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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 ALL OF THE BASIC LANGUAGE IS EXPLAINED IN THIS 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 school. 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 the Dartmouth

Time-Sharing System (DTSS) computer from a teletype terminal

at your school that uses regular telephone lines for com-

munication.
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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:

1



TURNING ON THE TELETYPE

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

There ar r. 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 few seconds, you will hear a beep, and you are ready to
start.

On some 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 program names.

JOE FAT-2 X JACK BASEBALL

3



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 didn't already know that the computer could:

Add ( +)

Multiply (*)
Divide (/)
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 is just as easy to change the
numbers you want to work with.

4



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

10 PRINT 8+3+7
20 END
RUN

ADD 08/12/69 10:51

18

TIME: 0.040 SEC.
READY

(remember you must push the return key at
the end of each line.)

- 5 --



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 numbers is shown below:

10
20
30
35
59
80
etc.

you can choose any set of line numbers you want.

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

Line numbers mLy be typed in any order.

8

32 the computer will sort them from
15 highest
19

lowest to
8

15
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.)

6



MAKING CORRECTIONS

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 0 key at the same time. This produces
a backwords arrow -.. for each letter eliminated. An example
is shown below:

SATRUDAYURDAY

The computer will continue as if RUDAY was never typed.

4. You can type 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 staternent.
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 in the same manner. The names of
some of these are:

Exponents (I.), 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 1.,/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 together?

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 TI,hat 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 printed 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 print 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 is scheduled to do multiplication and division
before addition and suhttaction 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: 2+2*3 or 3*2+2, we would get the same wrong
answer in both cases:

NEW TRY1
READY

10 PRINT 2+2*3
20 END
RUN

or

TRY1 08/12/69 10:55

8

TIME: 0.041 SEC.
READY

NEW TRY2
READY

10 PRINT 3*2+2
20 END
RUN

TRY2 08/12/69 10:55

8

TIME: 0.041 SEC.
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....18.



PRINT - Numbers

Suppose you just want to print a number. The PRINT
statement can be use0 for this purpose.

NEW NUMBER
READY

10 PRINT8
20 END
RUN

NUMBER 08/12/69 10:58

8

TIME:
READY

0.039 SEC.

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

NUMBER1 08/12/69 10:58

143

TIME:
READY

0.040 SEC.



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)



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

NEW JOE (return key)

The computer will answer READY.

S KEY (STOP)

or

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)
will be listed on the teletype.

'SAVE Command'

If_you_wishto_SAVE_your_program_for_s.ome_later_timet_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 that
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.

- 16 -



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.

-17-
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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 quote 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. The first program has a semi-colon, the second program
doesn't.

The semi-colon (;) at the end of line 32 causes the next line
to print right after it. Try the program both ways, with and with-
out the semi-colon (;).

NEW SNOOP-1 NEW SNOOP-2
READY READY

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

SNOOP-1 08/12/69 11:02 SNOOP-2 08/12/69 11:03

SNOOPY SLEEPS UNDER THE TREE. SNOOPY SLEEPS
UNDER THE TREE.

TIME: 0.049 SEC. TIME: 0.049 SEC.
READY READY

-18-
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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.

- 19



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 this program is given below:

20 PRINT
30 END

Paper moves up one line
on the command RUN.

Can you write a program to jump the paper five lines?

Don't look at 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 PRINT
22 PRINT
23 PRINT
24 PRINT
25 PRINT
30 END

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

Here it is:

21 PRINT "

30 END

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

Try it.

- 20



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 '0' (oh), because
we can easily mix this letter up with the number zero.

Some examples of variables are given below:

ABCRSTWXYZ
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 combination of letter and number
is treated just as if it were a single letter.

Some examples are given below:

Al A6 H9 17 Z5 Bl K3 L8

Is K25 a variable? NO, because the letter is
followed by a 2 digit number.

Is N6 a variable? YES.

Is 03 a variable? YES, but we try to avoid using
the letter '0' (oh), because
we easily mix it up with the
number zero.



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
20 PRINT X
30 END
RUN

LET1 08/12/69 11:08

5

TIME: 0.041 SEC.
READY

' X IS ASSIGNED THE VALUE OF 5.
' THE 5 IS PRINTED.
' THE PROGRAM STOPS.

We didn't put a quote (" ") around X because we want the value of the
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
20 PRINT "X="X
30 END
RUN

LET2 08/12/69 11:09

X= 5

TIME: 0.045 SEC.
READY

' X IS ASSIGNED THE VALUE 5.
' THE 5 IS PRINTED, SO IS X=.
' THE PROGRAM STOPS.

Here the program will print out: X=5

- 23
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THE LET STATEMENT USES VARIABLES (or letters) (Continued)

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

NEW LET3
READY

10 LET R3=5
20 PRINT R3
30 END
RUN

LET3 08/12/69 11:10

5

TIME: 0.044 SEC.
READY

' R3 IS ASSIGNED THE VALUE 5.
' THE 5 IS PRINTED.
' THE PROGRAM STOPS.

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

NEW LET4
READY

NEW LET4
READY

10 LET A=15
20 LET B=3
30 LET C=A*B
40 PRINT C
50 END
RUN

LET4 08/12/69 11:11

45

TIME: 0.042 SEC.
READY

or NEW LETS
READY

10 LET A=15
20 LET B=3
30 PRINT A*B
40 END
RUN

LETS 08/12/69 11:12

45

TIME: 0.044 SEC.
READY

The answer 45 is printed by the teletype.

- 24
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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 A$
40 PRINT "HOW OLD ARE YOU"
50 INPUT A
60 END
RUN

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?

- 26 -
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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
30
37 STOP
40
45
90
110 END

GO TO

The program has 2 STOP statements.

The END statement is always the last line.

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?

27
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CONGRATULATIONS!!!!!!!!!!!!!!!!

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 you
answers in a neater fashion.



EXPONENTS

Inarithmetjvc, we have a sorthand way of saying 4 times 4.
It is written 44. The little is called an exponent. Of course,
the answer is 16.

Also,

7X7 is 7
2 or 49

8X8 is 8
2 or 64

10X10X10 is 10
3 or 1000

2X2X2X2X2 is 2
5 or 32

What is 3 2
? 5

2
? 4

3
?

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.
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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

(b) Decimals

(c) Exponent

0,1,2,3,-5,etc.

0.1, .325, -.4,etc. or as an

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 (0.1). Some examples of
this are given below:

(a) The number 45,176,325,416 has 11 digits. The computer
will then change the number to: 4.51763E+10

(b) The number 39,165,216 will be printed as: 39165216

(c) The number 0.34561273215 will be printed as: 3.45612E-1

5rom the above, it can easily be sown that E+2 means 'times 100'
or 10 and E+3 Teans 'times 1000' or 10 . E-2 means 'divide by 100'
or divide by 10 .

This topic is usually called SCIENTIFIC NOTATION and additional
questions 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.



FOR...NEXT LOOP

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

Suppose we wanted to print a series of numbers 1,2,3,4,5, etc.
to 100. (Usually, this is written 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 work:

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 a 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 11:17

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 38
39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74
75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92
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.
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FOR... NEXT LOOP (Continued)

What happens here is that the J takes the value of 1, is
priwed Lin 20, and sent back to line 10. The word NEXT acts
like 'COTO line 10'.

fk:,wever, we already used 1, so it takes the next number 2,
ptint'i 72 and is sent hack to line 10 by the NEXT. This continues,
round and round (loop), until all the J's are used up.

When 111 J's are used up, and we come to the NEXT, there
is no NEXT J s.,) the program goes onto line 40 which in this case
is Lhe end.

SIJ:,p; wanted to write a program that would print out all
of the ,qi.ole numi)ers between 8 and 17. It's a simple matter using
a FOR...EXT loop to do this!

NEW LOOP-1
READY

10 J=8 Tc)
20 PRLNT J,
30 NEXT J
40 if.ND

RUN

1,00P-1 V/1.2/69 II:l9

9 10 11 12
1-1 14 15 16 17

TIME: 0.090 SEC.
READY

In rh;f:' cae, the numbers will be printed 5 to a line, 15 spaces
apart 1-7._.,.7e , comma (,) after J on line 20 was used.

Show. Leiow are 61 number of other examples that can be done simply
by c.typirlg line 10.

(a) In FOR J-0 TO 4
(b) in FO Z J=-5 TO 5
ic) 1) FOR J=-10 TO ,)

(d) 10 FOR J=-100 TO 0
(e) 10 FOR J.100 TO 0 sT:;:

- 33
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FOR...NEXT LOOP AND STEP

By retyping (e) in program LOOP''
Ting we

LIST

LOOP-1 08/12/69 11:21

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

is20 A to closelyREADY (Line Ae
pack the numbers)

20 PRINT J;
RUN

LOOP-1 08/12/69 11:22

100 99 98 97
82
64
46
28
10

81 80 79
63 62 61
45 44 43
27 26 25
9 8 7 6

TIME: 0.259 SEC.
READY

96
78
60
42
24
5

95
77
59
41
23

4 3

94
76
58
40
22
2

93
75
57
39
21
1

7.:1

5c

3a
20

0

9;
45

5/

19

7.9)0

5"4

18

,F,39

..L.

32

4-7

88
70
52
34
16

87
69
51
33
15

86
68
50
32
14

85
67
49
31
13

84
66

48
30
12

8
65

47
29
11

The last example uses STEP
/
1&,A4116

e the computer counts in a
positive direction on the number

and we wanted to count backwards/ e ,tructed the
'I program to do

this with STEP -1.
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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 2
30 35 40 45 5
55 60 65 70 7
80 85 90 95 1

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.
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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 J
FOR R r,FOR R
NEXT J L--NEXT R
NEXT R J---,NEXT

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

CORRECT

--FOR J
FOR K

r--FOR R
I---NEXT R

L FOR T
NEXT T
NEXT K
NEXT J



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. In
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

-10 -25
-9 -22
-8 -19
-7 -16
-6 -13
-5 -10
-4 -7
-3 -4
-2 -1
-1 2

0 5

1 8

2 11
3 14
4 17
5 20
6 23
7 26

8 29
9 32
10 35

TIME: 0.243 SEC.
READY
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PREPARING 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
2Xm=-- + 4.
3

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



THE LINE and

0 °IAEach teletype ,actly 75 ,aces numbered from
0 - 74. the TABulator

sr
information to be

printed at all7
Pe locati_ line. e

\11, on a
number (7) t pri:

LeDscim

i
IOW:

13thSuppoye
P""1 ht ogram seven d ° be

space on the , A 1)%. tht wil ° this si

NEW TAB
READY

ins
10 PRINT TpB(' '''

7
0

20 END

TAB 08/12/69
11,

s3

I

0.04k SECTIME-:
READY

ra/11 the _inter to
space

13 (rememberThis prcW s
a the l="-' a, ete 1-p- prints out 7.0 is the firs 0e,,TtlI5 (4.) 01,s

M
(-)

Since we layedAbek, 110 r - In sign or-; and Pspace was taken
before the nuiv .

NEW TAB1
READY

10 PRINT T.AB(1'
2)

.)
20 END
RUN

TAB1 08/12/69 33

7

AEC
TIME: 0.045
READY

rint the spaceThis prog+) e
quotes

InPeohe re removed
4.4 since space 13 has

an invisible (
We froM around 7.

,n1d have TABSYou, of vp
41anY a line, each separated

by a semi-colO .):



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 - 74.)

NEW COMMA
READY

10 PRINT ,,, "7"
20 END
RUN

COMMA 08/12/69 11:33

7

TIME: 0,056 SEC.
READY



CHAPTER FOUR

You're really getting up there!!

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 is more than B

A=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. In 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 in the program)

NEW RAIN
READY

10 PRINT "IS IT RAINING OUTSIDE";
20 INPUT A$
30 IF A$="YES" THEN 100
40 IF A$="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 is no stop on any line after 200 since the next line
is 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

IS IT RAINING OUTSIDE? NO
PLAY BALI!!! GOOD WEATHER.

TIME: q.078 SEC.
READY
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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 A32 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 inequalities 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 11:42

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

TIME: 0.092 SEC.
READY

RUN

TEMP 08/12/69 11:42

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 IS NOT YET FREEZING, GET YOUR ANTIFREEZE NOW.

TIME: 0.098 SEC.
READY
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ON...GO TO

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

ON X GOTO 100,200,300,350 means:

If X = 1 GOTO 100

If X = 2 GOTO 200

If X = 3 GOTO 300

If X = 4 GOTO 350

The X may be a complicated formula

- 45
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GOSUB and RETURN

As you become more experiont:ted in BASIC your programs will
probably become longer and more complicated.

Often you may have to 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



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 A$,A
50 PRINT A$,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
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READ and DATA, RESTORE

dn*, all -1-1,If the program has the ward the DATA can again

DATA and RESTORE* only restores to
$T08 p-4,y resto

pATA.be used from the beginning. res the string

In the program LUNCHRM, tyre statement was not used.
.00 ,,licated, it

is sometimesIf the words or strings are ofRl00-around
necessary to put a pair of quote 4ca010,,trings each particular
piece of data. Examples of comPlY are shown below:

800 DATA "SMITH, MR. JOHN", "smIT011 DIARY"
PLEAsANT AVE."810 DATA "SMITH, DR. & MRS. THOMAS X3.2



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 +l,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 means 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 IF J= 100 THEN 50
40 GO TO 10
50 "ND
RTTN

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 38

39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74

75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92

93 94 95 96 97 98 99 100

TIME: 0.261 SEC.
READY

Line 10 says LET J be replaced by J+1. Since the first time
through the J in Jtl was not assigned a value the computer said to
itself that it 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 is checking statement if J is 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+1
is 2. J on the left now has the value of 2.

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

Line 30 checks if J is 100! J is 2 not 100.

50



J=J+1 (Continued)

Line 40 sends program back to 10.

Line 10 now says Let J=J+1, 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.



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
idea of J=J+1 in BASIC.

PROBLEM 1

The base of an isosceles triangle is 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
20 LET P=X+x+2*X-4
30 IF P=76 THEN 50
40 GO TO 10
50 PRINT X,X,2*X-4
60 END
RUN

NEW 08/12/69 11:49

20 20 36

TIME: 0.064 SEC.
READY

PROBLEM 2

2X-4

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. (ry4 is a whole number.)

NEW PBLM2
READY

10 LET W =W-r1
20 LET L=2*W+25
30 LET P=2*L+2*W
40 IF P=950 THEN 60
50 GO TO 10
60 PRINT W,L,P
70 END
RUN

PBLM2 08/12/69 11:52

150 325 950

TIME: 0.074 SEC.
READY

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
20
30
40
50
60
70
RUN

LET 0=0+1
LET J=(.5*0)+3
LET N =J +O
IF N=33 THEN 60
GO TO 10
PRINT "JOHN= "J,"OTTO=
END

"0, "TOGETHER= "N

PBLM3 08/12/69 11:54

JOHN= 13

TIME: 0.071 SEC.
READY

OTTO= 20 OGETHER= 33

.7.n exit check should be inserted in programs PBLM1, PBLM2
and PBLM3 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 PB1,112.



RADIAN MEASURE, ANGLES and Tr(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 (Tr) back
in 6th, 7th, and 8th grades.

Do you remember what Tr stood for?

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

The teletype does not have the symbol Tr on the keyboard
so we are going to have to use a decimal. We use the following
decimal for greater accuracy: 3.14159265

7 = 3.14159265...for some purposes v. need 7
to more decimal places

The area of a circle is 7 -'Ames the radius times the
radius or:

A = TrR2

In BASIC this would be:

LET A = (3,14159265)*Rt2

The circumference of a circle was either:

C = -HD or C = 27R

In BASIC you would write:

LET C = (3.14159265) *D

or

LET C = 2*(3.14159265)*R

-54-
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RADIAN MEASURE, ANGLES and r (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.

(:(1

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

From this we could easily form the following table:

2ir = 360°

= 180°

r/2 = 90'

r/4 = 45°

ff/6 = 30°

n/18 = 10°

I'm certain you could figure r/3 is 60° or 4r is 720°.

We now have a new meaning for n.

n = 180L. = 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° c (one radian) < 58°

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

T,4,! use the following proportion to do these calculations:

180° = 3.14159265
angle X

.,- have an angle of 90° and want to find its value in
radiaf1J, would do the following:
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RADIAN MEASURE, ANGLES AND n (Continued)

180° 3.14159265
90°

X

or

1800*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=(3.14159( 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 7.- 1. RADIANS

TIME: 0.092 SEC.
HEADY
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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)

TAN (X)

The sine of 45° is written:

All refer to X as radian
measure.

Sine Tr() 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=0 TO 90 STEP 10
20 LET X=(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 0.698132 0.642788 0.766044 0.8391
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
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REMARK also (APOSTROPHE ')

The REMark or REM statement
of the program. It appears only
programmer.

has no effect upon the running
on a listing as an aid to the

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

An apostrophe (') does
and is quicker to type.

the same thing as a REM statement

An incomplete program using the

10 LET X=(A*3.14)/180
20 REM
30 FOR A =1 to 90
40 PRINT A, SIN(X)

ETC.

REM and (') is shown below:

' CONVERTS DEGREES TO RADIANS
PRINTS OUT A TABLE OF SINES

' START OF LOOP IN A
' OUTPUT A, SIN(X)

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



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

SIN (X)
COS (X)
TAN(X)
COT(X)
ATN(X)
EXP (X)
LOG(X)
ABS(X)
SQR(X)

INT(X)

Find the
Find the
Find the
Find the
Find the
Find e
Find the natural logarithm of X (ln x)
Find the absolute value of x;
Find the square root of x (Y5E-or x

1/2
)

INTERPRETATION

sine of X
cosine of X
tangent of X
cotangent of X
arctangent of X

X interpreted as a
number, or as an
angle measured in
radians

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
CLK$ Has the value of the time (16:26:46)
DAT$ Has the value of the date (06/23/69)
USR$ Has the value of the user number
VAL(S$) Converts the string (S$) to a number
LEN (S$) Counts the letters in a string
ASC (CHAR) or
ASC (ASCII abbreviationonverts the letters in ASCII value
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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 ";
20 PRINT "SQUARE ROOTS."
30 PRINT "

40 PRINT "NUMBER","SQUARE","SQUARE ROOT"
50 PRINT " It H It

60 PRINT "
ri

70 FOR J=I TO 25
80 PRINT J,J112,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
22 484 4.69042
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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(10*X+.5)/10t2
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*10tD+.5)/10tD
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DEF

Often it 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 procedu.kre you could
always use a GOSUB and RETURN as previously discussed.

THE DEF STATEMENT is 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 SINETAB1
READY

NEW SINETAB2
READY

10 DEF FNA(X)=(X*3.14159265)/180 10 DEF FNC(Y)=SIN (Y*3.14159265/J
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(Z)
50 PRINT X,FNB(X) 60 NEXT Z
60 NEXT X 70 END
70 END RUN
RUN

SINETAB1

ANGLE

08/12/69 17:23

SINE

or SINETAB2

ANGLE

08/12/69 17:26

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 0.984808
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 t;ie regular BASIC Manual for more information about
the use of DEF.
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ROOTS

The square root of
The square root of
The square root of

25 is 5.
36 is 6.
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?

No 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 of 50?

We can use the SQR(X) funct.on 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!!!

In qct, we could think of square root as the inverse of the
exponent . Below a table of squares and square roots.

N N2 1-N--or N1 (1/2)
Number Square Square Root

1 1 1

2 4 1.414
9 1.732

16 2
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ROOTS (Continued)

We can easily write a program to prepare this table:

NEW ROOT1
READY

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

It

30 FOR N=1 TO 10
40 PRINT N,Nt2,Nt(1/2)
50 NEXT N
60 END
RUN

ROOT1 08/12/69 17:29

Nt2 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 Nt(1/2) or N raised to the
1/2 power (expornt). We can think of cube root N'` (1/3)

ROOT

CUBE
FOURTH ROOT
FIFTH ROOT

BASIC EXPRESSION INTERPRETATION

Nt (1/2)
Nt (1/3)
Nt (1/4)
Nt (1/5)
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CUBE ROOT DEFINITION

"What number times itself, three times" makes 8:

N * N * N = 8 The cube root is 2.

"What number times itself, three times" makes 27?

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

Can you write a simple definition for the 4th root or Nt(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 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 p/ngram names (or files)
that you have saved.

'RENAME'

allows you to rename a program without destroying

'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 in
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.

'TTY'

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)
DLU (date last used)
DLM (date last modified)

ALL (all options)
SEL (starts a request for
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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 al,ailable from your tei7.cher.

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

- 69 -
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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?)
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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.
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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 DATA 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
90 DATA -1
LIST

FLAG 08/20/69

'CHECKING FOR FLAG -1
'LAST PIECE OF DATA IS SET TO -1

10 READ A
15 IF A=-1 THEN 99 'CHECKING FOR FLAG -1
20 PRINT AT
30 GO TO 10
80 DATA 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 - 72



RND and RANDOMIZE

RND produces a sequence of numbers betTeen .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 will
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

0.867272 0.131017 0.246894 0.578099 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
0.9294q5 0.296386 0.624037 0.735241

STOP
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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

8 0



APPENDIX A

SWIE SUGGESTIONS FOR STUDENT P%0GRAMS

The following is taken from a list of computer programming
ideas in varying degrees of difficulty prepared by Jean H. Danver
under the `ISM'- Dartmouth Secondary chooi ?roject (NSF Grant GW-
2246). :or a full copy of this TOPIC OUTLINE, please contact:

KTFH1T COMPUTATION CENTER
Dartmouth College
Hanover, New Ha,-Tshire 03755

1. `'rite a program that will print out your name.

2. "rite a prc,gram to find the product of two numhers.

3. Writs: a program that will read successive pairs of numbers
and, on each :)ass, -till print the numbers and their sum.

4. proram to read and compute the sum of the first
12 uvrl.

5. T''riJe a progcam compare two numbers. It the first is
larger than the second print, "NOT LESS THAN OR EQUAL".
Othetwise print. "LSS THAL1 OR fl(!UAL TO".

6. Wri.te a pronr,:m to generate and compute the first ten
in eners ar their cuhe.

7. write ,.. find the sun of pairs of numbers.
print out cach number and the sum in appropriate headed
columns.

8. Write a pfocjram to divide any two numbers.

9. Read a list of numbers and print them out in as few
rows as possible.

10. Read at last of numbers and print out every other number.

11. Read a list of numbers anrl, print them out in two co?,i-ns:

12.

a) As cLo together as possible
bl As .1r possible
c) -e in hetween

L 1. fhat wil] genciate the first ten integers,
T;quares and print out in columns headed:

e", "Sum ot Squares'.

13. ;:c.nerate the ti r, 10 integers, compute
- 75 -
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SOME SUGGESTIONS FOR STUDENT PROGRAMS (Crntinued)

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

14. Print out the lumbers 1-30 in a) 5 columns, b) 7 columns,
c) like this: 12345 678910

1112131415 1617181920

2122232425 2627282930

15. Add up the squares of odd numbers for 101 to 201.

16. 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.

17. Consider the numbers .5 thru 5 in steps of .5 inclusive.
Write a program that will center a three column table 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.

18. 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.

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

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

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

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

23. Determine if one number is divisible by'another.

24. Print out all integers between 1 and 100 which are:

1. Divisible by 3 and 5

2. " 13

3. " 31

Also, find the sums of the numbers in each group.
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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 given 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,

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

31. List the prime numbers between 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 columns.

39. Find the sum of the first N odd numbered even numbers.

40. Locate the largest number in a sequence of numbers and
its 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 NtE where N = any number and
E ,...

any integer without using the operators.

45. Write a program to compute (X*Y)
2 without using the commands

or *.

46. Write a program using the random number generator to
77
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SOME SUGGESTIONS FOR STUDENT PROGRAMS (Continued)

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

47. Change fractions t ,-orals.

48. Write a program which will convert linear measures in
.1e metric system (meters and centimeters only) to
quivalent measures in the English system (feet and inches

INT(X) may be useful here.

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

50. Compose a program which will supply the decimal equivalents
to the rational numbers 1/11, 2/11,..., 10/11. On the
first pass through the program the equivalents should be
rounded off to the nearest hundre.4th, on the second pass
to the nearest thousandth, and on the third pass to the
nearest ten-thousandth.

51. Program a general conversion between arbitrary bases.

52. List Pythagorean triplets.

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

54. Write a program to:compute N mod M.

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

56. Print out modular arithmetic tables.

57. Program an algorithm to convert numbers from decimal
to octal to binary.

58. '.rite a program to do.termine the solutions of a
quadratic equation.

59. Write a program to solve 1st degree equations in one
unknown.

60. Determine the slope of a line given any two points.

61. Find the square root of a number without using the
operator SOP..
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SOME SUGGESTIONS FOR STUDENT PROGRAMS (Continued)

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

63. Modify Newton's Method and approximate cube roots.

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

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

66. Find the perimeter and area of various geometriC figures.

67. Find the volume of various geometric figures.

68. Write a program to solve percentage c:ord problems.

69. Change integers to Roman Numerals.

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

71. Find 3ets of 5 numbers greater than zero which have a
sum of 1000.

72. Given the coordinates of 4 points, determine whether
they form the vertices of a square, a rhombus, a rect-
angle or a quad.

73. ..riven two sets A,B, compute AUJ3 and AQB.

74. Write a program which tells if two sets are equal.

75. 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 if you continuously
counted the mid-points of previous triangles.
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INDFX (Continued)
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OLD DARTCAT*** 66
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The enclosed material is a compilation of computer programs

developed during-the period May, 1968 to September, 1970. These

programs were developed by teachers and students in the high schools

which participated with us, and by the Project staff,

All of the enclosed programs have been tested on a Digital

Equipment Corporation TSS-8 time-shared computer during the summer

of 1970. To the best of our ability, we have assured ourselves

that the programs actually run. It should be pointed out, however,

that we were not able to make an exhaustive exploration of the pro-
,

grams. There may be undiscovered bugs (if there aren't, it may be

the first time in the history of computing). We would appreciate

hearing of any which emerge in the future.

These programs run in the version of BASIC which existed on

the TSS-8 in August, 1970, and should run on most other versions of

BASIC. The major potential problem on other machines is the output

format (DEC uses 14 columns per print zone, while some other manu-

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

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

changes in programs to adjust this format. Another possible

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

to start the random-number generator at a random point. If this

command is not available, some other means should be devised for

randomizing the start.

It is our sincere hope that these programs and their sup-

porting documentation will be helpful to educators who are explor-

ing the uses of computers in education.

We are anxious to hear of any bugs, errors, or improvements

in these programs, and are especially anxious to hear of any novel

ways of using them.

Ludwig Braun

Marian Visich, Jr.
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DISCIPLINE BIOLOGY

SUBJECT GENETICS

PROGRAM NAME DROS

DESCRIPTION:

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

OBJECTIVES:

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

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

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

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

PRELIMINARY PREPARATION:

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

B. Materials - Eight containers grouped in two sets of four and labeled
A, 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 Jut one slip of paper from each of the containers of the male
group and mark the designation on the chalk board. For instance:
Al, BZ, C2, Dl:

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

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

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

1



Biology
DROS

DISCUSSION:

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

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

B. Follow-up

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

for each phenotype of the offspring.
?. 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?

4
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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 2)? 2
WHAT IS 'B'? 1

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

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

WHAT IS 'C'? 1

WHAT IS 'D'? 1

OFFSPRING HAS NORMAL WINGS
AND IS RED EYED.

LET'S TRY THIS SEVERAL TIMES AND SEE THE RESULTS WE GET
OVER SEVERAL TRIALS. KEEP A RECORD.
SHALL WE TRY AGAIN? IF YES TYPE 1, IF NO TYPE O.

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

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

FOR THE EGG CELL, WHAT I .n'? (TYPE 1 OR 2)? 1

WHAT IS 2
WHAT IS ,'C'? 1

WHAT IS 'D'? 1

OFFSPRING HAS VESTIGIAL WINGS
AND IS WHITE EYED

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

? 1

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

WHAT IS 'B'? 1

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

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

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

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

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

? 1

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

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

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

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

OFFSPRING HAS VESTIGIAL WINGS
AND IS WHITE EYED

3
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SHALL WE TRY AGAIN? IF YES TYPE 1, IF NO TYPE 0.
? 1

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

WHAT IS 'C'? 1

WHAT IS 'D'? 1

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

WHAT IS 'B'? 1

WHAT IS 'C'? 1

WHAT IS 'D'? 1

DEVELOPING EMBRYO HAS DIED.DUE TO LETHAL GENE ACTION.

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

? 0
I HOPE THAT I HAVE BEEN OF SOME HELP TO YOU,

AND THAT 5 RUNS PROVIDE ENOUGH INFORMATION.

HEADY

4
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Biology
DROS

UNIKEM THIS PROGRAM DEVELOPED BY R. COOPERMANJOhN GLENN HIGH SChOOL
.410 REM- REVISED BY C.LOSIK 7-9-70
119 HEM C IS THE RUN COUNTER, ALL INPUTS ARE TEMPORARY
120 LET CO
125 REM WE ASSIGN EACH GENE A "WEIGHT",
126 REM AND COMBINE THE WEIGHTS TO GIVE RESULTS 1

130PRINT"THIS PROGRAM IS DESIGNED TO GIVE THE GENETIC RESULTANT TRAITS "'
140PRINT"OF OFFSPRING WHOSE PARENTAGE WAS DISCUSSED IN PROGRAM 'GAMGN'"
150PRINT
440PRINT"ARE YOU READY? HERE WE GO."
450PRINT
,540PRINT"FOR THE SPERM CELL, WhAT IS 'A'? (TYPE 1 OA 2)";
550 INPUT X
551'IF X=1 THEN 559
552 LET X=5
553 GO TO 560
559 LET X=10
560PRINT" WHAT IS 'E";
l70-4-NOPUT Y
571 IF Y=1 THEN 579
572 LET Y=100.
573 GO TO 580
579 LET Y=50
580PRINT" WHAT IS 'C'";
590 INPUT
591 IF W=1 THEN 599
592 LET W=0
593 GO TO 600
599 LET W=500
600PRINT" WHAT IS 'D'";
610 INPUT
620PRINT"FOR THE EGG CELL, WHAT IS 'A'? (TYPE 1 OR 2)";
630 INPUT L
631 IF L=1 THEN 639
632 LET L=5
633 GO TO 640
639 LET L=10
640PHINT" WHAT IS '8'";
650 INPUT M
651 IF M=1 THEN 659
652 LET M=100
653 GO TO 66U
659 LET M=50
660PAINT" WHAT IS 'C'";
670 INPUT N
671 IF N=1 MIEN 679
672 LET N=0
673 GO TO 680
679 LET N=500
680PRINT" WHAT IS 'D'";
690 INPUT 0

5
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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 IF T<999 THEN 750
740PRINT"DEVELOPIN1 EMBRYO HAS DIED DUE TO LETHAL GENE ACTION."
745 GO TO 910
750 IF R<19 THEN 770
760PRINT"OFFSPRING HAS VESTIGIAL WINGS"
765 GO TO 780
770PRINT"OFFSPRING HAS NORMAL WINGS"
780 IF S<199 THEN 800
790PRINT "AND IS WHITE EYED"
795 GO TO 910
800PRINT"AND IS RED EYED."
910 PRINT
915 IF C>1 THEN 940
920PRINT" LET'S TRY THIS SEVERAL TIMES AND SEE THE RESULTS WE GET"
930PRINT"OVER SEVERAL TRIALS. KEEP A RECORD."
940 PRINT "SHALL WE TRY AGAIN? IF YES TYPE 1, IF NO TYPE 0."
950 INPUT I

960 IF I=1 THEN 540
963 IF I=0 THEN 970
966 GO TO 940
970PRINT" I HOPE THAT I HAVE BEEN OF SOME HELP TO YOU,"
980 PRINT "AND THAT"C"RUNS PROVIDE ENOUGH INFORMATION."
990 END

6
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DISCIPLINE BIOLOGY

SUBJECT EVOLUTION

PROGRAM NAME EVOLU

DESCRIPTION:

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

OBJECTIVES:

To- show - -the- student that:

A. The mutation rate within a population for a specific trait can be
stable for a periodof time, or can change. The success of the
progeny exhibiting this variation is dependent upon environmental
conditions.

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

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

PRELIMINARY PREPARATION:

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

B. Materials - 1) Specimens showing color variations within any species
options T; and 2) Ditto of the list of assumptions presented in this

program (optional). Assumptions are listed below.

DISCUSSION:

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

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

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

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

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

7
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DISCUSSION: (con' t)

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

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

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

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

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

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

3. How does changing the mutation rate affect the dark moth
population-when-environmentaLpressures favor these_moths?
Why?

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

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

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

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

8
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D.1.1J.11.1Fy

EVOLU

EVOLUTION STUDY

.
WITHIN A LARGE POPULATION OF PEes-)En. Ahi., A FLW

INDIVIDUALS Wnlen ShOWUP DAnKEn IN GuLOn in .:a 1rt
LIGHT COLOAED MOTHS ISECAOsE OF V.UkAiltiNs.

YOU ARE GOING TO STUDY Th16 POPULATION OF PEPPEn e'On ju

YEARS AND SEE WhAT RAPPENs TO TnE NUEEn UF VAnA Mutns wnEN
YOU ALTER ENVIAONMENTAL CONDITIONS.

SELECT A MUTATION AATE VALUE OETWEEN 1 AND 1U. The.

HIGHER THE NUMBER, THE hiGnEn TnE MUfAT1UN RATE 1s, AND
THERE ARE MORE DARK MUTms IN OUn roeuLArioN.
? 9

!IOW MANY LIGHT COLORED MOTnS AnE InEnE IN TnE nEA?
SELECT A NUMBEn bETWEEN lUuU AND lOuuUUu ? 65789

YOU HAVE ThE POWER TO CHANGE fnE ENJ1nONMENT.
AT WRAT POINT IN OUR TH1nTY YEAn PERIOD DU YOU WAN!

TO IMPLEMENT YOUR POWER? SELECT A YET- A FnOM 3 inAUUGh lu.

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

HOW DO YOU WISH TO SEE THE RESULTS?
1TABLE ONLY, 2GhAPH ONLY, UmBOTH? U

FOR A MUTATION HATE OF 9

YEAR DARK MOTHS LIGnf MOTHS
- - -

1

2
3

0
0
U

65769
657159
65789

4 0 65789

5 5921 59868

6 11309 54480

7 16212 49577

8 20674 45115

9 24 734 41055

1U 28429 3736U

11 31791 33998

la 34851 30938

13 37635 26154

14 40169 2562u

15 42475 23314

16 44573 21216

17 46482 19307

18 48220 1 7569

19 4980 1 15988

20 51240 14549

21 52549 13240

22 53741 12048

23 54825 10964

24 55812 9977

25 56710 90 79

26 57527 8262

27 58271 7518

22 58948 6841

29 59564 6225

30 60124 5665

9
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Biology
EVOLU

u

L=L1GrIT MOins, U=UARA mOihs
VALuE., GstArnr:d Aa PERCENTAGE uF POPULATION.

1UU
1 1 1 I 1 1

1 0 L
E
.3

ID

k
L
L

4 D L
5

o

I

1

U
u

L
L

7 1 D L
0

v
lu

1

1

1

D
U L

D L

L

11
le

I

I

UL
L D

Is 1 L U
.14 1- L D
IS I L D
16
17

I

I L
L D

u
10 1 L D
19 1 L V
2u
E1

I

I

L
L

D
u

2e
23

1

I

L
L

U
u

24
e5

I

I L
L D

D
E6 I L D
27
20

1

1

L
L

D
u

E9 I L D
30 1 L D

DO YOU WANT TU HUN PROGAAM AGAIN (1=YES,U=N0)? 1

SELECT A MUTATION RATE VALUE BETWEEN 1 AND 1U. rhE
hIGHER THE NUMBER, THE hIGAEA THE MUTATION RATE IS, AND TAUS
rHEAE ARE MORE DAAA MOTHS IN OUA POPULATION.
? 9

hOW MANY LIGHT COLOnED MOTHS ArtE rhEAE IN InE AREA?
SELECT A NUMBER BETWEEN 1000 AND IOUUUUU ? 657b9

YOU HAVE THE POWER TO ChANGE THE ENVIAONMENT.
AT WHAT POINT IN OUR THIRTY YEAH PEA1OD DO YOU WANT
TO IMPLEMENT YOUR POWER? SELECT A YEAR FAOM 3 THROUGH 1U.
? 5

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

HOW DO YOU WISH TO SEE THE RESULTS?
1-TABLE ONLY 2 -GRAPH ONLY. U=BOTA? 1

10

2
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EVOLU

A MUTATION

iEAA
----

1

e
J

RATE OF 9

DAAA WOTh6 LIG441 e.Ofno
---- -----
U 65 769
u 65769
u 65769

4 0 65709
5 U 657o9
0 U 6i7o':,

'/ u 0n7o9
o U (:):,',ot,

9 u 65769
iv u 65'iov
11 u r)5'i0

le u L5769
1.3 u 65 769

14 U ',57c.,9

15 u 65769
16 0 657o9
17 u 65769
10
iv

U
u

-66.7c,v,
65769

eu 0 65709
el U 65769
e2 U 65 769

e3 U 65769
24 U 65769
25 u 65 769

26 U 65769
27 U 65769
26 U 65769
29 0 65769
30 0 65769

UO NU WANT TO AUN Tnlo AJAOGnA,,i AGAIN (1=VEo,U=N0)? U

riEAU1

11
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Biology
EVOW

eaUGaAn DEVELOeED Bt Da. A. FnisnMAN, s.j.N.Y. FAariINGuALE
IluitE, AND a. COUpEAmAN, tiOnN GLENN nIGn sCnOOL.
112 itEv. aEVISEu BY C.LOSIn
115 aEL.. ii=0Aast MOTs AaHAY, L=LIGni :101n AnnAt, e0eJL.
'116 DLL. DCJ1), LCJ1)
117 r's;ligi " ""i.VOLjilON .)1.t..11)t"
110 eaINC
leuealwr"wIlhIN A LARGE POPULATION OF eEeet;I: MUrrui, rnEHE AWE A FEW"
13Jea1Nr"INUIVIOUALs WnIen snOW Ur DAttnEa IN COLOR rnAN TnE NOaMAL"
140 PaINT "LIGnf COLUAED MOTHS BECAUSE OF MUTATIONS."
15OehINT
16uPhINT"fOU AhE GOING TO STUDY THIS POPULATION OF PEeeErt MOTHS FOL. Ju"
170ehINT"YEAn6 AND See; WHAT nAPeENs TO TnE NUMIEa OF uAhri MOrn6 WnEN"
loOehINT"YOU ALTEA ENVIHONNENTAL CONDITIONS."
200 PRINT
21u.PHINT "SELECT A MUTATION HATE VALUE BETWEEN 1 AND lu. ThE"
220PHINT"hIGHEh THE NUMBER, TnE hiGhEh TnE MUTATION HATE IS, AND inUs"
230-PilINT-"ThERE-ARE-M0hE--DAhKMOMS-IN-OUH-POPULATION4"-
2401NPUTM
250IFM<1ThEN2d0
260-1F h<=10 THEN 310
2o0PHINT"THE MUTATION HATE YOU HAVE CHOSEN DOES NOT FALL WITHIN TnE"
29JehINT"PHESCHIBED RANGE 1-1U. 111Y AGAIN."
JJOGOT0240
310 PAINT
330 PRINT "HOW MANY LIGHT COLORED MOTHS AHE ThEHE IN TnE AREA ?"
340 ehINT "SELECT A NUMBEH BETWEEN 1000 AND 1000000 ";
350INPUTPO
360 IF IJO<1E3 THEN 390
370 IF p0.c..1E6 THEN 420
39uPAINT"ThE NUMBER OF MOTHS YOU HAVE CHOSEN DOES NOT FALL WITHIN ThE"
4UOPhINT"PhESChIBED MANGE 1000-1000000. Tilt AGAIN."
410GOT0350
42OLET EmPO
4J0PhINT
440PHINT"YOU HAVE THE POWEH TO CHANGE THE ENVIHONMENT."
4SUehLNIAT WHAT POINT IN OOH THIHTY YEAH PEHLOD DO YOU WANT"
460PaINT"TO IMPLEMENT YOUR POWEh? SELECT A YEAH FROM 3 THHOUGn'10.
470 INPUT X
400 IF X<3 THEN 492
490 IF X<=10 THEN 500
492 PRINT "THE YEAR CHOSEN DOES NUT FALL WITHIN THE RANGE 3-1u."
494 PkLINT "TAY AGAIN."
496 GO TO 470
SOOPRINT
510PRINT"IS THE ENVIRONMENTAL CHANGE GOING TO FAVOR"
520PHINT"LIGHT MOTHS (TYPE 1) OH DAhii MOTHS (TYPE 2)";
530INPUT E
532 IF Eat THEN 540
534 IF E-2 THEN 540
536 PRINT "PLEASE TYPE 1 Oh 2 NOT;E.
53d GO TO 530
540PRINT
600 HEM ONE LOOP FOh CALCULATION
610 FOh T1 TO 30
615 HEM CHECK IF ENVIRONMENT HAS CHANGED
620 IF T'-A THEN 650
625 HEM NOT YET (FAVORS LIGHT MOTHS)
630 LET P10
640 GO TO 710
649 REM ENVIRONMENT HAS CHANGED
65U IF E<>2 THEN 630
660 LET PI=INTCP1+.01*M*P0+.5)
67U LET PO=INTCZ-P1+.5)

2 ;3
12
C.'
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Biology
EVOLU

680 IF Pl<4 ThEN 71U
689 AEM COMPLETE REVERSAL OF POPULATION ,HAS OCCUAED
69U LET PIsiL
730 LET PUNIO
710 LET L(T)ImPU
72U LET 0(T)=P1
730 NEAT T
740 AEM OUTPUT OF RESULTS
750 PAINT "HOW DO YOU WISH TO SEE THE ItEsuLTb?"
76u PAINT "1=TABLE ONLY, 25GAAPH ONLY, u5BOTA";
77U INPUT E
780 FOA T.0 T02
79u IF E=T ThEN 825
WU NEAT T
d10 PRINT "AW C'MON. I'M NUT DUMH. TAY AGAIN."
d2u GO TO 760
823 PRINT
825 PRINT
826 PRINT "FOA A MUTATION rtATE OF";M
830 IF E>1 THEN 91u
840 PRINT
d5U PhINT
d60 PAINT "YEAR ", "DAAK MOTHS",
d70 PAIN'' "----", "---- ----- ",
875 HEM OUTPUT TABLE
odu FOA T51 TO .s0
890 PAIN1 T, D(T),
900 NEAT r
910 IF E=1 THEN 1080
915 ?HINT
92U PRINT
925 PAINT " ","1.22LIGhT MOTHS, D5DAAA MOTHS"
9J0 PAINT " ","VALUES GAAPAED AS PEACENTAGE OF POPULATION."
935 PAINT
94U HEM SCALE OF GAAPH IS LEA0 TO UNE
99U atINT rila(5);"u";TAB(54);"100"
1000 PRINT TAB(5);"I I 1 1 1 1"
10 10 FOh T=1 To Ju
1020 PAINT r1TA8(5);"1"3
1023 LET L(T)550*L(T)/Z
1026 LET D(T)=504,D(T)/4
1030 IF L(T)>D(T) THEN 1060
104u IF D(T)). L(T) THEN 1070
1050 PRINT TAB(5+L(T) );"*"
1055 GO TO 1075
1060 PAINT TAb (5+D(T));"D"; TAB(5+L(T));"L"
1065 GO TO 1075
1070 PAINT TAH(5+L(T))J"L";TAb(5+U(T));"D"
10 75 NEAT f
108u PAINT
1090 PAINT
1100 PRINT "DO YOU WANT TO AUN THIS PAOGAAM AGAIN (1uYE6,0=NO)";
111U INPUT E
1120 IF E=1 THEN 200
1130 IF E<>u THEN 1100
1140 END

"LIGHT MOTHS"

13



DISCIPLINE BIOLOGY

SUBJECT GAMETOGENESIS + INHERITANCE

PROGRAM NAME GAMGN

05elk/1,

A
dol,pioatlfsriew of the Process of gametogenesis, applying it to the concept of`\recessive traits,

To 1,
A/ divi sttlforce the meaning of the terms random assortment, meiotic

%nO, monoploid, and, diploid.
To
p1.0a1p,/, the student to make decisions based upon knowledge gained in the

ykrT thus causing the students to think.
To 2.

C \..ieW and reinforce both spermatogenesis and oogenesis.

PREPARATION:
Stlidt

A. J
Z. \kdents should be familiar with all phases of meiosis.

iNetics should have been introduced so that the student understands the
,11:1,iications of gene action, dominance and recessiveness, homologous

3. Tpti lion-homologous chromosomes.
thl'pgramrning and machine knowledge. Keep in mind that for this program
4: students should be given time to try to determine what genetic traits

represented by the chromosome designation shown in the program.

B.

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

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

Mater
- none necessary

14

= A1A2, B1B2, C1C2, D1D2
A1A2, BZBZ, C1C2, D1DZ

= A1AI, B1B2, C1C2, D1D2
= AlA2, B1B2, C1C1, D1D2

= B1BZ or B1B1
BZBZ (recessive)

= AIAZ or AZAZ
= AlAl ( rec es sive)
= CZCZ
= C1C2
= C1C1 (recessive)

0 Copyright 1971, Polytechnic Institute of Brooklyn
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Bioldgy
GAMGN

DISCUSSION:

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

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

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

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

5. Ideally, students should work individuTf17.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?

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

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

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

variations?

ARTICULATION INTO NEXT AREA TO BE COVERED:

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



RUN

ThE FOLLOWING DIAGRAMS AhE AEPuESENTATIONS OF PAIMAA: bh:n
CELLS. ChuOMOSOMES AAE REPRESENTED HY LET1EAS.

PAIMAAY Sk JERMATOCYTE PAIMAAY OOCYTE

C Al A2 ) C A3 A4 )

C ) C )

C 81 82 ) C 83 84 )

TYPING IN A NUMbEA,WhAf IS ThE DIPLOID NUMBER OF
ChAOMOSOMES FUA THIS ORGANISM? 4

SO YOU SEE THAT AI + A2, FOA EXAMPLE, AnE PAIAS OF hOMULUGOUS
ChROMOSOMES. IT IS ESSENTIAL THAT AFTEA FEATILIZATION, IF ThE
DIPLOID CONDITION IS TO aE RETAINED THAT WE hAVE SOME MEANS OF
PLACING ONLY ONE A AND ONE B CHROMOSOME IN ThE SPERM AND ONLY
ONE A AND ONE 8 CHROMOSOME IN ThE EGG. MIS INVOLVES MEIOSIS.

LOOK AT ThE PhIMAAY SPERMATOCYTE ABOVE.
DURING THE FIAST STAGE OF MEIOSIS, THE MALE SEA CELL
SHOULD APPEAR AS IT IS IN ONE OF ThE FOLLOWING DIAGRAM6.

1 2 3 4 5

C ALAI ) C Al A2 ) C A ) C Al A2 ) C )

C A2A2 ) C ) C ) C ) C )

C BIB1 ) C ) C ) C ) C )

C B2B2 ) C 81 82 ) C B ) C ) C Ell 82 )

WhIeh DIAGRAM MOST CLOSELY AEPAESENTS TnIS MEIOTIC STAGE ? 1

U.K., NOW WE CAN MOVE ALONG. MEIOTIC DIVISION OCCUAS AND
WE GET TWO SECONDARY SPEAMATOGYfEb FAOM EACH PRIMARY
SPEAMATOCYTE AND ONE SECONDARY OOCYTE FhOM EAU: PAIMAAY
OOCYTE. EACh SPEAMATOCYTE CONTAINS THE FOLLOWING ChAOMOSOMES:
Al A2, Ell B2. EACh OOCYTE hAS A3 A4, 83 84.

ThE REASON WAY ONLY ONE OOCYTE IS PRODUCED lb:

1) ThE OOCYTE DOES NOT UNDERGO DIVIblON.
2)THE OOCYTE DIVIDES AFTER FEATILIGATION.
3)A POLAR BODY IS FOAMED.
4)ThEAE IS AN ERADA IN THE comrurEA.

WHICH NUMBER WOULD REPRESENT ThE CORRECT ANSWER?

CORRECT. NOW LET'S MOVE TO ThE FINAL STAGE IN WhICh
WE WILL END UP WITH 4 MONOPLOIDCRAPLOID) bPEAM--1)A1B1
2)A282 3)A1B2 4)A281 AND ONE OVUM--I)A383 OA 2)A484
Ott 3)A384 Oh 4)A483

WHAT lb THE POSSIBILITY THAT THE OFFSPRING WILL hAVE
THE SAME ChAOMOSOMAL COMPOSITION AS ThE FATHER?
PAINT ONE OF THE FOLLOWING NUMBERS.

1)5U CHANCE 2)NO CHANCE 3)1UU CHANCE
4)YOU CAN'T TELL FROM TAE INFORMATION GIVEN

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

0 Copyright 1971, Polytechnic Institute of Brooklyn



Biology
GAMGN

NoW LEf'6 .EE IF wE GAN JoE InEOE it) JETEA,%1NE WnAf
OGGOAo IN A r'Or'JLAfiON. WE WILL IJOE Ab °GA OIWANIbei LnE FAOlf
FLI, uALLiWJnILA, wnIum mA6 o Ao TnE DIAJLOID NOMMEit OF
GnAW.OoOMEo. fnE FOLLOWING WILL mEAJAESENE GEILfAIN CONDITIONO
IN FisJIT FLIEo :

NOmMAL WING-;tED CIC2, 1)IU2
NOMMAL WING-wnIfE ExE=RIA2, GIGe, ulD'e
VEoTIGIAL wING=A1A1, olo, GIGE, DI1)2
LE fn. GENE=AIA2, tilde, GIGI, DIU'e

-)OretJOE WE GA0o6 TnE NOMMAL AED EYED WITn fnE NOAMAL Whin:
EIED FAUlf FLY. WhAr GOULD fnE OFFOAJAING LOW Li E? LOOA Af
TnE GENOTY:JEo GAAEFOLL: ktqD ,EE IF YOU CAN :JIG'S OJT YnE
DIFFEAENT GENE GOMINATIONo. enEN MAhE ALL ,JOboldLE CAOthoEO.
,tf A LATEA DATE, WE WILL bEE nOW I, TmE GOM:"UTElt, GAN
oOLVE frilo ,JMOOLEM F Un WO.
uOT FIA6T, TARE Tnlo OMEEI MAGA TO :DOA thEAfo AND W041.A ON If.

17



1UUAL }h/S PAOGAAN DEVELOrED BY h. CUOrEaMAN--JUnN GLENN hIGH SCHOOL
1U5 AEM AEVISED BY C.L061X 7-9-7U
107 HEM ALL INrUrS AAE rEMPOAAAY
11JraINT"THE FOLLOWING DIAGnAM6 ArLE aErEsENTATION6 OF PAIMAni SEA"
12UraINI"CELL5. ChaOMOSOME6 Rah: aEraEsENIED 8Y LEffEa.D."
1JUrAINT
14UraIN1 "raIMAni SrEaMATOCYrE raleiAai 00CYTE"
15vrn1Nr"
16UrAI1" Al A2 ) C AJ A4 )"
17UraINT" )"
loUrAINr" C 81 132 ) C Bj 84 )"
19UrnINT"
WUPhINT
21ULET i=O
22UrAINT"BY TYrING IN A NuM8Ea,WhAr Is int. DIrLOID NU8En OF"
2JUralN1 "CnnOMUsOmEs FOA 0.LGANISM";
e4U1NrUf
e5UIF C=4. fnEN 32U
,oUrnIN1.
e7UrnINf" AnE IOU SUnE rmar YOU UNDEasfAND WnAr Is MEANf dr DIrLOID"
eoUraINT"AND hArLOID?"
evuIF Y=1 THEW lloU
jUULEr Y=Y+1
jlOGO TO 22U
JeOrnINT
33UrnINT"SO YOU SEE 1HAT AI + A2, rUa EAArLE, AHE rAtaS OF nOMOLOGOUs"
44UrnINT"Cria0mUSOMEs. IT IS EsSENTIAL InAf AFtEn FEnTILILAIION, LE TnE"
35UrnINf"DIPLOID CONDITION IS ru aE aETAINED THAT WE nAVE SOME MEANS OF"
36UrnINT"PLACING ONLY ONE A AND ONE 6 CnnOmUsUME IN rat: 6rEnM AND ONLY"
37UrAINr"ONE A AND ONE d CnhOMOSOME IN InE EGG. Tnls INVOLVEs MEIOSIS."
joUrAINT
J9Urn1N1 "LOOn AT TnE rnIMAAY seElimArucyrE A8OVE."
4UUrAINT"DUnING rhE FIRST STAGE OF MEI0s15, THE MALE sEA CELL".
41UPAINT"ShOULD ArrEAn AS IT IS IN ONE OF InE FOLLOWING D1AGAAM5."
42UPHINT
43UPAINT" 1 2 3 4 5"
44UPAINT"
45UrAINT"( ALAI ) C Al A2 ) C A ) C Al A2 )
46UPAINT"( A2A2 ) C ) C ) C ) C )"
470PAINT"( 8181 ) C ) C ) C )

4oUPHINT"( 8282 ) C 81 Se ) C 8 ) .( 81 82 )"
49urAINT"
5uULET X=U
51UrAINT
52UrAINI"WHICA DIAGRAM MOST CLOSELY Ai:enESENTS TnIS MEIOTIC STAGE ";
53UINPUT D
54U1F D=1 THEN 6UU
55UrAINT
56UPAINT"YOUA AEASUNING Is FAULTY."
565 rAINf "DO YOu AECALL THAT A rErItAu 16 FOnMED?"
57UIFA=2THEN 1180
sauEEr A=A+1
590G0 ro 52U
5UUrnINT
61UPAINT"O.A., NOW WE CAN MOVE ALONG. MEIOTIC DIVISION OCCUu6 AND"
6eUrAINT"WE GET TWO SECONDAAY srEnMATOCYTES Fa0M EACH PAIMAHY"
WUPAINT"SPERMATOCYTE AND ONE SECONDAnY OOCYTE FnOM EACH rAIMAAY "
64UPAINT"OOCYTE. EACA 6rEaMAfOCYIE CONTAINS ThE FOLLOWING CHAOMOSOMES:"
55UPAINT"A1 A2, 81 82. EACH 00CYTE nAS AJ A4, 83 84."
66UPAINT
67UraINT"THE nEASON WHY ONLY ONE OOCYTE 16 PRODUCED Is:"
68UPAINT
69UPRINT" 1)THE OOCYTE DOES NOT UNDEUGO DIVISION."
7UUPAINT" 2)rhE 00CYTE LYJ1DES AFTEA FEnTILIGATION."

18 3

0 Copyright 1971, Polytechnic Institute of Brooklyn



Biology
EVOLU

71prAINf" j)A ruL,A,i JUDY lo FUANED."
7e0i4AINT" 4)1nEA6 ij AN EAnUA IN 1:16 GOmeJ1EA."
'/JvrAINI
74peAIN1"WAIGA NuMuLA AWLD AErAEOENf f 6 GuAii6G1 ANJI:=A";

E
Y6u:AiNk
Y',u1F 6=J fnEN olu
7uu:AIN16"ofOr UjEoOINO. fAEAE IJ rl i-J6A1.6GT61 (iuuu ,111Gii"
79ui-JAINf"nAo A VirAL r'uNGflUN."
oJuGJ iU 7JJ
clJeAINf"GOAA6Gi. NOw LEi'o UVE f0 fnE rltvrlL oiAGL IN 4:n1GA"
ceurJAiN1"WE 4,1LL ENU Jr (:11n 4 UNWJLOID(naeLUlu) oi.LA1..--1)A1131"
oJuritINT"e)Aeise J)Hlzjd 4)AeJ1 AND ONE UVOi.:--1 )AJaJ OA )14404"
640eillNI"On ,Ortititi On 4)A4JJ"
obJeAINI6
oopeAlAf"AziAf 10 11-16 eUo61oILi1r inAi UFFJeAING wILL nAVE"
o?ueillivf"fAE GAAuNJOUAL Gui.a"UolflUN AO LAE erifAEA?"
ooueAINI"i-JnINi dAi!: Ur iri FULLuwiNG NU/sr.:A:J."
9us'AIN16" 1)5u GAANGE e)NU GnANGE j)luu GnANGE"

GAN'i fELL FAUN fnE 1NFJANAI1UN GIVEN"
F

92U1F F=2 96J
9Jui-JAINT"YULI GUULDN'i JE NUAE WAUNG LUOK Al ALL 'ink.: CELLS AGAIN AND"
94us'AINf"GOMeAAEALL r0. Si iiLlilFJ."
9SuGU fU 9IJ
96uPAINT"GOUD fraNKING."
97uezilNf"I A01-L YOU nAVE A FAIALY GOOD IDEA Ur' OEV6AAL eAINGIrJLEo"
voUPAINT"INVOLVED, eAATIGULnAL1 AANDON AJOUAINENf."

lutiurJININoW Lt.f'J JrE IF WE CAN UoE inE6E IDEA6 iU Ltltruiltvl WnAY"
lolueAINI"UGGUAJ IN IA t'UULA11J0J. wc. 61LL Jot. Ao uUA OAGANIOM TnE FADli"
lueurJAINT"FLI, DAUoOrn1LA, WnIGn nAO o Ao fnE uleL0iu NUNuEh OF"
iv3UrAINI"Gnii0o0o0NEo. fnE.FuLLOWING i41LL riErAEoENI6 GEAfAIN CONDITIONo"
luJ5 PAINI "IN FAUlf FLIEo :"
1040eAiNf
loSUPii.LNI"NO:a,IAL ZNiCi-i.r.D t.; 1 t.;e, 1)11.)e.."

wril e.tr:=Alme, r32/34, 131, Lid"
1u7uiJAINI"VE.D1IGIAL 4ING=A1A1, blbe, GIG2, DIDe"
lUourAINI"LEInAL GENE=A1A2, olJe, GIGI, D1De"
1J9W-JnINf
Iluur'AiNf"Jui-i-OJE inE. r. X wl In int. ivkiiiiv:41,
IllusJIUNI"EIEU F;WIr FLY. WnA1 GUuLD Int. UFForAING Lu0A L1th.? LOUA Ai"
112UPAINI"fAE GENOTYrEo CAAEFULLI taivL oE6 IF LOU CAN rICA OUT fhE"
11JuritINT"UIFFEItENr GENE u0u1NArION;J. rnEN AAE ALL ruzz,IbLE'L%10."
11401-'itINT"AT A LAfEA LATE, wE WILL oEE nOW 1, fnE GUNeJlEA, GAN"
115urAINT"OULVE fnlo i-JAJJLEM FUA xOU."
116ur,i1Nr"r3ur TAAE fnith jnEE1 bACA IU YOGA jEAIo AND WOAA ON 1f."
117U OT0i-J
IlbUijAINT" YOU'AE JUof GUEoth1NG. I pON'i nAVE fINE 10 FOOL"
119urJAINf"AAOUNu. FAAE fnlo OnEEi Uui AND ofJUi If; TnEN .DEE YOU."
120LWAINT"fEAGnEA J6FOAE YUU GUNE 6AGA 10 NE"
lelurtFrt N.i.f r'st.OGia-se. NAME I. DAOS**
122uEND

nEADY



DISCIPLINE BIOLOGY

SUBJECT CELL MEMBRANES

PROGRAM NAME MEMBR

DESCRIPTION:

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

OBJECTIVES:

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

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

C. To help in the understanding of solution concentrations.

PRELIMINARY PREPARATION:

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

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

DISCUSSION:

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

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

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

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

4. When the program is to be used with more than one class, it is suggested
that the data line in the program (see list) be changed. Since this is a
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simple change to make, it can be made between groups within a class.
This prevents their memorization and/or transmission to other groups
and classes. Examples follow:

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

140 DATA1,2, 3, 4, 5
Or 140 DATA4, 2, 6, 9, 1
or 140 DATA20 , 30, 4 0, 5 0, 60

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

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

suggested Follow-up

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

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

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

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

environment? (When it is dead. )

21
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CELL MEMdAANEs

AN IMPORTANT FUNCTION OF CELL MEMDAANEb I. TO CONTROL
IRE PA6bAGE OF MATEAIAL INTO AND OUT OF CELLS. fnIS PhOGAAM
GOES INTO ThE MEANS ay WrilCn THIS PAOCEb6 CAKES PLAGE.

IN THIS ExrEhimEivr A SfARCh AND GLUCOSE SOLUTION WAS
PLACED WIThIN A PIECE OF CELLOPHANE TUBING. CELLOPHANE lb
POAOUS ENOUGH TO rEhmir ThE PAbSAGE OF SOME SMALLER MOLECULE.,
ThhOUGH IT. TAEAEFOAE, A CLOSED OFF PIECE OF TUBING CAN
REPRESENT A CELL.

AFTER TnE STAACA AND GLUCOSE SOLUTION WAS PLACED INTO THE
TUdING, ThE END WAS TIED OFF AND TAE 'CELL' PLACED IN A BEAAEA
OF WATEA TO WHICH A FEW DROPS OF IODINE WAD BEEN ADDED.

LET 10 AEPHESENT ThE OUTSIDE OF IRE MEMBRANE
LEI 11 AEPAESENT ThE 1NbIDE OF ThE MEMBRANE

WhEAE IS rhE CONCENTRATION OF GLUCOSE ThE GAEATEsr? 11

THAT IS COAAECT. WhEAE 1 THE CONCENTAATION OF SlAsten IRE
GREATEST? 11

hIGhT WAERE,Is IRE CONCENTAATION OF IODINE TnE GAEATEST? lu

WOW! WHAT A SUPERIOR MIND YOU nAVE. Oh IS IT JUST LUCKY
GUESSING? WHERE Is rhE GUNCENTAATION OF WATER THE GAEATEST? lu

TES. IF THE MEMBRANE WEAE TAE OUTER LIM1Ts OF A LIVING
CELL, WHICA OF THE PAOCEsSES BELOW WOULD ACCOUNT FOR 1-t MOVE-
KENT OF GLUCOSE OUT OF ThE CELL?

LET OSMOSIS = 12
LET ACTIVE TAANSPOAr = 13
LET DIFFUSION = 14

? 14

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

AIGhT. THE CONCENTRATION OF WAfEA IS GAEAfEh OUTSIDE OF THE
CELL ThAN INSIDE. ACTIVE TAANSPOAT WOULD ACCOUNT FOh MOVE-
MENT AGAINST DIFFUSION. WnIUm PAOCESs WOULD EAPLAIN THE
TRANSPOAr OF WATER INTO THE CELL? 12

YES, OSMOSIS IS DIFFUSION OF WATEA ThhOUGA A SEMIPEAMEABLE
MEMBRANE. IF THE IODINE OUTSIDE OF rhE CELL WAD TUANED BLACK,
WHAT PROCESS WOULD NAVE CAUSED IT? 13

YES. SINCE STARCH MOLECULES AhE AELATIVELY LARGE, TnE CELL
WOULD HAVE TO EAPEND ENERGY TO MOVE rhEM ACAOSS THE
MEMBRANE, EVEN WHEN THE STAACn CONCENTAATION IS GAEATEA
INSIDE THE CELL.

CONGAATULATIONb. YOU NAVE SCORED 100. KEEP JP THE GOOD WOAA.

* * *

ttEADY

END OF PAOGAAM ***
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lourtEM Uuultr, G., dIOLUGY, 7/9/69
105 HEM nEVISED uY C.LOSIK 7-9-7U
107 hEM ALL 1NPU1s AhE 1'Eme0hAht
110ehINT" CELL MEdAANEs"
12uenINT
130hEADL,M,N,O,e
140DA1'A10,11,12,1.3,14
15UehINT
16UenINT" AN IMeOhfANT FUNCTION OF CELL C.EMdnANES IS 10 CUNTAOL"
17UehINT"THE PASSAGE u MATEhIAL INTO AND OUT Or' CELLS InIS ehOGhAM"
ISOenINf"GOEs INTO ThE MEANS 8Y WmICn InIs PnOCEss fAilEs PLACE."
190ehINT
k!uurrilNr" IN rnIli EneEhlmENT A simaCn AND GLUCOSE SOLUTION WAS"
21UehINT"eLACED WITn1N A PIECE OF CELLUPftANt TUNING. UELLOenANE IS"
22UenINT"POnOUS ENOUGH TO rEnNIT ThE PASSAGE OF sONE SNALLEA MOLECOLES"
2JOrmIN1' "Tnn00Gn If. fmEnEFOkiE, A CLOSED OFF PIECE OF TUdING CAN"
240ehINT"hEehESENT A CELL."
25UehINT
26uriiINr" AFTEh TnE 6rAhCh AND GLUCOSE SOLUTION WAS PLACED TnE"
27UrnINT"TU8ING, fmE END WAS TIED OFF ANU IE 'CELL' PLACED IN A bEAKEh"
2dUehINT"OF WATEh fU WnIGn A FEW Diturb OF IODINE nAD dEEN ADDED."
29ueltINT
JOUen1Nr" LET "L" riEettESENT THE OF TnE MErir3hANE"
dlUeliINT" LET "o" rtEr' r:NT INSIUE Ur friE MEtiti ltAiv E"

3dOehINI'WnEhE Is TnE GONCENThATION OF GLUCOSE TnE GhEA1'E6T";
d4U1NeUTA
J5UehINT
J6UIFA=MTnEN41U
j7OenINI"SOnnY. rhAT 16 NOT TnE COlthECT ANSWEn. WnY NUT? WhIrE Milt"
JdUehINT"AEASONS ON A PIECE OF eArEA AND nAVE nEM VEhIFIED dY YOUA"
d9UehINT"TEACnEh dEFUhE CALLING Th16 PituOitAM AGAIN."
4UU STOP
41uPhINT"ThAI 16 GUnhECT. WnEhE IS ThE CONCENTmATION OF STAnCh TnE"
42uemINT"GnEATEST";
430INPUTB
44UPAINI
45OIF8<>MTAENJ7O
460enINT"mIGhT. Writ 16 fhb; CONCENThATION OF IODINE TmE GmEATEsT";
47OINPUTC
4sOPIIINT
490IFC<>LTnEN37U
500PHINT"WOW1 W-iAI A 6111JEnIOn MIND YOU HAVE, On IS IT JUST LUCKY"
510ehINT"GUESSING? WnEhE 16 THE CONCENTuATION OF WATEh TnE GnEATEST";
52OINPUTD
530PhINr
540IFD<>L1'hEN37U
550ehINT"YES. IF free: MEM0AANE WEhE fmE OUIEh LIMITS OF A LIVING"
560PhINI"CELL, WHICH OF IME PhOCESSEs BELOW WOJLD ACCOUNT FOh ThE MOVE-"
570PAINT"MENT OF GLUCOSE OUT OF THE CELL?"
5dUehINT
590ehINT" LET OSMOSIS = "N
600PhINT" LET ACTIVE ThAN6e0hT = "0
610PAINT" LET DIFFUSION = ne
620INPUT E
63UehINT
64UIFE<>PTHEN370
65UehINT"COhhECr. THE GLUCOSE DIFFUSED FnOM AN AnEA OF niGhEn"
660emINT"CONCENThilTION TO ONE OF LOWEn CONCENThATION. WnICn PhOCEsS"
67UehINT"WOULD ACCOUNT FOh ThE MOVEMENT OF ThE WATER OJT OF THE CELL";
6bUINPUTF
69UPhINT
7JUIFF<>0TAEN370
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fluritINT"AtIGhl. fnE CONCENfnAfION OF wkiEn I. G.LEAIEn OUfsIDE OF inE"
74J.JAINf"CELL fAAN INsIDE. ACf1VE inANSPOnf WOULD AL:LWOW FOn vAiVe.-"
7Jvehlvff"mnNf AGAINSf DIFFUsION. WhlUn PAUUEss WtjuLD EAPLAIN ent."
74ueh1N1 "1'wiNbeUiti OF mAfEn INTO ih CELL";
750INPUTG
76UPhiNf
770IFG<>NTHEN3IU
7OUPKINT"YES, OSMOsIS IS DIFFUSION OF WAfEn ThnOUGn A SEmIPEumbAhL4"
79OrhINT"MEMBhANE. IF ThE IODINE OUrzIDE OF THE CELL WU, 1U LNEU hLACA,"
WUPhINF"WhAr PhOCESS WOULD HAVE CAUSED If";
dlUINPUTH
62UPAINT
03OIFH=OTHENO6U
n4UentNT"NO. "I
dbUGOTOO7U
b6UPAINT"IES. ";
07UPAINf"SINCE SfAhCh MOLECULEs AnE hELATIVELY LARGE:, rhE CELL"
0OUPHINTWOULD HAVE TO EAPEND ENERGY TO MOVE THEM ACROSS ThE "
OVOPHINT"MEMBhANE, EVEN WnEN THE STAHCh CONCENTAATION IS GhEA'rErs"
9OUPh1NT"lNSIDE THE CELL."
91JPAINT
920IFH<>0THEN960
93OPhINT"CON01tATULATIONS. YOU HAVE sCOnED 1UU. AEEP UP fnE GOOD WOnA."
950GOT0970
960FHINT"WELL, YOU HAVE DONE WELL IN SPITE OF SOME EhhOh."
97UPRINT
980PHINT" *** END OF PhOGhAM ***"
99O END
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DISCIPLINE BIOLOGY

SUBJECT ENZYMES

PROGRAM NAME NZYMC

DESCRIPTION:

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

OBJECTIVES:

The program presents the students wit?. .he follow ing concepts:

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

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

C. The meaning of the term " limiting factor" :

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

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

PRELIMINARY PREPARATION:

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

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

pH
to Ac: 3L' t0 ..50 1,0 7r Be eic 5 is IS .11) 15 . 3s yo ys Su SS

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 shoi Id 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 beyond a certain
point in a system?

2t)
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(c) Why does the concentration of enzymes reach a point and then
no increase in reactions take place?

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

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

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

(g) What is meant by limiting factors?

* Student must examine all three graphs before reaching a conclusion.
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lOODImA(15),u(11).n(12)
11UhEM PAOGAAM 06VELUPEU alf AL. UULVEL-01AN oUnN GLENN niGn SCHOOL
leuhEM ELWOUU NEW Mitt
121 t(EN hEV15ED riY C.LUsIA
122 hEM ALSO .iEE NLIme
123 hEM A(1 )men VALUt.s, J(1)=CuNC. OF EN4iMc. VALUES. n(1)=Tme VALUIL.,
124 HEM Y=REACTIVIfY
125 hEM ALL AESULTs Asti. IAHOLATEu AND GnkenEo (Nu OrTIUNb)
1JuersINT" TAlb rALUGstAM DESIUNEU TO snUt. MAT EN.LiNt. ACTION
14uFU1tN=IfUl4
150AtEAuA(N).
16UNExTN
17UrnINT"hELATEU TO CEA:AIN LIMITING FACTO:IS. frIk.zt; FmOiciltb INCLUDE en,"
1oUF0aNnITO1U
19UstEADJ(N)
WUNEATN
21UrA1mt"TnE OUNUENTItATION OF EN4IME6, AND TEM?EnAfUsa,. 1N fnIS ertUGsd-til"
220FOitN=ITUll
23UnEAUn(N)
24UNEXTN
25UPAINT"WE ASSUME 1nAT IWU OF THE Tr:HEE FACTUns AhE CONSTANTS AND"
2GuestINT"WILL OnANGE ONLY UNE AT A TIME. WE ALSO ASSUME frIAT EACn"
270FitINT"FACTU.t WhAS INVEPENOENTLY. ALTHOUGH inIS is NUT TaUE IN"
2burhINT"NATUItE."
290rAINT
auurniNr" TOO nAvE A enUlet: OF fnE FOLLOWING LIMITING FACTOAS:"
jluehINT
32Ut'dINT"1 )eh 2)CONUENThA1'1ON OF EN4YMES 3)TEhlr'EttAlUrtE"
JJoritINT
J4uehINT"WH1Cn NUVWEA Uu YUU Win ";
35UINPUTA
36UPAINT
37UIFAIBITHEN420
313U1FAeTHEN6bU
39U1FAm3THEN610
40UPAINT"TnAT IS NUT A FElitilz)6113LE ANSWtJt."
41OGOT0340
42U PhINT "*** PA ***"
43UGOSUB52U
44UPH1NT
45U PRINT "Ph VALUE" "HEACT1UN nATE","0 50 IOU";
451PAINT " 15U 2u0 "
46U PAINT "
461 PAINT " 1 1"
47U DATA 0.1.5.4.0.7.5.12.U.16.5.21.UP1b.5.12807.5.4.U1.50.5U
4dUFUAN=1T014
49u PAINf N.A(N)*Y "I"; TAeCINT((A(N)*r+.b)/5)+2o);"*"
SOUNEXTN
510GOTU920
52UPAINT
53U LET A-U
54UPH1NT"HOW nEACTIVE AN ENZYME AhE YOU WUnKING WITH? USE A VALUE OF"
550PHINT"FHOM 1 (NUT VEAY AEACTIVE) TO 10 (VEAY REACTIVE). ";
56UINPUTY
570IFY<ITHEN6UU
580 IF Y4-10 THEN 67U
600 IF A>1.2 THEN 650
6IUPRINT"THE NUMBEA YOU HAVE CHOSEN DOES NOT FALL W11111N THE AANGE "
62UPRINT"GIVEN. THY AGAIN."
630 LET A.A +1
64UGOT0560
65U PRINT "NEXT TIME. PLEASE FOLLOW INSIAUCTIONS."
66U STOP
670HETUAN
60:5U PAINT "*** CONCENTHATTON OF ENZYMES ***"
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6vuel.I.Af"nEAE iJ>r iiu6f fmar 'inc 1..".Ar.) 6UFFIGii.NT."
'AJUGUbUd52u
7IJe.tINf
7JU e;:40,1 GUNU."/"A:LACflON 5U 1JU";
7-11 dr.1Ni " 1bJ -duo"
'1,4J e;.10;i" " ",/ I";

int-JD:Aft-Au

N=I iU lo
7(11.1 lu*N, u(e4)4x, "I"; 1Ati(INi((u(0J)4,i+.D)/b)+,:c);"*"
Ou

lu :JINT "+-** fz.1,.rt.:1.Afu

0Jueltlwr
otiu eltIt\if C.","ri.EACCIUN iLAL.r,","u bu lut.)";

" 15J 'eJU"
" , ","I 1 I";

r.,1 "
oi-trA

1:=U

,-.4JuFt.)..N=1 1011

ovJ eAlNi f,r:(.v)4.1,"1"; fAls(iNi'((11(,,)4I+.),)+40);
`AJL-t:Ii=f+5
vluivt:Ar N
v2uenINI
vJUritINf"DU iUu WI.an 1WN? IF tab, ettINI I; NU, ertiN/' U. ";
v.:1u loieUT A
vDuei-IINf

ci.0 IF A=I fritAN Juu
IOU IF A<>J inzN
loo ";.1fULJI i it GstArqlb AND 1'AriLE.6, A:gD f"t CU FlUuilz"
961 eitINI "OUT Wriml";.) nkeeENING note.."
v.A.rt.ND
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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.

