SO TRY LOWER ONES. I°LL NOTIFY YOU OF CUT 0".

800 PRINT * FIND THE CUT OFF (STWPI“C) WL?‘“.

810 PRINT ~

890 PRINT "V=*)

820 1wPuUT U1

840 LXT ResR+)

830 LEXT JmJ+)

860 LET l-(ﬂo‘c‘(\"\"))IV’.OS‘“D(X)

870 IF 14Cs20.3 THEN 890

880 LET l=20#C+. 1 SAND(X)

890 1F v-Vi>0 THEN 910 ~

$00 LET 10

910 IF ABS(V-V1)<.]l THEN 3000

980 1F U»0 THEN 950 .

930 LET 1=0 ' :

94D IF J=3 THEN 1080

930 Ir 1s0 THEN 980

960 PRIAT I=®]* E-6"

970 €0 TO 880 T ’

980 PRINT *» 1=0"

990 @0 TO 880 T

1000 PRINT * cur orr 1=Q"™

1010 G0 ' TO 1060 o

1080 PRINT "THIS FREQUENCY 1S TOO LOV TO CAUSE PHOTOBLECTRIC EMISSION™
1030 PRINT *1°'LL @IVE YOU A 'NEV FREQUENCY.”

1040 PRINT

1050 @0 TO 680

" 1060 LET Sa§+)

1070 LET F(3)=r

1080 LET V(S)=V1

1090 PRINT

1100 1F S<>X THEN ¢80

1110 PRINT * X=RAY*","CUT OFr»

1180 PRINT "FREQUENCY™,"VOLTAGE"

1120 PRINT * EIS FP8™,;” VOLTS"™

1140 PRINT '.--.-.--.-"..-....-

1150 palint B )

1160 FOR S=} TO K

1170 PRINT '(S)JV(S)

1160 NXXT 3 )

1190 LET PepP+l

1210 PRINT '

1880 PRINT™ PLOT A GRAPN OF CUT OFF VOLTAGES (Y AX15) Vs. FREQUENCY™
1830 PRINT ,
1838 1F P>»1 THEN 1460

1840 PRINT™WHAT 13 THR MEANING OF TME POINT AT WHICH THE EXTRAPOLATED"™
1250 PRINT™GRAPH lmnf; THE VOLTAGE AxIs?™

1260 PRINT

1870 PRINT™WHAT IS THE LOVEST FREQUENCY THAT VILL CAUSE EN1SSION OF™
1880 PRINT"PROTOZLECTRONS FROM TMIS MRTAL?"

1890 PRINT
1300 PRINT™REMEMBER THAT THE RETARDING POTENTIAL APPLIED BETVEEN THE™

1310 PRINT™ENMITTER AND THR COLLECTOR AT CUT OFF, EXPRESSED IN ELECTRON™
1390 PRINT™VOLTS, 1§ EKQUAL TO THE XINETIC ENERGY OF THE PASTEST"
1330 PRINT™ELECTROAS KSCAPINEG FRUM THE ENITTER. FIND THE SLOPEL OF THME™

'3{ ” Sl 66
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1340
1380
1360
1370
1380
1390
1400
1410
1480
1430
1440
1430
1460
1470
1480
1490
1500
is10
1520

Physics
PLANK

PRINT"GRAPH BUT EXPRESS THE STOPPING POTENTIAL IN JOULES.”

PRINT

PRINT"WHAT 1S THE VALUE OF THE SLOPE OF THX GRAPH AND WHAT SPECIAL”
PRINT"NAME 1S GIVEN TO THIS CONSTANTT™

PRINT

PRINT*THE SAME METAL WITH A DIFFERENT INTENSITY IS WORTH™
PRINT®INVESTIGATING. WHEN YOU DO TH1S EXPLAIN THL MEANING™
PR:“"O" I1TS GRAPH VHEN COMPARED TO THE PREVIOUS ONE.”

PRINT

PRINT"YOQU MAY ALSO VISH TO TRY A DIFFERENT METAL AND EXPLA IN"
PRINT®THE NEANING OF TS GRAPH WHER CONPARED TO YOUR OTHEA ONKS,"
PRINT “OR COMPARED VITH THOSK OF ANOTHER STUDENT."

PRINT

PRINT DO YOU WISH TO TRY A DIFFERENT llﬂ'lllSl‘l'Y OR A"

PRINT "DIFFERENT METAL (I=YES, O=NO) § ™3

IWPUT @

IFr Q=] THEN 170

Ir Q<>0 THEN 1460

END

e73i8 . ¢



DISCIPLINE PHYSICS

SUBJECT PROJECTILE MOTION

PROGRAM NAME PRJTL

DESCRIPTION:

By entering the firing angle and initial speed, the computer calculates
the coordinates, vertical and horizontal velocities, and speed of a projectile
for equal time intervals.

OBJECTIVES:

To show the independence of the horizontal and vertical velocities of a
projectile, and to facilitate the plotting of its path by eliminating tedious
al culations.

PRELIMINARY PREPARATION:

A. Student - Knowledge of motion at constant velocity and at constant acceleration;
and the vector nature of velocity and acceleration.

B. Materials - graph paper

DISCUSSION:

The student enters an angle and an initial speed of a projectile. A table
of time, X and Y coordinates, horizontal and vertical velocities, and speed of the

projectile is printed.

The student may then plot a graph of the position of the projectile, and
draw vectors at each coordinate point to show the vertical and horizontal components

of its velocity.
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SUPPOSE YOU ARE QGOING TO FIRE A PROJECTILE INTO THE AIR.
IF YOU ENTER A VALUE FOR ANGLE OF ELEVATION AND INITIAL
VELOCITY» THE RANGE AND HEIGHT VILL BE EVALUATED. "ENTER
YOUR INFORMATION IN THE FORM AsV AFTER THE QUESTION MARK.
C(REMEMBER, THE ANGLE 1S IN DEGREES AND THE INITIAL
VELOCITY 1S IN METERS/SKCOND.)

WHAT ARE YOUR VALUES? 30, 200

THE TOTAL FLIGHT TIME VAS 20.39431 SECONDS
THE RANGE WAS 3532.399 METERS
THE MAXIMUM HEIGHT WAS 309.8573 METERS

BECAUSE THERK 1S NO FRICTION, THE HORIZONTAL VELQCITY IS
GONS‘I'AI‘I'o HORIZONTAL VELOCITY = 173.2051

THE FOLLOVING ARE POINTS ON THE CURVE AT VARIOUS TIME INTER/ALSS

-

VERTICAL

TIME X~-COORD Y=COORD VILOC!TY SPERD

0 o 0 99.99998 800

. 1.854088 321.1878 168.5479 81.81812 191.5574
3.7080S86 648.2543 J03.3861 63.63638 184:%353
$.568084 963.3815 404+5148 45.45451 179.0708
7.416118 1884.509 471.9338 27.-87871 175.3391
9.87014 1605.636 $05.6438 9.090908 173.4435
11.18417 1986.763 505.643 =9.090901 173.4438
18.9788 2847.89 471.9338 -87.87871 1753391
14.83888 8569.017 404.5138 -45.45451 179.0708
16.608683 8890.144 303.36848 -63.63631 1843.583)
16.54088 3211.878 168.5468 -61.81818 191.5574
820.39431 3538.399 0 -99.99998 0

THE ANGLE AT WHICH YOU FIRED THE PROJECTILE DOES NOT YIELD THE IAX
INUM RANGE. WHAT ANGLE DOES? 43

43 Dlms GIVES THE MAXIMUM RANGE OF 4077.6354

WOULD YOU LIKE ANOTHER RUN VITH DIFFERENT A AND V?
(1=YES, 0=NO) s 7 O

READY
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100 REM J.CARACCIOLO, LONGWOOD He.S., 10-26-~68, BASIC
101 REM REVISED 8/25/70 (C. LOSIK) -
110 REM PHYSICS PROJECTILE MOTION

180 PRINT "SUPPOSE YOU ARE GOING TO FIRE A PROJVECTILE INTO THE AIR.”
130 PRINT ™IF YOU ENTER A VALOE FOR ANGLE OF ELEVATION AND INITIAL"
140 PRINT “VELOCITY, THE RANGE AND HEIGHT wiLL BE EVALUATEDe ENTER"™
150 PRINT “YOUR INFORMATION IN THE FORM A,V AFTER THE QUESTION MARK.”™
160 PRINT “(PEMENMBER, THE ANGLE 1S IN DEGREES AND THE INI‘NM."

170 PRINT -v;n.ocxrv lS ll lltTtRS/SlCOlD.)"

160 PRINT

190 PRINT

800 PRINT “WHAT ARE YOUR VALU!S"}

INPUT A,V0

1r VO=0 THEMN 690

1Fr A=) THEN 690

IF V0«0 THEN 780

IFr A<0 THEN 720

IF A>=90 THEN 750

LET A=A$3.14159/180

LET KeVOSSINCA)

LET L=WO#sCOSCA)

LET Te2%K/9.80865

LET ReRsK$L/9.80665

LET u-cxmnw.sl:ia

PRINT

PRINT

PRINT"THE TOTAL FLIGHT TIME WAS™; T3*SECONDS™

PRINT"THE RANGE WAS™JRJ™"METERS"™

Pn:nrr-m M.Xlll!.ll HIIGH‘I' UAS"}H}"MITIBS"

PRINT

PRINT "BECAUSKE THERE IS NO FRICTION, THE HOH.IZOITAL VELOCITY IS"
pa:nrr "COIISTMIT. HORIZONTM. Vll.OCl‘I'Y -"l.

PRINT

PRINT™ THE FOLLOVING ARE POIN‘I’S ON THE CURVE AT VARIOUS 3
PRINT "TIME lNTtRVALSl" . ' T o
PRINT )

PRINT

PRINT ™ %, %, #,» yPRTICAL "

PRINT™ TIME *," X~COORD ",*" Y<COORD *"," th.OCl‘l'Y "," SPRED *
PRINT® =iee "," ~eceeee " mmmemee MW eceoian NP ceeee ™
LET N=T/11 ’

LET Ti=sT

FOR T=0 TO T} STEP N

LET QuisT~-4.90333+T18

IF Q>0 THEN A9S

LET Q=0 .

LET VieX-9.80665*T

PRINT T.L.ToOonoSQR(Vltvlﬂ.tL>

NEXT T

ir nsca--ussnu.oooox rm 610

PRINT

PRINT

PRINT"TME AMGLE AT WHICH YOU FIRED THE PROJECTILE DOES NOT "3
PRINT™"TIELD THE MAXIRUM RANGE. WHAT ANGLE oogs™;

INPUT A

LET A=A®3.14159/180

@0 TO 580

PRINT

GGOPRINT™4S DEGREEKS GIVES THE mlll’l RANGE OF"84CV012)%(.70718)/9.8066

40 PRINT
6A8 PRINT “WOULD YOU L1INR ANOTHER RUN WITH DIFFERENT A AND VI*

EEERBCEZBIREREE

w
3

433334 B R EHIE I H R T

e
6o
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6A4 PRINT *(1=YES, 0=N0) ¢ "3
6AS INPUT V1 ’ ’
646 IF vi=Q THEN 780

648 1F vi<>1 THEN 644

649 PRINT

650 PRINT“ENTER NEKV VALUES FOR A,V AFTER THE QUESTION MARK.™

660 @0 TO 180

690 PRINT * DON'T ENTEB VALUES OF ZEROQ.")

70 @0 TO 180 '

780 PRINT ® NO NEGATIVE VALUES. PLEASE ENTER THEM CORRECTLY")

730 @0 TO 180

730 PRINT " GREAT SHOT. YOU COULD KILL YOURSELF THAT WAY, YOU KNOW."™
760 PRINT ® TRY AGAIN (NOT TO KILL YOURSELF, THAT 15) 3

770 60 TO 180 T ’ T

780 END




DISCIPLINE PHYSICS

SUBJECT PRINCIPLE OF LEAST TIME

PROGRAM NAME REFLCT

DESCRIPTION:

An analogy is given for a light-ray reflected from a plane surface
to demonstrate the ''least-time'' principle and its relationship to the reflection

laws of light.

OBJECTIVES:

To demonstrate the consequences of the '' least-time'' principle.

PRELIMINARY PREPARATION:

A. Student - Should be familiar with the reflection laws of light.

B. Materials - graph paper

DISCUSSION:

Given points P, and P, and the line 1, the |4
student can vary the point P, tG note thee ffects on

angles P and Q and their relations%ip to the time
required to traverse the path 1F3F e

- - - - - -

The program is presented as a game in
which a horse (lightray) must complete a journey
within a specified time. The student is limited Py
to seven choices of P, to complete the task.

After a successful jodrney, the student may vary the point PZ to further

establish the principle of least time.

This prograﬁu has been extremely helpful in developing the least-time
concept and its relationship to the laws of reflection.

It is applicable to a classroom situation as well as small study groups.
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YOU ARE CAMPING OUT WEST IN COORDINATE MATIONAL PARK ON
ORDIMATE MOURTAIN, LOCATED 10 MILES NORTH OF TME
DESERTED TOWN OF ORIGIN, WHICH IS CONVENIENTLY LOCATED
AT €0,0) ON THE LOCAL MAP.’

A CALAMITY STRIKEST THE NEAREST HELP 15 AT THE

BAR 30830 RANCH, LOCATED AT COORDINATES (30,30).

70 GET THERE, YOU MUST RIDE AN OLD HORSE

(NAMED LIGHTRAY) WHO §
"A) VILL ONLY WALK S MILES PER HOUR
B) VILL CEASE TO WALX (AND ZXIST) AFTER 10 HOURS
C) MOST HAVE A DRINK OF VATER SONEVHERE ALONG THE
ABSCISSA RIVER, VRICH (1F YOU HAVEN'T GUESSED) RUNS
ALONG THE ABSCISSA IN COORDINATE PARK

HERE 1S YOUR PROBLEM: YOU MUST PICK A SPOT

(FROM O TO 30) ALONG@ THE ABSCISSA RIVER DURING THE
“TRIP TO GIVE LIGHTRAY A DRINK, AND STILL MARE IT TO

THE BAR 30830 VITHIN THE TIME ALLOVED. LIGHTRAY, USING
HORSE SENSE, KNOWS ALL THE® ANCLIS: SO VE VILL GIVE
THEM TO YOU, TOO.

WERE VILL LIGHTRAY STOP FOR A DRINK? 7

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

WERE VILL LIGHTRAY STOP FOR A DRINK? 7.23

ANGLE APPROACHING RIVER 1S 54 DEGREKS.
ANGLE LEAVING RIVER IS 53 DEGREES.’
WELL, YOU ARE CLOSER THAN LAST TINE.
MEEP AN EYE ON THOSE ANGLES, THOOGH.
LET'S @0 BACK FOR AMNOTHER HORSE.

WHERE VILL LIGHTRAY STOP FOR A DRINK? 7.3

ANGLE APPROACKING RIVER 1S S4 DEGREES.
ANGLE LEAVING RIVER 1S 53 DEGRELS.
C'MOM == YOU TRIED THAT LAST TIME.

WERE VILL LIGHTRAY STOP FOR A DRINK? 735

ANGLE APPROACHING RIVER IS 54 DEGREES.
ANELE LEAVING RIVER IS 53 DEGRERS.
C'NOM -- YOU TRIED THAT LAST TINE.

WERE VILL LIGHTRAY STOP FOR A DRINK? 7.4

ANGLE APPROACH"I! RIVER IS 5J DEGREES.

ANGLE LEAVING RIVER IS 53 DEGREES.

HICE WORK.  YOU MADE IT»

TRE TRIP TOOK ABOUT 10.00007 MNOURS.

YOU CAR SEE THAT USING HORSE SENSK, LIGHTRAY KNOVS THAT
THE ANGLES HAUE T6 BE EQUAL OF REFLECTION FOR A

MININUM TIME TRIP.

IF YOU WANT TO MOVE THE RANCH. TYPE 1
IFr YOU WANT TO SEE SONETMING ELSE, TYPE 2

;F YOU WANT TO QUIT, TYPE 3
3

THANK YOU FOR PLAYING.
READY
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100 REM PROGRAM BY GERARD M. DAMM, VYANDANCH HS, 8,68
101 REM REVISED BY C.LOSIK 8-16-70
110 DIM ACTI;BC7)LCCD . .
115 REM INTRODUCTION’
190 PRINT "YOU ARE CAMPING OUT WEST IN COORDINATE NATIONAL PARK ON®
130 PRINT “ORDINATE NOURTAIN., LOCATED 10 MILES NORTH OF THE™
140 PRINT "DESRATED TOWN OF ORIGIN, WHICH IS CONVENIENTLY LOCATED™
150 PRINT "AT €0,0) ON THE LOCAL MAP.” '~ °
188 PRINT
160 PRINT "A CALAMITY STRIKES! THE NEARKST HELP 1S AT THE®
170 PRINT ™BAR 30130 RANCR, LOCATED AT COORDINATES €30.,30)."
180 PRINT "TO GET THERK, YOU MUST RIDE AN OLD HORSE™
190 PRINT “C(MAMED LIGMTRAY) WHO ™~ :
800 PRINT ™ ",™A) VILL ONLY VALK % MILES PER MOUR™
210 PRINT " ","B) WVILL CEASE TO WALK (AND EXIST) AFTER 10 uouas"
PRINT ™ ","C) MUST HAVE A DRINK OF VATER SOME(HERE ALONG THE"
PRINT ™ ","ABSCISSA RIVER, VAICH (IF YOU HAVEN'T GUKSSED) RUNS™
PRINT * “,"ALONG THE ABSCISSA™ 1N COORDINATE PARK"
PRINT ~
PRINT "HERE IS YOUR PROBLEMs YOU MUST PICK A SPOT”
PRINT “C(FROM 'O TO 30) ALONG THE ABSCISSA ARIVER DURING THR"
PRINT “TRIP TO GIVE LIGHTRAY A DRINK, AND STILL MARK IT TO™
PRINT “THE BAR 30130 VITHIN THE TIME ALLOVED. LIGHTRAY, USING™
PRINT "HORSE SEMSE, KNOVWS ALL THE ANGLES, SO VE VILL QIVE" ~
PRINT "THEN TO YOU, TOO.™
RER FIRST RUN, INITIALIZE RANCH
310 LET A=30
LET Be30
LET T9=10
335 LET R=180/3.14159
0 TO 8500
343 REM SECOND BUW COPTIONAL)
PRINT
PRINT “ENTRR TWO WUMBERS, SEPARATED BY A COMMA, FOR THE NEW"
PRINT “RANCH coonnxuus I
INPUT AL :
LET X=i0$A/C(B+10)
LET T9=(SQRIXeX+100)+3QRC m-xnm-x»a‘sn/s
410 PRINT "0.Xe, LIGHTRAY VILL LAST ABOOT"T93:001%HOURS THIS TIME.”
49 RER LOOP FOR SEVEN TRYS - EXIT LOOP IF CORRECT
FOR I=1 TO 7
208 PRINT
510 rgn ;m VILL LIGHTRAY STOP FOR A DRINK™3
1MPUT
LET ACI)=INTCROATNC10/X)+.5)
333 PRINT ~
LET BCI)=INTC(RSATHCB/(A=X))+.5)
PRINT “AROLE APPROACRING RIVER IS™ACI)“DEGREES.”
PRINT "ANGLE LEAVING RIVER 1S*B(I1)*DREREES."” :
IF ACIIaBC]) THEN 660 ~ R
LET ClI)eABSCALI)-BCI))
883 IF Is] THRER 0" ~—~°°°
390 1Ir CUl1)>C(1-1) THEN 630
98 IF CC1)<C(1-1) TREN 400
SPA PRIRAT "C°MON' >~ TOU TRIED THAT LAST TIME.”
596 @0 TO 700 - e : - '
600 PRINT "VELL, YOU ARE CLOSER THAN LAST TINE.”
610 PRINT "KEEP AN KYE ON THOSK AMNGLES, THOOGH.”
613 PRINT "LET’S €0 BACK FOR ANOTHER HORSE.™ ~
&0 €0 TO 700
630 PRINT "HEY ~ THIS TRIP TAXES LONGER!"™

SERIREEELEESEITNIRBEEEE
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PRINT "YOU HAVE A DEAD HORSE ON YOUR HANDS. TRY AGAIN.”
@0 'TO 700 St

PRINT "MICE WORKe YOU MADE IT.*

PRINT *TRE TRIP TOOK ABOUT™(SQRCX#X+100)+SQR((A=X)#(A=X)+BeB))/S5}
PRINT ™ HOURS."

PRINT “YOU CAN SEE THAT USING HORSE SENSE, LIGHTRAY KNOWS THAT™
PRINT "THE ANGLES HAUVE TO BE EQUAL OF REFLECTION FOR A"

PRINT "MININUM TIME TRIP."

@0 TO 800

NEXT 1

PRINT’

paiur “T00 MANY GUESSES’ VE ARK OUT OF HORSES."

PRINT ' . : o

PRINT “1F YOU WANT TO MOVE THE RANCH» TYPE 1"

PRINT "1F YOU VANT TO SEE SOMETHING BLSK, TYPE 8"

PRINT "IF YOU VANT TO QUIT, TYPR 3

INPUT X~

IF Xw1 THEN 350

IF X=2 THEN 900

870 IF X=3 THEN 920

880 G0 TO 840

900 PRINT “TIME POR AN ACTUAL LIGHTRAY TO COMPLETE THEK TRIP ISi™
910 PRINT (SQR(X#X+100)+SARCCA-X)$(A=X)+B#B))/1.86E53" SECONDS."

980 PRINT

930 PRINT ™ *,“THANK YOU FOR PLAYING."

940 EMND
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DISCIPLINE PHYSICS

SUBJECT YOUNG' S DOUBLE SLIT EXFE

PROGRAM NAME s1.1TS

DESCRIPTION:

Young' s Double Slit Experiment is simulated by the computer to
permit greater exploration of the influence of wavelength and slit-separation
on the interference pattern. (This is a plotting program).

OBJECTIVES:

To determine, qualitatively, the effects of slit-separation, inter-screen
spacing distance (d) and wavelength (w). in altering the location of the maxima
and minima of the intensity banas of light.

PRELIMINARY PREPARATION:

A. Student - An ins:Tuction sheet is helpful in leading the student
through a logic.: approach. It is also recommended that students
understand the superposition of waves before executing this program.

B. Materials - none

DISC USSION:

A. Operational Suggestions

1. The objectives of this program are best accomplished with small
groups (3 to 4 students) to permit discussion and development of
jdeas concerning the relationships involved.

2. The program has worked well with highly-motivated students and
has often led into detailed discussions of related topics. However,
it has been found to be relatively ineffectual with poorly-motivated

students.

B. Suggested Follow-up

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

the normal lab experiment.
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Follo(n-up ( con't)

To enhance the operation of this program, it is further
recommmended that an instruction sheet (see attachment) be con-
structed to enable efficient exploration of this phenomenon. By
varying the slit-separation (d), the student can observe the effects
by noting the relative separations between adjacent maxima. In a
similar manner, changes effectuated by the varions wavelengths can

also be noted.
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Computer Instruction Sheet for

Young' s Double-Slit Experiment

The crucial experiment for the establishment of the wave nature
of light was Young' s double-slit experiment. The experiment clearly
demonstrated diffraction and interference of light: a phenomenon characteristic
of a wave-like nature. Realizing this wave property of light, we can now
use the double-slit set-up to further study light sources.

Young' s double-slit experiment is illustrated in figure 1, showing
a symmetrical layout-about line AB. The slits are located on an opaque
screen a distance L from the observation screen. The slits are separated
a distanced from center to center.

A wave front from the coherent light source reaches the opaque
screen as a train of plane waves. Each slit then acts as a new light source
(in phase with each other) which interfere with each other creating rays of
high-intensity light (constructive interference); and rays of low-intensity
light (destructive interference). These rays are most easily observed on

the screen.

In this program we will attempt to determine the effects of the slit-
separation distance (d) and the wavelength of the light on the interference
(intensity) pattern.

ADDRESS COMPUTER PROGRAM SLITS

- Observation ' Opaque
screen .
screen — Coherent light
/ source is located on

center line
{Way out vonder——>

+X 1\ g“td .

Figurel

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

L =2 meters: d =.5 millimeters; and W = 6000 Angstroms.
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The left-hand margin shows the distance measured above
(positive) and below (negative) the center line. This measurement (x)
is in centimeters. This measurement is used to determine the position
of the maxima (points of high-intensity light) and/or minima (points of
low-~intensity light).

The teletype will now ask you to specify a new value of d.

STUDY: How is the intensity pattern affected by changing the glit
separation distance? (try several values, if necessary, to
determine its effect).

DETERMINE: What happens to the distance x between maxima and
minimz as d is halved or doubled? Can you determine
this relationship?

When you have varied d to your satisfaction, type 100 when
asked to specify a new value of d. The teletype will then
ask you to specify a new wavelength.

STUDY: How is the intensity pattern affected by changes in the wavelength"
(Try several values if necessary).

DETERMINE: What happens to the distance between maxima and
minima as W is halved or doubled? Can you determine
this relationship?

You can test your ideas by typing 100 when asked to
specify a new wavelength. You will then be asked to pick
one of four light sources whose wavelength is unknown to
you. You will also be asked to specify the value of d you
will use in determining the unknown wavelength. You will
have the opportunity of changing the d if you so desire.

If you are successful, or if time permits, you may try all four
tests.

NOTE: To terminate the program during operation, type STOP after any
of the question marks that appear: then return carriage.

To sign off the air, type BYE,
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YOUNG'S DOUBLE SLIT EXXERIMENT

L = 2 METERS W = 6000 ANGSTHAOMS D = «5 MILLIMETERS

DISTANCE (MM®'S FiiOM CENTER)
-e26
-e24
-.22
-2
-.18
-el6
-.14
-el2
‘.l
=08
-.06
-.U‘].
‘.02

02
U4
V6
<08
ol

«l2
oly
ol6
ol8
2

22
24
«26

%

/A

‘
----INTENSITY------,

A

@ 0 0 ¢ ¢ 0 o0 0 0 0 0 O e 0 e e

ABOVE IS AN ILLUSTRATIVE RUN WITH PRE-DETERMINED
VALUES FOR WAVELENGTR (W), DISTANCE BETWEEN SLITS
AND SCREEN (L), AND SLIT SEPARATION - CENTER TO
CENTER (D). NOW YOU MAY VARY THESE PARAMETERS,
ONE AT A TIME.

Ao ok Ak K
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WHAT IS THE NEW SLIT SEPARATION (D) IN MILLIMETERS? |1

L = 2 METEAS W = 6000 ANGSTROMS D = 1| MILLIMETERS
DISTANCE (MM*'S$ FROM CENTER)
--26 . *x
-e24 . >*
22 . /——*
-e2 . *
-.lb *<
-al6 . *\
-.14 . *
-a12 . >*
-l . ————__/*
-.06 [ *
-+U6 *<
-04 . -*-—\
-.02 . *
"""""'""OOUUUINTENSITY"""*
U2 . ———/*_/
U4 . *
e
'06 -\-'*\
'1 . *\
-12 v - x
ol 4 . /*/
-16 . *
(18 *i:::
2 . *
22 . \—-_'*
.24 T
26 . */

WOULD YOU LIKE TO TRY ANOTHER VALUE OF D (1-YES, 0-NO>? 1
WHAT IS THE NEW SLIT SEPARATION (D) IN MILLIMETERS? .25

L = 2 METERS W = 6000 ANGSTROMS D = «25 MILLIMETERS
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DISTANCE (MM'S FrtOM UENTER)
-.26

‘024

‘022

-e

‘olb

-.16

-el4

-.l2

-ol

-.08

-006

-.Ull

s )

~elUg . >.k
o.ooooo.oooooooOooooINTENSITY.ooooof
b 3

’

%*

® o o o o 0 o 0 o @M
/

.02 L]
U4
U6
Ub
ol
12
ola
16
ol
2
22
24
26

*-**\ooooooooo

WOULD YOU LIKE TO TRY ANOTHEH VALUE OF D (l-YES, 0=-N0O>? U
Aok Xk A ¥k

WHAT IS5 THE NEW WAVELENGTH (W) IN ANGSTROMS? 300V
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)
L = 2 METEns W = 3000 ANGSTAOMS D = «5 MILLIMETERS
DISTANCE (MM'S FROM CENTER)
- ] *
‘022 . \*
o -e22 . //
-2 .
'.15 */
cel6 e ok
-el 4 . \ *
-.12 . : ~.
-l . /*/
.08 ./*
=06 * 0
.\

-.04 —
-.02 . *
...............0....INTENSITY...>*

02 . *
04 . —

.06 < .
:Ll)u : *\* '

12 . >

.14 L]

16 ./*/*

o1l \

2 .

22 . *\*\*

.2 [

.22 . o=

WOULD YOU LIKE TO TRY ANOTHER VALUE OF W (1-YES, 0-NO>? |
WHAT IS THE NEW WAVELENGTH (W) IN ANGSTROMS? 15000

A WAVELENGTH OF 15000 IS INFRARED LIGHT AND NOT VISIBLE.
-THE INTERFERENCE PATTERN WILL BE VISIBLE USING DETECTORS
ONLY. TRY ANOTHER WAVELENGTH. '

WHAT IS THE NEW WAVELENGTH (W) IN ANGSTROMS? 690U
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L = 2 METERS W = 6900 ANGSTROMS D = «5 MILLIMETERS

- DISTANCE (MM'S FrROM CENTELR)
-e26
=24
=22
~el
-eld
-l b
~el4
-el2
-el
=l
-«06
=04
-.02

U2
U4
J6
(e N.)
ol

12
elq
16
el8
oz

22
24
26

;(«\.---
*/
/

i

/

K
....INTENSITY!.....‘*

*

® o o o o o _ Yy® o 0o 0o 0 0 O o 0 o o
*

------------

WOULD YOU LIKE TO TRY ANOTHER VALUYE OF W (1=-YES, U=N0)>? U
Ak ok %

WHAT IS5 THE NEW DISTANCE FrROM SLITS TO SCREEN (L) IN METEHS? S
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\'}
L = 5 METERS W = 6UU0 ANGSTHROMS D = «5 MILLIMETERS

DISTANCE (MM*®S FHOM CENTER)
-.26 o X ’
-.24 * *

‘022
-.2
-olb
-.16
-.14
-.12
~ol
-y
-0U6
-.04
=-eU2
02
U4
U6
3.
ol
12
14
16
oly
2
22
24
«26

O e o ¢ ¢ ¢ ¢ 0o 0o o o o
%

¢ & & o o o o o o o © o o
*

WOULD YOU LIKE TO TRY ANOTHER VALUE OF L (1~YESs 0-NO)>? U
Aok ko

YOU WILL NOW BE GIVEN A LIGHT SOURCE OF UNKNOWN

WAVELENGTH. YOU WILL SPECIFY THE SLIT SEPARATEION (D).

AND THE DISTANCE FROM SLITS TO SCREEN (L).

WHAT IS THE NEW SLIT SEPARATION (D) IN MILLIMETERS? .5

WHAT 1S THE NEW DISTANCE FROM SLITS TO SCREEN (L) IN METERS? 3000
ALTHOUGH ANY DISTANCE LARGER THAN 5.000000E~3 METERS

1S VALID, ABOVE S METERS BECOMES HARD TO SEE. TRY ANOTHER VALUE.
WHAT 1S THE NEW DISTANCE FROM SLITS TO SCREEN (L) IN METERS? 4
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L = 4 METERS W = ? ANGSTROMS D = «5 MILLIMETERS

DISTANCE (MM'S FAOM CENTER)
=26 4
-.24 *
‘.22 L
-.2 .\
-016
=16
‘014
-.l2
-el
=-.0Y
-«06
‘-04
=02
02
04
06
QY
el
012
e l4q
el6
e18
2
«22
24
26

«“**\l........lo.........
*

WULD YOU LIKE A PLOT FOR OTHER VALUES OF D AND L (1-YES: 0=-NQ)? 0
WHAT DO YOU THINK THE UNKNOWN WAVELENGTH (W) 157 6000

PRETTY GOOD! THE WAVELENGTH WAS 6000 ANGSTROMS.

WOULD YOU LIKE TO TRY ANOTHER UNKNOWN WAVELENGTHC1-YES, 0-N0O)>? O

Aok 3 ok

WOULD YOU LIKE A PLOT WITH YOUR OWN VALUES FOR WAVELENGTH

(W), SLIT SEPARATION (D)» AND DISTANCE FROM SLITS TO

SCREEN (L) (1-YES, 0-NO>?7 1 ’

WHAT IS THE NEW WAVELENGTH (W) IN ANGSTROMS? 5500

WAT 1S THE NEW SLIT SEPARATION (D) IN MILLIMETERS? «75

WHAT IS THE NEW DISTANCE FROM SLITS TO-<SCREEN (L) IN METEHS? 3
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W= SSUQ ANGSTROMS D = «75 MILLIMETERS

DISTANCE (MM'S FROM CENTEH)

-«26
--24
-.22
-.2

=18
-el6
-el4
-.12
-ol

-uob
-.06
-«04
--02

. xK

~\~*

~

/ﬁ
*

. *,

~N
.!......’.....!.0...!1 eessee
NTENSITY ’}

02
04
«06
08
ol

12
14
16
9 Y-
2

22
24
26

: f/”*’,/*

d
(\\

1 >

ANOTHER ONE (l1-YESs, 0-NO)

20

Aok e 3 e e e o K sk

-HOPE YOU HAD FUN!

READY
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100
wi
w2
w3
wa
s
106
w7
1iv
111
120
130
140
150
l6u
170
171
150
181
182
183
184
166
1867
188
190
200
21u
220
221
230

250
260
261
262
270
280
290
300
J1u
320
321
330
340
350
360

Physics
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AEM YOUNG'S DOUBLE SLIT EXPERIMENT

REM A.Ce CAGGIANO - .-

AEM REVISED 7/28/79 (L. BRAUN, D. PESSEL)

REM IMPOATANT VARIABLES: L-DISTANCE BETWEEN SLITS+SCnEENJ
REM W-WAVELENGIn; D-SLIT SEFARATIONCCENTER TO CENTER) !
REM '

KEM U: PRINT PARAMETER FOR UNKNOWN WAVELENGTH

LET U=0 .
PRINT " "> "YOUNG'S DOUBLE SLIT EXAPERIMENT"

PRINT

HEM ILLUSTRATIVE rUN

LET L=2

LET W=6000

LET D=.5

REM PLOT ROUTINE

GOSUB 55U

PRINT

PRINT "ABOVE 1S AN ILLUSTHATIVE RUN WITh PRE{DETERMINED"
PRINT '"VALUES FOr WAVELENGTH (W)», DISTANCE BETWEEN SLITS"
PRINT "AND SCREEN (L), AND SLIT SErAHATIQN - CENTEx TO"
PRINT "CENTER (D)>e NOW YOU MAY VARY THESE PAHAMETERS,"
PRINT "ONE AT A TIME."

PRINT

PRINT " koxkkx'’

PRINT

REM D INPUT SUBHOUTINE

GOSUB 92U

REM PLOT ROUTINE

GOSUB BS5U

PRINT _

PRINT "WOULD YOU LIKE TO TRY ANOThER VALUE OF D (l-YES, Uu-NO>'";
INPUT @l

IF Ql>U THEN 19u

PRINT

PRINT "“kkkkk’

PRINT

REM RESET D

LEI‘ D= S

REM W INPUT SUBROUTINE

GOSUB 942

REM PLOT SUBROUTINE

GOSUB 850

PRINT

PRINT "WOULD YOU LIKE TO THY ANOTHER VALUE OF W (1-YES», U-NO)';
INPUT &2 ‘

IF w2>u THEN 29U

PRINT
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361
362
370
380
390

400-

410
420
421
430
440
450
460
461
462
470
4580
490
491
492
507
508
520
530
550
560
565
566
570
580
590

601
605
6U6
610
611
620
630
640
650
660
670

690
700
Pl
702
n3
04
705
Mne6
707
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PRINT ""#®kokk k!
PRINT

REM RESET W

LET wW=6000

REM L INPUT SUBROUTINE

GOSUB 900

REM PLOT SUBROUTINE

GOSUB &50

PRINT

PRINT '"WOULD YOU LIKE TO TaY ANOTHER VALUE OF L (1-YES, O-NO)';
INPUT a3

IF Q3>0 THEN 390

PRINT

PRINT . ."kokkokxk'

PRINT

REM RESET L

LET L=2

PRINT "YOU WILL NOW BE GIVEN A LIGHT SOURCE OF UNKNOWN"
PRINT "WAVELENGTHe YOU WILL SPECIFY THE SLIT SEPARATION ¢(D),"
PRINT "AND THE DISTANCE FROM SLITS TO SCHEEN (L)'

REM QS5 DETERMINES IF W IS TO BE CHANGED

LET W@5=0

REM D INPUT SUBROUTINE

GOsUB 920

REM L INPUT SUBROUTINE

GOsSUB 900

REM CHANGE Ww?

IF W5>0 THEN 600

REM HRANDOMLY DETERMINE WAVELENGTH

RANDOMIZE

LET W=lUUOO*INTC(3*AND(X)+4¢5)

REM rPLOT SUBHOUTINE (UNKNOWN W)

LET U=1

GOSUB 850

PRINT .

PRINT "WOULD YOU LIKE A PLOT FOR OTHER VALUES OF D AND L ';
PRINT "(l1=-YES, 0-NO)'";

INPUT Q5

IF WQ5>0 THEN 520

PRINT ""WHAT DO YOU THINK THE UNKNOWN WAUVELENGTH (W) IS";
INPUT Wl .

IF ABS(Wl-W)<.l*xW THEN ‘700

PRINT *"YOU ARE MORE THEN 102 OFF. TO HELP YOUs, YOU MAY "3
PRINT ""OBTAIN MOAE PLOTS."

GO TO 610

PRINT "PRETTY GOOD! THE WAVELENGTH WAS "W'" ANGSTROMS.'"
PRINT "WOULD YOU LIKE TO TRY ANOTHER UNKNOWN WAVELENGTH";
PRINT *"(1-YES, 0-NO)'";

INPUT W6

IF W6<1l THEN 967

PRINT "YOU MAY SPECIFY A NEW SLIT SEPARATION (D) AND DISTANCE"
PRINT °*'FROM SLITS TO SCREEN (L)."

GO TO 5S0&
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849y EM
850 HEM PLOT nROUTINE
855 PRINT
856 PRINT
857 REM U>U DO NOT PRINT WAVLLENG!B
858 IF U>0 THEN ¥70
860 PRINT 'L ="L'"METERS W ="W'ANGSI'ROMS D ="D"MILLIMETERS"
861 PRINT
865 GO TO 875 ’ .
870 PRINT 'L ="L"METERS W = ? ANGSTHONS D ="D'"MILLIMETERS"
871 PRINT

875 PRINT "DISTANCE (piM'S FuOM CENIER)"
B8 REM ASPLOT LOWEs LIMIT (MM'S)5 BsUPPER LIMIT (MN'S) -~

B8l LET A=-.26

882 LET B=.26

853 AEM R3PRELIMINARY CALC. FOHR INTENSITY: lUE4:CONNERSION FACTOR
884 LET R=(3.1416%D*10E4)/7(WkL)

885 REM LOO¥ TO CALCULATE PATTERN AND PLOT IT

B56 FOR A=A TO B STEP .02

887 HEM YS:INTENSITY

o8 REM 20:SCALE FACTOHR FOR PLOT; XIDISTANCE (MM'S)

889 LET Y=2U#COS(H*X)*COSC(R*X)

890 IF ABS(X)><.0001 THEN 893

891 PRINT TABC(E) INT(A*100+5)/1003TABCLIS); "% TAB(lwrcr+xsr5)>; Pl
892 GO TO 895 _

593 PRINT "..............QOOOQOINTENSITY......*"

895 NEXT X

896 LET U=0

897 PRINT

898 RETURN

899 REM

900 REM L INPUT SUBROUTINE

902 PRINT "“WHAT IS THE NEW DISTANCE FrOM SLITS TO SCREEN (L) '3
903 PRINT "IN METERS"; '

904 INPUT L

905 REM 1000: CONVERT L(METE®S) TO L(MILLIMETERS)

906 IF 1000*L>= 10*D THEN 912

907 PRINT "THIS DISTANCE IS 100 SMALL FOR GOOD INTERFERENCE PATTERNS.'
908 PHRIN? ""TRY ANOTHER VALUE."

910 GO TO 9V2

912 IF L<=5 THEN 918

913 PRINT "ALTHOUGH ANY DISTANCE LARGE& THAN *10*D/1000' METERS"
914 PRINT IS VALID, ABOVE S5 METERS BECOMES HARD TO SEE."J

915 PRINT " TRY ANOTHER VALUE."

916 GO TO 902

918 RETURN

919 REM

920 REM D INPUT SUBROUTINE

922 PRINT "WHAT IS THE NEW SLIT SEPARATION (D) IN MILLIMETERS"'
924 INPUT D

926 IF D>=.1 THEN 932

928 PRINT "SLITS ARE S0 CLOSE THEY APPROXIMATE A SINGLE SLIT."

90
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¥29

930

932

933
934

935
938

940

941

942
944
946
947
948
949
950
952
954
955
956
957
954
259
60
965
966

9674

968
969
9270
972
973
974
976
940
982
944
986
984
990
992
993
994
995
996
997
998
999

Physics
SLITS

PRINT "TRY ANOTHER VALUE."

GO TO 920

IF D<=.1%1000%xL THEN 940 ' .
PRINT "FOR A VALID INTERFEHRENCE PATTEHN» THE SLIT SEPARATION"
PRINT "SHOULD BE LESS THAN "«1*1000%L'* MILLIMETERS. TRY'";

PRINT ' ANOTHER VALUE."

GO TO 920

RETURN

REM

REM W INPUT SUBROUTINE

PRINT "WHAT IS THE NEwW WAVELENGTH (W) IN ANGSTROMS';

INPUT W

IF w>=300 THEN 954

IF W<1000 THEN 959

PRINT A WAVELENGTH OF "W" IS ULTRAVIOLET LIGHT AND NOT VISIBLEe."
GO TO 956

GO TO 944

IF W<=8000 THEN 965 .

PRINT "A WAVELENGTH OF "W" IS INFRARED LIGHT AND NOT VISIBLE.'
PRINT "THE INTERFERENCE PATTERN WILL BE VISIBLE USING DETECTOHS"
PRINT '"ONLYe TRY ANOTHER WAVELENGTH."

GO TO 944

PRINT '"A WAVELENGTH OF "W" IS X~RAYS AND NOT VISIBLE."
GO TO 956

RETURN

REM

PRINT

PRINT ""xkkkkxk'’
PRINT

REM MISCELLANEOUS RUNS

PHINT ""WOULD YOU LIKE A PLOT WITH YOUH OWN VALUES FOR WAVELENGTH"
PRINT " (W), SLIT SEPARATION (D)» AND DISTANCE FROM SLITS TO"
PRINT "SCREEN (L) (1-YES», 0O-NO)'"; ) '
INPUT Q9

IF Q9<1 THEN 995

GOSUB 942

GOSUB 920

GOSUB 900

GOSUB 850_

PRINT "ANOTHER ONE (1-YES, 0-NO)"

INPUT Q&

IF Q8>0 THEN 98&2

REM

PRINT

PRINT *%kkk%kok ok ok kokk'®

PRINT )

PRINT "HOPE YOU HAD FUN!"

END

READY
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DISCIPLINE PHYSICS

SUBJECT SNELL'S LAW

PROGRAM NAME SNELL

DESCRIPTION:

Snell' s law is presented piciorially by plotting the path of a light ray
as it crosses a boundary separating two different media.

OBJECTIVES:

To permit students to '"'see'' the refraction of light, including the case
when the critical angle is exceeded and reflection occurs.

PRELIMINARY PREPA RATION:

A. Student - The terms associated with Snell' s law, such as refraction, media,
normals, etc.: must be presented prior to the running of this program.

B. Materials - No additional supplies or materials are necessgary.

DISCUSSION:

Snell's law can be investigated independently by students by altering the
angle of incidence, and/or the indices of refraction. The pictorial presentation
is especially beneficial to students with reading problems, since the concepts
implied by the mathematical relationships are presented hueristically.

In addition, the critical angle may be approached and exceeded, in the
special case where n; (second medium) is less than nj (initial medium).

Queries are included as part of the program to reinforce the concepts.

The program is well suited for small groups or individuals, but may be
utilized for large group presentation without program modification.

92
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SNELL

=~~REFRACTION OF L1GHT---

TH1S PROGRAM WILL HELP YOU VISUALIZE THE REFRACTION
OF LIGHT AS IT CROSSES A BOUNDARY SEPARATING TwO DIFFERENT

MED1A.

THE DIAGRAM BELOV SHOVS LIGHT INCIDENT TO THE BOUNDARY AT
45 DEGREES. THE INDICES OF REFRACTION ARE Nl=1.0 AND
M@=1.5 RESPECTIVELY.

N
L J .
L J .
* .
L J .
L J .
L J .
. .
*. MEDIUM 1, Ni= |
ad e Ll L L L Ty e,
.* MEDIUM 2, Ng= 1.5

L J
L J
L J
L J
L J
L J
L J
L J

WHAT DO YOU THINK THE ANMGLE OF REFRACTION 1S? 30
YOU ARE WITHIN 310 PERCENT.
THE ANGLE OF REFRACTION, AS= 88.1826

DO YOU WANT TO CONTINUE (1sYES, 0=NO) 3 72 1

NOV YOU CAN CHANGE THE INCIDENT ANGLE. THE REFRACTIVE
IMDICES WILL REMAIN AS Ni=1.0 AND N8=1.5 .

EENIMBER, OWLY POSITIVE ANGLES BETVEEN O AND 90 DEGREES ARK
PERMISSIBLE EWTRIES.
S0, VHMAT ANGLE DO YOU VANT? 60 '

L .
., NEDIUN 1, Ni= |}
D T Y iy
o® MEDIUM 2, N@= 1.5
* & i
- &

¢ o0 0 0o
*

WAT DO YOU THINK THE ANGLE OF REFRACTION 137 38

YOU ARE VITMIN 10 PEACENT.
THE ANGLE OF REFRACTION, AS= 35.264

3 1 "
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DO YOU WANT TO CONTINUE (1=YES, O=NO) ¢ 7 1

NOV SPECIFY NEV VALUES FOR N, N2, AND ANGLE
SEPARATE WITH COMMAS. OKAY, WHAT VALUES? 2,3.5-15
VALUE OF N2 IS UNREASONABLE.

YOU MUST RE-TYPE ALL THREE NUMBERS.

OKAY», WHAT VALUES? 15,8:5,15

N
* .
* .
* .
* .
* .
® o
* o
Be
.. MEDIUM 1, Ni= 1.5
casecacacsccnssclccccaenranccactsnrenecnsracaceenesme
o® MEDIUM 2, N2= 8.5
o
o
¥
« ®
| J
*

. *
- »
WHAT DO YOU THINK THE ANGLE OF REFRACTION 157 10

YOU ARE MORE THAN 10 PELRCENT OFF.
THE ANGLE OF REFRACTION, A%= 8.934

DO YOU WANT TO CONTINUE (1=YES, O0=NO) 3 7 |
SPECIFY NEV VALUES FOR NI, N2, AND ANGLE 1.
SEPARATE VITH COMMAS. OKAY, WHAT VALUES? «05.1,45
VALUE OF NI 1S UNREASONABLE.

YOU NUST RE-TYPE AilL THREE NUMBERS.

OKAY, WHAT VALUES? .85,1,45
VALUE OF N1 1S UNREASONABLE.
YOU NUST RE-TYPE ALL THREK NUMBERS.

OKAYs WNAT VALUES? 5,1,48
VALUZ OF N1 1S UNREASOMNABLE.

|

1 'SUGERST YOU LEARN MOURE ABOUT REFRACTION SO YOU CAN

DNTER MORE MEANINGPUL INDICES AND ANGLLS.

READY
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-=-=-HEFRACTION OF LIGHT=---

THIS PHOGRAM WILL HELP YOU VISUALI4ZE THE HEFRACTION
OF LIGHT AS IT CROSSES A BOUNDARY SEPAHATING TWO DIFFEHRENT

MEDIA.

THE DIAGHRAM BELOW SHOWS LIGh{ INCIDENT 70 THE BOUNDARY AT
45 DEGREES. THE INDICES OF REFARACTION ARE Nl=1.0 AND
N2=1.5 RESPECTIVELY.

*
e e v o 0 0 0o 2

*o MEDIUM 1, Nl=s |

ok MEDIUM 2, N2= 1.5

WHAT DO YOU THIMK THE ANGLE OF REFRACTION 157 30
YOU ARE WITHIN 10 PERCENT. '
THE ANGLE OF REFRACTION, A2= 25.126

D® YOU WANT TO CONTINUE (l;YES: O=NO) ¢ 2?2 1

N&W YOU CAN CHANGE THE INCIDENT ANGLE. THE REFRACTIVE
INDICES W%ILL REMAIN AS Nl=1.0 AND N2ml.5 .
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HEMEMBER, ONLY POSITIVE ANGLES BETWEEN O AND 90 DEGREES ARE
PERMISSIBLE ENTRIES.
S0, WHAT ANGLE DO YOU WANT? 60

4

*
® ® o © o © o o o

* MEDIUM 2» N2= 15

* o o o o o o o
*

WHAT DO YOU THINK THE ANGLE OF REFRACTION IS5? 35
YOU ARE WITHIN 10 PERCENT.
THE ANGLE OF REFRACTION, A2= 35.264

DO YOU WANT TO CONTINUE (1=YES, O0=NO)> 3 2 1

NOW SPECIFY NEW VALUES FOR N1, N2, AND ANGLE 1.
SEPARATE WITH COMMAS. OKAY, WHAT VALUES? 2,345,115
VALUE OF N2 IS5 UNREASONABLE.

YOU MUST RE-TYPE ALL THREE NUMBERS.

OKAY» WHAT VALUES? 145,2.5,15

N
* .

*x .
*.
* o MEDIUM 1, Nl= 1.5

ok MEDIUM 2, N2= 2.5
.*
o %
o Xk

* . ' 96
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WAT DO YOU THINK THE ANGLE OF REFRACTION 157 9
YOU ARE WITHIN 10 PERCENT.
THE ANGLE OF REFRACTION, A2= 8.934

DO YOU WANT TO CONTINUE (i=YES, O=NO) 3 7 |
SPECIFY NEW VALUES FOR Nl, N2, AND ANGLE 1.
SEPARATE WITH COMMAS. OKAY, WHAT VALUES? 251,75

\

N

*

* MEDIUM 1, Ni= 2

MEDIUM 2, N2= |
YOU WENT PAST THE CRITICAL ANGLE. :

*

o o o o 0o ¢ o o o
*

WHAT DO YOU THINK THE ANGLE OF REFLECTION 157 175
THAT'S RIGHT» THE ANGLE OF REFLECTION 1S 75 DEGREES.

DO YOU WANT TO CONTINUE (1=YES, O=NO> ¢t 7 O

READY
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100 REM RICHARD F. PAV  PATCHOGUE H.S.  OCT.'68 .
110 REM THIS PROGRAM IS DESIGNED TO HELP A STUDENT VISUALIZE

120 REM SNELL'S LAWV.

130 REM REVISED BY C.LOSIK 8-35-70

140 REM A AND Al ARE ANGLES, N1 AND N2 INDICES OF REFRACTION

160 PRINT * **,"---REFRACTION OF LIGHT---*

170 PRINT .

180 PRINT * THIS PROGRAM VWILL HELP YOU VISUALIZE THE REFRACTION®

190 PRINT “OF LIGHT AS IT CROSSES A BOUNDARY SEPARATING TWO DIFFERENT"
800 PRINT “MEDIA."”

810 PRINT

280 PRINT “THE DIAGRAM BELOVW SHOWS LIGHT INCIDENT TO THE BOUNDARY AT"
830 PRINT "45 DEGREES. THE INDICES OF REFRACTION ARE Ni=1.0 AND*’

840 PRINT “N3=1.5 RESPECTIVELY.”

870 LET N3=1.5
880 LET A=45
290 @osuB 8820

00 PRINT

310 PRINT * NOW YOU CAN CHANGE THE INCIDENT ANGLE. THE REFRACTIVE"™
380 PRINT “INDICES WILL REMAIN A5 N1=1.0 'AND N@=1.3 .*

330 PRINT

340 PRINT “REMEMBER, ONLY POSITIVE ANGLES BETWEEN O AND 90 DEGREES ARE"
350 PRINT "PERMISSIBLE ENTRIES."

360 PRINT™SO, WHAT ANGLE DO YOU WANT"3

370 INPUT Al ’

380 LET A=Al

390 IF A<90 THEN 490

400 LET A=60

410 GOosSuB 880

420 @0 TO 580

430 PRINT

A40PRINT"YOUR VALUE FOR THE INCIDENT ANGLE ("l“ll"b‘mts) DIDH'T MAKE**
PRINT “SENSE SO 1 AUTOMATICALLY MADE 1T 60 DEGREES.™
PRINT

LET Al=60

€0 TO 1580

IF A<Q0 THEN A00

80 SUB 820

PRINT

PRINT * NOW *3

PRINT "SPECIFY NEW VALUES FOR N1, N8, AND ANGLE 1."
PRINT “SEPARATE VITH COMMAS. *)

PRINT * OKAY, WHAT VALUKS"™}

INPUT N1,NS8,A

IF Ni<=3 THEN 630

PRINT "VALUE OF NI} 1S UMREASONABLE."™
aoTo 640

IF Ni<] THENM 610

IF N2<=3 THENM 670

PRINT “VALUE OF N2 1S UMREASONABLE."™
s0TO 680

IF Ng<] THEN 6350

IF A<90 THEW 710

PRINT “VALUE OF ANGLE | 1s UNR:ASONABLI.
€0TO0 780

IF A<Q THEN 690

IFr N1>3 THEN 780

IF Ni<] TREN 780

1r N8>3 THEN 780

IFr Ng<l THEN 780

30SuUs 320

Q0T0 340

LET BeB+]

SEEIEELEIRRILEL

23R AEBASIRRIALEREE

NS IF B>»=3 THEN 1730

790 PRINT "“YOU MUST RE~TYPE ALL Tﬂm NUNBERS .*
800 Pu.f

810 0 TO 3570 ? P

880 KT B=0 Jil 98
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830 PRINT SNELL

840 PRINT * u : .
850 LET Ce=(N1/N@)#SINCAs].74533K-8)

860 IF C>=1 THEN 1300

870 GOSUB 1580

880 FOR Y=8 TO 1 STEP -1

890 LET X=eYe((SINCAS].74533E-))/(COSCA®]+74333E-8)))

900 IF X>16 THEN 960"

910 PRINT TABC16-X)3"e"}

930 @oTO 970

960 LET X=16

970 PRINT TAB(16)3%."

1010 NEXT Y

1020 PRINT * L) MEDIUM 1, Ni='3N]

1030 PMNT Lo T T T T T T T N
1040 PRINT " o MEDIUM 8, N2="3NE

1050 FOR Y=1 TO 8 STEP |

1060 LET X=R8Y$C/SQR(]~-C#C)

1070 PRINT TAB(16)3%."3 ’ .

1110 1IF X»40 THEN 1160 -

1120 PRINT TABL1T74X)3%e%3

1160 PRINT ™~ ™

1170 MEXT Y

1180 PRINT

1190 @OSUB 1560

1800 PRINT “THEK ANGLE OF REFRACTION, A8="j3A8

1210 PRINT

1211 PRINT "DO YOU WANT TO CONTINUE ()=YES, O=NO) 3 "3
1218 INPUT J ) T 0T
1213 IF J=0 THEN 1750

1214 1IF J<>1 THEN 1210

1880 AKTURMN

1830 PRINT * L PY MEDIUM 1, NI="N}

1840 PRINT "ecmccreccncccconlicccnccrccncncscnancnnnancnnnanae e
1250 PRINT * MEDIUM 2, Na="}MNR

1860 PRINT "YOU WENT PAS‘I' THE CRX'HCAL ANGLE."

1270 QOSUB 1650

1260 PRINT “THE ANGLE OF REFLECTION I5"3AJ“DEGREKES."™

1290 aotTo 1810
. 1300 FOR Y=8 TO | STEP ~1{

1310 LET X-B‘\"“SXN(AOI.14533!-8))/(605(A‘lo14533l-8)))
1320 LET X@=X

1330 IFr X»16 THEM 1390

1340 PRINT TABC16~X)}"s"3

1380 QOTO 1400

1390 LET X=16

1400 PRIBT TAB(16)3%."3

1340 1F X8>40 THER 1490

{430 PRINT TAD(I'NXOH"O"}

14%0 PRINT "= ™

1309 NEXT Y

1310 @0TO 1230

1590 LETY FOCISGIBU-C‘C)

1530 LEBT C=sATU(rF)

1540 LET AS=INT(1000%C871.74335%-8)++5)/1000

1SS0 RETURN ) ) T

1S60 IF Al>=90 THEM 430

1S70 1IF Al<QO THEN 40

1580 PRINT "HHA'I' DO YOU 'ruux THE AIM OF REFRACTION XS"}
" 1S90 INPUT A3

1600 IF ABS(AS-A3)>.1%A8 THEN 1630

1610 PRINT "YOU ARE ll‘l’lll 10 Pncnrr.

1680 ®0%0 1640

1630 PRINT "“YOU ARE NORKE TMAN 10 PERCENT OFF.”

1640 REXTURN ' o ) .

1630 PRINT

1660 PRINT “WMAT DO YOU Tlﬂll THE ANGLE OF wucno- 18"}
1670 INPUT AS o
1680 IFr AaA<>A THEN 1710

1690 PRINT “TNAT®S RIGNT, "}

1700 @0TO 1780

1710 PRINT "YOU IIAD amn STUDY THE uvs or un.mﬂon.
1780 RETURN"

1730 PRINT "1 SUGGEST YOU LEARN NORE ABOUT REFRACTION SO YOU GAI"
1740 l:;l‘l' "l.l‘l'll WORE -n-xnnn. XIDICIS m A!ll.l.l it
1730

El{fC‘ : 350




DISC.PLINE PHYSICS

SUBJECT ORBITAL MOTION

PROGRAM NAME SPACE

AVG EXECUTION TIME 3 min.