Concentration = 50%

Reaction
rate

Temp ( "C)

H=6

pH=

PRELIMINARY PREPARATION:

Reaction
rate

pH =6

Concentration

t=35
t=30

t=25
t=20

t=15
t=1 0

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

32
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DISCUSSION:

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

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

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

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

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

2. Equivalent points on each data set should be compared; e. 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?

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

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

33
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ril1S rHOGBAm WILL ENABLE YOU TO SEE rhE EFFECTS ON TRE.RATE OF
REACTION WITHIN A SYSTEM CONTROLLED BY ENZYMEs. THE
BEACTION RATE WILL VARY AS THE ENVIhONMENrAL CONDITIONS
WAHY. THESE CONDITIONS, Ph, CONCENTRATION OF ENLYMES,
AND TEMPERATURE, IN A NATURAL .ITDATION AtE NEV Eh CONSTANT.
LET'S SEE WKAT CONTROLS TnIS KATE IN THESE SYSTEMS.

THE FOLLOWING ARE rnE LIMITS WITHIN
ENVIRONMENTAL CONDITIONS CAN VARY.

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

(4411Cn EACR OF OUR

4 AND 1U
10 AND 1UU PERCENT
5 AND 47 DEGREES C.

I AM GOING TO PRINT A '7'. YOU MUST THEN TYPE A NUMBER FOR Ph,
CONC., AND TEMP. (IN THAT °HIDER), WHICH FALLS WITRIN EACh
LIMIT STATED (SEE ABOVE.)
7 4.10,5
PH CONC. TEMP. REACTION RATE

4 10 5

NOTE THE REACTION RATE WITH
SELECTED TO PROVIDE A BASIS
RATE, CHOOSE ANOTHER SET OF
TEMP. (SEE LIMITS ABOVE).

7 7,10,5
PH CONC.

.05

THE THREE VALUES WHICH YOU
FOM JUDGEMENT OF REACTION
VALUES FOR Ph, CONC., AND

TEMP. REACTION RATE

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

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

I AM GOING TO PRINT A '7'. YOU MUST THEN TYPE A NUMBER FOR PH,
CONC., AND TEMP. (IN THAT ORDER), WHICH FALLS WITHIN EACH
LIMIT STATED (SEE ABOVE.)
7 4,20,5
TYPE
7 20
PH

THE NUMBER WHICH

CONC.

IS TO BE VARIED.

TEMP. . REACTION RATE

4 20 5 .1
4 30 5 .13
4 40 5 .16
4 50 5 .17
4 60 5 .19
4 70 5 .19
4 80 5 .2
4 90 5 .2
4 100 5 .2
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YOU NOW HAVE A sEr OF VALUES FOR REACTION RATE AS ONE OF
THE GOVERNING FACTORS IS VARIED AND THE OMER TWO ARE HELD
CONSTANT. DOES THE REACTION RATE HAVE A MAXIMUM VALUE?
IS THIS THE MAAIMUM POSSIBLE REACTION RATE? TO DETERMINE rmIS,
USE THE SAME INITIAL VALUE FOR THE VARYING FACTO., BUT THIS
TIME TYPE IN DIFFERENT VALUES FOR Tilt: CONSTANT FACTORS.

IF YOU WANT ANOTHER SET OF VALUES FOR REACTION RA-it:prier: '14
IF YOU ARE SATISFIED THAT YOU KNOW TnE VALUES FOR EACH. FAc1'ow6
LAiIMUM REACTION RATE THEN TYPE '2'.
? 1

I AM GOING TO PRINT A '7'. YOU MUST TnEN TYPE A NUMBER FOR. Ph,
CONC., AND TEMP. (IN THAT ORDER), WnICh FALLS WIThIN EACH
LIMIT STATED (SEE ABOVE.)
? 7,20,5
TYPE THE NUMBER Wnlem IS ro bE VARIED.
7 2u
Ph CONC. TEMP. REACTION RATE

7 2U 5 e.1:513

7 30 5 12.26
7 40 5 14.67
7 50 5 16.26
7 6U 5 17.31
7 70 5 17.97
7 dU 5 16.39
7 9U 5 10.65
7. 100 5 lb.d
IF YOU WANT ANOTHER SET OF VALUES FOR REACTION RATE,TYPE '1'
IF YOU ARE SATISFIED THAT YOU KNOW TnE VALUES FOR EACh FACTOR'S
MAXIMUM REACTION RATE TriEN TYPE '2'.
? 2

HEADY
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ruLlfECh. INsi. OF .3:1,x.
iLJ hEV/s..E.D Li C.Eusin
IJ5 hEe. A=N. . CONC.,
lj% FU h EFFICIENC1, ALL CALCOLATIONs CONE VIA GO5Ud UALLs
Ilorhl:vf"TRIS =h0Gluisq w1LL tou f0 sEE Tr. EFFECTS UN ThE hATE OF-
1:!oPhINf"hEACTIO..1 A ..isfER CUhfisULLEb LSI 1:NGte;e.b. (AE"
loUel:Ji"AEAGriOh WiLL VA4.1 ThE ENVIstONis,ENIAL'CONDITIUNS"
I.L.orhINI"Vhf. inr,E comils10N,D, rn, CONCENThAf10i'. OF ENLYMEs,"
1I '';j fEe.rr:hAfohb, Is% msiUssAL .biroAriuN AhE NEVEn CONSfA:.s."
1.,urhINf"LEf's sEE 116.tf GUN1h0Ls frab ssATE IN ThEsE
7..sehl.v I

loyehl,"fnE FOLLOWING AhE LLit L1,9sITS WITnIN Wrilen EACh OF OUh"
19uPhINI"ENVIaUNNENTAL CONc1f10Ns CAN VAn1."

" ","1)en dEfWEEN 4 AND 10"
dlurisINT " ",°2)Elvs.. CONC.BETWEEN 1U AND 100 PEACENT"
eeurhINf " ","u)rEeir. BETWEEN 5 AND 47 DEGREES C.".
24UGOsUd132U
31UGOSUB1020
32UPhINT
33UPAINrNOTE ThE hEACTION RATE WiTh ThE fhhEE VALUES WhICh fOU"
34uPh1NT"SELECTED TO PROVIDE A BASIS FOst JUDGEMENT OF hEACTION"
J5UrnINT"hATE, CHOOSE ANOTHEh SET OF VALUES FOIL Ph, CONC....AND"
36UPAINT"fEmr. (SEE LIMITS ABOVE)."
370PAINT
3bUGOSUL11020
39UPRINT"16 inE nESULT A hIGnER On LOWER ZLEACTION AATE7 IS ThE hiGhEsf"
4JUPhINT"VALUE OBTAINED A MAXIMUM VALUE? DO you WANT TO ThY ANOTHEn"
410PnINT"SET OF VALUES (TYPE 919; Oh WOULD YOU PAEFEh A MOhE0hGANIGED"
420PnINT"APPAOACH TO DETERMINE MAXIMUM AEACTION KATE (TYPE '2')"
43UINPUTA
44UIFX=2ThEN 4bU
4421F x=1 ThEN 45U
444 PAINT "PLEASE TYPE 1 Oh 2"
446 GO TO 43U
45U PAINT "WHAT AhE YOUA NEW VALUES FOR Yri, CONC., AND TEMP.";
460 GOSUB1U20
47UGOT0390
4bUPAINT
49UPhINT"WE AhE NOW GOING TO PEAFOhM AN EXPEAIMENT IN WHICH YOU AAE"
50UPnINT"TO TYPE IN THE VALUES FO A Pri, CONC. AND TEMP. AS YOU DID"
510PAINT"BEFORE. hOWEVEh,NOW YOU AE GOING TO BE ABLE TO CHOOSE ThE"
52UPAINT"FACTOA WhICh WILL VAAY. ThE OThEA TWO FACTORS WILL REMAIN"
530PAINT"CONSTANT. (USE DIFFERENT NUMErtICAL VALUES FO A EACH FACTOn.)"
540PAINT"TO OBTAIN THE MOST SIGNIFICANT DATA START ThE EXPERIMENT"
550PnINT"USING LOW NUMERICAL VALUES FO A EACh FACT0h."
560LETM=0
57uCO SUB 1320
5buGOSUB1100
590P11INT"TYPE THE NUMBER WhICh IS TO BE VAAIED."
6JUINPUTX
6301F X-A THEN 725
640IF MOS THEN 795
65U IF XT THEN 655
652PAINT "PLEASE TYPE THE VALUE FOn PH, CONC., Oh TEMP.";
653G0 TO 600
655GOSUB 1370
660 GOSUB1220
670GOSUB1240
6b0GOSUB1260
690GOSUB1280
700LETT=T+5
710IFT>=47THEN670
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720GOTO6oU
725GOSUD 137U
730 GOSud124U Biology
740GOSUb1260

NZYM275uGOSUB122U
760GOSUB128U
77UIFA>10ThENO7U
7bULETA=A+.5
79UG000750
796GOSUB 137U
bUOGOSUB1220
ol0 GOSUU1260
62UGOSUB1240
o3UGOSUB1260
o4OLETK=A+1U
8501F10.1UUThENB70
o6UGOT0b2u
d7ULET M=M+1
o0 IFM>=2TKEN960
o9UPKINT"YOU NOW RAVE A SET OF VALUES FOK REACTION ATE AS ONE OF"
9UUPhINT"ThE GOVERNING FACTOKS 16 VARIED AND ThE OTAEK TWO AnE FIELD"
91UPAINT"CONSTANT. UUEs ThE KEACTIUN KATE NAVE A MAMMUM VALUE?"
92UPKINT"16 THIS THE MA41MUM POSSIBLE REACTION KATE? CO DETEtuilNE TA16,"
93UPAINT"USE THE SAME INITIAL VALUE FOA ThE VARYING FACTUA, BUT
94UPRINT"TIME TYPE IN DIFFERENT VALUES FOK THE CONSTANT FACTORS."
950PAINT
960PAINT"IF YOU WANT ANOTAEK SET OF VALUES FOR REACTION AATE,TYPE '1'"
97UPAINT"IF YOU AKE SATISFIED THAT YOU ANON THE VALUES FDA EACK FACCOn'B
9duPAINT"MAAIMUM KEACTION AACE TnEN TYPE '2'."
990INPUTB
1000IFB=ITHEN 57U
10U5IF B=2 THEN 1010
1UU7PRINT "PLEASE TYPE 1 OK 2"
IUUtIGO TO 99U
1010STOp
IUROGOSUBIIOU
1030GOSUB1220
1040GOS.UB124u
105UGO:,JB1260
1060GOSUB 137U
10b0GOSUB12110
1U90AETUAN
1100INPUTA,K,T
1105 HEM INPUT AND CHECK ROUNDS
11101FA44THEN118U
11201FAs10THENI1d0
11301FK410THEN1180
1140IFKslUOTHENIIBU
1150IFT45THEN1I8U
1160IFT>47THENIlb0
1170GOT01210
1180PRINT"AT LEAST ONE OF ThE VARIABLES UOES NOT LIE WITHIN TAE"
1190PRINT"PHESCAIBED LIMITS. SEE LIMITS ABOVE AND TRY AGAIN."
1200GOT0110U
1210AETURN
1220LETVI=EXP(-((.71*A-4.97)12))
1230RETURN
1240LETV2=EXP(-.08 *K)-2*EXP(-.05*K)+1
1250RETURN
1260LETV3=16.3*EXP(.074*T)-EAP(.133*T)
1270RETUAN
12bULETV=.88 *V1*V2*V3
1290LETV=INT(V*IUU+0.5)/IUU
1300PRINTA,K,T.V
1305 HEM PRINT REACTION KATE
1310RETURN
1320 PRINT
1330PAINT"I AM GOING TO PRINT A '?.. YOU MUST THEN TYPE A NUMBER FOR PH!!
1340PHINT "CONC., AND TEMP. (IN fhAT ORDER), WHICH FALLS WITHIN EACH"
1350 PRINT "LIMIT STATED (SEE ABOVE.)"
1360 RETURN
1370PRINT "PH","CONC.","TEMP."o"HEACTION RATE"
1380PRINT "a" "a"

1390RETUAN
1400 END
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DISCIPLINi BIOLOGY

SUBJECT PHOTOSYNTHESIS
0-

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

D. To learn or practice graphing.

E. To learn the concept of controlled experimentation.

F. Analysis and interpretation of data.

PRELIMINARY PREPARATION:

A. Student - An understanding of the photosynthetic process.

B. Materials - graph paper

DISC USSION:

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

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

b. The computer levels off at a light intensity of 12. If a student
selects all of his light intensity values above 11, a straight
line of asterisks will appear on the graph.

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

3. Students work in groups of 5 or less. Allow one group at a time
at the computer while the remaining groups are engaged in a
related activity.
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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. What happens to the rate of photosynthesis as:
a. The carbon dioxide concentration increases?
b. The intensity of the light increases?

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

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

4. Compare your graph with the graph made on the computer.
Point out similarities and differences. Explain them.
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mELLO. a/ NOW YOU ShOULU ANUw FhUM YOUtt LECTUAEs WHAT
en0f0sYNfriESIS IS. THIS LABOhATOhY WILL ENABLE YOU TO
CONUUCf EAPEnIMENf6 UN l'nt; cumeuTEa WnICh WOULD NOT BE
LAC I I GAL DUaING CLASS

SINCE ALL OF OUA FUUU CO MEs FAUM PLANTS, LET's FIND 013r
hOW ChANGING TnE AMOUNT OF ekhaON U10A1DE Oh InE IN1EN611:
OF LIGnf i /ILL AFFECT ThE eLANI'S aarE OF rnO1OSYNTnES16,
MEASUisU IN MICAOGiu-CIs OF GLUCOSE PhOUUCEU rEa DAY.

LET'S BEGIN Win enANGING InE LIGhf INTENSITY. YOU WILL
VAhY fnIS BY SELECTING INfEGEn VALUES IN InE hANGE OF
U 10 JU (fnE UNITS Foa LIGnr INTENSITY ,u IN EAGS/SEC/SQ.CM)
BY VAnSING ONLY ONE FACTOtt AI* A TIME. WE AhE CONDUCTING
A CONIAOLLED EAPEhIMENI. WE WILL ASSUME THAT °Litt PLANT
nAS ALL OF InE CAABON DIOAIDE. WATEst AND CHLOA0OHYLL
THAT If NEEDS.

YOU ShOULD CHOOSE BETWEEN FIVE AND TEN LIGnI INTENSITY
VALUES. TYPE IN ONLY ONE VALUE AFTEh EACH QUESTION MAAH.
BY TYPING IN IUU. NO MOhE QUESTION MAnKS WILL APPEAA AND
THE PROGRAM WILL CONTINUE.
(NOTES *I.U2' MEANS SATE OF en0ThSYWHESIS)

LIGHT INTENSIIY(LI)7 2
AP- 45
(LI)7 15
Wm 121
(1.1)7 7

RP= 99
(LI)7 29
AP= 125
(LI)7 20
RP- 124
(LI)7 5
Wog 84
(LI)? 6
AP= 92
(1.1)7 11

AP= 114
(1.1)7 12
AP= 116
(LL)7 1U
1.0= 111

1 - TABLE ONLY, 2 = PLOT ONLY. 3 BOTH? 3

LIGHT HATE OF
INTENSITY PHOTOSYNTHESIS

2 44.81
5 83.8
6 92
7 98.57
10 111.42.
11 114.12
12 116.29
15 120.52
20 123.52
29 124.8
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LIGHT
INTENSITY

RATE OF PHOTOSYNTHESIS

Biology
PHOSYN

U 25 5U 75 1UU 125

1

1

2 1

1

1

5 1

6 1

7 1

1

1

1U

12 1

1

1

15 1 *

1

1

1

1

20 1 *

1

1

1

29 1 *

1

O.K. LET'S NOW VARY THE AMOUNT OF CAABON DIOXIDE IN THE
ATMOSPHERE SURROUNDING OUR PLANT.

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

LET THE VALUES YOU SELECT FOR THE CARBON DIOXIDE CONCENTRATION
BE FOR TWO DECIMAL PLACES ONLY AND IN THE RANGE OF U TO .3U
UNITS FOR CO2 CONC. ARE CUBIC CENTIMETERS PEA LITER OF AIR.

AS BEFORE, 4 WILL TYPE IN A '7' AND THEN YOU TYPE IN THE
CARBON DIOXIDE CONC. AVAILABLE TO THE PLANT.
THIS TIME YOU MUST CHOOSE TEN DIFFERENT VALUES.
REMEMBER AP RATE OF PHOTOSYNTHESIS.

CARBON DIOXIDE CONC.(CO2)7 .1U
RP. 118
(CO2)7 .20
MP= 125
(CO2)7 .30
W. 125
(CO2)7 .15
AP 124
(CO2)? .05
W. 94
(CO2)7 .25
MP= 125
(cos)? .9s
MP 54
(CO2)7 0
MP. 0
(CO2)? .11
MP= 119
(CO2)7 .09
MP. 115
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1 TABLE ONLY* 2 = eLOT ONLY, 3 = 80Th?

CO2 CONC. NATE OF PHOTOSYNTHESIS
- -----

. 02 53.67931

.05 94.1092

.U9 114.9425

.1 117.6161

.11 119.2529

.15 123.56:12

.2 125

. 25 125

. 3 125

CO2 CONC.
AATE OF PhOTOSYNThESIS
U 25 5U 75. IOU 125

0

.02

.05

.09

.1

.11
I

.15

.2

.25

.3

DO YOU KNOW WHAT IS HAPPENING IN BOTH THESE INSTANCES?

READY
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100 4ti.i F. H. COUIJER, WiANDANCR 4.s., REVISED 7/69
1uS REN REVISED Br' C.LOsIK 7-9-7u
106 REM V(I)=1NeU1 UALUEs (LIGn INiENSITI. CO2 CONC.)
107 hiul stC1)=RATE OF emOTOsYNfRESIS
110 DIM VC41),,i(31)
120 "nELLU. BY NOW YOU SNOULD KNOW FROM IUJa LEcruliE WhAi"
WU PRINT "enOTOSINTREsIS is. MIS LABORATORt WILL ENABLE IUU 10"
140 PRINT "CONJ./lief 6Ar6Al/EN1'S ON TnE COMPUTER WnICR WOULD Nor BE"
150 PRINT "PRACTICAL DURING CLASS TIME."
16u PRINT
2uU PRINT "SINCE ALL OF OUR FUUD COMEs FROM PLANTS, LLT's FINU UJf"
e10 enlAT "hOW CHANGING TnE AMOUNT OF CARBON olOxIUL'OR THE INTENIIY"
4:0 ritiNr "OF LIGhf WILL AFFECT rr.E eLANr,s aAtt; OF PROTOsrNfnESIs,"
2J0 PRINT "MEASURED IN MICROGRAMs OF ULUGOSE PRODUCED PER DAY."
240 eRINT
evu PRINT "LET'S BEGIN WITH CHANGING TnE LIGni INTENSITY. YOU WILL"
JOU PRINT "VARY This BY SELECTING INTEGER VALUES IN 'IRE RANGE OF"
JluPRINT"U TO 3U (*IRE UNITS FUR LIGnT INTENSITY ARE IN EnGS/SEC/66t.CA)"
315 PRINT "BY VARYING ONLY ONE FACTOR Af A TIME, WE ARE CONDUCTING"
320 PRINT "A CONTROLLED EAPERIMENT. WE WILL ASSUME TRAT OUR PLANT"
33U PRINT "nA6 ALL JF TrIE CARBON DIOAIDE, WATER AND GRLOROPRILL"
335 eliimr "TRAY IT NEEDS."
340 PRINT
J5U ritINT "YOU SHOULD CHOOSE BETWEEN FIVE AND TEN LIGHT INTENSITY"
360 PRINT "VALUES. TYPE IN ONLY ONE VALUE AFTER EACR QUEsTION MARK."

PRINT "BY TYPING IN lutj, NO MORE QUESTION MARKS WILL APPEAR AND"
3900nINT"TRE PROGRAM WILL CONTINUE-."-
395 rhiroT "(NOTE: 'RP' MEANS RATE OF PhUTRSYNTRES16)"
4uu r:LiNT
41u ,INT °*.LIGHT INTENSITY";
412 REM INITIALILE
413 FOR I =u TO 30
415 LET V(11-1
417 NEAT I
419 FOR 1.1 TO 10
420 PW.NT "C1A)";
430 INPUT W
435 IF W= 101:) THEN 560
440 IF W>3U THEN 51U
450 IF W<0 THEN 51U
460 IF Wc>INT(W) THEN 510
47u LET V(W),W
LOU LET a(W)=INTC1250o*(1-EAe(-.222*V(W)))+.05)/1Uu
490 PRINT "RP=";INT(n(W)4-.5)
50U GO TO 55U
51U PRINT "WRONG! USE ONLY INTEGER VALUES BETWEEN u AND 30."
520 PRINT "TRY AGAIN."
530 GO TO 43U
550,NEXT I
560 PRINT
565 REM CHOICE OF OUTPUT
570 PhINT "1 TABLE ONLY, 2 = PLOT ONLY, 3 m BOTH";
580 INPUT W
590 IF THEN 6UU
593 IF Wm2 THEN 65U
595 IF W -3 THEN 600
596 GO TO 57U
600 PRINT
605 PRINT " LIGHT"," RATE OF"
610 PRINT "INTENSITY","PHOTOSYNTHESIS"
615 PRINT " ","

620 GOSUB 1500
630 IF U<>3 THEN 76U
650 PRINT
660 PRINT " LIGHT"
670 PRINT "INTENSITY"
6d0 GOSUB 1600
76U PRINT
770 PRINT
780 PRINT "O.K. LET'S NOW VARY THE AMOUNT OF CARBON DIOXIDE IN THE"
79U PRINT "ATMOSPHERE SURROUNDING OUR PLANT."
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ISUO P HI,NT PHOSYN
b10 PRINT "THIS TIME ASSUME OUh pLANT naS ALL Ti E LIGHT, WATEA AND"
d2U PRINT "ChL0hOPHYLL ThiT IT NEEDS."
WO PAINT
d4UOHINT"LET THE VALUES YUU SELECT FOrt THE 0AAHON DIOXIDE CONUENTAACION"
b5U PAINT"BE FOrt TWO DECIMAL PLACES ONLY, AND IN ThE RANGE OF U TO .3u"
btiO PRINT "UNITS FOh CO2 CONC. AhE CUBIC: CENrIMETEAS PEA LIT'Ert OF AIR."
890 PAINT
9Uu PAINT "AS BEFORE. I WILL TYPE IN A '7' AND THEN YUU TYPE IN ThE"
91u PAINT "CAhOON DIUAIDE CUNC. AVAILAULK CO THE PLANT."
920 PAINT "THIS TIME YOU NIJr CHOOSE TEN DIFFEAENT VALUES."
925 PhINT "AEMEMHEA a? = RATE UF PnOrOSINinESIS."
93U PAINT
940 PAINT "CAALION DIOxIDE GUNC.";
941 HEM INITIALIZE
942 FOt Inu TO 3U
944 LET VC1)=-1
946 NEXT I
94b FOA 1=1 TO 1U
950 PAINT "(CO2)";
960 INPUT W
970 IF W=1Uu THEN 1U5U
9dU IF W<U THEN 1u4u
99U IF W>.3 THEN 1U4U
995 LET 61=10U*W
1000 IF ABSCu-INrC6t +.5))>.U00u1 rnEN 1u4u
1UU3 AEM FUDGE 1U05 CAUSE INTEGER MEssEs UP
1UU5 LET 61=INT(IUU*W+.5)
1010 LET VCt..)=W
1020 LET ACU)=INTC175*C1-ExPC-2b*VCU)))+.005)/174.0125
1025 PAINT "HP=";INTCACU)+.5)
1030 GO TO 1050.
1040 PRINT "INPUT VALUES BETWEEN 0 AND .3 TO TWO PLACES ONLY"
1041 PRINT "THY AGAIN"
1045 GO TO 96U
1050 NEXT I
1060 PAINT
1070 PHINT "1 = TABLE ONLY, = -LOT °NIA. 3 = AUrn";
10bU INPUT W
1090 IF W=1 THEN 1100
IU93 IF W=2 THEN 115U
1095 IF W=3 THEN 11u0
IU96 GO TO 1070
1100 PAINT
1105 ?HINT "CO2 CONC.".."AATE OF PHOTOSYNTAESIS"
1110 ?HINT " ","

1120 GOSUB 1500
1130 IF W<>3 THEN 12UU
1150 PAINT
1160 PRINT "CO2 CONC."
11b0 GOSUB 1600
1200 PRINT
1210 PRINT
1220 PRINT "DO YOU KNOW WHAT IS HAPPENING IN BOTH THESE INSTANCES?"
1230 STOP
1499 HEM TABLE PRINTER
1500 FOH 1 -0 TO 3U
1510 IF VCI)<U THEN 153U
1520 PAINT VCI),HCIX
1530 NEXT I
1540 RETURN
1599 REM PLOT ROUTINE
1600 PAINT " ", "RATE OF-PHOTOSYNTHESIS"
1610 ?HINT " "."U 25 50 75 IOU 125"
1620 PRINT " "."1----1----1----I----1----I"
1630 FOR 1=0 TO 3U
1633 IF VCI)>=0 THEN 1645
1636 PRINT " "."I"
1640 GO TO 1670
1645 PRINT VCI),"1";TABC14+1NICACI)/5+.5));"*"
1670 NEXT
1680 RETURN
1700 END
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DISCIPLINE EARTH SCIENCE

SUBJECT CLIMATES

PROGRAM NAME CLDIAT

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
I) latitude and 2) proximity to large bodies of water;

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

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

PRELIMINARY PREPARATION:

A. Student - The student should have been introduced to the general
7c regions and their characteristics. He should also have

some understanding of the earth' s wind belts and how they affect
precipitation on the windward and lee side of mountains and
continents.
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PRELIMINARY PREPARATION: (con' t)

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

P and PE
(in inches
of H2O)

i

1 4

'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
program he should be given a NEW progress code number.

P curve
_ _ _ _ _ PE curve

- PE

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.
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DISCUSSION: (con' t)

As with many of the other programs presented here, this
program may be used in a demonstration lesson -- using the computer to
provide data and questions; and the class to suggest and evaluate
responses to be fed into the machine. Later, individuals or groups
might be permitted to use the program as previously discussed. (If the
program is used in this manner, the teacher might wish to prepare
transparencies of the data and curves in advance for use during the
computer run. )
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CLIMAT

UA., nEnE Ant: sUME VALuES FUn int: enEL:lel TATIUN (r) AND rust
Lne. PUIENTIAL EVAPOinkiNSPILIATION

1-1

1 14
G 1U

(PE) OF i-IN AnOA:

u

3

3 9 7

4 lb lu
5 9 13
6 14 14
7 13 lj
6 o 10
9 le 7

IU o 3

11 Ii 1

12 11 U

TOTAL PAECIPITATION = 137 iwCnEs

0.A., PLOT YOUn GicAr'n UN THL PAPEA enovioi:o 1UO
AND WHEN YOU AAE AEADY TU CONTINUE.... vEnEL1 TYPE
Awx NUBEA AND TnE nETUnN KEY. ? u

htEADY? GUUD, NOW TEL DUES flhin GAAPri ;HOW THAI
TnE CLIMATE nAS DEFINIfE WEL* AND DnY SEASONS (I=rES, U=NO) ? u

TELL ME, 16 THE CLIKAi....; LI3 WET, 123 DAT, Un 133 ODEAATE ALL
1

.vICE GOING, SMAnff PANTS. KEEP Ur' TnE GOOD WO.-t .

BY CHECKING THE PE COnVE ON YOUn GAMen, WOULD fOO SAY TnAT InE
SUMMEAS AnE Cl] HOT, f23 WAA19, On 133 COOL? 2

M C'MON, YOU COULDN'T POSSIBLY MEAN THAT....
YOU SHOULD HAVE sAID 1

FAOM THE SAME INFOnNATION (PE GAAPn), WUULO YOU SAY TnAf THE
WiNfEnS AAE 113 COLO, [23 MILD, OA 133 WAAM? I

ir WAAMS M nEAnT TO MEAd YOU SAY THAI. GOOD GOING.

WELL, BY NOW YOU MUST HAVE AN INKLING AS 1'O TnE iY'E OF
CLIMATE WE HAVE nEitE BELOW IS A COMPLETE LISTING OF ALL TnE
CLIMATES IN TnE WOnLD. nEFEA TU THEM Bf TnEIA NUMOEn ONLY.
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NAME OF CLIMATE

Earth Science
CLIMAT

1 TA 10e 1 GAL ttA1NFU:tES1
i:WriG AL EAST COAST

3 rAweiGAL MONSOON
4 tOPICAL SAVANNA
5 1.1i0sa I CAL DE SEUT

6 MEDI TEAAANEAN
MARINE: WEST COAST
nUMID CONTINENTAL

V nUMID SU8TA0eICAL
1U MIDDLE LATITUDE GAASSLAND6
11 MIDDLE LAT1fDDE DESEA1
12 SUbAnTIC CLIMATES
13 On 14 nIGnLAND CLIWATE6

(ist04-'1CAL On MIDDLE LAI1TOJEs)
lb POLAA TUNDAA
16 t'OLAst ICECAz"

WnAT IS THE: NUMdEn OF THE CLIMATE WE nAVE (WE'LL AUCErJT TnE
FACT THAT TnEY MAY OVEALAP)? 1

M't SUGGESTION STICA TO LANGUAGES On SOCIAL sTUDIES.
YOU SnOULD nAVE SAID 6 GOOD DAY TO YOU.

nEADi
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CLIMAT

luUAEM--E.A.GALLETCA,rATChUGJE-n.6.,4/22/69 Eknin 6e1ENCE (BilUAU)
105AEM--rnOGAAM ON CLIMATE6
110AEM--AEWAIiTEN--7/26/69--BAzICcaUli>
112 aEM AEVI6ED BY PUNY rEnEL, WALT WriliNAN nS, b -69
113 aEi. ab-aEVISED BY C.1-USIA 6-26-70
115D11-(56)
116 AANDOMI4E
12U1tEADN,L(N)
1251FN<>56TnEN12u
1JULECT=0
165raiNT"0.K., nEaE AnE 60E VALUES FUA TnE rAECtrifAIIUN (e) AND FOt"
16UrAINT"TnE rUfENitAL EVeUfilAN6sIllfION (SE) OF AA AaEA:"
166raIN1'
17urAIN1'" ","MONCn"," r"," rE"
175rA1NT" ","=====","=====","
195LET1J=INT(10*AND(1))
8UUIFP>6ThEN195
2U5lFr<1ThEN195
21ULETE=INT(10*AND(1))
215IFE>lirnEN210
220 IFE<IfnEN210
225LET4=5*E+6,01-,
24U IF (4-21)*(4-22)*(G-17)*(4-36)=0 TnEN 195
235F0n1=1T012
24UPAINT" ",I,
245IFr>1TnEN255
25ULETr1=12*C06(.261*1)T2+2*ANDC-1)
255IFP<>2ThEN265
2601-ETr1=12*SIN(.261*1)+2*AND(-1)
2651Fr<>3ThEN275
2701-ET1' 1=2+3*RNDC-1)
275IFr<>4TnEN2b5
26uLETr1=2*ANDC-1)
2651Fr<>5ThEN295
2901-ETe1=7+1U*AND(-1)
2951FP<>6ThEN3U5
3OULETP1=3*C06(.5+.15+1)t2
3U5rhINTINT(r1),
3101FE>1 TriEN320
315LETE1=10*SIN(.261*I)T2
320IFE<>2TnEN330
325LETE1=12,06IN(.261*1)T2
33ulFE<>3THEN340
335LETE1=2*SIN(.5+.15*I)t
340IFE<>4ThEN350
345LETE1=6+4*RND(-1)
35ULETT=T+INT(P1)
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Earth Science
CLIMAT

355,4AINIINT(E1+(E1/10)*2)
J60NEATI
JoneAlWi
3701-AINi"1'0IAL eAECIeITATION =";i;"INemEH"
j75ehINT
atsulditIN1"0.A., eLOT YOUA GtwrH UN ThE eker.:11 fOU"
Jonr'ILINI"AD WhEN YOU AAE AEADY 10 GONTINUE.... mEnELI iieE"
jVuHniNT"AN1 NLWAtEh AND ThE AETUAN AEI.
:395IN/JUTu
400/JAINT
4J6eAiNT"AEADY? GOOD, NOW TELL 1%E . . DJEH fOUn GAAen 61-10W MAT"
410HAINT"ThE CLIMAiE hA6 DEFINITF WET AND DA: SEASONS (1=1E6, 0=NO) ";
420 INPUT 6
415,41tINT
43uIFS=0ThEN505.
43J IF H<>1 inEN 406
435IF1J<JThEN660
437 LET H=0
440 GO 6UB 1045
445eAINT"TELL ME, i ThE ULIMATE LIJ WEe, wit, OA LJJ MLWEAATE. ALL"
450tJhINT"YEAn";
455 INt,UT 6
46u,d4tINT
4651F6=1ThEN525
470IFH=JThEN545
473 IF b<>2 THEN 445
475IFT<13THEN625
4601FT>H0ThEN495
465GOSUB1040
490GOT0630
tw5G0HUH1020
5JOGOT0630
ki51Fe>2TnEN445
5101FH=2THEN475
515G0HUB1020
520GOT0560
525IFT>H0ThEN625
5130IFT>=1JThEN466
535G0HU610j0
540GOT0630
545IFCT-13)*(Hu-r)>=0IhEN6e5
550IFT<13ThEN5J5
5551FC>doThEN495
660eAINT"TELL ME, kmiDn 16 CriE WEi JEAHON, LIJ t'nr.; wINiEh On 12] rhE"
6651JAINT"SUMMEA";
b7urhINT
575 IN1JUT
66DeAINT
50b1F6=1ThEN605
507 IF H<>2 THEN 560
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Earth Science
CLIMAT

5soulFe=21'hEN625
5v5GUSUb1U2U
6UUGOTU630
6051Fe=1InEN625
6IUGOSU61020
61SGOTU630
62UPAINf
625PaIN1' "NICE GOING, SMAATY eANTS. KEEe Ur fnE GOOD WOAA."
6JuehINT"BY CHECKING TnE CUAVE UN YOUh GttMrn, WOULD YUU SAY fnAf InE"
wseltioir"ummEas AhE LI] nOT, (2] WAhM, Oh IA COOL";
64U tweuT
645PhINI
650IFS=2THEN695
655IFS=3TnEN715
657 IF 6<>1 THEN 625
66U1r.E=2THEN725
665IFE=4THEN725
667 jr E=I InEN 725
67010bUDIU2U
675GUIU730
695IFE=ITnEN725
7JuIFE<>31nEN670
7J5GUSUBIU40
7IUGUI073u
715IFE=JTnEN725
72UIFE<>3THEN67u
725PaINT"YOU HAVE hESfOhED MY FAIT11 IN TEENAGE/16."
73UPhINT"FhOM TnE SANE INFUhMATION crE GRAPH), WOULD YOU SAY InAT TnE"
735ehINT"WIN1'EAS AhE I:13 COLD, (23 MILD, Oh EA WAhM";
74U INeuT S
745PAINT
75UIFS=2ThEN79u
755IFS=3THEN610
760 IF S<>I THEN 73U
7651FE<3ThENt525
77UGUSUBIU3U
775GUT0b3U
7bUGOSUBIU4U
7d5GUT0b3U
7901FE=3THENd25
795IFE=4TnEN7bU
duUGUSUB1u2u
bU5GOTOb3U
b1UIFE=3THEN77u
dI5IFE=4THENb3U
d2UGOTOb00
d251JAINT"IT WARMS MY HEART TO HEAA YOU SAY THAT. GOOD GOING."
630PhINT
d35PHINT"WELL, BY NOW YOU MUST HAVE AN INKLING AS TO THE TYeE OF"
o4UPhINT"CLIMATE WE HAVE HERE. BELOW IS A COMPLETE LISTING OF ALL TnE"
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Earth Science
CLIMAT

t45en1wf"eLiMA1E6 IN inE WonLD. eu InEM BY TnEln NUMBEn ONLx."
6501-'1111a

osSenINT
06ur"INC"NOmbEn","NAmE OF CL1mA1E"
066r f"

670enINT"1","Tn0e1CAL nA1NFOnEsf"
675enINT"'G","Tn0eICAL EA6f COAST"
bournINf"3","TnOrICAL ONSOON"
oc6enINT"4","inOrICAL SAVANNA"
690enINT"5","InOrICAL DEsEnf"
ov7rnINT"6","MEDITEnxuANEAN"
vu0 PnINT"7","MAnINE WEST DOAsT"
965enINT"b","nUmID CONIINENfAL"
9luenINT"9","nOMID 6DDIn0s)ICAL"
915enINT"10","miouLE LAf1fUDE Gs.66LANDs"
9e0rnINT"11","mIuDLE LAfiluDE DE6E4.1"
95enINT"1","sUBAnf1U GLIAfEs"
96orniNT"13 Os 14","niGnLAND CLImAIL6"
966rnINT" ","(inOrICAL On MIDDLE LA1110bi.,.,
940ex,INT"16","e0LAn TUNOnA"
945?nINT"16","POLAn ICEUA?"
960en1w1
966enIAI"WhAr 16 1nE NOmbEn OF inE CLImAxE vE nAVE (WE'LL ACUE4Jf inE"
960 enINT fnAi OVEnLAsa)";
9651NeUTS
97urnINT
975PnINC
9601"nINT
9651F6=L(4)TnEN1005
99OrnINI"M'x SUGGSfION - SIICA TO LANGUAGES On SOCIAL STUDIES."
99nen1Nr"YOU 6nOuLD nAVE SA1D";L(4);". GOOD DA( TO YOU."
luousTor
1005PhINT".x0Un FOrifuNE AS A MEE0nOLOGIS1 16 BUDDING. IT WAS"
1010enINT"VEnY NICE TO W01111 WITn YOU. SO LONG."
Li I 5STOP

keULETi3=1
1025GOT01045
1030LETb=2
1035GOT01045
1040LETb=3
1045enINT"AW C'MON, YOU UOULDN'f IJOsSIBLY 4EAN fnAf...."
1050s nINT"YOU 6nOULD HAVE SAID";t3
1055PnINT
10608ETUnN
1065DATA11,6,16,7,23,10,86,3,7,15
1090DATA2b,o,29,11,32,3,33,13,j4,11
1095DA
1'A35,9,J9,16,40,6,41,13,44,5
1100DATA46,10,45,16,50,1,51,1'e,56,4
1105DATA39,4,44,5,35,9,40,d,45,1,41,15,46,1,51,5,56,16
1110DATA0,0
1115ENO
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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 elands (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
ItM.Tand 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).
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Earth Science
CLOUDS

DISC LTSSIO

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

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

Procedure 1 Procedure Z

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

68
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Change line 557 to read: If P> 1
then 2000.
When you are ready to use Phase II
merely retype line 557 as originally
listed.



CLOUD NINE
OOOO ammo

Earth Science
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 WELL AS THE NORMAL LAPSE RATES) ARE CONSIDERED IM THIS

PROGRAM.

LEGEND

1-THE TEMPERATURE ON THE GROUND
8-THE DEW POINT TEMPERATURE ON THE GROUND
3THE TEMPERATURE AT THE BASK Or THE CLOUD
4-THE ELEVATION, IN FEET. OF THE CLOUD BASE

CHOOSE ANY TWO Or THE ABOVE VARIABLES AND SELECT VALUES FOR

THEN. TYPE THEN IN AS1
VARIABLE CODE VALUE, VARIABLE CODE 'VALUE...(E8G. 1.50.8.30)

7 1.30.8,41

OitAY, TYPE IN YOUR CALCULATED VALUE FOR
THE TEMPERATURE AT THE-BASE OF THE CLOUD
FOLLOWED BY A COMMA, AND THEN TYPE IN YOUR VALUE FOR
THE ELEVATION. IN FEET. or THE CLOUD BASE
7 39.8000

VERY GOOD. VERY. VERY GOOD.

DO YOU HAVE ANY OTHER PROBLEMS YOU WOULD LIRE TO TRY?
(1 -YES. O-NO) 1 7 1

USING THE SANE LEGEND AS BEFORE...
CROOSE ANY TWO OF THE ABOVE VARIABLES AND SELECT VALUES FOR
THEN. TYPE THEN IN
VARIABLE CODE ,VALUE. VARIABLE CODE VALUE...(E.G. 1.50.11.00)

7 1.50.3.85

OKAY. TYPE IN YOUR CALCULATED VALUE FOR
THE BEY POINT TENPERATURE'ON THE GROUND
FOLLOWED BY A COMMA AND THEN TYPE IN YOUR VALUE FOR
THE ELEVATION. IN FEET, OF THE CLOUD BASE
7 30.4000

IT LOOKS LIKE VI GOOFED SOME PLACE.
LET'S SEE WHAT THE CORRECT VALUES ARE.

SO DEGREES THE TEMPERATURE ON THE GROUND
89.54545 mm= - THE DEW POINT TEMPERATURE ON THE GROUND

ES DEGREES THE TEMPERATURE AT THE BASE Or THE CLOUD
4565.455 FEET THE ELEVATION. IN FEET. OF THE CLOUD BATE

DO YOU HAVE ANY OTHER PROBLEMS YOU WOULD LIKE TO TRY?
(1111YEE. 0E40) 1 7 0

VELL awn= YOU MTAVE. I HAVE A FEW I'D LIKE YOU TO TRY...
BASED ON YOUR VALUZS THE HEIGHT OP THE CLOUD
(MEASURED FROM THE CLOUD BASS) IS 11181.412 FT. CAN YOU TELL NE1

WHAT IS THE TEMPERATURE AT EACH OF THESE ALTITUDES1
1 3148 FT
8 31818 FT
3 13636 FT

THE TEMPERATURE AT 3168 FT. IS 7 30

SORRY. YOU WEEK DOING GREAT THERE FOR A WHILE.
161.1., BACK TO THE BOOKS. THE VALUES YOU SHOULD RAVE LBJ41

1 THE TEMPERATURE AT 7088 FEET IS 38.5 DEGREES
THE TEMPERATURE AT 31818 FEET-IS 61.36364 DEGREES

3 THE TEMPERATURE AT 13636 FEET IS 8.272727 BEGREES

READY
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Earth Science
CLOUDS

IOREMA.C.CAGGIANO.E.A.GALLETTA. PATCHOGUE H.S., 11 -20 -68
11LEM.RiVISED BY CHARLES LOSIK AND TONY plum 7/18/69
12 REM RE- REVISED W CLOSIK 8 -26 -70
20RE11.THIS PROGRAM IS ASSOCIATED WITH CLOUD FORMATION
25REM PHASE I OF PROGRAM BEGINS HERE. STUDENTS RILL BE GIVEN
26ALM INTRODUCTORY INFORMATION AND BE ALLOWED TO ASK AND ANSWER
27REN ANY NUMBER OF PROBLEMS. WHEN THEY INPUT NO. 2 CLINES 554 -556)
28REM PROGRAM SENDS THEM TO PHASE II (LINE 561 AND FOLLOWING).

.

30PRINT" ","CLOUD NINE"
40PRINTe. 00000 =on
45 DIM /1(2). T(4). 0(3). A(3), CC3)
SOPRINT
60PRINT" STRONG CONVECTION CURRENTS ARE CAUSING ADIABATIC"
70PRINT"COOLING OF AIR WHERE YOU ARE AND ARE RESPONSIBLE FOR THE"
SOPRINT"FORMAT1ON OF A CLOUD. BOTH THE DRY AND THE MOIST ADIABATIC"
90PRINT"CAS WELL AS THE NORMAL LAPSE RATES) ARE CONSIDERED IN THIS"
91PRINT"PROSRAM.
100PRI NT
105 PRINT
11QPRINT" ". "SEND"
IMPRINT"
1401021111"1.")
1110205U21000.
160P2INT"2 ")
170205=1010'
180PRINT"3 ")
190405U11020
1100PRINT"40")
2104105=1030
220PRINT
185 PRINT
230 PRINT"CMOOSE ANY TWO OF THE ABOVE VARIABLES AND SELECT VALUES row.
231 PRINT"110111 TYPETHILM IN ASS"
2311P2INT"VARIABLE CODE .VALUE. VARIABLE CODE VALUE(Ea 1.50.2.30)"
233 PRINT
240 LET Kell0
242 LET TwO
242 LET AmO
246 LIT MO
247 LIT 2(1) ,10
245 LET 1)(2)2,0
2$01NPUT2(1).A.11(2),2
IMPRINT
3110F0RIE,IT04
3101F2(1).1THEN330
32015111T1'
330LETT(I)PA
3421,1524m1T04
3501F2(2).JTHEN370
3602KETer
370LETI(J).4
3401F14w4TNICM405
220PAINT"TOU CAN'T USE THE SAME VALUES TWICE."
395=10250
40SPRINT"OKAY. TYPE IN YOUR CALCULATED VALUE roams
436PRINT.
4101114.14*2TM=425
411LITTEIT(1).4(2))/4.5
412LETT(4)010004T-
413LiTT(3)T(2)..'T
414205=1020
4152OSUB10110
41641011021030
4171NPVT50Y
4121FAIE1SXTC3»>.6THENS00
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4I9IFARS(YTC4))>..6THEN500
42043070550
425IFJ4,14>3THEN440
426LETTEA(T(1)TC3))/5.5
427LETT(4).1000107.
428LETTC2)T+TC3)
42900SUB1010
43000SU81050
431OOSUG1030
432INPUTXP-Y
433IFABSCXT(2)),...6THEN500
434IFASSCYTC4))3...6THEN500
4350070550
4401,J*142.4THEN455
441LETTTC4)/1000
442LETTC2PTC1)4.5417
4431ATTC3107(2)-7
44400SU81010
44500SUG1050
446G0SUN1020
447INPUTXAY
442IFABSCXTC2)))...6THIA500
449IFASSCYT(3)))...6TNiN500
450PRINT"OKAY..TYPS IN YOUR CALCULATED VALUE FOR"
455IFUIII4b6THIN470
456LETTTC2)7(3)
457LZTTC4)1000*T
45214TT(1)4111(3)+5.5411T
459430SU81000
4608051)21050
4419OSUB1030
462INPUTX.Y
463IFABSCXT(1))>0.6TNNN500
464IFABSCYT(4))>=.6TIOIN500
465407.0550
470IFJ*14>STHLN485
471LGTTiTC4)/1000
472LiTTC3).Y(2)4,T
473LITTC1)T(2)44.541T
47480$U$1010
4754031)21050
47220SUN1020
477INPUTX.Y
472IFABSCXT(1))>.6THiN500
479IFANSCYTC3)),...6TUN500
420.070550
4151IFABSCXT(3)),...6TUNI1500
445IFJ*14,42THIN390
426LITTOT(4)/1000
487LSTTC1)07(3)+5.54,7
422LITTC2)7(3)+7
44980GUN1000
49020SU9I050
491202U111010
492INPUTXAY
4113IFABSCXT(1)))..6THGG500
4941M8S(Y-TC10),...6Timu500
4956070550
SOOPRI NT
502P2INT"IT LOOMS LIKE VS goorrx SONG PLACE."
93ZPRINT"LET'S III GHAT THZ CORUCT VALUES AU.,"
53TPRINT
510 PRINT TC1)"DISRLIS ")
512 80 SUN 1000
515 PRINT T(2) "AZGRLIS ")
517 GO SUB 1010
520 PRINT T(3)"DNORLES
522 GO SUS 1020
525 PRINT TC4)"FZIET "I
527 80 SUS 1030
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530 PRINT
535GOT0554
550PRINT
552PRINT"VERY GOOD. VERY. VERY GOOD."
553PR1 NT
554PRINT"DO YOU HAVE ANY OTHER PROBLEMS YOU WOULD LIKE TO TRY?"
555 PRINT "(1-YES. 0 N0) I ";
556 INPUT P
557IFP4ITHEN561
SWAIN?
559PRINT"USING THE SAME LEGEND AS BEFORE..."
56010T0230
561LETHEICT(1)T(3))1020007111T(4)
562REN LINE 561 CALCULATES ALTITUDE FOR TOP OF CLOUD AND BEGINS
563RIN PHASE II OF PROGRAM. PROBLEM NO.2 IN THIS PART (CALCULATION
564BEN OF ?DIP. ABOVE CLOUD TOP) INVOLVES OSE OP THE NORMAL LAPSE RATE.

. .

565PRINT
567PRINT"WILL, BEFORE YOU LEAVE. I HAVE A FEW I'D LIKE YOU TO TRY..."
570PRINT"BASID ON YOUR VALUES. THE HEIGHT OF THE CLOUD"
5110PRINT"(NEASURED FROM THE CLOUD BASE) IS "'Hi" FT. CAN YOU TELL NES"
600LITG(1).7*T(4)
601LICT4(2)=T(4)+1:54H
41102LiT0(3)T(4)+5*11
610LITA(1)eT(1)T(4) 43.852-3
611LETA(2)-T(1)(T(4)44.5*H)*34E.3
612LETA(3) T(3)1.511311M
6I4PRINT
615PRINT"WHAT IS THE TEMPERATURE AT EACH OF THESE ALTITUDISi"
6SOFOXIMPITO3
MISPRINT" ".11;INT(G(N)...5);"FT"
61171MRT
MISPRINT
MISFOAN1T03
620PAINTTNE TEMPERATURE AT "JINT(G(N)...S);" FT. IS ";
631INPUTC(11)
6361FABS(C(11).41(N))1.1.1THEN750
6401110ITN
6,0PRINT.
looraisrevou, YOU MUST BE A BRAIN. AND YOU PROBALLY /MOW"
710PRINT"A LOT ABOUT CLOUDS AND THINGS LIFE ?MAT. IT VAS -VERY"
70SPRINTNIICZ TO YORK VIM SOMMONVIMO URDIASTANDS Ai."'
'IMPRINT" lio"TRANK YOU AND . rims AND LONG LIFE"
74OSTOP
750PRINT
75SPR1MTSORRY. YOU VIRE DOING GREAT THERE FOR A MILL."
70SPRINTMILL, BACK TO THE BOORS. THE VALUES YOU sa0uursavz AVMs"
760PRINT
77SFOANII1T03
77APAINIZJ
lOOPSINT"TUZ TEMPERATURE AT";INT(G(N)*.5);"FILET IS "JA(11);"BMIAIRS"
MIMI=
SOOSTOP
1000PAIN
T"TMZ UNFZSATURZ ON THE GROUND"
100SSETVZSI
IIOPAIRT"TAZ SZV POINT TEMPERATURE ON THE SAWED"
1015=01111
ISSOPRINT"TUZ TEMPERATURE AT TUZ BASE OF THE CLOUD"
1011MIXTUNSI
1030PRINT.TME ELEVATION. IN FEET. OF THE CLOW SAM"
Is3sarnam
issoraisTralsvm BY A CONNAp ANS THEM TYPE IN YOUR WALK FOR "
10S5AZIIIMZ
MOOD END
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DISCIPLINE EARTH SCIENCE

SUBJECT WATER BUDGET

PROGRAM NAME WATER1

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 (6-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:
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WATER BUDGET
FOR:

ogressf
le no. J F MAr M J

.
S A S , 0 N D

PE

P-
PE

.

ST
.1

&ST

AE

D

A set of water budget graphs should also be available if the
teacher wishes to have his classes complete the graph in addition to the
water budget. See: Investigating, the Earth, Teacher' s Guide, Part I.
P. 40Z of the Earth Science Currict-TruinPThject.

DISCUSSION:

This program is applicable to individual or small group ( 5 or less)
instruction, and is designed for average students.

The progress code number assigned to the student indicates to
the program the extent to which the student has progressed through the program.
These numbers should he chosen according to the Following table:

61



Earth Science
WATER1

Progress
Co(W # 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-:0 ready for "A.E." section of program

ready for "D" section of program

(4-70 ready for "S" section of program

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

This program should be used in conjunction with program
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Earth Science
WATER1

1 REM CLASS ROOM EDITION OF BB PEREZ 5/1/69
2 DIM P( 12).Z(12).X(12).T( 12).A(12),V(12).SC12).D(12)*E(12)
3 DIM 2(12)
4 REM REVISED BY C.LOSIR 8 -26 -70
10 PRINT"WHAT IS YOUR PROGRESS CODE NUMBER"!
13 INPUT 8
14PRINT
30 FOR I 1 TO 12
32READP(I)
34LETI(I)0PCI)
36IFB"IOTHEN48
40IFI"1THEN47
42PRINT"WATER BUDGET FOR RUTLAND.VT.S"
43DATA57.48.63.74.80.90.86.86.92.94.88.56
44DATA0.0.0.28.75.114.133.114.78.41.8.0
45PRINT
46 PRINT "PS"
47 GOSUB 500 4

48 NEXT I
49 PRINT
50 FOR I 1 TO 12
51 READ T(I)
58 LET ZCl/T(I)
53 IF B"10 THEN 58
55 IF I"1 THEN 57
56 PRINT "PEI"
57 GOS011 500
58 NEXT I
70 IF 8 " 10 THEN 90
80 PRINT"NOW. RETURN TO YOUR SEATS AND SEPARATELY WORK OUT YOUR VALUES"
81 PRINT" FORS 'PPE' AND 'STORAGE°.
83 PRINT "RETURN ONLY AFTER YOUR TEACHER HAS CHECKED YOUR WORK AND GIVEN"
84 PRINT" YOU A NEW PROGRESS CODE NUMBER!"
85 GOTO 999
90 IF 8 m 20 THEN 110
100 PRINT"PRINT YOUR 12 VALUES FOR P -PE WHEN YOU SEE THE QUESTION"
101 PRINT" 'MARK. AFTER EACH OF THE VALUES PRINT A COMMA Co/BUT"
1-- -1INT" DO NOT PRINT A COMMA AFTER YOUR LAST VALUE! SIMPLY HIT"

;WV' 'RETURN'."
X. 47.5UB 530
11011=101T012
115LXTX(I)EP(I)-T(I)
1171F10.20THIN130
120 IF X(I)mil(1) THEN 130
121PRINT"OUCH:1 THERE'S AN ERROR AT MONTH "SI". RETYPE THIS LINE."
122 20T0105
130 NEXT I
137 IF B m 30 THEN 200
136 IF 8 m 20 THEN 142
140 PRINT "GOOD GORKI"
142 PRINT"1006 LET'S SEE HOW WELL YOUR VALUES FOR 'ST' CAME OUT. PRINT "
143 PRINT" THEM AFTER THE QUESTION MARK.!'
150 IOSUB 530
200 FOR I 1 TO 12
1011FX(I)mmOTHEN206
202 LET 8 0
803 LET S(i) T X(I)
204 LET T S(I)
205IFS(I)mmOTHEN275
206 LET 0
207 NEXT I
208 LET T. 100
809 LET S(I) x(1) +G
210 LET 0 m S(I)
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211 LET T 100
212 LET SW X(I)+G
213IFS(I)>100THEN280

-----215-GOTO-207
275 LET S(I) 0
276 GOTO 281
280LETS(I)100
281LETNII+1
222LETGI
290FORI141T012
3101.11TMI1
311121.214.1
320GOSU8352
321NEXTI
324 FOR 1 TO G
325 LET M
327 IF 17.1 THEN 332
328 LET M12
332 GOSUB 352
333 NEXT I
334 GOTO 400
352 LET S(I)S(M)+X(I)
355 IF S(I)1.100 THEN 363
357 IF S(I)41 THEN 380
360 GOTO 368
363 LET E(I)S(I).-100
364 LET S(I)1.100
368 LET V(I)S(I)-S(M)
369 LET A(I)1*(1)
371 GOTO 389
380 LET S(1)0
382 LET D(I)ABS(P(I)+5(M)..T(I))
383 LET A(I)S(M)+P(I)
384 LET V(I)S(I)-S(M)
389 RETURN
400 IF B 2. 30 THEN 440
401 FOR I 1 TO 12
402 IF Q(I) S(I) THEN 420
404PRINT"SORRY ABOUT THAT!! MONTH"JIJ"IS IN ERROR. RECALCULATE PLEASE."
410 GOTO 999
420 NEXT I
495 PRINT"YOUR VALUES FOR 'STORAGE' ARE CORRECT."
426 PRINT" HAVE YOU FINISHED THE REST OF THE WATER BUDGET?"
427 PRINT "(1YES. 020) ")
428 INPUT L
430171.1THIN441
433 IF L42.0 THEN 426
435PRINT"OKI GO BACK TO YOUR SEATS AND WORK OUT DELTAST' AND 'A.E.'"
439 GOTO 999
440 IF 8 2. 40 THEN 455
441 PRINT"LIT'S SEE YOUR VALUES FOR 'DELTA -ST'."
443 GOSUB 530
444 FOR I 1 TO 12
446119(I)V(I)THEN451
447PRINT*THERE SEEMS TO BE AN ERROR IN MONTH "I". BETTER TAKE A LOOK"
448 PRINT" AT YOUR VALUES. REMEMBER DELTA -ST ST FOR LAST MONTH MIND
449PRINT" ST FOR THIS MONTH. PLEASE LEAVE AND RECHECK YOUR WORK."
4$080T0999

- .. 4512EXTI
453 PRINT"THESE VALUES ARE FINE."
455 IF B>50 THEN 470
456PBINT"NOW DID YOUR A.E. VALUES COME OUT? JUST LIST THEM AS BEFORE.
457 GOSUB 530
458F0RI1T012
4591F42(1)A(I)THEN465
460PRINT*OOPSI YOU DID IT! MONTH"I"IS INCORRECT...RECALCULATE!!!"
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461 GO TO 999
465 NEXT I
466 PRINT"GOOD WORK! THEY'RE.ALL CORRECT."
470 IF B>60 THEN 485
471 PRINT"PLEASE LIST YOUR 'D' VALUES."'
473 GOSUB 530
474 FOR I a. 1 TO 12
475 IF QCI) -D(I) THEN 480
476PRINT"YOU HAVE A DEFICIT WHENEVER P.E.t.A.E.m+.-AND. STEO. THE"
477PRINT" DEFICIT - THE ANTF H2O YOUR SHORT TO MEET THE P.E. FOR"
478PRINT" MONTH"JI". THAT ISt DimPE...AE. HAVE ANOTHER TRY
479 GOTO 999
480 NEXT I
48SPRINT "NOW FOR THE FINAL ROW. PLEASE PRINT YOUR 'SURPLUS' FIGURES."
486 aosuB 530
487 FOR I 1 TO 12
488 IF Q (I) E (I) THEN 495
489PRINT"A SURPLUS OCCURS ONLY WHEN 'ST'>100. DID THIS CONDITION EXIST"
490PRINT"FOR NONTH"I"? IF SO THEN 'S'nEXCESS 'P' NOT NEEDED FOR P.g.*,
491PRINT" SEE YOU AFTER YOU HAVE RECALCULATED!!!!"
492GOT0999
495 NEXT I
497 PRINT"VELL IT LOOKS LIKE YOU DID IT. FINE!!"
499 GO TO 999
500PRINTZ(I)1
9321FZ(I7s99THEN525
503IFZ(I)>9THEN520
504IFZ(I)>m1THEN515
5051FZ(I)>-.10THEN520
506IFZ(I),....1000THEN525
515PRINT" "I
520PRINT" "I
S25RETURN
5301NPUTQC1),Q( 2).Q( 3).61(4),61(5),Q(6).61(7),Q(8),Q(9),QC10),Q(11),Q(12)
533RETURN
999END
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DISCIPLINE EARTH SCIENCE

SUBJECT WATER BUDGET

PROGRAM NAME WATE R2

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 epotranspiration, water surplus, water storage, and water
deficit.

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

WATER BUDGET
FOR:

r- r J I F I M
L
! A M J J A , S 0 ' N D

P

PE
P-PE i

t-
I1 --ST

AST

AE
D

S
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DISCUSSION:

To place a particular water budget in the mrogram:

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.
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'ATER BUDGET FOR ANCHORAGE, ALASKA:

pt

22 18 13 10 12 22 48 68 66 47 25 23
PE:
0 0 0 18 71 104 115 105 65 21 0 0
P-PE:
22 18 13 -8 -59 -82 -67 -37 1 26 25 23
DELTA -ST:
22 3 0 -8 -59 -33 0 0 1 26 25 23
STORAGE-(ST):
97 100 100 92 33 0 0 0 1 27 52 75
AE:
0 0 0 18 71 55 48 68 65 21 0 0
D:

0 0 0 0 0 49 67 37 0 0 0 0
SURPLUS:
0 15 13 0 0 0 0 0 0 0 0 0

TOTAL P 374
TOTAL PE 499
P/PE .749499

READY
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ADO CALCULATIS MAT= BUDSZT PLR= 201t1AR69
20all P(111)/I(12),X(12)/1(12)
3 111161 LINKS 4,5/6 ARC FOR "TITLI LINK", "P DATA", I1 "P.I. DATA"
4 PUINT"HATIR BUDGIT FOR ANCHORAGE, ALASKAt"
SUATA22,18.13,10,12,21442,68,66.047,25.023
6DAT40.0/0,111.71.104/115,105,65,21,0/0
7PRINT"
8 PRINT
9 PRINT "Pt"
10 FOR I 1 TO 12
11 AZAD P(I)
12 LIT Z(1)P(I)
13 GOSUB 499
IS NEXT I
16 PRINT
29 DIN T(I2)
39 PRINT"PII"
40 FOR I 1 TO 12
41 ASAD T(I)
42 LIT Z(1)011(1)
44 SOSUS 499
45 NIXT I
46 PRINT
59 PRINT "P -PKs"
61 FOR I 1 TO 12
68 LIT £(I)- P(I) -T(I)
IS LILT Z(1) -X(I)
66 SOWN 499
67 MIXT I
68 PRINT
69 SOTO
97 Lt7 0 - 0
98 DIN AC12).V(12)
99 DIN S(13),D(13).X(12)
100 POR I 1 TO 12
101 IF X(I)> s0 THIN 108
102 LET 0
103 LILT SW T X(I)
104 LIT V. i(I)
105 IF SC114.0 THIN 175
10 6 LtT 2.0
10 7 MIXT I
105 LET T on
109 LIT S(I) X(I) +8
110 LIT 2 S(I)
111 LET T 300
112 LIT S(I) X(I) +8
113 IF SCI3100 TRIM 180
115 8070 107
175 LIT ICI) 00
176 OOTO 161
ISO LIT SCI) -100
181 LXT 111' I + 1

122 LIIT I

190 FOR I Ni TO 12
210 LIT M.I -1
211 LIT M i 1+1
220 6050Z 252
gal MIXT
224 709 7'4 TO 0
225 LIT 2 mI...1
11671F1wITIA1211311

LIT 2012

70
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232 GO5UB 252
233 NEXT I
234 G0T0 -391
252 LET 5(.1)5(N)+X(I)
855 IF S(1)>0100 THEN 263
257 IF S(I)41 THEN 280
260 GOTO 268
261 GOTO 268
263 LET 5(1).4(1)-100
964 LET SW-100
26e. 1.0r7 V(I)S(I)-S(M)
263 -0,2).T(I)
27; ' v..39

28C
282
263
264
289
391
392
393

D(I)ABS(P(I)+S(M)-T(I))
LET A(I).S(M)+P(I)
LET V(I)s(i)-s(4)

RETURN
PRINT "DELTA-STI"
FOR I I TO 12
LET Z(I)V(I)

394 GOSUB 499
395 NEXT I
396 PRINT
399 PRIUT"STORAGE-(ST)t"
400 FOR I1 TO 12
405 LET Z(I).S(I)
406 GOSUI 499
410 NEXT I
415 PRINT
419 PRINT"AZI"
420 FOR I 1 TO 18
425 LET Z(I)A(I).
426 GOSUB 499
427 NEXT I
428 PRINT
439 PRINT "DI"
440 FOR I 1 TO 12
445 LET Z(I)1)(I)
446 GOSUB 499
450 NEXT I
451 FEINT
459 PRINT "SURPLUSI"
460 FOR I 1 TO 12
465 LIT Z(I)E(I)
466 GOSUB 499
468 NEXT I
470 PRINT'
475 FOR I 1 TO 12
477 LET 01)(1)+0
479 LET HT(I)+H
480 NEXT I
481 PRINT
482 PRINT "TOTAL P 7,0
483 PRINT "TOTAL PE "oki

484 PRINT "P/PE "0/H
485 GOTO 999'
499 PRINT Z(I).$
500 IFZ(I)>99 THEN 525
501 IF Z(I)>9 THEN 520
932 IF Z(I)>-1 THEN 515
503 IF Z(I)>-10 THEN 515
504 IF Z(I)>-1000 THEN 520
505 REM 504 READS >1000 TO PREVENT SPACING AFTER NUMBERS
506 REM -100 AND -1000
515 PRINT " ";
520 PRINT " "I
525 RETURN
W%9END
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The enclosed material is a compilation of computer programs

developed during the period May, 1968 to September, 1970, These

programs were developed by teachers and students in the high schools

which participated with us, and by the Project staff,

All of the enclosed programs have been tested on a Digital

Equipment Corporation TSS-8 time-shared computer during the summer

of 1970. To the best of our ability, we have assured ourselves

that the programs actually run, It should be pointed out, however,

that we were not able to make an exhaustive exploration of the pro

grams. There may be undiscovered bugs (if there aren't, it may be

the first time in the history of computi7ig) , We would appreclate

hearing of any which emerge in the future.

These programs run in the version of BASIC % :ch existed on

the TSS-8 in August, 1970, and should run on most other versions of

BASIC. The major potential problem on othe:: maohinos is the outpht

format (DEC uses 14 columns per print zone, whle some other manu-

facturers use 15; we used the TAB function, whls:h doesn't exi...t in

all BASIC compiles), It may be necessary to make so-,

changes in programs to adjust this format, Another r)ssible

problem is in the use of the RANDOMIZE command in come program,

to start the random-numbe generator at a random point. If tb4s

command is not available, some other means should Or., devised iur

randomizing the start,

It is our sincere hope that these programs and their 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 improvemests

in ;.ese programs, and are especially anxious to hear of any novel

ways of using them.

Ludwig Braun

Marian Visich, Jr,



TABLE OF CONTEWS

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.

GANGN
Review of gametogenesis using diagrams and questions.

MEMBR
Experiment simulation showing the active and passive
transport of materials across a membrade.

NZYMC
Simulated expc.,siment - Degree of enzyme reactivity
varies as environmental conditions are -,}ranged.

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 cCIENCE

14

20

25

32

38

CLIMAT 45

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.

54

60

WATER2 67

Prints out a complete water budget.
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Volume II

CHEMISTRY

ATWT
Calculates atomic weight from percent abundance of
isotopes.

AVOGA 4

Calculates Avogadro's nur,ber.

DECAY1 7

Radioactive decay is treated qualitatively in a game-
type situation.

DECAY2 11
Calculates half-life, mass and prints a table showing
mass or number of particles of a radioactive sample.

EMPIR 18
Calculates empirical formulas.

EQUILl, EQUIL2 21
Calculates the effects of concentration changes in the
equilibrium systems: 2HIzAH., + 19 and PC1..s7=PC13 + C12.

KINET 2S
Tabulates and graphs equilibrium concentration data.

MASSD
Calculates mass defect.

MOLAR 38
Calcul,,tes molarity from titIlltion data.

PHPOH 41
Calculates pH, p0H, and percent dissociation.

PRCMT 44
Calculates percent composition.

STOIC!: 48
Solves mass/mass, mass/volume, and volume /volume
problems.



Volume III

MATHEMATICS

ARITH 1
Review of multiplication skills. (General Math)

BANK 5

Solves financial problems concerning installment buying,
long term loans, and savings accounts.

CRVLEN 10
Computes t-:e length of any curve. (analytically defined)

CVAREA 13
Computes the area under any curve. (analytically defined)

GCD 18
Finds the greatest common divisor of any set of numbers.

LIMSIN 21
Evaluates the limit of sin x/x as x approaches zero, in
both radian and degree measure.

PI2 25
Computes the area of a circle using both inscribed and
circumscribed regular polygons.

PLOTTR 29
Flots the graph of any function.

PRIFA 37
Finds prime factors.

QUADRT 40
Decribes the graph of the second-degree equation,
Ax" Bxy Cy + Dx 4- Ey + F = 0.

RATIO 43
Solves for the unknown in a proportion.

ROOTS2 46
Finds the real roots of the quadratic equation
ax' bx c = 0.

SETS

Finds the union and ntersection of any two numerical
sets.
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SIMEQN 53

Finds solutions to sets of up to ten simultaneous equations.

SLOPE 58

Computes the tangent slope for any function.

SQRT 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
Simulates the stock market.

SUWAR
Computes the area of any surface of revolution.

VOLSOL
Finds the volume of solids of revolution.
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Vol-In-ma 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)

DECAY'

Radioactive deca, is treated qualitatively 1- a game-
type situation.

DECAY2

Calculates halr-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 or a ball in Eight. (Mechanics)

8

15

18

22

29

36

LENSES 39
Solves lens problems. (Light and Waves)

MASSD 44
Calculates mass deFect.

NEWTN2 48
A pieblematic situation requiring repeated application
or 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 (can'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)

PRJT L

Coordinates and speeds are printed for a projectile
fired selected speeds and angles (frictionless).
(Mech;:14cs)

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 orbita?
motion. (Mechanics)

57

61

68

72

76

100

VFIELD 105
Plots a picture of the relative potential strength in the
region surrounding two charges. (Electricity and Magnetism)

VLOCTY
Demonstrates that average velocity (A D/AT) approaches
a limiting value as 4T40. A graph of D \Th 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)

1) ,;

110

115



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 savings accounts.

CIRFLW

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.

15
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Volume VI

TEACHER ASSISTANCE

AVEEG1
Averages grades, lists value of curve, and adjusts
grades.

AVERG2 3

Sorts and averages grades.

FREQ 6

Prints a frequency distribution (bar graph) of grades.

GRADE 8

Prints a table of grades (in percentages), number of
questions missed, and number of questions answered
correctly.

ITEM1 10
Counts and prints number of times questions are missed.

ITEM2 12
Sums item analysis.

STAT 15
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 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
or atomic weight, mass number, and isotopes.

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

DISCUSSION:

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

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

THIs PHOGRAM WILL CALCULATE TnE ATOMIC WEIGHT (ATOMIC MAss)
FnOM rhE etAluzNi. A0UNOANCE OF EACH ISOTOPE. PEnCENT
AcIUNDACES P,.at dE FOUND IN rnE CnEMIsfai nANDBOOK.

nU

INr.
EA`',

' IsOiOPES DOES rnE ELEMENT nAVE ? 7

lASS NUMBER ANU fnE PERCENT ABUNDANCE FOR
AE 7 ISOrOPES.

NO. I

ISOTOPE NO. 2
ISOTOPE NO.
IrrrarE NO. 4
4GYO1 E NO. 5

1.1010rE NO. 6
Az:3701"E NO. 7

? 196,.15
? 196,10
? 199,16.9
? 200,23.1
? 201,13.2
? 202,29.6
? 204,6.6

ATOMIC WEIGHT (ATOMIC MASS) 16 200.525

ANOTHER RUN (1.2YES, 0=NU) 7 U

tiEAD Y

2
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ATWT

luU rtEri nAruti 1.)0111-ktv 7-15-6v
lob HEM HEVISED CLOSIK b^12-7U
1J6 ite.m 1j(I) Asti. friE NAS6 Nt.),.0 ((I) AHE Ink; r'EliCENI:.)
ilu rn1Nf " fn15 ent)Glis-Iii WILL CALCULATE AI0i41C WEIGH) CHIUM1t;
12U " FitOm friE kieUNIANCE OF EACH IthOTOr't. r' itGEA I'
13j " ABUNDANCES MAY HE FOUND IN IriE UHEMIsTAY HAMA:100K."
14u r
15u eltINI " HOW MANI 1S01'OrJES DOES IhE ELEIviENI HAVE ";
16U INrUI A
163 1F At3S(A-INI(A))>.uUU1 IriEN 15U
166 eriINT
17U " frtE MASp Nk.lIvi13Ert AND Irti r'EltCENI AHUNDANC }Fit"

EACH._ OE__ IiiEVA" I bOrf Or'E
1 ts 5 eltINT
19U DIM B(2u),G(2U)
193 LET Di=0
196 LET E=0
2uU FDA 1=1 f0 A
2u5 r'rtINT " I6OTOrE NO"I" ";
21U INr'UT BCI).CCI)
213 LET D=D+BCI)*CCI)
216 LET E=E+CCI)
22U NEXT I
235 PliINT
245 PHINT
3UU IF ABSCE-1UU)<2 THEN 3(.19
3u2 r'rtINT
3U4 r's-LINT " THE r'EACENT AeLlNDANGE DuES N01 CUIAL luu."
3U5 r)i-LINT " CHECK r'EtiCENTAGES AND ItEENIEH UAL'A."
3U6 GO 1'0 165
3U9 LEI D=D/100
31U PrtINT " AIUMIC WEIGrti (ATOMIC MASS)
315 r'iLINT
32U 14 It I NT " ANOTHErt rtUN C1=YES, U=NO) ";
33U INr'UT A
335 i-)ILINT
340 IF A=1 THEN 140
35U IF A<>u friEN 320
36u EN1)

3



DISCIPLINE CHEMISTRY

SUBJECT AVOGADRO' S NUMBER

PROGRAM NAME AVOGA

DESCRIPTION:

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

OBJECTIVES:

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

PRELIMIN.ARY PREPARATION:

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

B. Materials - none

DISCUSSION:

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

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

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

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

4
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Chemistry
AVOGA

IF INSTRUCTIONS DESIRED, TYPE 1, IF Nor, TYPE U? 1

ThIs PHOGRAM WILL CALCULATE AVOGADRO'S NUMBER BY USING
ANN PURE GASEOUS ELEMENT OA BINARY COMPOUND.

ihIs VALUE WILL BE CALCULATED 13Y USING TnE MASS IN GRAMS
OF THE NEUTRON, WHICH iS s 1.674363E-84
AND THE MASS OF THE eLtoicm, WHICH IS : 1.67059E-24

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

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

NOW INPUT THE VALUES FOR YOUR COMPOUND
? 6,12.UU12,d,15.9994
INPUT THE NUMBER OF ATOMS FOR ,EACH ELEMENT.
(CO2 WOULD BE 1,2) :? 1,2

*** THE NUMBER OF PARTICLES PEh MOLE OF THIS GAS IS 5.976496E+23

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

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

NOW INPUT THE VALUES FOR YOUR COMPOUND
? S..15.994,0,0
INPUT THE NUMBER OF ATOMS FOR EACH ELEMENT.
(CO2 WOULD BE 1,2) 2? 2..0

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

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

HEADY

5
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AVOGA

1UU 1LEM JOHM MAHUnISOTTO Pith SUMMEn '69 7/2/69
1U3 H.EM HEVISED dY C.LOSIK 7-27-7U
1U5 HEM A,B =A1 NO, AT WT OF FIRST, GJD=Ar NO, AT WI OF SECOND
1U6 AEM E,F=0 ATOMS FIRST, 0 ATOMS SECOND
11U PhINT "IF INSTRUCTIONS DESIRED, TYPE 1, IF NUT, TYPE U"; 1,
112 HEM G=PHOTON MASS, H=NEUTHON MASs
113 LET G=1.602E..19/9.5b1E4 i

116 LET H=1.jUd60G/1.0072
12U INPUT N 1

130 IF N=0 THEN 220
131 IF N<>1 THEN 11U
135 PRINT
14U PAIN1 "THIS PAOGAAM WILL CALCULATE AVOGADAO'S NUMbEn BY USING"
150 PAINT "ANY PUnE GASEOUS ELEMENT On BINARY COMPOUND."
151 PAINT
152 PAINT "laIS VALUE WILL BE CALCULATED BY USING ThE MASS IN GAAMS"
153 PRINT "OF ThE NEUTa0N, WhICh IS :";h
154.?HINT "AND THE MASS OF rnE PHOTON, WHICH lb :";G
155 PAINT
156 PAINT "YOU MUST 6ueeLi ThE A40 IC NUMbEh AND TAE ATOMIC WEIGAT OF"
157 PAINT "EACh ELEMENT USED. CAA:Y DIGITS UP TO 6 PLACES IF YOU"
15b PAINT "WISH. wAEN TnE MACHINE ASKS (7) INPUT ThE ATOMIC NUM6ER"
159 PhINT "AND THE ATOMIC WEIGHT OF ThE FIST ELEMENT, THEN ThE"
16U PRINT "ATOMIC NUMBEA AND THE ATOMIC WEIGHT OF ThE SECOND IN ThE"
161 PAINT "FORM A,B,C,D. IF USING SINGLE ELEMENTS, 13E SURE TO"
162 PAINT "PUT IN 0 FOn VALUES C AND D."
22U PRINT
222 PAINT " ","***************"
224 PhINT
230 PRINT "NOW INPUT THE VALUES FOA YOUR COMPOUND"
240 INPUT A,B,C,D
25U PAINT "INPUT THE NUMBEA OF ATOMS FOA EACH ELEMENT."
26U PAINT "(CO2 WOULD BE 1,2) :";
270 INPUT E,1
339 PRINT
34U PhINT "*** ThE NUMBEA OF PARTICLES PEA MOLE OF ThIS GAS IS";
350 PRINT (CE*B)+( F*D))/(C(CE*A)*(F*C))*G)+(CE*(B-A))+(F*CD-C)))*H)
355 PAINT
36U PRINT "WOULD YOU LIKE TU TAY ANOTHEA PROBLEM ?"
370 PRINT "TYPE 1 IF YES, TYPE U IF NO ";
380 INPUT N
390 IF 1021 THEN 220
395 IF N4,0 THEN 370'
400 END

6
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DISCIPLINE CHEMISTRY

SUBJECT RADIOACTIVE DECAY

PROGRAM NAME DECAY1

DESCRIPTION:

Radioactive 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

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 the first time through it, and seem
to be motivated by the opportunity to 'break the bank."

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



Chem
DECAY1

m ..THIC NEW CLEA CASINO-0'm

MR. A. TOM NICK. GENERAL MANAGER OF THE MEW CLEA CASINO.
HAS, AT TIME TmOo DISCOVERED 100,000 RADIOACTIVE PLAYING
CHIPS AT HIS TABLE. THEIR HALF-LIFE 15 10 MINUTES. EACH CHIP
TRANSMUTZS.SPONTANKOUSLY AND COMPLETELY IN A RANDOM FASHION.

AT VARIOUS TIMES Ti AFTER T00. YOU MUST DETERMINE WITHIN.
A CERTAIN PERCENTAGE, HOW MANY CHIPS ARE LEFT.

TO FURTHER THE INTEREST OF THE GAME. YOU WILL START WITH
$1.000 AND THE HOUSE WITH AN UNSPECIFIED AMOUNT. HALF THE'
MONEY YOU HAVE WILL RIDE ON EACH GUESS YOU TAKE. LET'S SEE
IF YOU CAN BREAK THE HOUSE BEFORE THE CHIPS RUN OUT.

THE HOUSE OFFERS THE FOLLOWING ODDS.
2)
4)
8)

2
4
8

TO 1
TO 1
TO I

ODDS FOR GUESSING
ODDS FOR GUESSING
ODDS FOR GUESSING

WITHIN 20 PERCENT
WITHIN 10 PERCENT
WITHIN 5 PERCENT.

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

YOUR S . HOUSE S

1000 1.000000E+6
HOW MANY CHIPS LEFT 7 60700
ACTUAL NUMBER LEFT IS 60716
YOU WON. TRY AGAIN.

. .-

TIME (MIN)

7.2

ODDS

7 8

5000 996000 13.9 7 8
HOW MANY CHIPS LEFT 38150
ACTUAL. NUMBER LEFT IS 38164
YOU NOM. TRY AGAIN.

25000 976000 86.9 7 8
HOW MANY CHIPS LEFT ? 15500
ACTUAL. MUMFIER II ? IS 15502
YOU WON. TRY AGAIN.'

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

625000 376000 46.4 7 8
HOW MANY CHIPS LEFT ? 3500
ACTUAL NUMBER LEFT IS 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..

- .

PAY TO THE ORDER OF

CHECK NO. 3499

DATE)

CASH S 1.061000E+6

THE NEW CLEA CASINO A. TOM MICK
GENERAL MANAGER

19

DONT SPEND IT ALL IM ONE PLACE.

READY

8
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100 REM RICHARD F. PAVo PATCHOGUE (PHYSICS) REVISED NOV. 26,1968
105 RANDOMIZE
110 REM THIS IS A GAME BASED ON RADIOACTIVE DECAY.
120 PRINT ". - - -THE NEW CLEA CASINO - - -"
130 PRINT
140 PRINT " MR. A. TOM MICK, GENERAL MANAGER OF THE NEW CLEA CASINOV
150 PRINT "HAS, AT TIME T.0 DISCOVERED 100,000 RADIOACTIVE PLAYING"-

.

160 PRINT "CHIPS AT HIS TABLE. THEIR HALF6LIFEAS 10 MINUTES. EACH CHIP"
170 PRINT "TRANSMUTES.SPONTANEOUSLY AND COMPLETELY IN A RANDOM FASHION."
180 PRINT
190 PRINT " AT VARIOUS TIMES To AFTER T00, YOU MUST DETERMINE WITHIN.
830 PRINT "A CERTAIN PERCENTAGE. HOW MANY CHIPS ARE LEFT."
210 PRINT
280 PRINT " TO FURTHER THE INTEREST OF THE GAME, YOU WILL START WITH
230 PRINT "S1o000 AND THE HOUSE-WITH AN UNSPECIFIED AMOUNT; HALF TaE"
240 PRINT "MONEY YOU HAVE WILL RIDE ON EACH GUESS YOU TAKE. LET'S SEE"
250 PRINT "IF YOU CAN BREAK THE ROUSE BEFORE THE CHIPS RUN OUT."'
260 PRINT
870 PRINT "THE HOUSE OFFERS THE FOLLOWING ODDS*"
280 PRINT " 2) 2 TO 1 ODDS FOR GUESSING WITHIN 20 PERCENT"
290 PRINT " 4) 4 TO 1 ODDS FOR GUESSING WITHIN 10 PERCENT"
300 PRINT " 8) 8 TO 1 ODDS FOR GUESSING WITHIN 5 PERCENT."
310 PRINT
320 PRINT "ENTER THE NUMBER llo 4, OR 8 FOR THE ODDS YOU WANT AFTER THE"
330 PRINT "QUESTION MARK IN THE COLUMN LABELLED ODDS."
340 PRINT
350 PRINT "YOUR 1". "HOUSE 1". "TIME (MINI". "ODDS"
360 LET Am0
370 LET 200
380 LET T0
390 LET Y01000
400 LET ' 0
410 PHI,
420 IF ABS(G"D)41500 THEN 450
430 LET G5
440 LET D2
450 LET Bull.'
450 FOR lul TO 34414ABS(GD)
470 LET T30INT(100.11RND(Y))/10
430 NEXT
490 LET TmImT3
500 LET D4INT(1E5MEXP(...00693*T))
510 IF D0 THEN 860
520 PRINT Yo1001000YoT.
530 INPUT A
540 IF Au2 THEN 610
550 IF Am4 THEN 610
560 IF A2 THEN 610
570 PRINT "SORRY PAL. WE DONT OFFER THOSE ODDS."
560 IF Cm1 THEN 820
590 LET C01
600 GOTO 520
610 PRINT "HOW MANY CHIPS LEFT "3
620 INPUT 0
630 INT "ACTUAL NUMBER LEFT IS "JD
640 IrA-a THEN 700
650 IF Am4 THEN 680
660 LET Pm005
670 GOTO 710
680 LET Pool
690 GOTO 710
700 LET Pell
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710 LET Tm104113
720 IF ABS(DG)mmPiD THEN 770
730 LET YmINTCYY/2)
740 IF Ym50 THEN 820
750 PRINT "TOO BAD. YOU LOST. TRY AGAIN."
760 00TO 400
770 LET YINT(YmAmY/2)
780 IF 1000000YmI THEN 890
790 11' Ym8E5 THEN 840
800 PRINT "YOU VONi TRY AGAIN."
810 GOTO 400
820 PRINT "IT SEEMS YOU JUST CANT GET THE HANG OF LT. SAVE YOUR DREAD."
830 GOTO 960
840 PRINT "YOU CAN BREAK THE HOUSE IF YOU TRY A LONG SHOT."
850 GOTO 400
860 PRINT "OOOOPS... SORRY PAL. THE LAST CHIP JUST DISINTEGRATED."
870 PRINT "THE HOUSE IS CLOSED."
880 GOTO 960
890 PRINT "YOU BROKE THE HOUSE. YOU NEEDED ONLY "1
895 LET Y.1001000
900 IF Bm5 THEN 930
910 PRINT "THE MINIMUM NUMBER OF GUESSES."
980 GOTO 940
930 PRINT 8I"GUESSES."
940 PRINT °CONGRATULATIONS."
950 PRINT "YOU MUST KNOW ALOT ABOUT RADIOACTIVITY AND THINGS."
960 PRINT "THANKS FOR PLAYING.'"
970 PRINT
980 PRINT
990 PRINT
1000 PRINT " CHECK NO. "3B+D
9310 PRINT

reams DATEt "1
1030 PRINT " 19 - -"

1040 PRINT
1050 PRINT
1060 PRINT " PAY TO THE ORDER 01,..-"1
1070 PRINT " CASH
1080 PRINT "$ "JY
1090 PRINT
1100 PRINT
1110 PRINT " THE NEW CLEA CASINO A. TOM MICK"
1120 PRINT " GENERAL MANAGER"
1130 PRINT
1140 PRINT "
MO PRINT
1160 PRINT "DONT SPEND IT ALL IN ONE PLACE."
1170END

10
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DISCIPLINE CIEMISTRYPllYSICS

SUBJECT NUCLEAR DF,CAY

PROGRAM NAME DECAY2

DESCRIPTION:

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

time between them.

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

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

(111 T t/"TTIrr.C.

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 E,reneral introduction to half-
Tit7737fore the use of the program.

B. Materials - none

DISCUSSION:

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 for any radio-
ac tive sample:

after 1 half-life 50% of the substance remains
after 2 half-life 25% of the substance remains
after 3 half-life 12. 5% of the substance remains
after 10 half-life 0. 1% of the substance remains

You may also illustrate nuclear decay by using particles instead
of mass. Use Avogadro' s number of particles with students who feel
comfortable with scientific notation. For the others, you may use a
number up to 1, 000, 000 without having exponential numbers print
out in the table.

The fact that the teletype unit takes about 8 seconds to type out
a line provides you with cute little gimmicks. Set up a run with 8 seconds
(or any multiple of 8) and the print-out of the table will keep time with
the decay of the sample substance.

Please note that the half-life calculations are not accurate for a
small number of particles, thus it is misleading to make runs go to zero
mass or zero particles.

12
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1)0 YOU WANT 1N6TaOCTION6 (I='Eu. dNO) ? 1

TnIS s'aUUnAN WILL WU tnE I.OLLU6INU:
CnUICI.. I - CALCULATEs HALF' -LIFE FA0N tvi0 nEAOINUs

ON Wfir.:10r.i.

ehOlet: 2 - CALCULATES nUII OF A nAWOAC ride STINeLE
WILL nh.AII. AFIEn UU6E 01 JEty ANUJNI ue tINE

CnOICE 3 enINt:, UJr TAsLE snUwINW hi,tb;) UF brw,PLE
Va. TINF: Us i NU. OF OilArlt;LES Q.
mown OefloNAL) NUTE: FDA I,.fi IAOLE iUJ
musc iiveut rUfAL 1'1M% ANL/ fINE INUnENENT.
EAANYLE: TOTAL fINEIUU ANU TIME
INUnENENf=IU, TnEN ThiE IN TnE TAdLE WILL
dE 1U.2J.3J o luU.

CHOICE 4 ENO OF OHOGHAM

NOTE: IN ANY ONE PHOBLEI.I.TIME NUsr
ALWAYS af.: INPUCED IN TnI:: SANE UNITS
OF v.EASUnE (1E) SEC6..1NS.,ETC.)

WHAT IS YOIJH CHOICE? I

WnAr I, InE INITIAL HEADING ON TnE GE1GEH COUNTEni
ThE sECONO nEAD1,o3. ANO fnE TIME dxrwL6N nt.muiNGo.
7 Isuu.Juuu,J6

INITIAL nEADING= 3UUU SECOND HEAnING= I4UU TINE= J6
hALF-LIFE= .15.v.0745

wnn4 40 $UUn unutuEf

WHAT IS TnE INITIAL HEADING ON THE GEIGEH COUNTEn,
TnE SECOND nEAOING, ANO fnE TINE dEII,EEN HEADINGS.
? 775,12s6,112
INITIAL nEAJ1NG= 1eg6 SECOND HEADING= 774 flr:E= 212
HALF-LIFE JU4.J2b5

WHAT IS YOUR CnOICE? 2

WHAT IS IhE CALF -LIFE. INITIAL MAza OF zA&PLE,
TOTAL TINE OF DECAY? 10.56,76

nALF-LIF= lo INITIAL NAaa. bG 101AL TINE= 76
MAss OF SAMPLE HENA1NING= O.0UU.,62

WHAT IS YOUH CnOICE? J

DO YOJ w,%;41. TO WOHA ell/alt.:LE. On NAas? (AN.H.En I FOn
PAHTICLEs OH 2 ELM 4ASS) ? 1

WnAf IS fnE nALF-LIFE, INITIAL. NUv.hEn OF rAnrwuis IN Ink:
IdIAL ELAt'szli Fit bm;,4t, kg&

INCHEMENT OF ELA?sE0 ilNE?

HALF -Llehm IU INITIAL NO. OF PAHTICLEs= 6.U2UU0dE+43
IOfAL luu lu

13
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TINE

U
1U
20
3U
40
50
GU
7u
bU
VU
100

PAnt/OLt.J

6.UauuUul;+4J
JululduadJ
1.bUbl/VJ4..a3
7.52606b4+a2
jOGJalui.+42
1.b01694Es.eN
9.4utiv1J4+a1
4.7u4G7v.:;+41
2.J5a015or:+11
1.176801::+41
5.ob16ble.+2J

Chem
DECAY2

PAAT. LU:A5 TUTAL 0Auf. LOSS

U
J.uuvotipE.1.4J
1.bUb000E.P2J
7.545J556+22
j.7646b5K+24
1.501516E+1:e
9.4000464+41
4.7U4eJar:+el
d.JadddcL+31
1.17617oE+a1
5.60112610.2u

U

J.00Vo50E+0J
4.allioaa0.43
5.l167aYJI:+2J
S.Gii.W/VE.PaJ
b.45J15J1E+aJ
5.va5v116+2J
5v7av531...02J
b.vv647544.$
6.0001:J7r:4.4J

G.u1411bE+113

DO YOU kANT DIE ABOVE DATA GitAr'nED? (1-ft.5. u-NU)? 1

U

G.UeuuuUE.PaJ
TINE I

lu
au
Ju
40 1

aU I *

GU 1
7U
0U
VU
IOU I

1

MA56 WA s'AATICLEa> nEi.A1N1NG

UlrAAf 15 fULL% CHOICE?J

Du TuO '.:ANT 1.0 wOael *lin ef6,I1CL4a (ANal.11i% 1 ith%

04. G FUA eala../ 7 U

WnAt la 1:.1f1AL aA...,"LE.IUIAL

LLAr'aU, 11NK FU.. ANN L.14 OF

ELAr.,6u 15,1oo.17J.16

iALF-LIFEm 15 INITIAL i:Aaam l)Ll TOTAL 110,4= i5v INL:it;..ENT= lb

15
JJ
45
Go
7b
VU
lob
12u
1J5
1 54,

10

Aath MAaa LOaa WIAL LOSS.....
10.) U u

bu.uueJo 4ro.vv7G4 4viv764
45.uo4J6 45 74.9:076
12.5U177 IJ.5UU5v 07.45,oj
G.4allo 6.25J5v :e3.74o08
J.I.la'iJ7 Jelza.inJ v6.571c.16

1.5C' 44 1.5627%05 v04J7uG
. 71:15)01 .7o14344 vv.u1c4V
. J9U7 %4V7 JVJ'IJ7f: .i.o.6UVe3

. 1v5Jvb!, .IVaJ77 vv.oU4G

.U..077J4 .UV760J1J 9:00.0U32y

14
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DO YOU wANr fttE ABOVE DATA Csi,lerte.:, 1-YEs, U-NO)? 1

MSS (OA PAsiTICLES)

U WO
TINE 1 1 1 1 I I

U I *
15 1 *
aU 1 *
45 1

6U 1 *

75 1 *
9U I*
1U5 4

12U I

135 I

150 #

* * * * * * * *t*

WhAT IS YOua CriOICE? 4

ttEADY

15
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IOU stE h. 004.VVAN+ J. MAnCnIsOffO rid 7/24/69
105 nEV1sEU of C.LUsIE
110 stE CALCULATION OF nALF-Lli.E ANU nExhINING MASS INCLUDING
120 itK. fitt,LLS AND
122 OaINT "LW NU WANT ;;4bi,tucrIclis: 11=YES. U=NO) I "I
124 INPUT A
126 IF Anti THEN 3UO
120 IF iocx,1 TnEN 122
13U ,,,tiNr " Tn16 FnOGnAM WILL DU InE FOLLOWINGt"
140 P4INT " CHOICE 1 - CALCULATES nA1F-L1FE FnON TWO itEAUINCS"
Is() eAlwr " ON A GE1GEn COUNIEn."
160enINT" ChOICE 2 - CALCULATES At.v.. r.JCn OF A tutuloAeTivE
17U0hINT" WILL AEA1N AFf6n 50E CIVEiv T.00Ni OF ri"

" CHOICE 3 - TAINTS 00i .t ip.aL4: sA0hING :MISS OF 6A;,e4r.."
TA) TAINT" VS. TIME On NU. OF enAiieLm4 J.
200 OA1Ni" CGnilOn OrTIO:vsL) NO:E1 ru,. toe; f,:!.:; I0j"
210 OnINT" MUST !WU!' TO:AL TINE :NU INChEY.LNI."
2201'AiNf" EXAMOLE: IF TOTAL TINe.=:Uu ANA T1N1."
230 0,tiNr" INCAEMENT=IU. rnLN iIHp IN THE fAjSLE WILL"
40etaa1:"- ME-10120400-rn,,,m,--T.-1100."
250 TAINT" ChOICE 4 - END OF OnOchuW
260
270 ?41Nr" NOTE: IN ANY UNE ralCULEM,TINE mu.ir"
2b0 OnINI" ALWAYs tik; INcWiEU IN inr; sANE UNITS"
290 r'nINT" op MEASUhE CIE; sEpp..mIN.S.,ETC.)"
3_10 PRINT
31U r'n/NT "**********"
32U OstINT
330 Pitlyr "WHAT IS YOU: CrIOICW!:
340 IN?UT A
4SUroiNr
360 IF A..1 THEN 410

OBU IF A=3 TnEN 570
390 IF E<>4 TnEN 323
4:10 $104"
410011INT" WHAT 14 ThE INITIAL hEADING ON ThE-GEIGEn COJNTEA."
420 TAINT" ThE SECOND nEADINGf AND THE TIME BETWEEN HEADINGS."
430 INOUr
433 IF A).13 THEN 440
435 Pithy!. "INlIIMl ,LEADING IS ALWAYS LESS ThAN FINAL nEAUING."
437 CO TO 430
440 LET 0..1.69314,C)/LOGCA/d)
45U OhINT
46U ealNr "INI TIAL AEADING="Ai"SCONU ALAUING."H:"TIME="C
47U eniNr "AALF-LIFE="D
4BU GO TO 3UU
490 .'HINT "WhAf 16 ThE HALF -LIFE. INITIAL MASS OF sAMTLE. AND"
500 YnINT "IOIAL TIME OF DECAY":
51U IN?UT.E.FpG
52u LET n.F*EErC-.69JI*G/E)
530 TAINT
540 WHINT"AALF-LIFE."E:"INITIAL mASS="F:"TOTAL T1ME="G
550 OnlNi "NA66 OF SAt..eLE nENAINING="n
560 CO CO 300
570 ertINT "00 YOU «ANT TO WOnK WI IN emar;yLEb 0,: mAss? CANSI4L,t 1 FOn"
500 .'.INC" FAnTICLE4 On 2 Fen MASS) "/
59U INOUT J
6Uu eltINT
610 IF u.1 THEN 76U
615 IF J<>2 ThFA 570
620 rhINT" wmvi 1.. CAE n:a.F-LIFE. INITIAL NA4S 0/ sAmeLK.rorAL"
630 TAINJ"tLe...E. F9A_D1'.GAs. ANU THE INOAKNT OF "
e.10 :44r.";

: .F.
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Chem
DECAY2

6b0 LET L=F
690 ealNr
7U0 IF J=1 THEN bOO
71U ea1Nr"AALF-LIFE="E;"1N1riAL Nas="F;"furilL TIE="E:"INCAENT="0
72U PAINT
73U PAINT "NNE", "i.JA5S", "A66 LOSS ", "11TAL LO;S"
740 phiNr "----", "-----, "---- ----
rsu GU TO b5u
760 WnAi 15 TnE nALF-L1FE, INITIAL NUr.:IJKA OF emarli;LEs IN rhE"
770 PAINT" 6,IIJLE, rOiaL FO:t DICAi, AND TnE "
7OU PgINT" 1NOnEMENT OF ELAeSeD 1146";
790 GO TO 6:aJ
795 Ph1N1
&JO Prt1ivr"n11.F-LIFE."43"INITIAL NO. OF PAATIGLES="F
b10 puiNr"rorhl. 11e,E="ii3 "INuaEv:EN1' ="m

'1320 PaINf
b30 PaINT" TIME", " JJAnT1CLE;;". 'W .I. LOSS", "rorhl. PAAT.
1340 PaINT" ", " ", "
b50 P41Nr
b60 F0a G = 0 TO IS Slit' M
b7U LET A=F*EAP(-.69314G/E)

tosuEETw=mistiwz-r--
b90 LET u=u+W
99U IF F >1E6 THEN 920
91U IF J=1 THEN 440
92u G,h,w,w
930 GO TO 950
.940 1JaIN1' INT(G+.5),INT(n+.5),INT(W+5),INT(u+5)
95U LET L=n
96U NEAT G
97j PAINT
9130 PAINT
99U phiNr
1000 ?nlNi uU IOU 4w1 1AL mouvz UAlkt Uilern4U: U-'ivUi

1010 IWUT ii
1020 IF n=0 THEN 3UU
1024 IF A<>1 THEN 1000

1030 PAINT
1040 ehlimr
1050 phiSa
I060 IJAINT TALI(JU):"MASS (On PAn11CLES) AEMA1N1NG"
1070 On1NT
lObU ,,rawr ","u"3IA0(62)IF
110uPaINT"TIi,E","1 1 1 1 1 1"
1120 FOA G= U TO K sTE:' M
113U LEE h=F.44,-(-.69314G/E)
114U LET HI=INT(H/F4.5U+.5)
115U IF H1<=50 1AEN 117U
116U LET A1=50
1170 IJAINT G,"1";1'A8(n1+14.5)3 "4"
125U NEAT G
1260 GO TO 30J
12b0 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.

OBJECTIVE&

distinguish-between-molecular-and empirical forMulAe

B. To illustrate the law of multiple proportions.

C. To emphH ;4- the unity of the atom when writing chemical formulae

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

PRELIMINARY PREPARATION:

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

B. Materials - none

DISCUSSION:

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

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

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

18
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Chemistry
EMPIR

THIS PAOGHAM WILL FIND THE EMPIAICAL FORMULA FOA
ANY COMPOUND CONTAINING UP TO FIVE DIFFERENT ELEMENTS

WHEN INFOAMATION 16 AEuUESTED, TYPE IN THE ATOMIC
NUMBEA, THE ATOMIC WEIGHT, AND THE PCT COMPOSITION Jr
WEIGHT IN THAT OADEA;'FOh EXAMPLE, IN THE COMPOUND SU2,
THE DATA WOULD ENTEAED AS FOLLOWS: 16,32,50 F0a
SULFUA AND 6,16,5U FOWL OXYGEN.

nOW MANY ELEMENTS DOES YOUh UNKNOWN COMPOUND CONTAIN? 2
ENTEA THE ATOMIC NUM8EA, THE ATOMIC WEIGHT, AND THE
PCT COMPOSITION FOA EACH OF THE ELEMENTS IN YOUA comeuuNu.
JE SUAE TO ENTEA ONE SET OF NUMJEAS FOh EACA uUESTION MAAK.

1 ? 26,b5.9,69.96
2 ? b,16,3U.U4

ATOMIC ?CT. INITIAL
NUMJEA come. AATIO
26 69.96 1

b 3U.U4 1.5

AATIO*2 AATIO*3

3
45

TO FIND THE EMPIAICAL FORMULA LOCATE fnE FIhST hATIO
COLUMN IN WHICH ALL OF THE NUM8EAS MOST CLOSELY APPhJxIMATE
A WHOLE NUMBER.
IF YOU WOULD LIKE TO TAY AGAIN TYPE 1, IF NOT TYPE U.? 1

HOW MANY ELEMENTS DOES YOUR UNKNOWN COMPOUND CONTAIN? 3
ENTER THE ATOMIC NUMBER, THE ATOMIC WEIGHT,. AND THE
PCT COMPOSITION FOh EACH OF THE ELEMENTS IN YOUh comeouND.
8E SURE TO ENTEA ONE SET OF NUMBEAS FO± EACH uUESTION AAK.

1 ? 1,1,2
2 ? 16,32,32.7
3 ? 8,16,65.3

ATOMIC ?CT. INITIAL AATIU*2 hATIO*3
NUMBEA COMP. HATIJ

1 2 2 3.9 5.9
16 32.7 1 2 3
b 65.3 4 b 12

IF YOU WOULD LIKE TO ThY AGAIN TYPE 1, IF NOT TYPE U.? 1

HOW MANY ELEMENTS DOES YUUh UNKNOWN COMPOUND CONTAIN? 1

THE EMPIRICAL FORMULA FOA A COMPOUND THAT CONTAINS ONLY
A SINGLE ELEMENT IS STAAIGATFOAWAhD.

IF YOU WOULD LIKE TO TaY AGAIN TYPE 1, IF NOT TYPE U.? u

ttEAD Y



1UU AEM uOnN MAAChISOTTO BASIC 7/14/69 P81 EPIA*
105 nEM AEVISED 8Y U.LOSIA 7-31-7U
1U6 AEm ACI)=ATOMIC NOS, B(1)=AT WTS AND TAEN C(I)/8t1), C(I)=?Cf COMP
13U PAINT " TnIS PAOGnAM WILL FIND THE EMPIAICAL FORMULA FOh "
14U PAINT "ANY COMPOUND CONTAINING tie TO FIVE DIFFEAENT ELEMENTS"
15J PAINT
16U PAINT " WHEN INFOAMATION IS AEUUESTED, 1PE IN TnE ATOMIC"
170 PAINT " NUMBEA, THE ATOMIC WEIGhf, AND ThE PCT COMPOSITION 18:""
1r;0 PAINT " WEIGnT IN THAT OaDt:A; FOA EAAMPLE, IN f- COMPOUND su2,"
190 ?HINT " THE DATA WOULD BE ENTEAED AS FOLLOW: 16,J2,50 FOA"
2UU PAINT " SULFUA AND 8,16,50 FOA 0:%1GEN."
81U PAINT
82.1 DIN A(5),8(5),U(5)
830 LEY W=U
846 PAINT " hOW MANY ELEMENTS DOES YOUA UNKNOWN COMPOUND CONTAIN";

4
8o5 IF 4=1 fnEN 93J
89J FUA 1=2 fj 5
895 IF 1=4 TAEN J8J
',kW NEAT I
305 PAINT "ENTEA AN INTEGEA FAOM 1 f0 5."
3I0 GO i0 240

" ENIEA_TnE_ATO..1C-NJM8EA,-ThE-4 TOMIC-WEIGni, AND ,TnE
330 PAINT " ?CT GOmPUSITION FOA EACn OF TnE ELEMENTS IN Milt COMPOUND."
34U PAINT " 8E 6JAE TO ENrEh ONE SET OF NJ1 EAS FOA EAGn uUESTION MAAK."
35U LET 6=U
355 LEI' F=1E85
357 PAINT
36U FOA I=1 TO 4
37U PRINT TA8(5);I;". ";
38U INPUT ACI), 8(I), C(I)
383 LET 8(1)=CM/8(i)
385 IF B(I)>F ThEN 390
387 LET F=3(I)
389 AEM MAKE SUAE SUM OF ref COMPS = 100
390 LET S=S+C(I)
4U0 NEXT I
410 IF ABS(S- 100) <.1 THEN 76U
420 PiiiNr "THE 1-,Cr COMPOSITION DOES NOT TOTAL IOU PEhCENT."
43U PAINT "ADJUST DATA AND AEENTEA."
440 GO TO 32U
7UO hEM PAINT RATIOS
760 PRINT
770 PAINT " ATOMIC"," PCT. ","INITIAL","AATIO*2","AATIO*3"
780 PAINT "NUMBEA","COMP.","hATIO"
bul) FOH I=1 TO 4
810 PAINT ACI),C(1),INT(10*8(1)/F+.5)/1u,
880 PAINT INT(2U*8(I)/F+.5)/10,
830 ?HINT' INT(304.8(I)/F+.5)/10
b4U NEXT I
845 PAINT
b5U IF W= 1 THEN 950
870 PRINZ " TO FIND THE EMPIAICAL FORMULA LOCATE TnE FIAST AATIO"
8d0PAINT" COLUMN IN WHICH ALL OF ThE NUMBERS MOST CLOSELY APPROXIMATE"
890 PAINT " A WHOLE NUMBER."
900 GO TO 95U
930 PAINT " THE EMPIAICAL FORMULA FOH A COMPOUND THAT CONTAINS ONLY
940 PAINT " A SINGLE ELEMENT IS STAAIGHTFOhWAhD."
945 PAINT
950 PAINT "IF YOU WOULD LIKE TO TRY AGAIN TYPE 1, IF NOT TYPE U.";
980 INPUT W
985 PAINT
990 IF W = 1 rhEN 24U
1000 IF W<>0 THEN 950
10 70 END

/

20

0 Copyright 1971, Polytechnic Institute of Brooklyn



DISCIPLINE CHEMISTRY

SUBJECT EQUILIBRIUM

PROGRAM NAME EQUIL1 and EQUIL2

DESCRIPTION:

This program calculates the effects of concentration changes
in the equilibrium systems 2H14-..." H2 +12 and PCI PC13 + Cl

OBJECTIVES:

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

B. To illustrate and reinforce Le Chateliers principle.

C. An exercise in the interpretation of experimental data.

D. The significance of the Equilibrium constants.

PRELIMINARY PREPARATION:

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

B. Materials - none

DISCUSSION:

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

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

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

NOTE:

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



THIS PROGRAM WILL INVESTIGATE THE EQUILIBRIUM SYSTEM

2HI 112 12

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

WOULD YOU LIKE THE RESULTS PLOTTED (1). TABULATED (2)
OR BOTH (3) (TYPE THE APPROPRIATE NUMBER)? 3

INIT. 12

INIT -HI

0

EQUIL. H2

INIT. AI

.2928932

'GUILD 12

INIT. Ht,

.2928932

EQUIL. HI

INIT. HI

.4142136
1 .1771243 1.177124 .6457513
2 .1091713 2.129171. .7416574
3 0100024G 3.102084 .7958316
4 044452404 4.084584 .8309519

ADC:F.791127_ 5.012113_ 02556546_
6 .06099609 6.062996 .8740078
7 .05590278 7.055903 .8881944
8 .0502525 8.050252 .899495
9 .04564393 9.045644 .9087121
10 .04181236 10.04181 .9163753
11 *03857601 11.03858 .922848
12 .03350582 12.03581 .9283884
13 .03340775 13.03341 .9331845
14 .03131127 14.03131 .9373775
15 .0294627 15.02946 .9410746

Al (EQUIL. H2)/(gNIT. HI) MAXIMUM IS .2928932
9$ (MIL. I2)/(INIT. HI) MAXIMUM IS 15.02946
CS (MIL. RI)/(INIT. HI) MAXIMUM IS .9410746

INIT. 12
0

MIT. HI I

4111141111

A 2 C
25 50 75

0 IV C
1 I B A C
2 I B A
3 I D A
4 I BA
s I A 2
6 I A
7 I A 8
I I A B
9 I A a
10 I A
11 I A
12 I A
13 I' A
14 I A
15 I A

C
C
C
C
C

100 2 OF MAXIMUM
1

A

C
C

C
B

B C
C

WOULD YOU LIKE ANOTHER RUN (1 -YES. 0110)? 0

READY

U
22



Chemistry
EQUIL1

100 REM EQUILIBRIUM SYSTEM. JOHN MARCHISOTTO
101 REM REVISED 8/20/70 (Do PESSEL)
105 DIM 0(80).E(20).F(20),W(3)
106 LET D1-0
107 LET 1100
138 LET F1 -0
120 PRINT "THIS PROGRAM WILL INVESTIGATE THE EQUILIBRIUM SYSTEM"
121 PRINT
122 PRINT " 2HI mg H2 12"
130 PRINT
140 PRINT "WHAT IS THE EQUILIBRIUM CONSTANT";
141 INPUT K
142 IF 100 THEN 150
143 PRINT "THE EQUILIBRIUM CONSTANT MUST BE NON NEGATIVE."
144 GO TO 140
150 PRINT "WHAT IS THE INITIAL CONCENTRATION OF HI";
151 INPUT C
152 IF 00 THEN 159
153 PRINT "THE INITIAL CONCENTRATION OF HI MUST BE NON NEGATIVE."
154_00_10_150
159 PRINT
160 PRINT "WOULD YOU LIKE THE RESULTS PLOTTED Wm TABULATED (2)"
161 PRINT "OR BOTH (3) (TYPE Vile APPROPRIATE NUMBEH)"1
162 INPUT Q1
180 IF 611412 THEN 195
183 PRINT
184 PRINT
185 PRINT "INIT. 18"." EQUIL. H2"." EQUIL. 12"." EQUIL. HI"
186 PRINT " "a" "a" fe,

187 PRINT "INIT. HI "," INIT. HI"." INIT. HI"." INIT. HI"
188 PRINT
195 LET A.4 *K
196 LET 8m1.41
200 FOR Xl TO 16
031 LET XlmX1
210 LET D(X)m(...(AmX1).0.SQR((AmX1)12.0A*13))/(2*2)
220 LIT E(X)- )(1 +D(X)
230 LET F(X)012*D(X)
240 IF 2142 THEN 260
250 PRINT XI,D(X).E(X)sF(X)
260 IF D(X)4D1 THEN 270
865 LET D1 -D(X)
270 IF E(X)mEl THEN 280
275 LZT ElE(X)
280 IF F(X)41F1 THEN 290
285 LZT F1 -F(X)
290 NEXT X
295 IF 611mm2 THEN 395
300 PRINT
330 PRINT "*****"
331 PRINT
340 PRINT "WOULD YOU LIKE ANOTHER RUN (1 -YES, 01110)"/
350 INPUT 22
360 IF 22>0 THEN 140
370 STOP
390 REM PLOTTING ROUTINE FOR THREE CURVES
395 PRINT
396 PRINT
400 PRINT "Al (EQUIL. H2)/(INIT. HI) MAXIMUM IS "DI
401 PRINT "8$ (EQUIL. 12)/(INIT. HI) MAXIMUM IS "El
402 PRINT "CI (EQUIL. HI)/(INIT. HI) MAXIMUM IS "Fl
403 PRINT
404 PRINT "INIT. 12")TAB(26).1"A B C"
405 PRINT " 0 25 50 75 100";

1 7
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Chemistry
EQUIL1

406 PRINT " 2 OF MAXIMUM"
438 PRINT "INIT. HI I I I I I"
410 FOR X1 TO 16
420 PRINT TAB(5);Xm1;TA8(10)7 "I"J
430
431
432
580
600
605
610
620
630
640
650
660
670
680
690

LET V(1)INT(40*D(X)ID1+.5)
LET V(2),INT(40*MX)Ii1 +.5)
LET VC3),INT(4010,(10/111+.5)
RIM FIND WHICH IS SMALLEST. THIN PRINT IT AND MAXIMIZE IT
FOR Q.1 TO 3
LET K1.1120
FOR 1.1 TO 3
IF V(I) >K1 THEN 640
LET X1W(I)
NUT I
PRINT TAB(K1+10);
FOR 101 TO 3
IF ABS(V(I)- X1)4.0001 THEN 700
NEXT I
STOP

100___IF_IAwl.THEN 730
710 PRINT "A";
720 00 TO 780
730 IF 147.2 THEN 760
740 PRINT "8";
750 GO TO 780
760 IF I4 >3 THEN 690
770 PRINT "C";
780 LET VCI;1125
790 NEXT
795 PRINT " "
800 MIXT X
810 PRINT
815 PRINT
820 60 TO 330
999 END

8
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Chemistry
EQUIL2

THIS PROGRAM WILL INVESTIGA'2 THE EQUILIBRIUM SYSTEM

PCL5 PCL3 + CLa

WHAT IS THE EQUILIBRIUM CONSTANT? .75
WHAT IS THE INITIAL CONCENTRATION OF PCL5? 10

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

INIT. CL2 EQUIL. PCL3 EQUIL. CLS

INIT. PCL5 INIT. PCL5 INIT. PCL5

3

EQUIL. PCL5

INIT. PCL5

0 .2389168 .2389168 .7610832
1 .06574643 1.065746 .9342536
2 .03553601 2.035536 .964464
3 .0241998 3.0242 .9758002
4 .01832259 4.018323 .9816774
5 .01473555 5.014736 .9852645
6 .0123207 6.012321 .9876793
7 .01058486 7.010585 .9894151
8 9.277403E-3 8.009277 .9907226
9 8.256972E-3 9.008257 .991743
10 704386601-3 10.00744 .9925613
11 6.7678691 -3 11.00677 .9932321
12 6.208003E-3 12.00621 .993792
13 5.733609E-3 13.00573 .9942664
14 50326569Em3 14.00533 .9946734
15 4.973471E-3 15.00497 .9950265

At (EQUIL. PCL3)/(INIT. PCL5) MAXIMUM IS .2389168
Be (EQUIL. CL2)/(INIT. PCL5) MAXIMUM IS 15.00497
C: (EQUIL. PCL5)/(INIT. PCL5) MAXIMUM IS .9950265

INIT. CL2 AmBmC
0 25 50 75 100

UNIT. PCL5 I I I I I

C IB C A
1 I C

2 I BA C
3 I A B C
4 I A C

5 I A B C

6 A B C
7 I A B C
8 I A a
9 IA
10 IA B C
11 IA B C
12 IA B
13 IA B C
14 IA B C

15 IA

WOULD YOU LIKE ANOTHER RUN (1 -YES, 0 mN0)? 0

READY

25

1R OF MAXIMUM



Chemistry
EQUIL2

100 REM EQUILIBRIUM SYSTEM, JOHN MARCRISOiTO
101 RIM REVISED 8/20/70 CD. PESSEL)
105 DIN pc20).scao).rc2o),v(3)
106 LET D100
107 LET 11.0
108 LIT F1.0
120 PRINT "THIS PROGRAM GILL INVESTIGATE THE EQUILIBRIUM SYSTEM"
121 PRINT
122 PRINT " PCL5 PCL3 CL2"
130 PRINT
140 PRINT "V(AT IS THE EQUILIBRIUM CONSTANT"J
141 INPUT
142 IF 18.0 THEN 150
143 PRINT "MI EQUILIBRIUM CONSTANT MUST BE NON- NEGATIVE."
144 00 TO 140
150 PRINT "GMAT IS THE INITIAL CONCENTRATION OF PCL5".1
151 INPUT A
152 IF A>0 THEN 159
153'ORINT "THICIMITIALCONCENTRATION OF PCL5 'MUST BE NON- NEGATIVE"
154 80 TO. 150
159 PRINT
160 PRINT "COULD YOU LIKE THE RESULTS PLOTTED C1). TABULATED (2)"
161 PRINT "OR BOTH (3) (TYPE THE APPROPRIATE NUMBER)".1
162 INPUT 01
180 IF Qt 42 THEN 195
183 PRINT
184 PRINT
185 PRINT "INIT. CL2"." EQUIL. PCL3"." EQUIL CL2"." WWII.. PCLS"
186 PRINT MOO Se," MOO

117 PRINT "INIT. PCL5".." INIT. PCLS "." INIt';'PCL5"9" INIT. PCLS"
1818 PRINT
195 LET 11.1.1A
800 FOR Xl.TO 16
801 LET XI.X1
210 LET D(X) 4(11421)SQRCC821)*(11X1)4*11))/2
800 LIT 11(18).41411(x)-
230 LET F(X).1.000-
840 IF 2142.1=1-840
250 PRIM? XI.DCX).18X)9F(X)
1160 IT'DCX)4D1 TREN'270
865 LET DIDCX)
270 IF SCX)4111 THEN 280
875 LET 11.1(X)
880 IF F(X)01-THEM 290
SUS LET ri.pcx,
890 NEXT X
295 IF 411802 THEM 395
300 PRINT
330 PRINT 181****
331 PRINT
36, PRINT "WOULD YOU LIKE ANOTHER RUN Cl -YES. 000)"8
350 INPUT 412
360 IF 28s0 THEN 140
370 STOP
390 REM PLOTTING ROUTINE FOR MULL CURVES
395 PRINT
396 PRINT
400 PRINT "A8 (EQUIL. PCL3)1CINIT. PCLS) MAXIMUM IS "DI
401 PRINT "88 cram. CL2)18INIT. PCLS). MAXIMUM IS "11
4011 PRINT "CI (EQUIL. PCL5)/(INIT. PCLS) MAXIMUM IS "Fl

. . .

403 PRINT
404 PRINT "INIT. CL8"JTA2C89/8"A 8 C"
AO$ PRINT " '0 25 S0 75 100"8
406 PRINT " I OF MAXIMUM"

26 .;
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Chemistry
EQUIL2

408 PRINT "INIT. PCL5 I I I I

410 FOR X01 TO 16
420 PRINT TAB(5)JX-1JTAB(13)1"I"J
430 LET W(1)4BINT(40*D(X)/D1+.5)
431 LET W(2)INT(4041E(X)/E1+.5)
432 LET W(3)INT(40*F(X)/F14..5)
580 REM FIND WHICH IS SMALLEST. THEN PRINT IT AND MAXIMIZE IT
600 FOR 'lel TO 3
605 LET K1mi1lE20
610 FOR Intl TO 3
620 IF V(I)>X1 THEN 640
630 LET KIW(I)
640 NEXT I
650 PRINT TAB(X14.13),
660 FOR 1=1 TO 3
670 IF A8S(W(I)-K1)4.0001 THEN 700
680 NEXT I
690 STOP
700 IF 142.1 THEN 730
710 PRINT sear)
720 GO TO 780
733 IF 14'2 THEN 760
740 PRINT "8".$
750 GO TO 780
760 IF 143.3 THEN 690
770 PRINT "C",
780 LET W(I)silE25
790 NEXT
795 PRINT " "
800 NEXT X
810 PRINT
815 PRINT
820 GO TO 330
999 END

27
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DISCIPLINE CHEMISTRY

SUBJECT KINETICS

PROGRAM NAME KINET

DESCRIPTION:

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

OBJECTIVES:

A) An understanding of Equilibrium

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

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

PRELIMINARY PREPARATION:

A. Student(l),The distinction between initial and equilibrium concentration
should be trade very clear.

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

B. Materials - None

DISCUSSION:

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

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

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

In this program, time is plotted in ten 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 PRESENTED IN THE FOLLOWING MANNERt

(INDICATE YOUR CHOICE BY NUMBER)

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

WHAT IS YOUR CHOICE? 3

LET F - THE FORWARD RATE CONSTANT
LET K = THE EQUILIBRIUM CONSTANT FOR THE hEACTION A --r4)
TYPE IN THE CONSTANTS F AND K IN THAT ORDER.
? 5,1

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

LET Al = ORIGINAL CONCENTRATION OF A
LET A = PERCENT CONCENTRATION OF A (A/A1*10U)
LET P =PERCENT CONCENTRATION OF P (P/A1*1U0)

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

0 100 0
.069 75.0788 24.9212
.138 62.57893 37.42107
.207 56.30929 43.69071
.276 53.16459 46,83541
.345 51.58728 48.41272
.414 50.79614 49.20386
.483 50.39933 49.60067
.552 50.20029 49.79971
.621 50.10046 49.89954
.69 50.05039 49.94961

TIME
0
I

PERCENT CONCENTRATION OF

25 50
I I

A(*)

75
I

AND P(+)

100
I

0 * *

.069 I + *

.138 I + *

.207 I + *

.276 I + #

.345 I + *

.414 I .

.483 I .

.552 I .

.621 I .

.69 I .
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WHAT IS YOUR CHOICE? 2

LET F = THE FORWARD RATE CONSTANT
LET K = THE EQUILIBRIUM CONSTANT FOR THE REACTION A 'EP
TYPE IN THE CONSTANTS F AND K IN THAT ORDER.

? 5.0.1

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

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

0 25 50 75 100
TIME I I I I

0 4.

.01254545 I +

.02509091 I +

.03763636 I +

.05018182

.06272727 I +

.07527273 I +

.08781818 I +

.1003636 I +

.1129091 I +

.1254545 I +

WHAT IS 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 ORDEH.
? 10,0.1

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

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

0 25 50 75 kUU
TIME I I I I I

0 * *

6.272727E-3 -I + *

.01254545 I + *

.01881818 I + *

.02509091 I + *

.03136364 i *

.037638-36 *

.042909L J9 1 + *

.05018182 I + *

.05645455 I + *

.06272727 I + *
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WHAT IS 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.

?

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

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

0 25 50 75 100
TIME I I I I I

0 * *
.046 I + *
.092 I + *
.138 I + *
.184 I + *
.23 I + *

.276 I + *

.322 I + *

.368 I + *

.414 I + *

.46 I + *

WHAT IS

LET F =
LET K =
TYPE IN

? 5,.2

YOUR CHOICE? 2

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

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

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

0 25 50 75 100
TIME I I I I I

0 * *
.023 I + *

.046 I + *

.069 I + *

.092 I + *

.115 I + *

.138 I + *

.161 I + *

.184 I + *

.207 I + *

.23 I + *

WHAT IS YOUR CHOICE? 4

READY
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100 REM KINET HOWARD SHANNON HARBORFIELDS HS 8/15/68
110 AEM REVISED 7/28/69 PIE J. MARCHISOTTO
115 REM REVISED BY C.LOSIK 7-28-70
116 REM F,K ARE DEFINED BELOW; L IS THE TIME INCREMENT;
117 REM G IS THE DECAY CONSTANT; D IS THE FRACTION OF °P°
120 REM THIS PROGRAM STUDIES THE KINETICS OF A SINGLE SPECIES
130 REM (A) GOING TO A SINGLE SPECIES (P),AND APPROACHES EQUILIBRIUM
14U REM WITH (P).
150 REM IE. ISOMER EQUILIBRIUM
160 REM IF THE EQUILIBRIUM CONSTANT IS VERY LARGE (1<>10,000),
170 REM IT CAN BE ASSUMED THAT ALL OF THE REACTANT GOES TO PRODUCT.
180 REM THIS PROGRAM CAN THEN BE USED FOR RADIOACTIVE DECAY.
190 HEM AN INPUT OF THE FORWARD HATE CONSTANT AND THE EQUILIBRIUM
200 REM CONSTANT WILL GIVE A PRINTOUT OF THE CONCENTRATION OF (A)
210 REM ANir(P) COMPARED TO THE INITIAL CONCENTRATION OF (A) AT 10
220 REM EQUAL TIME INTERVALS AS IT APPROACHES 99.9PEACENT TO EQUILIBRIUM
230 PRINT " FOA THE EQUILIBRIUM PROBLEMS YOU ARE ABOUT TO DO, THE "
240 PAINT " DATA MAY BE PRESENTED IN THE FOLLOWING MANNER: "
250 PRINT " (INDICATE YOUR CHOICE BY NUMBER)"
260 PRINT
270 PRINT " CHOICE 1 u TABLE OF DATA"
280 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 REACTION A =P"
400 PRINT " TYPE IN THE CONSTANTS F AND K IN THAT ORDER."
410 INPUT F,K
420 -PRINT
460 PRINT .

470 PRINT " ******************************"
480-PRINT
500 LET H = K/(K+1)
520 LET G = F/H
530 LET L=.69/G
550 LET T a -L
552 IF Q=2 THEN 690
560 PRINT " LET AI = ORIGINAL CONCENTRATION OF A"
570 PRINT " LET A = PERCENT CONCENTRATION OF A (A/A1*100)"
580 PRINT " LET P = PERCENT CONCENTRATION OF P (P/A1*100)"
590 PRINT
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600 PHINT " TIME "," A "," P "

610 PHINT " "," "," "

620 FOR I = 0 TO 1U
630 LET T = T +L
640 LET D = H* C1-EXPC-G*T))
650 PRINT T,C1-D)*100,D*100
660 NEXT I
670 LET T =-L
680 IF Q = 1 THEN 31U
690 PRINT
700 PRINT" PERCENT CONCENTRATION OF AC*) AND PC+)"
710 PRINT
720 PRINT " ", "U 25 5U 75 100"
730 PRINT " TIME","I I I I I"
740 FOR I = 0 TO 10
750 LET T = T+L
760 LET D = H*C1-EXPC-G*T))
770 LET X = 1-D
775 PRINT I*L,"I";
780 IF INTC40*D+.5) = INTC40*X+.5) THEN 930
790IF INTC40*D+.5)> INTC40*X+.5) THEN 1000
800 PRINT TABC40*D+14.5);"+";TABC4U*X+14.5);"*"
850 GO TO 1100
930 PRINT TABC40*D+14.5);"."
950 GO TO 1100
1000 PRINT TABC40*X+14.5);"*";TABC4U*D+14.5);"+"
1100 NEXT I
1110 GO TO 310
1120 PRINT " YOUR CHOICE MUST BE A NUMBER BETWEEN 1 AND 4, TRY AGAIN."
1130 GO TO 310
1140 END
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DISCIPLINE CHEMISTRY

SUBJECT MASS DEFECT

PROGRAM NAME MASSD

DESCRIPTION:

A classroom presentation that could be used to calculate mass
defect, and give the answer. in terms of usable energy (kw-hr. of
electricity).

OBJECTIVES:

A. To calculate and explain mass defect.

B. To introduce the concept of binding energy.

C. Conversion of mass to energy. (atomic power)

PRELIMINARY PREPARATION:

A. Student - The student should have an understanding of nuclear
part7es, and the law of conservation of mass and energy.

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

DISCUSSION:

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

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

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

WHEN THE MACHINE TYPES A QUESTION MARK (?) TYPE IN
.YOUR ANSWER THEN HIT RETURN KEY. USE NUMBERS OF UP TO
SIX SIGNIFICANT FIGURES. HOUND IF NECESSARY TO 6 DIGITS.
IN THE VALUES FOA MASS DEFECT.

THE ATOMIC NUMBER IS ? b
THE ACTUAL MASS IS 7 15.9949
THE MASS NUMBEn IS 7 16

THE SUM OF ThE MASS OF ThE d PROTONS AND THE d NEUTRONS
PLUS THE WEIGHT OF fhE b ELECTRONS IS ThE CALCULATED
MASS.

CALCULATED MASS - ACTUAL MASS = KASS DEFECT
16,13199 15.9949 = .1371

THE MASS DEFECT IN TERMS OF ENERGY IS ThE EQUIVALENT OF
2936 A 1019 CAL. PER MOLE OF THIS SUBSTANCE,

Ott leai A 1019 CAL. PEA GRAM.

IF WE DIVIDE TAIS BINDING ENERGY BY ThE NUMBER OF
PARTICLES IN THE NUCLEUS, WE GET A RATIO KNOWN AS THE
BINDING ENERGY PER NUCLEON, WHICh IS A MEASURE OF ThE
STABILITY OF THE NUCLEUS. THE MOHE 'BINDING'
PER NUCLEON, THE MORE STABLE IS THE NUCLEUS.
THE BINDING ENERGY PER NUCLEON IS : 1.276744E-5 ERGS. PER NUCLEON, On
3.047121E-13 CAL. PER NUC.,
WHICh IS MORE COMMONLY EXPRESSED AS WO MEV.

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

IF YOU WOULD LIKE TO RUN ANOTHER PROBLEM TYPE IN 1,
IF NOT TYPE IN 0.

? 0

**4g#41414g*******#

HEADY
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10u AEM oOnN MAACHISOTTO Pld SUMMER 69 BASIC
IU5 nEM AEVISED Of C.LOSIK 7-22-7U
IU6 AEM AT NO=A, mASS=d, MASS NO=C
107 AEM MASS DEFECT lb F
13U PAINT" 'THIS PROGRAM Is DESIGNED TO INVEsTIGATE MASS DEFECi'"

PRIM'
15U PRINT" WhiCh OF THE ELEMENTS WOULD YOU LIKE TO CONSIDEA7 "
16U PRINT" REMEMBER WE AnE DEALING With A bINGLE ATOM, ThEhEFORE"
170 PAINT" IN ADDITION TO ThE ATOMIC Ni En WE AnE GOING TO NEED THE"
IOU PAINT" ACTUAL MASs (IN AMU) AND ThE MASs NUMBEA OF ISOTOPE"
190 PRINT" YOU WANT TO WORK WiTh."
200 PAINT
21U PAINT " WHEN THE MACnINE TYPEs A wUESTION MARK (7) IN"
22U PAINT " YOUR ANSWER THEN HIT AETUAN KEY. USE NUMBERS ,OF UP TO"
230 PAINT " SIX SIGNIFICANT FIGURES. HOUND IF NECESSARY TO 6 DIGITS."
237 PAINT "IN ThE VALUES FOn MASS.DEFECT."
23b PAINT
240 PRINT
25U PRINT " ThE ATOMIC NUMBER 16 ";
26U INPUT A
270 PAINT " THE ACTUAL MASS IS ";
28U INPUT C
290 PRINT " THE MASS NUMBEA IS ";
Jot) INPUT d
310 PRINT
32U HEM G IS AVOGADhO'S NUMBER
330 LET G=6.023E23
340 LET D = li - A
350 LET E=(1.00728*A)+(1.00867*D)+(5.48,597E-4*A)
36U LET F=INT(IE4*(E-C)+.5)/1E4.
470 PRINT ThE SUM OF ThE MASS OF ThE"A"PAOTONS AND ThE"L-AEUTRONS"
380 PRINT " PLUS THE WEIGHT OF ThE"A"ELECTAONS IS rhE CALCULATED"
390 PRINT " MASS."
400 PAINT
410 PAINT" CALCULATED MASS - ACTUAL MASS = MASS DEFECT"
420 PAINT" "E," - "C;" = "F
430 PAINT
440 HEM CONVERSION FACTORS:
450 REM 1.49 A 10-3 ERGS PER AMU
460 REM 4.19 X 10 7 ERGS PER CAL.
470 REM 3.6 h lU 13 ERGS PER KW.,h
475 HEM 931.0 MEV PEA AMU
480 LET Hm(1.49E-3*F*G)/4.19E7
490 PRINT " THE MASS DEFECT IN TEAMS OF ENERGY IS THE EWUIVALENT OF"
500 PAINT INT(1-1/1E9+.5)"X 10:9 CAL. pEh MOLE OF ThIS SUBSTANCE,"
510 PRINT "OH"INT((h/C)/IE9+.5)"A 10r9 CAL. PER GRAM."
511 PAINT
512 PAINT " IF WE DIVIDE THIS BINDING ENERGY BY ThE NUMBEA OF"
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513 eAINT " pAArICLEb IN THE NUCLEUS, WE uEr A AATIU ANOWN Az in E"

514 PAINT " BINDING ENERGY PER NUCLEON, WnICA Ith A MEASUAE OF rhi."

515 PAINT " STABILITY OF rnE NUCLEUb. TAE MOAE 'BINDING"
516 ri,t1Nr " PER NUCLEON, THE MORE STABLE 16 fnE NUCLEUS."
517 PAINT " rnE BINDING ENERGY PER NUCLEON lb :";
518 PAINT 1 .49E-3*F/B"EAGS. rEtt NUCLEON, OA";
519 PAINT 1.49E-J*F/(8*4.19E7)"CAL. PEA NUC.,"
520PA1Nr" WA1CA lz MORE COMMONLY EAPAESSED AS"IUU*1Nr(931*F/B+.5)"MEV"
522 LET j = ((n/C)*4.19E7/3.6E13)/15
525 PAINT
530 PAINT " THE AMOUNT OF ENEAGY (BINDING ENERGY) CUNTAINED IN ONE"
540 PAINT " GLAM OF THIS bUbSrANCE WOULD BE bUFFICIENr fU SUPPLY ALL"
55U PAINT " TnE ELECTAICAL NEEDS IN AN AVEAAGE UNE FAMILY AOUSE USING"
56U PAINT " 15 AW-HAS. PER LAY FOR A PEAIOD OF"INr(J+.5)"DAYb OA"
565 PAINT INT((J/365)+.5)"YEAAs."
57U riliiNc
580 PAINT " IF YOU WOULD LIi TO RUN ANOTAEA PAOBLEM TYPE 1i' 1,"
59U PAINT " IF NUT TYPE IN U."
6UU INPUT i
61U
62U PAINT " ","***************"
63U IF M=1 ThEN 24U
64U IF M<>U THEN 580
65U END

AEADY
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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
717:711,re iminary preparation or those with extensive preparation.

B. Materials - none

DISCUSSION:

It should be noted that normality is no longer in the New York
State syllabus. It thus becomes necessary to teach titration calculations
in the molarity systems by way of moles of 1-1' 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)(Vs)(n)

38

V = volume in liters
H+n = subscript of the Fr
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THIS 'PHOGHAM IS DESIGNED TO CALCULATE ThE UNKNOWN MOLAHITY
IN AN ACID -BASE TITRATION.

WHAT IS THE SUBSCRIPT OF THE h+ IN ThE ACID FORMULA,
AND THE SUBSCRIPT OF THE IN THE BASE FORMULA? 2,1

HOW MANY ML OF ACID, AND hOW MANY ML OF BASE
WEhE USED? 19731U.0

IS THE KNOWN MOLARITY FOR THE ACID On ThE LASE?
ANSWEn 1 FOA ACID OA 2 FOh BASE? 1

WhAT IS fhE MOLAAITY OF THE ACID? 5.5

ANSWEA: rhE BASE lb 21.67 M.

DO YOU WANT TO WORK ANOThEA ?h0aLEM? ANSWEA 1 FOIL YES
Oh U FOh NO? 1

4**************

WHAT IS rile. SUBSCh1PT OF THE H+ IN ThE ACID FOhMULA,
AND THE SUBSCAUT OF ThE OH- IN rhE BASE FOAMULA? 3,1

hOW MANY ML OF ACID, AND nOW MAN: ML OF LASE
WEhE USED? u,29.3

IS THE KNOWN MOLAAITY FOA fhE ACID Oh ThE LASE?
AN6wEh 1 FOh ACID Oh 2 FOit LASE? 1

WnA b I tz MOLAA1 TY OF ThE ACID? 2.0

ANSWEh: fhE LASE IS U M.

DO YOU WANT ru WOAK ANOThEA tJhO8LEM? ANSWER 1 FOA TES
Oh U FOh NO? 1

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

WhAT Iz ThE bUbSCAUT OF TnE h+ IN fnE ACID FORMULA,
AND TnE bUD6Ohier OF THE OH- IN in t. hAbE FOnMULA? 2,1

hOW MANY mL OF ACID, AND nOW MANY ML OF 8AsE
WEnE UsED? 1S.U,24.7

IS rhE KNOWN NOLA:lir! FOh ThE ACID On rnE BASE?
ANsW6h 1 FOA AelO Oh 2 FOA WISE? 2

whAT IS THE MOLAHITY OF ChE LASE? 1.S

ANSWEA: ThE ACID IS 1.23 M.

DO YOU wANr TO WORK ANOThEh l'hOaLEM? ANSWEA 1 FOA YES
Uri U FDA NU? U

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

AEMUI
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100 HEM nAAAY DOAFMAN 7/16/6d JOhN GLENN h.S. C REV. 7/10/69 )
105 REM AEVISED BY C.LOSIK 7-23-70
110 PRINT "ThIS PhOGRAM IS DESIGNED TO CALCULATE THE UNKNOWN MOLAhltY"
120 PAINT "IN AN ACID-BASE TITRATION."
130 PRINT
140 PAINT
15U PAINT " WHAT IS THE SUBSCRIPT OF THE h+ IN ThE ACID FORMULA,"
16U PRINT " AND THE SUBSCRIPT OF THE On- IN THE BASE EOAMULA"J
165 REM D'Ou 0 OF h+, 0 OF OH-
170 INPUT D.0
188 PAINT
19U PAINT " HOW MANY ML OF ACID. AND HOW MANY ML OF WISE"
20U PAINT " WERE USED";
2U5 REM E.F= ML ACID, ML BASE
21U INPUT E,F
220 PRINT
230 PRINT " IS ThE KNOWN MOLAHITY FOA THE ACID Oh ThE BASE?"
24u PAINT " ANSWER 1 FOh ACID OR 2 FOR BASE ";
250 INPUT
26U ?HINT
aw IF L = 2 THEN 360
28U IF 44=1 THEN 24U
29U PRINT " WHAT IS THE MOLAAITY OF THE ACID ";
300 INPUT A
31U LETS= (E *A *D) /CC *F)
32U PRINT
330 PRINT
34U PAINT " ANSWER: THE BASE IS "INTCIUO*B+.5)/100"M."
350 GO TO 42U
360 PRINT " WHAT IS THE MOLAAITY OF THE BASE ";
370 INPUT B
380 LET AleCC*F*B)/CD*E)
390 PRINT
400 PRINT
41U PRINT. " ANSWER: THE ACID IS "INT(100 *A+.5)/100"M."
420. PRINT
430 PRINT
44Q PRINT " DO YOU WANT TO WORK ANOTHER PROBLEM? ANSWER 1 FOR YES"
450 PRINT " OH U FOA NO ";
46U INPUT X
462 PRINT
464 PRINT " ***************
470 IF X.1 THEN 130
480 IF X==0 THEN 430
490 END
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DISCIPLINE CHEMISTRY

SUBJECT pH, pOH, PCT. DISSOCIATION

PROGRAM NAME PH POH

DESCRIPTION:

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

OBJECTIVES:

A. To illustrate the relationships between the magnitude of the Ka value,
and the strength of the acid.

B. To show the relationship between pOH and pH.

PRELIMINARY PREPARATION:

Student - The distinction beta een 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.

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

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

41
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rnOGnf-io wiLL F1NL rn, run, LANV eGi Oib.DOGIHLION
tNt wr,tA :10N0eAtOLIG

Am Or ACiu =?
GUNGILNI.LkiiJN Or AUlo =? 1

eh= .5 eJn= 11.5 J157eoe

e40dLe.. (1=xt;..), onN0)7 1

All Jr. AL:10 =?
viULAn GUNULhAflUN Jr IUlu =1 2

ro= 1.J5 .-On= 1G.tij eLlr. Di5SOCIAIION= 2.k11120t,

enOuLzo:D (1=r6.J, J=NO)? I

AA OF ACIu =?
XOLAn CUivG6NinAllUA: OF ACIO =? I

en= 5 run= y eCi vibbOCIArION= 9.91:5950r.-4

OALL en061.6vJJ (I=YES, J=N0)? I

AA OF MCIU =? 16-1b
MOLAn CONCt:NfnACION OF AC I0 =? 2

eh= 6.96 e0n= 7.04 rCT. DibthOGIAFON=

ANY MORE AJdOBLLM6 (1=YES, U=N0)? U

1LEADY
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lou AEM PAPUA* JOHN MAACAISOTTO 7/1U/69 CAEMISTAi BASIC
lul AEM REVISED BY C.LOSIK 7-22-7U
1U3 AEM A IS TAE KA, B IS THE MOLAR CONC.
11U AEM PHOGAAM DOES ONE CALCULATION AT, A TIME,!
14u PAINT "TATS PAOGAAM WILL FIND ThE rjh, POh, AND PCT DISSOCIATION"
15u PAINT "FOA ANY WEAK MONOPAOTIC ACID."
17U PAINT
loU PAINT "AA OF ACID =";
19J INPUT A
2Ju IF A<=0.5 rriEN 21U
2U2 PAINT "ANSWER INVALID FOA WEAK ACID. TAY AGAIN."
2u4 GO TO 190
21U PAINT " MOLAA CONCENTRATION OF ACID =";
220 INPUT
23U PAINT
24U LET S = A*B
25U IF S>=1E-12 THEN 2oU
260 LET A = SuA(S+1E-14)
270 GO TO 290
2130 LET h =-A/24-(SuA(At2+(4*A*8)))/2
290 LET r = 1E-14/n
3UU LET A = H- 1'
31U LET C = -LOG (A)/2.303
32U LET D = 14 - C
330 IF 13 <1E-5 TAEN 36U
340 LET E = A/B*100
350 GO TO 37u
36U LET E = 1UU
37U PAINT "Ph="INT( 100=C+.5)/10U,"POn="INT(100*D+.5)/100,
3bU ?HINT. "ecT. DISSOCIATION="E
39U PAINT
41U PAIgT " ANY MORE PROBLEMS (1=YES, U=NO)";
430INPUT N
440 IF N=1 THEN 17U
445 IF N<>0 THEN 410
45U END

43
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DISCIPLINE CHEMISTRY

SUBJECT PERCENT COMPOSITION

PROGRAM NAME PRCNT

DESCRIPTION:

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

OBJECTIVES:

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

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

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

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

PRELIMINARY PREPARATION:

A. 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

DISCUSSION:

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

It should be brought to the students' attention that % water of
hydration, % sulfate, % nitrate, etc., may be calculated by treating the
groups of atoms as a single element when entering data.
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.LnIS phOGAAN is DEsIGND 10 CALCULAIZ inh PEnCENI
CO1..POSI11UN £JY WEIGnI OF A COMPOUND THAI MAY CONTAIN
F410m 2 10 5 ELEMENTS.