DESCRIPTION:

The effects of speed on orbital motion can be demonstrated by
incrementally altering the tangential velocity of an orbitting spacecraft.
Limiting cases are included, i.e. exceeding the escape velocity and/or
crashing into the earth.

OBJECTIVES:

To demonstrate the effects of speed on orbital motion.

PRELIMINARY PREPARATION:

A. Student -~ Student should be familiar with circular motion, central
forces, and have some knowledge of conic sections.

B. Materials -~ None

DISCUSSION:

Orbital motion is described in terms of the eccentricity (E) of
the orbit. the period (T), and the maximum and minimum tangential
velocities. The student selects the initial apogee and perigee (in miles)
to define the orbit,

After describing the initial orbit the limiting changes required to
produce circular and parabolic orbits are given, as well as the changes
required to produce an orbit that will be tangent to the earth' s surface.

The speed at the apogee and perigee is given and the student may
alter either of these values (+ or -) incrementally. The new orbit will
again be described in terms of E, T, and the velocities.

100
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SPACECRAFT ORBITS

WHAT 1S THE MININUM AND MAXIMUM ALTITUDE OF . THE SPACECRAFT
ABOVE THE SURFACE OF THE EARTH IN MILES? 150,830

THE ECCENTRICITY OF THE ORBIT 1S 9.640877E-3
THE VELOCITY AT THE PERIGEE 1S 25593.36 FEET/SECOND.

THE VELOCITY AT THE APOGEE IS 25104.58 FEET/SECOND.

THE PERIOD OF THE ORBIT 1S 90.50426 MINUTES.

ADDING A VELOCITY INCREMENT TO THE PER1GEE

OF 10427.89 FT/SEC WOULD RESULT IN A

PARABOLIC ORBIT-- CAUSING THE SPACECRAFT TO FLY OFF INTO SPACE.
A CHANGE OF -128.4863 FT/SEC VOULD PRODUCE A

CIRCULAR ORBIT. HOVEVER, A VELOCITY INCREMENT

OF -360.3738 FT/SEC WOULD PRODUCE AN ORBIT

THAT WOULD BE TANGENT TO THE EARTH'S SURFACE.

ADDING A VELOCITY INCREMENT TO THE APOGEE

OF '10571.05 FT/SEC VOULD RESULT IN A

PARABOLIC ORBIT=-< CAUSING THE SPACECRAFT TO FLY OFF INTO SPACK.
A CHANGE OF 121.8972 FT/SEC WOULD PRODUCE A

CIRCULAR ORBIT. HOVEVER, A VELOCITY INCREMENT

OF -236.6951 FT/SEC WOULD PRODUCE AN ORBIT
THAT WOULD BE TANGENT TO THE EARTH®S SURPACE.

DO YOU WANT TO ADD A VELOCITY INCREMYNT AT THE
PERIGEECTYPE 1) OR AT THE APOGRECTYPE 8) ? 1
WAT VELOCITY INCREMENT 1S TO BE ADDED? -850

THE NEV OBRBIT 1S ELLIPTICAL
VITH AN ECCENTRICITY OF 9.987444%5-3

THE POINT WHERK THE VELOCITY INCREMENT WAS ADDED
CORRESPONDS TO THE APOGEE OF THE NEV ORBIT ‘

TME PERIGEE OF THE NEV ORBIT IN MILES 1S 68.73486

THE VELOCITY AT THE PERIGEE 1S 25854.69 FT/SKC.

THE PERIOD OF THE NEV ORBIT 1S 87.8788 MINUTES.

L 2L 2]

BASED ON YOUR OR1GINAL ALTITUDES OF 150 AND 8230 MILES
WULD YOU LIKE TO TRY DIFFERENT VELOCITY IMCREMENTS
(1-YES, 0-N0)? O

WOULD YOU LIKK TO RUN THE PROGRAM AGAIN (1-YES, 0-NO)? O

e

READY
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Q 353




Q

ERIC

Aruitoxt provided by Eic:

100
101

30

-311

318
33
314
s
e
N7
318
9

13334441 11443111

X
3

z§E
™~
X

EgEE

LET
LET

Physics
SPACE

SPACECRAFT ORBITS, M. VISICH, JR.,» 12/09/68

REVISED 8/85/70 (D. PESSEL)

V(2),R(2)

THIS PROGRAM CAN BE USED TO DETERMINE THE EFFECT OF

ADDING A VELOCITY INCREMENT TO A SPACECRAFT INITIALLY IN

AN ELLIPTIC ORBIT AROUND THE EARTHe VELOCITY INCREMENTS

CAN ONLY BE ADDED AT THE APOGEE OR PERIGEE OF THE INITIAL ORBIT
ANDOONLY IN A DIRECTION TANGENT TO THE INITIAL ORBIT.

Q5= )
¥Y=1.A40753E16

PRINT TAB(20)3}"SPACECRAFT ORBITS"

PRINT
PRINT “WHAT 15 THE MINIMUM AND MAXIMUM ALTITUDE OF THE SPACECRAFT"

PRINT"ABOVE THE SURFACE OF THE EARTH IN MILES":

PRINT "BOTH ALTITUDES MUST BE POSITIVE!”

60 TO 180

I1Fr H3>0 THEN 210

60 TO 206

PRINT

@osuB 960

IF Q5>0 THEN 307

PRINT"”THE ECCENTRICITY OF THE ORBIT IS™ E

PRINT '

PRINT”THE VELOCITY AT THE PERIGEE IS *"V1™ FEET/SECOND."
PRINT )

PRINT"THE VELOCITY AT THE APOGEE IS "VE” FEKT/SECOND.”
PRINT

PRINT”THE PERIOD OF THE ORBIT IS “T" MINUTES."

PRINT

LET
LET
LET
LET

Vil)d=yi
V(gi=ve
RC1)=R]
R(2)=R2

IF Q5>0 THEN 334

LET
LET
LET
FoOR

V(g)=VE
RC1)=R]}
R(8)=RQ
J=1'T0 8

PRINT™ADDING A VELOCITY INCREMENT TO THE ™}

IF J=1 THEN 320

PRINT™APOGEE"

g0To321

PRINT"PERI] GEK™ .

PRINT™OF "SQR(2#Y/R(J))-V(J)" FT/SEC WOULD RESULT IN A"
PRINT™PARABOLIC ORBIT-- CAUSING THE SPACECRAFT TO FLY OFF INTO SPACE
PRINT N

PRINT™A CHANGE OF "SQR(Y/R(J))-VU(J)*" FT/SEC WOULD PRODUCE A™
PRINT“CIRCULAR ORBIT. HOWEVER, A VELOCITY INCREMENT "

LET
LET

R=3880+3959
E®=(R-R(J))I/(R*R(J))

PRINT™OF "SAR(Y*(1+E8)/R(J))I-V(J)" FT/SEC WOULD PRODUCE AN ORBIT™.
PRINT™THMAT WOULD BE TAMGENT TO THE BARTH'S SURFACK.” '
PRINT

NEXT J

PRINT
PRINT™"DO YOU WANT TO ADD A VELOCITY INCREMENT AT THE™

PRINT™PERIQEE(TYPE 1) OR AT THE APOGRE(TYPE &)™,
INPUT M ’ ’

PRINT
IF (N-1)»(N-8)=0 THEN 480

! -~
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S10

33

1100
1110
1180
1140

4 ll‘yOJ.\-O

SPACE

PRINT™YOU WERE TO PICK EITHER 1 OR 8-TRY AQALIN™
@0 TO 340
PRINT™WHAT VELOCITY INCREMENT 15 TO BE ADDED™S
INPUT V3
PRINT
GgosuB 1050
PRINT*THE NEV ORBIT 1S *J
IF E1=0 THENS88O
IF El=]1 THEN 900
IF El>»l THEN 930
PRINT™ELLIPTICAL "
PRINT" WITH AN ECCENTRICITY OF" Kl
PRINT '
IF v9>1 THEN 680
IF H3<0 THEN 660
PRIMT"THE POINT WHERE THE VELOCITY INCREMENT WAS ADDED"
PRINT"CORRESPONDS TO THE APOGEE OF THE NEW ORBIT™
Pa:ur "THE PERIGEK OF THE NEW ORDIT IN MILES xs*ua
PRINT
PRINT™ THE VELOCITY AT THE PERIGEE IS "vi*™ FT/SEC.”
PRINT
LET R8®"R3
aosuB 1010
PRINT™THE PERIOD OF THE NEVW ORBIT IS “T*™ MINUTES."™
G0 TO 1830
PRINRT"YOU CRASHED INTO THE EARTH"™
G0 TO 1230
PRINT"THE POINT WHERE THE VELOCITY INCREMENT WAS ADDED™
Pa:ur"coaanSPouDs TO THE PERIGEE OF THE NEWV ORBIT"
PRINT
PRINT"THE APOGEE OF THE NEW ORBIT 1S "H4"™ MILES."™
PRINT
PRINT™THE VELOCITY Ar THE APOGEE IS5 *vg" FT/SEC."
PRINT
LET R3=R4
aosuB 1010
PRINT™THE PERIOD OF THE NEW ORBIT IS "T™ MINUTES.™
PRINT
€0T0 12830
PRINT™CIRCULAR."™
60T0 1230
PRIST™PARABOLIC, *
PRINT “VITH AN ECCENTRICITY or":x
@0 TO 1830
PRINT™HYPERBOLIC, *
PRINT "VWITH AN ECCENTRICITY OF“"El
€0 TO 1830
LET Ri=(H1+3939)%3880
LET R8#(HR+3939)55880
LET E=(RS8-R1)/(R1+R8)
LET VIi=SQR(T%(1+L)/R1)
LET VE=VisRIi/R8
LET A=(R1+R2)/8
LET Pnl9.4794AsASA/Y
LET T=SQR(P)>/60 '
RETURN ’
IF we=] THEN 1080
LET Vi=svVa
LET Ri=R8
LET VS=sV1l+V3
LET V7=SQR(Y/R1)
LET V9=V¥3/V7
LET Eil=ABS(V93U9-1)
I1F v9»1l THENM 1180
LET R3m(1-E1)2R1/C1+K)1)
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Aruitoxt provided by Eic:

1150
1160
1170
1180
1200
1210
1220
1230
1331
1238
1834
1835
1853
1837
1838
1841
1250
1851
1358
1833
1854
1255
1260

Physics
SPACE

LET H3=R3/5280-3959
LET Vi=US*R1/RJ

GOTO 1220

LET RA=(1+El)#*R1/(1-E}1)
LET H4=R4/5880-3959
LET V2e=VSsR1/R4

RETURN '

PRINT
PRINT
PRINT
PRINT
PRIKT
PRINT
INPUT
PRINT

ot 11 1 1 L)

“BASED ON YOUR ORIGINAL ALTITUDES OF “H1* AND "HE" MILES"
“WOULD YOU LIKE TO TRY DIFFERENT VELOCITY INCREMENTS®
“(1-YES, 0=NO)"} .

Qs :

IF @5»0 THEN 2820

PRINT
INPUT
PRINT
PRINT
PRINT

“WOULD YOU LIKE TO RUN THE PROGRAM AGAIN (1-YES, 0-NO)'"}
Qé ’

IF @6>0 THEN 180

END

IS

10~
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DISCIPLINE PHYSICS

SUBJECT ELECTRICAL POTENTIAL
ENERGY

PROGRAM NAME VEIELD

DESCRIPTION:

This program plots a picture of the relative potential field strengths of
regions surrounding two point charges.

OBJECTIVES:

To give the student a feel for how the electric potential field is altered
by changing the positions of two point charges.

PRELIMINARY PREPARATION:

A. Student - The concept of electric potential for a point charge should be
understood, as well as equipotential lines and potential hills or wells.

B. Materials - none needed
DISCUSSION:

One run of this program requires much time, So it is not advised for
use with a whole class. Individual students or small groups will derive the
greatest benefit, or, alternatively, the teacher may make several runs before
class and display the resulting plots during a class discussion.

The coordinate plane occupied by the charges is 30 x 30.

NOTE: The numbers in the plots indicate relative fie! sirengths.




Physics
VFIELD

THIS PROGHAM PLOTS A PICTURE OF THE RELATIVE ELECTRICAL
POTENTIAL FlELD STRENGTHS IN THE REGION SURROUNDING TWO
POINT CHARGES. THE CHARGES ARE IN A COORDINATE PLANE

30 BY 30. THE CHARGES MAY HAVE ANY VALUE WHOSE

MAGNITUDE 15 LESS THAN 10 » AND MAY BE ANYWHERE BETWEEN

O AND 30 ON THE X AND Y AXES.

THE MAGNITUDE OF THE FlELD DECREASES FROM 9 TO 1, 0, A TO J
THAT 15, 9 TO 1 IS A POSITIVE POTENTIAL, O 1S ROUGHLY 0.,
AND Am=1, B®=2, ... Jm=9. (THERE IS NO *I'.)

WHAT VALUES OF CHARAES DO YOU WISH TO STUDY?

TO STUDY ONLY ONE CHARGE, MAKE THE SECOND CHARGE 0.
ENTER TWO VALUES OF CHARGE t ? 10,~3.5

WHERE SHALL THE FIRST CHARGE BE LOCATED? 15,15
WHERE SHALL THE SECOND CHARGE BE LOCATED? 15,85

*0 6 12 18 24 30=

$lecmeaa se=l-cecccccc]cencnaaaa. lesccnnaaa lococccce-]s

30 * 000000000000000000000 ‘.

29 - 000000000200000000000 %

88 * 000000 AAA 000000 -

¢ 27 * 00000 AABBBAA 00000 L
26 * 111 000 A CDEDC A 000 111 -

25 = 1111111111111 000 ABD ~ DBA 000 1141111111111 =
84 *1111111118811111 00 ABDEDBA 00 1111118011111111»
a3 #1111111111111111111 00 AAA 00 111111111111113 1811

2g *11111111110111000012 010 11111111181140082111011010
81 s111111111111111 1111111111111t
20 *111111111111 2882888 2222882 111111111111

19 =1111111111 88882 333 444 333 23288 1111111111
18 =111111111 8888 33 4455 6 S544 33 ggge 111111111=
17 11111111 8828 33 45 89998 5S4 33 2222 11111111=

16 *11111111 g8k 3 4 79 97 4 3 2888 11111111
15 *1111111 2828 33 4568 + 8654 33 2888 1111111=
14 *1111111 22822 33 45679 97654 33 2388 1111111=

13 *1111111 2288 - 334456789 987654433 2228 1111111
18 *1111111 282828 33 4455666665544 33 228282 1111111
11 *11111111 28288 333 444 444 333 23828 1111111
10 *11111111 288e2 3333 3333 gaasse 1111111
*111111111 22888228 333333333 2132282 111111114
1111111111 R8e23222 i 222288288 1111111111»
*11111111111 £2882882288222222282 11111111111
*1111111111111 2828822282238888822 1111151118111»
sil11l11111111111 8 111111111111111»
s111111111111111111 1111111111111 §1111=
1111000000000 000000000 30000000000200000000000181010n
11111100000 00000000000 0008000000000 00000R010111)01n
11118010000 0000 0020000 00000000000000080100188011111]n
110100000000 0000 00000000001 0aaL00000180)lL1]1n

L 3 T -;--!---------1---------1---------3------;--;‘

1
1
1
1
1

O=pLadUrOYgRO

DO YOU WISH TO VIEV ANOTHER PLOT (1=YKS, O=NO> &t 72 0

READY

10y
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100 REM JOHN HOSIE - NORTHPORT HS - 7-8-69
105 REM REVISED BY C.LOSIK 8-21-70
110 REM YOU HAVE MY BLESSING TO USE COMPUTED GO-TO'S AND
111 REN STRINGS IF YOU HAUK THEM (VE DIDN'T)
113 REM V 15 THE FIELD STRENGTH» R1,R8,Q1,08 ARE STANDARD NOT.
116 REM THIS MAY BE CHANGED TO ALLOV HIGHER VALUED CHaR9%s
117 LET Q9=10
120 PRINT "“THIS PROGRAM PLOTS A PICTURE OF THE RELATIVE ELECTRICAL"™
130 PRINT “POTENTIAL FIELD STRENGTHS 1IN THE REGION SORROUNDING TWO™
140 PRINT "POINT CHARGRS. THE CHARGES ARE IN A COORDINATE PLANE"™
i150 PRINT *30 BY 30. THE CHARGES MAY HAVE ANY VALUE GHOSE"™
160 PRINT “MAGNITUDE 1S LESS THAN"Q9", AND MAY BE ANYWHERE BETVEEN"
170 PRINT "0 AND 30 ON THE X AND Y AXES."
171 PRINT "THE MAGNITUDE OF THE F1ELD DECREASES FROM 9 TO 1, O» A TO J"
172 PRINT “THAT 1S, 9 TO 1 1S A POSITIVE POTENTIAL, O 1S ROUGHLY 0,"
173 PRINT "AND As-1, B=-2, ... Ju-9. (THERE 1S RO "Ited”
¢ 178 PRINT
179 PRINT "WHAT VALUES OF CHARGES DO YOU WISH TO STUDY?"™
180 PRINT “TO STUDY ONLY ONKE CHARGE, MAKE THE SECOND CHARGE 0.%
185 PRINT "ENTER TWO VALUES OF CHARGE & *3 ~
190 INPUT Ql.,Q8
195 IF Qi=0 THEN 180
200 IF ABS(Ql1)«=Q9 THEN 230
210 PRINT “VALUES MUST BE IN THE RANGE (»-q9", Q9" "
880 GO TO 185
830 IF ABS(QR)>Q9 THEN 210
832 REM FOR EFFICIENCY, WE °HIDE' THE ELECTROSTATIC CONSTANT HERE
833 LET Ql=2+Q1 oo Co ‘ :
836 LET Q23=g8+Q2
840 PRINT "WHERE SHALL THE FIRST CHARGE BE LOCATED"}
850 INPUT X1,Y1
260 LET XIsINT(X1+¢.5)
270 LET Y1sINT(Y1+4.5)
280 IF ABS(X1-15)«<=1% THEN 310
290 PRINT "VALUKS NUST BE IN THE RANGE €0,30).%
300 GO TO 240
310 IF ABS(Y1-15)>15 THEN 290
380 1F Q@=0 THEN 410
330 PRINT “WHERE SHALL THE SECOND CHARGE BE LCCATED")
340 INPUT X8,Y8
350 LET X28=INT(X2+.5)
360 LET Y2=INT(YR+.5)
370 1IF ABS(X8-15)<=1S THEN 400
380 PRINT "“VALUZS MUST BE IN THE muaz €0,30)."
390 80 TO 330
400 1F ABS(Y2-15)>1S THEN 380
410 PRINT
480 PRINT .
430 PRINT " ","%0 6 1 18 24 30>
440 PRINT * *,"#l-ccecccec]leccccccan]accccacac]ccanccaca]occcacaaca]s®
A4S0 FOR Y=30 TO O STEP -1 .
AS3 PRINT ™ “IINTCY+e5),"%"}
456 LET Y6m(Y-Y1)#(Y-T1)
457 LET Y7u(Y-YR)s(Y-Y2)
439 REN THIS 1S FOR 50 ITERATIONS
460 FOR X=0 TO 30 STEP «¢
488 LET X6u=X-X1
AT0 .LET R1=5QR(X64X6+Y6)
475 LET X7=X-X8
480 LET R23=SQR(X7¢X7+Y7)
483 IF R1<.5 THEN 800
486 IF RR<.5 THEN 830
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488

498
500
502
504
506
S08
510
513
516

583
586
530
533
536

543

550
553
556

563
566
570
573
576

S83
586

593
596
600
603
e
6190
613
616

633
426

633
636

643
646

633
636

663
666
670
673
676

ERIC

Aruitoxt provided by Eic:

REM THE ELECTROSTATIC CONSTANT IS 2
LET V=Ql/R1+Q8/R2 ’ )
FOR J==9 TO 9 ~
IF ABS(V-J)«<.35 THEN 508
NEXT J

PRINT * "3

60 TO 700

IF J>O THEN 610
IF J<>-9 THEN 520
PRINT *J'3

a0 TO 700

IF J<>-8 THEN 530
PRINT "H"3

a0 TO 700

IF J<>=7 THEN 540
PRINT *G"3

G0 TO 700

IF J<>=6 THEN 550
PRINT "F*;

G0 TO 700

IF J<>»-5 THEN 560
PRINT “E'*3

G0 TO 700

IF J<>-4 THEN 570
PRINT "D"3

@0 TO 700

IF J<>-3 THEN 580
PRINT *"C*"3

680 TO 700

IF J<>=-2 THEN 590
PRINT "B"3

80 TO 700

IF J<>-]1 THEN 600
PRINT "A™;

@0 TO 700

I1F 'J<>0 THEN 610
PRINT "0%3

@0 TO 700"

IF J<>] THEN 680
PRINT "1%3

G0 TO 700

IF J<>8 THEN 630
PRINT "™

@0 TO 700

IF J<>»3 THEN 640
PRINT "33

@0 TO 700

IF J«>4 THEN 650
PRINT "a"3}

80 TO 700

IF J<>S THEN 660
PRINT "S5™3;

@0 TO 700

IF Je»§ THUN 670
PRINT "¢

€0 TO 700

IF Je<»7 THEN 680
PRINT 73

80 TO 700

108
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iF J<>8 THEN 690

PRINT *"8*;

GO TO 700

1F J<>9 THEN 504

PRINT "9"s

NEXT X

PRINT "»" -

NEXT Y

PRINT * *,"#]lecccccccc]leccccccnc]ecccccccc]leccncccce]ancccaaaa] g™
PRINT i ’ '
PRINT

PRINT DO YOU WISH TO VIEW ANOTHER PLOT C1=YES, O=NO) s "}
INPUT Qi ' ' i '
PRINT

PRINT

IF Ql=1 THEN 178

IF Qi=0 THEN 999

€0 TO 7S50

IF Q1>0 THEN 830

PRINT "=%3

80 TO 700

PRINT *"+"3

G0 TO 700

IF Q2s0 THEN 490

IF Q28>0 THEN 830

60 TO 810

END

338ZEERZ B339 82322858
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DISCIPLINE PHYSICS

SUBJECT INSTANTANEOUS VELOCITY

PROGRAM NAME VLOCTY

DESCRIPTION:

A graph of distance vs. time is plotted for a body accelerating at
Im/sec/sec. The average velocity is found for a point on the graph several
times using V average =(d, - dl)/(T )as (T 1)gets: smaller and smaller.

The program prints the 1nstantaneous velocity at the points and allows
the student to change some of the parameters involved.

OBJECTIVES:

To aid the student in understanding the meaning of mst?ntaneous , velocity
and taking a limit.

PRELIMINARY PREPARATION:

A. Student - should know the d/‘initions of average and instantaneous velocity

B. Materials - none

DISCUSSION:

A good tutorial program or teaching aid. Student should realize that the
slope of the line drawn hetween the points dl, T1, and d2, T2 is the average
velocity. As the second pwint is made to approach the first, the slope of this line
approaches the value of the slope of the tangent line drawn to the first point -

which is called the instantaneous velocity.
The student may then change the acceleration, time at which he wants to

know the average speed, and the time interval, delta T.
A more theoretical view of this same problem will be obtained by running

the prog.,ram SLOFE.

110
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VLOCTY

AVERAGE AND INSTANTANEOUS VELOCITY

THIS PROGRAM CONSIDERS DISTANCE AS A FUNCTION OF TIME,
D=F(T)e 1T VILL CALCULATE THE AVERAGE VELOCITY DURING
THE TIME INTERVAL T1,T2 BY EVALUATING D AT TAOSE TIMES
GIVING Dl AND D2. THE RESULT OF (DR~D1)>/(T2~T1) YIELDS
THE AVERAGE VELOCITY. AS T2 15 BROUGHT CLOSER AND CLOSER
TO Tl THE RESULTANT AVERAGE VELOCITY WILL APROACH THE
INSTANTANEOQUS VELOCITY AT Tl.

AFTER THE PROGRAM STOPS, TYPE IN THE FOLLOWING:
(END EACH LINE, INCLUDING °*RUN', WITH THE 'RETURN® KEY)

1 GO0 TO 300
300 DEF FND(T)=.eee(YOUR FUNCTION OF TIME)eeso
RUN

FOR EXAMPLE, TO USE THE EQUATION D=A*T*T WITH A=l
¥OU WOULD TYPE AS FOLLOWS3:

1 @0 TO 300
300 DEF FND(T)m1*TsT
RUN
YOU MIGHT TRY THAT AS YOUR FIRST RUN.
FOR SUBSEQUENT RUNS», YOU NEED ONLY CHANGE LINE 300 FOR
A NEV FUNCTION, FOLLOWED BY *RUN".
RuADY
1 €60 TO 300

00 DEF FND(T)=1*T»T
RUN

L2 1 2
WHAT ARE YOUR VALUES OF Tl AND T2 (SMALLER FIRSTT'T()TQ?? 5,50

THE DISTANCE TRAVELED DURING THE INTERVAL IS 2475
THE AVERAGE VELOCITY IS &S

WOULD YOQU LIKE TO CHANGE T2 (1-YES, 0-NO)>? 1
WHAT 1S YOU NEW VALUE FOR T2 (T2 MUST BE GREATER THAN T13? 105

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

WOULD YOU LIKE TO CMANGE T3 (1-~YES, 0-NO)? O
MOV WATCH THE AVERASK VELOCITY AS T8 APPROACHES Ti1.