DU 100 wANI TO szh A SANPLz CALCULATION?
ANs,aEA 1 FOn 1E6 U.. u (4h1(0) FOn NO? 1

: inz rEnCEN1 CUMPOsIrION OF sULFUnIC ACID

= AiUMIC 41;IGnI OF nronOGEN
LEI A1 = Thh NO. OF nI1A0GhN A10Ms IN inE FL/Av.:ULM

LEI w2 = inE AI0mIC WEIGn1 UF sULFJA
LEI a2 = xnE O. OF sULPJA AILE.46 IN friZ FUstmULA
LZI J = TnE ATOMIC WEIGni OF OAYGEN
LET AU = ThE NU. OF 0.4xGEN ATOx...6 IN fnh FORMULA

= JLri EIGni Ur' SJLFu.t1C AC I Id
( ) + vPd*/-12) +

x= (1.UUt*2) + (32.u64*1) + (I5.999*4)
Y= 9b.u76

PEnGENT n = (W1 *A1/1)*IuU
Pi7.0EN1 n = (1.00b*2/9b.076)*1UU
PE,XENT n = 2.0D5

rhneENI s = (W2*A2/1)*luu
PEAL:ENT S = (32.064*1/9b.U76)*1UU
PEACEN1 s = 32.693

PEAGENT 0 = (W3*A3/Y)*luu
PEACEN1 0 = (15.999*4/96.076)*IUU
PEACEN1 0 = 65.2514

DU YOU WANT TO DO A PAOJLEM ?
ANSWER 1 FOIL YES Oh U (LEW)) FUn NO? 1

WHAT IS ThE NUMBEh OF ELEMENTS IN ThE FOAMULA? 3
TYPE (ThE ATOMIC WEIGm/NO. OF ATOMS) FOIL EACh ELEMENT,
ONE ELEMENT TO A LINE.
? 12.011,12
? 1.000,22
? 15.999,11

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

FORMULA WEIGHT = 342.297

ATOMIC WEIGHT NO. OF ATOMS PEHCENT COMPOSITION
12.011 12 42.1U729
1.0003 22 6.476504
15.999 11 51.41412

****************$*4.*****###***

DO YOU WANT TO DO ANOTHEA PhOBLEM?
ANSWER 1 Foa YES Oft U (LEAO) FDA NO? U

HEADY
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10U HEM n. SHANNON, HARBOAFIELDS n.S. 7/23/68 (REV 7/18/69)
105 HEM 'REVISED BY C.LOSIR 7-23-7U
1u6 HEM THE SAMPLE CALCULATION EXPLAINS HOW THIS PAOGRAm WORKS
IIU AEM CALCULATES PEACENTAGE COMPOSITION BY WEIGHT OF A COMPOUND
12U PAINT " THIS PAOGHAM IS DESIGNED TO CALCULATE ThE PERCENT"
13U exINT "COMPOSITION BY WEIGHT OF A COMPOUND THAT MAY CONTAIN"
14U PAINT "FAOM 2 TO 5 ELEMENTs."
15U PAINT
16U PAINT " DO YOU WANT TO SEE A SAMPLE CALCULATION?"
17U PAINT "ANSWEA 1 FOIL YES Oh U (ZERO) FOA NO";
IOU INPUT A
19U IF X = U THEN 46U
193 IF X<>I THEN 17U
199 PAINT
200 PRINT "EXAMPLE s THE PERCENT COMPOSITION OF SULFURIC ACID "
210 PRINT
22u PAINT
230 PRINT
240 PAINT
250 PAINT
26U PAINT
27U PAINT
280 PAINT
29U PRINT
300 PAINT
310 PRINT
320 PRINT
330 PAINT
340 PAINT
350 PAINT
36U PAINT
37U PAINT
aSU PRINT
390 PAINT
400 PRINT
41U PRINT
420 PRINT "PERCENT 0 =
430 PRINT "PERCENT 0 =
440 PRINT "PERCENT 0 =
450 PRINT
460 PRINT " DO YOU WANT
470 PRINT "ANSWER 1 FOR
480 INPUT X
490,IF X 0 THEN 770
493 IF x.csi THEN 470
500 DIM W(5), A(5)
505 PRINT
510 PRINT " WHAT IS THE NUMBER OF ELEMENTS IN THE FORMULA";
520 REM J NO. OF ELEMENTS IN THE FORMULA
530 INPUT
533 REM THIS LOOP CHECKS FOR VALID ANSWER
535 FOR 102 TO 5
540 IF 11.'4 THEN 560
545 NEXT I
550 PRINT "THIS PROGRAM CONSIDERS COMPOUNDS WITH 2 TO 5 ELEMENTS."
552 GO TO 510
560 LET Y = 0
570 PRINT " TYPE (THE ATOMIC WEIGHT.NO. OF ATOMS) FOR EACH ELEMENT,"
580 PRINT " ONE ELEMENT TO A LINE."
590 FOR I = 0 TO J -1

"LET WI = ATOMIC WEIGHT OF HYDAOGEN"
" LET Al = THE NO. OF HYDROGEN ATOMS IN THE FORMULA"
"LET W2 = THE ATOMIC WEIGAT OF SULFUA"
" LET A2 = THE NO. OF SULFUR ATOMS IN THE FORMULA"
"LET W3 = THE ATOMIC WEIGHT OF OAYGEN"
" LET A3 = THE NO. OF OXYGEN ATOMS IN THE FOitMULA "

" Y= FORMULA WEIGHT OF SULFURIC ACID"
" Y= (WI*A1) (W2*A2) + (W3*A3)"
" Y= (1.008.02) + (32.064 *1) + (15.999*4)"
" Y= 98.076"

"PERCENT
"PERCENT
"PEACENT

"PERCENT
"PERCENT
"PERCENT

H =
H =
H =

S =
S =
S

(WI*A1 /Y)*100"
(1.008*2/98.076)*I00"
2.005"

(W2*A2/Y)*100"
(32.064*1/9b.076)*100"
32.693"

(W3*A3/Y)*100"
(15.999*4/98.076)*100"
65.2514"

TO DO A PROBLEM ?"
YES OR U (ZERO) FOR NO";
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60U :1(.1),:t)
61u I = FO.L:OLA wElGrif
6`.tiu Lt;i. 1= /4-/(1,)*A(1)
6.3u Nt.d.1
riZIL) r.jj "
645 r::1,'41
65u l':ticvi."FO:tr.J1,-:
6tio r'rtioei
67ti eitANf I Gni NO. OF 4lf0tv: itC r
6d = :40 OF r:Lr....;:v16
'9U FO :t = u ft.) J-1

e It 1 w(i),A(i),(i)4(i)ii*Itiu
71u Nr:Ai 1

7du eitiNf
./JJ "

75u r' " Du I jJ .:11.`J 1.0 uu ANUII-tEzt eltULILEtva"
i6u GO co ii7J
/7J r.Nu

/
A.
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DISCIPLINE CHEMISTRY

SUBJECT STOICHIOMETRY

PROGRAM NAME

DESCRIPTION:

This program solves rriase-mass, mass-volume, and volume-volume
problems. 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:ON:

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
Z. Students can check homework problems during study periods or after

school.
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STOICH

DO YOU W1thn fO SAIP rhE INSThUCTIONs? 1 FOh xES ,u FOn NU? u
1'h16 PhOGhA IS DESIGNED fO SOLVE:

1. NA:,b-MAb6 PhODLEMS
2. MASS-VOLUME PhOBLEMS
J. VOLUML7VOLUE PuOJLEMs

SUL:E CENEhAL INsfhOCiluAs FOh USING l'nt; PhOGhA WILL
uE nELPFUL Al this TIME.

I. iF TWO PIECES OF DATA AhE'hEQUESTED, JE 3OKE TO
GIVE iru IN LAE OhOEh dEuUESIED ALA) sErAhATE
InEM With A COMMA.

2. Int: uALANGED E.AOATIUN i. tnE Finthi InING
ivh.EDt:D wi in EACA IxrE OF eltOwLEM sO hi-WE 11 PhEPAILED.

3. ThE FOhMULA wEIGhis AhE NEEDED Nidxf ZUAIAVE
tJttEl'AA6p.

PICK 1hE ciet; Or CALCULATION f0j DESIAE 'Y MN. WEILING
FOLLOWING wJESTION W1In A 1,2, O:u 3:

1 FOh MAs6-MA66 CALCULATIONs
d FUlt Mt:LDS-VOLUME CALCULArluNS
3 FOh JOLUME-VOLUME CALCULAIIONs

'2714A1 13 InE NUMDEh OF 10Uh CAOICE? 1

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

r4i0ViDt. imE FOLLOWING DATA FOH THIS MASS-MAss ersOBLE:

HOW MANIMOLES--0EENOWNCOMPOUND-ANDUNKNOWN COMPOUND--
AhE SHOWN IN THE DALANGED GnEMICAL EQUATION? 1,1
jr1,4f 1S ThE FOhMULA WEIGhT OF THE KNOWN COMPOUND
AND ThE UNKNOWN COmPOOND ? luU,56
WHAT MASS, IN GAAMS, OF ThE KNOWN COMPOUNU IS INVOLVEU
IN rnE CnEMICAL hEACEION? IF rnIs INFOhmAIION IS AVAILAHLE
IN MOLES ANSWEh LEhO (0) ANU WAIT FOh TnE NEAP wUEsT1ON? SU.O
ANSWEh6: 5 MOLES OF UNKN. CPD.

2t5 GAAMS OF UNKN. CPD.

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

DO YOU W1 Sit TO SOLVE ANOTHER PAOHLEM? ANSWEh 1 FOh M-M,
2 FOrt it -V, FOh V-V, AND LEn0 (0) 10 END int: PhOGhAm.? 2

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

PAOVIDE ThE FOLLOWING DATA FOh This MASS-VOLUmE PhODLEM:

HOW MAN I MOLE, OF KNOWN COMPOUND AND UNKNOWN covIrouwu
AhE ShOWN IN ThE t3ALAAH EQUATION? 2,2
WhAf IS ThE FOnMULA WEIGHT OF THE KNOWN COMPOUND AND ThE
UNKNOWN COMPOUND? lb,2
WHAT MASS, IN GhAMS, OF THE KNOWN COMPOUND IS INVOLVED
IN THE CHEMICAL AEACTION? IF ONLY VOLUME IS KNOWN
ANSWEn ZE1t0 CO) AND WAIT FOA ThE NEAT QUESTION? 20.0

ANSWEAS: 1.111111 MOLES OF UNKN. GAS
24.0b0:19 LITEhS OF UNKN. GAS

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

DO YOU WISH TO SOLVE ANOTnEh PhOBLEM? ANSWER 1 FOn M-M,
--2 FOA M-V, 3 FOt V-V, AND LEA() CO) TO END TnE PhOGAAM.? 3

***************
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PROVIDE fnE FOLLOwING DATA FOn foIS VOLUME-VOLUME rhOBLEM:

HOW MANY MOLES KNOWN GAS AND UNKNOWN GAs Hitt SHOWN
IN ThE BALANCED EQUATION? 1.3,3
WHAT IS ThE VOLUME IN LITEaS OF THE KNOWN GA6 INVOLVED
IN ThE CHEMICAL AEACTION? (VOLUME MUSI dE AT STP.)? 146

ANSWEn: 336.9231 LIfEaS OF UNKN. GAS

4.**40*########*

DO IOU Wish TO SOLVE ANOThEn PROBLEM? ANsWEA 1 FU$
2 FUa m-V, 3 FUn V-V, AND zEa0 Cu) fU ENu THE PnOGnAM.? 1

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

phOVIDE ThE FOLLOWING DATA FOA THIS MASS -MASS PhObLEM:

hUW MANY MOLES OF KNOWN COMPOUND AND UNKNOWN COMPOUND
AnE SHOWN IN THE BALANCED CHEMICAL EQUATION? 1,1
WHAT IS THE FOAMULA WEIGHT OF THE KNOWN COMPOUND
AND THE UNKNOWN COMPOUND ? 56,74
WHAT MASS, IN GRAMS, OF THE KNOWN COMPOUND IS INVOLVED
IN THE CHEMICAL nEACTION? IF ThIS INFOhMATION 16 AVAILABLE
IN MOLES ANSWEA LEA0 CU) AND WAIT FOA THE NEAT QUESTION? U
HOW MANY MOLES OF KNOWN COMPOUND WErtE INVOLVED IN
THE CHEMICAL REACTION? 2.9
ANSWEaS: 2.9 MOLES OF UNAN. CPD.

214.6 GRAMS OF UNKN. CPD.

###############

DO YOU WISH TO SOLVE ANOTHEit PROBLEM? ANSWER 1 FOR M-M,
2 FOR M-V, 3 FOn V-V, AND ZERO (0) TO END ThE PROGRAM.? 2

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

PhOVIDE THE FOLLOWING DATA FOR THIS MASS-VOLUME PROBLEM:

HOW MANY MOLES OF KNOWN COMPOUND AND UNKNOWN COMPOUND
ARE SHOWN IN THE BALANCED EQUATION? 1,2
WHAT IS THE FORMULA WEIGHT OF ThE KNOWN COMPOUND AND IRE
UNKNOWN COMPOUND? 2,23
WHAT MASS, IN GRAMS, OF THE KNOWN COMPOUND IS INVOLVED
IN THE CHEMICAL REACTION? IF ONLY VOLUME IS KNOWN
ANSWER ZER0'(0) AND WAIT FOR THE NEAT QUESTION? U
WHAT IS THE VOLUME, IN LITERS, OF THE KNOWN GAS
INVOLVED IN THE CHEMICAL REACTION? (VOLUME MUST BE AT STP)? 212
ANSWERS: 16.92657 MOLES OF UNKN. CPD.

435.3571 GRAMS OF UNKN. CPD.

4.*4.4.4.**4.4.4.4.4.4.*#

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

HEADY
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Chemistry
STOICH

Lou AEM HAAAY DUAFMAN, JOHN GLENN n.s.7/23/6o C rtEV.7 /9/69 )

105 HEM REVISED BY C.LOSIK 7-22-7U.
106 AEM DIFFEAENT VARIABLES AAE USED IN EACH e:iouLEm
107 AEM THEIA MEANING MAY SE DETERMINED BY LOOKING AT EACH sEerioN
100 kik:v., OF THE PAUGAAM CVAAS. CUAAEsPOND Willi INPUTS AND PAINTS)
110 AEM THIS PAOGAAM IS DEIGNED TO SOLVE MASS-MASS, MA6s-VOLUME,
120 HEM AND VOLUME-VOLUME PAOBLEMS:
123 nEM
125 AEM EACH iNeur nAS A DIFFERENT LEifElo COAAESPUNDING TU
126 AEM THE INFUAMATIUN IN TnE PAINfEu wUESTION.
130 Aral

14u emINt " Uu YOU WISH TO SKIP ThE INsTAUCTIUNS? 1 FOA tEs oU FOA NU";15U INPUT 4
16U IF 4=1 THEN 32U
162 IF 4<>0 THEN 13u
17U PAINT "THIS PAOGAA Is DEsIGNED ru SOLVE:"
160 eitiNT 1. MAsS-MASS PROBLEMS"
190 PAINT " 2. MASS-VOLUME PADDLERS"

ert1NT " 3. VULUmE-VOLUME rAUBLEMS"
210 PRINT
220 kJ:L.1.NT "SOME GENERAL INSYAUCTIONS FUn USING THE eitoadAK WILL"
230 PAINT "BE HELPFUL AT THIS TIME."
240 PAINT " 1. IF TWO PIECES OF DATA ArtE AEUUEsTED, BE SURE TO"250 PAINT " GIVE THEM IN TnE OrtDEH REUUESTED AND SEPAHATE"
260 PAINT " THEM WITH A COMMA."
27U PAINT " 2. THE BALANCED EuUATION 1S ThE F.1.116r TnING"
260 PAINT" NEEDED WITn EACH TYPE OF PROBLEM SO HAVE IT PREPARED."
290 PRINT " 3. THE FORMULA WEIGhTS AHE NEEDED' NEAT SO HAVE THEM"
300 PAINT " PREPARED."
31U PAINT
320 PAINT
330 PAINT "PICK ThE TYPE OF CALCULATION YOU DESIAE BY ANSWEAING ThE"
340 PAINT"FULLOWING wUESTION WITH A 1,2, On 3:"
350 PAINT" 1 FOR MASS-MASS CALCULATIONS"
36U PAINT" 2 FOrt MASS-VOLUME CALCULATIONS"
470 PAINT- 3 FOR VOLUME-VOLUME CALCULATIONS"
360 PAINT
390 PRINT "WHAT IS THE NUMBEA OF YOUR CHOICE";
4u0 INPUT A
410 PAINT " ","***************"
420 PAINT
430 IF A=1 THEN 470
440 IF A=2 THEN 030
450 IF A=3 THEN1150
455 PAINT "USE 1, 2, OA 3. THY AGAIN."
46U GO TO 390
470 PRINT" PROVIDE THE FOLLOWING DATA FOrt This MASS-MASS PAOBLEM:"
4130 PRINT
490 PAINT"hOW MANY MOLES OF KNOWN COMPOUND AND UNKNOWN COMPOUND"
500 PAINT "AKE SHOWN IN rHE BALANCED CHEMICAL EuUATION";
510 INPUT B,C
520 PHINT "WHAT IS THE FOHMULA WEIGHT' OF THE KNOWN COMPOUND"
53U PAINT " AND THE UNKNOWN COMPOUND ";
540 4NPUT D,E
550 PRINT" WHAT MASS, IN GRAMS, OF THE KNOWN COMPOUND IS INVOLVED"
560PAINT" IN THE CHEMICAL AEACTION? IF ThIS INFOAMATION IS AVAILABLE"
570 PAINT " IN MOLES ANSWER 4EAO CO) AND WAIT FOA THE NEAT QUESTION ";
5d0 INPUT F
59U IF FO THEN62U
60U LET GF/D
610 GO TO 65U
620 PAINT" HOW MANY MOLES OF KNOWN COMPOUND WERE INVOLVED IN"
630 PAINT " THE CHEMICAL AEACTION";
64U INPUT G



Chenistry
STOICH

650 LET h=(C/B)*G
660 enINT" ANSWERS: "h" MOLES OF uivAN.
670 LET ...)=h*e.
600 PnINT " "0" GnAMS OF UNKN. Opt)."
690 rhINc
700 PAINT " ","***************"
71U PAINT
72U PnINT"DO x0O WISh TO SOLVE ANOThEA enOtiLEm? ANSWE:t 1 FOR M, -M,"
730 PnINT " G FUR m-V, 3 FOR V-V, AND cEnO (0) TO END ThE PnOGnAM.";
74U INPUT Y
745 enINT
Thu PRINT " ","***************"
760 PAINT
770 IF Y=1 ThEN 47u
7ou IF Y=2 LIEN o3u
790 IF Y=3 ThEN II50
ou0 IF t<>0 TAEN 010
b05 STOP
o10 PRINT " YUU MUST USE 0,1,2, On 3. TAY AGAIN."
020 GO TO 720
630 PAINT " PROVIDE: ThE FOLLOWING DATA FOn TnIS MASS- VOLUME PROBLEM:"
040 FAINT
d50 pAINT " HOW MANY MOLES OF KNOWN COMPOUND AND UNKNOWN COMPOUND"
060 ehibir " AAE shOWN IN THE BALANCED EQUATION";
070 INPUT K,L
060 PRINT "WriAT IS THE FORMULA WEIGhT OF 1rE KNOWN COMPOUND AND THE"

enINT " UNKNOWN COMPOUND";
900 INPUT MeN
910 PAINT" WhAT MASS, IN GhAMS, OF ThE KNOWN COMPOUND IS INVOLVED"
920 PAINT" IN rhE CHEMICAL REACTION? IF ONLY VOLUME IS KNOWN"
930 PAINT " ANSWER LEA() (0) AND WAIT FOR 1'h E: NEAT QUESTION";
940 INPUT P
950 IF P=u THEN 104U
960 LET h=(L/K)*(P/M)
970 PhINT"ANSWEAS: "h"MOLEs 01 UNKN. GAS"
900 LET S=A*22.4
990 PRINT" "S" LITEAS OF UNKN. GAS"
1030 GO TO 690
1040 PAINT" WHAT IS THE VOLUME, IN LITERS, OF TAE KNOWN GAS"
1050 PhINT"INVOLVED IN THE CHEMICAL REACTION? (VOLUME MUST BE AT STP)";
1060 INPUT Q
1070 LET TIF(Q/22.4)*(L/K)
1000 PRINT" ANSWERS: "T" MOLES OF UNKN. CPD."
1090 LET u=T*N
1100 PRINT" "U" GRAMS OF UNKN. CPD."
1140 GO TO 690
1150 PRINT "PROVIDE THE FOLLOWING DATA FOh ThIS VOLUME-VOLUME PAOBLEM.:"
1160 PRINT
1170 PRINT "HOW MANY MOLES KNOWN GAS AND UNKNOWN GAS ARE SHOWN"
1180 PRINT " IN THE BALANCED EQUATION";
1190 INPUT U,V
1200 PRINT" WhAT IS THE VOLUME IN LITERS OF THE KNOWN GAS INVOLVED"
1210 PAINT " IN THE CHEMICAL REACTION? (VOLUME MUST BE AT STP.)";
1220 INPUT W
1230 LET A=(V/U)*W
124U PAINT"ANSWEA: "X"LITEAS OF UNKN. GAS"
1200 GO TO 69u
1300 END

READY

146.
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The 0...ncloed material is a compilation of computer programs

developed dnring 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 command in some programs

to start the random-number generator at a random point. If this

command is not available, some other means should be devised for

randomizing the start.

It is our sincere hope that these programs and their sup-

porting documentation will be helpful to educators who are explor-

ing the uses of computers in education.

We are anxious to hear of any bugs, errors, or improvements

in these programs, and are especially anxious to hear of any novel

ways of using them.

Ludwig Braun

Marian Visich, Jr.
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region surrounding two charges. (Electricity and Magnetism)

VLOCTY
Demonstrates that average velocity (Ai D/4T) approaches
a limiting value as 41140. 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)



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 savings accounts.

CIRFLW

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.

15
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Volume VI

TEACHER ASSISTANCE

AVERG1
Averages grades, lists value of curve, and adjusts
grades.

AVERG2 3

Sorts and averages grades.

FREQ 6

Print6 a frequency distribution (bar graph) of grades.

GRADE 8

Prints a table of grades (in percentages), number of
questions missed, and number of questions answered
correctly.

ITEM1 10
Ccunts and prints number of times questions are missed.

ITEM2 12
Sums item analysis.

STAT 15
A statistical analysis of laboratory data. (For teachers'
use)

STATAL
',;alculates the arithmetic mean (average) of a set of
numbers.

23



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

OBJECTIVES:

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

PRELIMINARY PREPARATION:

None

DISC USSION:

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

B. Follow-up - By modifying line nurbers 520 and 560 to
520 LET X = A + B
560 PRINT A "+" B " =";

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

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



Math
ARITH

HELLO CLASS TODAY I WANT TO REVIEW MULTIPLICATION

WITH YOU. WHEN I CALL ON YOU PLEASE COME UP AND TYPE IN

YOUR ANSWERS. IF YOU ARE WRONG YOU GET TWO MORE CHANCES.

HOW MANY STUDENTS ARE THERE IN THE CLASS TODAY? 30

TEACHER!...0IVE EVERYONE A NUMBER FROM 1 TO 3U

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

GIVE ME YOUR LUCKY NUMBER
? 5

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

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

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

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

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

OK, STUDENT NO. 25 IT'S YOUR TURN!

GIVE ME YOUR LUCKY NUMBER

tC

BEADY

8
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100 DIEM W. TEPPER/ WYANDANCH HS, 4/21/69
105 REM REVISED BY C.LOSIK 1:1570
106 REM WE DO A RANDOM PROBLEM FOR EACH STUDENT, A .0P-. B
110 REM THIS PROGRAM CALLS STUDENTS IN A RANDOM FASHION TO DO INDIVIDUAL
120 REM PROBLEMS. BY MODIFYING A FEW STATEMENTS I CAN CHANGE THE
130 REM TYPE OF PROBLEMS.
140 REM REVISED 5/7/69
150 PAINT "HELLO CLASS TODAY I WANT TO REVIEW ";
151 REM CHANGE BELOW FOR YOUR OPERATION
152 PAINT " MULTIPLICATION"
160 PRINT
170 PRINT "WITH YOU. WHEN I CALL ON YOU PLEASE COME UP AND TYPE IN"
10 PAINT
190 PRINT "YOUR ANSWERS. IF YOU ARE WRONG YOU GET TWO MORE CHANCES."
20 PRINT
210 PRINT "HOW MANY STUDENTS ARE THERE IN THE CLASS TODAY";
220 INPUT S
230 PRINT
240 PRINT "TEACHER1...GIVE EVERYONE A NUMBER FROM 1 TO"S
250 PRINT
260 PRINT
270 PRINT
272 REM YOU MUST RANDOMIZE THE PROCESS FOR BEST RESULTS
275 RANDOMIZE
280 LET QmINTCRNDC-.2)*S)
290 PRINT "OK, STUDENT NO. "Q" IT'S YOUR TURN!"
30 LET JaR0
310 LET L -0
320 PRINT
330 PRINT
340 PRINT "GIVE ME YOUR LUCKY NUMBER"
350 INPUT Z
360 FOR Tot TO Z
370 LET A=INTCRND(..2)*100)
380 LET BmINT1RND(-.5)*100)
390 NEXT T
400 LET No0
410 LET J=J+1
415 REM X IS THE ANSWER TO A OP B
420 LET Xis/1*B
430 PRINT
440 PRINT
450 PRINT
455 REM PRINT A OP B or 7

460 PRINT A" X "B" ";
470 INPUT K
460 IF ABS1K-,X).005 THEN 590
49C) LET N=1,14.1

3



Math
ARITH

500 IF N-3 THEN 530
510 PRINT "YOU'RE WRONG...TRY AGAIN"
520 GO TO 460
530 PRINT "YOUR WRONG AGAIN"
540 PRINT "THE ANSWER IS "X
550 IF J<5 THEN360
560 PRINT "YOU GOT "L" RIGHT OUT OF 20 PROBLEMS"
570 PRINT "GOOD BYE .... STUDENT NO."(a
580 GO TO 250
590 PhINT "YOU'RE MIGHT STUDENT NO."W
600 LET L L +1

610 IF uPc5 THEN360
620 PRINT "YOU GOT "L" RIGHT OUT OF 5 PROBLEMS."
630 PRINT "GOODBYE...STUDENT NO."41
640 GO TO 260
650 END

4
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DISCIPLINE MATHEMATICS-SOCIAL SCIENCE

SUBJECT FINANCIAL PROBLEMS

PROGRAM NAME BANK

DESCRIPTION:

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

OBJECTIVES:

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

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

PRELIMINARY PREPARATION :

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

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

DISCUSSION:

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

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

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

5
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FINANCIAL PROBLEMS

THIS PROGRAM SOLVES THREE TYPES OF PROBLEMSI

(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 It 2 OR 3)? 1

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

WHAT IS THE CASH PRICE OF THE ARTICLE (S)? 88.99
DOWN PAYMENT (5)? 10
NUMBER OF PAYMENTS EXCLUDING THE DOWN PAYMENT? 18
NUMBER OF PAYMENTS PER MONTH? 1
AMOUNT PER PAYMENT (S)? 4.85

THE RATE OF INTEREST CHARGED WAS 5.69 PERCENT.

WOULD YOU LIKE TO RUN THE PROGRAM AGAIN Cl.'YES 0 -NO)? 1
WHICH PROBLEM WOULD YOU LIKE TO WORK WITH (TYPE 1. 2.0/1.3)? 2

4* 41 41

THIS SECTION WILL DE:Wl!NE PAYMENTS FOR A LONG TERM LOAN.

WHAT IS-THE AMOUNT BORROWED (S)? 3000
INTEREST CHARGED (2)? 8
INTERVAL BETWEEN PAYMENTS (MONTHS)? 1

TERM OF THE LOAN (YEARS)? 2

DO YOU WISH TO SEE ThE TOTALS ONLY INSTEAD OF THE ENTIRE
TABLE

PERIOD

C1YES 0 -NO)? 0

OUTSTANDING
PRINCIPAL AT
BEGINNING
OF PERIOD

INTEREST DUE AT
END OF PERIOD

PRINCIPAL
REPAID AT
END OF PERIOD

1 3000 go 115.68
2 2884.32 19.23 116.45
3 2767.87 18.45 117.23
4 2650.64 17.67 118.01
5 2532.63 16.88 118.8"
6 2413.83 16.09 119.59
7 2294.24 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
II 1684.22 11.23 124.45
13 1559.77 10.4 125.28
14 1434.49 9.56 126.12
15 1308.37 8.72 126.96
16 1181.41 7.88 127.8
17 1053.61 7.02 128.66
18 924.95 6.17 129.51
19 795.44 5.3 130.38
20 665.06 4.43 131.25
21 533.81 3.56 132.12
92 401.69 2.68 133
23 268.69 1.79 133.89
24 134.8 .9 134.78

TOTALS 256.34 3000

YOUR MONTHLY PAYMENT IS S 135.68 AND TOTALS S 3256.34

6
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WOULD YOU LIKE TO RUN THE PROGRAM AGAIN (1-YES. 0 -NO)? 1

WHICH PROBLEM WOULD YOU LIKE TO WORK WITH (TYPE 1. 2011'3)2 3

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

WHAT IS THE AMOUNT DEPOSITED PER INTEREST PERIOD (S)? 10000
HOW OFTEWIS THE INTEREST COMPOUNDED (MONTHS.? 3
WHAT IS THE RATE OF INTEREST PAID (2)7 5
FOR HOW Lola WILL YOU DEPOSIT MONEY (YEARS)? 5

THE BALANCE OF YOUR ACCOUNT AFTER 5 YEARS WILL BE t 202500

WOULD YOU LIKE TO RUN THE PROGRAM AGAIN (1-YES. 0-NO)? 0

READY

7
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100 REM FINANCIAL PROBLEMS A. WEBB 12/67
101 REM REVISED 8/25/70 (D. PESSEL)
110 PRINT TAB(20)I "FINANCIAL PROBLEMS"
115 REM REKISED BY W. TEPPER. VYANDANCR H.S. 7/10/69
120 PRINT
130 PRINT"THIS PROGRAM SOLVES THREE TYPES OF PROBLEMSS"
132 PRINT
134 PRINT" Cl) INTEREST ON INSTALLMENT BUYING"
136 PRINT" (2) PAYMENTS ON LONG TERM LOAN".
138 PRINT" (3) BALANCE OF A SAVINGS ACCOUNT"
140 PRINT
142 PRINT"WHICH
144 INPUT Or
146 PRINT
147 PRINT "** * **"
148 PRINT
150 IF Q12.2 THEN 820
155 IF Q1 >1 THEN 260
160 GO TO 590
260PRINT "THIS
270 PRINT
280 PRINT"WHAT
281 INPUT A
285 PRINT"
286 INPUT'l
290 PRINT".
291 INPUT P
295 PRINT"
296 INPUT Y
300 PRINT
360 PRINT"DO YOU WISH TO SEE THE TOTALS
361 PRINT"TABLE 110/ES.. 0..N0)".1
362 INPUT PS
ow roam
375 IF P5>0 THEN 430
380 PRINT"
390 PRINT"
430 PRINT"
410 PRINT"PERIOD

PRINT

PROBLEM WOULD YOU LIKE TO WORK WITH (TYPE ! 2 OR 3)"I

SECTION WILL DETERMINE PAYMENTS FOR A LONG TERM LOAN."

IS THE AMOUNT BORROWED (5)"I

INTEREST CHARGED (2)"1
. .

INTERVAL BETWEEN PAYMENTS (MONTHS) " /'
. -

TERM OF THE LOAN (YEARS) " /

420
430
440
445
446
450
460
461
470
480

LET
LET
LET
LET
LET
LET
LET
LET
LET

OUTSTANDING"
PRINCIPAL AT
BEGINNING
OF PERIOD

Z.(Y,1112)/P
K.(IIII(P712))/100
EA*K/(1...17(1.K),E)
E.INT(E*100+.5)1100
C -A

F0
D1..0
T1.0
TleT1.1

ONLY INSTEAD OF THE

INTEREST DUE AT
END OF PERIOD

490 IF T1>Z THEN 554
500 LET BT1
510 LET CCE
520 LET D -C *K
522 LET F.E-D
525 LET CmIN7(C*100+.5)/100
530 LET DINT(D*100+.5)7100
535 LET FINT(F*100+.5)/100
541 LET DlaD1+D
548 IF P52.0 THEN 480
550 PRINT B/TAB(11)ICITAB(29);DITAB(48)IF

8

ENTIRE"

PRINCIPAL"
REPAID AT"
END OF PERIOD"
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552 GO TO 480
554 IF P541 THEN 561
555 PRINT
556 LET DIwINT(1)141100+.5)/100
558 PRINT"TOTAL INTEREST.PAID 5"D1
559 PRINT"TOTAOL.PRINCIPAL'REPAID..'S"A
560 GO.TO 565
561 PRINT"
564 PRINT"TOTALS",TAB(29)101JTAB(48)JA
565 LET E5wINT((D1+A)*100+.5)/100
566 PRINT

.

567 LET E6E5/((Y*12)/P)
568 LET E6INT(100*E64.5.4/100
569 PRINT"YOUR MONTHLY ,AYMENT IS S"E6" AND TOTALS 5"E5
570 GO.T0-1064
590 PRINT"THIS SECTION WILL DETERMINE THE ACTUAL INTEREST YOU PAY"
600 PRINT"WHEN YOU PURCHASE SOMETHING ON CREDIT." .

610 PRINT'
.-

620 PRINT"WHAT IS THE CASH PRICE OF THE ARTICLE (5)"1
621 INPUT C

. . ._.

630 PRINT"' DOWN PAYMENT (5)")
631 INPUT-D .

640-PRINT"--- NUMBER-Or-PAYMENTS EXCLUDING THE DOWN PAYMENT",
641 INPUT-N
650 PRINT" NUMBER OF PAYMENTS PER MONTH",
651 INPUT S
660 PRINT" AMOUNT PER PAYMENT (5)",
661 INPUT R

. .

i90 PRINT
720 LET B.I.R*N+V
730 LET I -B -C
740 LET MN/(S*12)
no LET Tw14,100/(8M)
760 PRINT'
770 PRINT
775 LET TwINTC100*T+.5)/100
780PRINT "THE RATE OF INTEREST CHARGED WAS"T" PERCENT."
790 GO TO 1060
o.A rnaroi inaa a4u44uN unit:v..4144a 4444 00.1.44,ItiL Or n artvinua iftloUVWVA"
830 PRINT"INWHICH DEPOSITS ARE MADE REGULARLY."
840 PRINT
860 PRINT"WHAT IS THE AMOUNT DEPOSITED PER INTEREST PERIOD (5)",
861 INPUT A
870 PRINT"HOW OFTEN IS THE INTEREST COMPOUNDED (MONTHS)",
871 INPUT B
880 PRINT"WHAT IS THE RATE OF INTEREST PAID (2)",

_ .

881 INPUT C-
890 PRINT"FOR HOW LONG WILL YOU DEPOSIT MONEY (YEARS)",

. .

891 INPUT'D
950 LET P.O
960 LET E(C/100)/(12/21)
970 LET 8.,(12/8)4.0
980 LET Tim°
990 LET TI T1 +1
1000 IF T1.1G41 THEN 1030
1010 LET Fill(ESA)4(A+r)
1020 GO TO-990"
1030 PRINT
1040 PRINT
1045 LET F.IINT(100*F+.5)/100
1050 PRINT"THS BALANCE OF YOUR ACCOUNT AFTER "D"YEARS WILL BE 5"F
1060 PRINT'
1010 PRINT
1080 PRINT
1081 PRINT".0*.0.0*"
1082 PRINT
1084 PRINT "WOULD YOU LIME TO RUN THE PROGRAM AGAIN (1-.YES 0.440)",
1086 INPUT Q4
1090 IF 242P0 THEN 142
1100 END

9
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DISCIPLINE CALCULUS-GRADE 13

SUBJECT LENGTH OF ANY CURVE

PROGRAM NAME CRVLEN

DESCRIPTION:

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

OBJECTIVES:

A. Time saving factor for computations.

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

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

PRELIMINARY PREPARATION: None

DISCUSSION:

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

y

x

Piecewise linen .3:.rroximation of a smooth curve

10
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LENGTH OF A CURVE

THIS PROGRAM APPROXIMATES THE LENGTH OF ANY CURVE BETWEEN
TGO POINTS HAVING P-AND 0 AS THEIR RESPECTIVE ABSCISSAS.
THE PROGRAM-DIVIDES THE CURVE INTO INCREASING lIUMBERS'OF
SOBINTTAVALS,-JOINS TRESS VITH-SECANTS AND-FINDS THE SUM
ortmosic SECANT*:

TO INPUT THE FUNCTION VHICH YOUR CURVE REPRESENTS. TYPE AS
roixows AFTER THE PROGRAN STOPS(
(TYPE THE 'RETURN° KEY AFTER EACH LIME INCLUDING a21)

1 GO TO 200
300 DIP rwycx1_vow. (YOUR FUNCTION OF X)
RUN

_ .

FOR EXAMPLE, TO USE THE FUNCTION **Xt3.3*X92.4**03
YOU WOULD TYPE(

1 GO TO SOO
300 DEP FRY(X)**Xt3+3*xt*2*)(+3
HUN

YOU MIGHT TRY THAT AS YOUR FIRST RUN.

otAirt

1 '20 TO 200
309 DEP FMY(X)2*X93 .,3*Xt2.**X+3

. .

VHAT ARE THE ABSCISSAS OF THE END POINTS OF THE INTERVAL
VROSi LENOIR YOU'VANT (SMALLER ONE FIRSTSP.0)i -1,6

. _

NUMBER or
SUBINTERVALS

SUM OF
SECANT LENGTHS Z CHANGE IN LENGTH

1 525.0467 MO PREVIOUS VALUE
S 122;1523 .02125142
4 522.6522 5557313
$ 531.0171 .2576957
16 531:964* .1713523
32 532.0146 9:4342621(.4
64 532.0416 4;7137291P4
121 532;0445 1.24177121.4
256 532.0501 3.06662714

*****

VOULB YOU LIME TO TRY NEW END POINTS (1YES. 0-110)? 0

TO TRY ANOTHER FUNCTION. RETYPE LINE 300, AND 'RUN'.
BEE INSTRUCTIONS FOR -NOSE DETAILS; IF YOU'ARE-FINISHED,
TYPIC1 AND-ICTURN KEY AFTER THE PROGRAM STOPS.-

1

11
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100 REM LZNITH OF A CURVEQ.J. OCONNOR 711961
101 REM REVISED 11W170 (D. PESSEL) (COMBINATION OP LECUQ i LEFUQ)
103 REM imPairman-imalasuus SSECANT LINSTRI S1- PREVIOUS SECANT
104 REM =MOTH) P- PERCENT CHANGE INSECANT LENGTH
110 PRINT TA2(20)) "LENGTH OF A CORM"-
111 PRINT
120 PRINT "THIS PROGRAM APPROXIMATES THE LENGTH (F ANY CURVE BETWEEN"
121 PRINT "TWO POINTS HAVING P-AMD Q AS THEIR 2MAPECTIVE ABSCISSAS."'
122 PRINT "THE PROGRAM DIVIDES THE CURVE INTO DECREASING NOMBERSOP"
123 PRINT "SUBINTERVALS. -JOINS THESE WITH SECANTS AND-FINDS THE SUM"
124 PRINT "OF THESE SECANTS:"
125 PRINT
126 PRINT "TO INPUT THE FUNCTION WHICH YOUR CURVE =PRESENTS TYPE AS"
127 PRINT "FOLLOWS AFTER THE PROGRAN STOPSt"
128 PRINT "(TYPE THE RETURN KEY AFTER EACH LINE INCLUDING 'AINI')"
MN PRINT
130 PRINT " 1 GO TO 200"
131 PRINT " 300 DE? PNYIX).....(YOUR FUNCTION OF X).
13N PRINT " RUM"
133 PRINT
134 PRINT "FOR EXAMPLE. TO USE THE FUNCTION 2*X1P3.3*E122*X.3"
135 PRINT "YOU WOULD TYPEt"
136 PRINT
137 PRINT " 1 GO TO 200"
138 PRINT 300 DEF FOIY(X).210X13.3111X122*X.3"
139 PRINT " RUM"
140 PRINT
141 PRINT "YOU MIGHT TRY THAT AS YOUR FIRST RUN."
150 STOP
SOO REM CALCULATION AND PRINTING IF RESULTS
205 PRINT "VRAT ARE THE ABSCISSAS OF THE END POINTS OF THE INTERVAL"
106 PRINT "NROSE.LENGT, YOU RANT (SMALLER ONE FIRST1P.Q)..)
SO7 INPUT P.0
204 IF PIM THEN 213
209 PRINT "P-MUSTADE LESS THAN Ql"
210 00-TO 207
212 INPUT P.G
213 PRINT
214 PRINT " NUMBER Orr... SUM OF"
215 PRINT "SUBINTERVALS"."SECANT LENGTHS"." E CHANGE IN LENGTH"
216 PRINT " .
217 PRINT
230 LET 51a0
SSO FOR N61 TO 9
300 Dl? FIRTCEP2*Xt3.3*Et22*X.3
310 LET i"24(F1)
320 LET 116(0"P),1
330 LET S60
330 FOR I60 TO
350 LET LASNIK(FIIT(P.I10/1)FNUP.I*11))t24.11*M)
360 LET Sa101.
OM NIZT I
37$ IF 5160 TUN 375
373 PRINT Hai" NO PREVIOUS VALUE"
374 GO-TO 3O5.-
37S LET P5m((ABUS1S))1/11)0100
36O PRINT 2.Sa" "PS
355 LET 115

NUT 2-
400 PUNT
401 PRINT "41,0010*"
402 PRINT
493 PRINT MILO YOU LINE TO TRY
404 INPUT al
405 IF 21910-T11EN 210
410 PRINT
445 PRINT "TO TRY ANOTHER FUNCTION. RETYPE LINE 300. AND RO."
446 PRINT "SEE INSTRUCTIONS FOR -uses DETAILS. IF TOU'ARE-FINISRED."
467 PRINT "TYPE-°16 AND-41ETURN° NET arm THE PROGRAM STOPS."
200 ENO

-._ _

NEW END POINTS (1 -YES. 0 -NN) ")

p
) 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(a4h) as height)

III Trapezoids

IV Parabolas (Simpson's Rule)

OBJECTIVES:

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

B. Dramatizes the limiting processes involved.

C. Decreases the time needed for lengthy computations.

PRELIMINARY PREPARATION:

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

y = f(x)

y

a

13

I U. )

Starting with
f(a) as height

x

Inscribed Rectangular Approximation



r -

r

h

Mathematics
CVAREA

y = f(x)

Starting with
f(a + h) as height

x
a

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=

h
x

a

Trapezoid Approximation

14
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Mathematics
CVAREA

AREA UNDER A CURVE - INTEGRATION

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

I RECTANGLES (INITIAL HEIGHT OF F(A))
II RECTANGLES (INITIAL HEIGHT OF F(X+H))
III THAPE40IDS
IV PARABOLAS (SIMPSON'S RULE)

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

1 GO TO 200
3UU DEF FNY(A)=...(YOUR FUNCTION OF A)...
RUN

FOR EAAMPLE, TO FIND THE AREA UNDER THE CURVE Y=At3 YOU
WOULD TYPE:

1 GO TO 200
300 DEF FNY(A)=Ar3
RUN

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

READY

1 GO TO 200
300 DEF FNY(A)=Xta
RUN

WhAT AnE YOUR VALUES FOR A AND B (SMALLER FILIST:A,B)?

NUMBER OF
SUBINTERVALS

I. SUM OF
RECTANGLES

II. SUM OF
RECTANGLES

III. SUM OF
TRAPEZOIDS

IV. SUM OF
PARABOLAS

2 753.1875 5246.667 3000.937 2499.75
4 1501.172 3748.922 2625.047 2499.75
d 1969.137 3093.012 2531.074 2499.75
16 2226.612 2788.55 2507.581 2499.75
32 236i.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)? 0

*****

TO USE A NEW FUNCTION YOU NEED ONLY RETYPE LINE 300
AND 'RUN'. SEE INSTRUCTIONS FOR MORE DETAILS.
IF YOU ARE FINISHED, TYPE '1' AND THE 'RETURN' KEY.

READY
15
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100 hEM AREA UNDER A CURVE-U.j. O'CONNOA
101 REM REVISED 8/18/70 (D. PESSEL) (COMBINATION OF DEFIN AND ACCUQ)
102 REM IMPORTANT VARIABLES: D-# OF SUBINTEAVALS; AREA BY
1U3 REM RECTANGLES (F(A))-P, BY RECTANGLES (F(A+n))-Q,
1U4 REM BY TAAPEGOIDS7T, BY PARABOLAS -S; C-STORES PAEVIOUS
105 REM VALUE OF S.
110 PRINT TAB(15); "AREA UNDER A CURVE - INTEGRATION"
111 PRINT
112 PAINT " THIS PAOGAAM EVALUATES THE DEFINITE INTEomAL OF F(X)"
113 PAINT "FROM X=A FO A=B BY FOUR METHODS OF NUMERICAL APPROXIMATION:"
114 PAINT
115 PAINT TAB(20); "I RECTANGLES (INITIAL HEIGHT OF F(X))"
116 PAINT TAB(19); "II RECTANGLE, (INITIAL hEIGhT OF F(X+H))"
117 PAINT TAB( 18); "III TRAPELOIDS"
118 PAINT TAB(19); "IV PAAABOLAS (SIMPSON'S RULE)"
119 PAINT
12U PAINT "AFTER THE PROGRAM STOPS, YOU MAY ENTER YOUR FUNCTION AS";
121 PAINT " FOLLOWS:"
122 PAINT
123 PAINT TAB(13); "1 GO TO 20U"
124 PAINT TAB(13); "300 DEF FNY(X)=...(YOUA FUNCTION OF X)..."
125 PAINT TAB(13); "RUN"
126 PAINT
127 PRINT "FOR EXAMPLE, TO FIND ThE AREA UNDER THE CURVE Y =Xt3 YOU"
128 PAINT "WOULD TYPE:"
129 PAINT
130 PHI NT
131 PAINT
132 PRINT
133 PAINT
134 PAINT
135 PAINT
150 STOP

TAB(13);"1 GO TO 2U0"
TAB(13);"300 DEF FNY(X)=xt3"
TAB(13);"AUN"

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

2U0 PAINT "WHAT ARE YOUR VALUES FOR A AND B (SMALLER FIRST:A,B)";
201 INPUT A,B
203 IF B>=A THEN 210
204 PAINT "A MUST BE LESS THAN B!"
205 GO TO 200
21U PRINT
211 PRINT " NUMBER OF","I. SUM OF","II. SUM OF","III. SUM OF",
212 PRINT "IV. SUM OF"
213 PAINT "SUBINTERVALS","RECTANGLES","AECTANGLES","TAAPE4OIDS",
214 PRINT "PARABOLAS"
218 PAINT " ",
219 PAINT
250 M=-2
260 S=0
300 FNY(X)=X/3
310 M=M+3. .

320 N=M TO M+2
330 C=S
340 Q=0
350 P=0
360 D=2 ,N

111

LET
LET
DEF
LET
FOR
LET
LET
LET
LET

16
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Mathematics
CVAREA

365 PRINT D,
370 L.ET Hm(BA)/D
380 FOR Imo) TO (D-1)
390 L.ET PuP+H*FNY(A+I*H)
400 L.ET Qulii+H*FNY(A+I*H+H)
410 NEXT I
415 PRINT P,C1,
420 L.ET T=CP+Q)/2
425 PRINT To
430 L.ET UFNY(A)+FNY(B)
440 FOR J2 TO (D-2) STEP 2
450 L.ET U=U+2*FNY(A+041H)
460 NEXT J
470 L.ET VO
480 FOR Kell TO (D-1) STEP 2
490 L.ET VileV+4*FNY(A+K*H)
500 NEXT X
510 L.ET S(U+V)*(H/3)
520 PRINT S
530 NEXT N
535 IF D<64 THEN 310
540 IF ABS((C-S) /((C +S) /2)) >.0001 THEN 31U
550 PRINT
560 PRINT "NOTE THAT SIMPSON'S RULE (IV) CONVERGES FASTEST."
600 PRINT
610 PRINT "WOULD YOU LIKE TO TRY NEW VALUES FOR A AND B CI-YES, 0-NO)";
611 INPUT Q5
612 PRINT
613 PRINT "*****"
614 PRINT
615 IF 415>0 THEN 200
620 PRINT "TO USE A NEW FUNCTION YOU NEED ONLY RETYPE LINE 300"
621 PRINT "AND 'RUN'. SEE INSTRUCTIONS FOR MORE DETAILS."
622 PRINT "IF YOU ARE FINISHED, TYPE '1' AND THE 'RETURN' KEY."
650 5ND

17



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.

DISC TJSSION:

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

By using the flow chart which follows, the method and logic
the computer uses, can be explained to students. It is suggested that a
supplementary device be used to display output to classsize groups.

18
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Math
G CD

NIS PROGIAN WILL FIND TUN ORZATZST COMMON DIVISOR
FOR TWO ORHMOR2 mummus.'
NOW MANY NVIONOIS DO TOW WISK TO INVISSTIOATZ2 3
tYPI tm THK NUMBERS. ONE Avila 'Mat QUESTION NARK.
7 12
? 36
? 96
THE MUMBIMS 12 36 96 UAW TIM O.C.D. la

ANOTHER SET OF NUMBERS ClaYRS. 0110) / 1
NOV MANY NUM= DO YOU VIM/ TO INORSTIOATS? 3
TYPE IN INK NUNIMS, ONE AFTIR MACH OURSTION MARX.
?S0
? 36
? 96
NI NUMBERS 20 36 96 HAVE THE Q.C.D. 4

ANOTHER SIT OF NUMBERS (1YZS. 01/0) ? 1
NOV MANY NUMBERS DO YOU WISH TO INVIMTIOATE? 3
TYPE IN TH2 NUMBERS, 0111 AFTER MACH OURSTION MARX.
20

? 36
? 97
THE NUNIMRS 20 36 97 ARE RELATIVELY PRINZ.

ANOTHER SIT OF MUNINMS CInYiS. 0110) ? 0

DEADY



Math
GCD

100 IWI V. TZPPER VYAIIDANCII N.S. MATHEMATICS
110 REM REVISED BY C;LOSIK- 8 -10 -70
111 REM XCI) ARE THS NUMBERS CUP TO 100)
120 PRINT "THIS PROGRAM WILL FIND TIUCERZATEST COMMON DIVISOR"
130 PRINT "FOR TWO OR MORE NUMBERS..
140 DIN XC 100)
150 PRINT "NOV MANY NUMBERS DO YOU WISH TO INVESTIGATE"'
160 INPUT N
165 I? ABSCNIIITC11))4.0001 THEM 170
166 PRINT "TRY AOK:ill."
167 20-TO ISO
170 PRINT "TYPE IN TUX NUMBERS, ONE AFTER EACH QUESTION MARK."
175 LEI' 501225
160 FOR XP1 TO N
190 INPUT XCIC)
193 IF XCE)s4-THIN 210
900 LET SJECK)
210 NEXT K
220 LET 2-0
230 FOR Mail TO S
240 FOR TO N
250 IF XCI)/M4,,INTCXCI)/M) THEN 300
260 NEXT I'
290 LET OsIN
300 NEXT M
310 PRINT "THIS NUMBIRS"J
320 FOR Tell TO N
330 PRINT XCT),
340 NEXT T
350 IF 02.0 THIN 360
360 PRINT "ARE RELATIVELY PRIME."
370 20-70 390
360 PRINT "HAVE THE B.C.D. "32
390 PRINT
400 PRINT
410 PRINT "ANOTHER SET OF NUMBERS ClogYES. 0-110) "3
420 INPUT Z
430 IF Em1 THEN 150
440 IF 2.0 TUIN 470
420 PRINT "TYPE 1 OR 0 AS DIRECTED."
460 40-TO 420
470 END

20
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DISCIPLINE CALCULUS - GRADE 13
sin x

SUBJECT LIMIT OF

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.

0

r

Here, zr2 sin 9 c ir2 e c ir2tan e
Circular Sector with Circumscribed and Inscribed Triangles

21
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Calculus -
LDISIN

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

22
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LIMSIN

THIS.PROQRAM DEMONSTRAT85THAT THE LIMIT OF
F(X) ml (SIN X)/X. AS X APPROACHES 0, IS EQUAL TO 1*
PRJVIDED X IS MEASURED IN RADIANS.

SIN(X)
LIMIT
X.20 X

1

WHEN X IS IN DEGREES,

X IS F(X) IS

WHEN X IS IN RADIANS,

X IS F,/X) IS

90 .01111111 1.570795 .6366203
85 .01171994 1.483529 .6715035
80 .01231009 1.396262 705317
75 .01287901 1.308996 .7379134
70 .01342418 1.221729 .7691492
65 .01394319 1.134463 .7988866
60 .01443375 1.047197 .8269936
55 .01489367 .9599303 .8533449
50 .01532088 .8726639 .8778225
45 .01571347 .7853975 .9003165
40 .01606968 .6981311 .9207256
35 .01638789 .6108647 .9389575
30 .01666665 .5235983 .9549297
25 .01690472 .4363319 .9685698
20 .01710099 .3490656 .9798156
15 .01725459 .2617992 0988616
10 .0173648 .1745328 .9949308
5 .01743113 .08726639 .9987313

1 .01745239 .01745328 .9999492
.9 .01745256 .01570795 .9999589
.8 .01745271 .01396262 .9999675
7 .01745284 .01221729 .9999751

.6 .01745296 .01047197 .9999817

.5 .01745306 8.726639E...3 *9999873

.4 .01745314 6.98131283 .9999919

.3 .0174532 5.2359848..3 .9999954

.2 .01745324 3.490656E -3 .999998

.1 .01745327 1.7453288..3 .9999995

.09 .01745327 1.5707958..3 .9999996

.08 .0:745327 1.3962628..3 .9999997

.07 .01745327 1.2217298..3 .9999998

.06 .01745327 1.0471978..3 .9999998

.05 .01745328 8.7266398..4 .9999999

.04 .01745328 6.9813118..4 .9999999

.03 .01745328 5.2359848..4 1

.02 .01745328 3.490656E...4 1

.01 .01745328 1.745328E4 1

READY



Math
LIMSIN

100 REM BRUCL 8RENT HHHH BKLYN POLY 7/11/69
105 REM REVISED BY C.LOSIK 8 -27 -70
110 PRINT " THIS PROGRAM DEMONSTRATES THAT THE LIMIT OF"
115 PRINT "F(X) (SIN X) /X, AS X APPROACHES Os IS EQUAL TO 1.0"
117 PRINT "PROVIDED X IS MEASURED IN RADIANS."
120 PRINT
125 PRINT " "s" SIN(X)"
130 PRINT " "s"LIMIT lu

135 PRINT " "s"X-->0 X"
140 PRINT
150 PRINT
160 PRINT "WHEN X IS IN DEGREES,","WHEN X IS IN RADIANS,"
165 PRINT " lean

170 PRINT "X IS"/"F(X) IS","X IS","F(X) IS"
175 PRINT sejos

180 PRINT
200 FOR Y.90 TO 5 STEP -5
210 LET ZmY
220 LET 21113.14159*1/180
230 LET XSIN(Z)/Z
240 LET 9- SIN(Z) /Y
250 PRINT YsQ,Z;X
260 NEXT Y
270 PRINT
300 FOR Y -1 TO .1 STEP -.1
310 LET Z -Y
320 LET 13.14159*1/180
330 LET XSIN(Z)/Z
340 LET QSIN(Z) /Y
350 PRINT YsiasZsX
360 NEXT Y
370 PRINT
400 FOR Yg1.09 TO .01 STEP -.01
410 LET ZmY
420 LET Zw3.14159*Z/180
430 LET Xr.SIN(Z)/Z
440 LICT Q- SIN(Z) /Y
450 PRINT YsQsZsX
460 NEXT Y
500 END

24
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DISCIPLINE MATHEMATICS
GEOMETRY___/

SUBJECT AREA OF A CI#E
PROGRAM NAME PI2

DESCRIPTION:

This program computes the area of a circle and "pi" by
using the areas of inscribed and circumscribed regular polygons.

OBJECTIVES:

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

PRELIMINARY PREPARATION:

A. Student - Students must know how to calculate the area of a circle
aTrid57triangle using the formulas: A = -rr R2 and A =

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

DISCUSSION:

Ask students to find the area of a circle without using the -3ri-nu10'
The instructor may suggest to the class to inscril-ye and or circumscribe 001
equilateral triangle. Have students compare the area of their figures to to
of the circle. Some students will suggest to increase the number of sides
and the instructor should suggest that a regular hexagon be used for
convenience of drawing. This can be illustrated on the chalkboard for the 5

class. Another comparison is made between the areas and then the
will observe that to obtain any satisfactory results, the number of sides
must increase greatly. At this moment the instructor should introduce
this program and explain to the class that the program will increase the
number of sides of a regular polygon and compute the area of each new
figure. A table is printed giving the areas of both inscribed and circum-
scribed regular polygons and also the number of sides for each area.
The students can readily see that the machine has eliminated the tedious
calculations. Now, have the students calculate the area of the circle
using the formula and make a comparison of results; thus, th.: students
can observe that the ereas of the polygons approach the are , of the

25



Math
P12

pisc USSION: (con' t)

If students had taken a unit circle, they would have observed a
method for approximating v nirf

To avti:led
machine value of " pi" was.used to

convert dipeugereteos inton operati°n,
instructor can radians formulas to eliminate " pi" from this

y circular reasoning, the
use half..

program. angle

26
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Math
P12

ARIA OF A CIRCLE USING ENSOSIDE1 1 AND C I RC UN,..42 I RED REGULAR POLYGONS

111111000

WRAT IS THE RADIUS OF TM& 011101X1 AO

INSCRIBED
AREA

CIRCUMSCRIBUD
ARIA

129.9039 519.6142
S59.6076 346.4091
290.9f)6 321.5357

NUMBER 0?
SIDES

3
6
18

INSCRIBED C I ISC MSC& I 011/

ERROR S MOS

"55065
I7.3
4.51

NOV MANY SIDES DO YOU THINK ARE MUM TO APPROXIMATE
I= AREA OP THIS CIRCLE? 100'

313.9523 314.2624 100 .07

65.4
10.27
2.35

.03

WOULD YOU LIKE TO TRY AROMA seism OP SIDES CIYACB. 010)7 1
NOW MANY SIAM DO YOU THINK ARE NEEDED TO-APPROXIMATX
11111 AREA Of TMIS clacwIsc
T241'14111 SIDES IS-VALID. BUT NOT NECESSARY FOR A
GOOD APPROXIMATION. USE 10000 AS THE MAXIMUM 111011131.
NOV NAM SIDES DO YOU ?MINX RAE' MED1D TO'APPROXIIIATZ
1111 AREA Or THIS C180141'10000

314.1$9 316- 0 0

WOULD YOU LIKE TO 127 Ammo NUMB 07 SUMS 11YES. 0.120)7 0
WOULD YOW L4111 TO TRY ANOT1111 MOMS w,lres, 0.10)? 1

MNAT IS THE RADIUS OF THE CIRCLE/ 1000000
ANT RADIUS vILL-voom. SOT 0514 MOM LAS THAN woo.
VMAT IS-TEE RADIUS or THE CIRCLE/ 509

umumaean
AIM

1.29644311.4
swiss z

.11940015.41

CIRCINISCRIDID
AREA

5.1657541+6
3.457173E+6
3.2059601+0

NUMMI Or INSGRIBM CEEZUMSCRUND
'11 MOS S pawSIDES

3 56.65
6 I7.3
12

NOW MANY SIMS DO YOU ?MINK ARE IM MD TO *mammas
1118 AREA Or TEl 012=7-10000

3.1353101+6 361953101+6 10000

65.4
10.27
2.35

0

WOULD YOU LIMB TO TAT mom= owns or slogs (.17111. 0110)? 0
WOULD 70U L4111 TO TRY amoilma RADIUS 71419 0110)1 0

1104141*

I 8a
77



Math
PI2

100 2E2 ILLUSTRATION OF LIMITS USIN4 CSACISS AND POLYSOMS
_ .

101 R22 REVISED 2%3/70 CD; PISSEL)
105 X22 INPORTANT-VAAIAILISI AlISSCRISID AREA) As-cacumscalma
104 2E2 ARIAS A3ACTOAL ARMS 1011 12802 W A11 PSS ZIROR-OF HS
110 PRINT "ASIA OVA CIRCLI USING INSCAISID AND CIRCUKSCRISZD "S
111 PRINT NUISULAR POLTSONS
112 PRINT
115 PRINT "414141441.
114 PRINT
110 PRINT "VKAT IS TUZ RADIUS OF T112 CIRCLV'J
1SS INPUT It
187 IF 141000 THIN 131
125 PRINT "ANY RADIUS' PILL $015. OUT USE A NUN N= LASS THAN 1000."
119 SO-TO 120

.

130 INPUT R
131 IF 1 0.1 THIN 134
132 PRINT "RADIUS SROULD SE AT LEAST .111"
133 10'TO ISO
134 LIT A3m3.141622
135 PRINT
136 PRINT
140 PRINT mIUSCIUDID"."CIRCUISCRISID"e° NUM= OF",
141 PRINT "INSCRISZD",ACIRCUNSCRISID"
150 PUNT a- ARIA "," ARZI". SIDISADA >< /220/1"." >< PION'
LT5 PRINT
160 FOR 200 TO 1
170 LET 23(2I1()
175 SOSUS 160
177 NEXT I.
174 SO TO 140
179 SIN CONFUTATION SUEROUTINZ (LINKS 150200)
ISO LIT Lo1RASIMS.14159/11,
190 LIT A102CO3(3.14150/2)44CO2
SOO LET ASsIN(RI2)TA1N(3:14159/11)
SOS LIT P1m((111A3)/A3)100.
204 Lin PSO(CASA3)PA3)100
210 PRINT A1.442." -.°116IIIT(P!7100..5)/100. INTCPSIPW*4r:7M1

SAD PRINT
SIO PRINT
860 PRINT "NOV MAW SIDIS DO YOU THINK ARE ESEDID TO uTPKWASKIEr
261 PRINT "TIM AREA MP THIS CIRCLI,J
262 INPUT N
263 IF 0011/5 TEZ4 1M
064 IF N43 TX= 246
265 GO TO 173
1164 PRINT "TM MUMS= OP sum MOULD SS AT LEAST TINUIIII"
867 00-TO 260
866 PRINT "THAT MART NUS IS VALID. OUT NOT NICISSART FOR A"
260 PRINT "SOOD APPROZINATION. 'USX 10000 AS THI MAZIMUN NUNSZ1W
110 WITO SOO
273 PRINT
274 LE? ImINTC4+.5)
275 GOMM 121
210 PUNT
MS PUNT "VOILD YOU LIME TO TRY ANOTWZR NUNSIR WP SIDIN4
106 PRINT :1T25. 000)111
267 INPUT 01
266 IF 51.0 -THIN 260
800 PIM milOOLD YOU LIKI TO TRY ANOTHER RADIUS (1 -YES, 010)";
201 INPUT. OS
IMPRINT
204 PRINT "4411441
205 PRINT
SOI IF-10100 THIN 110
3008

28



DISCIPLINE /vIATHEMATIC,S 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 obtain a quick plot of an involved function.

PRELIMINARY PREPARATION:

Student - Knowledge of coordinates, and plotting procedures.

B. Materials - graph paper for plotting

DISCUSSION:

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

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

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

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

29
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Mathematics
PLOTTR

In the third sample run, a plot is made or 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

The teacher should notice also, that, in this third sample
run, we have found two of the roots of the function

Y=X+LOG(2*(SIN(X)) 2)-1.5xCOS(X)

(at X-1 and X=2.98). This program may be used Col finding the roots
o!' such difficult Funcions.

30
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Math

PLOTTR

THIS PROGRAM HILL =APR A FUNCTION OF X RETINUIN AMY LIMITS
MAWS) YOU CHOOSE. VITH'Ail INTERVAL OF YOUR cx0ICE (I)-
MITVEZM SUCCESSIVE VALUES OF X: IF YOU TYPE ?MX FOLLOVIMOt

1 GO TO.220
220 OW Fmy(x)....(YOUR FUNCTION OF X.
230 LET A...1YOUR SMALLER LIMIT OF Xi.:.
240 LET 86...(YOUR LARGER LIMIT OP X);..
250 LET 1...(YOUR X-INCRIMMMT)
RUM

READY

1 GO TO 220
290 DEF rmy(x).SINCX)
830 LIT MAO
240 LET 117
250 LET 16.5
RUN

V

U
I
S

-3
I

- - - - Y-VALUES
-1.5

I- 4.- -/

- . - -
0
I

1.5
1---......i

0 6
.5 1

1 I

1.5
a

I

I

2.5 I

3 I*
3.5 1

4
4.5

5.5
6 * /

6.5
7

MTV TM* Six I°S Oil MORIEMITAL Y-AXIS REPRIESENTI
*11 -1 0: 1 2-

WADY

220 Dar FMYCX).x
230 LET A -I
OOM LET 269'
250 LET 1.1
MUM



X

V
A

$

.1

0

a
3
4

6
7

9

math
PWTTR

. T-VALUSS
.1 2
S......... Iftwoo40.1.1.41.1

I

I

I

I

I

I

I

I

lofts S 081
.1 k Oa I 7

3 r 1

pisY

202JSONTAL Y-AXIS 2SPASSSMT1

32
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Math
PLOTTR

1 GO TO 220
220 DEF FNY(X)=X+LOG(2*(SIN(X))12)-1.5*COS(X/2)
230 LET A/20.5
240 LET B=3.1
250LET I=0.1
RUN

X

V
A
L
U
E
S - - - Y-VALUES - - - -

-3
I

-1.5
I +-

0
I I I

1.5
+

.5 * I

.6 * I

.7 * I

.8 * I

.9 * I

1

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

2 I *
2.1 I *

2.2 I *

2.3 I *
2.4 I *

2.5 I *

2.6 I *

2.7 I *

2.8 I *

2.9 I *

3 * I

3.1 * I

NOTE: THE SIX I'S ON THE HORIZONTAL Y-AXIS REPRESENT:
, 0 1 2

33



Math
PLOTTR

READY

1 GO TO 22°
220 DEF FNY(X)=LOG(CSIN(X)):2)
23U LET A=1
24U LET 8=3
25U LET 1=0.1
hUN

V
A
L
U
E
S - - Y-VALUES - - - -

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

1 * I

1.1 * I

1.2 *I
1.3 *I
1.4
1.5
1.6
1.7
1.d *I
1.9 *I
2 * I

2.1 * I

2.2' * I

2.3
2.4
2.5
2.6
2.7
2.8
2.9
3

NOTE: THE SIX I'S ON THE HORIZONTAL Y-AXIS REPRESENT;
-5 , -4 , -3 , -2 , -1 , 0

READY
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Math
PLOTTR

110 REM QUENTIN Jo O'CONNOR. COIMACK HoSoNORTHp REVISED JULY/1969
115 REM REVISED BY C.LOSIE 770
116 REM A.161 ARE SELF12UPLAMATORY
117 REM AUTOMATIC SCALING AND A FLOATING AXIS ARE USED
loopazia. THIS PROGRAM WILL GRAPH A FUNCTION OF X BETWEEN ANY LIMITS"
130PRINT"(A AND-1) YOU 0100211. WITH AR INTERVAL or YOUR CHOICE (I)"
140PRINT"BETWEEN SUCCESSIVE VALUES OF Xi IF YOU TYPE THE FOLLOWING."
150 PRINT" 1 GO TO 220"
160 PRINT" SOO 0117 FMY(X)=6..(YOUR FUNCTION OF X)..6"
170 PRINT" 230 LET A= 666 (TOUR SMALLER LIMIT OF XI..."
ISO PRINT" 240 LET eo.(YOUR LARGER LIMIT or X)6.4.m
190 PRINT" 250 LIT 1- ...(YOUR XINCREMENT)."
SOO PRINT" mom
210 STOP
220 DEP FO1Y(X)mX
230 LIT A 1
240 LIT 29
240 IF AmB THIN 250
244 PRINT "YOUR 'A' MUST BE LESS THAN YOUR B6"
246 STOP

.

250 LET 101
260 LET LWNY(A)
270 LET UFNY(A)
200 FOR Xi* TO 2 STEP I
290 LAT YFRY(X)
300 IF YL40 THEN 320
310G0T0 330
300 GOSUB320
330 IF YU=0 THIN 350
340 GO TO 360
350 GOSUB 400
360 NEXT X
370 SO TO 420
320 LET LmY
390 RETURN
400 LET UmY
410 RETURN
400 IF 114T(U)110 THIN 450
430 LiTUlmI0T(U)*1
440 GO TO 460
450 LET U1U
460 LET LImINT(L)
470 LET Dm121LI
400 IF INT(015) 0/5V THIN 570
490 roi ls-1 TOO
990 LIT LI=LI1
510 LIT DmillLI
520 IF INT(0/5)0/5m0 TERN 570
530 LET-U1 mU14.1
540 LET Dio(11LI
S50 IF INT(0/5) 1)/5m0 TUFO 570
MO NEXT E
570 LET E-D/5
5110 PRINT "X"
590 PRINT " "
600 PRINT "V"
610 PRINT "A"
600 PRX117 "L"
630 PRINT "U"
645 PRINT "t"
650 PRI KT
660P It I MT"

670P RI NT"

"S y.wityugs m
"L1o' "SL10Z101656" "111.1.11.36" "111.144*465

I.. 6;6. .1 I I"3
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1TOTTR

671 PUNT "-----I"
660 16.1.100 TUN 1020
690 '161 OmINI((-L1)*(10/2)+.9)
700 011P 221,CY)wIllTt(74.1) 41(10/2)*.5)
710IPOR XA 70.2.STIP I
720 106.111TX.
763 LIT 7710(X)
740 IV 7.0 THU 690
760 PRINT TAIAL9+11160(10),"*"JTAIS(Q*15)1"1"
640 60 TO 1000'

. .

630 I P INO TUN 910
640 PRINT TA6(6+15);04"
900 60.70 1000
91C PRINT TA2(1541)J"I"JTA2(19*FMP(Y)),"*"
WM MUT X ..

1010 60 TO 1100
1020 'OA X114.70 I STIP I
1030 PRINTS
1040 LI? Ye PUT(X)
1060 PAINT TARCIXT((Y-L1)4(101E).0.6)*14);004
1090 NUT X
1100 PRINT
1110 PRINT °MOTU Tilt SIX IS ON ?Mt HORIZONTAL Y-AXIS 621.666921Te"
1160 PRINT L11".111101 01*"1t.11000 "1L1420316,"SL1418141" "1L10145
1640 INC

3f;
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DISCIPLINE MATHEMATICS, GEN. 9th YR

SUBJECT PRIME FACTOR

PROGRAM NAME PRIFA

DESCRIPTION:

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

OBJECTIVES:

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

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

PRELIMINARY PREPARATION:

A. Student - Should understand the meaning of composite, prime,
Ta-717)7., 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 heretofore was possible. The question can be
asked: "By what method does the computer find the prime factor?" A

flow chart would be highly useful at this point, not 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 TO STOP THE PROGRAM, ENTER A
ZERO FOR THE NUMBER.

WHAT IS THE NUMBER ? 105

105 3 5 7

WHAT IS THE NUMBER ? 72

72 2 2 2 3 3

GMAT IS THE NUMBEA ? 89

89 IS ?AIME

WRAT IS THE NUMBER ? 47

47 IS PRIME

WHAT IS THE NUMBER ? 155

155 5 31

WHAT IS THE NUMBEA ? 362

362 2 181 .

WHAT IS THE NUMBER ? 0

READY

i
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Mathematics
PRIFA

100 REM W. fEPPER WYANDANCH H.S.
105 REM REVISED BY C.LOSIK 8.10-70
106 REM M IS 'Iti E NUMBER, A(I) ARE ITS FACTORS
110 REM ADAPTATION OF TWO PROGRAMS
120 HEM THIS PROGRAM FINDS THE PRIME FACTORS OF ANY GIVEN INTEGER
130 REN AND ?HINTS PRIME IF IT HAS NO PROPER DIVISORS
140 DIM A(100)
150 LET C=U
160 PRINT "THIS PROGRAM WILL GIVE YOU THE PRIME FACTORS OF ANY"
170 PRINT " WHOLE NUMBER. IF YOU WISH TO STOP THE PROGRAM, ENTER A"
172 PRINT "ZERO FOH THE NUMBER."
174 PRINT
180 PRINT "WhAT IS THE NUMBER ";
190 LEE X=0
200 INPUT M
205 IF ABS(M-INT(M+.5))<.0001 THEN 210
206 PRINT "WHOLE NUMBERS ONLY, PLEASE."
907 GO TO 1160
210 PRINT
215 IF M<=0 THEN 470
220 PAINT Ma
230 LET I=1
240 LET 1=1+1
245 IF I>M THEN 310
250 IF M/I<>INT(M/I) THEN 240
260 LET A=X+1
270 LET A(X)=I
L.130 LET M=M/I
300 GO TO 250
310 IF X=1 THEN 360
320 FOH L=1 TO X
330 PRINT A(L);
340 NEXT L
350 GO TO 370
360 PRINT "IS PRIME"
370 PRINT
380 PRINT
385 GO TO 160
"0 INPUT B
410 IF B=1 THEN 180
420 IF B=0 THEN 470
430 PRINT " TYPE 1 OR 0 AS INSTRUCTED"
440 LET C=C+1
460 GO TO 400
470 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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Ma th

Q UADRT

THIS PROGRAM DETERMINES THE NATURE OF THE GRAPH ors
A*Xt2415*X*MC*Ye240412014*Y.OF0

.

ENTER YOUR CONSTANTS IN THE ORDER LISTED ABOVE.

? 5.8.5.0.0,0
ThE GRAPH OF YOUR EQUATION IS A SINGLE POINT.

ANOTHER RUN (118YES. O-NO) I ? 1

ENTER YOUR CONSTANTS IN THE ORDER LISTED ABOVE.

? 5.6.5.0.0,36
THERE IS NO REAL LOCUS FOR YOUR EQUATION.

ANOTHER RUN (1YES. OmNO) 8 ? 1

ENTER YOUR CONSTANTS INTTHE ORDER LISTED ABOVE.

?
ThZ GRAPH /F YOUR EQUATION IS A HYPERBOLA.

ANOTHER RUN ClYES. 01410) t ? 0

READY



100
103
105
110
120
130
140
150
160
170
150
190
000
210
200
230
240
250
260
270
260
290
300
310
320
330
340
360
360
370
350
390
400
410
400
430
440
450
460
470
450

Math
QUADRT

MIN QURNTIN J.0CONNORD COMMACK 11.S.NORTH, JULY 16, 1969
RUN RZVISZD BY.C.LOSIK 6770
REM A4114.1411.F.ARZ AS IN EQUATION
PRINT."' THIS PROGRAM DETZ1111INRS Tilt NATURE OF THE GRAPH OF1"
PRINT " /1414184.*X*Y.C*T1240*201110Y.FRO"
PRINT " ENTER YOUR CONSTANTS IN THE ORDER LIST= ABOVE."
PRINT "
INPUT A.B.C.D.R,F
IF A*A.011*14C*C+04101010710FRO TURN 210
PRINT" VITA ALL YOUR CONSTANTS EQUAL TO MIRO* ANY VALURS OF X"
PR/111AM Y'VILL SATISFY YOUR EQUATION. IN OTHER VORDSi YOUR"
PRINT"ORAPH IS A COMPLETE PLANE."'
GO-TO 550
IF A*11010021.0*C+D*D.Z*ZRO THIN 500
IF A*AOMBC*CRO THRM 240
GO TO 400
LET IARC
LET 214*AINCB*11
LET J4*A*Co4 sC*F4,4*A4FEnDsp2102
LIT PO4*A*C*FOOD*EA*10E+C*D*DF*B*B
IF P.O TRZO 360
IF K.0 URN 540
IF RAO TRZN 520
IF DOPRO.THIN SOO
IF ARRC TUN 340
IF 800 THIN 450
PRINT "MR GRAPH or YOUR EQUATION IS AN ELLIPSE."
00.70 550
IF 100 THEM 460
IF 1010 TREN 440
IF j40 TRZN 400
IF Jpo Immo*
PRINT "TILE GRAPH
G O'TO 550
PRINT "Tilt GRAPH
00-10 550
PRINT "THE GRAPH
00_ TO 550
PRINT "Tilt GRAPH
40-TO $50
PRINT "TSUI GRAPH

OF YOUR sawyr!ou

OF YOUR ZQUATION

OF YOUR SQUATION

OF YOUR EQUATION

OF YOUR EQUATION

IS A SpIGLZ sTafpisyr

CONSISTS OF 2 PARALLEL LINES."

CONSISTS OF'S INTIRSZCTING LINCS."

IS A 111110L11 POINT."

IS A CIRCLE."
490 40-10 150
SOO PRINT "THE= IS NO REAL LOCUS FOR YOUR EQUATION."
510 00-TO 560
020 PRINT "Till GRAPH OF YOUR EQUATION IS A HYPERBOLA."
530 GO-TO SSO
540 PRINT "Tilt GRAPH OP YOUR EQUATION IS A PARABOLA."
550 PRINT
560 PRINT "ANOTHER RUN (10YXS. 046110'i 1 "

A.
.

570 INPUT
575 PRINT
SOO IF-A"1 THEN 130
590 IF As*0 11155' 560
600 ZND
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DISCIPLINE MATHEMATICS 9th YEAR

SUBJECT PROPORTIONS

PROGRAM NAME RATIO

DESCRIPTION:

This program solves a proportion of the type A/ B = Ci 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
eqtals the product of the extremes. The program can be used either with
individual students or with an entire class depending upon the availability of
equipment to display the output. The running time varies, 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 PROGRAM SOLVES FOR Till UNKNOWN IN THE PROPORTION
All AS CID. USE A ZERO AS'A DUMMY VALUE FOR THE UNMNOWN.

NOV MANY PROPORTIONS DO YOU NISH TV SOLVE? 4
MAT ARE THE VALUES FOR A.S.C:D1 3.V.1.9
YOU FORSOT.TO tom A MAWR YOUR
UNKNOWN. TRY AGAIN.? 3.4.4.0

3 / 4 AS 6/1
NEAT ARE TX! VALUES FOR A.l.C.D? 1.10.0.50'

I / 10 AS .5 / 50
VRAT ARE 7112 VALUES FOR A.S.C.D? 36.0.1.5

36 / 72 AS I /
WART ARE THE VALUES FOR A.B.C.D? 0.45.3.5

17/45 AS 3/5

TAKE A GOOD LOOK AT THE PROPORTIONS. THE TVO MIDDLE
POSITION MUMMERS ARE CALLED TH11.MRANS: THE TVO
ENWPOSITION RUMOUR ARS CALLED THX.IRETRIMRS°.

LOOK AT THE 'MEANS° AND THE XTRXMIS Sit IF
YOU CAN FIND'SONE KIND OF.RELATIONSULF =TM= THEM.
END IOU MINK YOU RAVE FOUND A-112LATIONSMIP =TWIN
THE 'NEANSf-AND THE .11XTREMESi TYPE 1 AND-111? TIM RETURN my.
t*i

. .

DID YOU S22 THAT IF YOU MULTIPLY THE 111ANS
AGO MULTIPLY TIE 'EXTRIMIS°:-TIIR PRODUCTS ARE EQUAL?

IN THE LAST PROPORTION 45 X 3 EQUALS 27 X II
GRECS TME OTHERS. TOO. MIEN YOU ARE READY TO CONTINUE.
Mt 1 AND HIT THE asmormy.
7 1

IF YOU VIII!' TO USE THIS PROGRAM AGAIN TYPE I. IF NOT TYPE 0
G

.

READY
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Math
RATIO

WO NON W. TEPPER WYANDANCH M.S. MATHEMATICS
105 REM REVISED BY C.LOSIX 5 -5 -70

106 REM 4/11- CID, TOTALLY 02VIOUS. ALSO USES WSW TO SIMULATE PAUSE
110 REM THIS PROGRAM SOLVES FOR.TWUNNOWN IN THE PROPORTION"
1110 REM OF-THE TYPE A/B AS C/D
130 PRINT "TRIO PROGRAM SOLVES FOR THE UNKNOWN IN THE PROPORTION"
140 PRINT "A/2 AS C/D. USE A ZERO AS'A DUMMY VALUE FOR THE UNENOWN."
150 PRINT
160 PRINT "HOW MANY PROPORTIONS DO YOU WISH TO SOLIM";
170 INPUT 11.
160 FOR 111 TO N
190 PRINT "WHAT ARE THE VALUES FOR A.B.C.D"O
200 INPUT A.B.C.D
210 IF A0 THEN 270
00 IF 20 THEN 290
230 IF CEO THEN 310
240 IF 00 THEN 330
250 PRINT "YOU FORGOT TO INPUT A ZERO FOR YOUR"
255 PRINT "WOMEN. TRY AGAIN. ";
860 GO-TO SOO
270 LIT All*C/D
ISO GO TO 340'
290 LET 1101*D1C
300 GO TO 340.
310 LET CA*D12
320 GO TO 340
330 LET DB*Clit.
340PRINT" "IA "/"8" AS "C " / "D
345 NEXT-IC
350 PRINT
360 PRINT
370 PRINT "TAXI A GOOD LOOK AT THE PROPORTIONS. THE TWO MIDDLE"
360 PRINT "POSITION NUMBERS ARE CALLED THE 'MEANS': THE TWO"
390 PRINT "END-POSITION NUMBERS ARE CALLED THE
395 PRINT
400 PRINT "LOOK AT THE 'MEANS`' AND THE 'EXTREMES' SEE Ir.
410 PRINT "YOU CAN FIND-SONE RIND OFILTLATIOL5HIP BEM= THEM."
420 PRINT "WHEN YOU THINH YOU RAVE POUND'A-RELATIONSBIP BETWEEN"
430 PRINT "THE IMEANSI-AND THE 'EXTREMES°, "A
450 GO-SUB-410
460 PRINT "DID YOU SEE THAT IF YOU NULTIPLX THE 'MEANS'"
470 PRINT "AND MULTIPLY THE IIIXTREMESI..TXI PRODUCTS ARE EQUAL?"
475 PRINT

_

450 PRINT "IN THE LAST PROPORTION "2"X"C"ZQUALS" A"X"D
490 PRINT "CHECK THE OTHERS, TOO. -WRZIO YOU ARE-READY TO CONTINUE."
510 GO-SUB 610
S40 PRINT
550 PRINT "IF YOU WISH TO USE THIS PROGRAM AGAIN TYPE 1, IF NOT TYPE 0"

.

560 INPUT X-
570 IF Xl THEN 200
510 IF X0 THEN 640
590 PRINT "TYPE 1 OR 0 AS DIRECTED."
600 410-TO 560
610 PRINT "TYPE 1 AND HIT THE RETURN KEY."
620 INPUT X
683 IF X43,1 THEN 620
625 PRINT
627 PRINT
630 PRINT
635 RETURN
640 END
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DISCIPLINE MATHEMATICS

SUBJECT QUADRATIC EQUATIONS

PROGRAM NAME ROOTS2

DESCF IPTION:

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

OBJECTIVES:

A. To familiarize the student with quadratic function.

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

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

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

E. To provide "lead-in" material for the introduction of further study
of the real number line, the real cartesian plane, complex numbers,
quadratic inequalities, etc.

PRELIMINARY PR.EPARATION:

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

B. Materials - none

DISCUSSION:

The program uses the "discriminant" to determine the nature
of the ro sts of the quadratic equation. Regardless of the nature of the
roots, cne student is asked to graph y = F(x), and to compare his graph
with the kind of roots he finds for a specific F(x) = 0. He should be
impressed with the picture: and he should understand (ultimately) the
reasonableness and validity of the analytic methods presented in class.
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Math
ROOTS2

THIS PROGRAM HANDLES ALL POSSIBLE CASES OP SOLUTION OP THE EQUATION I

A *X12 13*X C 0

'TYPE IN YOUR VALUES FOR A. Bo AND C t 7 1.0.3

DISCRIMINANT IS LRSS MAN ZERO: SO ROOTS ARE INAOINARy
TOBY MB OP TOE FORM t. PI2 PI61 INHERE 't

P 1 1.414214'

* * *

DO YOU VINT ANOTHER RUN C 0 NO 1 YES 0 7 1

TYPE IN YOUR VALUES POR A. R. AND C I Z 1.7.3

DISCRIMINANT IS GREATER THAN MO. SO ROOTS ARE REAL.
ROOTS-AWEI AND xs
X3 ...45141117 X2 06.5413411

* * *

DO YOU DANT ANOTHER RUN t 0 NO 1 YES ) t 7 1

TYPE IN YOUR VALUES FOR A. D. AND C I Z 1.6.9

DISCRIMINANT IS EQUAL TO ZERO. 30 ROOTS ARE EQUAL. X 3
*

DO YOU DANT ANOTHER RUN ( 0 NO 1 YES ) I 7 1

ME IN YOUR VALUES POR A. I. AND C t T 2.166

DISCRIMNANT IS GREATER THAN ZERO. SO ROOTS ARE REAL.
ROOTS ARE AND xs
311 .3(2

DO YOU WET ANOTHER RUN ( 0 NO 1 YES ) $ 7 0

READY
47
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Math
PHYSICS

100 REM THE ULTIMATE QUADRATIC SOLVER. UNTIL THE NEXT VERSION
110 REM CRARLES.LOSINJ PIMP 7/21/70. DASIC.
120 PRINT "THIS PROGRAM HANDLES ALL POSSISLE CASES OF SOLUTION OF")
125 PRINT " TIE EQUATION'S"
130 PRINT
143 PRINT" A *Xt2 1110X C Om
150 PRINT
160 PRINT "TYPE IN YOUR VALUES FOR A40. AND C 1 "I
166 MEN INPUT VALUES FOR A.D.0
170 INPUT-APIA
171 PRINT
176 REM FOR ALL CASES. CHECK MO. IF SO. THEN LINEARITY
100 IF MO THEN 602
165 MM. D IS THE DISCRIMINANT
190 La DeaSS-4*AliC.
195 LET 62A
200 IF 0.0 TURN 710
210 1? 0*0 THEN 610
300 AZN 0410. IMAGINARY RESULTS
310 PRINT "DISCRIMINANT IS LESS THAN ZERO. SO ROOTS PIE IMAGINARY."
320 PRINT THEY AR2 Or TOR F041 s'40114 wpm
330 PRINT "P "11,Z."0 0"SOR(A3S(D)),&
340 60-TO 900
600 REM 0 004, SO REAL ROOTS
610 PRINT "DISCRIMINANT IS MATER THAN MO. SO ROOTS ARE REAL."
MO PRINT na0011.ASx'x1 AND X0 0
630 PRINT "XI "C11401(0))1Zenti "(...2..SOR(I)))a
640 60-TO 900
700 WI EQUAL ROOTS (D.0)
710 PRINT "DISCRIMINANT IS EQUAL TO ZERO. SO ROOTS ARE EQUAL. X 46.41/Z
720 60-TO 900
600 REM MO. SO X0..C/D, UNLESS 110
SOO IV 140 TUN SIO
003 IF G.0 T11211 607
604 PUNT ISANINOLUS STATimmmT.w
106 610' TD 900
007 My/ ZERO ZERO."
SOO 00-70 900
OM° PRINT "?NE ESOATION IS Limes. x w-us
900 PRINT .

.

901 PRINT TRO(30))"m
906 PRINT
9t0 POW
920 PRINT "DO YOU VONT ANOTHER RUN ( 0 0 NO 1 YES ) S ")
930 INPUT L
940 IF Eel THEN 150
950 IF £4.0 TMEN-9110
9119 21110
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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 special 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. Incident ly, 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 tIle union
and intersection.

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

49
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Math
SETS

THIS PROGRAM FINDS THE UNION AND INTERSECTION OF ANY TWO
NUMERICAL SETS.

HOW MANY ELEMENTS IN THE FIRST SET? 5

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

? 2
? 3
? 4
? 5

HOW MANY ELEMENTS IN ThE SECOND SET? 5

THESE ARE:
2

? 4
? 6
? b
? 10

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

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

HOW MANY ELEMENTS IN THE FIRST SET? b

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

? 2
? 3
? 4
? 6
? b
? 10
? 12

HOW MANY ELEMENTS IN THE SECOND SET? 1U

THESE ARE:
? 1

? 2
? 3
? 4
? 5
? 6
? 7

? 8
? 9
? 10

THE INTERSECTION CONTAINS 1 2 3 4 6 b 1U

THE UNION CONTAINS 1 2 3 4 5 6 7 8 9 1U 12

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

READY

201.).
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Math
SETS

100REM W. TEPPEA, WYANDANCH AS, 7/29/69
101 REM REVISED BY C.LOSIK b -10 -7U
103 DIM A(30),B(30)
110 HEM UP TO 30 ELEMENTS PEA SET ARE ALLOWED(UNLESS DIM IS CHANGED)
12UPAINT"THIS PAOGHAM FINDS THE UNION AND INTERSECTION OF ANY TWO"
13UPHINT"NUMEHICAL SETS."
14UPHINT
15UPRINT" HOW MANY ELEMENTS IN fhE FIRST SET";
16UINPUT N
163-1FN=0THEN 2 30
166 IF N=INT(N) THEN 170
167 PAINT "ONLY AN INTEGER NUMBER OF ELEMENTS IS POSSIBLE."
169 GO TO 14U
170 IF N<=30 THEN 18U
173 PRINT "THE MACHINE CANNOT HOLD MORE THAN 3U ELEMENTS.";
175 PRINT " SEE YOUR TEACHER."
177 GO TO 690
180 IF N>0 THEN 189
183 PRINT "THEME CANNOT BE A NEGATIVE NUMBER OF ELEMENTS."
186 GO TO 140
189 PAINT
19UPHINT"THESE AAE - (HIT THE RETURN KEY AFTER ENTERING EACH ELEMENT)."
20UFOR K=1TON
210INPUTA(K)
22UNEXT K
230PHINT
240 PRINT " HOW MANY ELEMENTS IN THE SECOND SET";
250INPUT J
253 IF J=0 THEN 55U
256 IF J=INT(J) THEN 26U
257 PRINT "ONLY AN INTEGEH NUMBEA OF ELEMENTS IS POSSIBLE."
259 GO TO 230
260 IF J>30 THEN 173
270 IF J>0 THEN 279
273 PRINT "THERE CANNOT BE A NEGATIVE NUMBER OF ELEMENTS."
276 GO TO 230
279 PRINT
280 PRINT"THESE ARE:"
290 FOR K1=1TO J
300 INPUT B((1)
310 NEXT K1
311 PRINT
312 PRINT
315 IF N<=0 THEN 64U
320 PRINT "THE INTERSECTION CONTAINS ";
330 FOR K=1 TO N
340 FOR L=1 TO J
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SETS

350 IF ACK)=BCL)ThEN 380
360 NEXT L
37U GO TO 400
380 PRINT ACK);
390 LET X=X+1
4U0' NEXT K
410 IF X>UTHEN 430
420 PRINT" EMPTY SET....NO ELEMENTS"
430PRINT
440
450
460
470

PRINT"THE UNION CONTAINS";
FOR L=1 TO J
PAINT B(1.);
NEXT L

440 FOR K=1 TO N
490 FOR L=1 TO J

ACK)=RCL)ThEN 53U
510 NEXT L
520 PRINT ACK);
530 NEXT K
540 GO TO 69U
55U IF N<=0 THEN 620
560 PRINT "INTERSECTION IS EMPTY"
57U PRINT "UNION CONTAINS";
580 FOR K=1 TO N
590 PRINT ACK);
600 NEXT K
610 GO TO 690
62U PRINT "UNION AND INTERSECTION ARE EMPTY"
630 GO TO 690
640 PRINT "INTERSECTION IS EMPTY"
650 PRINT "UNION CONTAINS";
660 FOR K=1 TO J
670 PRINT BCK);
680 NEXT K
690 PRINT
700 PRINT
720 PRINT "DO YOU WANT ANOTHER HUN (1=YES, 0=NO) t "J
730 INPUT N
740 IF N=1 THEN 140
750 IF N<>0 THEN 720
76U END
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DISCIPLINE ALGEBRA

SUBJECT SIMULTANEOUS'EQUATIONS

PROGRAM NAME SIMEQN

DESCRIPTION:

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

OBJECTIVES:

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

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

PRELIMINARY PREPARATIONS:

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

Inia PhOGAAM SOLVES ANY NUMBER OF SETS OF SIMULTANEOUS
EQUATIONS OF UP f0 10 EQUATIONS PEA SET. ENTER YOUA SETS
OF EQUATIONS IN DATA STATEMENTS IN LINES 70(1.bliUs
PAECEDED BY THE NUMbErt OF EQUATIONS IN EACA SET.
ExAMPLES TO SOLVE TAE bYSTEM

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

ENTEA DATA AS FOLLOWS:
7u0 DATA 2
7u1 DATA 1,2,3
702 DATA 4,9,10

THEN TYPE:
1 GO TO 11U
HEN

THE COMPUTEA WILL PAINT A MATAIX OF YOUR EQUATIONS, FOLLOWED
BY THE SOLUTION TO ThE EQUATIONS.

READY

7UU
7U1
702
1 GO
RUN

DATA
DATA
DATA
TO

1,2,3
4,9,10
110

1 2
4 9 10

X( 1 )= 7
X( 2 )= -2

HEADY

700 DATA 2
701 DATA 3,2,16
7)2 DATA -6,-4,-32
1 GO TO 11U
HUN

3 2 16
-6 -4 -32

NO UNIQUE SOLUTION

it
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Math
SIMEQN

READY

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

3 2 5
-1 4 7 -21
1 1 -1 14

AC 1 )= 7.413044
AX 2 )= 2.956522
of 3 ) = -3.630435

HEADY
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SIMEQN

1U REMARK D.SOBIN, BKLYN POLY, 11-69
15 REM REVISED BY C.LOSIK, 9-25-7U
20 PRINT "THIS PROGRAM SOLVES ANY NUMBER OF SETS OF SIMULTANEOUS"
25 PRINT "EQUATIONS OF Lie TO 10 EQUATIONS PEA SET. ENTER YOUR SETS"
30 PAINT "OF EQUATIONS IN DATA STATEMENTS IN LINES 7UU-bUU,"
35 PAINT "PRECEDED BY THE NUMBER OF EQUATIONS IN EACH SET."
40 PAINT "EXAMPLE: TO SOLVE THE SYSTEM"
45 PRINT " i*Aci) + 2 *AC2) = 3"
5U PAINT " 4*A(1) + 9*A(2) = 10"
6U PAINT "ENTER DATA AS FOLLOWS:"
62 PAINT " 7UU DATA 2"
64 PAINT " 701 DATA 1,2,3"
66 PAINT " 702 DATA 4,9,1U"
70 PAINT_"THEN TYPE:"
72 PAINT" 1 GO 10 110"
74 PAINT " HUN"
do PAINT "THE COMPUTER WILL PAINT A MATRIX OF YGUA EQUATIONS, FOLLOWED"
85 PAINT "BY THE SOLUTION TO THE EQUATIONS."
9U sulk,
100 DIM E(10,11), AC1U)
110 HEAD N
120 IF N=U THEN 999
130 FOR I=1 TO N
140 FOA K=1 TO N+1
150 HEAD ECI,K)
155 PRINT ECI,K),
160 NEXT K
165 PRINT " "
17U NEXT I
185 HEMAAK EVALUATE MAL-11A
19U FOA J=1 TO N-1
200 IF ECJ,J)=U THEN 560
21U FOR 1=J+1 TO N
220 LET QJBECI,J)/E(J,J)
230 FOR il2=J TO Nal
240 LET ECI,K)=ECI,K)-E(J,K)*Q
250 NEXT K
260 NEXT I
27U NEXT J
340 HEMARK SOLVE FOR X(N)
350 IF ECN,N)=U THEN 520
360 LET I -N +1
37U LET X(N)=E(N,I)/E(N,N)
380 FOR J=1 TO N-1
390 LET S=U
4UU FOA K=1 TO J
410 LET S=S+E(N-J,I-K)*X(I-A)

56

0 Copyright 1971, Polytechnic Institute of Brooklyn



Math
SIMEQN

42U NEXT K
430 LET X(N-J)=(ECN-J,I)-3)/E(N-jAN-J)
440 NEXT J
450 HEMARK PAINT VALUES
455 PAINT
46U FOR J=1 TO N
47U PAINT "X("J")=",A(J)
480 NEXT J

520 PAINT
525 PRINT "NO UNIUUE SOLUTION"
530 PRINT
535 PRINT
54U PRINT
550 GOTO 110
56U FOA T= J+1 TO N
570 IF E(T,J)<>0 THEN 600
580 NEXT T
590 GOTO 52U
60U FOH C=J TO N+1
610 LET A=E(J,C)
620 LET E(JrC)=E(TAC)
63U LET E(T,C)=A
64U NEXT C
650 GOTO 21U
801 DATA U
999 END



DISCIPLINE CALCULUS - GRADE 13

SUBJECT TANGENT SLOPE FOR

ANY FUNCTION

PROGRAM NAME SLOPE

DESCRIPTION:

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

OBJECTIVES:

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

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

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

PRELIMINARY PREPARATION:

Materials

The diagram below may be shown to the students on a blackboard,
or an overhead projector, to explain the computations geometrically.
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Tangent
(Limiting Case)

a

DISCUSSION:

a + 1 a+1
x

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

THIS PROGRAM CONSIDERS A FUNCTION OP X CYP(X)) MICH IS
DIFFERENTIABLE AT'XA AND AT ALL POINTS IN TWINTIRVAL
(APA4.1). 'THE VALUE OF THZ.DERIVATIQZ AT XA IS-
APPROXIMATED THROUOH SECANT SLOPES.

AFTZ2 THE PROGRAM STOPS. TYPE IN THE FOLLOVING?
MID EACH LINE. INCLUDING RUN*. VIM A CABRIAMI RETURN')

1 GO TO 300
300 IMF FNYCX)....(YOUR FUNCTION OF X)....
RUN

FOR EXAMPLE. TO FIND THE SLOPE OF THE EQUATION YXt3
YOU MOULD TYPE AS-FOLLOVSt

1 GO TO 300
300 DI, FINY(X)X63
RUN

YOO-MIGHTTRY THAT AS YOUR FIRST'RUN.
FOR SUBSEQUENT RUNS, YOU NEED ONLY CHASE LINE 300 FOR
A EEG FUNCTION. FOLLOWED BY RUN'.

READY

1 GO TO 300
300 DEP FNY(X)Imatt3
RUN

FOR GHAT VALUE OF A IS THE SLOPE TO 22 EVALUATED? 2

CHAIM IN X IS THE DISTANCE FROM 6A'm AND CHANGE IN Y
ISfil DISTANCE FROM ',CA?' UPON MICR THE SLOPE IS CALCULATED.

OSAMU IN X CHANGE IN Y SECANT SLOPE I ORANGE IN SLOPE
1. . . " ...

1/ 1 19 19 NO PREVIOUS VALUE
1/ 2 7.625 15.25 19.73664
11 4 3.390625 13.5625 11.06517
1/ I 1.595/03 11.76562 5.875576
1/ 16 .7736616 12.37291 3.029376
1/ 32 .3606699 12.12846 1.53834
11 64 .1469647 12.09399 .7751763
1/ 1211 .09411669 12.04694 .3891031
1/ 256 .04696647 12.02347 .1944049
1/ 512 .02344)039 12.01172 .09771946
1/ 1024 .01172447 12.00566 .04171049
11 2042 5.66060613 12.00293 .02440215

DO YOU VISO TO USE A DIFFERENT VALUE OF X (1 -YES. 0 -NO)? 0
TO GRANGE YOUR FUNCTIO* SEE THE INSTRUCTIONS.
IF TOO ARE FINISHED. -TYPE 1; ABD TNI.AZTURN TRY
AFTER THE PROGRAM STOPS.

READY

1
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100 ASK SECANT SLOPE OF A CURVE Q. J. O'CONNOR 1265
101 REM REVISED 01770 CD. MOSEL) (COMBINATION OF SLCUQ AND DIFFQ)
102 REM IMPORTANT VARIABLES) SSECANT SLOPES-A...PERCENT CHANGES-
103 REM DCMANGE rCHANGE IN Y
105 LET 51.0
110 PRINT TABC1OWSECANT SLOPE OF A CURVE THE DERIVATIVE"
120 PRINT
130 PRINT "THIS PROGRAM CONSIDERS A FUNCTION OF X CYF(X)) WHICH IS"
131 PRINT "DIFFERENTIABLE AT-XmA AND AT ALL POINTSIN THE-INTERVAL'
132 PRINT "CAA+1). THE VALUE OF THE DERIVATIQC AT-X/CIS"
133 PRINT "APPROXIMATED THROUGH SECANT SLOPES:
134 PRINT
139 PRINT "AFTER THE PROGRAM STOPS. TYPE IN THE FOLLOWINGS"
140 PRINT "CUD EACH LINIC'INCLUDING 'RUN'. WITH A CARRIAGE RETURN'S"
141 PRINT
142 PRINT " 1 GO TO 300"
143 PRINT " 300 DIP FISYCX)....CYOUR ruNCTIou OF X). ...a
145 PRINT "
146 PRINT
-147-PRINT-mFOR-EXA1PLZ. TO-FIND-THD-SLOPE OF THE EQUATION YX,3"
MO PRINT "YOU WOULD TYPE AS-FOLLOWS)"

. _

149 PRINT
150 PRINT " 1 GO TO 300"
151 PRINT " 300 DIP FNYCX)X)3"
153 PRINT 16 RUN"
154 PRINT
155 PRINT "YOU NIGHT TRY THAT AS YOUR FIRST RUN."
ISO PRINT "FOR SUBSEQUENT AUDIS: YOU NEED ONLY CHANGE LINE 300 FOR"
157 PRINT "A NEW FUNCTION, FOLLOWED BY 'RUN'. "

.

160 STOP
.

290 REM CALCULATION OF SLOPE AND PRINTOUT
300 DEP FIWYCX),X)3
335 PRINT "FOR WHAT VALUE OF A IS THE SLOPE TO DE EVALUATED")
306 INPUT A
310 PRINT
311 PRINT "'CHANGE IN X' IS THE DISTANCE FROM °A. AND °CHANGE IN Y'"
312 PRINT "ISTHE DISTANCE FROM 'PIA)' UPON WHICH THE SLOPE IS CALCO"S
313 PRINT "LATED."
316 PRINT
317 PRINT
320 PRINT "CHANGE IN Xa."CMANGE IN Y"."SSCANT SLOPM"."2 CHANGE IN SLOPE"321 PUNT " 0,46 "a" es se

410 FOX 110 TO 11
400 LET 0011511
430 LET YFNYCA.61/0)FNYCA)

.

440 LET 51)*Y
444 IF S160 THEN 447
445 man "1/"0,Y.16"110 PREVIOUS VALUE"
446 20-70 45S
447 LET PCCANSCS1S)),S1)*100
450 PRINT "1,110YSP--
455 LET S1BS--
660 NEXT X
470 PAINT
430 PRINT "*****"
490 PRINT
1100-PRIXTND0-IOU WISH TO USE A DIFFERENT VALUE OF X ClYES 0110)",
501 INPUT Q2
202 IF 21111,0 THEN 305
510 PRINT "TO-CHANGE YOUR FUNCTION SEE THE INSTRUCTIONS."
520 PRINT "IF YOU ARE FINISHED, -TYPE '16; AND THE-'RETURN' HEY"
530 PRINT "AFTER THE PROGRAM STOPS."
540 END
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DISCIPLINE MATHEMATICS

SUBJECT ALGEBRA(9TH and 12TH GRADE)

PROGRAM NAME SQRT

DESCRI PTION:

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

OBJECTIVES:

A. To demonstrate and familiarize the students with square roots.

B. The method utilizes " pinching" 47, between the endpoints of
smaller and smaller domains.

PRELIMINARY PREPARATION:

A. Student - 1) The definition of square root as the inverse operation
oaring; 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.

62

Copyright 1971, Polytechnic Institute of Brooklyn



Math

SQRT

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

0 < SQ.RT. OF 54 < 54
5.4 < SQ.RT. OF 54 < 10.8
7.02 < SQ.RT. OF 54 < 7.56
7.344 4 SQ.RT. OF 54 < 7.398
7.344 < SQ.RT. OF 54 < 7.3494
7.348319 < SQ.RT. OF 54 < 7.348859
7.348427 < SQ.RT. OF 54 < 7.348481
7.348465 < SQ.RT. OF 54 < 7.34847
7.346469 < SQ.RT. OF 54 < 7.34847

APPROXIMATION NOW CORRECT TO AN ACCURACY OF 1.000000E -5
YOU MAY USE EITHER 7.348469 OR 7.34847 AS THE SQUARE HOOT OF 54

WANT TO TRY ANOTHER NUMBER (1aYES, 01KNO) i ? 1

WHAT IS THE NUMBER WHOSE SQUARE ROOT YOU SEEK? 39

LOWER LIMIT UPPER LIMIT

0 < SQ.RT. OF 39 < 39
3.9 < SQ.RT. OF 39 < 7.8
6.24 < SQ.RT. OF 39 < 6.63
6.24 < SQ.RT. OF 39 < 6.279
6.2439 < SQ.RT. OF 39 < 6..2478
6.24468 < SQ.RT. OF 39 < 6.24507
6.244992 < SQ.RT. OF 39 < 6.245031
6.244996 < SQ.RT. OF 39 < 6.245

APPROXIMATION NOW CORRECTTOANACCURACY OF' 1.000000E-5
YOU MAY USE EITHER 6.244996 OR 6.245 AS THE SQUARE ROOT OF 39

WANT TO TRY ANOTHER NUMBER (1 -YES, 0 -NO) t ? 0

READY
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100 HEM T. BURNS, JOHN GLENN HS,
110 REM REVISED BY C.LOSIK
120 REM AveLOWER LIMIT, B=UPPER LIMIT, Z=STEP IN INTERVAL
121 REM E IS THE ACCURACY YOU DESIRE
125 LET E=.00001 .

130 PRINT "PROGRAM FINDS SQUARE ROOT OF ANY POSITIVE NUMBER"
140 PRINT "BY 'PINCHING' IT WITHIN A SMALLER AND SMALLER INTERVAL."
150 PRINT
160 PRINT
170 PRINT "WHAT IS THE NUMBER WHOSE SQUARE ROOT YOU SEEK";
18C INPUT Z
185 PRINT
190 IF Z>0 THEN 220
200 PRINT "YOUR NUMBER MUST BE POSITIVE !!!"
210 GO TO 160
220 PRINT
230 PRINT "LOWER LIMIT"," "r" ", "UPPER LIMIT"
235 PRINT " sea,. u,
240 LET APO
250 LET BPZ
260 LET S=(BA)/10
270 PRINT A,"< SQ.RT. OF"Z"<",B
275 IF ABS(A*B-.Z)<E THEN 360
280 FOR I=A TO B STEP S
290 IF Z<IPI THEN 310
300 NEXT I
301 LET B=B*10
302 GO TO 260
310 LET B =I
320 LET A -I S
350 GO TO 260
360 PRINT
370 PRINT "APPROXIMATION NOW CORRECT TO AN ACCURACY OF"E
380 PRINT "YOU MAY USE EITHER"A"OR"B"AS THE SQUARE HOOT OF"Z
390 PRINT
WO PRINT
410 PRINT "WANT TO TRY ANOTHER NUMBER (1=YES, 0=NO) t ";
420 INPUT Z
430 IF Z=1 THEN 150
440 IF Z<>0 THEN 400
450 END
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DISCIPLINE MATHEMATICS _TEACHER ASSISTANCE

SUBJECT ARITHMETIC MEAN (AVERAGE)

PROGRAM STATAL

DESCRIPTION:

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

OBJECTIVES:

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

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

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

PRELIMINARY PREPARATION:

A. Student "Arithmetic mean", "average", "median", and "standard
deviation" must be well-defined.

B. Materials - None

DISCUSSION:

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

N

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

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

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

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

1000 DATA 1,2,3.4 ETC. (YOUR DATA GOES HERE)

WHEN YOUR DATA HAS BEEN ENTERED, TYPE :

1 GO TO 300
RUN

THEN RELAX WHILE THE MACHINE GAINDS OUT THE ANSWERS.

IF A 'SUBSCRIPT ERROR' APPEARS, INCREASE THE SIZE OF THE
AR.P4'Y IN LINE 295.

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

READY

1000 DATA 244,182,112,2,198,10,314,169,18,38
1 GO TO 300
HUN

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

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

NUMBER OF VALUES IS 10
SUM OF THE VALUES IS 1287
THE MEAN VALUE IS 128.7
THE MEDIAN VALUE IS 140.5
THE STANDARD DEVIATION IS 209.5409

FOR ANOTHER RUN, RE-ENTER DATA ON LINES
1000 - 2000, TAKING CARE TO ELIMINATE OLD DATA
BY TYPING THOSE LINE NUMBERS WHICH YOU DO NOT US;: AGAIN;
THEN TYPE 'RUN',

READY

1

1000
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100 REM CHARLES Ms LOSIK, BKLYN POLL, MEANMEDIANDEVIATION
110 HEM (7-66 IN FORTRAN II) ; (8-26.-7U IN BASIC)
115 REM REVISED 9-24-70
120 HEM YOU PUT YOUR NUMBERS IN DATA STATEMENTS AND
13U REM YOU GET WHAT YOU PAY FOR.
14U PRINT " ", "MEAN, MEDIAN, AND DEVIATION OF A SET OF NUMBERS."
15U PRINT
16U PRINT " ENTER YOUR NUMBERS IN DATA STATEMENTS ON LINES"
170 PRINT " 1000 2000. FOR EXAMPLE, YOU MIGHT TYPE t"
171 PRINT
172 PRINT " ","1000 DATA 1,2,3,4 ETC. (YOUR DATA GOES HERE)"
173 PRINT
174 PRINT " WHEN YOUR DATA HAS BEEN ENTERED, TYPE :"
180 PRINT
190 PRINT " ","1 GO TO 300"
200 PRINT " ","RUN"
210 PRINT
220 PRINT " THEN RELAX WHILE THE MACHINE GRINDS OUT THE ANSWERS."
222 PRINT
225 PRINT " IF A 'SUBSCRIPT ERROR' APPEARS, INCREASE THE SIDE OF THE"
227 PRINT " ARRAY IN LINE 295."
230 PRINT
240 REM A(I) ARE THE NUMBERS, S IS THEIR SUM,
25U HEM S2 IS THE SUM OF THEIR SQUARES.
260 REM
270 PRINT " WARNING -- THE NUMBER 9999 IS USED AS AN INTERNAL DATA"
275 PRINT " VALUE. IF THIS VALUE IS ONE OF YOUR DATA VALUES, SIMPLY"
280 PRINT " HE TYPE LINES 999 AND 2001 WITH A COMMON DATA VALUE WHICH"
285 PRINT " YOU WILL NOT USE."
290 STOP
295 DIM A(100)
300 PRINT
303 PRINT " THESE ARE YOUR NUMBERS :"
305 LET I*1
310 READ E
315 LET S*0
316 LET 520
320 READ A(I)
330 IF E A(') THEN 370
340 PRINT A(I)
345 LET S S + A(I)
347 LET S2 * S2 + A(I) * A(I)
350 LET I - I + 1

360 GO TO 320
37U LET N - I 1

380 PRINT
390 PRINT
399 REM ***** BUBBLE SORT*****
400 PRINT " THESE ARE YOUR NUMBERS (HIGHEST TO LOWEST) t"
405 FOR I Is 1 TO N 1
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410 FOR J = I+ 1 TO N
420 IF A(I) > A(J) THEN 46U
430 LET T = A(I)
440 LET A(I) = A(J)
450 LET A(J) = T
460 NEXT J
465 PRINT A(I) ;
470 NEXT I
475 PRINT A(N)
4dU PRINT
490 PRINT
500 PRINT " NUMBER OF VALUES IS";111
510 PRINT " SUM OF THE VALUES IS";S
520 PRINT " THE MEAN VALUE IS" ; S / N
530 PRINT " THE MEDIAN VALUE IS" ;
540 IF N/ 2 <> INT ( N/ 2) THEN 570
55U PRINT ( A(N/2) + A((N +2)/2))/2
560 GO TO 600
57U PRINT A((N +1)/2)
600 PRINT " THE STANDARD DEVIATION IS" ; SWR ( N * S2 + S * S ) / N
610 PRINT
620 PRINT
63U PRINT " FOR ANOTHER RUN, RE-ENTER DATA ON LINES"
64U 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'.."
65U STOP
999 DATA 9999
2001 DATA 9999
21010 END

READY

22,I
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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' reinforce his basic arithmetic
skills.

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

PRELIMINARY PREPARATION:

A. Student - no special preparation

B. Materials - possibly graph paper

DISCUSSION:

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

The stock values rise and fall on a semi-random basis. On

each trading day all stocks undergo a small random price change,
a trend change (based on a random trend), and the possibility- -
on a random basis--of a large price change. The structure of the

formula is:

new price=old price + (trend x old price) + (small random price
change) + (possible large price change)
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The trend is a random number between -.1 and +.1. It remains
constant for a random number of days, at which time the trend is
changed randomly. The trend affects all stocks equally, and attempts
to simulate general market trends. The small random change ranges
between -3 and +3 points. It occurs every day to every stock.
The possible large price change is either +10 or -10 points. The
+ and - changes each occur at random day intervals, and to random
stocks. That is, there may be no large change on some trading days,
only a +10 change on others, a -10 change on still others, and both
large and small changes on others. In all large-change cases, the
change affects only one random stock when it occurs.

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

Graph paper might be used to plot the daily stock values and
the exchange average. In this way, the trend will become evident.
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THE STOCK MARKET
DO YOU WANT THE INSTRUCTIONS (YES -TYPE 1s NO -TYPE 0)? 1

.

THIS PROGRAM PLAYS THE STOCK MARKET. YOU WILL BE GIVEN
510,000 AND MAY'BUY OR SELL STOCKS. THE STOCK PRICES WILL
It GENERATED RANDOMLY AND THEREFORE THIS MODEL DOES NOT
REPRESENT EXACTLY WHAT HAPPENS ON THE'EXCHAMM. A TABLE
OF AVAILABLE STOCKSS.THEIR PRICES. AND THE NUMBER OP.:MARIS
IN YOUR PORTFOLIO WILL 82 PRINTED. FOLLOWING THIS. THE
INITIALS OF EACR STOCK WILL BE PRINTED VITR A QUESTION
NARK. HERE YOU'INDICATICA TRANSACTION. -TO BUY A STOCK
TYPE +111W, TO SELL A STOCK TYPE 111111s MIME MIN IS TIE
NUMBER OF MIMES. A BROKERAGE FEE OF 15 WILL MI-CHARGED
OM ALL TRANSACTIONS. NOTE THAT IF A STOCK'S VALUE DROPS
TO LIMO IT MAY REBOUND TO A POSITIVE VALUE-AGAIN. YOU
SAVE S10:000 TO INVEST. USE INTEGERS FOR ALL'TOUR INPUTS.
MOTES TO MIT A 'FEEL' FOR Talc MARKET RUN FOR AT LEAST
10 DAYS)
GOOD LUCKI

STOCK INITIALS PRICE/SHARE
INT. BALLISTIC MISSILES 1281. 8S:7S
AED CROSS'OF-AMERICA RCA 85.5
LICKTENSTEINgBUNRAP A JOKE LE4 ISSAS
AMERICAN BANKRUPT CO. ABC 138
CENSORED BOOKS STORE CBS 104.115

MEV YORK STOCK EXCHANGE AVERAGES 113.75

TOTAL STOCK ASSETS ARE $ 0
TOTAL CASH ASSETS ARE $ 10000
TOTAL ASSETS ARK $ 10000

OKA? IS YOUR TRANSACTION IN
ISM?
MCA? 3
LO47 1
ABC? 1
COS? 1

1014411010**** END OF DAY'S TRADING

STOCK PRICE/MIAMI MOLDINGS VALUE NET PRICE =ANNE
IBM 141.5. .D 193 10.7S--
RCA 51 3 243 44
LS4 183.8 1 183.5 1.75
ABC 135.5 1 13544 11.11

CBS 99 1 99 5.25

NEI YORK STOCK EXCHANGE AVERAGES 113.1 NET =ANUS .45

TOTAL STOCK ASSETS ARE S 5E4
TOTAL CASS ASSETS ARK S 9100.85
TOTAL ASSETS ARE S 9980.25

DO YOU WISH TO CONTINUE (MISTYPE 1. NO TYPE 0)? 1
AT IS TOUR TRANSACTION IN

AN? S
RCA7 1
USJT 1 2Z
MC? 1 71
COW 0
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101011mIlmellm

STOCK

END OF DAY'S TRADING

PRICK/SHARE HOLDINGS VAL= MKT PRICK CHANGE
IVA 98.75 7 691025 8.85
RCA 62.5 4 330 105
L84 154 8 306 .5
ABC 133.5 8 867 2
COS 102.78 1 102.75 3.75

UV YORK STOCK MECHAM AVERAGES 114.3 MST omen 1.2

TOTAL STOCK RUSTS ARK 1 1699
TOTAL CASH ASSETS ARK $ 8305.83
TOTAL ASSETS ARK S 10004.23

DO YOU 611111 TO CONTINUE (YKSTYP11 1. 110771111 0)? 1
MAT IS TOUR TRANSACTION IN
UM 3 .

11CA? 8
LW?
ADC, 1
CGS? 3

********** 2ND OF DAY'S TRADING

STOCK PRICK/SHARK MOLDINGS VALUE NET PRICK =ARCM
LON 99.25 10 991.6 .5
RCA 88.85 6 493.5 .86
L84 154.75 7 1083.85 .75
AOC 133.5 1 133.6 0
COS 103.85 4 413 .5

MEV YORK STOCK LECHANGZ AVIRAGit 114.6 MET CHANGES .3

MeSTOCK ASSETS ASK S 3115.75
CAS11 ASSKTS ARK S 6888.5

TOTAL. AIMS ARK S 9996.85

DO YOU 1111111 TO COMTISM (YKSTYPI1 1. NOTYPE 0)? 1
GMAT IS TOUR TRANSACTION IN
ION? I

.

RCA? 3
LW/ S
AOC? 3
COS? 4

********* KM 07 DAY'S TRADING

STOCK PRICE /SHARK HOLDINGS
INN 96.75 .15
ECA 80.5 9
LSJ ISO II
AMC 138 4
OM 98.75 6

NOV YORK STOCK =CHASM AMAMI* 111.6

TOTAL STOCK AIMS ARK S 6803.75
TOTAL CASE MUMS ARS S 4686695
TOTAL ASSETS ASS S 1108167

,;1.)
7-

VALUE
1451.85

NET PRICE CHAINS
8.5

784;5 -1.75
1800 4.711
SS/. 1.5
790 405

NET CNANIN1* -3
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DO YOU VISH TO CONTINUE CUSTYPE 1 NO -TYPE 0)7 1
GHAT -IS- -TOUR TRANSACTION IN
11117 0
RCA? 5
1.241? -7
A/C? 0
COS? 5

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

STOCK PRICE/SHARE HOLDINGS VALUE MET PRICK CHANGE
IOM 96:7S 15 1451.25 0
RCA 66.75 4 267' -13.75
LSJ 150.75 5 753.75 :75
MC 132 4 528 0
CilS 95.75 3 267.25 -3

MEV YORK STOCK EXCHANGE AVERAGE! 108.4 NET CHANGE! 3.2

TOTAL STOCK ASSETS ARE
TOTAL CASH ASSETS ARE
TOTAL ASSETS ARE

S 3267.25
S 6455.74
S 9742.99

DO YOU NISH TO CONTINUE (YESTYPE la MO TYPE 0)7 1
GHAT IS TOUR TRANSACTION IN
I8N7 4.10
RCA? 2
L847 2
ABC? 2
CBS? 0

*WM*** END OF DAY'S TRADING

STOCK PRICE /SHARE HOLDINGS VALUE NET PRICE CHANGE
117.5

. -5 407.5 9.25
RCA 56 2 146 1.75
LOW 135.25 7 946.75 -I5.5
ADC 122.5 6 735 9.5
081 96.75 3 2961.25 3

NEN YORK STOCK EXCHANGE

TOTAL STOCK ASSETS ARS
TOTAL CASK ASSETS AM
TOTAL ASSETS ARE

AVERAGE!

S 2531.5
S 6974.56
S 9506.01

100:4 MET CHANGE! 6

DO YOU VISO TO CONTINUE (YES -TYPE 1 NO -TYPE 0)7 1
MAT IS TOUR TRANSACTIONIN
11101? .;41

.

RCA? 1
1.64/
AOC? -2

2

2 ;2,9
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***140411141 AND OF DAY'S TRADING

STOCK PRICX/SMARK MOLDINGS VALUR . NAT PRICK GUNGE
ENK GO 1 SO 705
ACA 51 1 51 -7
1.11j 121.75 1 121.75 3.5
AMC 109.5 4 436 13
CDS 91.5 1 91.5 -7.25

ARV YORK STOCK =HANGS AMAIN? 90.75 NAT CHANGE? -9.65

TOTAL STOCK ASSETS AAA 5 752.25
TOTAL CASK ASSITS ARK 5 5619.96
TOTAL ASSETS ARK 5 9402.21

DO YOU VISM TO CONTINUA (YASTYFA 1. NOTYPA 0)? 1
GMAT IS YOUR TRANSACTION IN

-

IAN/ 0
ACA? 0
L114/ 0
ADC? -3
COS/ 0

1001111011141011110 SAD OF DAY'S TRADING
. _

STOCK PRICA/SMARE MOLDINGS VAL= MST PRICK OMAN=
MAN 77.5' .1 77.5 2.5 -.

ASA 52.25 1 52.25 .1025
L ila 119.25 1 119.25 2.5
AMC 107 1 107 245
CMS 92:25 1 92.25 .75

N KR YORK STOCK =mamma AVRRAUS 59.65 MKT CRAMS? ..1.1

TOTAL STOOK MISTS ARK S 44$015
TOTAL GAAS ASSISTS AMM $ $945.15
TOTAL AMU ASK $ 9393.43

WS YOU VISA TO COMTINUR (YISTYPS 1. 110TYPS 0)? 1
INAT IS TOUR TRANSACTION-IM
ENO
AKA? 0
Ubill 0
AOC?
COS? 10

O 11******* *MD OP DAY'S TRADING

S TOCK PRICE /SNARE MOLDINGS VAL= MKT PRICK CRAM
VAN 74.S. 1 74.5
ACA 54 1 54 1.75
1.11J 107 1 107 12.25
AMC 10$ 1 1041. 1

ROS 90.75 11 992.25 -1.5

9 'If
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N OV YORK STOCK SECKAINNI AVERAGES 66.65

TOTAL STOCK ASSETS ARE $ 1341.75
TOTAL CASK ASSETS ARE $ 1013.46
TOTAL ASSETS ARS $ 9355:21

DO YOU VISE TO CONTINUE (YES -TYPE I. NO -TYPE
MAT IS TOOR TRANSACTION IN
ION/ 5

-

ACAt 6
LOjt 10
MSC/ 10
COS/ 10

V101.11

STOCK

NET =ANUS 2.6

0)1 1

00******** END or DAY'S TRADING

STOCK PRICEISKAAK MOLDINGS VALUE
INN 6 432
RCA 52.5 7 367.5
L1/4 105 11 1155
AIC 103.25 AA -1135.75
ars 91.5 21 1921.5

N EU TOM STOCK =CRAM

TOTAL STOCK ASSETS ARE
TOTAL CASH ASSETS ARE
TOTAL ASSETS ARS

NET PRICE CHANGE
72.5
-1:5
-a
41.75
.75

AVERAGE! 64.65 NET CHANGE! 72

$ 5011.75
$ 4221.92
$ 9233.67

DO YOU RISK TO CONTINUE (YES -TYPE 1. NO -TYPE 0)/ 0
MPS YOUISAD 7um11

READY
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100 REM STOCK MARKET SIMULATION STOCK
101 REM REVISED 6/18170 (D. PESSEL. L. BRAUN. C. LOSIK)
102 REM INP'VRRLSII ANRKT TRIM SLP) 115211KRGE FEE) CTTL CSH ASSTS)
103 REM C5=TTL CSH ASSTS (TEMP)) C(I)=CRIIG IN STK VAL) D -TTL ASSTS)
104 REM E1.22LRG CMG MISC) ISTCX 111) II.I2STCKS V Lao CHIN)
105 REM N1.112LRO CHUG DAY OPTS) P5mTI'L DAYS PRCHSS) P(I)PRTFL CNTNTS)
106 REM 09 -NEV CYCIA) S4-$811 OF A) S5TTI. DYS SLS) S(I)VALUE/SHR)
107 REM T -TTL STCK ASSTS) T5 -TTL VAL OF TRNSCTIS)
108 REM 63LR. CMG) XI-SALE CHNG(441)) Z4.ZS.Z6NYSE AVE.) Z(I)TRNSCTIO
109 PRINT TAB(20))"THE STOCK MARKET"'
110 DIM S(5).P(S).Z(5).C(S)
112 REM SLOPE OF maxi? TRENDOA (SAME FOR ALL STOCKS)
113 RANDOMIZE
114 LET AINT((RND(X)/10)100*.5)/100
115 LET 110
116 LET 3(9410
117 LET 111-0
116 LET $6.0
119 LET 11.0
160 LET 112.0
121 REM INTRODUCTION
122 PRINT "DO YOU WANT THE INSTRUCTIONS (YES-TYPE L. NO -TYPE O) ")
123 INPUT 19
124 PRINT
125 PRINT
166 IF-Z941 THEN 200
130 PRINT "THIS PROGRAM PLAYS THE STOCK MARKET. YOU.WILL BE GIVEN"
13: PRINT "$I0.000 AND MAY BUY OR SELL STOCKS. THE STOCK PRICES VILL"
134 PRINT "BE OENERATED RANDOMLY AND THEREFORE THIS MODEL DOES NOT"
135 PRINT "REPRESENT EXACTLY VNAT HAPPENS ON THE EXCHANGE. A TABLE"
130 PRINT "OF AVAILABLE STOCKS. THEIR PRICES. AND THE HUMMER OF =ARKS"
137 PRINT "IN YOUR PORTFOLIO WILL BE PRINTED. FOLLOWING THIS. THE"
138 PRINT "INITIALS or EACH STOCK WILL BE PRINTED WITH A QUESTION"
139 PRINT "MAX: HERE YOU'INDICATE A TRANSACTION. -TO. BUY A STOCK"
140 PRINT "TYPE *NUN. TO SELL A'STOCK TYPE .11110. MOUE NMI IS THE "_
141 PRINT "NUM= or SNARES. A BROKERAGE FEE OF 12 WILL BE CHARGED"
142 PRINT "ON ALL TRANSACTIONS. NOTE THAT IF A STOCK'S VALUE-DROPS"
143 PRINT "TO ZERO IT MAT REDOUND TO A POSITIVE VALUE'AGAIN. YOU"
144 PRINT "HAVE 210:000.TO INVEST. USE INTEIERS FOR ALL TOM INPUTS."
145 PRINT "(NOTES TO GET A'FEEL FOR THE MARKET RUN FOR AT LEAST"
140 PRINT "10 DAYS)"
147 PRINT " GOOD LUCK1
200 REMAINEMATION OF STOCK TABLE) INPUT REQUESTS

. .

810 RIM INITIAL-STOCK VALUES
280 LET'SC1)100
230 LET S(111).65
840 LET 1(3)0150
280 LET 1443140
860 LET 1(1)0110
865 RIM DAYS FOR FIRST TREND SLOPE (A)
264 LET'IlloINT(4.9918.ND(X)4.1)
$17 REM RANDOMIZE SIGN OF FIRST TREND SLOPE (A)
268 IF 1AND(X)6,44 THIN 270
869 LET A- -A
270 REM RANDOMIZE INITIAL VALUES
280 OOSUS 630
865 REM INITIAL PORTFOLIO CONTENTS
890 FORIi1-TO 5
300 LET P(I)0
305 LET Z(1)0
310 NUT I--
360 PRINT'
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330 PRINT
333 RIM-INITIALIZE CASH ASSETSIC
335 LET-0110000
338 RIM PRINT INITIAL PORTFOLIO
340 PRINT-"STOCK"i" "."INITIALS","PRICEISHARI"
350 PRINT "INT. BALLISTIC-MISSILES"," IRN",S&I)
352 PRINT "RED CROSS'OF-ANERICA"," RCA".5(8)
354 PRINT "LICHTENSTEIN, BMW A JOKE"," L8J"..S(3)
356 PRINT "AMERICAN BANKRUPT CO."." ABC".S&A)
356 PRINT "CENSUS= BOOKS STORE"." CBS",S&S)-
360 PRINT
361 MEN NYSE AVERAGEsZ5) TEMP. VALUEsZ4) NET CHANGEsZ6
363 LET £4015
364 LET £5.0
365 LET T0
370 FOR 141,1 TO 5
375 LET t5Z5.StI)
3110 LET TT.S&I)OP&I)
390 NEXT 1

. _-

391 LIT Z5.INT(100 *(Z5 /5) +.5) /100
392 LET Z62.1N11(Z5-14)4100+.5)1100
393 MEN TOTAL ASSETSID
394 LET DTC
395 IF X93.0 THEN 398
396 PRINT "NEW YORK STOCK EXCHANGE AVERAGES "15
397 80-TO 399
396 PRINT nirm YORK STOCK EXCHANGE AVERAGE& "15" NET CHANGE' "16
399 PRINT
400 LET T1NT(100*T..5)1100
431 PAM "TOTAL STOCK-ASSETS ARE S")T
403 LET CINT(10010C..5),100
405 PRINT "TOTAL CASH ASSETS ARE Win
407 LEI DINT(100404..5)1100
408 PRINT "TOTAL ASSETS.ARE SmSD
410 PRINT
411 IF-119.10 THEN 416
412 PRINT "DO YOU WISH TO CONTINUE (YES-TYPE 1. NO-TYPE 0)")
413 INPUT 09
414 IF 0941 THIN 998
416 NEN INPUT TRANSACTIONS
420 PRINT "WHAT IS TOUR TRANSACTION IN"
430 PRINT "11181")*
440 INPUT L(1)
450 PRINT "RCA")
400 INPUT L(8)
470 PRINT "L114")
460 INPUT 1(3)
400 PRINT "ABC")
500 INPUT 1(4)
510 PRINT "CBS")
ISO INPUT ICS)
1185 PRINT
630 REN'TOTAL DAY'S PURCHASES IN SIPS
640 LET P5.0
SSO REM TOTAL DAY'S SALES IN MISS
560 LET 1560
570 FOR 1.1 TO 5
575 LET Z(I)INT&Z(I)+.5)
580 IF Z(I)6:0 THEN-610
590 LET PS4,5+1(1)45(1)
SOO SO TO 620
410 LET SSSSZ(1)10S(1)
418 IF -Z(1)41.P(I) THEN 620
614 PRINT "IOU HAVE OVERSOLD A STOCK) TRY AGAIN."
614 00. TO 490
680 NEXT I
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622 RZN TOTAL VALUE OF TRANSACTIONSOT5
625 LST T5111P5445
630 REM DROKERAM FESS115
640 LET 55111INT(.01111T51004..5)1100
650 ROI CASICASSZTSmOLD CASH ASSETS TOTAL PURCHASES
55S REM DROURAGS FSZSTOTAL SAL/MKS
634 LET C5CP525445
656 IF C5>00 THEN 674
654 PRINT "YOU HAVE USED S " -05" NO
RE TWILWYOU HAVE."
660 00 TO 420
674 LST ClIPC5
675 ROM CALCULATE NSW PORTFOLIO
600 FOR 101 TO 5
690 LET 11(1)41(I).Z(I)
700 ,NEXT I
710 RIM CALCULATE NSW STOCK VALUES
720 WSW 530
750 REM PRINT PORTFOLIO
751 21111 DELL RINSING- DIFFERENT OM MANY COMPUTSRS
752 FOR Ilea TO 20
753 PRINT CHRS(135)A
754 NEXT I
755 PRINT'
756 PRINT "*4111141.4141111111111 END Or DAY'S TRADING"
757 PRINT
755 PRINT
757 zrx941 THEN 769
769 PRINT "STOCK","PRICS/SHARE"."HOLDINGS"."VALUE"."MET PRICE CHAIM"
770 PRINT "ISM". S(I); P(I), S(1)0(1), C(I)
711 min "amps, s(a), p(st), s(a)*Pco. c(2)
772 PRINT "L114". S(3). P(3), S(3)*P(3)a C(3)
773 PRINT "AMC", S(4). P(4), S(4)*10(4). C(4)
774 PRINT "CMS". S(5). P(S), S(5)411P(S), C(5)
775 LST S9A1-
750 PRINT
790 PRINT
$ 10 20.20 360
S29 REM NSW STOCK VALUES SUSROUTINS
530 REM RANDOMLY PRODUCE NSW STOCK'VALUIS SASSO ON PREVIOUS
131 RIM DAY'S VALUES
532 11211 $IAM ARE RANDOM NUMBERS OF DAYS MICH RESPECTIVELY
833 RNA =TERMINI MSS STOCK 11 WILL INCREASE 10 PTE. AND STOCK
S34 Rill 12 WILL DECREASE 10 P?S.
MO 10111 IF NI DAYS HAVE PASSEA, PICK AN I1, SET SI. DETZRNINS NEW NI
541 IF 11114 THEN 850
S OS LET 1101111(4.99ORND(X).1)
544 LET 21101(449ORND(X).1)
447 LET 11.1
550 EOM IF 172 DAYS NAVE PASSED. PICK AN IS, SET ES. DETERMINE NSW NS
151 IF 211P0 THEN 4150
$55 LET ISIDINT(4.9961AND(X).1)
S56 LET 220111T(409941SND(X).1)
$57 LET $2.1
540 SSW DEDUCT ONE DAY FROM Ni AND 112
561 LST NI -N1 -1
1611 LET 112101121
590 11131 LOOP THROUGH ALL STOCKS
SOO FOR 1101 TO 5
910 LET SIORMD(X)
915 IF X12,025 THEN 920

78 2 3 3_
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916 LIT X1.425
917 GO TO 935
920 IF X1 s.5° TOW 925
901 LIT X1050
922 00 TO 935
925 IF X12..75 TKO 930
926 LIT X1.075
927 00 TO 935
930 LIT 1C10.0
931 ARM 210 CHANGE CONSTANTIV3 (SIT TO MIRO INITIALLY)
93S LIT V30.
936 IF £141 MN 945
937 IF INT(IL..6)"INT(I..5) THIN 945
936 RIM ADD 10 PTS TO THIS STOCKS RESIT £1
939 LIT V310
943 LIT 2140
945 IF E241 THIN 955
947 IF INT(I24.5 )4241IT( '4..5) THEN 955
946 REM SUBTRACT 10 PT3.-raon THIS STOCKS RESIT E2
949 LET V3.V3 -10
953 .LIT £9.0
954 ARM C(I) IS MANOR IN STOCK VALUE
955 LET CCI)41M7144S(I))*X1.INTC36111RND(C)4,.5).V3
956 LIT C(1)oINT(1504(1).511300
957 LILT StI).SCI)0t1)
960 IF S(I)>0 TRIM 967
964 LET CC1).0
965 LIT SCI)010
966 00 TO 970
967 LET 5(I)84$7(1004S(I)4..5)/100
970 NEXT I
972 gm Apt= Is DAYS RANDOMLY CRANOIC TREND SIGN AND SLOPS
-973 LICT.T64T41
974 IF T141 THIN 985
920 MUM
965 BEN RANDOMLY 05,..5111= TRIM SIGN AND SLOPE CA). AND DURATION OF
916 RID OP TREND.(T"
990 LIT T2INIC40595555(E)+1)
992 LET APIWYC(ROR(X)110)41004.5)1100
993 LIT S4aRMDCE,
994 IF 2444.5 TKO 997
995 LIT 44
997 =TURN
998 PRINT NHAps YOU HAD 'mull"
999 END

2 3 3 -Qt?
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DISCIPLINE CALCULUS-GRADE 13

SUBJECT AREA OF A SURFACE OF

REVOLUTION

PROGRAM NAME SURFAR

DESCRIPTION:

This program approximLtes 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 = Tr 1 (r1 r2)

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.
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AREA OF A SURFACE OF REVOLUTION

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

1 GO TO 200
300 DEP FRY(X)....(YOUR FUNCTION OF X)...
RUN

. .

FOR EXAMPLE. TO USE THE FUNCTION Y.Xt2 YOU WOULD TYPES

1 GO TO 800
300 DEP. FNY(X) -X'2
RUN

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

READY

1 GO TO 200
300 DEF FRY(X)111X12
RUN

.

WHAT ARE THE ABSCISSAS OF THE END POINTS OF THE SECTION
TO BC COVSIDERED (SMALLER FIRSTS Pa(l)?

NUMBER OF SUM OF
SUBINTERVALS APPROXIMATING AREAS

1

4

16
32
64
126

268.7871
324.6229
317.6819
315.3346
314.7434
314.5933
314.5557
314.5461

I CHANGE
IN SUM

NO PREVIOUS VALUE
11.68411
2.1161263
.7416313
01876435
.04769154
.01197374
3.0257961.'3

WOULD YOU LIKE TO TRY NEW END POINTS (1YES (1110)? 0
TO MP A NEW FUNCTION YOU NEED-ONLY'RETYPE LINT'
300 AND 9IAA. SEE INSTRUCTIONS FOR MORE DETAILS.
IF YOU ARE FINISHEIWTYPE 111 AND THE RETURNI-XEY.

READY
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100 REM AREA OF A SURFACE OF REVOLUTION, Q. J. O'CONNOR, 7/12/68
101 REM REVISED 8/21/70 (D. PESSEL)
105 PRINT TAB(17)3 "AREA OF A SURFACE OF REVOLUTION"
1I6 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 (YF(X)),"
131 PRINT "WHOSE =APR WILL BE ROTATED ABOUT THE X AXIS, AS FOLLOWS1"
150 PRINT
160 PRINT " 1 GO TO 200"
170 PRINT " 300 DEF FNY(X)....(YOUR FUNCTION OF X)..."
180 PRINT " RUN"
185 PRINT
186 PRINT "FOR EXAMPLE. TO USE THE FUNCTION YEIX12 YOU WOULD TYPES"
187 PRINT
188 PRINT " 1 GO TO 200"
189 PRINT " 300 DEF FNY(X)412"
190 PRINT " RUN"
191 PRINT
192 PRINT "YOU MIGHT TRY THAT AS YOUR FIRST RUN."
193 PRINT "END EACH LINE. INCLUDING 'RUN', WITH THE 'RETURN' KEY."
195 STOP
goo REM COMPUTATION SECTION OF PROGRAM
220 PRINT "WHAT ARE THE ABSCISSAS OF THE END POINTS OF THE SECTION"

. .230 PRINT "TO BE CONSIDERED (SMALLER FIRSTS Poilf")
240 INPUT P.O
245 IF P.smi/ THEN 250
246 PRINT "P CANNOT BE GREATER THAN 01"
247 00TO 220
250 PRINT
260 PRINT "NUMBER OF SUM OF I CHANGE"
270 PRINT "SUBINTERVALS APPROXIMATING AREAS IN SUM"
280 PRIM "
925 LET 11.0
300 DEF F17Y(X)X22
305 FOR Nall. TO 9
310 LET E2161)
320 LET Hm(QP)/E
330 LET SAW
340 FOR 1.0 TO (E1)
350 LET 51,111Y(P+111,114H)+FOIY(P+116H)
360 LET NmFRY(P.141411)1111Y(P11111)
370 LIT L03.141511*(1*511M(N*N.H610-
360 LET 3.54'L
390 NEXT I
395 IF 51100 THEM 405
396 LET 2.10041(ARS(S....51))/((5441)/9)
399 IF $1.0 THEM 405
400 PRIM? E,S."
409 IF-941V41 THEM 420
404 20 TO-407
405 PRINT LAPS." "."NO PREVIOUS VALUE"
407 LEI 51S
410 MIXT 11
420 PRINT
430 PRINT "MOULD YOU LINE TO TRY NEW END POINTS (1 -YES, 0 NO) ")
431 INPUT 01
439 IF 4113,0 THEN 220
440 PRIVY "TO INTER A MEV FUNCTION YOU NEED ONLY RETYPE LINE"
450 PRINT "300 AND RUM'. SEE INSTRUCTIONS FOR MORE DETAILS:"
460 PRINT "IF YOU ARE FINISHED. TYPE '1' AND THE 'RETURN'-KEY."
500 MI6
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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.

Rotated about the
x-axis

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

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

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

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

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

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

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

READY

1 GO TO 2UU
220 DEF FNY(X)=Xt2
HUN

WHAT ARE

NUMBER OF
CYLINDERS

YOUR VALUES FOR A AND B (SMALLER FIRST: A,B)?

SUM OF % CHANGE
CYLINDER VOLUMES IN SUM

0,5

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 8.614392
64 1887.594 4.097653
128 1925.344_ _L.999914_
256 1944.369 .9881206
512 1953.918. .4911339
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WOULD YOU LIKE TO TRY YOUH OWN 'NUMBER OF CYLINDERS' (1-YES, 0-NO)? 1

HOW MANY CYLINDERS WOULD YOU LIKE TO TRY? 700

FOR 700 CYLINDERS THE VOLUME IS 1956.487 4.

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

*****

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

READY

1
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100 REM VOLUME OF A SOLID OF REVOLUTION, U. J. O'CONNOR, b/1/6b
101 HEM REVISED b/24/70 (D. PESSEL)
110 PRINT TAB(15);"VOLUME OF A SOLID OF REVOLUTION"
111 PRINT
115 PRINT" THIS PROGRAM USES CYLINDRICAL DISCS TO APPROXIMATE"
117 PRINT"THE VOLUME OF A SOLID OF REVOLUTION. THE SOLID IS GENE-"
120 PRINT"RATED BY ROTATING ABOUT THE X-AXIS THE AREA BOUNDED BY"
130 PRINT"Y=F(X), THE LINES A=A AND X=B, AND THE x-AXIS."
135 PRINT
140 PRINT"TO INPUT YOUR FUNCTION OF h (Y=F(X)) TYPE AS FOLLOWS:"
141 PRINT
145 PRINT" 1 GO TO 200"
150 PRINT" 220 DEF FNY(X)=....(YOUR FUNCTION OF X)...."
160 PRINT" HUN"
161 PRINT
165 PRINT"FOR EXAMPLE, TO USE THE FUNCTION Y=Xt2 YOU WOULD TYPE:"
166 PRINT
167 PRINT" 1 GO TO 200"
16d PRINT" 220 DEF FNY(X) =Xt2"
169 PRINT" HUN"
170 PRINT
175 HINT"YOU MIGmf TAY THAT AS YOUR FIRST EXAMPLE."
176 PRINT"END EACH LINE, INCLUDING 'HUN', 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 Z CHANGE"
216 PRINT"CYLINDERS CYLINDER VOLUMES IN SUM"
217 PRINT" 41

218 LET V1=0
220 DEF FNYCX)=Xt2
230 FOR N=1 TO 10
240 LET 10=21(N-1)
250 LET H=(B-A)/D
260 LET V=0
270 FOR I=0 TO (D-1)
280 LET Y=FNY(A+I*H)
290 LET V=V+3.14159*Y*Y*H
300 NEXT I
305 IF V1=0 THEN 315
307 LET P=100*(ABS(V-V1))/V1
310 PRINT D,V," ",P
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312 IF P<.5 THEN 33U
313 GO TO 318
315 PRINT D,V," NO PREV. VALUE, OR IT WAS GERO"
318 LET V1=V
32U NEXT N
33U PRINT
333 PRINT
334 PRINT"WOULD YOU LIKE TO TRY YOUR OWN 'NUMBER OF CYLINDEHS' (1-YES";
335 PRINT", 0-NO)";
336 INPUT 615
337 IF 615<1 THEN 377
338 PRINT"HOW MANY CYLINDERS WOULD YOU LIKE TO TRY";
339 INPUT D1
34U IF D1>1 THEN 343
341 PRINT"NUMBEh OF CYLINDERS MUST BE GkEATE1 THAN GERO!"
342 GO TO 338
343' IF D1 <1000 THEN 347
344 PRINT"THIS IS A VERY LARGE NUNBEA OF CYLINDERS AND MAY TAKE"
345 PRINT"A LONG TIME TO RUN."
347 LET V2=U
348 LET H1 im(B-A)/D1
349 LET D1=INT(D1+.5)
350 FOR I=0 TO (D1-1)
352 LET Y1=FNY(A+I*H1)
354 LET V2=V2+3.14159*y1 *y1 *H1
356 NEXT I
358 PRINT
360 PRINT "FOR "Dl" CYLINDERS THE VOLUME IS "V2" ."
362 PRINT
363 PRINT"WOULD YOU LIKE TO TRY AGAIN (1-YES, U-NO)";
364 INPUT Q6
365 IF U6>0 THEN 338
377 PRINT
378 PRINT"*****"
379 PRINT
380 PRINT"WOULD YOU LIKE TO TRY NEW VALUES OF A AND B (1-YES, 0-NO)";
382 INPUT Q1
384 IF Q1 >0 THEN 199
386 PRINT"TO USE A NEW FUNCTION YOU NEED ONLY RETYPE LINE 220 AND"
388 PRINT"RUN' SEE INSTRUCTIONS FOR MORE DETAILS."
390 PRINT"IF YOU ARE FINISHED, TYPE '1' AND THE 'RETURN' 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
333 Jay Street
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The enclosed material is a compilation of computer programs

developed during the period May, 1968 to September, 1970. These

programs were developed by teachers and students in the high schools

which participated with us, and by the Project staff.

All of the enclosed programs have been tested on a Digital

Equipment Corporation TSS-8 time-shared computer during the summer

of 1970. To the best of our ability, we have assured ourselves

that the programs actually run. It should be pointed out, however,

that we were not able to make an exhaustive exploration of the pro-

grams. There may be undiscovered bugs (if there aren't, it may be

the first time in the history of computing). We would appreciate

hearing of any which emerge in the future.

These programs run in the version of BASIC which existed on

the TSS-8 in August, 1970, and should run on most other versions of

BASIC, The major potential problem on other machines is the output

format (DEC uses 14 columns per print zone, while some other manu-

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

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

changes in programs to adjust this format. Another possible

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

to start the random-number generator at a random point. If this

command is not available, some other means should be devised for

randomizing the start.

It is our sincere hope that these programs and their sup-

porting documentation will be helpful to educators who are explor-

ing the uses of computers in education.

We are anxious to hear of any bugs, errors, or improvements

in these programs, and are especially anxious to hear of any novel

ways of using them.

Ludwig Braun

Marian Visich, Jr.
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DISCIPLINE PHYSICS

SUBJECT MAGNETIC FIELDS

PROGRAM NAME B FIE LD

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.

1
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Physics
BFIELD

WOULD YOU LIKE TO TAY TWO DIFFERENT CURRENTS AT THE SAME
TIME (YES=li NO=U)? U
WOULD YOU RATHER THY ANOTHER CURRENT (YES=1; NO =U)? 1

ENTEH YOUR VALUE OF 'CURRENT? 6

THE MAGNITUDE OF THE FIELD DECREASES FROM 9 TO U.
9 IS THE HIGHEST POSSIBLE FIELD STRENGTH, AND U
(WHICH MEANS A 4EAO FIELD) THE LOWEST.