Il = § Dl = g5

T2 T8-T1 D8 D&-D1 (DE-~D1)/(¢(T2~T1)
105 100 11085 11000 110
1.3 50 085 3000 60
0 85 900 875 35
17.5 i%.5 30685 281.85 88.5
{1.85 6.85 186.5385 101 .5685 16.83
$.185 3.185 66.01563 41 .01563 13.185
63685 15685 43.06641 18.06641 11.5685
5.7818S 78185 33.42885 8.422852 10.78185
5.390685 « 390625 29.05884 4.058838 10.39063
5.195313 «1953128 26.99127 1.991878 10.19531
5.0976%6 09765685 25.9861 « 9860998 10.09766
5.048828 04882813 25.49067 *+ 4906654 10.04883
5.084414a 08441406 23.24474 2447367 10.08441
5.018807 «01280703 25.12288 +12882193 10.01881
5.006104 6:.103516K~3 25.08107 06107835 10.00609
5.003058 3¢051758K~3 25.03053 «03058688 10.00305
5.001586 1.58586 19E-3 25.01586 Q1586117 10.00156
5.000763 7.689395K~4 25.00763 7.629871E~3 10.00063
v
111
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NOTE THAT THE AVERAGE VELOCITY CHANGES VERY LITTLE
AS T2 APPROACHES Tl. T2 CAN NEVER EQUAL T1 SINCE
(D2-D1)/¢(T2-T1) WOULD THEN RESULT IN A DIVISION BY ZERO.

2 2 1L ]

WULD YOU LIKE TO TRY DIFFERENT VALUES OF Tl AND T2
C1-YES, 0-NOY? O

TO CHANGE YOUR FUNCTION SEE THE INSTRUCTIONS.

IF YOU ARE FINISHED, TYPE '1°', AND THE 'RETURN' KEY
AFTER THE PROGRAM STOPS. ’

READY
]

)
[E i(:‘ 0 Copyright 1971, Polytechnic Institute of Brooklyn
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100 REM VELOCITY, J. HOSIE, Q. Je« O'CONNORs, 8/18/68

101 REM REVISED 8/26/70 (D« PESSEL)

102 REM IMPORTANT VARIABLESS S~SECANT SLOPE;J P~-PERCENT CHANGE3

103 REM D-INVERSK OF CHANGE IN X} Y-CHANGE IN Y

104 REM SEE SLOPE FOR A MORE THEORETICAL APPROACH TO THE SAME PROBLEM
105 LET S1=0

110 PRINT TAB(10)3"AVERAGE AND INSTANTANEOUS VELOCITY”

120 PRINT '

130 PRINT "THI1S PROGRAM CONSIDERS DISTANCE AS A FUNCTION OF TIME.,"
131 PRINT "D=F(T). 1IT WILL CALCULATE THE AVERAGE VELOCITY DURING"
132 PRINT “THE TIME INTERVAL T1:12 BY EVALUATING D AT THOSE TIMES”
133 PRINT "GIVING D! AND D2. THE RESULT OF (D2-D1)>/(T2-T1) YIELDS"
134 PRINT "THE AVERAGE VELOCITY. AS T2 1S BROUGHT CLOSER AND CLOSER"™
135 PRINT "TO Tl THE RESULTANT AVERAGE VELOCITY WILL APROACH THE"

136 PRINT "INSTANTANEOUS VELOCITY AT Ti."

138 PRINT

139 PRINT "AFTER THE PROGRAM STOPS, TYPE IN THE FOLLOWING:™

140 PRINT "(END EACH LIMNE, INCLUDING °RUN®', WITH THE °RETUBN'®' KEY)>"

141 PRINT

142 PRINT " 1 G0 TO 300°*

143 PRINT ™ 300 DEF FND(T)®ee..(YOUR FUNCTION OF TIME)eoo.o™
145 PRINT " RUN"

146 PRINT

147 PRINT "FOR EXAMPLE, TO USE THE EQUATION D=A*T#T VITH A=i”
148 PRINT 'YOU WOULD TYPE AS FOLLOWS:"™

149 PRINT

150 PRINT " 1 GO TO 300"

151 PRINT " 300 DEF FND(T)=1*T*T"
153 PRINT " RUN"

154 PRINT

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

156 PRINT “FOR SUBSEQUENT RUNS, YOU NEED ONLY CHANGE LINE 300 FOR"™
157 PRINT "A NEW FUNCTION, FOLLOWED BY *'RUN'."

160 STOP ' ’ c

290 REM CALCULATION OF SLOPE AND PRINTOUT

300 DEF FND(T)-!*T*T

301 PRINT

302 PRINT “skxxx"

303 PRINT

305 PRINT "WHAT ARE YOUR VALUES OF T1 AND T2 (SMALLER FIRST: T1,T2)"}
306 INPUT T1,T2

307 IF T8>T1 THEN 310

308 PRINT "T2 MUST BE GREATER THAN TIt1"™

309 GO TO 305

310 PRINT
311 PRINT "THE DISTANCE TRAVELED DURING THE INTERVAL 1S “FND(T2)-FND(T!)

312 PRINT "THE AVERAGE VELOCITY IS “(FND(TQ)-FND(TI))/(12-11) -

313 PRINT

314 PRINT "WOULD YOU LIKE TO CHANGE T2 (1-YES, 0-NO)"3

315 INPUT Qi C

316 IF Q1«1 THEN 330

317 PRINT "WHAT 1S YOU NEW VALUE FOR T2 (T2 MUST BE GREATER THAN T1)"}
318 INPUT T2

319 IF T2>T1 THEN 310

320 PRINT *T2 MUST BE GREATER THAN Ti!"™

321 60 TO 317 —
330 PRINT

331 PRINT "NOW WATCH THE AVERAGE VELOCITY AS T2 APPROACHES T1."
335 PRINT

344 LET DI=FND(T!)
348 PRINT " Tl = *"T1,” *," Dl = “FND(T1)

346 PRINT

l;ﬁil(;‘ ' 113 A




Phivsics
VIOCTY

350 PRINT * T2*,'" T2-T1",' D2%," D2-D1"," (D2-D1)/(T2-T1)"

352 PRlNT 1] __l‘,l‘ .__-_ll,ll _-",ll _____ l.,ll _____________ phigay 1}

361 LET D2sFND(T2)

370 PRINT T2,T2-T1,D2,D2-D1,(D2-D1)/(T2-T1)

380 IF ABS(T2-T1)«<.001 THEN 390

382 LET T2sT2-.5#(T2-T1}1)

B4 60 TO 361

390 PRINT

400 PRINT “NOTE THAT THE AVERAGE VELOCITY CHANGES VERY LITTLE"
401 PRINT "AS T2 APPROACHES Tl. T2 CAN NEVER EQUAL Tl SINCE" .. .
402 PRINT *(D2-D1)>)/(T2-T1) WOULD THEN RESULT IN A DIVISION BY ZERO."
470 PRINT '

480 PRINT *“xsuss’

490 PRINT

495 PRINT "™WOULD YOU LIKE TO TRY DIFFERENT VALUES OF Tl AND T2"
496 PRINT **(1-YES, 0-N0O>"3

498 INPUT QS

500 IF QS5>0 THEN 300

510 PRINT *TO CHANGE YOUR FUNCTION SEE THE INSTRUCTIONS.'

520 PRINT “IF YOU ARE FINISHED» TYPE °*1°'» AND THE °‘RETURN® KEY"
5§30 PRINT "AFTER THE PROGRAM STOPS.* ’ ’

540 END

114
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DISCIPLINE PHYSICS

SUBJECT WAVES

PROGRAM NAME WAVES

DE SCRIPTION:

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

OBJECTIVES:

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

PRELIMINARY PREPARATION:

A. Student - Some experience wita '' SLINKY'' wave superposition: knovledge
of pEase, amplitude, and wave length.

B. Materials - none

DI SCUSSION:

The student controlled wave ('' B'Y may have vavelengths ranging from
2 to 8, though only a wave length of 4 may be fully displayed. Its amplitude
can be varied between 5 and 11, -and its phase can be any decimal part of a

wavelength.
The fixed wave {''A'') has a wavelength of 4, and an amplitude of 10.

The display consists of both waves, side by side, and their superposition,
or just their superposition.

115
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WAVES AND TrAEla SUPERCOSLITION
DO YOU NEED INSInJCTIONS (1=YEs5, U=NO) 3 7 1

In IAls PuOGAM YOU MAY OBSENMVE [nE EFFECTS OF
CnANGING WAVELENGTR, AMrLlIUDEs AND PRAsE U 1'wQ
WwAVES AND ON 1ncli SUM (O SUPERPOSITIQON) .

WAVE 'A' 135 Flakve Ilis WAVELENGIn 15 4, 11> AMPLITUDE
s 1Us AND 115 raAsE I35 Ue

WaVE "8*' tAY pE CAANGED BY 10Ue FOi BEST iksJdLTS @
WAVELENGIH (L) BEIWEEN 2 AND 4
aMPLITUDE (A) BETWEEN 5 AND 1u
PRASE (P) BETWEEN U AND 1
(FOui EAAMPLE, «5 PnAsE = 1/2 WAVELENGIn

IT 15 EASIEsSy 10 SEE InkE EFFECTS OF CnANGE> 1N EACH
FARAMELER IF YOU noLD I'wO CONSTANT AND VAxY [HE OlnEf,
ALThOUGn ALL TnaeE MAY BE VARIED AT ONCE.

WAL {3 10U CnOICE OF WAVELENGTn, AMPLITUDE, AND PRASE? Zs1UsU

NOFATION? A = 'A' WAVE
' 3 = *B' WAVE
> = SUPEOsI1TION WAVE
A (CMe) -2u -1v v +1v +2u
il cnaa- I Joewcrencnw Jemmrcnces IR
U - 8,—7\
.2 - AL T8
o4y - .A.. .?\D\
.- MR
1 - .- "B -7 /é/
l1e2 - - o3’ /b j-\
l.4 - ?‘ fb v“—v‘
1.6 - 8 S A
Lo - S~BeJS A
2 - '\ s
2.2 - LA ‘.
2'“ - .‘A' \.ié
ceb - A S ‘B
2eb - A./b/ - —B-'
3 - /é - -8 -
3'& - /D &' - B’
'Jo“ - b\ S'A-
3.6 - 5 B, “A,
308 - \b“ﬁ- n.,
4 -
R e s R et I e I~-=-=--1
116
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WAVES AND THEIR SUPERPOSITION
DO YOU NEED INSTHUCTIONS (l=YES, O=NO) : 2 U

WHAT 135 YOUit CHOICE OF WAVELENGTH», AMPLITUDEs AND PHASE? 3,5,U«25

NOTATION: A = 'A' WAVE
B = *'B' WAVE
5 = SUPERPOSITION WAVE
A (CMe) =20 -1lv J +10 +2V
clecec]orccncca- [ececccnaa [ecencncnaa IR [e===]
0 -
.2 -
.Q -
.6 -
ot -
1 -
1.2 - :
le4 - ga
1.6 -
led - h
2 - B
2.2 - _#A‘
204 - ..A‘?'
246 - ‘.A -E
28 - ‘A ?
3 - A 2
3.2 - A
3.4 - "A' ?
36 - ‘A
3.8 -
4 -

WANT TO THY ANOTHER SET OF VALUES (1=YES, U=NO) 2 ? O

READY
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WAVES AND THEIR oJrenrO51T1ION
VU YOU NeEED INSTJCILIUNS (=15, U=NOD) 3 2 U

WAl I> Y0un CnUulce Or wAVELENCG 'As AMPLIIJDE, AND PRASE? 451Us b

LNULATIONS K = 'A' YAVE
3 = '3' wAVE
5> = SUPERFPOSITION WAVE
A CCMe) ~2u -1u V] +1iu +2U
e R e [-ceemmm= Jemmrwmne= I e [=-==--1
J - ,,B\_
2 - B ‘A,
Y - o g A,
PYe) - ',):)’ .? .‘:-L"
[ Y= - ‘5 l: ..‘?
1 - ﬁ ? A
le2 - q '\f “A
lea - N 3 S
1ot - ‘U‘ i '_ﬂ.
leo - \B‘ "‘.H'
e - ,ﬂ%\
2e2 - .,A' 3 S
2e4 - .‘J‘\‘ ? =N
Zeb - WA > “B.
20 - 3 § \1?
J -
Jed - ls‘ ..‘) ;
del4 - “A 3 Pg
3.6 - A y A
e - :'A—\." ol ’B
4 - B
L e === === Ivemmmmm= l-=-=-1

WANT [0 TaY ANUTHEs SET OF VALUES (1=YEs, 2=N0) & 2 0

H{EADY
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WAVES

v 00 TRrY ANUIAERR SET OF VALUES (1=1k>, u=nnd) ¢ 7 1

wiliy 1o YUUit CnullE OF WAVELENGIn, AMPLLluums, AiND PrnASE? 65 1UsuU

WOTATION: A = 'A' WAVE
B8 o= '43' WAVE
S o= SUrmr0siTlOn WAVE
A (Crlie) -2V -1l ) J +1lu +2J
R e I=-emmm e lmmmmmmmam lommmemman 1==-=1

U - B

e - tEETP*\\\

o4 - BUA, S

6 - Ba, S

(X~ - 25 A \.7

1 - BA \\
le2 - ‘h /D
l.4 - : A e

1.6 - A" B
lets - ,H.. bb/b
2 - .'.u-\" AB
2e2 - yA /D P
2e4 - .,A’ /D /B
206 - .,(-\/5 S8
2ol - !:\ S 'd
s - & o
-3.& - ‘D A.. 'oB
3.4 - 5 Ta, B
3.6 - 5 A
3.8 - Ns o8 A,
4 - g A
Y D ikt I IR Rl ===, [---=]

YANT TO Twur ANOTHEn SET OF VALUES (l=TEs, U=nQ) ¢ 2?2 1
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Physics
WAVES

WAl I> Y0Uu ChUICE UF waVeLewGln, ANMPLIVUUES, AND PRASE? 651UsU .25

NUFALTIUNG A = 'A' wAVE
U = 'B' wWAVUE
3 = oUrEsrdsillON wAVE
A (CMe) -2V -1lu U +1U +2U
e oo mme Il e Jemeerc e = l==-=-=1
U - A
od - .'l-\ ;?\5
l. Pl \
o4 - A B b\
.6 - '8. D
3 - ’b l'.\ .‘}
1 - LB Q P
1e2 = LB A S
Lo - e 5
1.6 = ) ’d /P- '
leb - LE”b fch
2 - ///B -'A.
2.2 - 578 AT
2.4 - ‘ 8,/
« -6 - /b/a 'grA.
2¢8 - D( B.
3 - s g
a - o 3
.4 - N ‘A,
5.6 - Ss WA
KX} - \D h\ .'A.
4 - \\\\B ‘en
“l-mme - [ermrmnme= o e e e m e [====1

WANT TO IrY ANOIHEn SET OF VALUES (l=YEs, u=N0Q) & 2 U

AEADY
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100
105
110
115
120
124
125
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
373
375
377
380
390
400
410
412
413
415
420
430
440
450
460
470

A Physics
e e e e [P e e e e e et e ae ee - .wAms v v e e s

REM JOHN W. HOSIE, NORTHPORT HS, PHYSICS5, $/9/68
REM REVISED BY C.LOSIK &-17-70

REM WE SORT THE W(I) TO PLOT THE WAVE VALUES.

REM L,A»P ARE WAVELENGTH» AMPLITUDE», AND PHASE

DIM w¢3)

REM TWwO PI 1

LET P2=2%3.14159

PRINT " ",'"WAVES AND THEIX SUPERPOSITION"

PHRINT "DO YOU NEED INSTRUCTIONS (1=YES, O=NO) : “;

INPUT A

IF A=Q THEN 350

IF A<>1 THEN 140

PRINT '

PRINT "IN THIS PROGHAM YOU MAY OBSERVE THE EFFEGCTE GF™

PRINT '""CHANGING WAVELENGTH» AYPLITUDE. AND PHASE ON TW%O0"
PRINT "WAVES AND ON THEIR SUi: (OR SUPERFOSITION) «"

PRINT

PRINT "WAVE ‘'A’' IS FIXED. ITS WAVELENG: IS 4, ITS £MPLITUDR"
PRINT 1S 10, AND ITS PHASE IS 0."

PRINT

PRINT "WAVE 'B' MAY BE CHANGED BY Y3u. ¥FOrn BEST RESILTS 2
PRINT ' ","WAVELENGTH (L) BETWEEN 2 &ND 4*

PRINT " ",'"AMPLITUDE (A) BETWEEN 5 AND 10"

PRINT '* ","PHASE (P) BETWEEN O AND 1®

PRINT " ","(FOR EXAMPLE, «5 PHASE = 1/2 WAVELENGTH"

PRINT

PRINT "IT IS EASIEST TO SEE THE EFFECTS % CHANGEZS IN EACH™

PRINT "PARAMETER IF YOU HOLD TWO COMSTANT AND VARY THE OTHEH,"
PRINT "ALTHOUGH ALL THREE MAY RE VARIED AT ONCE."
PRINT

PRINT "WHAT 1S YOUR CHOICE OF WAVELENGTIl» AMPLITUDF. AND PHASZ:

INPUT L,A-P

IF L>0 THEN 380

PRINT *WAVELENGTH IS5 ALWAYS5 A POSITIVE QMUANTITY.
GO TO 350

IF L<=8 THEN 410

PRINT "YOUR WAVELENGTH IS TOO LONG FOR GOOL DISPLAY.*
GO TO 350 .

IF L>=1 THEN 415

PRINT "'YOUH WAVELENGTH IS TOO SHORT FOR GOOD DISPLA-"
GO TO 350

IF ABS<A)Y<=15 THEN 440

PRINT *'YOUR AMPLITUDE IS TOO LARGE FOR DISFLAY."

GO TO 350

IF ABS(P=¢5)<=e5 THEN 470

PRINT "YOUR PHASE CAN ONLY BE BETWEEN O AND 1."

GO TO 350

PRINT
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WAVES
480 PRINT "NOTATION:'","A = 'A' WAVE"
490 PRINT ' ","8 = *'B' WAVE"
500 PARINT ** ","S = SUPERP(OSITION WAVE"
510 PRINT
520 PRINT " X (CMeD'"," =20 -1lu 0 +10 e
530 PRINT " '",'=]leccc]eccca=- c=lem——- mmme]eccncneaa we]ecmccccnn]cca]
540 FOR X=0 TO 4 STEP .2
545 PRINT " i INTC1O0*X+.5)/710,"-";

550 LET WC1)=INTC(1lO0*SINC(P24X/4)+.5)
560 LET W(2)mINTC(A*SIN(P2*%(X/L+P))+¢5)

570 LET W(3)=INT(WC(1)+W(2)+.5)

560 HREM FIND WHICA IS SMALLEST», THEN PRINT IT AND MAXIMIZE IT
600 FOR W=l TO 3

605 LET K=1E20

610 FO/ 1=]1 TO 3

620 IF W(I)>K THAEN 64U

630 LET K=W(I)

640 NEXT 1

650 PRINT TABC(K+40);

660 FOR 1=l TO 3

670 1IF ABS(W(1)=-K)><.0UU1l THEN 70UV

68C NEXT .

690 STOP

U0 IF l<>] THEN 730

710 PRINT "A';

720 GO TO 740

730 IF l1<>2 THEN 760

740 PRINT *'B";

750 GO TOo 780

760 IF 1<>3 THEN 690

770 PRINT '5';

780 LET W(1)X=lE25

790 NEAT u

795 PRINT "

80Q NEAT X

810 SRINT * “y¥=lecec]ecccacc=-a immemme- e e e e el it S
baQ PRriT

835G PRINT "WANT TO TRY ANOTHER SET OF VALUES (l=YES, O0=NO) 3 ';
840 INPUT A

850 IF A=] THEN 350

860 IF A<>2 THEN 820

£70 HXND

READY
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HUNTINGTON COMPUTER PROJECT

A TEACHER'S MANUAL

(COMPUTER - RELATED MATERIALS)

S econd Edition

January 31, 1971

Director: Dr. Ludwig Braun
Assistant Director: Dr. Marian Visich, Jr.

Polytechnic Institute of Brooklyn
333 Jay Street
Rrooklyn, New York '12C!

Developed by the Huntington Computer Project during tae period
May, 1968 and September, 1970. This effort was supported hy the
National Science Foundition under Grant No. J000079.
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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, aad by the Project staff,

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

hea: ing of any which emerge in the future.

These programs run in the vérsion 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), 1t may be necessary to make some minor
changes in programs to adjust this format, Another possible
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 uave especially anxious to hear of anV novel

ways of using them.

Ludwig Braun

Marian Visich, Jr.
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TABLE OF CONTENTS

Volume I

BIOLOGY

DROS
Game approach to determination of the genetic

characteristics of Drosophila.

EVOLU
Simulated experiment - The relationship between
evolution and natural selection is accomplished by
studying a population of mutant moths.

GAMGN
Review of gametogenesis usin diagrams and questions.

MEMBR
Experiment simulation showing the active and passive
transport of materials across @ membrane.

NZYMC
Simulated experiment - Degree of enzyme reactivity
varies as environmental conditions are changed.

NZYM2
Simnlated experimeint - Maximum enzyme reactivity is
shown as being dependent upon an interaction of
¢nvironmental conditions.

PHOSYN
Simulated experiment - Photosynthetic production of
sugar varies as student varies light intensity or
carbon dioxide concentration.

T e e el S —

EARTH SCILNCE

CLIMAT

Practice in identifyins eclirates and climatic patterns.

CLOUDS
Explores problems related to the fornwtion of cumu-

1liform clouds.-

WATER1

A tutorial program whicl goes through the calculations

of a water budget.

WATER2
Prints out a complete water budget.
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20

38

54
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Volume II

CHEMISTRY

ATWT .
Calculates atomic weight from percent abundance of

isotopes.

AVOGA
Calculates Avogadro's number.

DECAY1
Radioactive decav is treated qualitatively in a game-

type situation.

DECAY2
Calculates hc1f-life, mass and prints a table showing
mass or number of particles of a radioac* ve sample.

EMPIR
Calculates empirical formulas.

EQUIL1l, EQUIL2
Calculates the effects of concentration changes in the

equilibrium systems: 2HI=-‘-H2 + I, and PC15?=PC13 + €, .

KINET
Tabulates and graphs equilibrium concentration data.

MASSD :
Calculates mass defect.

MOLAR
Calculates molarity [rom titration data.

PHPOH
Calculates pil, pOl, and percent dissociation.

PRCNT
Calculates percent composition.

STOICH
Solves mass/mass, mass/volume, and vinlume/volume

problems.
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21

28

34

38

41
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Volume III

MATHEMATICS

ARITH
Review of multiplication skills. (General Math)

BANK
Solves financial problems concerning installment buying,

long term loans, and savings accounts.

CRVLEN
Computes tr 1length of any curve. (analytically defined)

CVAREA
Computes the area under any curve. (anaiytically defined)

GCD
Finds the greatest common divisor of any set of numbers.

LIMSIN
Evaluates the limit of sin x/x as x approa. hes zero, in
both radian and degree measure.

PI2
Computes the area of a circle using both inscribed and

circumscribed regular polygons.

PLOTTR
Plots the g.aph of any function.

PRIFA
Finds prime factors.

NUADRT
Degcribes the Eraph of the second-degree equation,
Ax™ + Bxy + Cy" + Dx + Ey + F = 0.

RATIO
Solves four the unknown in a proportion.

ROOTS2
Finds the real 1uots of the quadratic equation

ax“ + bx + ¢ = 0,

SETS
Finds the unicn and intersection of any two numerical
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21
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29
37

40

43
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MATHEMATICS (con't)
SIMEQN ‘ 53
Finds solutions to sets of up to ten simultaneous equations.

SLOFE 58
Computes the tangent slope for any function.

SQRT 62
inds the square root of counting numbers up to five
decimal places.

STATAL : 65
Calculates the arithmetic mean (average) of a set of
numbers.

STOCK" 69

Simulates the stock market.

SURFAR 80
Computes the area of any surface of revolution.

VOLSOL 83
Finds the volume of solids of revolution.




Volume IV

PHYSICE

BFIELD
A plot routine illustrating the B field about one and two
wire currents. (Electricity and Magnetism)

BOHR
Hydrogen line spectrum and energy level diagrams are
displayed. (Atomic and Nuclear%

CALORI
Calorimetry experiment to detexrmine the heat energy to
be supplied (or removed) from each mass to obtain the
equilibrium temperature. (Mechanics)

DECAY1
Radioactive decay is treated qualitatively in a game-
type situation.

DECAY2
Calculates half-life, mass and prints a table showing
mass or number of particles of a radioactive sample.

EFIELD
An extension of Coulomb's law. Finds the relative
field strength at a distance from a line and plane of
charge. (Electr1c1ty and Magnetism)

KINERV
Review of kinemacics: presents questions concerning the

movement of a ball in flight. (Mechanics)

LENSES
Solves lens problems. [Light and Waves)

MASSD
Calculates mass defect.

NEWTN?2
A pxoolematlc situation requiring repeated application
* Newton's second law. (Mechanics)

PHOTEL
Critical wavelength for photoelectric emission is to be
determined in a simulated experiment. (Atomic and

Nuclear)
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PHYSICS (con't)
PHOTON

How energy levels are determined from the emissions of
excited atoms. (Atomic and Nuclear)

PLANK
A photoelectric simulation. Students adjust the retarding
potential to determine the wavelength of randomly
selected electron emitting X-rays. (Atomic and Nuclear)

PRJITL
Loordinates and speeds are printed for a projectile
fired at selected speeds and angles (frictionless).
(Mechanics)

REFLCT
Least time principle of light is presented as a challenge
involving a game analogy. (Light and Waves)

SLITS
A plot routine permitting further exploration of Young's

Double-Slit experiment. (Light and Waves)

SNELL
A plot routine to aid in visualizing Snell's law.

(Light and Waves)

SPACE
Demonstrates the effects of changing velocity on orbital

motion. (Mechanics)

VFIELD
Plots a picture of the relative potential strength in the

region surrounding two charges. (Electricity and Magnetism)

VIOCTY
Demonstrates that average velocity (4 D/&T) approaches
a limiting value as AT20. A graph of D vg. T is
plotted for an acceleration of 1 meter/sec”. (Mechanics)

WAVES
Plots a graph of a fixed and a variable wave, and the
superposition of the waves. (Light and Waves)

57

61

68

72

76

92

100

105
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Volume V

SOCIAL STUDIES

BALANC
Simulates the effects of the relationship between costs

of production and revenues.

BANK
Solves financial problems concerning installment buying,
long term loans, and saviagse accounts.

ulates the effect of a change in consumption of the
ircular flow model of goods, services and money."

CONSMP
A simulation of economic depression and equilibrium as
effects of consumption.

STOCK
Simulates the stock market.

22



Volume VI

TEACHER ASSISTANCE

AVERG1 ’
Averages grades, lists value of curve, and adjusts

grades.

AVERG2
Sorts and averages grades.

FREQ
Prints a frequency distribution (bar graph) of grades.

GRADE
Prints a table of grades (in percentages), number of
questions missed, and number of questions answered
correctly.

ITEM1
Counts and prints number of times questions are missed.

ITEM2
Sums item analysis.

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

use)

STATAL
Calculates the arithmetic mean (average) of a set of
numbers. ‘
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DISCIPLINE__ SOGCIAL_STUDIES

SUBJECT DISTINCTION BETWEEN BAL -

ANCE OF TRADE AND BALANCE OF

PAYMENTS

PROGRAM NAME BALANC

DESCRIPTION:

This program demonstrates the distinction between ''balance of trade''
and''balance of payments.'" Also shown are the components that make up the
'"balance of payments'' account, and their individual impacts.

OBJECTIVES:

A. To emphasize the important distinction between"Balance of Trade,'' and
'* Balance of Payments.''

B. To demonstrate the impact of any specific foreign expenditure on our
'"* Bulznce of Payments.'

PRELIMIN.A\RY PREPARATION:

A. Student must obtain data for components of balance of payments for a given
year and country. )

B. Discussion of the concepts '’ balance of traded' and ' balance of payments'',
would be helpful but are not necessary.

~DISCUSSION:

A. Student level - average

B. Curriculum location - advanced economics: Unit on U. S. Economy in the
world. ‘
C. This program may be used either as a group exercise, or for individual study.
1
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SOCLAL STUDLES
BALANC

THERE®'S A DISTINCTION BETWEEN TRADE BALANCE AND
BALANCE OF PAYMENTS.

TRADE BALANCE = EXPORTS-IMPORTS.

BALANCE OF PAYMENTS® ALL OVERSEAS EXCHANGES+
ALL OVERSEAS EXPENDITURES.