METERS .4.

1.2
1 1

METERS
-.6 6

2222222222222222222222222
22222222222222222222222222222

1 222222222222 222222222222
.9 2222222222 2222222222
5 22222222 3333333333333 22222222
7 .22222222 333333 333333 22222222.

.6 .222222 3333 444444444 3333 222222.

.5 .22222 3333 44 555 44 3333 22222.

.4 .2222 333 44 55 66666 55 44. 333 2222.

.3 .2222 33 44 5 67 888 76 5 44 33 2222.

.2 .222 333 44 56 9 9 65 44 333 222.
. 1 .222 33 4 5 9 9 5 4 33 222.

.222 33 4 56 b d 65 4 33 222.
-1 .222 33 4 5 9 9 5 4 33 222.
-.2 .222 333 44 56 9 9 65 44 333 222*.
-.3 .2222 33 44 5 67 ddd 76 5 44 33 2222.
-.4 .2222 333 44 55 66666 55 44 333 2222.
-.5 .22222 3333 44 555 44 3333 22222.
-.6 .222222 3333 444444444 3333 222222.
-.7 .22222222 333333 333333 22222222.
-.16 22222222 3333333333333 22222222
-.9 2222222222 2222222222

222222222222 222222222222
-1.1 22222222222222222222222222222
-1.2 2222222222222222222222222

.+ +

b Copyright 1971, Polytrchnic Institute of :irooklyn



Physics
BFIELD

WOULD YOU LIKE TO THY TWO DIFFERENT CURRENTS AT THE SAME
TIME (YES=1; NOEU)? 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? 4,13

METERS
-1.2 -.6 U .6 1.2

METERS .+ +.

1.2 11111111111 222222222222222222222
1.1 111111111 22222222222222222222222222.
1 11111111 2222222 222222.
.9 1111111 22222 333333333333 222.

111111 2222 3333333 333333 2.

. 7 11111 222 3333 4444444444 3333

. 6 11111 222 333 4444 555555 444 333

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

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

. 3 111 2 3 45 66 777 8 9 76 5 4

.2 111 2 676 8888 9 876 544

. 1 111 23469 9999 8 65 4
0 1112 3 7 + 8765 4

-.1 111 23469 9999 8 65 4
-.2 111 2 678 8888 9 876'544
-.3 111 2 3 45 66 777 8 9 76 5 4 .

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

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

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=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? 4,4

3



Physics
BFIELD

METERS
-1.2 0 .6 1.2

METERS .4. +.
1.2 . 22222222222222222222222222222222222222222.
1.1 .222222222 222222222.
1 .22222 22222.
.9 .22 3333333333333333333 22.
. 8 33333333333333333333333333333
.7 33333333333333333333333333333333333
.6 33333 3333333 33333
.5 .3333 44444444 33333 44444444 3333.
04 .333 444 555 444 33333 444 555 444 333.
.3 .33 44 5 666 5 4 33333 4 5 666 5 44 33.
. 2 .3 44 56 b b 6543 2 3456 8 b 65 44 3.
. 1 .3 44 5 b b 432 1 234 5 44 3.
O .3 44 567 + 64 101 46 + 765 44 3.

.3 44 5 b b 432 1 234 b 5 44 3.

.3 44 56 8 8 6543 2 3456 S b 65 44 3.
-.3 .33 44 5 666 5 4 33333 4 5 666 5 44 33.
-.4 .333 444 555 444 33333 444 555 444 333.

.3333 44444444 33333 44444444 3333.
33333 3333333 33333

-.7 33333333333333333333333333333333333
33333333333333333333333333333

-.9 .22 3333333333333333333 22.
-1 .22222 22222.
-1.1 .222222222 222222222.
102 .22222222222222222222222222222222222222222.

WANT TO TRY AGAIN (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,-4

4
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Physics
BFIELI)

METERS
-1.2 -.6 0 .6 1.2

METERS .+ +0
1.2 1111111111111111111111111111.1
1.1 11111111111111111111111111111111111
1 111111111111111111111111111111111111111
.9 .111111111111 111111111111.
.8 .11111111 22222222222 11111111.
. 7 .111111 222222222222222222222 111111.
.6 .1111 22222 22222 1111.
.5 .111 222 3333333333333333333 222 111.
.4 .11 222 33 44444444444444444 33 222 11.
.3 .1 222 3 4 55 55555555555 55 4 3 222 1.
. 2 .1 22 3 88 7 66 66 7 b8 3 22 1.
.1 22 3 4 7 . 9 7 666 7 9 7 4 3 22
0, 22 3 6 7 7 6 3 22

22 3 4 7 9 7 666 7 9 7 4 3 22
-.2 .1 22 3 88 7 66 66 7 88 3 22 1.

-.3 .1 222 3 4 55 55555555 55 4 3 222 1.

.11 222 33 444444444444,4444 33 222 11.
-.5 .111 222 333333333333333333 222 111.

.1111 22222 22222 1111.
-.7 .111111 222222222222222222222 111111.

.11111111 22222222222 11111111.
-.9 .111111111111 111111111111.

111111111111111111111111111111111111111
...1e1 11111111111111111111111111111111111
-1.2 11111111111111111111111111111

0+ +.

ANT TO TRY AGAIN CYES=li NO=0)? 0
WELL I GUESS YOU'RE ALL THROUGH. THANKS SEE Y'A

HEADY



Physics
Br II LID

)REM A.C. CAGGIANOI PATCHOGUE H.S.) PHYSICS) 7.."69
2 REM THIS PROGRAM PERMITS A STUDENT TO VISUALIZE THE MAGNETIC
3 REM INDUCTION ABOUT A SINGLE CONDUCTER AND THE INFLUENCE OF-THE
4 REM CURRENT ON THE MAGNITUDE OF THE FIELD. THE STUDENT-MAY ALSO
5 RAM VIEW THE MAGNETIC FIELD DUE TO TWO CURRENTS IN THE
6 REM SAME OR OPPOSITE DIRECTIONS.
7 am
IIREM IT SHOULD BE NO"ED THAT THE PRINTOUT FOR EACH FIELD PLOT TAKES
9 REM-ABOUT 4 MINUTES
10 REM
11 REM REVISED BY L. BRAUN AND C. LOSIK 7 -88 -70
10 REM
13 GO TO 240
20 PRINT"THIS PROGRAM WILL PERMIT YOU TO EXPLORE THE MAGNETIC FIELD"
30 PRINT"ABOUT A CURRENT DIRECTED INTO THE PAGE AS-A FUNCTION or THE"
40 PRINT'CORRENT MAGNITUDE:"
.50 PRINT
60 PRINT'WHAT WILL BE YOUR INITIAL CURRENT (SELECT POSITIVE VALUES"

_

PRINT"BETWEEN 1 AND 8 AMPERES).
80 PRINT'ENTER YOUR VALUE'OF CURRENT")
90 INPUT Ii
95 IF ABS(II)08 THEN 110
100 IF ABSAII).411 THEN 130
110 PRINT"C'MON NOW -- ENTER PROPER VALUES."
120 GOTO
130 Ir 11)0 THEN 180
140 PRINT
150 PRINT "THE MAGNITUDE OF THE FIELD DECREASES FROM 9 TO O. "
155 PRINT "9 IS THE HIGHEST POSSIBLE FIELD STRENGTH, AND 0"
160 PRINT "(WHICH MEANS A ZERO FIELD) THE LOWEST."
170 PRINT
140 GOSUS 440
190 LET EPH+1
200 PRINT'
210 IF-EP2 THEN 240
220 PRINT'SELECT A DIFFERENT CURRENT."
230 GOTO 40
240 PRINT'VOULD YOU LIKE TO TRY TWO DIFFERENT CURRENTS AT THE SAME"
250 PRINT"TIME (YES11 1100)")
260 INPUT-11

_-

270 IF 411 THEN 330
275 IF 0410 THEM 240
200 PRINT'WOULb YOU RATHER TRY ANOTHER CURRENT (YES -1) NO0)")
290 INPUT-P .

300 IF THEN 80
035 IF 11,44 Tum 210
310 PRINT'VELL I GUESS YOU'RE ALL THROUGH. THANKS SEE Y°4"
300 STOP
330 PRINT"THE TWO CURRENTS WILL BE SEPARATED BY 1.0 METER. (NOTES IF'
340 PRINT"TRE CURRENTS ARE TO BE OPPOSITELY DIRECTED, STATE ONE OF TREK"
350 PRINT'AS A NEGATIVE VALUE)."
360 PRINT"ENTER THE TWO CURRENTS')
370 INPUT-11.12
380 PRINT
390 GOSU 440
400 PRINT"MANT TO TRY AGAIN (YES -1) 1102,0)")

-

410 INPUT-P
420 IF P1 THEN 330
423 IF P.O THEN 310
425 so TO 400
440 PRINT
450 PRINT " "," "."METERS"
460 PRINT" ", " -1.2 6 1.8^

a Copyright 1971, Polytechnic Institute of Brooklyn



Physics
[WIELD

470 PRINT " 'NETERS",".+ +."
480 FOR Y.1.2 TO 1.2 STIPC.1)
300 PRINT * "1INTC10*Y4:5)/10."."1
530 FOR Z.:.2 TO 2 3TXPC.1)
540 LET X..6 *Z
545 LET YIYSY
550 IF G4s1 THEN 730
560 IF ASSCY)iP.001 THEN 640
570 IF A2S(Z4.8)*.001 THEN 610
580 IF I1s0 THIS 600
590 PRIM? ""1
595 80" TO 945
600 PRINT "+"1
605 80.TO 945
610 IF AGSCZ.8)30.001 THEN 640
620 IF I2300 THEN 600
630 20 TO 590
635 REM R1 AND R2 ARE SQUIRES 111
640 LET XIX+.5
650 LET X2o.X.5
660 LET R111*X1+Y2
670 LET R2X8 *X2+Y2
650 REM PARALLEL WIRES
690 LET HII1*Y/R1+I2*Y/R2
695 REM 112-IS REALLY MINUS OF WHAT WE HAVE
700 LET H2I1 *X1 /R1+12*X2/B2
710 LET 20ACHI*H1+112*H21
720 GO TO' 760
730 LET RSQRCX*X+Y2)
740 IF ANSCR)4.001 TRIM 580
750 LET SABS(II/R)
760 IF 230.001 THEN-800
770 PRINT "O*1
710 GO-TO 945
800 FOR .1.1 TO 9
810 IF ARSC/32.5*.D.c.75 THEN 840
820 NEXT J
$25 PRINT_" "1
830 GO-TO 945'
840 IF J305 THEN 900
850 IF .143.1 THIN 860
853 PRINT "19
856 610-T0 945-
860 IF J42.2 THEN 870
863 PRINT "2"1
866 00 TO 945'
870 IF J4303 THEN 880
873 PRINT "3"1
876 80-TO 945-
$410 IF jts4 THIN 890
883 PRINT "4"i
$86 110-TO 942-
90 IF J414 THEN 900
693 PRINT "5"1
896 80-TO 945-
900 IF J46 THEN 910
903 PRINT "6"1
906 40-TO 945
910 IF J421.7 THEN 920
913 PRINT "7"i
916 20-TO 94$
920 IF 44.8 THEN 930
923 PRINT "8"1
926 00-TO 945.
930 IF J4309 THEN 825
933 PRINT "9"1
945 NEXT Z-
950 PRINT "."
955 NUT Y.
960 PRINT " " + +."
970 PRINT
980 artuan
990 IND

2 .;



DISCIPLINE PHYSICS
THE BOHR ATOM AND

SUBJECT PHOTON EMISSION

PROGRAM NAME BOHR

DESCRIPTION:

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

OBJECTIVES:

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

PRELIMINARY PREPARATION:

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

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

DISC USSION:

After the student selects the series he wishes to see, it is
displayed and he tries to discover which quantum level junp):, t.:y the
electron are responsible for the first two of three lines in thr .series.
If he is ruccessful three times, a statement as to how the liner. 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. the student is not successful, he gets a further
explanation. After six rials the program ends.

8
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Physics
BOHR

YOU MAY VIEW THE 1. LYMAN 2.BALNER OR 3. PASCHEN
SERIES BY TYPING IN THE NUMBER OF THE SERIES YOU WANT
DISPLAYED. OR TYPE 4 FOR AN ENERGY LEVEL DIAGRAM.

CHOOSE THE NUMBER OF THE PART YOU WOULD LIKE TO SEE.
? 2

7000
6900
6200
6700
6600

A
A
A
A
A

6500 A 6564.706
6400 A
6300 A
6800 A
6100 A
6000 A
5900 A
5100 A
5700 A
5600 A
5500 A
5400 A
5300 A
5800 A
5100 A
5000 A
4900 A
4100 A 4262.745
4700 A
4600 A
4500 A
4400 A
4300 A 4341.737
4100 A
4100 A 4102.941
4000 A
3900 A 39710242
3600 A 3690.196
3700 A
3600 A 3647.059 SERIES LIMIT
3500 A
3400 A
3300 A
3900 A
3100 A
3000 A



Physics
BOHR

ACCORDING TO THE BOHR THEORY EACH OF THESE LINES RESULTS
FROM THE EMISSION OF A PHOTON DURING THE TRANSITION OF THE
ORBITAL ELECTRON OF AN EXCITED HYDROGEN ATOM FROM A HIGHER
E NERGY STATE (ORBIT) TO A LOVER ONE. IN A PARTICULAR SERIES
THE TRANSITION (BUMP) IS ALWAYS INTO THE SAME LOWER LEVEL
(ORBIT) FROM ANY HIGHER ONE.
LET'S SEE IF YOU CAN DETERMINE WHICH TWO ORBITS THE ELECTRON

JUMPED BETWEEN TO GIVE THE LINES THAT HAVE BEEN DISPLAYED.
THE LOWEST ENERGY.LEVIL (GROUND STATE) IS.NUMBERED ONE.

HIGHER ENERGY LEVELS HAVE HIGHER NUMBERS IN SEQUENCE.

FOR EXAMPLES FROM 4 TO 1 ENTER AS 4,11 3.4

HEY!! FROM A HIGHER TO A LOWER ENERGY LEVEL.

FOR EXAMPLES FROM 4 TO I ENTER AS 4.17 3.2

GOOD START. THAT GIVES A WAVELENGTH OF 6564.706
THE NEXT LINE IS FORMED BY WHICH TRANSITION? 42.-,2

BY GEORGE!! I THINK YOU'VE GOT IT!! THE WAVELENGTH IS 4862.745
TRY ONE MORE THE NEXT-ONE. ENTER NOW.? 5.2

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

IF YOU WOULD LIKE TO TRY ANOTHER SERIES TYPE IN THE NUNBER
OF THAT SERIES. IF YOU WANT TO GO ON TO A NEW PART OF
THE PROGRAN'TYPE 4
WHICH?? 4

YOU WILL NOW GET AN ENERGY LEVEL DIAGRAM FOR HYDROGEN.
IT SNOWS THE ENERGY OF THE ELECTRON IN THE VARIOUS ZURGY,
LEVELS DIFFERENCE BETWEEN THE ENERGY or THE ELECTRON
IN A HIGHER LEVEL AND THAT IN A LOVER LEVEL IS THE ENERGY
OF TUB:WITTED PHOTON. E(PHOTON) (NIGHER) - E (LOVER)

10
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CONTINUUM

Nos INFINITY Sol 000000
Nom 6 E. .370001
N. 5 E. .540001
N. 4 L. .850001

NW 3 Es 1.510001

NE 2 Pm 3.400001

Physirc
BOHR

NO 1 E. 13.6

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

FROM LEVEL 2 TO LEVEL 1 THE ENERGY OF THE PHOTON IS?? 10.9

mop. TRY ANOTHER

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

THE ENERGY OF LEVEL 4 IS -.85
THE ENERGY OF LEVEL 2 153444

THEIR DIFFERENCE PHOTON ENERGY 2.55

FROM LEVEL TO LEVEL 2 THE ENERGY OF THE PHOTON IS?? 2.55

G OOD. TRY ANOTHER

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

GOOD. TRY ANOTHER

FROM LEVEL S TO LEVEL 2 THE ENERGY OF THE PHOTON IS?? 2.86

G OOD. TRY ANOTHER

FROM LEVEL S TO LEVEL 2 THE ENERGY OF THE PHOTON IS?? 2.86

MARK YOU. AND GOODBYE.

READY

11
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1 REM JOHN HOSIE NORTHPORT HIGH 7/23/69
90 LET T2
100 REM REVISED BY C.LOSIK 8.411-70
105 REM N IS WHICH PROBLEM. L IS A SERIES WAVELENGTHAA AND 8 ARE
106 REM UPPER AND LOVER LIMITS'OF POSSIBLE SERIES VALUES
120 RANDOMIZE
130 PRINT "YOU MAY VIEW THE 10 LYMAN 2.8ALMER OR 3. PASCHEN"
140 PRINT "SERIES BY TYPING IN THE'NUMBER OF THE SERIES YOU WANT"
150 PRINT "DISPLAYED, OR TYPE 4 FOR AN ENERGY LEVEL DIAGRAM."
160 PRINT
170 PRINT " CHOOSE THE NUMBER OF THE PART YOU WOULD LIKE TO SEE.")
180 PRINT.
190 LET G*1
200 DIM S(10)
210 LET J*0
220 INPUT M
222 FOR 0 *1 TO 4
224 IF MAO THEN 835
226 NEXT
228 PRINT "1, 2, 3. OR 4 ONLY. PLEASEI"
230 GO.TO 220
235 PRINT
240 IF M4 THEN 1200
250 LET NuM*1
260 LET D*12400*Mf2/13.6
270 LET DImINT (.01*D)
280 GO TO 450
290 FOR I -A TO 8 STEP
300 LET t13.6*(1/Mt2-1/111,2)
310 LET L"12400/E.
320 LET PINT (:01*L)
330 IF IDI THEN 430'
340 IF I -P THEN 370
360 PRINT 100*I" A"
360 80-TO 410
370 LET J-J+1
380 LET S(J) -L
390 PRINT 100*I" A "L
400 LET 14011*1
410 NEXT I
420 20 TO 590
430 PRINT 100*I" A "12400*M*M/13.6" SERIES LIMIT"
440 GO TO 410
430 LIT 7 12400*CINt2*Nt2)/(13.6*(N,2-41f2))
460 LET YINT(.01*Y)
470 IF Y415 TWIN SOO
480 IF Y470 THEN 530
490 IF Y4190 TBEN 560
500 LET'A*15
510 LET 8425
580 80 TO 290
530 LET 4 *70
540 LET 8 *30
550 80 TO 290
560 LIT Am190
570 LIT 8078
575 IF 8*1 THEN 480
580 80 TO 290
590 PRINT
600 PRINT " ACCORDING TO THE BOUR THEORY EACH OF THESE LINES RE886i,"

12
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610 PRINT "PROP THE IMISflkOW OF A PHOION DURING THE TRANSITION OF THE"
6i.0 PRINT "ORZI'..:AL ELECT44N OF AN EXCITED HYDROGEN ATOM FROM A HIGHER"
630 PRINT "ENWAGY STATIC !ORBIT) TO A LOWER.ONE. IN A PARTICULAR SERIES"
640 PRINT "THE TRANSITION (JONI)) IS ALWAYS INTO THE SAME LOWER LEVEL"
650 PRINT "(ORBIT) Mott ANY HIGHER ONE."
655 LET GmGel
660 PRINT " LET'S SEE IF YOU CAN DETERMINE WIICH TWO ORBITS THE ELECTRII
670 PRINT "JUMPED BETWEEN TO GIVE THE LINES THAT HAVE BEEN DISPLAYED."
680 PRINT " THE LOWEST ENERGY LEVEL ( GROUND STATE) IS NUMBERED ONE."
690 PRINT "HIGHER ENERGY LEVELS HAVE HIGHER NUMBERS IN SEQUENCE."
100 LET Fml
710 PRINT
720 PRINT
730 PRINT " FOR EXAMPLE! FROM 4 TO 1 ENTER AS 4.1"i
735 LET TT+1
740 INPUT N.M1
750 PRINT
760 IF NmN1 THEN 820
770 IF Fmml THEN 800
780 PRINT "HEY!! FROM A HIGHER TO A LOWER ENERGY LEVEL."
790 GO.TO 710
800 PRINT "OOPS - FROM HIGHER TO LOWER."
810 GO TO 710
820 LET L1 m12400*CM1,210Nt2)/(13.610(Nig-M1,2))
830 IF ABS(1.1S(F))4.005 THEN 890
840 IF Fml THEN 870
850 PRINT "HOPEI! TRY AGAIN."
860 GO TO 710
870 PRINT "SORRY. TRY AGAIN! YOUR FINAL ENERGY LEVEL SHOULD BE "M
880 GO. TO 710
890 IF Fel THEN 930
900 IF Mml THEN 1010
910 IF F-2 THEN 970
920 GO TO 1010
930 PRINT "GOOD START. THAT GIVES A WAVELENGTH OF "L1
940 PRINT "THE NEXT LINE IS FORMED BY WHICH TRANSITION")
950 LET FmF+1
960 GO TO 740
970 PRINT "BY GEORGE!! I THINK YOU'VE GOT IT!! THE WAVELENGTH IS"LI
980 PRINT "TRY ONE MORE - THE NEXT ONE. ENTER NOW.")
990 LET FF+1
1000 80 TO 740
1010 PRINT
1020 PRINT " ANY TRANSITION FROM A HIGHER ENERGY LEVEL INTO THE"
1030 irpeolrum 1080
1040 IF Nm2 THEN 1110
1050 PRINT "THIRD ENERGY LEVEL CAUSES THE EMISSION OF A PHOTON OF THE"
1060 PRINT "PASCHEN SERIES."
1070 GOTO 1120
1080 PRINT "GROUND STATE IS ACCOMPANIED BY THE EMISSION OF A PHOTON OF"
1090 PRINT "LIGHT BELONGING TO THVLYNAN-SERIES."-
1100 00TO 1120'
1110 PRINT "SECOND ENERGY LEVEL YIELDS A PHOTON OF THE BALMER SERIES."
1120 PRINT
1130 PRINT "IF YOU WOULD LIKE TO TRY ANOTHER SERIES TYPE IN THE NUMBER"
1140 PRINT "OF THAT SERIES. IF YOU WANT TO GO ON TO A NEIi PART OF"
1150 PRINT "THE PROGRAM TYPE 4"
1160 PRINT "WHICH?"3
1190 GO-TO 220-
1200 PRINT
1210 PRINT " YOU WILL NOW GET AN ENERGY LEVEL DIAGRAM FOR HYDROGEN."
1290 PRINT "IT SHOWS THE ENERGY OF THE ELECTRON IN THE VARIOUS ENERGY"
1230 PRINT "LEVELS. THE DIFFERENCE BETWEEN THE ENERGY OF THE ELECTRON"
1240 PRINT "IN A HIGHER LEVEL AND THAT IN A LOWER LEVEL IS THE ENERGY"
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1210 PRINT "OF THE EMITTED PHOTON. E(PHOTON) E (HIGHER) E (LOVER)"
1260 PRINT
1270 PRINT " CONTINUUM"
1260 PRINT
1290 PRINT "NIB INFINITY MB 000000"
1300 LET N6
1310 FOR Iml TO 40
1320 LET TINT(40/N,2*.056)
1330 IF IrTHEN 1360
1340 PRIM
1350 80 TO 1380
1360 PRINT "wiesibir E "INT(1360/N/2)/100*.000001
1370 LET NN1
1380 NEXT I
1390 PRINT-
1400 PRINT "FIND THE ENERGIES OF THE PHOTONS GIVEN OFF FOR THE"
1410 PRINT "TRANSITIONS GIVEN BELOW."
1420 LET J0
1430 FOR I.() TO T*Q
1440 LET T314ND(I)
1450 NEXT I
1460 FOR 101 TO 20
1470 LET Y3INT(1*(5*RND(I)))
1460 LET Y4INT(1*(5*RND(I+1)))
1490 IF Y4 >Y3 THEN 1510
1500 BUT I
1510 PRINT
1520 PRINT "FROM LEVEL "Y4" TO LEVEL"Y3" THE ENERGY OF THE PHOTON IS?")
1530 INPUT El
1

1540 LET JJ*1
1550 PRINT
1560 LET E13.6*('(Y4/2)=1/(Y312))
1570 IF ABS(IIE)*.005 THEN-I610
1560 IF J6 THEN-1660
1590 PRINT "8000. TRY ANOTHER"
1600 80.70 1460
1610 PRINT "THE ENERGY OF LEVIL"f4 " IS"13.6/(Y4t2)
1620 PRINT "THE ENERGY OF LEVEL"Y3 " IS"13.61(Y3t2)
1630 PRINT
1640 PRINT "THEIR DIFFERENCE PHOTON ENERGY sE
1650 60.70
1660 PRINT "THANK YOU, AND 600DBYE"
1670 MID
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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 student 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.

To determine the equations governing these relationships,

PRELIMINARY PREPARATION:

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

B. Materials - Table of Specific heats

DISCUSSION:

Calorimetry, in its simplest form, is presented as part of a
class lesson. The concept of heat energy balance is developed by
presenting several examples, with the computer, based on the definition
of the" calorie." Specific heat is introduced by a similar approach
(replacing the water of the initial examples, with alcohol; specific heat of
. 6 call 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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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
MATER IN THE SECOND BEAKER? 40,60

THE FINAL TEMPERATURE OF THE MIXTURE IS 53.33 DEGREES.

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

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

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

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

WANT TO TRY AGAIN (1YES, ONO) $ ? 1

CHOOSE A LIQUID $ 0WATER, 1ALCOHOL. WHICH? 1

YOU HAVE TWO BEAKERS OF ALCOHOL
WHAT IS THE MASS (IN GRAMS) AND THE TEMP (IN DEGREES) OF THE
ALCOHOL IN THE FIRST BEAKER? 100,50

WHAT IS THE MASS (IN GRAMS) AND THE TEMP (IN DEGREES) OF THE
ALCOHOL IN THE SECOND BEAKER? 100,70

THE FINAL. TZMPERATURE OF THE MIXTURE IS 60 DEGRESS.

HOW 21:1;,f WE iWVOLVED IN CHANGING THE TEMP OF
THE VIRZI REAKER FROM 50 TO -60 DEGREES? 1000

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

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

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

.WT TO TRY AGAIN (1 ONO) $

BEADY

15
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1 REM A.C. CAGGIAMOJ PATCHOGUE H.S.; PHYSICS; 2-'69
2 REM THIS PROGRAM INVOLVES CALORIMETRY EXPERIMENTS OR THEIR
3 REM SIMULATION.
5 REM REVISED BY C.LOSIK 8-25-70
6 RIM X TELLS WHICH LIQUID, J TILLS WHICH MAKER,
7 REM M(J) ARE THE MASSES OF LIQUID. T(J) ARE THEIR TEMPERATURES
80 LET K00
90 DIM M(2),T(2)
100 PRINT " ","REAT AND CALORIMETRY"
110 PRINT
112 PRINT
114 PRINT "0000000000"
116 PRINT
120 PRINT"YOU HAVE TWO BEAKERS OF ";
130 GOSUB 590
140 PRINT"."
150 FOR Jot TO 2
160 PRINT"WHAT IS THE MASS (IN GRAMS) AND THE TEMP (IN DEGREES) OF THE"
170 GOSUB S90
180 PRINT"IN THE";
190 GOSUB 540
200 PRINT"RICAMIR"J
810 INPUT M(J),T(J)
220 PRINT
230 NEXT J
240 LET T3 CM(1)*T(1)+MC2)*TC2))/(M(1)+M(2))
245 LET T3oINT(100*T3.5)/100
ISO PRINT"TRE FINAL TEMPERATURE OF THE MIXTURE IS "T3" DEGRNIS."
260 PRINT
270 FOR Jail TO 2
280 PRINT"HOV MANY CALORIES WERE INVOLVED IN CHANGING THE TEMP OF"
290 PRINT"THE "J
300 GOSUB 540
310 PRINT" BEAKER ";
320 PRINT"FROM "T(J)" TO "T3" DEGREES";
330 INPUT-11
335 PRINT
340 LET GoABSCH)
350 LET TABS(T3T(J))
360 IF 043.0 THEN390
370 IF S*N(J)*Tma THEN 400
380 OOTO 430-
390 IF ABSC(GS*N(J)*T)/(1)2,.03 THEN 430
400 PRINT"YOU'RE CLOSE ENOUGH. THE CORRECT ANSWER IS ";
405 5010 440
410 PRINT
420 401.0460
430 PRINT"YOU'RI MORE THAN 3 PERCENT OFF. YOU SHOULD HAVE SAID"
440 PRINT INT(100*SoM(J)*To.5)/100 " CALORIES."'
450 PRINT
460 NUT J
465 PRINT
470 PRINT "WANT TO TRY AGAIN (1 -YES, O-NO)
475 INPUT 0
480 IF 0o0 THEN 660
483 IF Q42,1 THEN 465
485 PRINT "CHOOSE A LIQUID I 0oVATIR, loALCOHOL. WHICH")
490 INPUT K
530 IF 10(X-1)42,0 THEN 485
510 00 TO 110
540 IF J- 8-THEN 570
550 PRINT" FIRST ";
560 GOTO 580
570 PRINT" SECOND ";
500 RETURN
590. IF Mel THEN 630
600 PRINT" WATER "J
610 LIT Sol
600 80T0650
630 PRINT" ALCOHOL ";
640 LET S0.6
650 RETURN
660 END
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DISCIPLINE PHYSICS

SUBJECT RADIOACTIVE DECAY

PROGRAM NAME DE CAYI

DESCRIPTION:

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

OBJECTIVES:

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

PRELIMENARY PREPARATION:

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

B. Materials - none

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 class lesson to introduce
the concept, or to motivate group discussion and participation concerning the
phenomena.

18
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DE CAY1

-- -THE NEW CLEA CASINO - --

MR. A. TOM MICK, GENERAL MANAGER OF THE NEW CLEA CASINO
HAS. AT TIME T -O. DISCOVSRED 100.000 RADIOACTIVE PLAYING
CHIPS AT HIS TABLE. THEIR HALFLIFE IS 10 MINUTES. EACH CHIP
TRANSMUTES SPONTANEOUSLY AND COMPLETELY IN A RANDOM FASHION.

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

TO FURTHER THE INTEREST OF THE GAME, YOU WILL START WITH
S1o000 AND THE HOUSE WITH AN UNSPECIFIED AMOUNT. HALF THE
MONEY YOU HAVE WILL RIDE ON EACH GUESS YOU TAKE. LET'S SEE
IF YOU CAN BREAK THE HOUSE BEFORE THE CHIPS RUN OUT.

THE HOUSE OFFERS THE FOLLOWING ODDS:
2) 2 TO 1 ODDS FOR GUESSING WITHIN 20 PERCENT
4) 4 TO 1 ODDS FOR GUESSING WITHIN 10 PERCENT
8) 8 TO 1 ODDS FOR GUESSING WITHIN 5 PERCENT.

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

YOUR $ HOUSE $ TIME (MIN) ODDS

1000 1.000000E+6 7.2 7 8
HOW MANY CHIPS LEFT .? 60700
ACTUAL NUMBER LEFT IS 60716
YOU WON. TRY AGAIN.

5000 996000 13.9 7 8
HOW MANY CHIPS LEFT .1 38150
ACTUAL NUMBER LEFT IS 38164
YOU WON. TRY AGAIN.

25000 976000 26.9
HOW MANY CHIPS LEFT 7 15500
ACTUAL. NUMARR %RFT IS 15502
YOU WON. TRY AGAIN.

8

125000 876000 30.7 7 8
HOW MANY CHIPS LEFT 7 11900
ACTUAL NUMBER LEFT IS 11913
YOU CAN BREAK THE HOUSE IF YOU TRY A LONG SHOT.

625000 376000 48.4 7 5
HOW MANY CHIPS LEFT .? 3500
ACTUAL NUMBER LEFT IS 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..

PAY TO THE ORDER OF

CHECK NO. 3499

DATE: 19

CASH $ 1.001000E+6

THE NEW CLEA CASINO A. TOM MICK
GENERAL MANAGER

DONT SPEND IT ALL IN ONE PLACE.

READY

19



Physics
DECAY1

100 REM RICHARD F. PAW. PATCHOGUE H.S. (PHYSICS) REVISED NOV. 26.1968
105 PANDOHIZE
110 REM THIS IS A GAME BASED ON RADIOACTIVE DECAY.
120 PRINT ". - - -THE NEW CLEA CASINO..."
130 PRINT
140 PRINT " MR. A. TOM MICK. GENERAL MANAGER OF THE NEW CLEA CASINOV
150 PRINT "HAS. AT TIME T0, DISCOVERED 100.000 RADIOACTIVE PLAYING"
160 PRINT "CHIPS AT HIS TABLE. THEIR HALF -LIFE 15 10 MINUTES. EACH CHIP"
170 PRINT "TRANSMUTES SPONTANEOUSLY AND COMPLETELY IN A RANDOM FASHION."
180 PRINT
190 PRINT " AT VARIOUS TIMES AFTER YOU MUST DETERMINE WITHIN
MO PRINT "A CERTAIN PERCENTAGE. }IOW MANY CHIPS ARE LEFT."
210 PRINT
220 PRINT " TO FURTHER THE INTEREST OF THE GAME. YOU WILL START WITM
230 PRINT "S1.000 AND TeX HOUSE WITH AN UNSPECIFIED AMOUNT; HALF THE"
240 PRINT "MONEY YOU HAVE WILL RIDE ON EACH GUESS YOU TAKE. LET'S SEE"
250 PRINT "IF YOU CAN BREAK THE HOUSE BEFORE THE CHIPS RUN OUT."'
260 PRINT
870 PRINT "THE HOUSE OFFERS THE FOLLOWING ODDSS"
260 PRINT " 2) 2 TO 1 ODDS FOR GUESSING WITHIN 20 PERCENT"
290 PRINT " 4) 4 TO 1 ODDS FOR GUESSING WITHIN 10 PERCENT"
300 PRINT " 8) 8 TO 1 ODDS FOR GUESSING WITHIN 5 PERCENT."
310 PRINT
320 PRINT "ENTER THE NUMBER 2. 4. OR 8 FOR THE ODDS YOU WANT AFTER TI'
330 PRINT "QUESTION MARK IN THE COLUMN LABELLED ODDS."
340 PRINT
350 PRINT "YOUR S". "HOUSE S. "TIME (MIN). "ODDS"
360 LET A0
370 LET B.0
380 LET T0
390 LET Y.1000
400 LET C°
410 PHINT
420 IF AUS(G.D)<1500 THEN 450
430 LET G.5
440 LET D2
450 LET B.B+1
460 FOR ti TO 3 +A +ABS(G -D)
470 LET T3INT(1004,RND(-Y))/10
480 NEXT 1
490 LET TT.,T3
500 LET D.INT(IE5EXP(.00693*T))
510 IF D0 THEN 860
520 PRINT Y.1001000.Y.T.
530 INPUT A
540 IF A.2 THEN 610
550 IF A4 THEN 610
560 IF A.8 THEN 61U
570 PRINT "SORRY PAL. WE DONT OFFER THOSE ODDS."
580 IF C..1 THEN 620
590 LET C1
600 GOTO 520
610 PRINT "HOW MANY CHIPS LEFT "J
C20 INPUT G
630 PRINT "ACTUAL NUMBER LEFT IS "JD
640 IF A -2 THEN 700
650 IF A14 THEN 680
660 LET P.05
670 GOTO 710
680 LET P.I
690 GOTO 710
700 LET P.2

20
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710 LET T2010.013

720 IF ABS(DG)4mPAID THEN 770
730 LET YmINT(Y.Y/2)
740 IF Y4-50 THEN 620
750 PRINT "TOO SAD. YOU LOST. TRY AsAIN...
760 GOTO 400
770 LET YwINT(Y.A*Y/2)
780 IF 1000000Y41 THEN 890
790 IF '0.2E5 THEN 840
800 PRINT "YOU WON. TRY AGAIN."
810 GOTO 400
820 PRINT "IT SEEMS YOU JUST CANT GET THE HANG OF IT. SAVE YOUR BREAD."830 0070 960
840 PRINT "YOU CAN BREAK THE HOUSE IF YOU TRY A LONG SHOT."
650 GOTO 400 -

860 PRINT "0000PS... SORRY PAL. THE LAST CHIP JUST DISINTEGRATED."
870 PRINT "THE HOUSE IS CLOSED."
880 GOTO 960
890 PRINT "YOU BROKE THE HOUSE. YOU NEEDED ONLY "/
695 LET Y=1001000
900 IF B>5 THEN 930
910 PRINT THE MINIMUM NUMBER OF GUESSES."
920 GOTO 940
930 PRINT DI"CUESSES."
940 PRINT "CONGRATULATIONS."
950 PRINT "YOU MUST *IOW A LOT ABOUT RADIOACTIVITY AND THIN-GS."
960 PRINT "THANKS FOR PLAYING.."
970 PRINT
980 PRINT "
990 PRINT
1000 PRINT " CHECK N0."18+D
1010 PRINT
WULF rftiNf DATES "I
1030 PRINT "
1040 PRINT
1050 PRINT
1060 PRINT " PAY TO THE ORDER OF -- ")
1070 PRINT " CASH
1080 PRINT "S"IY
1090 PRINT
1100 PRINT
1110 PRINT "THE NEW CLEA CASINO A. TOM MICK"
1120 PRINT " GENERAL MANAGER"
1130 PRINT
1140 PRINT "
1150 PRINT
1160 PRINT "DONT SPEND IT ALL IN ONE PLACE."
1170END
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DISCIPLINE CHEMISTRY-PHYSICS

SUBJECT NUCLEAR DECAY

PROGRAM NAME DECAY2

DESCRIPTION:

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

time between them.

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

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

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-
life before the use of the program.

B. Materials - none

DISCUSSION:

It is difficult to teach about the exponential (logarithmic) manner
by which radioactive elements decay without meaningful illustrations and
simulatio,ns.
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DISCUSSION: (con' I)

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-
:.ctive sample:

after 1 half-life 50% of the substance remains
after 2 half-life 25% of the substance remains
after 3 half-life 12. 5% of the substance remains
after 10 half-life 0.1% of the substance remains

You may also illustrate nuclear decay by using particles instead
of mass. Use Avogadro' s number of particles with students who feel
comfortable with scientific notation. For the others, you may use a
number up to 1, 000, 000 without having exponential numbers print
out in the table.

The fact that the teletype unit takes about 8 seconds to type out
a line provides you with cute little gimmicks. Set up a run with 8 seconds
(or any multiple of 8) and the print-out of the table will keep time with
the decay of the sample substance.

Please note that the half-life calculations are not accurate for a
small number of particles, thus it is misleading to make runs go to zero
mass or zero particles.

23
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TINE 1,AnTiGLE6 1,A4T. L066 f0fAL eilaf. L066
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4u 3.746210E+2e 3.76e655E+22 5.643679E+2J
50 1.561694E+22 1.551616E+2e 5531531E+eJ

9.405913E+21 9.405026E+21 5.925911E+23
70 4.7u4679E+21 4.704235t:fe1 5.97295jEfe3
ou e.J52450E+21 2.35eeet5E+21 5.996475E+2J
9u 1.176251E+21 1.17617uE+el 5.005237E+23
IUU 6.o51601E+20 5.551126E+20 6.014115E+23

DO zoo '.y -1N1 InE AdOVE DATA GaAr'nED? (1-t1:6, u-N(')? 1

6.0e0uuuE+23

U
1J

u

1

1

1

1 *

Liu 1

5u 1 4,

1*
7u
bU

1'

9U
lOu

*********4

(Ua rAa/JULE6)

141Af 16 x0Ua UnOICE?J

DU TOU WANT 1'0 WOali w11'n PAa1IGLE6 0a MA66?
1,AncI(;LE6 On. e F0a MA66) ? e

WmAr IS TmE nALF-LIFE, INITIAL
ELAJJ6ED TIME Ftin DEGAz, AND TnE
ELAAJ6E0 TIME? 15,100)150,15

(AN6WEa Fu.L

iiAJ, OF .w-11,"-' LE '101AL
!tVLr I W.

HALF-LIFE= 15 1N111AL MASS= 100 TOTAL

MA66 MA66 LO66

ilME= 1.50 - 1

...(166 L066

U 100 U U

15 50.00e36 49.99/64 49.99764
30 25.00236 25 74.99764
45 12:'0177 12.50059 07.491526

60 6.25115 6.25059 93.74obe
75 3.125737 3.1e5443 96.57426
90 1.56e942 1.562795 95.43706
105 .7515051 .7514344 99.21549
120 .3907725 3907356 99.60923
135 .1953955 .195377 99.5046
150 0977u234 .09769313 99.90289
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J
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IUU
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lvU r.. VU,.r.o.+ v. Asi.ljnia011u riz ././44/6"0

:.t.%)1v-e;b Dt u.Lo..LA 0-14-,0
1Iu 0.ti.GoLAIIJN ur n4Le-Lirn 1....%;Loulo&

I ANL)

'i.. ji e:eAN1 1.1:J1.1,JGLIUNv (1=it.; U=ivU) : ";

1'24 1NeJ1 A
126 IF .v..; 1tii Juu
I2o IF 4.,<>1 IneN
130 " e"ut-:1.1e. ILL uu F.ULLJwiNu:"
140 r.i .j " 1 - UALUuL.Ainu nALr-L1FE iAA):. 1-J
1)...) 1- : I .v " JN N
latiriaN" OnOlCv. d - LiLUULtI,.j L..ujn Or "Autu.ULIJe u.w.e1,e"
17Je..1.:1" ILL Aile- u0v.E (:1.) -t..JUNt Or fie.r."

WU 411 " A et:1N1-, it1DLe :JA..4,1AC Jr

UL). £ I e. %.: NU. UF v5.
euJ UreluN:IL) NUIE: rADLE Luu"
41u PAINI" NJ5I !Nevi 101/iL LIME IINU INCEmEAL."
22JeAINI" EeLE: IF rOiAL flme=luJ 11Ne"
2.30 INGikiLENf=lu, In. LINE 1c4 trie 1:4oLe wieL"
GL10 4 I dE lu,2u,JJ 1Ju."
25J PAINr" GiAJIGE 4 END Ut. eAUOnAm"

iU
enu

e-1N1- milk.: IN ANz UNE e:WeLEN,TIME
4oU enIN1" ALWAY5 dE INeuitAi to, Int. t;tO'it.

PAIL" OF MEA501.E (1E: sEC5.,m1Nu.,eiC.)"
3Ju PAINT
Jlu
38u el:INT
33u er11:41' lu Uj. nJIGE";
34u 1NrOr
J5ueAlNi
J60 IF A=1 InEN 410
J70 IF ineN 49u
JOU IF A=J InF:N 57u
390 IF A<>4
4UJ SfOe
410e111N1" WnAf Is InE INIIIAL AEADING UN tne GelGeit CUJNf,"
42J eitINr" rnE AEADING, AND rhE 1IME bErV)EEN AEADING5."
4..10 INe.)1
43J IF A>0 InEN 440
435 enINT "INITIAL AEAUING Is ALwAx6 LE55 TnAN
4J7 GO ru 43u
44U L. 1)=(.69J14.j)/LOG(A/D)
450 :-.11N1
460 PAINT "INITIAL AEADING="A;"5EGUND AlING="o;"11ME="C
47U PAINT "nALF-LIFE="D
41:10 GO TO 3U0
49U erLINT "Wrimi IS rhE hALF-LIFe, INIf1AL MA55 OF .t-It0-Le., AND"
50U eAINT "fOlAL TIME OF DECAY";
510 INeUr E,F,G
52U LFT n=F*EAe(-.6931*G/F)
53u ;AUNT
54UeAINT"AALF-LIFE="E;"INIIIFAL MA56="F;"f0TAL T1ME="G
550 PAINT "MASS OF SAMPLE AEMAIN1NG="n
560 GO TO 300
570 PAINT "DO YOU waNr TO WOLIA WI 11-i PAI:fluLE Ort MA567 CAN6WEA 1 FOA"
5oU r'i(INT" PA:ail:LES OA 2 FOA 1'A66) ";
59U INeUT J
60U ehINI
61U IF o=1 ThEN 76U
615 IF ..J<>2 ThEN 57u
620 PAINT" WHAT IS ThE HALF-LIFE, INIFIAL MASS OF SAMPLE,TOIAL"
630 rAINT"ELArSED rime: FOrt DECAY, AND ThE INUAEMENT OF "
64U eitINT"ELArSEU cImE";
65u INrUf E,F,K,M
66ULET W=0
670 LET ut=0
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6ou LEI
pAINi
IF OUJ
ehlNi"nALr-L1FE="m;"INI1IAL

bvti

"NU
71u
72u P1i1.,,t

730 PAINt
740 PAIN1 "----",
7SU GU CU o5u
760 PAINC" WnAt Inc: 1-1LF-LIFE, INI11rtL NJXJEn Ur riiitilt;Lg.:J IN tttt."

PAINI" tut:t1., ELArsEb unUml, ANu inE "
7ou PAIN I" EL,t4Jr.o tlo,n";
7vuG0 fU 650
7v5 PhIN1
ouu enl.,t"rlitLr-LIF-.="n;"1NI11AL NO. Ur' r.-14:11ULEs="F
olu PAINt"tUt:iL
o2U P.LIN1
odu PAINT" " r-thfIGLEs", LUS:J", "fuTAL ?HAI. LUs"
b4U eniNi" ",

o5J
oho FOIL G = u CO A N
o'iu LET n=F+EAp(-.6voi4G/E)
coo LEC W=HoJ(it-L)
CJJ Le.r u=u,*w
:t.10 IF F 1.1E0 in ,4

:10 IF J.1 vita

.Jeu PAINt
JJU GO 1U `J 5o

v.4u phINf INI(G+.5),1:,C(n+.5).1.4f(W+.5),INf(4-.5)
5ki LEI ..=n
960
J7J ettINC
JCU e:tliql
J'JU

luau p.1.1044" DU l'OO inh AiJOVE DATA OAAPnED? (1-iEs. U-NO)";
Vio 1.,L'Uf
lu'eu iF h=u fnEN JI/U
1U'2.3 IF ,t<>1 fhEN luuu
luJu PAINT
1040 pAINT
1050 P.1INT.
Lu6u PAINTTAB(JU);"mAsS (OA eAriricLE6) AEMAINING"
1070 PhINT
WOO PAINT " ","0";TA6(62);F
110UPAINT"TIME","1 1 1 1 1 .. 1"

1120 FOA G = U TO A STEP M
1130 LET ri=F$EAP(-.0931*G/E)
1140 LET H1=INT(H/F.50+.5)
1150 IF H1<=50 THEN 1170
1160 LET H1 -50
1170 PRINT j,"I";1'AI3(n1+14.5);"*"
1250 NEAT G
1260 GO 10 3Uu
1200 END

vnysicS
DECAY

,is.,="F;"tuC.tL fli-..E="ti;"iNUILEmENt="m

LuJ", "10C"L LU.J"
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DISCIPLINE PHYSICS

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 each 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 he seen to approach a limiting value w: ch
is then printed 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 st,)clent discover how the field strength depends upon the distance
from a point to a line of and to a plane of charge.

PRELIMINARY PREPARATION:

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

B. Materials - none

DID:: USSION:

The operator chooses a distance (y) away from a fixed charge (Q2) at which
he wishes to know the field strength. Ire also chooses the number of charges (N),
their spacing (C), that he wishes to add to each side of the fixed charge to generate
a line of charge. Afte-.' seen generated, the operator enters the number
of such lines (M) that .1 w to use in building up the plane of charge.

Actual values of force are not given, .;sly relative varies. ,Khen the fixed
charge (Q2) is at a distance Y= 1 from the f.._;t charge (Q1), the force is 1 unit. The
force may he calculated in Newtons if ail distances are in meters, and the program
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is__slightly_changed so that Q1 and Q2 are in coulombs. If both of these
charges were to be taken as single elementa-ry charges, tlen the following changes
should be made:

280 LET Qi = 1. 6*E-19
290 LET Q2 = 1. 6*E-19
300 LET K = 9*E9

If the spacing (C) is taken as .1 and the number of charges (N) as
1000, then three runs through the program using the distance between the
test charge and the fixed charge (y) as i , Z, and 4 should be sufficient for the
relationships to be determined. A casual inspection of the exact values of the
field strength for these three distances should yield the following conclusions:

1. The field strength varies inversely with the square of the distance
away from a single poi nt charge.

Z. 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 Z and 3 above, that the spacing between charges
must be small as compared to th.? 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 to this program is discov red when distances from
test charge to plane is decreased to . 0L, . 0001, and .00001. Here it can be
seen that the field no longer is constant, but changes as an inverse square law
for a single charge because the test charge begins to "see" the fixed charge
instead of the whole plane. The "EXACT VALUE...," is calculated for
charges smeared over the whole plane and not in discrete point charges as we
have here; hence, the disagreement with actual field values.

This program may be run by an individual student after proper
introductory explanation concerning vector additirn of electric fields,
contributions of the charges bei.ig added in the lin or lines to the pla.;e. It
may also be used as a class demonstration and d;scussion. When used with a
whole class it is best to have a televisior, camera and monitor a., ailable for
immediate displa.76Tprint out. A summary table constructer' 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 IS PLACED SOME DISTANCE, Y, AWAY FROM ANOTHER CHARGE;
A LINE OF CHARGE; AND A PLANE OF CHARGE.
YOU MUST ENTER THE DISTANCE AWAY, Y; THE SPACING DESIRED
BETWEEN CHARGES, Co AND ALSO BETWEEN LINES OF CHARGE THAT
MAKE UP THE PLANE OF CHARGE.
YOU MUST ALSO CHOOSE THE NUMBER OF CHARGES (N) IN THE LINE OF
CHARGE THAT YOU WOULD LIKE TO USE (500 IS A GOOD VALUE IF
YOU USE A SPACING OF .1 FOH C.
JUST SO lhri CALCULATIONS DON'T GO TOO FAR I'VE INCLUDED
A STOP Tilig:T DEPENDS UPON THE ANGLE FROM TEST CHARGE TO THE
LAST CHARGE TO BE CALCULATED. IF THE ANGLE IS LESS
THAN 2 DEGREES, CALCULATIONS WILL CEASE.

INPUT Y,C,N? 1...1,1000

NO. OF CHGS.
ON EACH SIDE FORCE

0 1

1 2.97
2 4.86
3 6.61
4 8.21
5 9.65
6 10.91
7 12.01
8 12.96
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
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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

0 20
1 59.58
2 98.02
3 134.69
4 169.16
5 201.14

230.53
257.36

8 281.73
9 303.82
10 323.81
20 446.55
30 501.31
40 531.18
50 549.8
60 562.47
70 571.62
80 578.54
90 583.96
100 588.3
200 608.03
267 614.05
EXCESSIVE comPurEkt TIME WOULD BE REQUIRED TO CALCULATE
THE FORCE FOR ADDITIONAL LINES OF CHARGE.

THE EXACT VALUE FOR AN INFINITE PLANE OF CHARGE IS 628.318

DO YOU VJANT ANOTHER RUN (1=YES, 0=NO) ? U

READY

z.
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100 REM JOEN HOSIE - NORTHPORT HIGH -- 3/14/69
105 REM REVISED BY C.LOSIK 8-25-70
106 REM SEE BELOW FOR IMPORTANT VARIABLES
107 REM 'F' TYPE VARIABLES ARE FORCES
110 REM I'VE CHOSEN THE ELECTROSTATIC CONSTANT TO BE ONE AND
120 REM ALL CHARGES TO BE ONE SO THAT THE FORCE CALCULATED
130 REM IS JUST A RELATIVE FORCE. IF YOU WOULD LIKE YOU MAY CHANGE
140 REM THINGS WHEN YOU RUN IT TO GET EXACT FORCES IN NEWTONS AND
150 REM USE CHARGES IN MICROCOULOMBS OR WHAT EVER ELSE YOU WISH.
160 PRINT "THIS PROGRAM WILL CALCULATE THE FORCE ON A TEST CHARGE"
170 PRINT "THAT IS 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, Co AND ALSO BETWEEN LINES OF CHARGE THAT"
210 PRINT "MAKE UP THE PLANE OF CHARGE."
220 PRINT "YOU MUST ALSO CHOOSE THE NUMBER OF CHARGES (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 .81 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 Q1=1
290 LET Q2=1
295 REM K IS THE ELECTROSTATIC CONSTANT
300 LET K =t
305 REM A IS THE CUTOFF ANGLE. THIS MAY BE CHANGED TO YOUR REFERENCE
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")
350 LET F1=0
353 INPUT Y,C,N
356 IF C<=0 THEN 365
358 IF Y<=0 THEN 365
360 IF N>=0 THEN 370
365 PRINT "ONE OF YOUR VALUES IS UNREASONABLE."
367 30 TO 330
370 PRINT
380 PRINT
390 PRINT "NO. OF CHGS."
401 PRINT "ON EACH SIDE","FORCE"
410 PRINT " OS

420 FOR I=0 TO N
430 LET X=I*C
440 LET R=SQR(X*X+Y*Y)
450 LET F=K*Q1*Q2/(R*R)
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460 IF 142,0 THEN 490
470 LET FlF
480 GO TO 510
490 LET Fla/1+2*F*(Y/R)
510 IF I<.10 THEN 580
520 IF Ilm1000*INT(I/1000) THEN 580
530 IF I>1C10 THEN 600
540 IF Ilm1UU*INT(1/100) THEN 580
550 IF 1 >100 THEN 600
560 IF I10*INT (I/10) THEN 580
570 GO TO 600
580 PRINT I,INT(100*F1 -4..;:)/100
590 IF Nim0 THEN 330
600 IF Y/R4S THEN 612
610 NEXT I
611 GO TO 620
612 PRINT I,INT(100 *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 IS";
640 PRINT 2*(Kca1 /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 ROWS YOU WANT ON EACH SIDE"
700 INPUT M
702 IF M>0 THEN 710
704 PRINT "NO NEGATIVE VALUES, PLEASE."
706 GO TO 690
710 PRINT
720 PRINT
730 PRINT "NO. OF LINES"
740 PRINT "ON EACH SIDE","FORCE"
750 PRINT " u,
760 FOR P0 TO M
770 LET ZiBP*C
780 LET R1- SQR(Z *Z +Y *Y)
790 IF P4>0 THEN 850
830 LET F32*(K*Q1/C)/Y
840 GO TO 870
850 LET F3m1F3+2*F1*(Y,2)/(R1t2)
870 IF P=1000*INT(P/1000) THEN 930
880 IF P>1000 THEN 940
890 IF P100*INT(P/100) THEN 930
900 IF P >100 THEN 940
910 IF P10*INT(P/10) THEN 930
920 IF 13).10 THEN 940
930 PRINT P,INT(100*F3+.5) /100
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940 IF Y/R14S THEN 952
950 NEXT P
951 GO TO 960
952 PRINT P,INTC100*F3+.5)/100
953 PRINT "EXCESSIVE COMPUTER TIME WOULD BE REQUIRED TO CALCULATE"
954 PRINT "THE FORCE FOR ADDITIONAL LINES OF CHARGE."
960 PHI NT
965 PRINT
970 PRINT "THE EXACT VALUE FOR AN INFINITE PLANE OF CHARGE IS";

' PRINT 2*3.14159*(K*611)/(C*C)

PRINT
PRINT "DO YOU WANT ANOTHER HUN (1=2YES, 01440) i ";

. INPUT C
Lo,i!) IF G>0 THEN 330
1050 END
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DISCIPLINE PHYSICS

SUBJECT KINEMATICS REVIEW

PROGRAM NAME KINERV

D ESCRIPT ION:

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.

OBJECTrVES:

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

DISCUSSION:

The student is presented with various problems concerning the motion of
the ball. In each case, the initial velocity Vo of the ball is given. There are five
basic questions asked:

1. Determine maximum height reached;
2. Find the height after t seconds;
3. Find the velocity when the ball is at height h;
4. Determine the time of flight; and
5. Find the velocity after t seconds.

The quantities Vo, h, and t are randomly determined for each question
asked and the correct answers are given following the student response.

The program is designed to serve 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 (see listing).

2(;-
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- -- REVIEW OF KINEMATICS---

A BALL IS THROWN STRAIGRT Ur Af VARIOUS VELOCITIEs.
AIR FRICTION IS NEGLIGIBLE. THE UPWARD DIRECTION IS TAKEN
AS POSITIVE, AND ThE DOWNWARD DIRECTION AS NEGATIVE.

THE LOCAL'ACCELERATION DUE CO GRAVITY IS -1U METER, /SECOND/SEC.

ALL VALUES ARE IN M.K.S METRIC UNITS

FOR VARIOUS ThROWING SPEEDS, YOU MuSr ANSWER CERTAIN
QUESTIONS ABOUT CrIE BALL IN FLIGAI.

1 THE UPWARD THROWING SPEED IS 25 METERS/SECOND.
WhAT IS IRE VELOCITY WnEN IT REACHES A HEIGRT OF lb.45
METERS ABOVE THE GROUND ? 16
YOU'RE CORRECT WITHIN 5 PERCENT. THE COtutECI ANsWER IS 16

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

3 THE UPWARD TRROWING SPEED IS 35 METERS/SECOND.
ROW HIGh ABOVE THE GROUND WILL ThE BALL GO? 7U
YOU'RE OFF MORE THAN 5 PERCENT. THE CORRECT ANSWER IS 61.25

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

5 THE UPWARD THROWING SPEED IS 21 METERS/SECOND.
WHAT IS THE VELOCITY WHEN IT REACHES A hEIGH1 OF 10.35
METERS ABOVE THE GROUND ? 12
YOU'RE OFF MOHE THAN 5 PERCENT. THE CORRECT ANSWER IS 15.29706

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

WANT TO TRY ANOTHER 5 PROBLEMS (1=YES, U=NO) s ? U

BEADY
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100 REM RICHARD F. PAVJ PATCHOGUE HeS.J 124691 PHYSICS
110REM THIS PROGRAM IS DESIGNED TO SERVE AS A REVIEW TEST IN KINEMATICS.
120 REM REVISED BY C.LOSIK 82570
130 REM V IS VERTICAL VELOCITY, ALL ELSE IS °A° (FOR COMPARISONS)_
140 REM WE GENERATE A V RANDOMLY AND RANDOMLY PICK A QUESTION
145 RANDOMIZE
150 LET P.O
155 LET R0
160 PRINT" " -- REVIEW OF XINEMATICS"
170 PAINT . .

MO PRINT" A BALL IS THROWN STRAIGHT UP AT VARIOUS VELOCITIES."190 PRINT"AIR FRICTION IS NEGLIGIBLE. THE UPWARD DIRECTION IS TAKEN"SOO PRINT"AS POSITIVE. AND THE DOWNWARD DIRECTION AS NEGATIVE."210 PRIM. . .

820 PRINT"TRZ LOCAL ACCELERATION DUE TO IMAM. IS METERS/SECOND/SteMO PRINT
NAG PlilIWALL VALUES AXE IN METRIC UNITS.ISO PRINT
260 PRINT" FOR VARIOUS =ROWING srams. TON NOS* AMBERS CERTAIN"270 PRINT"QUESTIONS ABOUT THE BALL IN FLIGHT."280PRINT
290 PRINT
300 LET URND(X)
330 IF 20THEN 350
340 IF 2/5INT(2/5) THEN 770
350LET V54INT(35.0)
360LETZ1 *INT(409994U)
370 IFCZPIINCV.4114.0 THEN 300
'380 LETPmZ-
390 LET
400 LET RV
410 PRINT
420 PRINT 2". THE UPWARD THROWING SPEED IS "V" METERS/SECOND."430 IF21 THEN 540
440 IF 22 THEN 590
450 IF Z3 THEN 630
460 IF Cm4 THEN 500
470 LET An.05,14PPV
480 PRINT "HOW HIGH ABOVE THE GROUND WILL THE BALL (Iva490 00T0670
500 LET Al/IS
Si° PKINT"HOW LONG WILL IT TAKE THE BALL TO RETURN TO THE GROUND"J520 00T0670
540 LET T1.0 INT(2*VSU)/10
SSOLET AmV*TS*TiPT
560 PRINT"HOW HIGH ABOVE THE GROUND WILL THE BALL BE AFTER "JT
570 PRINT"SECONDS OF FLIGHT"J
580 G0T0670
590 LET Tl*INT(211,V*U) /10
600 LET A-V...10*7
610 PRINT"WHAT IS THE VELOCITY AFTER "T" SECONDS OF FLIGHT"J620 GO-TO 670
630 LET S.5*/NT(V4IVSU)/10
640 LET ASORIVIIV20415/..
650 PRINT"WHAT IS THE VELOCITY WHEN IT REACHES A HEIGHT OF "15
660 PRINT"METERS ABOVE THE GROUND "J.
670 INPUT a
680 PHINT"YOU'RE"J
690 IF ABS((G...A)/A)...05 THEN 730
730 LET CC**
710 PRINT " CORRECT WITHIN "3
720 80T0740 -

730 PRINT" OFF MORE THAN "J
740 PRINT "5 PERCENT. THE CORRECT ANSWER IS "A" ."
750PRINT
11.0801'0300
710 MIT
TOO PRINTOUT OF "GI" QUESTIONS. YOU GOT "C" AlinTos
ISO 1,041s..7 TMEN810
800 PRINT"DONT YOU KNOW ANYTHINd ABOUT THROWING THINGS UP777"$10 PAINT
SOO PRINT "WANT 70 TRY ANOTHER S PROBLEMS (171CS. 00410) 1 "J
830 INPUT N
835 LET U/IND(X)
840 IF NO THEN350
450 IF N43.0 THEN 110
860 END
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DESCRIPTION:

DISCIPLINE PHYSICS

SUBJECT LENSES

PROGRAM NAME

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.
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THIS PROGRAM MAY BE USED TO SOLVE LENS PROBLEMS.

IN THE ORDER GIVEN ENTER THE VALUES FOR THE FOLLOWING:

FOCAL LENGTH, OBJECT DISTANCE, IMAGE DISTANCE, OBJECT

SIZE, IMAGE SIZE. INPUT U CLERO) FOR UNKNOWN VALUES.

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

MORE PROBLEMS TO DO, Ott U TO END THE PROGRAM.

* ** READY ? 1

WHAT ARE YOUR VALUES FOR F, P, U, 0, I? 1,2,3,4,5

YOUR U IS NOT CORRECT FOR THE F AND P YOU HAVE ENTERED
NOTE CHANGED U. THE PERCENT ERROR ON YOUR ( IS:
5U PERCENT.

YOUR I IS NOT CORRECT FOR THE 0 YOU HAVE ENTERED
NOTE CHANGED I. THE PERCENT EHROh ON YOUR I IS:
25 PERCENT.

F= 1

*** HEADY ? 1

P= 2 61= 2 0= 4 I= 4

WHAT ARE YOUR VALUES FOR F, P, Us 0, I? 1,2,2.04,4,3.9

YOUR Q IS CORRECT TO WITHIN 2 %
NOTE CORRECTED U.
YOUR I IS CORRECT TO WITHIN 4.411765
NOTE CORRECTED I.

Fa 1

READY ? 1

P= 2 U= 2.04 0= 4 I= 4.08

WHAT ARE YOUR VALUES FOR F, P, 121, 0, I? 0,5,b,4,4
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YOUR I IS NOT CORRECT FOR THE 0 YOU HAVE ENTERED
NOTE CHANGED I. THE PERCENT ERAOR ON YOUR I IS:
37.5 PERCENT.

F= 3.076923. Put 5 U= b

*** READY ? 1

0= 4 I= 6.4

WHAT AHE YOUR VALUES FOR F, PS US 0, I? 46,53,0,34,32

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

Fs 46 k's 53

*** HEADY ? 1

U= 348.2857 0= 34 I= 223.4286

WHAT ARE YOUR VALUES FOR F, PS U, 0, I? 4857,2,6,0,0

YOUR U IS NOT CORRECT FOR THE F AND I" YOU NAVE ENTERED
NOTE CHANGED U. THE PERCENT ERROR ON YOUR U IS:
399.13765 PERCENT.

F= 4857 P= 2 U=-2.000824

41



1UU REM JOHN W.
1U1 KEM REVISED
110 PRINT "THIS
1201-'1-LINT

13UeHINT"IN THE
14UPRINT
15UPRINT"FOCAL
16UPHINT
17UPRINT"SIZE, IMAGE .I.E. INPUT U (ZERO) FOR UNKNOWN VALUES."
IdOPRINT
jd2 PRINT "EVERY TIME THE COMPUTER ASKS 'BEADY?', ENTER 1 IF YOU RAVE"
.183 PAINT
1d4 PRINT "MORE PROBLEMS TO DO, OA 0 TO END THE PROGRAM."
1d6 PAINT
1dd PAINT
19U PRINT "*** READY
191 INPUT F
192 IF F=U THEN 7b0
193 IF F<>1 THEN lbd
195PAINT
196 PAINT "WHAT ARE YOUR VALUES FOR F, P, 61, OA I";
WO INPUT FJPAUOOJI
210 LET P=ARS(P)
22U LET 0=ABS (0)
230 PRINT
24U IF F=0 THEN 39U
25U IF P<>F ThEN 2d0
26U PRINT "THE IMAGE 16 AT INFINITY"
270 GO TO 186
280 IF P =U THEN 360
290 LET ZmP*F/(P-F)
300 IF (11=0 THEN 34U
310 IF Z=Q ThEN 420
312 IF ABS(Q-Z)<0.05*Z THEN 344
320 PRINT "YOUR Q IS NOT CORRECT FOR THE F AND P YOU HAVE ENTERED"
330 PRINT "NOTE CHANGED Q. THE PERCENT ERROR ON YOUR Q IS:"
335 PRINT 190*ABS(Z-4)/ABS(Z)i " PERCENT."
340. LET (11=Z
342 GO TO 42U
344 PHINT"YOUR Q IS CORRECT TO WITHIN";100*ARS(Q-Z)/ABS(h)"%"
346 PRINT"NOTE CORRECTED Q."
350 GOTO 420
360 IF 41=0 THEN 560
370 LET P=61*F/(61-F)
380 GO TO 42U
390 IF P=0 THEN 550
400 IF Q=0 THEN 490
410 LET F=Q*P/(11 .1.14)
420 IF 0=0 THEN 730
430 IF 1=0 THEN 470

Physics
LENSES

HOSIE NORTHPORT HIGH - PHYSICS
1116-.7U, L.BAAUN
PROGRAM MAY BE USED TO SOLVE LENS PROBLEMS."

ORDER GIVEN ENTER THE VALUES FOR THE FOLLOWING:"

LENGTH, OBJECT DISTANCE, IMAGE DISTANCE, OBJECT"

It;
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435 LET Z9=0*61/,"
440 IF I=Z9 THEN 66U
445 IF ABSCI-Z9)<0.05*4:9 THEN 474
450 PRINT "YOUR I IS NOT CORRECT FOh THE 0 YOU HAVE ENTErtED"
46U PRINT "NOTE CHANGED I. ThE PERCENT EAROA ON YOUR I IS:"
465 PRINT 100*ABSCI-Z9)/ABSCZ9); " PERCENT."
47U LET J=Z9
472 GO TO 660
474 PRINT"YOUR I IS CORRECT TO WITHIN";luU*ABSCI-49)/ABS(49)"2"
476 PRINT"NOTE CORAECTED I."
47b LET I=Z9
480 GO TO 66U
490 IF 0<>0 THEN 520
56'0 PRINT "IF F)61) AND 0 Oh I = 0; CANNOT CALCULATE - TAY AGAIN."
510 GO TO 1b6
520 IF I=0 ThEN 5UU
530 LET u=P*I/0
540 GO TO 65U
550 IF Q<>0 THEN 590
560 PRINT "THE FOCAL LENGTH CANNOT BE CALCULATED IF 60Th OBJECT"
57U PRINT "AND IMAGE DISTANCES AhE ZEhe."
5160 GO TO 1b6
59U IF 0=0 ThEN 610
600 IF I<>0 THEN 640
610 PRINT "MUST KNOW BOTh OBJECT AND IMAGE SIZE TO FIND FOCAL"
620 PRINT "LENGTH AND OBJECT DISTANCE."
630 GO TO 186
640 LET P=U*0/I
65U LET F=ta*P/CP+Ll)
660 PRINT
665 PRINT "F="F, "P="P, "u="Q, "0 ="0, "I="I
670 PRINT
680 PRINT
690 GO TO 186
700 PRINT "INFORMATION ABOUT EITHEA FOCAL LENGTh OR BOTH OBJECT"
710 PRINT "AND IMAGE SIZE NEEDED FOR COMPLETE SOLUTION."
720 GO TO 1b6
730 IF I=0 THEN 760
740 LET 0=I*P/61
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, arid 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
partic es, and the law of conservation of mass and energy.

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

DISCUSSION:

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

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

WHICH OF THE ELEMENTS WOULD YOU LIKE TO CONSIDER?
REMEMBER WE. ARE DEALING WITH A SINGLE ATOM, THEHEFOhE
IN ADDITION :0 THE ATOMIC NUMBER WE ARE GOING TO NEED THE
ACTUAL MASS (IN AMU) AND THE MASS NUMBER OF THE ISOTOPE
YOU WANT TO WORK WITH.

WHEN THE MAChINE TYPES A QUESTION MARK (?) TYPE IN
YOUR ANSWER THEN HIT AETUAN KEY. USE NUMBERS OF UP TO
SIX SIGNIFICANT FIGURES. HOUND IF NECESSARY TO 6 DIGITS.
IN THE VALUES FOh MASS DEFECT.

ThE ATOMIC NUMBEA IS ? b
rnE ACTUAL MASS IS ? 15.9949
THE MASS NUMBEA IS ? 16

ThE SUM OF ThE MASS OF THE b PAOTON6 AND THE b NEUTRONS
PLUS THE WEIGHT OF THE d ELECTRONS IS ThE CALCULATED
MASS.

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

THE MASS DEFECT IN TEAMS OF ENERGY IS THE EQUIVALENT OF
2936 X 1029 CAL. PEA MOLE OF THIS SUBSTANCE,
Oh 1b4 h 1029 CAL. PEA GRAM.

IF WE DIVIDE THIS BINDING ENERGY BY rnE NUMBER OF
PARTICLES IN ThE NUCLEUS, WE GET AHATIO KNOWN AS THE
BINDING ENERGY rEn NUCLEON, WHICH IS A MEASURE OF THE
STABILITY OF THE NUCLEUS. ThE MORE 'BINDING'
PER NUCLEON, THE MOLE STABLE IS THE NUCLEUS.
THE BINDING ENERGY PEA NUCLEON IS s 1.276744E-5 ERGS. PER NUCLEON, OR
3.047121E-13 CAL. PEA NUC.,
WHICH IS MORE COMMONLY EXPRESSED AS tiU0 MEV.