WHEN INFORMATION IS REQUESTED» INPUT VALUES IN
MILLIONS OF DOLLARS (E«Ge 6 = 6 MILLION DOLLARS)

Ae
INPUT..A FIGURE FIRST FOR ALL MILITARY AID» THEN
FOR ALL° OTHER AID TO OTHER NATIONS.

7 12513

Be

INPUT A FIGURE FIRST FOR EXPORTS», THEN FOR IMPORTSe
? 256,23

Ce ’

INPUT A FIGURE FIRST FOR FOREIGNERS TRAVELING IN
YOUR COUNTRY», THEN FOR YOUR COUNTRYMEN TRAVELING
ABROAD. ’

? 254,6+56

De
INPUT A FIGURE FIRST FOR INCOME FROM FOREIGN INVEST-
MENTS, THEN FOR FOREIGN INVESTMENT ITSELF.

? 259,21
A. FOREIGN AID = o 25
B. BALANCE OF TRADE = - 233
Ce TRAVEL BALANCE = . 198
De INVESTMENT BALANCE = 238
BALANCE OF PAYMENTS = 644

(REMEMBER» IF A MINUS FIGURE APPEARS ABOVE,YOUR
COUNTRY HAS A DEFICIT IN ITS BALANCE OF PAYMENTS)

HOPE YOU UNDERSTAND THE DISTINCTION BETWEEN THE
BALANCE OF TRADE AND THE BALANCE OF PAYMENTS
BETTER NOW. -

READY

‘@ Copyright 1971, Polytechnic Institute of Brooklyn
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SOCIAL STUDIES
BALANC

1REMPROGRAM BY J«V«.SWARTZ, HALF HOLLOW HILLS,»7/68
SPRINT"THERE'S A DISTINCTION BETWEEN TRADE BALANCE AND"
TPRINT"BALANCE OF PAYMENTS."

SPRINT

1OPRINT''TRADE BALANCE = EXPORTS-IMPORTS."

1SPRINT

20PRINT"BALANCE OF PAYMENTS= ALL OVERSEAS EXCHANGES+"
22PRINT'"ALL OVERSEAS EXPENDITURES."

23 PRINT

25 PRINT "WHEN INFORMATION IS REQUESTED» INPUT VALUES IN"
27 PRINT "MILLIONS OF DOLLARS (E«.Gs 6 = 6 MILLION DOLLARS)"
30PRINT '

33 PRINT "A."

35PRINT"INPUT A FIGURE FIRST FOR ALL MILITARY AID» THEN"
36PRINT''FOR ALL OTHER AID TO OTHER NATIONS."

45 INPUT Fl,F2

SOLETF=Fl+F2

S2PRINT

54 PRINT "B."

SSPRINT"INPUT A FIGURE FIRST FOR EXPORTS» THEN FOR IMPORTS."
65INPUT Sl,s2 -

MLETS=S1-52

72PRINT

74 PRINT "C."
TSPRINT"INPUT A FIGURE FIRST. FOR FOREIGNERS TRAVELING IN"

76PRINT'"YOUR COUNTRY, THEN FOR YOUR COUNTRYMEN TRAVELING"
77PRINT'"ABROAD."

8SINPUTT1,T2

9OLET T=T1-T2

92PRINT

94 PRINT *"D."

9SPRINT'"INPUT A FIGURE FIRST FOR INCOME FROM FOREIGN INVEST=-"
96PRINT'MENTS» THEN FOR FOREIGN INVESTMENT ITSELF."
10SINPUT 11,12

1I0LET I=ll-12

11SLETPa=-F+S+T+l

11 7PRINT

118PRINT

120 PRINT "A. FOREIGN AID =",F

125PRINT

130 PRINT ''B. BALANCE OF TRADE =",S

140PRINT '

145 PRINT ""C. TRAVEL BALANCE =", T

1SOPRINT

155 PRINT "D. INVESTMENT BALANCE ='",1

158PRINT '

160 PRINT L L — ll,ll ",'l _____ °-___ll

162PRINT

170 PRINT *"BALANCE OF PAYMENTS =",P

171PRINT

1 72PRINT'*(REMEMBER, IF A MINUS FIGURE APPEARS ABOVE,YOUR"
173PRINT"COUNTRY KAS A DEFICIT IN ITS BALANCE OF PAYMENTS)"™
I81PRINT

185PRINT'"HOPE YOU UNDERSTAND THE DISTINCTION BETWEEN THE"
186PRINT"BALANCE OF TRADE AND THE BALANCE OF PAYMENTS"

18 7TPRINT'*BETTER NOW."

190END
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DISCIPLINE  MATHEMATICS-SOCIAL SCIENCE

SUBJECT FINANCIAL PROBLEMS

PROGRAM NAME BANK

DESCRIPTION:

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

problems.

OBJECTIVES:

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

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

PRELIMINARY PREPARATION:

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

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

DISCUSSION:

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

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

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

@ Copyright 1971, Polytechnic Institute of Brooklyn




' SOCIAL STUDIES
BANK

FINANCIAL PROBLEMS
THIS PROGRAM SOLVES THREE TYPES OF PROBLEMS3

C1) INTEREST ON INSTALLMENT BUYING
(2) PAYMENTS ON LONG TERM LOAN
€3) BALANCE OF A SAVINGS ACCOUNT

i WHICH PROBLEM WOULD YOU LIKE TO WORK WITH (TYPE 1, 2 OR N7 1

(LT TE ]

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

WHAT IS THE CASH PRICE OF THE ARTICLE (337 88.99
: DOWN PAYMENT ($)7 10
NUMBER OF PAYMENTS EXCLUDING THE DOWN PAYMENT7 18
NUMBER OF PAYMENTS PER MONTH? |
AMOUNT PER PAYMENT ($)7 4.85%

THE RATE OF INTEREST CHARGED WAS S5.69 PERCENT.

E L L2 2 ]

WOULD YOU LIKE TO RUN THE PROGRAM AGAIN (l~YES, 0=NO)7 1
SHICH PROBLEM WOULD YOU LIKE TO WORK WITH (TYPE 1, 270R’ N7 2

Ity
THIS SECTION WILL DETERMINE PAYMENTS FOR A LONG TERM LOAN.

WHAT 1S THE AMOUNT BORROWED ($)7 3000
’ INTEREST CHARGED (237 8

INTFRRUAI. RETUCTN DPavMEMTS f“’??k::.

TERM OF THE LOAN (YEARS)7 8

-

DO YOU WISH TO SEE THE TOTALS ONLY = INSTEAD OF THE ENTIRE
TABLE - {1-YESs 0- NO)? o : h

OUTSTANDING
PRINCIPAL AT PRINCIPAL
BEGINNING INTEREST DUE AT REPAID AT
PER!OD oF PER!OD END OF PER_IOD END OF PERIOD
1 3000 . 20 11568
2 2884.33 19.23 116.45
3 276787 18.45 117.23
aq 2650.64 1767 118.01
S 2532,.63 16.88 118.8°
6 2413.83 16.09 119.59
7 2294.24 15.89 120439
8 2173.85 14.49 12119
9 2052.66 13.68 122
10 1930.66 12.87 122.81
11 1807.85 12.08 123.63
12 1684.22 11.23 123.45
13 155977 10.4 125.28
14 1434.49 9.56 126.12
is 1308.37 8e72 126.96
16 1181.41 . 7+88 127.8
17 1053.61 7.08 128.66
18 924,95 617 129,51
19 795.44 S.3 130.38
20 66506 4.43 131.25
-3} $33.81 3.56 132.12
a8 401 .69 2.68 133
23 26869 1.79 133.89
U 24 134.8 9 134.78
TOTALS 25634 3000

YOUR MONTHLY PAYMENT IS $ 135.68 AND TOTALS $ 3256.34

5

35y
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Social Studies
BANK

Lo L 1]

WULD YOU LIKE TO RUN THE PROGRAM AGAIN (1~YES, 0-NO>? 1
WHICH PROBLEM WOULD YOU LIKE TO WORK VITH (TYPE 1, 2 OR 3)7 3

sanse

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

WHAT IS5 THE AMOUNT DEPOSITED PER INTEREST PERIOD ¢$)? 10000
HOW OFTEN IS THE INTEREST COMPOUNDED (MONTHS)>? 3 ©T
WHAT IS THE RATE OF INTEREST PAID (%37 5 =

FOR HOV LONG WILL YOU DEPOSIT MONEY (YEARS?? 5

THE BALANCE OF YOUR ACCOUNT AFTER 5 YEARS WILL BE $ 203500
.

she ks -

WOULD YOU LIKE TO RUN THE PROGRAM AGAIN (1-YES, 0-NO2?7 O

READY

@ Copyright 1971, Polytechnic Institute of Brooklyn
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100

101

110

115
120

130

132
134
136
138
140
182
144
146
147
148
150
155
160

260PRINT

270
280
281

285
266
290
291

295
296
300
360
361

362
370
3/
380
390
400
410
420
430
440
445
446
450
460
461

470
480
199
00
510

520
522
525
530
535
541

548
550

REM FINANCIAL PROBLEMS A

Social Studies

BANK

. VEBB 12767

REM REVISFD 8/25/70 (D. PESSEL) T
PRINT TABL:0)J“FINANCIAL PIOBLEMS"

REM REVISED BY W. TEPPER,
PRINT

WYANDANCH Hs+S5. 7/10/69

PRINT“THIS PROGRAM SOLVES THHEE TYPES OF PHOBLEMSs*"

PRINT

PRINT®
PRINT™
PRINT"
PRINT

PRINT“WHICH PROBLEM wOULD
INPUT Q1

PRINT

PRINT"s¢sna*

PRINT

IF Q1>2 THEN 620

IF Ql>1 THEN 260

GO TO 590

¢1) INTEREST ON
(2) PAYMENTS ON

PRINT

PRINT"WHAT 1S THE AMOUNT B
INPUT A
PRINT*
INPUT I
PRINT*"
INPUT P
PRINT"
INPUT Y
PRINT

INTEREST

TERM OF

PRINT“DO YOU WISH TO SEE THE TOTALS ONLY - INSTEAD OF

PRINT"TASLE - (l -YES, 0-NO
INPUT PSS’

PRINT

ir Pu>0 THEN 430
PRINT*"

PRINT"

PRINT*
PRINT"PERIOD
PRINT

LET Z=(Y®*}12)/P
LET K=(I*(P/12))/100
LET E=AsK/({=17{1+K)12)
LET E-INT(athU+-5)/lOO
LET C=A

LET F=Q

LET DI=0

LET T1=0

LET Ti{«Tl+l

IF T1>Z THEN 554

LET B=T]

LET Cm=C=-F

LET D=C#K

LET FsE=-D

LET C=INT(C*100++5)/100
LET D=INT(D#100++5)/7100
LET F-lNT(F#lOO+-5))lOO
LET D1aD1+D °~

IF P5>0 THEN 480

PRINCIPAL
BEGINNING
OF PERIOD

INSTALLMENT BUYING*
LONG TERM LOAN®

(3) BALANCE OF A SAVINGS ACCOUNT™

YOU LIKE TO WOHK WITH (TYPE 1, 2 OR 3)"3

ORROWED (333

CHARGED ()"}

INTERVAL BETWEEN PAYMENTS (MONTHS)"3

THE LOAN (YEARS)"J

)3

QOUTSTANDING'

AT
INTEREST DUE AT
END OF PERIOD

PRINT @JTAB(Il)}CJTAB(29?3D{TQB(48)JF

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

THE ENTIRE®

PRINCIPAL"
REPAID AT®
END OF PERIOD"
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853
354
555
556
358
559
560
561
564
565
566
567
568
569
570
590
600
610
620
621
630
631
640
6al
650
651
660
661
690
720
730
740
750
760
770
)

Social Studies
G0 TO 480"~ "~ BANK
IF PS<l THEN 561
PRINT
LET D1=INT(D1%100+.5)/100
PRINT"TOTAL INTEREST PAID - $"D1
PRINT"TOTAOL PRINCIPAL REPAID = $"A
GO TO 565
PRINT" messssscecceces emmmcanancaatt
PRINT"TOTALS"3TABC(29)3D13TABCA8)}A :
LE7 ES-INT((DloA)‘lOOo.S)/lOO .
PRINT
LET E6=ES/C(Y®18)/P)
LET E6-INT(100#E8+.5)/100
PHINT"YOUR MONTHLY PAYMENT 1S $"E6" AND YVOTALS S“ES
GO TO 1060
PRINT"THIS SECTION WILL DesERMINE THE ACTUAL INTEREST YOU PAY"
PRINT"UHEN YOU PURCHASE SOMETHIMG OoN CREDIT-" .
PRI
PRIN:"HHAT 1S THE CASH PRICE OF THE ARTICLE ($)"3
INPUT C
PRINT"’ DOWN PAYMENT ($)"3
INPUT D , T
Paxn;? NUMBER OF PAYMENTS EXCLUDING THE DOWN PAYMENT"}
INPUT'N ’ - ' : -
PRINT" NUMBER OF PAYMENTS PER MONTH''S
INPUT S
PRINT" AMOUNT PER PAYMENT ($)"}
INPUT R s
PRINT
LET B=R#N+D

-LET 1=B=C

LET M=N/(5*12)

LET T-l‘lOO/(B.ﬂ)
PRINT’

PRINT

LET T=INT(100#T+.5)/100

780PRINT "THE RATE OF INTEREST CHARGED WAST* PERCENT.”

790
aon
830
840
860
861
870
871
880
881
890
891
950
960
970
980
990

1000
1010
1020
1030
1040

GO TO 1060

PRIMTHTUTIC CEATINN QAT AN Amre metm mae asermm am - o
DO OTUT TOLLNCTZ ST N Ga

PR:NT"IN UHICH DEPOSITS ARE MADE REGULARLY-"
PRINT
PRINT"WHAT IS THE AMOUNT DEPOSITED PER INTEREST PERIOD (8)“3
INPUT A
PRINT":OW OFTEN lS THE INTEREST COMPOUNDED (MONTHS)"}

INPUT
PRINT"UHAT IS THE RATE OoF INTEREST PAXD (:)”}

INPUT C°
PRINT"FOR HOV LONG WILL YOU DEPOSIT MONEY (YEARS)”}

INPUT D
LET F=0
LET E-(C/lOO)/(lZ/B)
LET Gm(12/B)%D = °
LET Ti=0 ~ '~
LET Ti=Tl+1l

iF Ti=G+! THEN 1030

LET F’(E‘A’*(ﬂ#ﬁ’

GO TO 990

PRINT

PRINT

1045 LET F=sINT(100#F+.5)/100

1050
1060

PRINT"THE BALANCE OF YOUR ACCOUNT AFTER "D"YEARS VILL BE $"F
PRINT”

1070 PRINT

1080
1081

PRINT
PRINT"ssass"

1082 PRINT’
1084 PRINT™WOULD YOU LIKE TO RUN THE PROGRAM AGAIN (1-YES, 0-NO)"}

1086 INPUT Q4

1090
1100

IF Q4>0 THEN 142
END
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DISCIPLINE___ SOCIAL STUDIES
SUBJECT CIRCULAR FLOW BETWEEN

BUSINESS AND CONSUMER

PROGRAM NAME CIRFLW

DESCRIPTION:"

Simulation of the circular flow of goods, services, and money,
between business and the consumer in a free enterprise economy
without government control.

OBJECTIVES:
A. To explore the effect of personal congsumption upon business'
demand for productive services from the individual, and upon

personal income,.

B. To demonstrate that widespread uninvested savings can cause a
general drop in income. '

C. To demonstrate how credit buying can raise personal income,
in general.

PRELIMINARY PREPARATION:

A, Student

1, Terms to define:
a. propensity to eonsume
b. savings
c. credit
d. circular flow of goods, services, and money

T
2. Concepts for explanation or discussion:

Payment for goods and services

Payment for productive services: rent,
( wages, dividends, Interest \

CONSUMER BUSINESS

\ \ Productive services /
Goods and services

CIRCULAR FLOW

3490



Social Studies
CIRFIW

DISCUSSION:

A. Operational Suggestions

1., Student level-average to above average ability

2. Placement in curriculum-~ Unit: Economic growth and stability

3. Group size- may be used individually, with small groups, or as
a teacher demonstration,

B. Follow-up

Suggested classroom activities:
1. Use the circular flow chart to illustrate one or more of the
program "run-offd''. ‘
2. Discuss the lack of aggregate demand as a cause for recession;
and the rise in aggregate demand as a cause for growth or
inflation.

10
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THE FOLLOWING WILL SIMULATE THE EFFECT ON THE
CIRCULAR FLOW OF GOODS» SERVICES AND MONEY WHEN
ALL THE INDIVIDUALS IN THE ECONOMY SPEND ALL THEIR
INCOME. IF THE AVERAGE INCOME IS $2,500 AND

EVERY INDIVIDUAL SPENDS 100 PERCENT OF IT.

EACH INCOME VWILL BE IN EQUILIBRIUM=~THEY WILL

EARN BACK FROM BUSINESS $2500

THE FOLLOWING WILL BE A COMPUTATION OF THE

VALUES IN THE CIRCULAR FLOW

AVERAGE INCOME~ 2500

PROPENSITY TO CONSUME IS
100 PERCENT

INDIVIDUAL'S PAYMENTS FOR
GO0DS AND SERVICES- 2500

THE VALUE OF GOODS
AND SERVICES=- 2500

THE PERCENT OF PRODUCTIVE
SERVICES BUSINESS WANTS
IS 100 PERCENT.

THE RETURN INCOME
TO INDIVIDUAL=-2500.

THE ABOVE REPRESENTS THE AVERAGE OF ALL INDIVIDUAL
INCOMES IN THE ECONOMY. SINCE ALL INDIVIDUALS CONSUMED
100 PERCENT OF THEIR INCOME,THEIR RETURN INCOMEIS

100 PERCENT OF THEIR PREVIOUS INCOME. THIS HAPPENS
BECAUSE BUSINESS NEEDS 100 PERCENT OF THE PREVIOUS
PRODUCTIVE SERVICES TO MEET THE DEMAND.

THE RETURN INCOME TO THE INDIVIDUAL FROM
BUSINESS DEPENDS TO A LARGE EXTENT ON HOW

MUCH ALL INDIVIDUALS SPEND(THEIR PROPENSITY TO
CONSUME). COMMON SENSE TELLS US THAT IF AN IN-
DIVIDUAL SAVES PART OF HIS INCOME AND iNVESTS IT
IN A BANK, HE WILL RAISE HIS INCOME BY MEANS OF
THE INTEREST ON HIS SAVINGS. BUT IF ALL.OR MANY
OF THE INDIVIDUAL CONSUMERS IN THE ECONOMY CUT
THEIR CONSUMPTION, THEN THE OVERALL RETURN INCOME
TO THOSE INDIVIDUALS WILL PROBABLY DROP.

BY CHANGING THE PERCENTAGE OF YOUR PROPENSITY

TO CONSUME YOU CAN CHANGE YOUR INCOME.

A PROPENSITY TO CONSUME OF 100 PERCENT WILL,
IN THIS SIMULATION, GIVE YOU A RETURN INCOME
EQUAL TO YOUR ORIGINAL INCOME. ANY VALUE
MORE OR LESS:THAN 100 PERCENT WILL CHANGE
YOUR RETURN INCOME.

TYPE IN A VALUE FOR THE PROPENSITY TO CONSUME.,

A PERCENTAGE MORE OR LESS THAN 100 PERCENT.
PUT IT IN IN DECIMAL FORM (E.G. «75=75 PERCENT)

Qo ‘ . 11 39‘1
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CIRFIW

WHAT 1S THE VALUE? .75

BECAUSE YOUR PROPENSITY TO CONSUME IS LESS THAN
YOUR INCOME, YOU ARE SAVING MONEY. WE WILL ASSUME
THAT YOU DIDN°'T PUT IT IN A BANK BUT

RATHER STUFFED IT UNDER YOUR MATTRESS., SO

YOU WON'T RAISE YOUR INCOME WITH INTEREST

INDIVIDUAL 'S PAYMENTS FOR
GOODS AND SERVICES=- 1875

VALUE OF GOODS AND SERVICES
FROM BUSINESS= 1875

PERCENT OF PRODUCTIVE
SERVICES IN DEMAND=- 75

RETURN INCOME TO IN-
DIVIDUAL- 1875

YOUR RETURN INCOME

HAS DROPPED THE FOLLOWING

PERCENTAGE POINTS FROM

100 PERCENT=- 25

IF YOU WISH TO PUT IN ANOTHER PEHRCENTAGE VALUE
FOR THE PROPENSITY TO CONSUME», TYPE O

IF YOU WISH TO STOP THE PROGRAM, TYPE 1

21

READY

3@s

12
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100REM THIS PROGRAM BY JAMESEDER, NORTHPORT HS, 8/68
105 REM REVISED BY C.LOSIK 8-27-70
110REM IT*'S DESIGNED TO DEMONSTRATE THE CIRCULAR FLOW OF
120REM GOODS AND SERVICES IN THE U.Se. ECONOMY.
130REM THE FOLLOWING ARE DEFINITIONS OF THE SYMBOLS USEDs
140REM PER CAPITA INCOME 15 1,I03PROPENSITY TO CONSUME IS C.CO;
ISOREM PAYMENT FOR GOODS + SERVICZS 1S P,PO;VALUE QF GOODS IS
160REM V,VQ;PERCENT OF PRODUCTIVE SERVICES IS S,S0;
170REM RETURN INCOME IS R,RO
180PRINT''THE FOLLOVWING WILL SIMULATE THE EFFECT ON THE"
I90PRINT'"CIRCULAR FLOW OF GOODS, SERVICES AND MONEY WHEN"
200PRINT"ALL THE INDIVIDUALS IN THE ECONOMY SPEND ALL THEIR"
210PRINTINCOME. IF THE AVERAGE INCOME IS $2,500 AND"
220PRINT"EVERY INDIVIDUAL SPENDS 100 PERCENT OF IT,"
230PRINT''EACH INCOME WILL BE IN EQUILIBRIUM--THEY WILL"™
240PRINT''EARN BACK FROM BUSINESS $2500"
250PRINT"THE FOLLOWING WI{LL BE A COMPUTATION OF THE"
260PRINT'"VALUES IN THE CIRCULAR FLOW" .
270READI,C, 10

,,280DA.TA,<2500’_1 ’2500_ G OOy S G N
290PRINT
J00PRINT"AVERAGE INCOME-"31
310PRINT
320PRINT
330PRINT'"PROPENSITY TO CONSUME 1S"
340PRINT** 100 PERCENT"
350LET P=C=xl
360PRINT
370PRINT"INDIVIDUAL'S PAYMENTS FOR"
380PRINT'"'GOODS AND SERVICES-';P
390LETV=P
400PRINT
410PRINT"THE VALUE OF GOODS"
420PRINT''AND SERVICES="3V
430PRINT
440PRINT
450PRINT"THE PERCENT OF PRODUCTIVE"
460PRINT"SERVICES BUSINESS WANTS"
470PRINT"IS 100 PERCENT."
480PRINT
490PRINT
SOOPRINT"THE RETURN INCOME"
S10PRINT"TO INDIVIDUAL-2500."
S20PRINT
S530PRINT"THE ABOVE REPRESENTS THE AVERAGE OF ALL INDIVIDUAL'"
S40PRINT"INCOMES IN THE ECONOMY. SINCE ALL INDIVIDUALS CONSUMED'
S5SOPRINT'" 100 PERCENT OF THEIR INCOME,THEIR RETURN INCOMEIS*
560PRINT" 100 PERCENT OF THEIR PREVIOUS INCOME. THIS HAPPENS"
570PRINT"BECAUSE BUSINESS NEEDS 100 PERCENT OF THE PREVIOUS"
S80PRINT"PRODUCTIVE SERVICES TO MEET THE DEMAND."
S9OPRINT
GOOPRINT"THE RETURN INCOME TO THE INDIVIDUAL FROM"
6l0PRINT''BUSINESS DEPENDS TO A LARGE EXTENT ON HOW*
620PRINT"MUCH ALL INDIVIDUALS SPENDC(THEIR PROPENSITY TO"
630PRINT''CONSUME)+« COMMON SENSE TELLS US THAT IF AN IN="
GA0PRINT"DIVIDUAL SAVES PART OF HIS INCOME AND INVESTS IT"
6S0PRINT“IN A BANK, HE WILL RAISE HIS INCOME BY MEANS OF"
660PRINT"THE INTEREST ON HIS SAVINGS. BUT IF ALL OR MANY"
670PRINT"OF THE INDIVIDUAL CONSUMERS IN THE ECONOMY CUT"
680PRINT"THEIR CONSUMPTION, THEN THE OVERALL RETURN INCOME"
690PRINT"TQ THOSE INDIVIDUALS WILL PROBABLY DROP."
TO0PRINT"BY CHANGING THE PERCENTAGE OF YOUR PROPENSITY "
710PRINTTO CONSUME YOU CAN CHANGE YOUR INCOME.'
T2OPRINT
730PRINT"A PROPENSITY TO CONSUME OF 100 PERCENT WILL,"
740PRINT"IN THIS SIMULATION, GIVE YOU A RETURN INCOME"

ERIC | s 396
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TS0PRINT"EQUAL TO YOUR ORIGINAL INCOME. ANY VALUE"
T760PRINTMORE OR LESS THAN 100 PERCENT WILL CHANGE"
770PRINT"YOUR RETURN INCOME."

TBOPRINT
TOLETN=1

€00
810
820
830
840

85S0INPUTCO

PRINT
PRINT
PRINT
PRINT
PRINT

“TYPE IN A VALUE FOR THE PROPENSITY TO CONSUME,"
A PERCENTAGE MORE OR LESS THAN 100 PERCENT.'
“PUT IT IN IN DECIMAL FORM (Ee«Ge +75=75 PERCENT)*"

"WHAT 1S THE VALUE"3;

B860IFCO<1 THEN 960

8701FCO>1THEN 1030

8901FN=3 THEN930

S900PRINT"WE'LL GO BACK"

910LETN=N+1

920GOTO 800

930PRINT"EITHER YOU WERE CARELESS OR YOU WERE BEING *
940PRINT"WISE. IN EITHER CASE, SUFFER THE CONSEQUENCES.'"

950

STOP

. 960PRINT”BECAUSE YOUR PROPENSITY TO CONSUME IS LESS THAN"

970PRINT”YOUR INCOME, YOU ARE SAVING MONEY. WE WILL ASSUME"
980PRINT"THAT YOU DIDN'T PUT IT IN A BANK BUT"
990PRINT"RATHER STUFFED 1T UNDER YOUR MATTRESS, S0"
1000PRINT"YOU WON'T RAISE YOUR INCOME WITH INTEREST"
1010G0TO1070

1020PRINT
1030PRINT"BECAUSE YOUR PROPENSITY TO CONSUME 1S GREATER"
1040PRINT"THAN YOUR INCOME, YOU ARE BUYING ON CREDIT."
10SOPRINT"THAT -MEANS YOU ARE BUYING NOW WITH WHAT YOU EXPECT *
1060PRINT"TO EARN IN THE FUTURE."

10 70LETPO=10#*CO

1080PRINT )

1090PRINT"INDIVIDUAL 'S PAYMENTS FOR"
1100PRINT*"GOODS AND SERVICES=";PO
1110PRINT
1120LET VO=PO

1130PRINT"VALUE OF GOODS AND SERVICES"
1130PRINT"FROM BUSINESS-'"3V0
11SOLETSO=C0

1160PRINT
11 70PRINT"PERCENT OF PRODUCTIVE"
1180PRINT"SERVICES IN DEMAND=''3S0
1190LET RO=10%*50

1200PRINT
J210PRINT"RETURN INCOME TO IN-"
1220PRINT"DIVIDUAL-*;R0
1230PRINT
1240 IFR0 <2500 THEN 1270
1250 1FRO>=2500 THEN 1320
1260PRINT
1270 LET P2=INT(100-100#C0+.5)

1280PRINT"YOUR RETURN INCOME"

1290PRINT"HAS DROPPED THE FOLLOWING"

1300PRINT"PERCENTAGE POINTS FROM"

1310PRINT*100 PERCENT-"3P2

1320PRINT"™IF YOU WISH TO PUT IN ANOTHER PERCENTAGE VALUE"
1330PRINT"FOR THE PROPENSITY TO CONSUME, TYPE 0"
1340PRINT"IF YOU WISH TO STOP THE PROGRAM, TYPE 1"
13SQINPUT W

1355 PRINT

13601F W=0 THEN 800
1365 IF w<>1 THEN 1320
1370END

[

(f:i -
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DISCIFLINE SOCIAL STUDIES

SUBJECT DEPRESSION/EQUILIBRIUM

PROGRAM NAME CONSMP

DESCRIPTICGH:

This program simulates economic depression and equilibrium
as effects of consumption.