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

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

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

HEADY
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100 HEM JOhN MAACHISOTTO NIB SUMMEA 69 dASIC
105 HEM AEVISED BY C.L061K I-22-7U
106 AEM AT NO=A, MASS=B, MASS NO=C
1U7 HEM MASS DEFECT IS F
13U PAINT" MIS NAOGAAM IS DESIGNED TO INVESTIGATE MASS DEFECT"
14U PAINf
150 PUINT" WniOn OF THE ELEMENTS WOULD YOU LIKE TO CONSIDER? "
16U PAINT" AEMEMEA WE ARE DEALING WITn A SINGLE AT9M, TnEAEFOAE"
17U NAINT" IN ADDITION TO THE ATOMIC NUMBEA WE ARE 10ING TO NEED TnE"
1d0 PAINT" ACTUAL MASS (IN AMU) AND TnE MA66 NUMBEA OF THE ISOTONE"
19U PAINT" YOU WANT 10 WOAK WITn."
2UU PAINT
21U PAINT " WnEN TnE MACn1NE TYNES A QUESTION MARK (?) TYNE IN"
220 PAINT " YOUtt ANsWEA TnEN nIT AETUAN KEY. USE NUMdEAs OF UN TO"
230 PAINT " sIA SIGNIFICANT FIGURES. HOUND IF NECESSAAY TU 6 DIGITS."
237 PAINT "IN TnE VALUES FOA MASS DEFECT."
23t5 NAINT
240 PAINT
25U PAINT " THE ATOMIC NUMdEA 16 ";
26U INPUT A
27U "'AIN'T " ThE ACTUAL MASS IS ";
2OU INIJUT C
29U PAINT " TnE MASS NUM6Est iS ";
300 1NPuT 8
310 NAINT
32U AEM G 1. AVUGADAO'S NUMBEA
330 LET G=6.U23E23
340 LET D = B - A
35U LEI E.(1.u072b*A)+(1.0ub67*D)+(5.46597E-4*A)
360 LET F=INT(1E4*(E-c)+.5)/1E4
370 PAINT " THE SUM OF ThE MASS OF TnE"A"PAOTONS AND TnE"D"NEUFAONS"
3dU NAINT " PLUS ThE WEIGhT OF'THE"A"ELECTAONS IS THE CALCULATED"
39U NAINT " MASS."
4OU PAINT
410 PAINT" CALCULATED MASS - ACTUAL MASS = MASS DEFECT"
420 PAINT" "E," - "C;" = "F
430 NAINT
44U REM CONVEASION FACTORS:
45U HEM 1.49 A 1U-3 ERGS A4Ert AMU
460 AEM 4.19 . 10 7 EAGS NEA CAL.
47U HEM 36 A 10 13 EHGS NEA KW-n
475 HEM 931.0 MEV NEA AMU
4110 LET h=(1.49E-3*F*G)/4.19E7
490 PAINT " THE MASS DEFECT IN TEAMS OF ENERGY IS fhE EQUIVALENT OF"
5J0 NAINT INTCH/1E9+.5)"A 1019 CAL. NE:: MOLE OF THIS SUBSTANCE,"
510 PAINT "OA"INT((h/C)/1E9+.5)"X 1019 CAL. NEA GAAm."
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511 ?AI NT
512 PhINT " IF WE olVluE fn1S dINDING ENEnGY BY ThE NUM8EA OF"
513 enINT " PAhfICLES IN fnE NUCLEUS, WE GEL' A hAff0 KNOWN AS fnE"
514 ?hINT " BINDING ENERGY PEh NUCLEON, WhlUn IS A MEASURE OF fnE"
515 ?ItINT " SfAdILITI OF TnE NUCLEUS. ThE MUaE 'BINDING "'
516 enINT " ?Ea NUCLEON, TnE MUn STABLE IS rdE NUCLEUS."
517 ?AINT " ThE 3INDING ENEnGY PER NUCLEON IS :";
51b ertINc 1.49E-4*F/6"EnGs. ?Ea NUCLEON, On";
519 ehINf 1.49E-J*F/(d*4.19E7)"CAL. ?En NUC.,"
520PAIN1 " WnICh IS MUitE COMMONLY EAldnEssED As"100*INT(941*F/3 +.5)"mE0."
522 LET v = ((h/C)*4.19E7/4.6E14)/15
625 PAIN/
540 PAINT " fnE. AMOUNT OF ENEAGY (BINDING ENEnGY) CONTAINED IN ONE"
540 Ph1NT " GaAM OF This SUBSTANCE WOULD dm SUFFICIENT TO SUPPLY ALL"
550 PhINT " ThE ELECfaICAL NEEDS IN AN AVEnAGm ONE FAMILY n0USE UsING"
560 ?nINT " 15 KW-An.i. PEn DAY FUn A ?EnIOD OF"INf(o+.5)"DAY5 On"
565 ehlw INN(J/365)+.5)"(EArt6."
57U PAINT
5b0 PAINT " IF LOU WOULD LIXE 1'0 AUN ANOTnEh PhOBLEM IY?E IN 1,"
590 Phial " IF NOT TYPE IN U."
600 1NeUr m
610 PRINT
620 PAINT " ","***************"
640 IF M=1 TnEN 240
64U IF M<>0 InEN 5bU
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 motion produced. To successfully
complete the program, the student must complete a specified displacement
within ten attempts.

OBJECTIVES:

To aid in the development of skills in applying the equations of motion.

PRELIMINARY PREPARATION:

A. Student - An awareness of Newton' s 2nd law is required. In addition, some
Ti7iirririty of force components (resolution of vectors) is necessary.

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

DISCUSSION:

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

small groups, but the program may be used with a class as a lead-in"
demonstration of forces and vectors. The presentation is also helpful in
describing two dimensional motion under the influence of a constant external
force.

When executed by small groups of average students, it has been noted that
programs of this type stimulate discussions and involvement for those
participating.

B. Suggested Follow-up
The student is confronted with a situation which requires that he

overcome a given force (the wind), in moving a boat across a channel 10 Km.
wide. The magnitude of the force produced by the wind on the boat varies with
each " run" , but the direction of the vector is always southwest, i. e 45 deg.
vith r e spect t o the direction EAST. The student may vary his paddling
force (1 imit ed to val ues 1 ess than 200 Newtons), and direction at interval s
during his displ acement. After each choice of variables, he is given his
position, as well as the resulting speed and direction of the boat. A
certificate i s presented f or successful completi on of the task.
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HINTS GRAPH PAPER IS HELPFUL IN RUNNING THIS PROGRAM.

I" NA SPEED....

YOU'RE TRYING TO ESCAPE FROM DEVIL'S ISLAND OM A SMALL BOAT.
DEVIL'S ISLAND IS LOCATED AT COORDINATES (000).'
TO SUCCEED. YOU'MUST REACH A CHANNEL 50 METERS VIDE AND
10000 METERS DUE RASTA AT ABOUT (10000.0).

IN ADDITION. YOU MUST GET THERE IN FIVE MINUTES OR LESS OR
SUFFER- RECAPTURE (HERAHZHAMIH)

VMAT DO YOU WEIGH CIE POUNDS)? 170

YOUR SITUATION IS AS FOLLOVSS

THE WIND IS BLOWING FROM THE NORTHEAST (45 DEGREES) EXERTING
A FORCE OP 100 NEWTONS ON YOUR BOAT. YOU MAY PADDLE WITH

--ANY-FORCE-IN-THE-EASTWARD-DIRECTION-CLERO-DZOREES-IS-EAST4-
TO ACCELERATE YOUR BOAT ACROSS THE BAY AND THUS
REACH THE OPPOSITE SHORE (AND FREEDOM).
(NOTES THE MASS OP THE BOAT WITH YOU ABOARD 15 177 KILOGRAMS).

WITH WHAT FORCE (IN NEWTONS) AND DIRECTION (IN DEGREES) WILL
YOU PADDLE? 199.95
To .5 Xs, 276 Ye 39 V(X) 18 V(Y) 2

VINT TO CHANGE FORCE OR DIRECTION (lYES, 0 M0) $ 1

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

VINT TO CHANGE FORCE OR DIRECTION (lYES. 0110) ? 1

WITH MAT FORCE (IN NEWTONS) AND DIRECTION (IN DEGREES) WILL
YOU PADDLE? 1994'20
Tie 1.5 X 2593 To. 199 V(X) 57 V(Y) 3

VINT TO CHANGE FORCE OR DIRECTION (lUS. ON0) 1 0

To 2 X 4520 Y-969 V(X)11 76 V(Y) 2

MINT TO CHANGE FORCE OR DIRECTION (lYES. 0100) ? 0

TU 2.5 X 7103 Ye 321 VW,: 96 V(Y) I

111,4.4 TO CHANGE FORCE OR DIRECTION (M. 0110) ? 1

WITH WHAT FORCE (IN NEWTONS) AND DIRECTION (IN DEGREES) WILL
YOU PADDLE? 150.10
To 3 Eel 10173 Ye 248 V(X) 109
YOU NAVE REACHED THE OPPOSITE SHORE.
B UT ARE wartarms-orr COURSE.
ALL THAT WORK FOR MOTHING1
YOU'RE-LOST IN THE SHARPS FOREVER/ GOODBYE.

2EE IF YOU CAN IMPROVE YOUR ABILITY LATER.

MILADY



100REM A.G. CAGGIANOJ PATCHOGUE H.S.; DEC.4.66
105 REM REVISED BY C.LOSIK 8 -18 -70
106 REM X AND Y COORDINATES AR2 USED WITH 1 TYPE VARIABLES IN
107 REM X DIRECTION AND 2 TYPE VARIABLES IN THE Y DIRECTION
108 REM IT IS BEST TO CHECK THE EQUATIONS BELOW
110REM THIS IS A PHYSICS'PROGRAM WHICH ATTEMPTS TO DEVELOP A
120REN 'FEEL° FO THE FoNA RELATIONSHIP
130 PRINT"HINTt GRAPH PAPER IS HELPFUL IN RUNNING THIS PROGRAM."
140LETX00
150 LET Y1E0
160LETV10
170LETV20
160 PRINT
190LETQE0
200PRINT" "," "3"F" MA SPEED/4...14
210PRINT" "," "3"
020PRINT
230PRINT"YOU'RE TRYING TO ESCAPE FROM DEVIL'S ISLAND ON A SMALL BOAT."
235 PAINT "DEVIL'S ISLAND IS LOCATED AT COORDINATES (0,0)."
240PRINT"TO SUCCEED; YOU MOST REACH A CHANNEL 50 METERS VIDE AND"
250PRINT"10000 METERS DUE EAST. AT ABOUT_ (.40000.,G)."
260PRIiiT
270PRINT"IN ADDITION. YOU MUST GET THERE IN FIVE MINUTES OR LESS OR"
260PRINT"SUFFER RECAPTURE (HEH.ligHsHEH)"
290PRINT
300PRINTNWHAT DO YOU WEIGH (IN POUNDS)";
310INPUTV
320 RANDOMIZE
360LETP1sIRMD(X)*8
360LET 1:2041INT(P1+465)
390 LET MalINT(W/2.2.100.5)
400 LET T1160
410 LET T.30
420PRINT
430PRINT"YOUR SITUATION IS AS FOLLOWSt"
4A0PRINT
4SOPRINT "THE WIND IS BLOWING FROM THE NORTHEAST (45 DEGREES) EXERTING"
460PRINT"A FORCE OF"P"NEWTONS ON YOUR BOAT. YOU MAY PADDLE WITH"
470 PRINT "AMY FORCE IN THE EASTWARD DIRECTION (ZERO DEGREES'IS EAST)"
475 PRINT "TO ACCELERATE YOUR BOAT ACROSS THE BAY AND THUS"
477 PRINT "REACH THE OPPOSITE SHORE (AND FREEDOM)."
440PRINT"(NOTEt THE MASS OP THE BOAT VITH YOU ABOARD IS"M"EILOGRANS)."
420PRINT
500PRINT"WITH WHAT FORCE (IN NEWTONS) AND DIRECTION (IN DEGREES) WILL"
510PRINT"YOU PADDLE";
520 INPUT FaA
530 IF ABS(F100),(100 THEN 610
540LETQ-24.1
560 IF 41302 THEN 970
560IFG.ITMEN590
570PRINTTOU MUST THINE YOU'RE SUPERMAN. BE PRACTICAL."
51000T0490
590PRINT"IF YOU'RE THAT STRONG, JUMP THE CHANNEL - - -"
60060T0490
610 IF ABS(A)490 THEN 640
INDOPAIND*YOU'RE HEADING THE WRONG WAY. TRY AGAIN."
6306070490
640 LET A0m.017541A
660 LET Alls(P*C061(4106717*P)/M
660 LET ARm(F4ISIN(A0).717*P)/M
670 LET XIDAIOT41/2V11.4.X
660 LET TA241T4IT'24112T*Y
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ISS LET 112:211:/:111
710 LET T141'0.5
720 PRINT "Ts"T1."Xs"INTCX+.5)."YomINTCY.0.5)."1/CX)41"INTCV1.0.5).
721 PRINT "WCY)IsmINTCW2.0.5)
722 IF Xs0 THEN 730
724 PRINT "NO HELP THAT WAY. YOU'RE GOING BACKWARDS."
726 GO TO 490
730 IF Xs10000 THEN 800
735 IF T1s5 THEN 900
740 PRINT
750 PRINT "WANT TO CHANGE FORCE OR DIRECTION C1YES, ONO) I "I
760. INPUT R
770 IF R1 THEN 490
780 IF R0 THEN 650
790 GO TO 750
-800PRINT-"YOU HAVE REACHED THE OPPOSITE SHORE,"
810 IF ABSCY)4200 THEN 830
820 PRINT "BUT ARE"INTCY+.5)"NETERS OFF COURSE."
825 PRINT "ALL THAT WORK FOR NOTHING!"
826 PRINT "YOU'RE IN THE SWAMPS FOREVER.) GOODBYE."
827 GO TO 950
630 IF ABSCY)4100 Th4:4 850
840 PRINT "AND YOU NIGHT MAKE IT. THOUGH YOU ARE OFF COURSE."
843 GO TO 950
850 IF ABSCY)425 THEN 870
860 PRINT "BUT YOU'RE CLOSE ENOUGH TO GET AWAY. GOOD LUCKS"
863 GO TO 950
870 PRINT "AND HAVE REACHED THE CHANNEL."
880 PRINT "HOW SWEET SUCCESS IS III"
890 GO.TO 950
900 PRINT "YOUR TINE IS UP."
910 IF.X4410000 THEN 800
920 PRINT "YOU HAVE NOT REACHED THE CHANNEL. AND ARE ONLY"
930 PRINT INTCSGRCX*X+Y*Y)*.5)"NETERS FROM WHERE YOU STARTED."
940 PRINT "YOU MUST SUFFER RECAPTURE."
945 PRINT "SORRY, CHUM, BUT THAT'S PHYSICS."
950 PRINT
960 PRINT "SEE IF YOU CAN IMPROVE YOUR ABILITY LATER."
970 END
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DESCRIPTION:

DISCIPLINE PHYSICS

SUBJECT PHOTOELECTRIC EFFECT
0

PROGRAM NAME PHOTEL

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 wavelengtiV for photo-electronic emission.

PRELIMINARY PREPARATION:

A. Student
1. Prior discussion or the phenomenon as an introduction to modern physics
2. Students must be previously aware of such properties of light as wave-

length and intensity.

B. Materials - none

DISCUSSION:

The student is permitted to select any one of five metals, which is sub-
sequently subjected to ultraviolet radiation. The electrons are " counted" by an
ammeter incorporated in the simulated experimental set-up.

The data collected is tabulated for three trials, indicating the current
measured for various wavelengths. The data will indicate that:

1. The photoelectric emission is a function of wavelength;
2. For light of wavelength less than the critical value, the number of electrons

emitted is dependent upon the incident light intensity: and
3. For wavelengths greater than the critical value, light intensity has no

effect on the emission of electrons.

The program is designed for individual qualitative investigation of the
phenomena, but may also be utilized by small groups.

It should be noted that this program is advantageous where limited or
non-existent lab equipment hinders actual experimentation.
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THE PHOTOELECTRIC EFFECT

WHEN LIGHT OF SHOAT WAVELENGTH FALLS ON A METAL SURFACE,
ELECTRONS ARE EJECTED FROM THE METAL. ACCORDING TO THE
DESCRIPTION OF THIS PHENOMENON BY EINSTEIN, THERE 15 A
MAXIMUM WAVELENGTH FOR EACH METAL ABOVE WHICH NO ELECTRONS
ARE EMITTED. IN THIS EXPERIMENT WE WILL DETERMINE THE
CRITICAL WAVELENGTH AT WHICH THIS OCCURS.

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

SELECT ONE OF THE METALS LISTED BY TYPING ITS NUMBER.

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

? 3

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

2380 20.7 20.3 20.1
2500 20.6 20.3 2U.4
2631 20.5 20.1 20.8
2777 20.8 20.6 2U.2
2941 20.1 20.8 20.15
3125 20.2 20 2U.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?
(I-YES. 0 -NO) s ? 1

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

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

2380 140 140 140
2500 140.1 140.1 140.1
2631 140 140 140.1
2777 140 140.1 140.1
2941 140.1 140 140.1
3125 140.1 140 140
3333 4.5 4.9 3.3
3571 1.4 1.7 2
3846 4 0 3.7
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DO YOU WISH TO INCREASE ThE LIGHT INTENSITY?
(1-YES, UnNO) i ? U

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

SELECT ONE OF THE METALS LISTED bY TYPING ITS NUMBER.

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

? 2

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

2360 10.6 10.7 . 11.1
25UU 10.4 11 10.5
2631 11 11 11.4
2777 11.4 10.6 10
2941 11.1 11.6 10.9
3125 3.3 4.8 1.7
3333 4.2 3.6 2
3571 3.9 4 4.2
3846 1 1.7 3.3

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

DO YOU WISH TO TRY ANOTHER METAL (11nYES, O=NO) s ? 0

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

THANK YOU.

HEADY
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100 HEM A.G. CAGGIANO;PATCHOGUE H.S. PHYSICS; 7-16-68
105 HEM REVISED BY C.LOSIK 6-21-70
106 HEM A IS WHICH METAL, L IS THE PRINTED WAVELENGTH,
107 HEM N ARE THE CURRENTS, K IS INTENSITY, F IS INCREASING INTENSITY.
110 PAINT " ","THE PHOTOELECTRIC EFFECT"
120PRINT
130PRINT
140PRINT"WHEN LIGHT OF SHOli WAVELENGTH FALLS ON A METAL SURFACE,"
150PHINT"ELECTRONS ARE EJECTED FROM THE METAL. ACCORDING TO THE"
160PAINT"DESCRIPTION OF THIS PHENOMENON BY EINSTEIN, THERE IS A"
170PRINT"MAXIMUM WAVELENGTH FOIi SACh METAL ABOVE WHICH NO ELECTRONS"
180 PHINT"AHE EMITTED. IN THIS EXPERIMENT WE WILL DETERMINE THE"
190PRINT"CRITICAL WAVELENGTH AT WWII Ch THIS OCCUHS."
200PAINT
210P-HINT"THE-METAL-SELEGTED WILL BE-PLACED-1N-A-VACUUM-WHERE IT"
220PRINT"WILL BE BOMBARDED BY SOFT A-HAYS. THE NUMBER OF ELECTRONS"
230PRINT"EJECTED WILL BE COLLECTED AND COUNTED WITH AN AMMETER."
24OPRINT "(NOTE :THE CURRENT IS RELATED TO THE NUMBER OF ELECTRONS"
25UPRINT"EMITTED aY THE METAL)."
260PAINT
27UPRINT"SELECT ONE OF THE METALS LISTED BY TYPING ITS NUMBER."
280PRINT
290PHINT" ","1) SILVER'
300PAINT" ","2) BISMUTH"
31UPRINT" ","3) CADMIUM"
320PRINT" ","4) LEAD"
330PHINT" ","5) PLATINUM"
340PAINT
345 RANDOMIZE
350INPUT A
360 IF A>1 THEN 380
370 LET VO=.308
380 IF A<>2 THEN 400
390 LET VO=.338
400 IF A<>3 THEN 420
410 LET VU=.318
420'IF A<>4 THEN 440
430LET VO=.340
440 IF A<5 THEN 460
450 LET VU=.385
460 LET KwINT(14.22NRND(X))
470 PRINT
480 PRINT" ", "MEASURED CUHRENT (MICROAMPERES)"
490PRINT "WAVELENGTH","TRIAL 1"0"THIAL 2","THIAL 3"
500 FOR L -.420 TO .250 STEP -.02
510 LET MINT(1000/L)
520 PRINT Ms
530 FOR J1 TO 3
540 IF L> VO THEN 570
550 LET I=SWRCINT(25*AND(X)))
560 GO TO 580
570 LET IntSQR(K*K*100+1NT(35*RND(X)))
580 LET N2BINT(IO*I+.5)/I0
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 PRINT "(1=YES, 0=NO) i ";
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)."
WO INPUT F
705 IF ABS(F5.5)>4.5 THEN 690
710LETK=K*F
720 GO TO 470
730 PRINT
740PRINT"DO YOU WISH TO TRY ANOTHER METAL (1=YES, U=NO) i ";
750 INPUT H
760 IF H=1 THEN 270
765 IF H<>0 THEN 740
770 PRINT
7SOPRINT "NOW BY PLOTTING THE WAVELENGTH VS. THE MEASURED CURRENT,"
790PRINT"(AVERAGE OF THREE TRIALS)* THE PHOTOELECTRIC EFFECT AS"
800PHINT"DESCRIBED BY EINSTEIN WILL BECOME APPARENT."
810PRINT
820PHINT"THANK YOU."
830 END
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DISCIPLINE PHYSICS

SUBJECT ENERGY LEVELS

PROGRAM NAME PHOTON

DESCRIPTION:

The student fires 15 shots, from a photon gun, at a mythical
gaseous element with 4 randomly-selected energy levels. After each
shot,the computer prints out the energies of photons, if any, emitted
_by the gas. The, student is to construct an energy level diagram for
the element from a knowledge of the energies of the photons emitted.

OBJECTIVES:

To promote a better understanding of how energy levels are
determined from a knowledge of the emissions of excited atoms.

PRELIMINARY PREPARATION:

A. Student - It is desirable that he have run BOHR, but it is not a
necessity.

B. Materials - none

DISCUSSION:

The computer randomly selects 4 energy levels for the element.
The energies range between 1x10-19 and 1:4x10-1`i joules

The energies of the students' 15 shots are picked at randoin,
but cover the range from 1 to 15. Whenever one of the photons shot by
the student is capable of exciting the atom all of the possible photon
emissions from that excited state are printed.

By examining the photons emitted as a result of the 15 shots the
student can construct an energy-level diagram of the element and account
for each photon.
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IMAGINE THAT YOU HAVE A PHOTON GUN THAT FIRES PHOTONS WITH
RANDOMLY SELECTED ENERGIES.

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

TO FIRE A BURST OF SINGLE ENERGY PHOTONS INTO THE GAS TYPE 1
TO CEASE FIRING PHOTONS TYPE 0
YOU HAVE

FIRE!!? 1

15 SHOTS TO DETERMINE THE ENERGY LEVELS.

SHOT NUMBER ENERGY OF EMITTED PHOTONS (E -19

1 0
FIRE!!? 1

2 0
FIRE117 1

3 0
FIRES!? 1

4 0
FIRE!!? 1

5 14 7 5 3 11 4 2 9
FIRE!!? 1

6 5 3 2 9
FIRE!!? 1

7 3 9
FIRE!!? 1

8 0
FIRE!!? 1

9 0
FIRE!!? 1

10 0
FIRE!!? 1

11 0
FIRE!!? 1

12 7 5 3 4 2
FIRE11? 1

13 0
FIRE11? 1

14 0
FIRE!!? 1

15 0

FIND THE ENERGY LEVELS OF OUR ELEMENT NYSTERIUN
AND ACCOUNT FOR EACH OF THE EMITTED PHOTONS EY.DRAVING
AN ENERGY LEVEL DIAGRAM AND SHOVING VRICH TRANSITIONS
GIVE RISE TO THE PHOTONS.

BEADY
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110 REM JOHN V. HOSIE 4. NORTHPORT HIGH PHYSICS 8/1/69
113 REM REVISED BY L.BRAUN 20..'70

115 REM R(I) ARE THE ENERGY LEVELS
120 RANDOMIZE
125 DIM R(25),H(15).E(6)
130 FOR Js0 TO 6
140 LET E(J)=0
150 NEXT j
170 PRINT"IMAGINE THAT YOU HAVE A PHOTON GUN THAT FIRES PHOTONS WITH"
180 PRINT"RANDOMLY SELECTED ENERGIES."
190 PRINT
200 PRINT"YOU WANT TO FIND SOME OF THE ENERGY LEVELS OF A GAS THAT"
210 PRINT"YOU HAVE ISOLATED FROM A SAMPLE OF MOON ROCK. YOU WILL"
220 PRINT"DO IT BY mama PHOTONS INTO THE GAS AND MEASURING THE"
230 PRINT"ENERGIES OP PHOTONS EMITTED BY THE GAS. THE GAS WILL EMIT"
240 PRINT"ONLY IF THE PHOTON YOU FIRED IS CAPABLE OF'EXCITIN8 ITS"
250 PRINT"ATOMS.TO HIGHER ENERGY STATES."
260 PRINT
270 PRINT

__350...REM_..THIS GENERATES A RANDOM NO. IN RANGE 0 15
310 LET HaINT(15*RND(X)+.5)
310 FOR 102 TO 5
330 IF MiE(I) THEN 310
340 NEXT I
350 FOR J2 TO 5
360 IF E(J)do0 THEN 390
370 .NEXT J
380.80 TO 410
390 LET E(J)( _

450 GO TO 310
410 FOR J.1 TO 4
420 FOR I0J+1 TO 5
430 IF E(J)4E(I) THEN 470
440 LET Est(J)
450 LET E(J)44(I)
460 LET ECl/w1C
470 NEXT I
480 NEXT j
490 PRINT"TO FIRE A BURST OF SINGLE ENERGY PHOTONS INTO THE GAS TYPE 1"
500 PRINT"TO CEASE FIRING PHOTONS TYPE 0"
510 PRINT"YOU HAVE 15 SHOTS TO DETERMINE THE ENERGY LEVELS."
530 PRINT
540 PRINT " "."SHOT NUMBER"."ENERGY OF EMITTED PHOTONS (E -19 JOULES)"
550 PRINT
560 IF-Dal15 THEN 950
570 PRINT "FIRE!! ")
580 INPUT F
583 IF F"0 THEN 950
584 IF F43,1 THEN 570
300 LET DeD.1
600 LET 11180
680 LET PoINT(15*RND(X)..5)
630 FOR Is1 TO 15
640 IF PH(I) THEN 620
650 NEXT I
660 LET X(D)=P
670 FOR IslTO 5.
680 IF PaE(I) THEN 720
600 NEXT I
700 PRINT " ".D."0"
710 GO TO 560
ISO FOR 11.1 TO I

3 i 0
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730 FOR 41 TO I
740 LET 11.401
750 LET RCN)E(I+1J)-E(H)
760 NUT J
770 NEXT x
760 PRINT" "A).
790 FOR 1.1 TO 25
800 IF R(I)31.0 THEN 830
810 LET RCI).20
gip GO TO 870
830 FOR J1 TO 2SI
840 IF RCI)4.11;14.J) THEM 860
850 LET R(I4.4)00
860 MET J
870 HUT I
880 FOR 111 TO 85
190 IF RCN's° THEN 920
900 PRINT RcN)J.
440-0tict
930 PRINT" "
940 80 TO 560
950 PRINT
960 PRINT
970 PRINT"FIND THE ENERGY LEVELS OF OUR ELEMENT MYSTERIUM"
980 PRINT"AND ACCOUNT FOR EACH OF THE EMITTED PHOTONS 8Y-DRAVING"
990 PRINT"AN ENERGY LEVEL DIAGRAM AND SHOVING WHICH TRANSITIONS"
1000 PRINT"GIVE RISE TO THE-PHOTONS."
1010 END

:1
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DISCIPLINE PHYSIC S

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 necessity.
B. Materials - Graph paper

DISCUSSION:

The student may choose one of the five metals in the program, the
intensity of the x-rays used, and the number of different x-ray frequencies
he would like to use. The computer then randomly chooses an x-ray
frequency, and prints it for the student to see. The student enters voltages
to be used as retarding potentials in the simulated tube and the computer
prints a current for each potential entered until the current is zero when
the cut-off potential is reached. A new frequency x-ray is then used and the
student again tries to find the correct potential for cut-off.

Finally, a table of frequencies and cut-off potentials are printed
and an assignment given (plot a graph and answer questions).

The student may then run the program again with a different in-
tensity and the same metal, or he may change the metal and intensity.
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IN THIS EXPERIMENT YOU WILL BE GIVEN THE FREQUENCY OF THE
X-RAYS BEING USED AND YOU ARE TO DETERMINE THE VOLTAGE SET-
TING (RETARDING POTENTIAL) NECESSARY TO CAUSE THE COLLECTOR
CURRENT TO DECREASE TO ZERO.

FIRST CHOOSE THE METAL YOU WISH TO USE FOR YOUR PHOTO-
SENSITIVE SURFACE.

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

WHICH METAL DO YOU CHOOSE?

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

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

THE X -RAY FREQUENCY IS 14.59 E15

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

Vs?

Vs?

24

20
In0

In 9.780632 E-6
Vs 23

In 2.232173 E6
Vs? 23.5

In .9982259 E-6
Vs? 23.6

In .747686 E -6

Vs ? 23.8
CUT OFF In°

THE X -RAY FREQUENCY IS 18.24 E15

FIND THE CUT OFF (STOPPING) VOLTAGE.

Val 24
In 23.08785 E -6

V0? 28
In 16.97117 E6

OD? 35
In 6.16513 E6

Vis? 40
In°

Val 38
In 1.580219 E6

VAD? 39.5
In°

VID? 39
CUT OFF In0

THE X -RAY FREQUENCY IS 9.06 E15

FIND THE CUT OFF (STOPPING) VOLTAGE.

Vs? 10

v.? S

Vs? 1

1.0

Im0

CUT OFF In0
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THE X -RAY FREQUENCY IS 13.2 £15

FIND THE CUT OFF (STOPPING) VOLTAGE.

V? 20
100

V7 17
I. 3.755741 E -6

V.? 19
1.0

V.7 18
I. .4778505 E -6

V.? 18.5
1.0

V.? 18.2
CUT OFF 100

THE X -RAY FREQUENCY IS 12.44 E15

FIND THE CUT OFF (STOPPING) VOLTAGE.

V? 15
CUT OFF 11.0

THE X -RAY FREQUENCY IS 9.43 EIS

FIND THE CUT OFF (STOPPING) VOLTAGE.

V.? 10
1.0

V.? S
1.0

V.? 2
I. 12.50934 E -6

V.? 3
1.0

V.? 2.7
1.0

VIE? 2.5
CUT OFF 1.0

THE X -RAY FREQUENCY IS 8.65 E15

FIND THE CUT OFF (STOPPING) VOLTAGE.

V.? 1
1.0

V.? .4
1.0

V.7 2
THIS FREQUENCY IS TOO LOW TO CAUSE PHOTOELECTRIC EMISSION
I'LL GIVE YOU ANEW FREQUENCY.

THE X -RAY FREQUENCY IS 10.55 £15

FIND THE CUT OFT (STOPPING) VOLTAGE.

V.7 10
1.0

1.%7

11,0

V.? 5
1. 18.15371 1.4

V.? 6
I. 9.785334 X.6

V.? 7
I. 1.385315 E -6

V? 7.5
100

V.7 7.3
1.0

V.? 7.2
CUT OFF 1.0
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X RAY CUT OFF
FREQUENCY VOLTAGE
815 FPS VOLTS

14.59 23.0
15.24 39
9.06 1

13.2 18.2
12.44 15
9.43 8.5
10.55 7.2

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

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

WHAT IS THE LOWEST FREQUENCY THAT WILL CAUSE EMISSION OF
PHOTOELECTRONS FROM THIS METAL?

REMEMBER THAT THE RETARDING POTENTIAL APPLIED BETWEEN THE
E MITTER AND THE COLLECTOR AT CUT OFF. EXPRESSED IN ELECTRON
VOLTS, IS EQUAL TO THE KINETIC ENERGY OF THE FASTEST
E LECTRONS ESCAPING FROM THE EMITTER. FIND'THISLOPE OF THE
GRAPH BUT EXPRESS THE STOPPING. POTENTIAL IN :JOULES.

PLAT IS THE VALUE OF THE SLOPE OF THE 7.11APH AND MAT SPECIAL
N MI IS GIVIN'TO THIS CONSTANT?

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

YOU MAY ALSO WISH TO TRY A DIFFERENT METAL AND EXPLAIN
ME MEANING OF ITS GRAPH WHEN COMPARED TO YOUR OTHERONES.
OA COMPARED WITH THOSE OF ANOTHER STUDENT.

DO YOU WISH TO TRY A DIFFERENT INTENSITY OR A
DIFFERENT METAL (lYESi OaNO) (..? 0

READY
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100 REM JOHN V. ROSIE NORTHPORT HIGH 7/29/69
105 REM REVISEDBY-00LOSIX 8 -21 -70
106 REM N IS WHICH blETALiC IS X-RAY INTENSITY K IS NO. OP FREQS
107 REM F(S) ARE THE FREQS..USED V(S) ARE THE CU? OFF POINTS
110 LET P.O
120 PRINT
130 PRINT " IN THIS EXPERIMENT YOU WILL BE GIVEN THE FREQUENCY OF THE"
140PRINT "X-RAYS BEING USED AND YOU ARE TO DETERMINE THE VOLTAGE SET -"
150 PRINT "TING (RETARDING POTENTIAL) NECESSARY TO CAUSE THE COLLECTOR"
160 PRINT "CURRENT TO DECREASE TO-ZERO."'
170 PRINT
180 PRINT " FIRST CHOOSE THE METAL YOU VISH TO USE FOR YOUR PHOTO -"
190 PRINT "SENSITIVE SURFACE."
200 PRINT
210 PRINT " 1 SILVER 2 BISMUTH 3 CADMIUM 4 LEAD* 5 PLATINUM"
220 PRINT

-

230 LET H,40
240 PRINT "WHICH METAL DO YOU CHOOSE")
250 INPUT M
260 IF M>E1 THEN 280
270 00 TO 430
280 IF N>1 THEN 310
290 LET F01004
300 GO TO 450
310 IF M302 THEN 340
320 LET ro.aate
330 00 TO 450
340 IF N>3 THEN 370
350 LET 7049.43
360 GO TO 450
370 IF M>4 THEN 400
3801.1T F0.8:88
390 GO TO 420
400 IF M>5 THEN 430
410 LET F04776
420 GO TO 450
430 PRINT "SORRY THE METALS HAVE NUMBERS FROM 1 TO 5"
440 GO TO 240
450 DIN F(10)*V(10)
460 PRINT
480 PRINT "WHAT INTENSITY OF X-RAYS WILL YOU USE (FROM 1 TO 5)")
490 INPUT C
500 IF C>5 THEN 480
510 IF C41 THEN 480
580 LET 540
530 PRINT
540 PRI117"MOV MANY DIFFERENT X -RAY FREQUENCIES WOULD YOU LIKE TO"
550 PRIND*OSE TO RADIATE YOUR SAMPLE (FROM S TO 8)")
560 INPUT AX
570 PRINT
540 IF-Ksmo5 THEN 610 _-

590 PRINT "I SAID BETWEEN S AND 8 FREQUENCIES."
600 GO TO 530 --
610 IF X4m8 THEN 680
600 PRINT "TOO MANY TRIALS FOR THE AVAILABLE TINE."
630 GO TO 530
650 RANDOMIZE
670 LET R40
680 FOR I41 TO 100
290 LET PERDID(()
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100 LET FoIHT(2000*P.0.5)/100
710 IF Fo7THEM 730
780 NEXT I
730 LET VO4014*(1PFO)
740 LET Jo0
750 PRINT "THE X -SAY FREQUENCY IS"114" 115"
760 PRINT
770 IF.Ro0 THEN 800
750 PRINT "VOLTAGES HIGHER THAN CUT OFF HILL GIVE CURRENT READINGS OF"
790 PRINT "ZERO SO TRY Lowswomis. I'LL NOTIFY YOU OF CUT OFF:"'
800 PRINT " FIND THE CUT OFF (STOPPING) VOLTAGL"
810 PRINT
600 PRINT "Vo"l
830 INPUT VI
840 LET RoR+1
850 LET J".0.01
860 LET IO(20OCO(VV1))/V+005ORND(X)
870 IF 140440.5 THEN 890

LET'Im80410.0.1ORMD(X)
890 IF V;Al1o0 THIN 910
900 LIT Io0
910 IF A85(V.411)4.1 THEN 1000
980 IF Do° THEN'950
930 LET
940 IF 4O3 THEN 1020
950 IF I00 THEN 980
960 PRINT " Io"I" E6"
970 80:T0 820
980 PRINT " 1 -0"
990 80:T0 820
1000 PRINT " CUT OFF 100"
1010 GO-TO 1060
1080 PRINT "THIS FREQUENCY IS TOO LOW TO CAUSE PHOTOELECTRIC EMISSION"
1030 PRINT "I'LL GIVE YOU A-NEW FREQUENCY."
1040 PRINT
1050 80:TO 680
1060 LET SS+1
1070 LET 7(5)0F
1060 LET V(SloV1
1090 PRINT
1100 17.5421( THEN 680
1110 PRINT " ERAY"."CUT OFF"
1180 PRINT "FMEGUENCY"s"VOLTAGE"
1130 PRINT " 115 FPS":"-VOLTS"
1140 PRINT " 5.1.

1150 PRINT
_ .

1160 FOR 501 TO K
1170 PRINT F(5)*V(S)
1180 MET S

-

1180 LET PoP.01
1210 PRINT
1280 PRINT" PLOT A GRAM: OF CUT OFF VOLTAGES (Y AXIS) VS. FREQUENCY"
1830 PRINT

. .

1233 IF:Pol THEN 1460
1840 PRINT"IINAT IS THE MEANING OF THE POINT AT MICH THE EXTRAPOLATED"
1880 PRINT"GRAPH-INTERCEPTS-THE VOLTAGE AXIS,"
1860 PRINT
1870 PRINT"VHAT IS TIM LOWEST FREQUENCY THAT WILL CAUSE EMISSION OF"
1210 PRINT"PROTOELECTRONS FROM THIS METAL,"
IMO PRINT
1300 PRINT"REMENSER THAT THE RETARDING POTENTIAL APPLIED NETVZIN THE"
1310 PRINT"INITTER ANWTHE-COLLECTOR AT CUT OPT. EXPRESSED IN ELECTRON"
1380 PRINT"VOLTS. IS EQUAL TO TH5 :KINETIC ENERGY OF THE FASTEST"
1330 PRINT"ELECTRONS ESCAPING FROM THE EMITTER. FIND-111E.SLOPE-OF ?NZ"
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1340 PRINT"GRAPH BUT EXPRESS THE STOPPING POTENTIAL IN ;JOULES."
1350 PRINT
1360 PRINT"VMAT IS THE VALUE OF THE SLOPE OF THE GRAPH AND WHAT SPECIAL"
1370 PRINT"NAME IS GIVEN'TO THIS CONSTANT?"
1380 PRINT
1390 PRINT"THE SAME METAL WITH A DIFFERENT INTENSITY IS WORTH"
1400 PRINT"IBVESTIGATING. GHEN'YO0 DO THIS-EXPLAIN THE MEANING"
1410 PRINT"OF ITS-GRAPH WHEN.COMPARED TO THE PREVIOUS:ONE."
1420 PRINT'
1430 PRINT"YOU MAY ALSO WISH TO TRY A DIFFERENT METAL AND EXPLAIN"
1440 PRINT"THE MEANING OF ITS GRAPH'WHEM COMPARED TO YOUR OTHER ONES,"
1450 PRINT'"OR COMPARED WITH THOSE OF ANOTHER STUDENT."
1460 PRINT
1470 PRINT "DO YOU WISH TO TRY A DIFFERENT INTENSITY OR A"
1480 PRINT "DIFFERENT METAL (1mTZS; 0-NO) 11-"i
1490 INPUT Q
1500 IF Qmil THEN 170
1510 IF 04D0 THIN1460
15G0 END
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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
cal culations.

PRELIMINARY PREPARATION:

A. Student - Knowledge of motion at constant velocity and at constant acceleration;
arTa-Me 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.

68

8 Copyright 1971, Polytechnic Institute of Brooklyn



Physics
PRJTL

SUPPOSE YOU ARE GOING TO FIRE A PROJECTILE INTO THE AIR.
IF YOU ENTER A VALUE FOR ANGLE OF ELEVATION-AND INITIAL
VELOCITY/ THE RANGE AND HEIGHT WILL BE EVALUATED. ENTER
YOUR.INFORMATION IN THE FORM A0V AFTER THE QUESTION MARK.
(REMEMBER. THE ANGLE IS IN DEGREES AND THE INITIAL
VELOCITY IS IN METERS:fSECOND.)

WHAT ARE YOUR VALUES? 30. 200

THE TOTAL FLIGHT TIME WAS 20.39431 SECONDS
THE RANGE WAS 3532.399 METERS
THE MAXIMUM HEIGHT WAS,002.0573 METERS

=CAUSE THERE IS NO FRICTION, THE HORIZONTAL VELOCITY IS
CONSTANT. HORIZONTAL VELOCITY 173.2051

THE FOLLOWING ARE POINTS ON THE CURVE AT VARIOUS TIME INTEB4ALSt

TIME
........

XCOORD Y -COORD
VERTICAL
VELOCITY SPEEP

0 0 0 99.99992 200
.1.854028 321.1272 168.5479 81.81812 191.5574
3.708056 642.2543 303.3861 63.63632 1840%253
5.562084 963.3815 404.5148 45.45451 179.0702
7.416112 1284.509 471.9338 27.27271 175.3391
9.27014 1605.636 505.6432 9.090902 173.4435
11.12417 1926.763 505.643 - 9.090901 173.4435
12.9782 2247.89 471.9332 27.27271 175.3391
14.83222 2569.017 404.5138 - 45.45451 179.0702
16.68625 2890.144 303.3848 - 63.63631 184.5253
18.54025 3211.272 168.5462 - 81.81812 191.5574
20.39431 3532.399 0 - 99.99992 *00

THE ANGLE AT WHICH YOU FIRED THE PROJECTILE DOES NOT YIELD THE MAX
IMAM RANGE. WHAT ANGLE DOES? 45

45 DEGREES GIVES THE MAXIMUM RANGE OF 4077.654

WOULD YOU LIKE ANOTHER RUN WITH DIFFERENT A AND V?
(lYES, OsMO) 4 ? 0

READY
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100 REM J.CARACCIOLO LONGWOOD H.S. 10- 26 -68, BASIC
101 REM REVISED 8/25/70 (C. LOSIX)
110 REM PHYSICS PROJECTILCMOTION
120 PRINT "SUPPOSE YOU ARE GOING TO FIRS A PROJECTILE INTO THE AIR."
130 PRINT "IF YOU ENTER A VALUE FOR ANGLE or ELEVATION-AND INITIAL"
140 PRINT "VELOCITY. THE RANGE AND HEIGHT WILL BE EVALUATED. ENTER"
150 PRINT "YOUR INFORMATION IN THE PORM'AINAPTIR THE QUESTION MARX:"
160 PRINT "(PENENBER. THE ANGLE IS IN DEGREES AND THE INITIAL"
170 PRINT "VELOCITY IS IN METERS /SECOND.)"
160 PRINT
190 PRINT
200 PRINT "WHAT ARE YOUR VALUES";
220 INPUT A.V0
230 IF V000 THEN 690
240 IF A.0 THEN 690
250 IF vodo THEN 720
$60 IF A40 THEN 720
270 IF Ass90-THEN 750
220 LIT AA*3.14159/180
290 LET EiVO*SIN(A)
300 LET LoVO*COS(A)
310 LET Till*W9.80665
320 LET 112*K0L/9.80665
330 LET ii(Xt2)11906133
340 PRINT
350 PRINT
360 PRINT"THE TOTAL FLIGHT TIME WAS"ill"SICONDS"
370 PRINT"THE RANGE WAS";R;"NETERS"
3110 PRINT"THE MAXIMUM HEIGHT WAS";H;"METERS"
390 PRINT

.

393 PRINT "BECAUSE THERE IS NO FRICTION. THE HORIZONTAL VELOCITY IS"
396 PRINT "CONSTANT. HORIZONTAL VELOCITY m"L
400 PRINT
410 PRINT" THE FOLLOWING ARE POINTS ON THE CURVE AT VARIOUS ";
420 PRINT "TIME INTERVALSt"
430 PRINT
440 PRINT
445 PRINT VERTICAL "
450 PRINT" TIME "." X -COORD "." Y -COORD "In VELOCITY "." SPEED "
460 PRINT" ".= "s" "a" nas.

470 LET NoT/11
420 LET 1.101.
490 FOR vio TO Ti STEP N
491 LET QuX*T4.90333*Tt2
492 IF GPO THEN 495
493 LET 0.0
495 LET V1oW4.80665*T
SOO PRINT TL*TQVISORCVI*V141.L*L)
510 NUT T
520 IF ABSCA....755396)4.00001 THEN 610
530 PRINT
540 PRINT
560 PRINT"Till ANGLE AT WHICH YOU FIRED THE PROJECTILE DOES NOT "3
560 PRINT-"TIELD THE.NAmmoN RANGE. WHAT ANGLE pots";
580 Iwo. A
Goo LET AAeG.IAIGG/Iso
600 10 TO 300
610 PRINT
620PRINT"45 DEGREES GIVES THE MAXIMUM RANGE OP"2*CV0,2)*(.707,2)/9.6066
640 PRINT
MB PRINT "WOULD YOU LINR ANOTHER RUN WITH DIFFERENT A AND vv.
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644 PRINT "(WES* 010) ").
645 INPUT VI
646 IF V1.0 THEN 780
646 IF V14801 THEN 644
649 PRINT
660 PRINT"ENTER NEV VALUES FOR A.V AFTER THE QUESTION MARK."
660 GO TO 180
690 PRINT " DONT ENTER VALUES OF ZERO.")
700 GO TO 160
7110 PRINT " NO NEGATIVE VALUES. PLEASE ENTER THEN CORRECTLY")
730 SO TO 180
760 PRINT " GREAT SHOT. YOU COULD KILL YOURSELF THAT WAY. YOU MOH."
760 PRINT " TRY AGAIN (NOT TO KILL YOURSELF. THAT IS) "3

. .

770 GO-TO 180
MO END
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DI SCI PLI NE PHYSICS

SUBJECT PRINCIPLE OF LEAST TIME

PROGRAM NAME REFLCT

DESCRI PTI ON

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.

OBJECT I VES:

To demonstrate the consequences of the " least-time" principle.

PRELIMINARY PREPARATION:

A. Student - Should be familiar with the reflection laws of light.

B. Materials - graph paper

DISCUSSION:

Given points P1 and P2 and the line 1, the
student can vary the point P3 to note thee ffects on
angles P and Q and their relationslp to the time
required to traverse the path P1P3P2.

The program is presented as a game in
which a horse (lightray) must complete a journey
within a specified time. The student is limited
to seven choices of P3 to complete the task.

jAfter a successful journey, the student may vary the
establish the principle of least time.

point P2 to further

This program has been extremely helpful in developing the least-time
concept and its relationship to the laws of reflection.

It is applicable to a classroom situation as well as small study groups.
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YOU ARE CAMPING OUT VEST IN COORDINATE NATIONAL PARK ON
CODINATE.NOUNTAIN LOCATED 10 MILES NORTH OF THE
DESERTED TOWN OF ORIGIN. WHICH IS CONVENIENTLY-LOCATED
AT (0.0) ON THE LOCAL-MAP....-

A CALAMITY STRIKES! THE NEAREST HELP IS AT THE
2421 301130 RANCH. LOCATED AT COORDINATES (30.30).
TO SIT-TMISRSlrOU MUST RIDE AN OLD HORSE

-

(NAMED LIGHTRAY) WHO 1
'A) WILL ONLY WALK 5 MILES PER HOUR
9) WILL CEASE TO VALW(AND EXIST) AFTER 10 HOURS
C) MOST HAVE A DRINK OF VATER-SONEWHERE ALONG THE
ABSCISSA.RIVER. WHICH (IF.YOU HAVEN'T GUESSED) RUNS
ALONG THE ABSCISSA-IN COORDINATE PARK

. .

HERE IS YOUR PROBLEMS YOU MUST PICK A SPOT
(FROM-0 TO 30) ALONG-THE ABSCISSA-RIVER DURING THE
TRIP TO GIVE LIGHTRAY A BRING AND STILL MARE IT.TO
IKE BAR 30.30 VITHIN THE TIME ALLOWED: LISRTRAY. USING
HORSE. SENSE. KNOVS"ALL-THE-AUGLES. SO WE [JILL GIVE
132101 TO YOU, TOO.

. .

MERE WILL LIGHTRAY STOP FOR A DRINK? 7

ANGLE APPROACHING RIVER IS 55 DEGREES.
ANGLE LEAVING RIVER-IS 53 DEGB1125.

WHERE WILL LIGHTRAY STOP FOR A DRINK? 7.25

ANGLE APPROACHING RIVER IS 54 DEGREES.
ANGLE LEAVING RIVER-IS 53 DEGREES.'
ICU. YOU ARE CLOSER THAN LAST TIME.
MA'AM EYE ON THOSE ANSLESi THOUGH.
LET'S GO BACK FOR ANOTHER HORSE.

WERE WILL LIGHTRAY STOP FOR A DRUM 7.3

ANGLE APPROACHING RIVER IS 54 DEGREES.
ANGLE LEAVINGIAIVER-IS 53 DEGREES.
VMS* YOU TRIED THAT LAST TIME:

WERE WILL LIGHTRAY STOP FOR A DRINK? 7.35
-

ANGLE APPROACHING RIVER IS 54 DEGREES.
ANGLE LEAVINCRIVER-IS 53 DEGREES.
COS! .YOU TRIED THAT LAST TIME.

WERE WILL LIGKTRAY STOP FOR A DRINK? 7.4

ANGLE APPROACHING RIVER IS 53 DEGREES.
ANGLE LEAVINCRIVERTIS 53 DEGREES.
MICE WORK.- YOU-MADE'IT.
TUE TRIP TOOK ABOUT 10.00007 MOUES.
YOU CAR SEE THAT USING MORSE SUSS. LIGHTRAY =DVS THAT
TEE ANGLES MADE TO BE EQUAL OF REFLECTION FOR A
MINIMUM

IF YOU GANT TO MOVE THE RAMC*. TYPE 1
IF YOU SANT TO SEE SOUTNINSELSE. TYPE 2
IF YOU WANT TO QUIT. TYPE-3

3

READY

THANK YOU FOR PLAYING.
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100 REM PROGRAM SY GERARD M. DAMN VYANDANCH HS* SIGS
101 REM REVISED BY C.LOSIK
110 DIM A(7);B(7)4(7)
115 REM INTRODUCTION-
120 PRINT'"YOU ARE'CAMPING OUT VEST IN COORDINATE NATIONAL PARK ON"
130 PRINT "ORDINATE MOUNTAIN LOCATED 10 MILES'NORTH 07 THE"
140 PRINT "DESERTED TOWN OP ORIGIN WHICH IS CONVENIENTLY.LOCATED"
150 PRINT "AT (000) ON THE LOCAL-NAP..-
155 PRINT
160 PRINT "A CALAMITY STRIKES! THE NEAREST HELP IS AT THE"
170 PRINT "BAR'301140 RANCH* LOCATED AT COORDINATES (30030)."
180 PRINT "TO GET-THERE* YOU MUST RIDS AN OLD MORSE"

.

190 PRINT "(NAMED LIGUTRAY) WHO
200 PRINT " "*"A) WILL ONLY VALK 5.MILES PER HOUR"
210 PRINT " "*"11) WILL CEASE TO WALK-(AND EXIST) AFTER 10 HOURS"
600 PRINT " ". "C) MOST HAVE A DRINK or HATER-SORENIZRE ALONG THE"
230 PRINT " "*"ABSCISSAKIVER.* WHICH (IF'YOU HAVEN'T GUESSED) RUNS"
240 PRINT " "*"ALONG THE ABSCISSA-IV COORDINATE PARK"
245 PRINT -
650 PRINT "HERE IS YOUR PROBLEM( YOU MUST PICK A SPOT"
260 PRINT."(FROWO TO 30) ALONG THE ABSCISSA-RIVER DURING THE"
210 PRINT "TRIP TO GIVE LIGHTRAY A DRINK: AND STILL MARE IT TO"
200 PRINT "THE MAR 30130 VITHIN THE TINE ALLOWED; LIORTRAY* USING"
290 PRINT "HORSE'SRIOSE* KNOWS-ALL THE-ANGLES SO'VE BILL GIVE"
295 PRINT "THEN TO YOU. TOO."
300 REM FIRST RUN. INITIALIZE RANCH
310 LET Aa30

. .

300 LET 2030
330 LET T9m10
335 LET 11 1.16013.14159
350 GO TO 500-
34S REM SECOND RUN (OPTIONAL)
350 PRINT
360 PRINT "ENT= TWO NUMBERS* SEPARATED BY A COMM* FOR THE NEW"
370 PRINT "RANCH COORDINATES aj
350 INPUT A.1
390 LET X106A/(11.10)
400 LET T9iCSOR(X*Z.100).SQR((AX)*CAX).0112))/5
410 PRINT "O.K. LIGHTRAY WILL LASTABOOT"T94:001"HOURS THIS TIME."
499 ass LOOP FOR SEVEN'TRYS EXIT LOOP IF CORRECT
WO FOR Ial TO 7
505 PRINT-
510 PRINT "WHERE WILL LIGHTRAY STOP FOR A DRINK")

.

500 INPUT X
--

LET A(I)- INT(R*ATN(1O/X),.5)
235 PRINT
540 LET B(I)INTCRMATN(2/(AX))..S)
sso PRINT-"AMOLE'APPROACRING RIVER -IS"A(I)"DXGREK5.
160 PRINT "ANGLE LEAVING RIVER-ISall(I)"DEGREES.m
570 IF-A(I):2(I) T11111-660
500 LET C(I)OARSCA(1)11(I))
NIS IF I1-111X0 700-
590 IF C(I),C(I1) THEN 630
592 IF CVI)mC(I1) TRU 600
504 PRINT-"CMON'"-YOU TRIED THAT LAST TINE."
596 GO-TO 700

.

(00 PRINT "VELLA YOU ARE CLOSER THAN LAST TIME."
610 PRINT "KEEP AN EYE ONTHOSE ANGLES. THOUGH."
615 PRINT "LET'S 00 BACK FOR ANOTHER HORSE."
600 GO-TO 700
620 PRINT "HEY THIS TRIP TAKES Losocal-
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640 PRINT "YOU HAVE.A DEAD NORSE ON YOUR HANDS. TRY AGAIN."
680 80.T0 700
660 PRINT "NICE YORK. YOU WADE IT.6,
670 PRINT "THE TRIP TOOK AMOUT"CSORCX*X*100)SORCCAnX)*CA-X)+1140)),5;
673 PRINT HOURS:"
680 PRINT "YOU CAN SEE THAT USING HORSE SENSE, LIOUTRAY KNOWS THAT"
690 PRINT "THE ANGLES HAVE TO DE EQUAL OF REFLECI1ON FOR A"
692 PRINT "MINIMUM TIME TRIP."
695 80.TO SOO
700 NEXT I
710 PRINT.
TAO PRINT "TOO MANY GUESSES; VE ARE OUT OF HORSES."
800 PRINT
810 PRINT "IF YOU PANT TO MOVE THE RANCH, TYPE 1"
880 PRINT "IF YOU WANT TO SEE SOKETHINGAILVE,-TYPE 2"
830 PRINT "IF YOU WANT TO QUIT, TYP2-3"
840 INPUT Z.
850 IF Xn1 THEN 350
860 IF Xn2 THEN 900
870 IF X3 THEN 920
880 GO TO 840
900 PRINT "TIME FOR AN ACTUAL LIGHTRAY TO COMPLETE THE TRIP 151"
910 PRINT CUR(X*X4-100)*SQR(CA-1041(AX)+2102))/1.86E5J" SECONDS."
9Q0 PRINT
930 PRINT "."THANK YOU FOR PLAYING."
940 END



DISCIPLINE PHYSICS

SUBJECT YOUNG' S DOUBLE SLIT EXII

PROGRAM NAME SLITS

DESCRIPTION:

Young' s Double Slit Experiment is simulated by the computer to
permit greater exploration of the influence of wavelength and slit-separation
on the interference pattern. (This is a plotting program).

OBJECTIVES:

To determine, qualitatively, the effects of slit-separation, inter-screen
spacing distance (d) and wavelength (w). in altering the location or the maxima
and minima of the intensity banns of light.

PRELIMINARY PREPARATION:

A. Student - An inF77uction sheet is helpful in leading the student
TET:o1.- TOT a logic:: approach. It is also recommended that students
understand the superposition of waves before executing this program.

B. Materials - none

DISCUSSION:

A. Operational Suggestions
1. The objectives of this program are best accomplished with small

groups (3 to 4 students) to permit discussion and development of
ideas concerning the relationships involved.

2. The program has worked well with highly-motivated students and
has often led into detailed discussions of related topics. However,
it 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/dr 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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Follow-up ( con' t)

To enhance the operation of this program, it is further
recommended that an instruction sheet (see attachment) be con-
structed to enable efficient exploration of this phenomenon. By
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 various wavelengths can
also be noted.
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Computer Instruction Sheet for
Young' s Double-Slit Experiment

The crucial experiment for the establishment of the wave nature
of light was Young' s double-slit experiment. The experiment clearly
demonstrated diffraction and interference of light: a phenomenon characteristic
of a wave-like nature. Realizing this wave property of light, we can now
use the double-slit set-up to further study light sources.

Young' s double-slit experiment is illustrated in figure 1, showing
a symmetrical layout about line AB. The slits are located on an opaque
screen a distance L from the observation screen. The slits are separated
a 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 Trost easily observed on
the screen.

In this program we will attempt to determine the effects of the slit-
separation distance (d) and the wavelength of the light on the interference
(intensity) pattern.

ADDRESS COMPUTER PROGRAM SLITS

+X

A

- Observation
screen

C

Opaque
screen Coherent light

source is located on
center line
(ay out vonder----)..

Figure 1

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

L = 2 meters: d = .5 millimeters: and W = 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 slit

separation distance? (try several values, if necessary, to
determine its effect).

DETERMINE: What happens to the distance x between maxima and
minims as d is halved or doubled? Can you determine
this relationship?
When you have varied d to your satisfaction, type 100 when
asked to specify a new value of d. The teletype will then
ask you to specify a new wavelength.

STUDY: How is the intensity pattern affected by changes in the wavelength?
(Try several values if necessary).

DETERMINE: What happens to the distance between maxima and
minima as W is halved or doubled? Can you determine
this relationship?
You can test your ideas by typing 100 when asked to
specify a new wavelength. You will then be asked to pick
one of four light sources whose wavelength is unknown to
you. You will also be asked to specify the value of d you
will use in determining the unknown wavelength. You will
have the opportunity of changing the d if you so desire.

If you are successful, or if time permits, you may try all four
tests.

NOTE: To terminate the program during operation, type STOP after any
of the question marks that appear; then return carriage.

To sign off the air, type BYE.
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YOUNG'S DOUBLE SLIT EXPERIMENT

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

DISTANCE (MM'S FROM CENTER)
-.26
-.24
-.22
-.2
-.18 *
-.16
-.14
-.12 I
-.1 *,._

-.U6 *

-.U4 . *.,

-.U2 .

O....INTENSITY 7
.U2 .

.U4 . _. * ''''''''*

.U6 . ___.*"-----

.08

.1

. .......,*

.12
:f:*14

.16 . *.\,.

.2

.22
* ,....

*
,24 .

.26 . **7

ABOVE IS AN ILLUSTRATIVE RUN WITH PRE-DETERMINED
VALUES FOR WAVELENGTH (W), DISTANCE BETWEEN SLITS
AND SCREEN (L), AND SLIT SEPARATION - CENTER TO
CENTER CD). NOW YOU MAY VARY THESE PARAMETERS,
ONE AT A TIME.

80

0 Copyright 1971, Polytechnic Institute of Brooklyn



Physics
SLITS

WRAI IS THE NEW SLIT SEPARATION (D) IN MILLIMETERS? 1

L = 2 METERS W = 60U0 ANGSTROMS D = 1 MILLIMETERS

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

-.24 . *

-.22
-.a
-.lb *
-.16 *
-.14 *.....,...

-.12 . __,*

-.1 . *-----

- Ub ......,,,--*

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

-.04 -*

-.U2 . *

O....INTENSITY
....../*.U2 . *

. U4 ...........*

. 06 *
2-s---,*.0b

.1 . *-,

.12 . *

.14 . * ......--"'

. 16 .,,,...*

.18 *
oN"""s.".*.2

.22 ---"--ft...--*_,,

. 24

.26 *----

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

WRAT IS THE NEW SLIT SEPARATION CD) IN MILLIMETERS? .25

L = 2 METERS W = 6000 ANGSTROMS D = .25 MILLIMETERS
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DISTANCE (MM
-.26
-.24
-.22

FROM CENTER)

-.2 .*
\*

-.1b
-.16 *

-.14
-.12
-.1

*-.06 \
*-.06

-.u4 \
*

-.U2
0....INTENSITY

IC

.02

.04 /*

.06 /

.Uo 31c

.1

.12

.14 *

.16 *

.10 /4

.2 .*

.22 I

.24

.26 *

Physics
SLITS

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

*****

MAT IS THE NEW WAVELENGTH (W) IN ANGSThOMS? 3000
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W = 3000 ANGSTROMS D = .5 MILLIMETERS

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

-.2
-.lb
-.16 . *
-.14
-.12
-.1
-.UtS

-.U6
-.04 .

-.U2
O....INTENSITY

.U2

. 04

.06

.0t3

.1

.12

.14

. 16

. 18 41,,

.2 *

. 22

.24

.26

WOULD YOU LIKE TO TRY ANOTHER VALUE OF W 0-NO)? 1

WHAT IS THE NEW WAVELENGTH (W) IN ANGSTROMS? 15000
A WAVELENGTH OF 15000 IS INFRARED LIGHT AND NOT VISIBLE.
THE INTERFERENCE PATTERN WILL BE VISIBLE USING DETECTORS
ONLY. TRY ANOTHER WAVELENGTH.
WHAT IS THE NEW WAVELENGTH (W) IN ANGSTROMS? 6900
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W = 6900 ANGSTROMS D = .5 MILLIMETERS

DISTANCE (MM'S FROM CENTER)
-.26
-.24 *
-.22
-.2
.1d

-.16
-.14 i
-.12 :*

....

-.1 . * ....,

-.UM *......

-.06 . *,......

-.04
-.02

.

.

*,
N
*
%

.02

.04

.06
0d
.1

O....INTENSITY

*_.*

*
i

.12 .*

.14

.16 *.

.16 . *.....

.2

.22
.

.

*
--------

I,

.24

.26 .

WOULD YOU LIKE TO TRY ANOTHER VALVE OF W (1-YES, U-NU)? 0

*****

WHAT IS THE NEW DISTANCE FROM SLITS TO SCREEN CL) IN METERS? 5
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L = 5 METERS W = 6UU0 ANGSTROMS D = .5 MILLIMETERS

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

-.24 *1
-.22
-.2 *
-.1b *
-.16 \

*
-.14
-.12

*
-.1

\

-.U6 \
*

-U 6
-.U4
-.U2

0....INTENSITY
U2
.U4
.U6

.1

.12 /*

.14

. 16 ,*

.22

.24

.26

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

YOU WILL NOW BE GIVEN A LIGHT SOURCE OF UNKNOWN
WAVELENGTH. YOU WILL SPECIFY THE SLIT SEPARATION CD),
AND THE DISTANCE FROM SLITS TO SCREEN O..).
WHAT IS THE NEW SLIT SEPARATION CD) IN MILLIMETERS? .5
WHAT IS THE NEW DISTANCE FROM SLITS TO SCREEN CL) IN METERS? 3000
ALTHOUGH ANY DISTANCE LARGER THAN 5.000000E-3 METERS
IS VALID, ABOVE 5 METERS BECOMES HARD TO SEE. TRY ANOTHER VALUE.
WKAT IS THE NEW DISTANCE FROM SLITS TO SCREEN (L.) IN METERS? 4
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L = 4 METERS W = ? ANGSTROMS D = .5 iviILLIMETEAS

DISTANCE CMM'S FhOM CENTER)
-.26 f
-.24 *
-.22 4;

-.2
-.16 .

-.16 *
-.14
-.12
-.1 *

\*
-.0t3 *\

*-.06 *\
-.04
-.02

0....INTENSITY
. 02

. U4

. 06 /*

. Ub /*

. 1

. 12

*/*.14
. 16

. 18 . ,e*

. 2 .*

. 22

. 24

.26

WOULD YOU LIKE A PLOT FOR OTHER VALUES OF D AND L C1 -'ES, 0-N0)? U
WHAT DO YOU THINK THE UNKNOWN WAVELENGTH (W) IS? 6000
PRETTY GOOD! THE WAVELENGTH WAS 6000 ANGSTROMS.
WOULD YOU LIKE TO TRY ANOTHER UNKNOWN WAVELENGTHC1-YES, 0 -NO)? 0

WOULD YOU LIKE A PLOT WITH YOUR OWN VALUES FOR WAVELENGTH
CW), SLIT SEPARATION CD), AND DISTANCE FROM SLITS TO

SCREEN (L.) (1-YES, 0 -NO)? 1

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

DISTANCE CMM'S FROM CENTEA)
-.26
-.24
-.22
-.2 */
-.16
-.16
-.14

*-.12
-.1
-.06 . 's*

-.06
-.04
-.U2 *

O....INTENSITY
.02
.04 *
.06
.06

1

.12

.14

.16

.16

.2

.22 jk

.24

.26

ANOTHER ONE C1-YES, 0-NO)
? 0

**********

HOPE YOU HAD FUN!

READY
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100 AEM YOUNG'S DOUBLE SLIT EAPEAIMENT
101 AEM A.C. CAGGIANO
102 AEM REVISED 7/216/70 (L. SHAUN, D. PESSEL)
103 HEM ImPOATANT VARIABLES: L-DISTANCE BETWEEN SLITS+SChENJ
104 riEM W-WAVELENGrA; D-SLIT SEPAAATION(CENTEh TO CENTER) 1

105 AEM
106 HEM U: PAINT PAAAMETEA FOH UNKNOWN WAVELENGTH
107 LET U=0
110 PAINT " "P "YOUNG'S DOUBLE SLIT EAPEAIMENT"
111 PRINT
12J AEM ILLUSTRATIVE HUN
130 LET L=2
140 LET W=600U
150 LET D=.5
160 REM PLOT AOUTINE
17J GOSUB d50
171 PRINT
15() PRINT "ABOVE IS AN ILLUSTAATIVE AUN WITh PHETDETEAMINED"
151 PAINT "VALUES FOH WAVELENGTH (W), DISTANCE BETWEEN SLITS"
152 PAINT "AND SCREEN (L), AND SLIT SEPARATION - CENTER TO"
153 PhINT "CENTER (D). NOW YOU MAY VARY ThESE PARAMETERS,"
154 PAINT "ONE AT A TIME."
186 PAINT
187 PAINT "*****,,
155 PAINT
190 AEM D INPUT SUShOUTINE
200 GOSUB 920
21U AEM PLOT ROUTINE
220 GOSUB 550
221 PAINT
230 PAINT "WOULD YOU LIKE TO TRY ANOThEh VALUE OF D (1-YES, U-NO)";
24U INPUT 141
25U IF (11>u THEN 190
260 PAINT
261 PAINT " * * * * *"
262 PRINT
270 REM RESET D
250 LET D=.5
290 AEM W INPUT SUBROUTINE
300 GOSUB 942
31U REM PLOT SUBROUTINE
320 GOSUB 850
321 PRINT
330 PAINT "WOULD YOU LIKE TO TAY ANOTHER VALUE OF W (1-YES, U-NO)";
34U INPUT 612
350 IF (12>0 THEN 290
36U PAINT
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361 PRINT "*****"
362 PRINT

--- 37U REM RESET W
380 LET W=6000
39U REM L INPUT SUBROUTINE
4UU GOSUB 9UU
410 REM PLOT SUBROUTINE
420 GOSUB 650
421 PRINT
430 PRINT "WOULD YOU LIKE TO TAY ANOTHER VALUE OF L (1-YES, U-NO)";
440 INPUT Q3
450 IF U3,0 THEN 390
460 PAINT
461 PRINT_"*****"
462 PAINT
470 REM RESET L
4dU LET L=2
490 PRINT "YOU WILL NOW BE GIVEN A LIGHT SOURCE OF UNKNOWN"
491 PRINT "WAVELENGTH. YOU WILL SPECIFY THE SLIT SEPARATION (D)."
492 PRINT "AND THE DISTANCE FROM SLITS TO SCREEN (L)."
507 REM Q5 DETERMINES IF W IS TO BE CHANGED
5O LET 615=U
520 REM D INPUT SUBROUTINE
530 GOSUB 920
550 REM L INPUT SUBROUTINE
560 GOSUB 900
565 REM CHANGE W?
566 IF u5>0 THEN 600
570 REM RANDOMLY DETERMINE WAVELENGTh
5b0 RANDOMIZE
59U LET W=10U0*INT(3*AND(X)+4.5)
600 REM PLOT SUBROUTINE (UNKNOWN W)
601 LET U=1
605 GOSUB d5U
606 PAINT
61U PRINT "WOULD YOU LIKE A PLOT FOR OTHER VALUES'OF D AND L ";
611 PRINT "(1-YES, 0-NO)";
620 INPUT 05
630 IF (215>0 THEN 52U
640 PRINT "WHAT DO YOU THINK ThE UNKNOWN WAVELENGTH (W) IS";
650 INPUT W1
660 IF ABS(W1-W)<.1*W THEN 100
670 PRINT "YOU ARE MORE THEN 10% OFF. TO HELP YOU, YOU MAY ";
660 PRINT "OBTAIN MORE PLOTS."
690 GO TO 610
700 PRINT "PRETTY GOOD! THE WAVELENGTh WAS "W" ANGSTROMS."
731 PRINT "WOULD YOU LIKE TO TRY ANOTHER UNKNOWN WAVELENGTH";
702 PRINT "(1-YES, U-NO)";
703 INPUT U6
704 IF u6<1 THEN 967
735 PRINT "YOU MAY SPECIFY A NEW SLIT SEPARATION (D) AND DISTANCE"
706 PRINT "FROM SLITS TO SCREEN (L)."
707 GO TO 50d
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849 REM
b50 AEM PLOT AOUtINE
d55 PAINT
856 PRINT
2557 HEM U>0 DO NOT PRINT WAVELENGTH
656 IF U>0 THEN d7l)
d60 PAINT "L ="L"METEAS
661 PRINT
d65 GO TO 675
2570 PRINT "L ="L"METEAS
071
675
dd0
ddl
dd2
dd3
dd4
bd5
dd6
dd7
ddd

W ="W"ANGSIROMS

W = 7 ANGSTROMS

Physics
SLITS

D ="D"MILLIMETE45"

D ="D"MILLIMETEAS"
PAINT
PAINT "DISTANCE CM'S FhOM CENI.EA)"
REM A:PLOT LOWER LIMIT CM'S); EI:ueeEri LIMIT (MM'S)
LET A=-.26
LET B=.26
hEM A:PAELIMINAAY CALC. FOR INTENSITY; 10E4:GONpEASION FACTOR
LET A=(3.1416*D*10E4)/(W*L)
HEM LOOP TO CALCULATE PATTERN AND PLOT IT
FOR X=A TO 8 STEP .02
REM Y:INTENSITi
REM 20:SCALE FACTOR FOR PLOT; A:DISTANCE CM'S)

dd9 LET Y=2U*COSCA*20*COSCR*X)
d90 IF ABSCX)<.0001 ThEN 693
d91 PAINT TABC8);INIC1( *100+.5)/100;TAb(15); "."; ART--CIW(Y+15r5)
b92 GO TO 895
b93 PRINT " O....INTENSITY
d95 NEXT X
d96 LET U=0
b97 PRINT
d9b RETURN
899 AEM
900 REM L INPUT SUBROUTINE
902 PRINT "WHAT IS THE NEW DISTANCE FROM SLITS TO SCREEN CL) ";
903 PAINT "IN METERS";
904 INPUT L
905 REM 1000: CONVERT L(METERS) TO LCMILLIMETEAS)
906 IF 1000*L>= 10*D THEN 912
907 PAINT "THIS DISTANCE IS TOO SMALL FOR GOOD INTEhFERENCE PATTERNS."
908 PhIW: "THY ANOTHEA VALUE."
910 GO TO 902
912 IF L<=5 ThEN 91d
913 PHINT "ALTHOUGH ANY DISTANCE LAAGEA THAN "10*D/1000" METERS"
914 PAINT "IS VALID, ABOVE 5 METERS BECOMES I- LARD TO SEE.";
915 PAINT " TAY ANOTHER VALUE."
916 GO TO 902
918 RETUAN
919 REM
920 REM D INPUT SUBROUTINE
922 PAINT "WHAT IS THE NEW SLIT SEPAAATION (D) IN MILLIMETERS ";
924 INPUT D
926 IF D>=.1 THEN 932
92d PRINT "SLITS ARE SO CLOSE THEY APPAO4IMATE A SINGLE SLIT."

*II
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929 PRINT "TRY ANOTHER VALUE."
930 GO TO 92U
932 IF D<=.1*1000*L THEN 940
933 PRINT "FOR A VALID INTERFERENCE PATTERN, THE SLIT SEPARATION"
934 PRINT "SHOULD BE LESS THAN ".1*1UOU*L" MILLIMETERS. TRY";
935 PRINT " ANOTHER VALUE."
938 GO TO 920
940 RETURN
941 REM
942 REM W INPUT SUBROUTINE
944 PRINT "WHAT IS THE NEW WAVELENGTh (W) IN ANGSTROMS";
946 INPUT W
947 IF W>=3UU THEN 954
948 IF W<1000 THEN 959
949 PRINT "A WAVELENGTH OF "W" IS ULTRAVIOLET LIGHT AND NOT VISIBLE."
950 GO TO 956
952 GO TO 944
954 IF W<=BUOU THEN 965
955 PRINT "A WAVELENGTH OF "W" IS INFRARED LIGHT AND NOT VISIBLE."
956 PRINT "THE INTERFERENCE PATTERN WILL BE VISIBLE USING DETECTORS"
957 PRINT "ONLY. TRY ANOTHER WAVELENGTH."
958 GO TO 944
59 PRINT "A WAVELENGTH OF "W" IS X-RAYS AND NOT VISIBLE."