OBJECTIVES:

A. Depression or recession results when consumption drops below
the capacity to produce.

.B. - Equilibrium .results-when.consumption.equals. the capacity to produce. ... .. _.
C. One cause for " over-production”" is a time-lag in discovering a

drop in consumption.

PRELIMINARY PREPARATION:

A. Student - terms to define and explain:

1. Depression 6. Investment

2. Recession 7. Savings

3. Equilibrium 8. GNP

4. Under-consumption 9. Productive Services

5. Overproduction

B. Materials - Introduce this program with the Circular Flow model
of goods, services and money. (See program CIRFIN)

DISCUSSION: ™

JA. Operational Suggestions

1. Student level - above average
2. Curriculum location - advanced economics unit on economic

growth and stability.

B. Suggested Follow-up

Discussion topics:

1. Consider possible causes for a drop in consumption.

2. With advanced students, discuss the (Keynesian) concept of
" equilibrium at less than full employment. "

15
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CONSMP

THIS PROGRAM SIMULATES THE EFFECTS OF‘CONSUHPTION ON THE
@WP. IT PRINTS OUT THE VALUES FOR THE COMPONENTS OF THE
CIRCULAR FLOW MODEL OF GOODS, SERVICES AND MONEY.

ASSUME GNP 1S 100 BILLION.
TYPE IN A VALUE FOR PROPENSITY TO CONSUME.

MAKE THE VALUE BETWEEN O AND 75
? «75

ORIGINAL GNP- 100

PROPENSITY - TO
CONSUME=.. «75

CONSUMPTION= 75

VALUE OF GOODS
+ SERVICES- 75

SAVINGS- 25

INVEST.- 25
LABOR=- 75
RETURN GNP- 100

EQUILIBRIUM.

TC PUT IN ANOTHER CONSUMPTION VALUE,TYPE O.
TO STOP., TYPE 1

?0 .

TYPE IN A VALUE FOR PROPENSITY TO CONSUME.
MAKE THE VALUE BETWEEN O AND .75

? .80 :

READ CAREFULLY3 INPUT AGAIN.

? 1".70 "

IF STARTING .TYPE 100¢(GNP)>;IF NOT
STARTING,TYPE VALUE OF RETURN GIP.

? 100 :

ORIGINAL GNP- 100

PROPENSITY TO
CONSUME=- «7

CONSUMPTION- 70
VALUE- 70
SAVINGS- 30

INVESTMENT BY PERIODS3
1-3MONTHS 5

4-6MONTHS 49375
7-9MONTHS 4.875 ) .
10-18MONTHS 4.8125 e
END OF 12TH MONTH 4.75 -
TOTAL FOR YEAR 24.375

PP

A
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OVER=INVESTMENT

" 'LABOR3

 1-3MONTHS- «15
4=-6MONTHS- 1475
T=9MONTHS- .145
10-12MONTHS~- 1425
END OF 12MONTH- .14
TOTAL FOR YEAR- 1725

GNP

1=3MONTHS~- 15
4=-6MONTHS~- 14.9875
7T=9MONTHS- 14.975
10-12MONTHS=- 14.9625
END OF 12 MONTH- 14.95
TOTAL FOR YEAR~- 94.375

RECESSION

INVENTORY OVERPRODUCED=- 23.125

TYPE DECIMAL VALUE FOR PROPENSITY TO
i & ¢ K B ) e

? <65

IF STARTING »TYPE 100C(GNP)3IF NOT

STARTING,TYPE VALUE OF RETURN GNP.

? 94.375

ORIGINAL GNP- 100

PROPENSITY TO
CONSUME=- .65

CONSUMPTION=- 61.34375
VALUE=- 61.34375
SAVINGS=- 33.03125

GNP- 63.21875

TYPE DECIMAL VALUE FOR PROPENSITY TO
CONSUME

?7 «60

IF STARTING ,TYPE 100<(GNP)ZIF NOT
STARTING,»TYPE VALUE OF RETURN GilP.

? 63.21875

ORIGINAL GNP- 100

PROPENSITY TO
CONSUME- .6

CONSUMPTION= 37.93125
VALUE- 37.93125
SAVINGS- 25.2875

GNP~ 41.68125

TYPE DECIMAL VALUE FOR PROPENSITY TO
CONSUME

? <55

IF STARTING ,TYPE 100(GNP)3IF NOT
STARTING, TYPE VALUE OF RETURN GNPe.

? 41.68125

400

17
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ORIGINAL GNP- 100

FROPENSITY TO
CONSUME- ,55

CONSUMPTION- 22.,92469
‘VALUE- 22.,92469
SAVINGS- 18.,75656

GNP- 28+.54969
TYPE DECIMAL VALUE FOR PROPENSITY TO

CONSUME o \ e e Ama RS @ eies dem o NEAE A s ek e fh mee e een o Aa s vemes e ia e e s e

. S e

1C

READY

‘?0{

18
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100REM~-PROGRAM BY JAMES EDER» NORTHPORT HS, 8/68
110REM~-REVISED~~8/12/69~-~<R0OD>

115 REM REVISED BY C.LOSIK 8-27-70

120PRINT"THIS PROGRAM SIMULATES THE EFFECTS OF CONSUMPTION ON THE"
130PRINT"GNP« IT PRINTS OUT THE VALUES FOR THE COMPONENTS OF THE"
140PRINT"CIRCULAR FLOW MODEL OF GOODS» SERVICES AND MONEY."
170PRINT .

180READY,P1

190DATA100,.75

200PRINT"ASSUME GNP IS 100 BILLION."

210 PRINT "TYPE IN A VALUE FOR PROPENSITY TO CONSUME."

220 PRINT °*MAKE THE VALUE BETWEEN O AND 75"

230LETC1i=Y=*P1

240LETI §»Y--C1

250 LET =0

250 INPUT P2

2565 LET MNeli+]

266 1F P2<0 THEN 220

SV0LIFP2me TSTHEN420

3101 FN=2THEN360
320 IFN=3THEN390

330PRINT'READ CAREFULLY3INPUT AGAIN.'
350G0T0260

360PRINT*COME ONe..I1°'M WARNING YOU."
380€0T0260

390PRINT"0K WISE GUY,YOU'RE OFF.'

40060701930

410PRINT

420LETVi=C1

430LETS1=Y-C1

440LETL1=P1

4SOLETYi=C1+11

460PRINT

470PRINT"ORIGINAL GNP-'';Y

480PRINT

490PRINT"PROPENSITY TO"

SOOPRINT'"CONSUME=~";P2

S10PRINT

S20PRINT"CONSUMPTION-"3C1

S30PRINT '

S40PRINT"VALUE OF GOODS"

SSOPRINT*'+ SERVICES-'';V1

S60PRINT

STOPRINT*SAVINGS-"3S1

S80PRINT

S90PRINT"INVEST.~"311

G600PRINT

610PRINT"LABOR=-"";L1

63CPRINT

630PRINT"RETURN GNP-';Y!

G40PRINT

650PRINT"EQUILIBRIUM."

660PRINT

670PRINT

G6BOPRINT

690PRINT"TO PUT IN ANOTHER CONSUMPTION VALUE,TYPE 0"
P9PRINT"TO STOP, TYPE 1"
710INPUTQ8

720 IFQ8=0THEN210
7301FQ8=1THEN1930
740PRINT"TYPE DECIMAL VALUE FOR PROGPENSITY TO"

19
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TSOPRINT"CONSUME"

760G0T0260

770PRINT"IF STARTING »TYPE 100(GNP)>31F NOT"
780PRINT'STARTING,TYPE VALUE OF RETUHN GNP."
T90INPUTYSB

B0OLETC2=P2xY8

810LETV2=C2

B20LETS2=Y8-C2

830PRINT

B40PRINT"ORIGINAL GNP=-"3Y

850PRINT

860PRINT"PROPENSITY TO *
8TOPRINT"CONSUME=-"3P2

880PRINT

B890PRINT"CONSUMPTION=-"3C2

900PRINT

910PRINT'"VALUE=-";V2

920PRINT

930PRINT"SAVINGS="";52

940PRINT

e - SSOLETQa C L LI MCRP L =P 2 ) . o it i e & e e e e e e

960LETIZ2=] 1]
9TOLETZ2=12%.20
9B80LETI3=I1~-(.25%Q)
990LETL3=]13*.20
1000LETI4=]1~(.50%4)
1010LETZ4=14%.20
1020LETIS=11~(.752Q)
1030LETZ5=15%.20
1040LETI6=]11~-4Q
1050LETZ6=]16%.20

1060LETI 7222+Z3+24+L5+%6
10 70LETF=(C2+12)>~0
1080LETO=17~-Q
1090LETF1=sF=~-01
1100LETOl=F-Q
1110LETF2=F1-02
1120LETO2=F1=~-Q
1130LETF3=F2-03
1140LETO3=F2~-Q
1150LETF4sF3-04
1160LETO4=F3~-Q

11 70LETFS=F4-05
1180LETOS=F4~-Q
1190LETF6=F5-06
1200LETO6=F5-Q

12101 FF<Y7THENI1 760
12201FF 1<FTHENI 780

12301 FF2<F1 THEN1800

12401 FF3<FETHEN1820

12501 FF4<F3THEN1840

12601 FFS<FATHEN1860

12701 FF6<F5THEN1880
12B0PRINT"INVESTMENT BY PERIODS3"
1290PRINT" 1 ~3MONTHS" 322
1300PRINT"4~-6MONTHS'*343
1310PRINT'" 7-9MONTHS"3Z4
1320PRINT*"10~12MONTHS'" 325
1330PRINT"END OF 12TH MONTH"3Z6
1340PRINT"TOTAL FOR YEAR"317
1350PRINT
1360PRINT''OVER~-INVESTMENT"

20 403
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1370PRINT
1380LETQ2=P | -P2
1390LETL2=P |
1400LETX2=L2%* .20
1410LETL3=pP2+(. 75%Q2)
1420LETX3=L3%.20
1430LETL4=P2+( . 50%Q2)
1440LETX4=L4% - 20
1450LETLS=P2+(.25%Q2)
1460LETX5=L5% .20
1370LETL6=P2
1480LETX6=P2% .20
1490LETL7=X2+X3+X4+X5+X6
1S00PRINT'LABORS"
1S10PRINT" 1 =3MONTHS=-"";X2
1S20PRINT"4-6MONTHS-""3X3

lsaopal NT" 7-9M0NTHS-" ;xa e S T S L PP S R B L T

IS40PRINT " 10-12MONTHS-";X5
15SOPRINT"END OF 12MONTH=''3X6
1S60PRINT"TOTAL FOR YEAR='";L7
15 70PRINT
I1S80LETY2={C2+Z2)*.20
ISQOLETY3=(C2+43)%.20
1600LETY4=(C2+24) % .20

16 10LETYS=(C2+25) % .20
1620LETY6=(C2+26)*.20

16 30LETY7=C2+17
1640PRINT" GNP $"*

16 SOPRINT" 1 -3MONTHS~"; Y2
1660PRINT"4-6MONTHS=-""3Y3

16 70PRINT" 7-9MONTHS-""; Y4
1680PRINT'10-12MONTHS=""; Y5
1690PRINT"END OF 12 MONTH=~"3Y6"
1 700PRINT"TOTAL FOR YEAR-";Y7
1 710PRINT
1720PRINT''RECESS10ON"
1730LETO=17-Q

1740PRINT" INVENTORY OVERPRODUCED=-'';0
1750 GOTO 740

1760PRINT"GNP=""3F

1770 IFF>0 THEN 740
1780PRINT"GNP-=-""3F1

1790 1FF 1 >0 THEN 740
1800PRINT'" GNP -=""3F2

18 01FF2>0 THEN740

1820PRINT'" GNP--""3F3
18301FF3>0THEN 740

18Q0PRINT'  GNP-=-"";F4
18501FFA>0 THEN740
1860PRINT"GNP~-"";F5S

18 70 IFF5>0 THEN 740
1880PRINT"'GNP-=""3F6

1890PRINT

1900PRINT"TOTAL DEPRESSION"
1910G0T0690

1920PRINT

1930END

Q o 401
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DISCIPLINE MATHEMATICS, SOCIAL STUDIES

SUBJECT THE STOCK MARKET

PROGRAM NAME STOCK

DESCRIPTION:

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

ORJECTIVLS:
A, To give the student a simple understanding of the oper-

ations of the stock market.

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

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

PRELIMINARY PREPARATION:

A. Student - no special preparation
B. Materials - possibly graph paper
DISCUSSION:

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

The program continues 1for as many trading days as the student de-

sires.

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

formula is:

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

22
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Mathematics-Social Studies
STOCK

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

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

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

Because of the random generation of stock values and their
fluctuations, the program does not exactly simulate the real market.
It docs, however, provide a simplified view of what does happen,

..and familiarizes the_student with_the basic. functions .involved. - -This- - -
should be explained to the students, along with some real causes

of stock-market fluctuations.

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

23
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Social Studies
STOCK

THE STGCK MARKET

DO YOU WANT THE INSTRUCTIONS (YES-TYPE 1, hO-T’{PE 0?1

TH1S PROCRAM PLD“L’S THZ STOCK MARKEY. YOU WILL BE GIVEN
310,000 At\‘D -MAY PUY OR SELL STCCISe THE STOCK PRICES WILL
BE CTHERATED RANDCHLY AND THEREYORE THIS LIODEL DOES NOT®

SENT RIACTLY UHAT HAPPENS OF TLHE EXCHALIIGEe A TABLE

OF AVAILABLE STOCKS. THEIR PRICES, AND THE LUMBER OF SHARES
IN YOUAL PORTFOLIU VILL EL PRILTEDe FCLLOVILG THIS» THE
INITIALS OF EACH STOSI VILL D PRINTED WITH A QUZSTION

MARI(, JIERE YOU I!'DICATE A 7TiL.l!SACTION.

70 BUY A STOCK

TYPE <livds TO SULL A STOCK TYPE ~KNN» WHERE NNN IS THE
NUMSCR OF SHANESe. A BROKERAGE FEE OF 12 WILL BE CHARGED
N ALL TRANSACTIC'ISe [OTE TIUAT IF A STOCK'S VALUE DROPS
T0 ZrRO IT MAY NLUOUND TO A POSITIVE VALUZ 'AGAINe YOU
HAVZ $10,000 TO I11:VZST. USE lUTLCGEHS FOR ALL YOUR INPUTS.
{NOTC$ TO GET A °'FEEL® FOR TRE MARKET RUN FOR AT LEAST

10 DAYS)

STOCK INITIALS
INT+ BALLISTIC MISSILES 188"
FED CROSS OF AMFRICA ACA
LICHTENSTEIN, BUZRAP & JOKE LBY
AMERICAN BANKRUPT CO. ABC
CENSURZD BOOKS STORE cBs

NEW YORKX STOCK EXCHANGE AVERAGES 113.75

TATAT CTAMY AQCHRTR ADC e N

TOTAL CHSH ASSCTS ARE 8 10000
TOTAL ASSETS ARS $ 10000

WHAT 15 YOUR TRANSACTION IN
18147
RCA?
LBJ?
ABC?
cBs?

c- e ) X

seseskesss END OF D@Y'S TRADING

STOCK PRICE/SHARE HOLDINGS
1BM 98.5° g -
fACA 81 3

L8J 1535 1

ABC 1358 1

cas 99 i

MEV YORK STOCK EXCHANGE AVERAGE: 113.1

TOTAL STOCK ASSETS ARE $ 824
TOTAL CASH ASSETS ARE $ 9166.85
TOTAL ASSKETS ARE $ 9790.85

PRICE/SHARE
85¢7%
85.58
15525
138
104.2%

VALUE + 'NET PRICE c%ﬂﬂcg
193 107%°
243 «4.5 .,
153.5 “l1e78
1358 2.5
$9 =585

NET CHANGES =.65

DO YOU WISH TO CCHTINUE (YES-TYPE 1, NO-TYPE 017 1

WIAT IS5 YOUR TRAWG CTION IN
1BM?
RCA?
1LBJ7
ABC?
cas?

© »e pe e (0

24
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Social Studies

STOCK
sstssessss  END OF FAY'S TRADING
STOCK PRICE/SHARE  HOLDINGS VALUE
154 98.75 7 691.25
f2A #2.5 4 330
Lay 154 2 308
A%C 133.5 8 267

NEV YORK STCCHK LXCHAMIE AVERAGE! 114.3  NET CHANGE®

TOTAL STCCK ASSETS ARE S 1699
TOTAL CAS!l ASSETS ARE S £305.83
TOTAL ASSETS ALK 3 10004.23

DO YOU WISH TO CONTINUE (YES-TYPE 1, NO-TYPE 037 1
AT 1S YOUR TRANSACTIGN IN ’ o7
mn? 3 T )

RCA? 2

LBJ? 5

ARC? =1

sssssssses LND OF DAY'S TRADING

STOCK PRICE/SHAIE  HOLDINGS VALUL
154 99.25 " 10 © 992.%
1N 82.85 8 493.5
LBY 154.75 1 1083.25
ASC 133.5 1 133.5
cas 103.25 A 413

NEV YORK STOCK EXCHANGE AVERAGES 114.6  NET CHANGE:

TOTA. STOCK ASSETS ARE $ 3115.75
TOTAL CASH ASSETS ARLC $ 6882.5
TOFAL ASSETS ARE $ 9998.85

DO YOU WISH TO CONTINUE (YES-TYPE 1, NO-TYPE 017 1
(AT 15 YOUR TRANSACTION IN ’
M7 8

RCA?
LBU?
ABC?
cas?

bwnw

tensssssex END OF DAV'S TRADING

STOCK PRICE/SHARE  HOLDINGS VALUE
i 96.75 A 1451.85
fica 80.5 9 784.5
LBy 150 18 1800
ARC 132 4 $88
Ccas 98.75 8 790

NET PR!CE CHANG!
8.85 U
1.8

NET PRICE CHANGE
(3.3
-85
75
]
5

o3

NET PRICKE CHANGE
“8e8 A
=175

~4,7%

'105

“4.5

NEV YORK STOCK CXCMANGE AVERAGE: 111.6  NET CHANGEs =3

TOTAL STNCH ASSETS ARE $ 5893.73
TOTAL CAS%: ASSETS ARE $ A4328.$5
TOTAL ASSLYS e ’ $ 9628.7
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DO YOU VISH TO CONTINUE (YES-TYPE 1, NO-TYPE 077 !
WIAT IS YOUR TRANSACTION IN -
1047 0 -

RCA? -5

B? =7

ABC? 0

cas? -5

«sosssssns END OF DAY'S TRADING

STOCK FRICE/SHARE  HOLD1MNGS VALUE NET PRICE CHANGE
1BM 9875 18 145125 (o -
RCA 66475 4 %67 “13.75

LBJ 15075 5 75375 75

ABC 132 4 538 o

cos 95415 3 BB 7+E5 =3

NEV YORK STOCK EXCHANGE AVERAGE: 108.4 NET CHANGEs =3.8

TOTAL STOCK ASSETS ARE $ 3287.25
TOTAL CASH ASSETS ARE $ 6455.74
TOTAL ASSETS ARE $ 974299

PO YOU WISH TO CONTINUE C(YES-TYPE 1, NO-TYPE 0)? 1
WHAT 1S YOUR TRANSACTION IN °
1BM? =10 )

RCA? =2

LBJ? 2

ABC? &

¢8S? 0

esssssssss END OF DAY'S TRAD;NG

stTocK PRICE/SHARE HoLDINGS VALUE A NET PRICE CHANGE
BN’ BT - 4375 9,85 o
-RCA 50 e 116 =8+75
La8J 13585 7 94675 =155
ABC 1835 6 738 =95

3 £96.35 3

c8s 98475

NEV YORX STOCK EXCHANGE AVERAGE1 1604 NE7T CHANGEY =8

TOTAL STOCK ASSETS ARE $ 25315
TOTAL CASH ASSETS ARE $ 6774458
TOTAL ASSLETS AHE $ 9506408

PO YOU VISH TO CONTINUE (YES-TYPE l» NO-TYPE 007 1
WAT 1S YOUR TRANSACTION IN : T
16M? =4 ’ )

RCA? -1

LBJ? -6

fABc? -8

¢35t -2

@ Copyright 1971, Polytechnic Institute of Brooklyn
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Social Studies
STOCK

$ssesssses END OF DAY'S TRADING

STOCK PRICE/SHARE HOLDINGS VALLE NET PRICE CHANGE
134 80 B 80 *7e8

RCA si i 51 -7

LBJ 181.75 1 18175 =138

A3C 1095 A 438 -§13

@s 915 1 PleS5 -7.85

NEV YORK STOCK EXCHANGE AVERAGES 90.73 NET CHANGEY =9.65

TOTAL STOCK ASSETS ARD $ 78285
TOTAL CASH ASSLTS ARE $ 8619.96
TOTAL ASSETS ARE $ 9402.81 e

DO YOU Wil TO CONTIINUE (YES-TYPE I, NO-TYPE 0371
AT Is tYlun THANSACT1ON IN

N2 O

RCA? O

LBJ? O

ADC? =3

cBsS? O

sseseseses END OF DAY'S TRADING

sTocK PRICE/SHARE  HOLDINGS VALUE NET PRICF CHANCS
1AM 77e5° O e -8.8
RCA s2.25 1 . 58405 1.25
L3J 119.25 ! 119.03 “2.5
e 107 1 107 -2.5
L 98.25 .75

@s 92.25

NEV YORK STOCIC EXCHANGE AVERAGES 89.65 NET CHANGES =1.%

TOTAL STOCIt{ ASSETS ARE $ 448.35
TOTAL CASH ASSETS ARE $ 8945.18
TOTAL ASSETS ARE $ 9393.43

DO YOU WISH TO CONTINUE CYES-TYPE i, NO-TYPE 037 1
WIAT 1S YOUR TRANSACTION IN

IE:92 O

fCA? O

L3J2 0

AnC? 0

cBs? 10

*#séssestes END OF DAY'S TRADING

STOCK PRICE/SHARE  HOLDINGS VALUE NET PRICE CULIANGE
18M 745" | N 74.5 -3 - ‘
RCA 54 1 sS4 175
LOJ 107 1 107 -18.85
ABC 108 ] 108 1}
cas $073 1 998.08 ~les
27
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NEV YORK STOCK EXCHANGE AVERAGES 86.85  MET CHANGE: -2.8

TOTAL STOCK ASSETS ARE $ 1341.75
TOTAL CAlll ASSETS NARE $ 8013.46
TOTAL ASIETS ARE $ 9355.21

DO YOU VISH TO CONTINUE (YES-TYPE l» NO-TYPE 027 1
WHAT IS YOUR TRANSACTION IN

8?7 8

RCA? 6

LBJ? 10

ASC? 10

cBs? 10

«hsessssss END OF D@Y:S TRADING

STOCK. PRICE/SHARE  HOLDINGS VALUE NET PRICE CHANGE
1BM 7% -2 432 =2.5 .

RCA 58.5 7 367+5 =105

LB 105 11 1185 -8

ABC 103.3% 1t 113575 =4.75

C8S 91.5 81 1981.5 " e75

MEV YORK STOCK EXCHANGE AVERAGES 84,65  NET CHANGE: -8
TOTAL STOCK ASSETS ARE $ 5011.75

TOTAL CASH ASSETS ARE  $ 422{.92

TOTAL ASSETS ARE $ 9233.67

DO YOU UISH TO CONTINUE (YES=TYPE 1, NO-TYPE 037 0

HOPE YOU HAD FUNIt

RBADY -

28
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Social Studies
STOCK

100 REM STOCHK MAAKET SIMULATION =STOCK-

101 REM RAEVISED b/18/7U (D. PESSEL» L. BRAUN» C. LOSIK)

102 REM IMP VHBLS: A-MRKT TRND SLPj; B5-8AKHGE FEE; C-TTL CSH ASSTS:

103 REM CS-TTL Csh ASSTS (TEMP)Y3 C(I)>-CHNG IN STK VAL; D-TTL ASSTS;

104 REM El,E2-LRG CHNG MISC5 I-STCxk #5 I1,I2-STCKS W LHG CHNG;

105 REM N1,N2-LRG CHNG DAY CNT53 £5-TTL DAYS PHCHSS; P(I)=PATFL CNTNTS;
106 REM QY-NEW CYCL?5 S4-SGN OF A S5-TTL DYS SLS3 SCI)-VALUE/SHA;

107 REM T-TTL STCK ASSTS; T5=-TTL VAL OF TaNSCTINS;

108 REM W3-LnG CHNGS Al=-SMLL CHNG(<$1)5 L4,45,46-NYSE AVE.; Z(I)=-TRNSCTN
109 PRINT TAB(2U);3"THE STOCK MARKET"

110 DIM S(53,P(5),4(5),C(5)

112 AEM SLOPE OF MARKET TREND:A (SAME FOR ALL STOCKS)

113 RANDOMIZE

114 LET A=sINTC((RNDC(X)/1U)*100+.5)/100

115 LET TS5=0

116 LET X9=0

117 LET Nl=u

118 LET N2=u

119 LET El1=0

120 LET E2=v

121 REM INTRODUCTION

122 PRINT "DO YOU WANT THE INSTHUCTIONS (YES-TYPE 1, NO-TYPE Uv)'";

123 INPUT 49

124 PRINT

125 PRINT

126 IF 49<1 THEN 20V

130 PRINT "THIS PROGRAM PLAYS5 THE STOCK MARKET. YOU WILL BE GIVEN"
132 PRINT "$i0,000 AND MAY BUY OR SELL STOCKS. THE STOCK PRICES WILL"
134 PHINT "BE GENERATED RANDOMLY AND THEREFORE THIS MODEL DOES NOT'
135 PRINT "HREPRESENT EXACTLY WHAT HAPPENS ON THE EXCHANGE. A TABLE"
136 PRINT "OF AVAILABLE STOCKS» THEIR PRICES, AND THE NUMBER OF SHARES"
137 PRINT "IN YOUR PORIFOLIO WILL BE PRINTED. FOLLOWING THIS, THE"
138 PRINT "INITIALS OF EACH STOCK WILL BE PRINTED WITH A QUESTION'"

139 PRINT "MARK. HERE YOU INDICATE A TRANSACTION. TO BUY A STOCK"
140 PRINT "TYPE +NNN» TO SELL A STOCK TYPE -NNN, WHERE NNN IS THE"

141 PRINT '""NUMBER OF SHARES. A BROKERAGE FEE OF 1% WILL BE CHARGED"
142 PRINT '"ON ALL TRANSACTIONS. NOTE THAT IF A STOCK'S VALUE DROPS"
143 PRINT "TO ZEnrO IT MAY REBOUND TO A POSITIVE VALUE AGAIN. YOU"

144 PRINT "HAVE $10,000 TO INVEST. USE INTEGERS FOR ALL YOUR INPUTS."
145 PRINT ''(NOTE: TO GET A 'FEEL' FOR THE MARKET RUN FOR AT LEAST"
146 PRINT "10 DAYS)Y"

147 PRINT "===-- GOOD LUCK!====-- '

200 REM GENERATION OF STOCK TABLE; INPUT AREWUESTS

210 REM INITIAL STOCK VALUES

220 LET S(1)=100

230 LET S(2)=85

240 LET S¢3)=150

250 LET S¢4)=140

29
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26U LET s(5)=livu
265 fEM INITIAL fo = # DAYS FOIR FInsT lueEn) SLOPE (A)
266 LEI T8=INTC(4.99%NDCA)+1) :

267 nEM nANDOMILE SIGN OF Flusi IHEND SLOFPE (A)

266 IF aNDCa)>.% ThEN 27U '

26Y LET A==-A

27v REM nANDOMI4E INITIAL JALUES

28U GOSUB 830

289 REM INIFIAL rOstFOL1O CONTENTS

2yJ Fou I=1 {0 5

JUu  LET PC1)=0

305 LET 4Cl)y=u

JlUu NEAT I

320  PoINT

Jiu  PRINT

333 nEM INIIIALILZE CAse AssETs:U

335 LEI C=luuou

338 nkd PrINT INITIAL POLTFOLIO

340 PAINT "3L0CK"," "L "INIFLIALS"»"PullE/SnadE"”

350 rrINT "INT. SALLISEIC MISSILES",'"  Ipv",s5Cl)

352 PoINT ""sED CrUSS OF AME#ICA'," HCA",5(2)

354 PoINT "LICATENSTEIN, BUMRAr & JOKE'"," LBJ",5(3)
356 ~£rINT "AMERICAN BANKRUPT COW"." AasC',s(4)

358 PulNE "CENOULED BOUKS STORE"™," Cub'ss5(5)

360  PulNT

361 kM NYSE AVEMAGE:45; TEMFP. VALUE:Z43 NET CnANGE:<Z6
363 LEI 24=45

364 LET 45=0

365 LET T=u

370 FOun I=1 10 3

375 LELIU £5=¢5+5C1)

80 Lav F=i+5CI)*C1)

SYJ l\“:;;\ I 1 -

391 LET 45=INLCIUU4(aS/5)+e5) /100

392 LELI £46=INT((L5~24)*%1Uu+e5) /10U

493 kM TOTAL AsSETS:D

394 LET D=T+C

3¥5 IF ay>U TREN J49b

396 PrINT "NEW YORK STOUK EACRANGE AVENAGE: "45 -
37 GO TO 399 -

398 rPRINT "NEW 10nK STOCK EACRANGE AVERAGE: '45" NET CnANGE: '¢6
399 PRINT o .

400 LET T=INTClUU*T++5)/10u

401 PRINT TOTAL STOCHK ASSETS Ank EXLF )

403 LET C=1NTClUou*C+.5) /10U

QU5 PrINT "TOTAL CAsSH ASSETS Ank $'";C
407 LEL D=INIClUUXD+.5) /7100

408 pPRINT "TOTAL AS5ETS ARE 35D
410 PRINT

411 IF A9=0 TnEN 416

30
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STOCK

412 PRINT "DO YOU WISH TO CONTINUE (YES~TYFE 1, NO=TYPE U)';
413 INPUT wy .
414 IF Ww9<l THEN 99b

416 REM INPUT TiANSACTIONS

420 PRINT "WHAT Is YOUlt THRANSACTION IN"
430 PRINT "IBM";

440 INPUT 4C1)

450 PrRINT "RCA";

460 INPUT <(2)

470 PrINT "LBJ";

480  INPUT 2(3)

490  pPRINT "aBc';

500  [NPJUT 24C4)

510 PRINT "CBS";

520 INPUT 4(5)

525 PrINT

53V HEY¥ TOTAL DAY'S PURCHASES IN $:£5
540 LET P5=y .

550 HEM TOTAL DAY'S SALES IN $:55

560 LET S5=u

570 FOR I=1l TO 5

575 LET ZCI)=INTCZCI)+.5)

580 IF 42¢l1)<=0 THEN 610

590 LET P5=P5+4CI)*5(1)

60U GO TO 620

610 LET S5=55-4C1)>*S(I)

612 - IF =4(Cl)<=pP (1) THEN 620

614 PRINT "YOU hBAVE OVEHSOLD A STOCK; TRY AGAIN."
616 GO TO 42U

620 NEAT I

622 HEM TOfAL VALUE OF THANSACTIONS:TS
625 LET T5=P5+55

630 REM BROKERAGE FEE:BS

640 LET BS5=INT(.U1*T5%100+.5)/100

650 REM CASH ASSETS=OLD CASH ASSETS-TOTAL PURCHASES
652 REM -BROKERAGE FEES+TOTAL SALES:CS
654 LET C5=C-pP5-85+55 '

656  IF C5>=0 THEN 674

658 PRINT "YOU HAVE USED $'"-C5'" MOR

E THEN YOU HAVE."

660 GO TO 420

674 LET C=C5 )

675 REM CALCULATE NEW PORTFOLIO

680 FOR I=1 TO 5

690 LET PCIJX)=P(I)+ZCI1)

MO NEXT I

710 REM CALCULATE NEW STOCK VALUES

720 GOSUB &30

750 REM PRINT POHRTFOLIO

31
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751 1M BELL fINGING~DIFFEAENT ON MANY COMPULERS
752 FOnr I=1 TO 2u

753 PRINT Chnd(135);

754 NEAT [

755 PRINT

756 PRINT "#xkk4k*%kkk ENUD OF DAY'S TraADING"
7 ©PoINT

758 PrINT

75y  IF AY<l TnEN 769

%Y PRINT "STOCK","PrICE/SnARE'" ,"HOLDINGS",""VALUE""NET PRICE ChHANGE'"
770 PrINT "IBM'", SC1)s PC1)s SC12%2C1)s CC1D)

771 PrINT ""RCA', 5(2), P(2), 3(2)%2(2), C(2)

772 PRINT "LBJ"Ss SC(3)s PC3)s SC32%2(3), CC3)

773 PRINT "ABC'"s S5C4), PC4)s, SC4)%PC(4), CC4)

774 PRINT "CB3", 5(5), ¢#(5)s 5(5)%2(5), C(5)

775 LET a9=1

750  PRINT

790 PRINT

sl GO TO 36v

829 REM NEW STOCA VALUES - sUBnOJUTINE

630 nEM RANDOMLY #rODUCE NEW STOUCK VALUES BASED ON ¢rrEVIOUS
831 REM DAY'S VALUES ’ '

832 nEM N1,N2 ARE RANDOM NUMBErS OF DAYS wWniCn RESrECTIVELY
833 REM DETEnMINE WHEN STOCAK 11 WILL INCaEASE 1U PTS. AND STOCK
s34 REM 12 WILL DECREASE 1lu PTs.

840 REM IF N1 DAYS HAUVE PASSED, PICK AN 11, SET Els, DETEMMINE NEW N1
B4l IF N1>U THEN 850

845 LET I11=INTC(4.99%nND(X)+1)

546 LET NI1=INTC(4.99%aNDC(A)+1)

s47 LET El=1

850 REM IF N2 DAYS nAVE PASSEDs PICK AN 12, SET E2, DETERMINE NEW N2
851 IF N2>V ThHEN séu

855 LET I2=INT(4.99%ND(AI+]1)

856 LET N2=INT(4.99%NDC(A)+1)

857 LET E2=1

860 REM DEDUCT ONE DAY FrOM N1 AND N2

861 LET NI1=N1-1

862 LET N2=N2-1 v

o9V REM LOOr THROUGH ALL STOCKS

YWwu FORr I=1 TO 5

910 LET X1=HND(X)

915 IF X1>.25 THEN Y2u

916 LET X1=.25

917 GO TO 935

920 IF X1>.50 THEN 925

921 LET Xl1=.50

922 GO TO 935

925 IF X1>.75 THEN 930

926 LET Al=.75

927 GO TO 935

32
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930
931
935
936
937
938
939
943
945
947
948
49
953
954
955
956
9517
96V
964
965
966
967
970
972
273
974
980
985
966
990
992
993
uv4
995
997
99y
999

Social Studies
STOCK

LET A1=0.V
HEM BIG CRANGE CONSTANT:W3 (SET TO 4EHRO INITIALLY)
LET wW3=U

IF El<1 THEN 945

IF INTCIl+e5)<>INTC(I+.5) THEN 945
REM ADD 11U PTS. TO THIS STOCK; KRESET El
LET wW3=1v

LET El=V

IF E2<1 THEN 955
IF INTCI2+45)<>INT(I++5) THEN 955
REM SUBTRACT 10 PTS. FROM THIS STOCK: KESET E2

LET W3=W3-10

LET E2=0
REM C(I) IS CHANGE IN STOCK VALUE

LET CCID=INTCA*SCI))+A1+INT(3-6%nANDIX)+4+5)+W3

LET CCID=INTC100*C(I)+.5)/100

LET SC1)=aSCI)+C(1)

IF SC(1)>0 THEN 967

LET C¢1)>=0

LET 5(I)=0

GO TO 970

LET SCID=INTC100*5C¢I)+.+5)/100

NEAT I .
HEM AFTEn T8 DAYS nANDOMLY CHANGE THEND SIGN 4ND SLOPE
LET Tb=TH-1

IF T8<l THEN v¥5

RETURN
REM RANDOMLY CHANGE THEND SIGN AND SLOPE (A’» AND DURATION OF
REM OF THEND (TH)

LET T8=INT(4.99%rNDCA) +1)

LET A=INTCC(RND(A)/10)*100+e5)/1G0

LET S4=RND(a)

IF S4<=.5 THEN 997

LET A=-A

RETURN

PRINT "HOPE YOU HAD FUNI!"

END

33
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The enclosed material is a compilation of computer programs
developed during the period May, 1968 to September, 1970, These
programs were developed by teachers and students in the high schools

which participated with us, and by the Project staff,

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

hearing of any which emerge in the future,

These programs run in the version of BASIC which existed on
the TSS-8 in August, 1970, and should run on most other versions of
BASIC. The major potential problem on other machines is the output
format (DEC ﬁses 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 programs to adjust this format, Another possible
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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ARITH
Review of multiplication skills. (General Math)
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long term loans, and savings accounts.

CRVLEN
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How energy levels are determined from the emissions of
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SOCIAL STUDIES

BALANC
Simulates the effects of the relationship between costs

of production and revenues.

BANK
Solves finangial problems concerning installment buying,
long term loans, and savings accounts.

CIRFLW
Simulates the effect of a change in consumption of the
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TEACHER ASSISTANCE

AVERG1
Averages grades, lists value of curve, and adjusts
grades,

AVERG2
: Sorts and averages grades.

FREQ
Prints a frequency distribution (bar graph) of grades.

GRADE
Prints a table of grades (in percentages), number of
questions missed, and number of questions answered

correctly.

ITEM1
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ITEM2
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STAT .
A statistical analysis of laboratory data. (For teachers'
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STATAL
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DECCRIPTION:
This program will average any number of grades. A passing grade

must be inputed by the teacher, and the computer will list the wmecr-
ical vaiue of the curve and the respective adjusted grades.

600 DATA 65+78276,48,65,76:,88269+71556290567259,60270+745622572+66
601 DATA 64,63,65+59,60:,56,48,66
RUN

PASSING GRADE FOR THIS TEST 1S 7 70
THE AVERAGE OF ALL GRADES ENTERED IS 65.7037 »

THE AVERAGE FALLS BELOV THE PASSING QHADE BY 4 POINTS.
C(ROUNDED TO NEAREST WHOLE WNUMBER.)

ADJUSTED GRADE = ORIGINAL GRADE + 4

STUDENT ORIGINAL ADJUSTED
NUMBER GRADE GRADE
(- 1 7 7.1 ] ] oEEeSEue s [ T Y Y T T 1T 11
1 65 69
e 78 8e
3 76 80
4 48 58
5 65 69
6 78 8g
7 88 86
8 69 73
9 7n 75
10 56 60
11 90 94
18 67 71
13 59 63
14 60 64
15 7 74
16 74 78
17 63 66
18 57 61
19 66 70
20 64 68
81 63 67
R8 65 69
23 59 63
24 60 64
2s 56 60
26 48 58
27 66 70
READY

427



Teaci er Assistance
AVLRC1

100REM COURT, Go.Mes WALT WHITMAN H.S., REVISED 8,69

105 REM REVISED BY C.LOSIK 8-86-70

110REM

120REM PROGRAM AVERAGES ANY NUMBER OF GRADES. FOR CURVING PURPOSES
130REM YOU ARE ASKED FOR A PASSING GRADE. IF THE AVERAGE FALLS BELOW
I40REM THAT THE DIFFERENCE WILL BE PRINTED OUT AS WELL AS NEWLY CAL-
1SOREM CULATED GRADES FOR EACH STUDENT. REMEMBER THAT THIS TYPE OF
160REM CURVING 1S VALID ONLY IF THE ORIGINAL GRADE DISTRIBUTION
170REM SHOWED A BELL CURVE-

180 REM

190REM ENTER GRADIS ON DATA LINES 600-700.

B00REM

2820READX

2301 FX=9999THEN260

240LETN=N+1

2506070220

260RESTORE

f70LETG=0

280PRINT"PASSING GRADE FOR THIS TEST 1S i

290 INPUTP

300FORT=1TON

310READA

320LETG=G+A

330NEXTT

340 LET M=Qa/N

3SOPRINT

J60PRINT"THE AVERAGE OF ALL GRADES ENTERED I1S5"M".”

365 LET D=0 ]

3701 FrM>=PTHENA 10

380PRINT

J90LETD=INT(P~M+.5)

AQOOPRINT“THE AVERAGE FALLS BELOV THE PASSING GRADE BY"D'" POINTS."
40S PRINT *(ROUNDED TO NEAREST WHOLE NUMBER.)*

410RESTORE

415 PRINT

417 PRINT "ADJUSTED GHADE = ORIGINAL GRADE +"D

480PRINT

430PRINT"STUDENT" »"ORIQGINAL"™, "ADJUSTED"

A40PRINT"NUMBER",* QRADR",” GR‘D‘“
4S50PRINT”mennuan™," ",
460FORX= 1 TON

A4TOREADA

490 PRINT X,A,A+D

SOONEXTX ’

600 DATA 65,78,76,48,65,78,88,69,71556+90,67,59+605,70,74,68,57,66
@1 DATA 64,63,65,59,60,56,48,66

T01DATA9999

999END

[35]

¢ @ Copyright 1971, Polytechnic Institute of Brooklyn
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Teacher Assistance
AVERG2

DESCRIPTION:

This program will sort and average from 3 to 10 grades. for up
to 35 students.

Data is entered in lines 600-(09. The data are entered in order
of student number for the first test. followed by the grades for tle
second test in order of student number, followed by t"e grades on the
third test in order of student numher, etc.

The program prints a table listing the grades for each student

and his average.

AU DALTA UsT05722592665702755100577265
ULl DATA SU»63571W2685T0275,705655105710
Hu2 DATA 75580,055,90,95,85,85,90,92,07
H6US DALA 655,702 75:05,8%577,86:90,5, 75264
6ud VDATA 6557U575,90,85,71,78,89,85,75
6U5 DATA 75-,00,80,8U,85,75,90,89, 706,67
506 DATA 755 7T0-,8U255,895,67, 78,54, 76, 34
AUT DATA 75575568,90595,87,54:,675565 70
6Ud DAIA BU»YU»55-75:64,66,86,90,98, 70
6Uy DALA 55:69,7859V:050,5,76,97250,75

HEADT
SN

NUMB3Est OF SIUDENTS IN CLASS IS =--~ 7 1u
wWridki OF GHRADES TO BE -AVERAGED IS5 --- 7 1lu

SIUD. GHADE 3

NO. (LAST COLUMN LISTS AVEMAGE>)

1 v 5V 7% 65 65 75 75 75 bU 55 653
2 7V 65 8V 70 70 40 7V 75 YU 6v 739
3 12 70 85 75 75 sl By 6o 55 70 73+b
4 3y 65w #5 90 B 55 wu 15 W 782
5 66 7V 95 87 85 ¥5 Sy  v5 64 v 764
6 79 75 85 77 11 % 67 o1 66 v 740
7 75 7V 85 86 76 90 75 54 86 16 17.0
o 10 65 9u Y0 BY 89 54 67 YU 97 B3l
v 17 v 92 7%  8S 78 76 ©6 Yo 58 7945
v 65 v 87 64 75 67 U4 70 70 75 6704

sEADY

1 429
ERIC
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Teacher Assistance
AVERG2

IWUREM PEAEL-COUnTs» WALT WHITMAN neses 7/6v

11U nEM nEV1lSeED U777V BY DAVID sS0BIN = POLIlECH

lzunEM ' :

13uneM #10GuAM S0RTS AND AVERAGES FrOM 4 1'0 lu GRADES FOr UP TO 35
lqunEM STUDENIS. [nEY AnkE ThREN PrINFED OULls I'nkE GARADES MAY BE FrOM
ISUREM Tksl> Uit WUARTERLY AVEHRAGES.

16VURENM

170 M NOLE: tnk NUMBER OF GrADES PEHR SITUDEND TIMES [nE NUMBEA

lbu REM OF oSIUDENIS MUST NOI EAUCEED 295.

19U kM

200V1itkEM ThE GrADLES AnE ENTERED IN fhE SAME OnUER FOR EAUn TEST Ot
2lUnEM WUARTEIG, FiOM STUDENT NUMBEN ONE [0 Tnk LAST IN ThE CLASSs TnE
22UHEM PUOGHAM WILL S0RT OUT AND AVERAGE TnkE GHADES FOit EACh STUDEN!
28U nENM SEPANATELY. IF A GrADE IS5 MIHSING FOsut ANY STUDENT» A £ERO MUST
24UHEM BE ENTERED. THESE WILL NOT bk AVEMAGED IN. IF YOU wANT [0 AVEKAGE
250nEM IN A ¢EnU AS A GRADE, ENTEn A GiADE OF | INSTRADe IT WILL NOT
20unkEM AFFECT [nE AVERAGE SIGNIFICANTLY.

27VnEM -

28UnEM nEMEMBEA [0 ENTEn [HE SAME NUMBEK OF GRADES FOnr EACH STUDENT IN
eyuniM [ne OnbEn PHESUnIBED ABOVE. IF Thls Is NOT DONE, THE GrADES
JunkEM AND AVERAGES WHICh AnE PrINTED OUT WILL NOT BE COMutkCTe

3lunEM

J2uPnINT NUMSER OF STUDENTS IN CLASS Ls --- '3

dJsu INPULI N .

340 PrIND "NUMUER OF GRADES TO BE AVERAGED 15 ---= *;

350 INPUT G

36V FOR I=] [0 N=x*G

370 READ a

380 IF A=9%99 [hEN lu20
390 NEaAT I

40U HEAD A

41U IF a<>9yyvyy TRnEN 1020

420 PRINT

43V PrINT

aqu PalNY .

450 PRINT "STUD."," . GRADES"

460 PRINT ' NO. (LAST COLUMN LISTS AVEHRAGES)'

470 RESTORE
480 FOr I=1 TO N
490 PRINT I3

500 GOSUB 8Su

510 LET 35=0

52U LET &=u

530 IF I=1 THEN 570
54U FOR J=1 TO I-1
S50 READ a

56U NEaT o

570 FOx A=1 TO G
580 READ A

@ Copyright 1971, Polytechnic Institute of Brooklyn
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WU
HIU
AUl
Gue
N3
nuU4
(o1}
6UH
HU Y
HJo
[P
‘fuv
11V
120
73V
749
150
16U
710
TV
v
[ V]V
olu
82u
Biv
B4u
obuU
v6u
o7u
b
oYU
wJu
viu
y3U
w40
Yy5u
y6uU
YU
1.1V
YU
luly
w29
103V
10 4u

I A<

>V 1IneEN 72U

DALA UsTUs 7259266510575 100517565

DA LA
DATA
baia
DaLra
DA YA
DA LN
DAL
urilaA
pala
bafa
LEL <
LEYt 5
riclNi
GUs UL
IF K=
FUK L

QU655 TULBLS V755 TV 2655°1U s 1V
TSs0UBHIYUIYSE 85,085,092
N557105 75585508727 7s8659U5°15:64
6557075590855 715 78,095,055 15
TSrbUsDULBUIBS» THIYU DY TL6T
1551050055556 185545165 34
T2 71595606590 92,07s545675065 10
BUIYUIHS2T75s64566,0659U5Y0,5 1D
595,695 70590 ,0U 76597550515
vy

=L+

=5+A

A

YUu

G nEN 79U

=1 10 v=1

.

nEAD A
NEAT L

NEAT
LEL 5
PulINT

2N
=5/7(G=4)
INTClu*s+e5)/1U

miEs Uik

NEAT
sfor
IF I<
GOsJB

1

lu (nEN obou
Y9y

nkE FUsN

GOsuUL

Ybu

H“EFUKN

IF a<
IF A<

lu 1'nkEN 94U
1V [HEN Y6V

AETURN

GOsUs

YU

ol Fdsty

GOsuB

990

s TunN

PRINT

e e e
>

PRINT' "3
AETURN

T "CHECK YOUR DATA LINESe 10un ENIglEs DU NOT 500w

T '"THE SAME NUMBER OF GrADES FOs kACA STUDENL "

rRIN
PRIN
END

Teacher Assistance
AVL.RG2



Teacher Assistance
FREQ

DESCRIPTION:

- . s

1h1§ program prints a frequency distribution (bar graphs) of
grudus{ l'or a single test for one or morc classes, or lor several
tests for one student.,

600 DATA 25530535,40,45,50,55560,65570,75,80,85,90,95,100
601 DATA 35,20,45+50,95,6056%570575,80,85,90,95

608 DATA 50+55,60,65,70,75,80,85,90

603 DATA 55,60,65,70,75,80,85%

604 DATA 60,65,70,75,80,85

605 DATA 65570,75,80

606 DATA 655,70,75,80

607 DATA 70,75

READY

RUN ‘
GRADE FREQUENCY DISTRIBUTION (BAR GRAPH)

GRADE 1 5 10 15 280 as 30

addede JéocnnprcnvctaccnPorsvcprancanpaccad

o 1

s 1

10 1

15 1

20 1

2s 1x

30 1x

3s 1XX

40 I1XX

As 1xx

S0 1 XXX

sS ' IXXXX

60 £ XXXXK

65 1 X000XXX -

70 £ XXAARAKX

75 £ XAAAAXAX

80 £ XXXAAKK

8s £ XXX

90 1 XXX

9s 1XX

100 1x

READY

a quyright 1971, Polytechnic Institute of Brooklyn
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Teacher Assistance
FREQ

100REM PEREZ, WALT WHITMAN HeSe.» REVISED 7769

105 REM REVISED BY C+LOSIK &-26-70

110REM

120REM THIS PROGRAM PRINTS A FREQUENCY DISTRIBUTION OF GRADES.
130REM ENTRIES ARE ROUNDED OFF TO THE NEAREST 5 AND INDICATED ON A
140REM BAR GRAPH. IT MAY BE USED FOR A SINGLE TEST FOR ONE OH MORE
1SOREM CLASSES OR FOR SEVERAL TESTS FOR ONE STUDENT. THE PROGRAM IS
160REM SET TO ACCEPT UP TO 150 GRADES. LINES 600-700 ARE SET ASIDE
170REM FOR DATA ENTKIES. THEY MAY BE ENTERED IN ANY SEQUENCE.

180 REM
190PRINT" GRADE FREQUENCY DISTRIBUTION (BAR GRAPH)"

200PRINT" Smeeccecececcmcccccccccencsccccncnnanaaaat

210PRINT
220PRINT*"GRADE"," 1 5 10 15 20 25 30
C30PRINT " »ewme=, V[ tnnntncncteccctocnntnanntecnad!
240 DIM F(150),P(100)

250READF

260 1FF=9999THEN290

27T0LETN=N+1

280G0TO0250

290RESTORE

292 IF N«<=150 THEN 300

294 PRINT “RE-DIMENSION LINE 240« DELETE LINES 292,294,296
296 STOP

J00FORI=1TON

310READF(1)

320LETF(I)-5*1NT(F<!)/5+.5)

JIONEXTI

340FORI=1 TON

350FORP=0TQ100STEPS

3601FPsF(I)THEN380

JTONEXTP

SBOLETP(P)=sP(P)+]}

J90NEXTI

A00PRINT® 0,1

410FORP=5TQ100STEPS

Q20PRINTP»,*13

ASOIFP(P)>-lTHEN460

440 PRINT ** " :

450G60T0500

460FORL=1TOP(P)

4ATOPRINT™X";

480NEXTL

490 PRINT *» *

SOONEXTP

G60OREM BEGIN DATA ENTRIES HERE. TYPE - 600 DATA 1,2,3, ETC.
T01DATA9999

999END

- | ’ 4 (? rg




T eacher Assistance
G RADE

FESORIPTION:

T his program is useful in determining the grade of an
examination consisting of several examples. By inputing the number -
of incorrect answers, the corresponding grade in percent and
the number of correct answers. ‘

NUMBER OF QUESTIONS IN THIS TEST IS 7?7 1S

NUMBER NUMBER
WRONG GRADE RIGHT

0 100 1S

i 93 14

8 87 13

3 80 18

A 73 1

s 67 10

6 60 9

7 53 8

8 a7 7

9 40 3

10 33 5

11 87 4

18 20 3

13 13 2

14 7 1

1S 0 0

0 Copyright 1971, Polytechnic Institute of Brooklyn
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Teacher Assistance
CRADE

100REM PEREZ-COURT, WALT WHITMAN H.S.» REVISED 8/69

105 REM REVISED BY C.LOSIK 8-86~-70

110REM

120REM THIS PROGRAM PRINTS OUT THE GRADES OF STUDENTS, IN PERCENTAGES.
130REM NEXT TO THE NUMBER OF QUESTIONS MISSED ON A TEST AND THE

140REM NUMBER ANSWERED CORRECTLY. WHEN THE QUESTION MARK APPEARS , TYPE
1SOREM IN THE NUMBER OF QUESTIONS ON THE TEST AND HIT THE RETURN KEY.
160 REM

170PRINT'NUMBER OF QUESTIONS IN THIS TEST IS 3

180 INPUTA '

190PRINT

S00PRINT"NUMBER NUMBER"

210PRINT" WRONG GRADE RIGHT"

E20PRINT" == ===~ cm——— cmemmal

830FORX=0TOA

S40LETZ=Z +1
SS0LETG=INT((100~-(X*100/A))+.5)
2601FG<0THEN330

270PRINTX,3, (A~-X)

8801FZ=S5THEN300

E90NEXTX

295 GO TO 330
wOPRINT....‘...............................
JIO0LETZ=0

3206070890

330END




Teacher Assistance
IT EM1
DESCRIPTION:

T hi- program counts and priats the number of time«
questions are missed on a test,

600 DATA 152535455+253+5+657+88951057+8,9511» 13,145,15,10,13,15,10
RUN

ITEM ANALYS1S

NUMBER OF QUESTIONS IN THE TEST IS? 15

QUESTION NUMBER OF TIMES MISSED

1 1

2 )

3 8

q 1

5 a

6 1

7 8

8 8

9 8

10 3

11 1

12 0

13 8

14 1

15 2
READY

10

6 Copyright 1971, Polytechnic Institute of Brooklyn
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Teacher Assistance
ITEM,

100REM PEREZ~COURT, WALT WHITMAN HeS.» REVISED 7/69

105 REM REVISED BY C.LOSIK 8-26-70

110REM

120REM PROGRAM COUNTS AND PRINTS NUMBER OF TIMES QUESTIONS ARE MISSED ON
130REM A TEST. THE NUMBERS OF THE QUESTIONS MISSED ARE ENTERED ON DATA
140REM LINES 600-700. UP TO 200 ITEMS MAY BE ENTERED IN ANY ORDER.
ISOREM YOU MIGHT » FOR EXAMPLE, FEED IN THE NUMBERS OF THE QUESTIONS
160REM MISSED BY ONE STUDENT, GO ON TO THE NEXT STUDENT, ETCe.» UNTIL ALL
170REM QUESTIONS MISSED BY A CLASS OR ALL CLASSES HAVE BEEN ENTERED.

180REM

185 REM

190 PRINT ** *",L,**1TEM ANALYSIS"

mo PRINT ” ""' ............. (1}

a05 PRINT

210DIMP(200)

220READX

2301FX=9999 THEN260

240LETN=N+1

250G0T0220

260RESTORE

262 IF N<=200 THEN 268

264 PRINT "RE-DIMENSION THE ARRAY. DELETE LINES 262,264,866+"
266 STOP '

268 PRINT ‘''NUMBER OF QUESTIONS IN THE TEST 1S'3
2701NPUTQ

272 PRINT

274 PRINT *"QUESTION'," NUMBER OF TIMES MISSED"
876 PRINT "‘-------"p" cococcocnnecssnnmcnmneanneel?
880FORI=1TON

290READX

JOOFORP=1TOW

3101FP=XTHEN330

320NEXTP

330LETP(P)=P(P)+]

JA0NEXTI

3SOFORP=1TOQ
- 360 PRINT ** p," »,p(pP)

39ONEXTP : .
38202?::9;;3030405320305063708390100738090]]9130]4g15010013015010
S999END
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1TEM2

DESCRIPTION:

This program will sum item analysis for up to five classes.
Question numbers and number of students missing will each be printed
out, as well as a validity based on between 30 and 70 percent of the
students answering that question correctly.

M NDATA 1,5,3,6,2515,5,3,8,4,3,6,13,13,5
6011 DATA 355,2,4,2,2,755,10,45,3,4,12514,3
M2 NBACTA 1,3,2,5,0225555,10,1,2,9514514,1
613 NATA 2,52515351505454565351,6510,511,1

bl iy

a’=-15-49

CUMULATIVE ETEM Anal.YSIS

NUMARFER OF OUFSTIONS IN TEST IS =--=215
NUMRER IF CLASSES ENTERED IS --~-74
NUMARER OF STUPENTS TAKING TEST IS ---260

« VALIH=8ETWEEN 30 AND 72 PER CENT ANSWERED GQUESTION CORRECTLY

NUFESTT NS CLASSES
2 3 4 5 IOTAL MISSED

1 ] 3 Y] 2

2 b S 3 2 15

3 3 2 2. 1 B

a 6 4 5 3 18 « VALID
5 2 2 ] 1 b

6 1 2 2 [4] 5

7 bl 7 5 4 21  x VALID
= 3 5 ) 4 17 .

Q ] 149 10 & 3 % vaLlID
1 4 4 1 3 1z

11 3 3 2 1 9

1 <) A 9 [} 2% = vaLlID
13 10 12 14 11 46

14 13 14 14 11 52

19 b} 3 1 1 1
ceany

12
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Teacher Assistance

ITEM2
102FM COURT S, CeM.s WALT WHITMAN HeS.» REVISED 8/69
1102F4
1205 KM PRUGRAM S5UMS ITEM ANALYSFES FOr UP TO S CLASSES. QUESTIUWN
135PFM NUMBERS AND NUMBER OF STUDENTS MISSING EACH WILL BE PRINTED OUT
144RF™M AS WELL AS o VALIDITY BASED ON BETWEEN 3¢ AND 7@ PERCENT OF THE
19ARFM STUDENTS ANSWERING THAT QUESTION CORRECTLY. THIS MAY RE RY-PASSED

16APEM 1Y TYPING IN 999 FOR NUMRER OF STUDENTS TAKING TEST.
177PEM
1Bs R
19¢E4 DATA LINES 680-700 HAVF BEFEN SET ASIDE FOK ENTRIES. A NUMBEk

D4 FEM MUUST BE FNTERED FOR EACH QUESTION, IN SFOUENCE, FOR EACH CLASS,

21nRFM IF NQ STUDENT MISSED A PARTICULAR GUESTION, ENTER 2 (ZFRO).
P200REM WOULD RE WISE TO BEGIN ENTRIES OF A NEW CLASS ON A NEW DATA
DAAFPEM LINE FOR EASIFR VERIFICATION SHOULD AN ERROR OCCUR.

240REM

25UDIMACSPILB(SM)Y,C(S0B),D(S5BI,EC50)

26WLETS=10

P2TUPRINT' CUMULATIVE ITEM ANALYSIS'

ISR LN L LT T -
© P9APRINT

IAAPRINTNUMBER OF OUESTIONS IN TEST IS -=-='"3

31FINPUTY

I2APRINTNUMRFER OF CLASSES ENTERED IS -=-="3

3D INPUTN

A4ATFN<1 THENT 90
3ASALIFN>STHENT9D .
JSWPRINTNIUMRER NF STUDENTS TAKING TRS1 IS -=-="3
37 INPUTR

WAIREADX
39MIFXS9999THFNA2O
AVLETS=5+1

411GV TUINY

ARESTORE

AR IFS=NeNTHEN 450

441 GOSUHBAS

450LET11=0
46AFORI=1TO0
4TOREADACT)

4RANEXTI

499 6G0SURT 60
SAAFORI=1TON
SIAREANDB(I)

S2ANEXTI

S3AGOSUR760
SAAFORI=1TOQ
SSAREANCCI)

S6ANEXTI

STAGOSLIRT 64
SRAFORI=1TOA
S9AREADNC )

592NEXTI

6AOREM BEGIN YOUR DATA ENTRIES HERF. TYPE - 6@@ DATA 1,2,3, ETC.
7B1DATA9999

710GOSUR7608

72AF0OR1=1T0G

I3AREADE(I)

TAONEXTI

75A0G0SUB760

76ALETTI=T1+1 13
77AIFTI=NTHENRSQ

78ORETURN

439




79@PRINT**PROGRAM WILL ANALIZE FROM 1 TO 5 CLASSES ONLY." Teacher Assistance

RADGOTO339

BASPRINT TTEM2
81APRINT" THERE MUST BE ONE NUMBER ENTERED FOR EACH QUESTION FOR EACH"
82APRINT"CLASS. REMEMBER, A ZERO IS ENTERED IF NO STUDENT MISSED '
83APRINT"A PARTICULAR QUESTION. CHECK YOUR DATA LINES.*
B84AGOTOI1390

8SAIFR=999THENSBBQ

B6OPRINT

R7APRINT'# VALID=RETWEEN 38 AND 79 PER CENT ANSWERED QUESTION CORRECTLY"
8RAPRINT

K9APRINT " QUESTIONS " CLASSES"

GANPRINT  dmmmmm === v, eeecea- "

QIAPRINT® ", 1 2 3 4 ) TOTAL MISSED"
G2APRINT' ", m==—m== —e———- LR L e EE e e e L L]
93NFORJ=1TOO

94APRINTJ >

9SALETZ=A(J)

960GOSUR1320

97TAGOSIURIAEN

9B IFT>INTC(C. T*R)+.5) THEN1Q20

99N IFT<INTC(C.3*R)+.S)THEN1A20

100APRINT™* VALID" .

1019G0T01230

1A2APRINT

1A3ALETT=0

104AANEXT J

1A50G0T01390

1060LFTT=4C0)

177ATFN>1 THEN1130

10RAFOR[=1TN(S-N)

1A9NPRINT" ]

11VANFEATT

1119PRINTTS

112460710989

113OLETZ=R(D)

11 a0GOSURI320

11SOLETT=T+3(J)

1160TFN>2THENT 1 B0

117060TO1MRY

1MRALETZ=CCJ)

11906051M1320

129ALETT=T+C (J)

121MTFN>3THEN12 30

122063 TO1 270

1239LETZ=DCd)

1240G081181320

1250LETT=T+N (D)

176 A FN>AaTHEN1 280

1279GOTH1 KA ’

129ALFT7=NC.1)

129AGNSHAR132A

13MALFTT=T+E(.1)

131G 01112

132APRINTZs

133 1F£4>99THENI1 3RA

174AIF7Z>9THFN1 379

13501F7>=-1THEN13A0

136APRINT® *';

137OPRINT 5

13RARFTIRN

1390END 14
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DISCIPLINE__TCAZHLR ASSISTANCE

SUBJECT LABORATORY DATA

PROGRAM NAME STAT

DESCRIPTION:

This program treats class sets of laboratory data statistically.
Aside from a table of experimental values with errors and percent
errors, the teacher has a choice of experimental value distribution
with bar graph, ranking by percent error, ranking by experimental
value, mean deviation, and standard deviation.

OBJECTIVES:
A, To make percent crror in experiments more meaningful.
B. To increase competitive spirit in the laboratory due to ranking

portion of statistical analysis.

C. To provide a basis for further discussion of laboratory data and
techniques.,

PRELIMINARY PREPARATION:

This program is not generally for student use.

DISC USSION:

Often a teacher is forced to work with some arbitrary percent
error scale for marking purposes. With a statistical analysis of the
laboratory results, a realistic scale can easily be developed.

Also, it is often desireable to discuss the class results but
without a statistical analysis this usually turns out to be rather shallow.
The analysis can now be obtained in the few minutes it takes the students
to clean their equipment and put it away.

It may be helpful to discuss a few of the ways in which the
teacher can input data. First, the teacher may simply call up the program
and then either he or his students can input the data as the experiments
are finished. Next, with the teletype unit on local, a tape can be made
and the analysis can be made at any convenient time. With tapcs a
teacher can do a statistical analysis of his classes separately or as a
group as long as each student gets a different student rnumber.

15




Teacher Assistance
STAT

THTS PRNGRAM WILL DN THE FOLLNOWING:
1« PRINT nUT A TARLE NF EXPERIMENTAL VALUES, ERRNRS,
AND PERCENT ERRNRS INCLUDING AVERAGES FOR ALL.
?e GIVE YNU A CHNICE OF ALL NF THE FNLLOYWING:
CHOICE 1 - EXPERIMFENTAL VALUE DISTRIRUTION
INCLUDING A BAR GRAPH

CHNICE 2 - RANKING RY PERCENT ERRNR
CHNICE 3 - RANKING BY EXPERIMENTAL VALUE
CHOICE 4 - NTHER INFORMATINN

CHOTCE 5 - ALL NOF THE ARIVE CHNICES
CHOICE 6 - ENDS PROGRAM

INSTRUCTINNS
l« LINES 1A2 T) 1)@ HAVE BEEN RESERVED FOR DATA.
NNTE: THE FIRST DATA LINE MUST ALWAYS RE Na. 100
AN} LINE 121 MUST ALWAYS RE USED.
3. THERE IS RNNM FNR DATA FOR A MAXIMUM NF 604 STUDENTS.
4. INPUT SHNULLD RE IN THE SNRM:
17 PATA STUDENT NO., YALUE, STUDENT NO., VALUE, ETC..,
S STUDENT NUMRERS MUST RANGE FROM |-40.
A+ OLD DATA Is ERASED RY INPUTING NEW DATA WITH THE SAME
ILINE NURFRS DURING SURSERIIENT RUNS.
7. TF THE FIRST RUN REAUIRES DATA LINES |12A-11a AND THE
SECOND PUN REQUIRES LINES 1@0A-1M9, LINE 114 IS TYPED
IN TQ ERASE NLD DATA IN THAI LINE.
% NEVER TYPE SAVE DURING THE RUN OF ANY PART NF THIS

hnJ
.

PROGRAM.
TIME: 3 HFCS.
TaPF
RFADY.

140 DATA I,37.R,9,3R06:3:39o7:4:37.9:5,3R.ﬂ,6,4ﬂ-6,7:4]-R,R:37.6:9:
121 CATA 39.5,]?,&“.],]l:39.ﬂ,]2,39-4,l3,35.4,|4,33.9,IS,AQ.ﬂ,l6,39-6:
12 DATS 17,327, 1R537:65,19:3R«5,20, 40, |

RUN
WATT.

16
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WHAT

IS THE TNTAL NN,

NF STUDENTS AND THE CALC.

hATA LISTED RY STUDENT NUMRER

STUDENT NO.

VAN DWLWNY —

VALUE

37.R
3R. &
39.7
37.9
3R

4A. A
41.R
37. 6
39. 5
4. 1
39. R
39. 4
35.4
33.9
42

39. 6
3R.7
37.6
3R. 5
47, |

Teacher Assistance
STAT

VALUE? 20, 39. 7

THE. ARITHMETIC MEAN [AVERAGEJ 1S
THE AVERAGE ERROR {ABSNLUTE) IS
THE AVERAGE PERCFNT FRRNR 1S

DO

FRROR PERCFNT ERRNR
=-1.2 3.A7692
-4 1.02564
-7 1« 794R7
~1.1 2.R2051
1.6 4. 10256
2. R Te17949
~1.4 3. 5R974
] 1.2R2a5
1.1 P« R2051
R 2:A512R
] 1. 22564
3.6 9.237277
=-5.1 13. 2769
3 7. /9231
. A l-‘):‘ql"ﬁ
“03 -769231
1.4 3.5R974
-5 1. 2R20A5S
1e1 2.R20A51
38.R3
1.43
3. AR6AT
IF S0, TYPE

YOU DESIRE ADDITIONAL INFORMATINN ?

TN THE NUMRER NOF YOUR CHNICE.?5S

FOR THE DISTRIRUTION,
AND STEP DN YOU DESIRE ?35,42.5,.5

WHAT LNWER LIMIT,

EXPERIMENTAL VALUE DISTRIRUTINN

TO LESS THAN

35
35.5
36
36.5
37
37.5
aRr
3R.5
39
39. 8

48,5

INFINITY

P4
=)
L]

Do e N VD ld= 59D DD —

17

UPPER LIMIT,

BAR GRAPH

*kwk
*h¥

*k¥¥
3



Teacher Assistance

STAT

RANKING RY PERCFNT ERRNOR
RANK STUDENT NN PERCENT ERRNR
1 17 « 769231
2 12 172564
3 2 172564
4 9 1+2R205
S 19 1.2R2A5.
A 16 1.53R46
7 3 179487
& 11 2.A512R
9 S 24564
1A 10 2.R2M45]
11 ? 2.82MA51
12 4 2. 82051
13 1 3. 27692
14 ] 3.5R974
15 1R 3.5R974
16 A 4. 1ARSA
17 7 Te 17949
18 15 7. 69231
19 13 9.23077
20 14 13.74769
RANKING RY EXPERIMFNTAL VALUE

RANK STUDENT NN EXPER. VAILLUE
1 14 33.9

2 13 35.4

3 ] 37.6

4 1R 37.6

5 1 37.8

A 4 37.9

7 5 38

a 19 38.5

9 2 38. 6

1A 17 38.7

11 12 39.4

12 9 395

13 16 39. 6

14 3 39.7

15 11 39.8

14 19 407. 1

17 ' 20 47. |

1R 6 4R. 6

19 7 41.18

20 1S 42

OTHER INFORMATION

THE MEDIAN VALUE IS 38.7
THE LOWEST VALUE IS 33.9
THE HIGHEST VALUE IS 42
THE MEAN DEVIATION (AVERAGE DEVIATION] IS .13
THE STANDARD DEVIATION IS 1.87776
THIS CONCLUDES THE RWN.
O 18
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Teacher Asaistance
STAT

1REMH . DORFMAN,P 1B, 871769

2 REM STATISTICAL ANALYSIS OF LABORATORY DATA

100 GO TO 1750

101 DATA O

16UDIMACS0) s R(50)5Y(50),W(S0)

170DIMQC50)

160LETY(0) =0

1950FORI=1 TO S0

200LETA(CI)=0

210LETR(I) =0

220LETY(I1)m0

230LETW(I) =0

240LETWC(I) =0

250NEXT1

26ULETAY9=0

270LETAYE=0

260LETP =V

290LETV=0

VOLETC=0

310 PRINT "WHAT 1S THE TOTAL NO. OF STUDENTS AND THE CALC. VALUE"3:
320 INPUTB, K ‘

330 PRINT

340F0RI=1TOB

350READR(I)»ACI)

360NEXTI

370 PRINT "DATA LISTED BY STUDENT NUMBER"

380 PRINT "e-ee cvecvece ce cvevecce cccaea’

390PRINT

400 PRINT" STUDENT NO.','*VALUE","ERROR","PERCENT ERROR'

410 PRINT

420FORI=1TOB

430LETé=ACL ) -K

440LETA8=AB+ABS(Z)/B

450LETP=P+A(1)/B

460LETW(I)=(ABS(4/K))#100

470LETA9=AY+W(I1)/B

480 PRINT R(IDJ»AC1),4,W(1)

490NEXT1 ‘

SO0PRINT

510 PRINT ''THE ARITHMETIC MEAN (AVERAGE) 1S b ¥ 4

520 PRINT "THE AVERAGE ERROR (ABSOLUTE) 1s Al

530 PRINT "THE AVERAGE PERCENT ERROR IS **3A9

S40PRINT

SSOPRINT

560 PHINT ' DO YOU DESIHE ADDITIONAL INFQRMATION ? IF SO, TYPE"
570 PHINT ' IN THE NUMBER OF YOUR CHOICE."3

S80INPUTN
5901FN=2THEN1010
' 19




Teacher Assistance
STAT

600 IFN=3THEN1200

610 1FN=4THEN1 490

620 IFN=6THEN1 730

630PRINT

640 PRINT "FOR THE DISTRIBUTION, WHAT LOWER LIMIT, UPPER LIMIT,"
650 PRINT "AND STEP DO YOU DESIRE *j

660 INPUTE,F»G

670PRINT

680PRINT

690 PRINT "EXPERIMENTAL VALUE DISTRIBUTION"
700 PRINT '"'=~=cw ' mcccccn cecee cccccacccaa= "
TI10PRINT

720FORI=1TOB

730LETM=0

T40IFAC1)>=aFTHENH50
7S01IFAC1)>=ETHEN770

T60LETY(O)=Y(CO)+1
770FORJ=ETO(F=-G) STEFG

T8OLETM=sM+1

T901FAC1)>=JTHENHE10

800GOTO830

8l10IFA(I)>=(J+G)THENS830D
Y20LETY(M)=Y(M) +]

830NEXTJ

84U GOTOB6UL

YSOLETY(25)=Y(25)+1

Y60NEXTI

870LETM= ]

880 PRINT "FROM",'"TO LESS THAN'","™ NO«'",'" BAR GRAPH"
881 PRINT

882 PRINT O,E,Y(0),

890LETAS=Y(0)

900GOSUB200VLO

910FORJ=ETO(F~-G) STEPG

920 PRINT JsrJ+GoY(M),

930LETAS=Y (M)

940 GOSUB2000

9SOLETM=M+1

960NEXTJ

970 PRINT FL"INFINITY",Y(25),
9BOLETAS=Y(25)

990 GOSUB2000

1000 IFN=]1 THENS40

1010PRINT

1020PRINT

1030 PRINT "RANKING BY PERCENT ERROR"
1040 PRINT "“==e=oo=e o= ccacc=a ————-
10SO0PRINT

1060 PRINT '"'RANK'","STUDENT NOe«'","PERCENT ERROR"
10 70PRINT

1080FORS=1TOB

10090LETT=1E25

20

@ Copyright 1971, Polytechnic Institute of Brooklyn




Teacher Assitance.
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1100FORI=1TOB

1110IFWCI)>=TTHEN1 140

1120LETT=W(1)

1130LETV=I

1140NEXTI

11S5UPRINTS» Vs W(V)

1160LETW(V)=1E25

11 70NEXTS

1180PRINT

11901IFN=2THENS540

1200PRINT

1210PRINT

1220PRINT

1230 PRINT '"RANKING BY EXPERIMENTAL VALUE"
1240 PRINT ''e======- ce ceccccmemcccn ccc--
1250PRINT

1260 PRINT'" RANK",''STUDENT NOe","EXPERe VALUE"
1261 PRINT

1270F0RS=1TOB

1280LETT=1E25

1290FORI=1TOB
1300IFA(CI1)>=TTHEN1330
1310LETT=A(I1)

1320LETV=1

1330NEXTI

1340PRINTS»V,ACY)
1350LETQ(S)=ACV)
1360LETA(V)=1E25

1370NEXTS

1380LETF=0

1390LETG7=B/2

1400FORI=1TO31
1410IFG7=ITHEN1470

1420NEXTI

1430LETZ2=INT(G7)
1440LETZ4=INT(G7+1)
1450LETF=(QC(Z2)+QCZ4))/2
1460G0T0O1540

1470LETF=(Q(G7))
14801FN=3THENS40

1490PRINT

1500PRINT

1510 PRINT "OTHER INFORMATION'
1520 PRINT *
1530PRINT
1540 PRINT ' THE MEDIAN VALUE IS ''F
1550 PRINT ''THE LOWEST VALUE IS '"3Q(1)
1560 PRINT "THE HIGHEST VALUE IS '3 Q(B)
1570 LETM=0

158B0LET»9=F

1590FORI=1TOB

1600LETP3=Q(I1)~P9

16 10LETM=M+P3

1620NEXTI

21
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Teacher Assistance

STAT
1630LETM 7=M/B
1640 PRINT ''THE MEAN DEVIATION (AVERAGE DEVIATION) IS"M7
1650 LETM=0
1660FORI=1TOB
16 70LETP3a(W(1)=-P9) 12
1680LETM=M+P3
1690NEXTI
1700LETM 7=SQR(M/B)
1710 PRINT °**THE STANDARD DEVIATION IS'M7
1720 IFN=4THENS540
1730 PRINT ** THIS CONCLUDES THE RUN."
1740STOP
1750 PRINT' THIS PROGRAM WILL DO THE FOLLOWING:"
1760 PRINT" l. PRINT OUT A TABLE OF EXPERIMENTAL VALUES, ERRORS,"
1770 PRINT" AND PERCENT ERRORS INCLUDING AVERAGES FOH ALL."
1780 PRINT" 2+ GIVE YOU A CHOICE OF ALL OF THE FOLLOWINGS"
1790 PRINT" CHOICE 1 - EXPERIMENTAL VALUE DISTRIBUTION"
1791 PRINT" INCLUDING A BAR GHAPH"
18600 PRINT" CHOICE 2 - HANKING BY PERCENT ERROR"
18610 PRINT" CHOICE 3 - RANKING BY EXPERIMENTAL VALUE®"
18620 PRINT" CHOICE 4 - OTHER INFORMATION"
1830 PRINT" CHOICE 5 - ALL OF THE ABOVE CROICES"
18640 PRINT" CHOICE 6 - ENDS PROGRAM"
18650 PRINT" INSTRUCTIONS"

1860 PRINT' 1. LINES 100 TO 159 HAVE BEEN RESERVED FOR DATA."

1870 PRINT' 2. NOTE: THE FIRST DATA LINE MUST ALWAYS BE NO.
1871 PRINT" AND LINE 101 MUST ALWAYS ‘BE USED."

100"

1660 PRINT™ 3. THERE 1S ROOM FOR DATA FOR A MAXIMUM OF 50 STUDENTS."

1690 PRINT' 4. INPUT SHOULD BE IN THE FORM:"

1900 PRINT" 100 DATA STUDENT NO.» VALUE, STUDENT NO., VALUE,

1910 PRINT' 5. STUDENT NUMBERS MUST RANGE FROM 1-50."

ETCen"

1920 PRINT' 6. OLD DATA IS ERASED BY INPUTING NEW DATA WITH THE SAME"

1930 PRINT" LINE NUMBERS DURING SUBSEQUENT RUNS.*

1940 PRINT' 7. IF THE FIARST RUN REQUIRES DATA LINES 100-110 AND THE"
1950 PRINT" SECOND RUN HEWUIRES LINES 100-109, LINE 110 1S TYPED"
1960 PRINT" IN TO ERASE OLD DATA IN THAT LINE.' "

1970 PRINT" 8. NEVER TYPE SAVE DURING THE RUN OF ANY PART OF THIS*

19860 PRINT" PROGRAM."
1990PRINT

1995STOP

1996FOR I=1 TO AS

199 7PRINT " %'

1998NEXTI

1999PRINT

2000RETURN

200 1END

22
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Teacher Assistance
STATAL

DESCRIPTION:

This program will find the mean, median, and deviati on of a
set of numbers.

-

MEAN, MEDIAN, AND DEVIATION OF A SET OF NUMBERS.

ENTER YOUR NUMBERS IN DATA STATEMENTS ON LINES
1000 - 82000+ FOR EXAMPLE, YOU MIGHT TYPE 3

1000 DATA 1,2,3,4 ETC. (YOUR DATA GOES HERE1)
WHEN YOUR DATA HAS BEEN ENTERED, TYPE 3

1 GO0 TO 300
RUN

THEN RELAX WHILE THE MACHINKE GRINDS OUT THE ANSVWERS.
IF AN °0UT OF DATA®* APPEARS, ADJUST LINE 295.

READY

1000 DATA 844,188,118,2,196,10,314,160,18,38
1 G0 TO 300
RUN

THESE ARE YOUR NUMBERS
244 182 1128 2 198 10 314 160 18 38

THESE ARE YOUR NUMBERS (HIGHEST TO LOVWEST) 3
314 844 198 188 160 118 38 18 10 @

NUMBER OF VALUES IS 10

SUM OF THE VALUES IS 1878

THE MEAN VALUE IS 1287.8

THE NEDIAN VALUE IS 136

THE STANDARD DEVIATION IS 2068.8797

FOR ANOTHER RUN, RE~-ENTER DATA ON LINES _

1000 - 2000, TAKING CARE TO ELIMINATE OLD DATA

BY TYPING THOSE LINK NUMBERS WHICH YOU DO NOT USK AGAINJ
THEN TYPE °'RUN‘. '

READY

1000
1 23
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100 REM CHARLES M. LOSIK» BKLYN POLY, MEAN-MEDIAN-DEVIATION
110 REM (7-66 IN FORTRAN 11) 3 (8-826-70 IN BASIC)

120 REM YOU PUT YOUR NUMBERS IN DATA STATEMENTS AND

130 REM YOU GET WHAT YOU PAY FOR.

140 PRINT * ","MEAN, MEDIAN, AND DEVIATION OF A SET OF NUMBERS."
130 PRINT

160 PRINT * ENTER YOUR NUMBERS IN DATA STATEMENTS ON LINSS“

170 PRINT " 1000 - 2000+ FOR EXAMPLE» YOU MIGHT TYPE i%

171 PRINT

172 PRINT * ","1000 DATA 1,8,3,4 ETC. (YOUR DATA GOES HERE!)"
173 PRINT .

174 PRINT " VHEN YOUR DATA HAS BEEN ENTERED, 1YYPE 1®

180 PRINT

190 PRINT " ","] @GO TO 300"

200 PRINT ' *,'"RUN"

210 PRINT

280 PRINT " THEN RELAX WHILE THE MACHINE GRINDS OUT THE ANSWERS."
285 PRINT " IF AN 'OUT OF DATA' APPEARS, ADJUST LINKE 895."

830 sSTOP

840 REM AC(l) ARE THE NUMBERS, S IS THEIR SUM,

830 REM S8 IS THE SUM OF THEIR SQUARKS.

260 REM

270 REM VARNING! DATA ON LINES 999 AND 200i MAY NOT BE
280 RIM USED AS ONE OF YOUR NUMBERS.

90 REM IF THEY ARE,» SIMPLY CHANGE 999 AND 3001.

295 DIM AC100)
00 PRINT
303 PRINT * THESE ARE YOUR NUMBERS &
WS LET 1 = )
310 READ K
315 LET S = O
316 LET S2 = O
READ ACD)
IF E =« ACI) THEN 370
PRINT A(l) 3
345 LET S = S + ACD)
LET S8 = S8 + A(l) s ACD)
LET 1 = ] « 1}
a0 TO 320
LET Ne=o ] -}
PRINT
PRINT
REM sssss BUBBLE SORT sssss
PRINT " THESE ARE YOUR NUMBERS (HIGHEST TO LOVEST) s~
FOR I « § TON -~ |}
FOR J=] ¢« 1 TON
IF ACl) >» ACJ) THEN 460
LET T = ACD)
LET ACL) = A(JD)
LET ACJ) = T
NEXT J
PRINT ACl) 3
NEXT 1
PRINT A(N)
PRINT
‘PRINT
PRINT " NUMBER OF VALUEKS IS" 3 N
PRINT " SuM OF THE VALUES IS™ 3 S
PRINT " THE MEAN YALUE IS" 3 S / N
PRINT * THE MEDIAN VALUE 15" 3
IF N/ 8 < INT (N /7 8 ) THEN 570
PRINT A(N/.) + AC(R+2)78) ) /7 8
g0 YO 600
PRINT ACC(N+1)/8)
PRINT " THE STANDARD DEVIATION IS™ J SR C( N s S2 + S ¢ S ) / N
PRINT ' o
PRINT
PRINT “ FOR ANOTHER RUN, RE~ENTER DATA ON LINES"
PRINT " 1000 - 2000, TAKING CARE TO ELIMINATE OLD DATA™
PRINT ™ BY TYPING THOSE LINK NUMBERS VAICH YOU DO NOT USE ABAlLN3"™
PRINT * THEN tYPl 'RUN®."
STOP
999 DATA 9999
2001 DATA 9999
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