96U GO TO 956
965 RETURN
966 HEM
967 PRINT
96.8 PRINT "*****"
969 PRINT
97U REM MISCELLANEOUS RUNS
972 PRINT "WOULD YOU LIKE A PLOT WITH YOUR OWN VALUES FOR WAVELENGTH"
973 PRINT " (W), SLIT SEPARATION (D), AND DISTANCE FROM SLITS TO"
974 PRINT "SCREEN (L) (1-YES, U-NO)";
976 INPUT Q9
98U IF Q9<1 THEN 995
982 GOSUB 942
984 GOSUB 920
986 GOSUB 900
988 GOSUB 850_
99U PRINT "ANOTHER ONE (1-YES, 0-NO)"

.

992 INPUT Q8
993 IF 618>0 THEN 982
994 REM
995 PRINT
996 PRINT "**********"
997 PRINT
998 PRINT "HOPE YOU HAD FUN!"
999 END

HEADY
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DISCIPLINE PHYSICS

SUBJECT SNELL' S LAW

PROGRAM NAME SNELL

DESCRIPTION:

Snell' s law is presented pictorially by plotting the path of a light ray
as it crosses a boundary separating two different media.

OBJECTIVES:

To permit students to "see'' the refraction of light, including the case
when the critical angle is exceeded and reflection occurs.

PRELIMINARY PREPA RATION:

A. Student - The terms associated with Snell' s law, such as refraction, media,
notrr=-s, etc.: must be presented prior to the running of this program.

B. Materials - No additional supplies or materials are necessary.

DISCUSSION:

Snell's law can be investigated independently by students by altering the
angle of incidence, and/or the indices of refraction. The pictorial presentation
is especially beneficial to students with reading problems, since the concepts
implied by the mathematical relationships are presented hueristically.

In addition, the critical angle may be approached and exceeded, in the
special case where n2 (second medium) is less than n1 (initial medium).

Queries are included as part of the program to reinforce the concepts.
The program is well suited for small groups or individuals, but may be

utilized for large group presentation without program modification.
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- -- REFRACTION OF LIGHT-- -

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

THE DIAGRAM BELOW SHOWS LIGHT INCIDENT TO THE BOUNDARY AT
45 DEGREES. THE INDICES OF REFRACTION ARE .11.1.0 AND
N2.105 RESPECTIVELY.

M. MEDIUM 1, NI 1

. MEDIUM 2. NB 1.5
.
. *

MAT DO YOU THINK THE ANGLE OF REFRACTION IS? 30
YOU ARE WITHIN 10 PERCENT.
TIM ANGLE-Or REFRACTION. AB* 28.126

DO YOU WANT TO CONTINUE (1 -YES. 0 -NO) $ 7 1

NOV YOU CAN CHANGE THE INCIDENT ANGLE. THE REFRACTIVE
INDICES WILL REMAIN'AS NI*1:0 AND N8 *1.5 s.

XINDIDER, ONLY POSITIVE ANGLES BETWEEN 0 AND 90 DEGREES ADZ
PERMISSIBLE ENTRIES.
SO. MAT ANGLE DO YOU WANT? 60

N

MEDIUM 10 1110 1
OND

MEDIUM 2. N20 1.5
*
*

WHAT DO YOU THINK THE ANGLE Or REFRACTION IS? 35
YOU ARS WITHIN 10 PERCENT.
THE ANGLE OF REFRACTION. AS* 25.264
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DO YOU WANT TO CONTINUE (lYES. 0410) I ? 1

NOW SPECIFY NEW VALUES FOR Ni. MA AND ANGLE 1.
SEPARATE WITH COMMAS. OKAY. WHAT VALUES? 2.3.5,15
VALUE OF N2 IS UNREASONABLE.
YOU MUST RE -TYPE ALL THREE NUMBERS.

OKAY. WHAT VALUES? 1.5.2.5.15

MEDIUM I. Ni. 1.5

MEDIUM 2. N2. 2.5

WHAT DO YOU THINK THE ANGLE OF REFRACTION IS? 10
YOU ARE MORE THAN 10 PERCENT OFF.
THE ANGLE OF REFRACTION. A2m 8.934

DO YOU WANT TO CONTINUE (1YES. 0440) I ? 1

SPECIFY NEW VALUES 'OR Ni. NS. AND ANGLE 1.
SEPARATE WITH COMMAS OKAY. WHAT VALUES? .05.1.45
VALUE OF N1 IS UNREASONABLE.
YOU MUST RE -TYPE ALL THREE NUMBERS.

OKAY. WHAT VALUES? .25.1.45
VALUE OF M1 IS UNREASONABLE.
YOU MUST RE -TYPE ALL THREE NUMBERS.

OKAY. WHAT VALUES? .5.1.45
VALUE OF Ni IS UNREASONABLE.
I'SUGGEST YOU LEARN MORE ABOUT REFRACTION SO YOU CAN
ENTER MORE MEANINGFUL INDICES AND ANGLES.

READY
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REFRACTION OF LIGHT--.

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

THE DIAGRAM BELOW SHOWS LIGhT INCIDENT TO THE BOUNDARY AT
45 DEGREES. THE INDICES OF REFRACTION ARE N1g1.0 AND
N2s,105 RESPECTIVELY.

N

WKAT DO YOU
YOU ARE WIT:i
1111E ANGLE OF

DO YOU WAN?

WNW YOU
INDICES WILL

*. MEDIUM 1, N1= 1

.*

. *
MEDIUM 2, N2'm 1.5

THINK THE ANGLE OF REFRACTION IS? 30
IN 10 PERCENT.
REFRACTION, A2- 216.126

TO CONTINUE (1 -YES, OzwN0) s ? 1

CAN CHANGE THE INCIDENT ANGLE. THE REFRACTIVE
REMAIN AS Mini.° AND N201.5
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REMEMBER, ONLY POSITIVE ANGLES BETWEEN U AND 90 DEGREES A$E
PERMISSIBLE ENTRIES.
SO, WHAT ANGLE DO YOU WANT? 6U

MEDIUM 1, N1= 1

.*
JO

. *

MEDIUM 2, N2= 1.5

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

DO YOU WANT TO CONTINUE (/=YES, 0=NO) i ? 1

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

OKAY, WHAT VALUES? 1.5,205,15

N

MEDIUM 1, N1= 1.5

3y

MEDIUM 2, N2= 2.5
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1AT DO YOU THINK THE ANGLE OF REFRACTION IS? 9
YOU ARE WITHIN 10 PERCENT.
THE ANGLE OF REFRACTION, A2= 8.934

DO YOU WANT TO CONTINUE (1=YES, O =NO) i ? 1

SPECIFY NEW VALUES FOR Ni, N2o AND ANGLE I.
SEPARATE '4ITH COMMAS. OKAY, WHAT VALUES? 2,1,75

MEDIUM IP NI= 2

MEDIUM 2, N2= 1
YOU WENT PAST THE CRITICAL ANGLE.

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

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

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 LAW.
130 REM REVISED BY C.LOSIK 8 -25 -70
140 REM A AND Al ARE ANGLES. Ni AND N2 INDICES OF REFRACTION
160 PRINT " ", - -- REFRACTION OF LIGHT-"
170 PRINT
180 PRINT " THIS PROGRAM WILL HELP YOU VISUALIZE THE acritAcTiou-
190 PRINT "OF LIGHT AS IT CROSSES A BOUNDARY SEPARATING TWO DIFFERENT"
200 PRINT "MEDIA."
210 PRINT
220 PRINT "THE DIAGRAM BELOW SHOWS LIGHT INCIDENT TO THE BOUNDARY AT"
230 PRINT "45 DEGREES. THE INDICES OF REFRACTION ARE NI41.0 AND"'
240 PRINT "14241.5 RESPECTIVELY:"
950 PRINT
260 LET N141
270 LET N2.1.5
280 LET A45
290 GOSUB 820
300 PRINT
310 PRINT " NOW YOU CAM CHANGE THE INCIDENT ANGLE. THE REFRACTIVE"
320 PRINT "INDICES WILL REMAIN AS N141.0 AND N2m1.5 ."
330 PRINT
340 PRINT "REMEMBER. ONLY POSITIVE ANGLES BETWEEN 0 AND 90 DEGREES ARE"
350 PRINT "PERMISSIBLE ENTRIES:"
360 PRINT"SO. WHAT ANGLE DO YOU WANT")
370 INPUT Al
360 LET A4A1
390 IF A490 THEN 490
400 LET A60
410 GOSUB 890
420 GO TO 520
430 PRINT
440PRINT"YOUR VALUE FOR THE INCIDENT ANGLE C"JA11"DEGREES) DIDN'T MAKE"
450 PRINT "SENSE SO I AUTOMATICALLY MADE IT 60 DEGREES."
460 PRINT
470 LET A1460
480 GO TO 1580
490 Ir A40 THEN 400
510 GO SUB 820
520 PRINT
530 PRINT " MOW "1
540 PRINT "SPECIFY NEW VALUES FOR Ni. 12. AND ANGLE 1."
550 PRINT "SEPARATE WITICCONMAS. "1
570 PRINT " OKAY. WHAT VALUES")
580 INPUT N1,112/A
590 IF M1443 THEN 630
610 PRINT "VALUE or Ni IS UNREASONABLE."
620 GOTO 640
630 IF M141 THEN 610
640 IF N2443 THEN 670
650 PRINT "VALUE OF N2 IS UNREASONABLE."
640 GOTO 680
670 IF 1241 THEN 650
APO Ir A490 THEN 710
690 PRINT "VALUE Of ANGLE 1 IS UNREASONABLE."
700 ITOTO 780
710 IF A40 THEN 690
720 IF 191,03 THEN 780
730 IF 1141 THEN 780
740 IF 12 ,3 THEN 780
750 IF M241 THEN 780
760 WSW $20
770 GOTO 540
780 LET 8484.1
785 IF 111>3 THEN 1730
790 PRINT "YOU KURT RE -TYPE ALL THREE NUMBERS."
800 PRINT
810 10.1.0 570
820 i.-ET 100 () 98
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830 PRINT
840 PRINT " N"
850 LET C*(NI,N2)*SIN(A*1.74533E -2)
860 IF C3.-1 THEN 1300
870 00SU8 1520
880 FOR Y*8 TO 1 STEP 1
890 LET X2*Y*C(SIN(A*1.7453311-2))/CCOSCA*1.745332-16»
900 IF 10.16 THEN 960'
910 PRINT TA8(16X),"*";
950 GOTO 970
960 LET X*16
970 PRINT TABC16)I "."
1010 NEXT Y
1020 PRINT " *. MEDIUM N1*1111
1030 PRINT "
1040 PRINT " .* MEDIUM 2. N2*";112
1050 FOR Y -1 TO 8 STEP 1
1060 LET X*2*Y*C/SOR(IC*C)
1070 PRINT TA8(16))".")
1110 IF.X.40 THEN.1160
1120 PRINT TA13(17+X);"*";
1160 PRINT " "
1170 NEXT Y
1180 PRINT
1190 GOSUB 1560
1200 PRINT "THE ANGLE OF REFRACTION 42*"142
1210 PRINT
1211 PRINT "DO YOU PANT TO CONTINUE (l-YES ONO) s "I
1212 INPUT J
1213 IF J0 THEN 1750
1214 IF J<>1 THEN 1210
1820 (=um
1230 PRINT " *. MEDIUM 1. N1-"N1
1240 PRINT " "
1250 PRINT " MEDIUM 2. N8 miN2
1260 PRINT "YOU VENT PAST THE CRITICAL ANGLE."
1270 00SUD 1650
1280 PRINT "THE ANGLE OF REFLECTION 15"141"DEGREEs.m
1290 80T0 1210
1300 FOR Y -8 TO 1 STEP 1
1310 LET Xm241Y*((SIMA*1.7453311 2))/(COS(A*1.74533E 2)))
13110 LET X2mX
1330 IF X.16 THEN 1390
1340 PRINT TAN(16-X);"*";
1380 80TO 1400
1390 LET X16
1400 PRINT TA8(16)3".";
1440 IF-X8.40 THEN 1490
1450 PRINT TAB(174E2))"*")
1494 PRINT "

_

1500 NEXT
1510 SOTO 1230
1580 LET FeC/2211(1C*C)
1530 LET 00ATM(F).
1540 LET AiiI111(1000*(2,1.7453332)4..5)/1000
1550 RETURN
1560 IF A1.90 THEN 430
1570 IF A140 THEN 430
1580 PRINT "WHAT DO YOU THINE THE ANGLE OF REFRACTION IS")
1590 ,INPUT A3
1600 IF ABS(A8A3)..1*A8 THEM 1630
1610 PRINT "YOU ARE GUMUCIO PERCENT."
1680 6010 1640
1630 PRINT'"YOU ARE MORE THAN 10 PERCENT OFF."
1640 RETURN'
1650 PRINT
1660 PRINT "GNAT DO YOU TAIGA TAX ANGLE OF REFLECTION IS")
1670 INPUT A4

.

1620 IF A44 ,A THEN 1710
1690 PRINT "TMAT°S RIOT. "1
1700 0010 1780
1710 PRINT orrou HAD BITTER STUDY THE LAWS OF REFLECTION."
1780 RETURN.
1730 PRINT "I SUGGEST YOU LEARN mom ABOUT REFRACTION SO YOU CAN"
1740 PRINT "ENTER MORE MEANINGFUL INDICES AND AMPLER."
1750 END

Physics
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DISC _PLINE PHYSICS

SUBJECT ORBITAL MOTION

PROGRAM NAME SPACE

AVC.1 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 IS THE MINIMUM AND MAXIMUM ALTITUDE OFTHE SPACECRAFT
ABOVE THE SURFACE OF THE EARTH IN MILES? 1500230

THE ECCENTRICITY OF THE ORBIT IS 9.640877E3

THE VELOCITY AT THE PERIGEE IS 25593.36 FEET/SECOND.

THE VELOCITY AT THE APOGEE IS 25104.58 FEET/SECOND.

THE PERIOD OF THE ORBIT IS 90.50426 MINUTES.

ADDING A VELOCITY INCREMENT TO THE PERIGEE
OF 10427.89 FT /SEC WOULD RESULT IN A
PARABOLIC ORBIT -- CAUSING THE SPACECRAFT TO FLY OFF INTO SPACE.

A CHANGE OF 1211.4863 FT/SEC WOULD PRODUCE A
CIRCULAR ORBIT. HOWEVER. A VELOCITY INCREMENT
0 ..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 WOULD RESULT IN A
PARABOLIC ORBIT" CAUSING THE SPACECRAFT TO FLY OFF INTO SPACE.

A CHANGE OF 121.8972 FT/SEC WOULD PRODUCE A
CIRCULAR ORBIT. HOWEVER. A VELOCITY INCREMENT
OF - 836.6951 FT/SEC WOULD PRODUCE AN ORBIT
THAT WOULD BE TANGENT TO THE EARTHR SURFACE.

DO YOU WANT TO ADD A VELOCITY INCRZAIINT AT THE
PERIGEUTYPE 1).OR AT THE APOGEECTYPE 2) ? 1

WHAT VELOCITY INCREMENT IS TO BE ADDED? ..250

THE MEW ORBIT IS ELLIPTICAL
WITH AN ECCENTRICITY OF 9.9874441 -3

THE POINT WHERE THE VELOCITY INCREMENT WAS ADDED
CORRESPONDS TO THE APOGEE-OF THE NEW ORBIT
THE PERIGEE OF THE NEW ORBIT IN MILES IS-68.73486

THE VELOCITY AT THE PERIGEE IS 85854.69 FT/SEC.

THE PERIOD OF THE NEW ORBIT IS 87.8788 MINUTES.

*****

MS= ON YOUR ORIGINAL ALTITUDES OF 150 AND 230 MILES
WOULD YOU LIKE TO TRY DIFFERENT VELOCITY INCREMENTS
ClYES. 0 -NO)? 0

WOULD YOU LIME TO RUN THE PROGRAM AGAIN Cl -YES. 0 100)? 0

*****

READY
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100 REM SPACECRAFT ORBITS. M. VISICH. JR.. 12/09/68
101 REM REVISED 8/25/70 (D. PESSEL)
120 DIM V(2).R(2)
130 REM THIS PROGRAM CAN BE USED TO DETERMINE THE EFFECT OF
140 REM ADDING A VELOCITY INCREMENT TO A SPACECRAFT INITIALLY IN
150 REM AN ELLIPTIC ORBIT AROUND THE EARTH. VELOCITY INCREMENTS
160 REM CAN ONLY BE ADDED AT THE APOGEE OR PERIGEE OF THE INITIAL ORBIT
170 REM AND ONLY IN A DIRECTION TANGENT TO THE INITIAL ORBIT.
171 LET il5m0
173 LET Y1.40753E16
175 PRINT TAB(20)I"SPACECRAFT ORBITS"
176 PRINT
180 PRINT "WHAT IS THE MINIMUM AND MAXIMUM ALTITUDE OF THE SPACECRAFT"
190 PRINT"ABOVE THE SURFACE OF THE EARTH IN MILES"I
200 INPUT H1.H2
205 IF H1>0 THEN 208
206 PRINT "BOTH ALTITUDES MUST BE POSITIVE!"
207 GO TO 180
208 IF H2O30 THEN 210
209 GO TO 206
210 PRINT
220 GOSUB 960
225 IF (15*) THEN 237
230 PRINT"THE ECCENTRICITY OF THE ORBIT IS" E
240 PRINT
250 PRINT"THE VELOCITY AT THE PERIGEE IS "VI" FEET/SECOND."
270 PRINT
280 PRINT"THE VELOCITY AT THE APOGEE IS "V8" FEET /SECOND."
300 PRINT
304 PRINT"THE PERIOD OF THE ORBIT IS "T" MINUTES."
305 PRINT
307 LET V(1)41101
208 LET VC2).V2
309 LET 11(1)R1
310 LET R(2).86
-311 IF 25>0.THEN 334
312 LET V(2)1.1V2
313 LET
314 LET R(11)12
315 FOR Jml.TO 2
316 PRINT"ADDING A VELOCITY INCREMENT TO THE "J
317 IF J1 THIN 320
318 PRINT"APOGZE"
319 0070321
320 PRINT"PERIGE.E"
321 PRINT"OF "S2R(2*Y/R(J))-V(J)" FT/SEC WOULD RESULT IN A"
322 PRINT"PARABOLIC ORBIT" CAUSING THE SPACECRAFT TO FLY OFF INTO SPACE
323 PRINT
324 PRINT"A CHANGE OF "SQR(Y/R(J))-V(J)" FT/SEC WOULD PRODUCE A"
325 PRINT"CIRCULAR ORBIT. HOWEVER, A VELOCITY INCREMENT "
327 LET RS2803959
319 LET Eam(R...R(J))/(R.R(J))
330 PRINT"OF "SGR(7111(1.12)/R(J))-V(J)" FT /SEC WOULD PRODUCE AN ORBIT".
331 PRINT"TNAT WOULD BE TANGENT TO THE EARTH'S SURFACE."
332 PRINT
333 NEXT J
334 PRINT
340 PRINT"DO YOU !ANT TO ADD A VELOCITY INCREMENT AT THE"
350 PRINT"PERIGEZ(TYPE 1) OR AT THE APOOSECTYPE 2)".
360 INPUT I
370 PRINT
380 IF.(11-1)*(N2)0 THEN 420
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400 PRINT"YOU WERE TO PICK EITHER 1 OR 2TRY AGAIN"
410 GO TO 340
420 PRINT"WHAT VELOCITY INCREMENT IS TO BE ADDED")
440 INPUT V3
450 PRINT
460 GOSUB 1050
470 PRINT"THE NEV ORBIT IS ")
480 IF E110 THEN880
490 IF E141 THEN 900
500 IF 81*1 THEN 930
505 PRINT"ELLIPTICAL "
510 PRINT" WITH AN ECCENTRICITY OF"El
520 PRINT
530 IF V9*1 THEN 680
540 IF H340 THEN 660
550 PRINT "THE POINT WHERE THE VELOCITY INCREMENT WAS ADDED"
560 PRINT"CORRESPONDS TO THE APOGEE OF THE NEW ORBIT"
570 PRINT "THE PERIGEE OF THE NEW ORBIT IN MILES IS"H3
580 PRINT
590 PRINT" THE VELOCITY AT THE PERIGEE IS "VI" FT/SEC."
600 PRINT
610 LET R24113
620 GOSUB 1010
640 PRINT"THE PERIOD OF THE NEW ORBIT IS "T" MINUTES."
650 GO TO 1230
660 PRINT"YOU CRASHED INTO THE EARTH"
670 GO'TO 1230
680 PRINT"THE POINT WHERE THE VELOCITY INCREMENT WAS ADDED"
690 PRINT"CORRESPONDS TO THE PERIGEE OF-THE NEW ORBIT"
100 PRINT
710 PRINT"THE APOGEE OF THE NEW ORBIT IS "H4" MILKS."
720 PRINT
730 PRINT"THE VELOCITY AT THE APOGEE IS "V2" FT /SEC."
740 PRINT
750 LET R2114
760 GOSUB 1010
780 PRINT"THE PERIOD OF THE NEW ORBIT IS "T" MINUTES."
790 PRINT
830 8010 1230
ISO PRINT'CIRCULAR."
890 SOTO 1230
900 PRINT"PARABOLIC, "
910 PRINT "WITH AS ECCENTRICITY OF"El
920 00 TO 1230
930 PRINT"HYPEABOLIC. "
940 PRINT "WITH AN ECCENTRICITY orni
950 SO TO 1230-
960 LET R1 CH14.3959)*5280
970 LET REIICH2 +3959)*5280
980 LET FAA(RERI)/(R1+112)
990 LET V159ACT*C1+t)/R1)
1000 LET V2"VIR1/112
1010 LET ACR14412)/2
1020 LET P39.479*A*AA/Y
1030 LET TKGR(P)/60
1040 RETURN
1050 IF N.1 THEN 1080
1060 LET VII4V2
1070 LET 8141R2
1010 LET V541V14V3
1090 LET V7eSQR( Y/R1)
1100 LET V945V5fV7
1110 LET 2114ABSCV9*V91)
1120 IF V9*1 THEN 1180
1140 LET R342(1L1)*R1/C14.1i1)
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1150 LET H3113/5280-3959
1160 LET VI- V541111/R3
1170 (30T0 1220
1180 LET R40(14,E1)*R1/(1-E1)
1200 LET H4114/5280-3959
1210 LET V2w1V5*R1/R4
1220 RETURN
1230 PRINT
1231 PRINT " * * * * *"

1232 PRINT
1234 PRINT "RASED ON YOUR ORIGINAL ALTITUDES OF "Hl" AND "H2" MILES"
1235 PRINT "WOULD YOU LIKE TO TRY DIFFERENT VELOCITY INCREMENTS"
123:1 PRINT "(1-YES. 0-NO)"J
1237 INPUT Q5
1238 PRINT
1241 IF 415*0 THEN 220
1250 PRINT "WOULD YOU LIKE TO RUN THE PROGRAM AGAIN (1-YES 0-NO)"J
1251 INPUT Q6
1252 PRINT
1253 PRINT "*****04
1254 PRINT
1255 IF Q63.0 THEN 180
1260 END

357:5-7

10,
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DISCIPLINE PHYSICS

SUBJECT ELECTRICAL POTENTIAL
ENERGY

PROGRAM NAME VFIELD

DESCRIPTION:

This program plots a picture of the relative potential field strengths of
regions surrounding two point charges.

OBJECTIVES:

To give the student a feel for 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
ura77tood, as well as equipotential lines and potential hills or wells.

B. Materials - none needed

DISC USSION:

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 fielr,I strengths.

105
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VFIELD

THIS PROGRAM PLOTS A PICTURE OF THE RELATIVE ELECTRICAL
POTENTIAL FIELD STRENGTHS IN THE REGION SURROUNDING TWO
POINT CHARGES. THE CHARGES ARE IN A COORDINATE PLANE
30 BY 30. THE CHARGES MAY HAVE ANY VALUE WHOSE
MAGNITUDE IS LESS THAN 10 I, AND MAY BE ANYWHERE BETWEEN
0 AND 30 ON THE X AND Y AXES.
THE MAGNITUDE OF' THE FIELD DECREASES FROM 9 TO 1, 0, 4 TO J
THAT 15, 9 TO 1 IS A POSITIVE POTENTIAL, 0 IS ROUGHLY 0,
AND A -4, B - -2, (THERE IS NO 'JP.)

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

*0 6 12 18 24 30**I I I I I I*30 000000000000000000000 -*29 * 000000000000000000000
28 * 000000 AAA 000000
27 * 00000 AABBBAA 00000
26 * 111 000 A CDEDC A 000 11125 * 1111111111111 000 ABD DBA 000 1144111111111 *24 *1111111111111111 00 ABDEDBA 00 1111111111111111*23 *1111111111111111111 00 AAA 00 1111111111111111111*22 *11111111111111111111111 11111111111111111111111*21 *111111111111111 111111111111111*20 *111111111111 2222222 2222222 111111111111*
19 *1111111111 22222 333 444 333 22222 1111111111*
18 *111111111 2282 33 4455 6 5544 33 2222 111111111*17 *11111111 2222 33 45 89998 54 33 2222 11111111*16 *11111111 2222 3 4 79 97 4 3 2222 11111111*
15 *1111111 2222 33 4568 + 8654 33 2222 1111111*14 *1111111 2222 33 45679 97654 33 2222 1111111*
13 *1111111 2222 -334456789 987654433 2222 1111111*
12 *1111111 22222 33 4455666665544 33 22222 1111111*
11 *11111111 22222 333 444 444 333 22222 11111111*
10 *11111111 22222 3333 3333 2a292 11111111*
9 *111111111 222222 333333333 229222 111111111*
8 *1111111111 22222228 22222222 1111111111*
7 *11111111111 2222222222222222282 11111111111*
6 *1111111111111 282222222222222 1111111111111*
5 *111111111111111 2 111111111111111*
4 *111111111111111111 111111111111111111*
3 *111111111111111111111111111111111111111111111111111*2 *111111111111111111111111111111111111111111111111111*
1 *111111111111111111111111111111111111111111111111111*0 *111111111111111111111111111111111111111111111111111**1 1 I I I I*

DO YOU WISH TO VIEW ANOTHER PLOT (1-YES, 0-20) I ? 0

READY

100
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100 REM JOHN HOSIE NORTHPORT HS .
105 REM REVISED BY CLOSIK 8 -21 -70
110 REM YOU HAVE MY BLESSING TO USE COMPUTED GO TO'S AND
111 REM STRINGS IF YOU HAVE THEN (WE DIDN'T)
113 REM V IS THE.FIELD STRENGTH. RI*B2.21.22 ARE STANDARD NOT.
116 REM THIS MAY BE CHANGED TO'ALLOW HIGHER VALUED CHAF0g5
117 LET 296,10

.

120 PRINT "THIS PROGRAM PLOTS A PICTURE OF THE RELATIVE ELECTRICAL"
130 PRINT "POTENTIAL FIELD STRENGTHS IN THE REGION.SORROUNDING.TWO"
140 PRINT "POINT CHARGES. THE CHARGES ARE IN A-COORDINATE PLANE"
150 PRINT "30 BY 30 THE CHARGES MAY HAVE ANY VALUE UHOSE"
160 PRINT "MAGNITUDE IS LESS THANN19", AND MAY BE ANYWHERE BETWEEN"
170 PRINT "0 AND 30 ON THE X AND Y AXES."
171 PRINT "THE MAGNITUDE OF THE FIELD DECREASES FROM 9 TO 1* 0. A TO J"
172 PRINT "THAT IS, 9 TO 1 IS A POSITIVE POTENTIAL* 0 IS ROUGHLY 0."
173 PRINT "AND A*.1.. J .=9. (THERE IS HO °I's)"
178 PRINT
179 PRINT "WHAT VALUES OF CHARGES DO YOU WISH TO STUDY?"
180PRINT "TO STUDY ONLY ONE.CHARGE. MAKE THE SECOND CHARGE 0."
185 PRINT "ENTER TWO VALUES OF CHARGE i ")
190 INPUT 21.02
195 IF H1e0 THEN 180
200 IF ABS(Q1)429 THEN 230
210 PRINT "VALUES MUST BE IN THE RANGE ("429","29")."
220 GO TO 185
230 IF AH5(22)1419 THEN 210
232 REM FOR EFFICIENCY. WE 'HIDE' THE ELECTROSTATIC CONSTANT HERE

.

233 LET 211112*421
236 LET.221,2*22
240 PRINT "WHERE SHALL THE FIRST CHARGE BE LOCATED")
250 INPUT X10Y1
260 LET X1INT(X1+05)
270 LET Y1INT(Y1+.5)
280 IF "ABS(X115)4.15 THEN 310
290 PRINT "VALUES MUST BE IN THE RANGE (0.30)."
300 GO TO 240
310 IF ABS(Y115).15 THEN 290
320 IF (190 THEN'410
330 PRINT "WHERE SHALL THE SECOND CHARGE BE LOCATED")
340 INPUT X2.Y2
350 LET X2INT(X2+.5)
360 LET Y2INT(Y2+.5)
370 IF ABS(X215)41,15 THEN 400
380 PRINT "VALUES MUST BE IN THE RANGE (0.30)."
390 80-TO 330
400 IF ABS(Y215).15 THEN 380
410 PRINT'
420 PRINT
430 PRINT " "*"*0 6 12 18 24 30*"
440 PRINT " ". " *I - - -- I*"
450 FOR Y30 TO 0 STEP -1
453 PRINT " ")IBT(Y4,.5)."*")
456 LET Y6m(YY1)*(Y....Y1)
457 LET Y7In(YY2)*(YY2)
459 BEN THIS IS-FOR 50 ITERATIONS
460 FOR X0 TO 30 STEP .6
465 LET X6XX1
470, LET fi1SQR(X6*X6*Y6)
475 LET X7XX2
480 LET R2SCIR(X7*X7*Y7)
483 IF R1.5 THEN 800
486 IF 824.5 THEN 850

107



Physics
%T IM)

488 REM THE ELECTROSTATIC CONSTANT IS 2
490 LET Va(81/R1428/R2
498 FOR J- -9 TO 9
500 IF ABSCV-J)4.35 THEN 508
502 NEXT J
504 PRINT " ")
506 60 TO 700
508 IF J>0 THEN 610
510 IF J4,-9 THEN 520
513 PRINT "J")
516 80 TO 700
MO IF J4,-8 THEN 530
583 PRINT "H")
586 GO TO 700
530 IF J4,-7 THEN 540
533 PRINT "G";
536 GO TO 700
540 IF J4,-6 THEN 550
543 PRINT "F")
546 00 TO 700
550 IF J4,-.5 THEN 560
553 PRINT "E";
556 GO TO 700
560 IF J4,-4 THEN 570
563 PRINT "o";
566 00 TO 700
570 IF J<>-3 THEN 580
573 PRINT "C "J
576 GO TO 700
580 IF J43-2 THEN 590
583 PRINT "8";
586 80 TO 700
590 IF J4,-1 THEN 600
593 PRINT "A")
596 GO. TO 700
600 IF '4431.0 THEN 610
603 PRINT "0")
606 GO'TO 700
610 IF 44>1 THEN 680
613 PRINT "1 "J
616 GO TO 700
680 IF J42.2 THEN 630
683 PRINT "8")
686 GO.TO 700
630 IF J4>3 THEN 640
633 PRINT "3"1
636 GO TO 700
640 IF J42.4 THEN 650
643 PRINT "4"1
646 GO TO 700
650 IF J4>5 THEN 660
653 PRINT "5")
656 GO-TO 700
660 IF J41.6 THEN 670
663 PRINT "6")
666 GO.TO 700
670 IF J4*7 THEN 680
673 PRINT "7"1
676 80 TO 700

108
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680 IF J* *8 THEN 690
643 PRINT "8"1
686 G0 TO 700
690 IF J**9 THEN 504
693 PRINT "9",
700 NEXT X
710 PRINT "*"
720 NEXT Y
730 PRINT " ","*I I

Physics
VFIELD

740 PRINT
750 PRINT
760 PRINT "DO YOU WISH TO VIEW ANOTHER PLOT (1*YES, 0-110) S

770 INPUT 121
775 PRINT
776 PRINT
780 IF.121431 THEN 178
790 IF 121*0 THEN 999
795 GO TO 750
800 IF 21*0 THEN 830
810 PRINT "-";
820 GO TO 700
830 PRINT "+".1
840 00TO 700
850 IF 22 *0 THEN 490
860 IF 22 *0 THEN 830
870 GO TO 810'
999 END
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DISCIPLINE PHYSICS

SUBJECT INSTANTANEOUS VELOCITY

PROGRAM NAME VLOCTY

DESCRIPTION:

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

The program prints the instantaneous velocity at the points and allows
the student to change some of the parameters involved.

OBJECTIVES:

To aid the student in understanding the meaning of instantaneous,velocity
and taking a limit.

PR ELI MI NARY PREPARATION:

A. Student - should know the de finitions of average and instantaneous velocity

B. Materials - none

DISCUSSION:

A good tutorial program or teaching aid. Student should realize that the
slope of the line drawn between the points dl, T1, and d2, T2 is the average
velocity. As the second punt 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 program SLOPE.

110
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AVERAGE AND INSTANTANEOUS VELOCITY

THIS PROGRAM CONSIDERS DISTANCE AS .A FUNCTION OF TIME.
D'.P(T). IT WILL CALCULATE THE AVERAGE VELOCITY DURING
THE TIME INTERVAL TI,TB BY EVALUATING D AT THOSE TIMES
GIVING D1 AND D2. THE RESULT OF (D2...D1)/(T2T1) YIELDS
THE AVERAGE VELOCITY. AS T2 IS BROUGHT-CLOSER AND CLOSER
TO T1 THE RESULTANT AVERAGE VELOCITY WILL APROACH THE
INSTANTANEOUS VELOCITY AT Ti.

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

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

FOR EXAMPLE, TO USE THE EQUATION D.A *T *T WITH Aml
YOU WOULD TYPE AS FOLLOWS*

1 GO TO 300
300 DEF F2D(T)m1 *T*T
RUN

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

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

4104141*

WHAT ARE YOUR VALUES OF Ti AND T2 (SMALLER FIRSTI Tl,T2)? 5.50

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

WOULD YOU LIKE TO CHANGE T2 (1 -YES. 0...20)? 1

WHAT IS YOU NEW VALUE FOR T2 (T2 MUST BE GREATER THAN Ti)? 105

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

WOULD YOU LIKE TO CHANGE TV (1 -YES. 0 -NO)? 0

NOV WATCH THE AVERAGE VELOCITY AS T8 APPROACHES Ti.

Ti m 5 DI m 25

T2 DE D2 (D8- D1) /(T8 -TI)

105 100 iloas 11000 110
55 50 3025 3000 60
30 25 900 875 35
17.5 12.5 306.25 281.25 22.5
11.25 6.25 126.5325 101.5685 16.25
8.125 3.125 66.01563 41.01563 13.125
6.5625 1.5625 43.06641 12.06641 11.5625
5.78125 .78125 33.42285 8.482852 10.78125
5.390625 .390625 29.05884 4.058838 10.39063
5.195313 .1953125 26.99127 1.991272 10.19531
5.097656 09765625 25.9861 .9260992 10.09766
5.048828 .04882813 25.49067 .4906654 10.04823
5.024414 .02441406 25.24474 .2447367 10.02441
5.012207 .01220703 25.12222 .1222193 10.01221
5.006104 6.1035161I3 25.06107 .06107235 10.00609
5.003052 3.051752E...3 25.03053 .03052688 10.00305
5.001526 1.525879E -3 25.01526 .01526117 10.00156
5.000763 7.6293951 25.00763 7.620871E...3 10.00063
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NOTE THAT THE AVERAGE VELOCITY CHANGES VERY LITTLE
AS T2 APPROACHES T1. T2 CAN NEVER EQUAL Ti SINCE
(D2- D1) /(T2 -TI) WOULD THEN RESULT IN A DIVISION BY ZERO.

a* *a

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

READY

1

36,3
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100 REM VELOCITY, J. ROSIE. Q. J. O'CONNOR. 8/12/68
101 REM REVISED 8/26/70 D. PESSEL)
102 REM IMPORTANT VARIABLES: SSECANT SLOPE) P PERCENT CHANGE)
103 REM 1)INVERSE OF CHANGE IN XI 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)) "AVERAGE AND INSTANTANEOUS VELOCITY"
120 PRINT
130 PRINT "THIS PROGRAM CONSIDERS DISTANCE AS A FUNCTION OF TIME."
131 PRINT "DmF(T). IT WILL CALCULATE THE AVERAGE VELOCITY DURING"
132 PRINT "THE TIME INTERVAL T1yT2 8Y EVALUATING D AT THOSE TIMES"
133 PRINT "GIVING DI AND D2. THE RESULT OF (D2'.1)1)/(T21.1) YIELDS"
134 PRINT "THE AVERAGE VELOCITY. AS T2 IS BROUGHT CLOSER AND CLOSER"
135 PRINT "TO T1 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 LINE. INCLUDING 'RUN', WITH THE .AETuam. KEY)"
141 PRINT
142 PRINT " 1 GO TO 300"
143 PRINT ". 300 DEF FND(T)....(YOUR FUNCTION OF TIME)...."
145 PRINT " RUN"
146 PRINT
147 PRINT "FOR EXAMPLE, TO USE THE EQUATION D -A *T *T WITH AI"
148 PRINT "YOU WOULD TYPE AS FOLLOWS:"
149 PRINT
150 PRINT " 1 GO TO 300"
151 PRINT " 300 DEF FND(T)811*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
290 REM CALCULATION OF SLOPE AND PRINTOUT
300 DEF FND(T) -1 *T *T
301 PRINT
302 PRINT "*****"
303 PRINT
305 PRINT "WHAT ARE YOUR VALUES OF T1 AND T2 (SMALLER FIRST: T1.1.2)")
306 INPUT T1,1.2
307 IF T2>T1 THEN 310
308 PRINT "T2 MUST BE GREATER THAN T11"
309 GO TO 305
310 PRINT
311 PRINT "THE DISTANCE TRAVELED DURING THE INTERVAL IS "FND(T2).FND(T1)
312 PRINT "THE AVERAGE VELOCITY IS "CFND(T2)11114D(T1))-/(T2.T1)
313 PRINT
314 PRINT "WOULD YOU LIKE TO CHANGE T2 (1 YES, 0NO)"1
315 INPUT 91
316 IF Q141 THEN 330
317 PRINT "WHAT IS YOU NEW VALUE FOR T2 (T2 MUST BE GREATER THAN T1)"I

. .

318 INPUT T2
319 IF T2>T1 THEN 310
320 PRINT "T2 MUST BE GREATER THAN T11"
321 GO TO 317
330 PRINT
331 PRINT "NOW WATCH THE AVERAGE VELOCITY AS T2 APPROACHES Ti."
335 PRINT
344 LET D1inFND(T1)
345 PRINT " Ti 0T1," "." DI "FND(T1)
346 PRINT

361
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350 PRINT " T2".." T2.7.1".." D2"." D21)1",." CO2- DI)/(T2-T1)"
352 PRINT " "A"
361 LET D2sFNDCT2)
370 PRINT T2oT2-TI.D2oD2...D1D(D2-D1)/(T2T1)
380 IF ABSCT2T1)s.001 THEN 390
382 LET T2sT2..5*(T2-.T1)
364 60 TO 361
390 PRINT
400 PRINT "NOTE THAT THE AVERAGE VELOCITY CHANGES VERY LITTLE"
401 PRINT "AS T2 APPROACHES T1. T2 ZAN NEVER EQUAL T1 SINCE"
402 PRINT "(D2-D1)/(T27T1) WOULD THEN RESULT IN A DIVISION BY ZERO."
470 PRINT
480 PRINT "SSW"
490 PRINT
495 PRINT "WOULD YOU LIKE TO TRY DIFFERENT VALUES OF Ti AND T2"
496 PRINT "(1-YES, 0-.N0)")
498 INPUT Q5
500 IF Q5s0 THEN 300
510 PRINT "TO CHANGE YOUR FUNCTION SEE THE INSTRUCTIONS."
520 PRINT "IF YOU ARE FINISHED, TYPE '1', AND THE 'RETURN' KEY"
530 PRINT "AFTER THE PROGRAM STOPS."
540 END
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DI SCI PLI NE PHYSICS

SUBJECT WAVES

PROGRAM NAME WAVES

DE SCRI PTI ON:

This program finds the sum of two waves: one predetermined by the
program, and the other determined by the student. There are options of
either displaying both waves ar.6 their sum, or just their sum.

OBJECTI VES:

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

PRELIMINARY PREPARATION:

A. Student - Some experience wito. n SLINKY" wave superposition: knov ledge
of phase, amplitude, and wave length.

B. Materials - none

DI SC USSION:

The student controlled wave (" B') may have v avelengths ranging from
2 to 8, though only a v ave 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.
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WAVES AND InEln su?EArosirlow
DO YOU NEED INSInUCIIONS (1=1E6, U=NO) : ? 1

IN fril6 r'nOGnAM YOU MAI OBSEnVE InE EFFECTS OF
CHANGING WAVELENGfn, AMeLlIUDE, AND ?nAbE t). IWO
WAVE6 AND ON fnEln SUM (On SUI"EnsJOSIfION).

WAVE 'A' 16 FIAED. 1f6 WAVELENGfn 16 4, Ifb AM.HL1fUDE
16 10, AND 1-16 enk6E 16 u.

WAVE '8' MAY bE UnANGED 61 xUU. FOn BEST nE6JLIS :
WAVELENGfn (L) 6E1WEEN 2 AND 4
AM?LlfUDE (A) BETWEEN 6 AND lu
?nASE (?) BETWEEN U AND 1

(FOn EAAMtJLE, .5 ?nAbE = 1/2 WAVELENGin

IT iS EA6IE6f 10 SEE fnE EFFECTS OF CnANGE6 /N EACH
IJAnAMEIEn IF fOU HOLD 1 w0 CONSfANT AND VAnY fHE OfnEn,
ALThOUGn ALL TnnEE MAY 6E VAnIED Af ONCE.

WiAf 16 101in CnOIGE OF WAVELENGTn, AMI"LITUDE, AND rInA6E?

N0fArION: A = 'A' WAVE
6 = '6' WAVE

= SUeEnr)061flON WAVE

A (CM.) -20 -1U +10
-1 1 1

U EI:7=.7:,,
.2 - .A.76..J*............_

.4 - *H.. 'E3 ---"'" S

6 - A"?
.6 - , -13 1-1 ____-.-- 6

1 - 6 A-'-.. - ....------,1.2 - .6' .....---- 6 il

1.4 - 8" b el4*
1.6 Li S' .g

.1b .'"121...,,J4 i.V,
, ''

2.2
..
A 12r..'N`13

2.4 A' . '-E,3.-
2.6 - .A __.....6 .6
2.b - A. S''.--- .6'

.

3 _,A'''°----. -8-..--- ,
.

3.2 - /b . 8"
.3.4 - S 81A
3.6 Ns A *.'A

---..s...,...... 1.36 .. b '16 4,14.

4
',---_____:,..448

I -1 i i i

2,10,0

+20
I

.,

1-

-1

i

8(17.
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WAVES AND THEIz SUPERPOSITION
DO YOU NEED INSThUCTIONS (1=YES, 0=NO) : 7 U

WHAT IS YO0h CHOICE OF WAVELENGTH, AMPLITUDE, AND PRASE? 3,5,U.25

NOTATION: A = 'A' WAVE
B = 'B' WAVE
3 = SUPEhPOsITION WAVE

h COM.) -20 -1U U +10 +20
-1 1- - - -I

o
.2
.4

.6

1

1.2
1.4
1.6
1.8
2
2.2
2.4
2.6 .c

2.8 A S
3 A L
3.2 A.
3.4 - *A..

3.6
3.B
4

I I -I

WANT TO TRY ANOTHER SET OF VALUES (1=YES, U=NO) 7 0

READY

117



Physics
WAVES

AVES AND ThEIA sUeEArOSITION
JO YOU NEED INsf4tOGIIONs (1=x6S, u=NO) ? u

WhAf I fOUri UnUIGE Jr' wAVELENCvm, AMeLI1UD. , AND enA6E7

NOIA110N: A = 'E4' WAVE
= wAVE

o = OUr'EnrJOS1TION WAVE

A (Gi,l.) -2) -10 u +1U
I -I I I

U ..1":! ..

.2 A.o'd

.4
6 ...

.0 L,

,..4

1
4ii

i

13

1.2 Y A
1.4

"? J14.
1 . L, -

0 ... 8 t
.,t..

2
....IN

2.2

.,.

2.6
2.o
..3

J.2 A
1

.,0
.

..3 4 ii.
.If

3.6
3.b

-4
I- I I I I-

WANT CO TAY ANUTHEA SET OF VALUES (I=YES, =N0) ? U

4,10,.b

+20

I 'I

ItEADY
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TAY AN() imElt sET OF VALUES ( 1= rEsp U=w0) : ? 1

J1.1P.t 1S YUJt UnUi (j E OF WAVELENG in, AMIJLi ruDE, AND iJnASE? 6,1U,U

WOrATiUiV: H = 'A' WAVE
= 'c3' WAVE
= ;iUt'r;:uJOJ1 i 1 Oiv iv AV E

(L.4.1.) -2U -1U U +1U +2J

0 z...

V..6.--.4 t3,.: A -'"6....,...,...

_.6 IVA..
.d _

: 14

,...,..

1 - %i3A
'N1.2 _

1 .4 ..A.
.9"--

1 .6 A d ..0es

1.d _ ,A'

ik.6

2 _ JA''
.....'7%

'2 . 2 04
...0-'..6 PI

2 . 4 -
/6

..""'.2.6 .14 _,..6 .1.16

2.o Ail,. 6- #6.

3 /a '13.

3.2 - S A 11

s
3.4 S A .i3

c ,
3.6 PI .
3 . b - it3 'A.

)e
. .

4 A
- 1 - - -1 1 1 1 1 -I

tgAN r TO Ttli A NOTtlEtt SET OF VALUES t 1=1E6 A O =NO ) : ? I

ti
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WriAf is YOWL er.OlUE OF WAVELENGin, At.ir'LlfOUE, AND 1-4nASE? 6,10,0.25

NUfACION: = 'A' wAVE
u = WAVE

= sLieErceOsi flON .AVE
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- 1 - - - -1
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U
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+1U +20
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SN
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'8 a
....

...../i8 ..A'
S f..1 .A

.../.. * '

,.6
.0"'"

BA..0

a it'

.
b E9.

a
A

WANT TO inY ANOTHEn aEr OF VALUES (1=YEs, U=NO) : ? U

ttEADY
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Physics
WAVES

100 REM JOHN W. HOSIE, NORTHPORT HS, PHYSICS, 8/9/68
105 HEM REVISED BY C.LOSIK
110 REM WE SORT THE W(I) TO PLOT THE WAVE V.iLUES
115 REM L'APP ARE WAVELENGTH, AMPLITUDE, AND PHASE
120 DIM W(3)
124 HEM TWO PI I

125 LET P2=2*3.14159
130 PRINT " ","WAVES AND THEIR SUPERPOSITION"
140 PRINT "DO YOU NEED INSTRUCTIONS (1=YES, 0=NO) s ";
150 INPUT A
160 IF A=0 THEN 350
170 IF A<>1 THEN 140
180 PRINT
190 PRINT "IN THIS PROGRAM YOU MAY OBSERVE THE EFFE!;TS OF"
200 PRINT "CHANGING WAVELENGTH, AMPLITUDE. AND PHASE ON TWO"
210 PAINT "WAVES AND ON THEIR SUIT: (OR SUPERPOSITION)."
220 PRINT
230 PRINT "WAVE 'A' IS FIXED. ITS WAVELENG IS 4, ITS AMPLITUDE"
240 PRINT "IS 10, AND ITS PHASE IS 0."
250 PRINT
260 PRINT "WAVE 'B' MAY BE CHANGED BY YOU. FOR BEST RESULTS 0"
270 PRINT " ","WAVELENGTH (L) BETWEEN gAND 4'
280 PRINT " ","AMPLITUDE (A) BETWEEN 5 AND 10"
290 PRINT " ","PHASE (P) BETWEEN 0 AND 1"
300 PRINT " ","(FOR EXAMPLE, .5 PHASE I/2 WAVELENGTH"
310 PRINT
320 PRINT "IT IS EASIEST TO SEE THE EFFECTS CHANGES IN EACY'
330 PRINT "PARAMETER IF YOU HOLD TWO CONSTANT AND VARY THE OTHER,"
340 PRINT "ALTHOUGH ALL THREE MAY RE VARIED AT ONCE."
350 PRINT
360 PRINT "WHAT IS YOUR CHOICE OF WAVELENGTa, kMOLITUDF. AND PEAS'...,
370 INPUT
373 IF L>0 THEN 380
375 PRINT "WAVELENGTH IS ALWAYS A POSITIVE WANT:ITI."
377 GO. TO 350
380 IF L<=6 THEN 41U
390 PRINT "YOUR WAVELENGTH IS TOO LONG FOR GOOD DISPLAY"
400 GO TO 350
410 L>=1 THEN 415'
412 PRINT "YOUR WAVELENGTH IS TOO SHORT FOR GOOD
413 GO TO 350
415 IF ABS(A)<=15 THEN 440
420 PRINT "YOUR AMPLITUDE IS TOO LARGE FOR DISPLAY."
430 GO TO 350
440 IF ABS(P- .5) < =.5 THEN 470
450 PRINT "YOUR PHASE CAN ONLY BE BETWEEN 0 AND 1."
460 GO TO 350
470 PRINT
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Physics
WAVfS

480 ?HINT "NOTATION:","A = 'A' WAVE"
490 PAINT " "0"13 = WAVE"
500 PAINT " ","S = SUPERPOSITION WAVE"
510 PRINT
520 PRINT " X (CM.) "," -2U -1U U +10
53U PRINT " "," I- I I - - - -I"

540 FOR X=0 TO 4 STEP .2
545 PRINT " "; INT(I0 *X+.5)/10,"-";
55U LET 4'(1)=INT(10*SINCP2*X/4)+.5)
560 LET W(2)=INT(A*SIN(P2*(X/L+1'))+.5)
570 LET W(3)=INT(W(1)+w(2)+.5)
580 REM FIND WHICH IS SMALLEST, 'THEN PRINT IT AND MAXIMILE IT
600 FOH ba=1 TO 3
605 LET K=1E20
61U FOR I=1 TO 3
620 IF W(I)>K THEN 64U
630 LET K=W(1)
640 NEXT I
650 PRINT TAB(K+40);
660 FOR 1=1 TO 3
670 IF ABS(W(I) -K) <.0001 THEN 7UU
680 NEXT .
690 STOP
7UU IF 1.4).1 THEN 730
710 PRINT "A";
720 GO TO 780
730 IF I<>2 THEN 760
740 PRINT "B";
750 GO TO 780
760 IF I<>3 THEN 690
770 PRINT "S";
780 LET W(I)=1E25
790 NEXT 61
795 PAINT "
800 NEXT X
blU PRINT " "," I -1 i 1 lu
h4U PH: "T
3.4 'HINT "WANT TO TRY ANOTHER SET OF VALUES (I=YES, U=NO) s ";
84U INPUT A
850 IF Anll THEN 350
860 ZF A<>0 THEN 820
870 6ND

HEADY
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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. 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

al! BASIC compiles). It may be necessary to make some minor

changes in programs to adjust this format. Another possible

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

to start the random-number generator at a random point. If this

command is not available, some other means should be devised for

randomizing the start.

It is our sincere hope that these programs and their sup-

porting documentation will be helpful to educators who are explor-

ing the uses of computers in education.

We are anxious to hear of any bugs, errors, or improvements

in these programs, and are especially anxious to hear of any novel

ways of using them.

Ludwig Braun

Marian Visich, Jr.
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DISCIPLINE SOCIAL STUDIES

SUBJECT DISTINCTION BETWEEN BAL-

ANCE OF TRADE AND BALANCE OF

PAYMENTS

PROGRAM NA ME 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
"Balance of Payments."

PRELIMINARY 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 trade' 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



SOCIAL STUD-U:5

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.G. 6 = 6 MILLION DOLLARS)

A.
INPUT-A FIGURE FIRST FOR ALL MILITARY AID, THEN
FOR ALL'OTHER AID TO OTHER NATIONS.
? 12,13

B.
INPUT A FIGURE FIRST FOR EXPORTS, THEN FOR IMPORTS.
? 256,23

C.
INPUT A FIGURE FIRST FOR FOREIGNERS TRAVELING IN
YOUR COUNTRY, THEN FOR YOUR COUNTRYMEN TRAVELING
ABROAD.
? 254,15..56

D.
INPUT A FIGURE FIRST FOR INCOME FROM FOREIGN INVEST-
MENTS, THEN FOR FOREIGN INVESTMENT ITSELF;
? 259.21

A. FOREIGN AID = 25

B. BALANCE OF TRADE = 233

C. TRAVEL BALANCE = 198

D. 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

2
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SOCIAL ST UDIE S
BALANC

1REMPROGRAM BY J.V.SWARTZ* HALF HOLLOW HILLS, ? /68
5PRINT"THERE'S A DISTINCTION BETWEEN TRADE BALANCE AND"
7PRINT"BALANCE OF PAYMENTS."
SPRINT
10PRINT"TRADE BALANCE = EXPORTS - IMPORTS."
15PRINT
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.G. 6 = 6 MILLION DOLLARS)"
3OPRINT
33 PRINT "A."
35PRINT"INPUT A FIGURE FIRST FOR ALL MILITARY AID, THEN"
36PRINT"FOR ALL OTHER AID TO OTHER NATIONS."
45 INPUT F1,F2
SOLETF=F1+F2
52PRINT
54 PRINT "B."
55PRINT"INPUT A FIGURE FIRST FOR EXPORTS, THEN FOR IMPORTS."
65INPUT SI*S2
70 LETS -S1 -S2
72PRINT
74 PRINT "C."
75PRINT"INPUT A FIGURE FIRST. FOR FOREIGNERS TRAVELING IN"
76PRINT"YOUR COUNTRY, THEN FOR YOUR COUNTRYMEN TRAVELING"
77PRINT"ABROAD."
85INPUTT1,T2
90LET T=T1-.1.2
92PRINT
94 PRINT "D."
95PRINT"INPUT A FIGURE FIRST FOR INCOME FROM FOREIGN INVEST -"
96PRINT"MENTS, THEN FOR FOREIGN INVESTMENT ITSELF."
105INPUT 11,12
110LET 1=11-12
115LETP=-F+S+T+I
117PRINT
115PRINT
120 PRINT "A. FOREIGN AID ="*F
125PRINT
130 PRINT "B. BALANCE OF TRADE ="*S
140PRINT
145 PRINT "C. TRAVEL BALANCE ="1.1.
150PRINT
155 PRINT "D. INVESTMENT BALANCE -"AI
158PRINT
160 PRINT " upu

162PRINT
170 PRINT "BALANCE OF PAYMENTS -"*P
171PRINT
172PRINT"(REMEMBER, IF A MINUS FIGURE APPEARS ABOVE*YOUR"
173PRINT"COUNTRY FiAS A DEFICIT IN ITS BALANCE OF PAYMENTS)"
181PRINT
185PRINT"HOPE YOU UNDERSTAND THE DISTINCTION BETWEEN THE"
186PRINT"BALANCE OF TRADE AND THE BALANCE OF PAYMENTS"
187PRINT"BETTER NOW."
190END



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.

4
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SOCIAL ST UDIES
BANK

FINANCIAL PROBLEMS

THIS PROGRAM SOLVES THREE TYPES OF PROBLEMSI

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

WH1CH PROBLEM WOULD YOU LIKE TO WORK WITH (TYPE 1. 8 OR 3)? 1

*MAP

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

WKAT IS THE CASH PRICE OF THE ARTICLE CS)? 88.99
DOWN PAYMENT (S)? 10
NUMBER OF PAYMENTS EXCLUDING THE DOWN PAYMENT? 18
NUMBER OF PAYMENTS PER MONTH? 1
AMOUNT PER PAYMENT (S)? 4.85

THE RATE OF INTEREST CHARGED WAS 5.69 PERCENT.

WOULD YOU LIKE TO RUN THE PROGRAM AGAIN Cl -YES, 0 -NO)? I

WHICH PROBLEM WOULD YOU LIKE TO WORK WITH (TYPE 1. 2.0R.3)? 2

* * *

THIS SECTION WILL DETERMINE PAYMENTS FOR A LONG TERM LOAN.

W(AT IS THE AMOUNT BORROWED (5)? 3000
INTEREST CHARGED (2)? 8
INTRAVA4. AFTVF7M PAYMr.NTS 1=n7%:::T I

TERM OF THE LOAN (YEARS)? 2

DO YOU WISH TO SEE THE TOTALS ONLY INSTEAD OF THE ENTIRE
TABLE

PERIOD

I1 -YES, 0 -NO)? 0

OUTSTANDING
PRINCIPAL AT
BEGINNING
OF PERIOD

INTEREST DUE AT
END OF PERIOD

PRINCIPAL
REPAID AT
END OF PERIOD

1 3000 20 115.68
2 2884.32 9.23 116.45
3 2767.87 8.45 117.23
4 2650.64 7.67 118.01
5 2532.63 6.88 118.8'
6 2413.83 6.09 119.59
7 2294.24 5.29 120.39
8 2173.85 4.49 121.19
9 2052.66 3.68 192
10 1930.66 2.87 122.81
11 1807.85 2.05 123.63
12 1684.22 1.23 124.45
13 1559.77 0.4 125.28
14 1434.49 9.56 126.12
15 1308.37 8.72 126.96
16 1181.41 7.88 127.8
17 1053.61 7.02 128.66
18 924.95 6.17 129.51
19 795.44 5.3 130.38
20 665.06 4.43 131.25
21 533.81 3.56 132.12
22 401.69 2.68 133
23 268.69 1.79 133.89
24 134.8 .9 134.78

TOTALS 256.34 3000

YOUR MONTHLY PAYMENT IS S 135.68 AND TOTALS S 3256.34

5
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Social Studies
BANK

a *

WOULD YOU LIKE TO RUN THE PROGRAM AGAIN (1-YES, 0-NO)? I
WHICH PROBLEM WOULD YOU LIKE TO WORK WITH (TYPE 1, 2-OR 3)? 3

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

WHAT IS THE AMOUNT DEPOSITED PER INTEREST PERIOD (S)? 10000
HOW OFTEN'IS THE INTEREST COMPOUNDED (MONTHS)? 3
WHAT IS THE RATE OF INTEREST PAID MT 5
FOR HOW LONG WILL YOU DEPOSIT MONEY (YEARS)? 5

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

* *

WOULD YOU LIKE TO RUN THE PROGRAM AGAIN (1-YES, 0 -NO)? 0

READY

6
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Social Studies
BANK

100 REM FINANCIAL PROBLEMS A. WEBB 12.?64:.

101 REM REVISED 0/25/70 (D. PESSEL)
110 PRINT TAB4:0)I"FINANCIAL PROBLEMS"
115 HEM REVISED BY W. TEPPER. WYANDANCH H.S. 7/10/69
120 PRINT
130 PRINT"THIS PROGRAM SOLVES THREE TYPES OF PROBLEMS,"
132 PRINT
134 PRINT" Cl) INTEREST ON INSTALLMENT BUYING"
136 PRINT" (2) PAYMENTS ON LONG TERM LOAN"
138 PRINT" (3) BALANCE OF A SAVINGS ACCOUNT"
140 PRINT
142 PRINT"WHICH PROBLEM WOULD YOU LIKE TO WORK WITH (TYPE 1. 2 OR 0)")144 INPUT Q1'
146 PRINT
147 PRINT"*****"
148 PRINT
150 IF 01).2 THEN 820
155 IF 012.1 THEN 260
160 GO TO 590
260PRINT "THIS SECTION WILL DETERMINE PAYMENTS FOR A LONG TERM LOAN."
270 PRINT
280 PRINT"WHAT IS THE AMOUNT BORROWED ($)",
251 INPUT A
255 PRINT" INTEREST CHARGED (2)"1
286 INPUT I
290 PRINT"' INTERVAL BETWEEN PAYMENTS (MONTHS)")
291 INPUT P.
295 PRINT" TERM OF THE LOAN (YEARS))
296 INPUT Y
300 PRINT
360 PRINT"DO YOU WISH TO SEE THE TOTALS ONLY INSTEAD OF THE ENTIRE"
361 PRINT"TABLE (1 -YES. 0.-NO)")
362 INPUT PS.
370 PRINT
Jib ir Pb>0 THIN 430
380 PRINT" OUTSTANDING"
390 PRINT" PRINCIPAL AT PRINCIPAL"400 PRINT" BEGINNING INTEREST DUE AT REPAID AT"
410 PRINT"PERIOD OF PERIOD END OF PERIOD END OF PERIOD"420 PRINT .

430 LET Z(Y*12)/P
440 LET K(I*(P/12))/100
445 LET Ell*K/(I-11(144(),Z)
446 LET EINT(E*100+,5)%100
450 LET C -A
460 LET F0
461 LET D1 0
470 LET T10
480 LET TIoT14.1
490 IF T1>Z THEN 554
SOO LET BT1
510 LET CC-.F
520 LET DC*1(
522 LET FE-D
525 LET CINT(C*100+.5)/100
530 LET DoINT(D*100+.5)1100
535 LET FINT(F*100+.5)1100
541 LET DIOD1+D
548 IF P5>0 THEN 480
550 PRINT BiTAB(11);CITAB(29)ADJTAB(40)IF

7
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Social Studies

552 00 TO 480. BANK

554 IF P5(1 THEN 561
555 PRINT
556 LET D1mINT(DI*100+.5)/100
558 PRINT"TOTAL INTERESTPAID 3 "D1
559 PRINT"TOTAOL PRINCIPAL REPAID .. S"A
560 GO.TO 565
561 PRINT"
564 PRINT"TOTALS"JTAB(29)/DIJTAB(48);11
565 LE? E5mINT((D1.41).100+.5)/100
566 PRINT
567 LET E6.E5 /((Y*12) /P)
568 LET E6NINT(100*E84.5)/100
569 PEINT"YOUR MONTHLY PAYMENT IS S"E6" AND TOTALS S"E5
570 GO.T0-1060
590 PRINT"THIS SECTION WILL Dt.iERMINE THE ACTUAL INTEREST YOU PAY"
600 PR1NT"WHEN YOU PURCHASE SOMETHING ON CREDIT."
610 PRIOI

-

620 PRINT"WHAT IS THE CASH PRICE OF THE ARTICLE (S)"J
621 INPUT C..
630 PRINT"' DOWN PAYMENT (S)"J
631 INPUT'D

.

640 PRINT" NUMBER OF PAYMENTS EXCLUDING THE DOWN PAYMENT"'
641 INPUT'N
650 PRINT" NUMBER OF PAYMENTS PER MONTH"'
651 INPUT S
660 PRINT" AMOUNT PER PAYMENT (S)"J
661 INPUT R
690 PRINT
720 LET 211*N+D
730 LET 121C
740 LET M.N/(S*12)
750 LET Ta1 *100 /(8SM)
760 PRINT.'
770 PRINT
775 LET T.INT(100*T+.5)/100
780PRINT "THE RATE OF INTEREST CHARGED WAS"T" PERCENT."
790 GO TO 1060
Pon oPttIT"Lqc EFC7'T ===:. Z7 C. ;WC :NZ:, :,,ZCCA61.t"
830 PRINT"IN'WHICH DEPOSITS ARE MADE REGULARLY."

. .
840 PRINT
860 PRINT"WHAT IS THE AMOUNT DEPOSITED PER INTEREST PERIOD (S)"J

.

861 INPUT A
870 PR1NT"HOW OFTEN IS THE INTEREST COMPOUNDED (MONTHS)"/
871 INPUT a
880 PRINT"WHAT IS THE RATE OF INTEREST PAID (2)"J
881 INPUT C
890 PRINT"FOR HOW LONG WILL YOU DEPOSIT MONEY (YEARS)"/
891 INPUT'D
950 LET F0
960 LET E(C/100)/(12/2)
970 LET G(12/21)40
980 LET T1.10
990 LET T1T1.1
1000 IF T1.G+1 THEN 1030
1010 LET Fo(E.A)4(A.F)
1020 GO TO 290'.
1030 PRINT
1040 PRINT
1045 LET F.INT(100*F+.5)/100 .

1050 PRINT"THE BALANCE OF YOUR ACCOUNT AFTER "D"YEARS WILL BE S"F
1060 PRINT'
1070 PRINT
1080 PRINT
1081 PRINT " * ** **"
1082 PRINT'
1084 PRINT"WOULD YOU LIKE TO RUN THE PROGRAM AGAIN (1 YES, 1314.10)"/
1086 INPUT Q4
1090 IF Q4)0 THEN 142
1100 END

8
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DISCIPLINE SOCIAL STUDIES

SUBJECT CIRCULAR FLOW BETWEEN

BUSINESS AND CONSUMER

PROGRAM NAME CIRFU

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 consumption 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 consume
b. savings
c. credit
d. circular flow of goods, services, and money

2. Concepts for explanation or discussion:
Pa ent for oods and services

rCONSUMER

ent for productive services: rent,
wages, diva in ere

Productive services

Goods and services

CIRCULAR FLOW

9
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CIRPLW

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-offs" .

2. Discuss the lack o! 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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Social Studio s
CIRFLW

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 52.500 AND
EVERY INDIVIDUAL SPENDS 100 PERCENT OF IT,
EACH INCOME WILL BE IN EQUILIBRIUM- -THEY WILL
EARN BACK FROM BUSINESS 52500
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
(DODS 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. .75075 PERCENT)

11 39j
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WAT IS 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 PERCENTAGE VALUE
FOR THE PROPENSITY TO CONSUME, TYPE 0
IF YOU WISH TO STOP THE PROGRAM, TYPE 1

? 1

READY

05
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CIRFEW

100REM THIS PROGRAM BY JAMESEDER, NORTHPORT HS, 8/68
105 REM REVISED BY C.LOSIK
imam IT'S DESIGNED TO DEMONSTRATE THE CIRCULAR FLOW OF
120REM GOODS AND SERVICES IN THE U.S. ECONOMY.
130REM THE FOLLOWING ARE DEFINITIONS OF THE SYMBOLS USED;
140REM PER CAPITA INCOME IS IpIO;PROPENSITY TO CONSUME IS CPCO;
150REM PAYMENT FOR GOODS + SERVICES IS P,POSVALUE OF GOODS IS
160REM V,VO;PERCENT OF PRODUCTIVE SERVICES IS S,SO;
170REM RETURN INCOME IS R,RO
180PRINT"THE FOLLOWING WILL SIMULATE THE EFFECT ON THE"
190PRINT"CIRCULAR FLOW OF GOODS, SERVICES AND MONEY WHEN"
200PRINT"ALL THE INDIVIDUALS IN THE ECONOMY SPEND ALL THEIR"
210PRINT"INCOME. 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 52500"
250PRINT"THE FOLLOWING WILL BE A COMPUTATION OF THE"
260PRINT"VALUES IN THE CIRCULAR FLOW"
270READI,CpIO
-280DATA-250044,2500
290PRINT
300PRINT"AVERAGE INCOME - " ;I
310PRI NT
320PRINT
330PRINT"PROPENSITY TO CONSUME IS"
340PRINT"100 PERCENT"
350LET P=C*I
360PRINT
370PRINT"INDIVIDUAL'S PAYMENTS FOR"
380PRINT"GOODS AND SERVICES - " ;P
390LETV=P
400PRINT
410PRINT"THE VALUE OF GOODS"
420PRINT"AND SERVICES - "TV
430PRINT
440PRINT
450PRINT"THE PERCENT OF PRODUCTIVE"
460PRINT"SERVICES BUSINESS WANTS"
470PRINT"IS 100 PERCENT."
480PRI NT
490PRINT
500PRINT"THE RETURN INCOME"
510PRINT"TO INDIVIDUAL- 2500."
520PRINT
530PRINT"THE ABOVE REPRESENTS THE AVERAGE OF ALL INDIVIDUAL"
540PhINT"INCOMES IN THE ECONOMY. SINCE ALL INDIVIDUALS CONSUMED"
550PRINT"100 PERCENT OF THEIR INCOME,THEIR RETURN INCOME'S"
560PRINT"100 PERCENT OF THEIR PREVIOUS INCOME. THIS HAPPENS"
570PRINT"BECAUSE BUSINESS NEEDS 100 PERCENT OF THE PREVIOUS"
580PRINT"PRODUCTIVE SERVICES TO MEET THE DEMAND."
590PRINT
600PRINT"THE RETURN INCOME TO THE INDIVIDUAL FROM"
610PRINT"BUSINESS DEPENDS TO A LARGE EXTENT ON HOW"
620PRINT"MUCH ALL INDIVIDUALS SPEND(THEIR PROPENSITY TO"
630PRINT"CONSUME). COMMON SENSE TELLS US THAT IF AN IN -"
640PRINT"DIVIDUAL SAVES PART OF HIS INCOME AND INVESTS IT"
650PRINT"IN A BANKiHE "WILL RRISERIS 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"TO THOSE INDIVIDUALS WILL PROBABLY DROP."
700PRINT"BY CHANGING THE PERCENTAGE OF YOUR PROPENSITY "
710PRINT"TO CONSUME YOU CAN CHANGE YOUR INCOME."
720PRINT
730PRINT"A PROPENSITY TO CONSUME OF 100 PERCENT WILL,"
740PRINT"IN THIS SIMULATION, GIVE YOU A RETURN INCOME"

13 396



Social Studies
CIRE114

750PRINT"EQUAL TO YOUR ORIGINAL INCOME. ANY VALUE"
760PRINT"MORE OR LESS THAN 100 PERCENT WILL CHANGE"
770PRINT"YOUR RETURN INCOME."
780PRINT
790LETN=1
800 PRINT "TYPE IN A VALUE FOR THE PROPENSITY TO CONSUME,"
810 PRINT "A PERCENTAGE MORE OH LESS THAN 100 PERCENT."
820 PRINT "PUT IT IN IN DECIMAL FORM (E.G. .75-75 PERCENT)"
830 PRINT
840 PRINT "WHAT IS THE VALUE";
850I NPUTCO
860IFC0<1 THEN 960
870IFC0>1THEN 1030
890IFN-3 THEN930
900PRINT"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"RATHEH STUFFED IT UNDER YOUR MATTRESS, SO"
1000PRINT"YOU WON'T RAISE YOUR INCOME WITH INTEREST"
1010GOT01070
1020PRINT
1030PRINT"BECAUSE YOUR PROPENSITY TO CONSUME IS GREATER"
1040PRINT"THAN YOUR INCOME, YOU ARE BUYING ON CREDIT."
1050PRINT"THAT'MEANS YOU ARE BUYING NOW WITH WHAT YOU EXPECT "
1060PRINT"TO EARN IN THE FUTURE."
1070LETPO-IO*C0
1080PRINT
1090PRINT"INDIVIDUAL'S PAYMENTS FOR"
1100PRINT "GOODS AND SERVICES";PO
1110PRINT
1120LET VO-120
1130PRINT"VALUE OF GOODS AND SERVICES"
1140PRINT"FROM BUSINESS";VO
1150LETSODCO
1160PRINT
1170PRINT"PERCENT OF PRODUCTIVE"
1180PRINT"SERVICES IN DEMAND";SO
1190LET ROmIO*SO
1200PRINT
/210PRINT"RETURN INCOME TO IN"
1220PRINT"DIVIDUAL";RO
1230PRINT
12401FR0 42500 THEN 1270
1250IFRO>=2500THEN 1320
1260PRINT
1270 LET 422INT(100-100*C0+.5)
1280PRINT"YOUR RETURN INCOME"
1290PRINT"HAS DROPPED THE FOLLOWING"
1300PRINT"PERCENTAGE POINTS FROM"
1310PRINT"100 PERCENT"1P2
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"
1350INPU7 W
1355 PRINT
1360IF Won0 THEN 800
1365 IF W<>1 THEN 1320
1370 END

14.

f
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DISCIPLINE SOCIAL STUDIES

SUBJECT DEPRESSION/ EQUILIBRIUM

PROGRAM NAME CONSMP

DESCRIPTION:

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.

. Equilibrium results_when con.sumption 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
2. Recession
3. Equilibrium
4. Under-consumption
5. Overproduction

6. Investment
7. Savings
8. GNP
9. Productive Services

B. Materials - Introduce this program with the Circular Flow model
of goods, services and money. (See program CI 17")

DISCUSSION:

.A. 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 CONSUMPTION ON THE
GMP. IT PRINTS OUT THE VALUES FOR THE COMPONENTS OF THE
CIRCULAR FLOW MODEL OF GOODS, SERVICES AND MONEY.

ASSUME GNP IS 100 BILLION.
TYPE IN A VALUE FOR PROPENSITY TO CONSUME.
MAKE THE VALUE BETWEEN 0 AND .75
? .75

ORIGINAL GNP- 100

PROPENSITYTO
CONSUME - .75

CONSUMPTION- 75

VALUE OF GOODS
+ SERVICES... 75

SAVINGS- 25
. . _

INVEST.- 25

LABOR- .75

RETURN GNP- 100

EQUILIBRIUM.

TO PUT IN ANOTHER CONSUMPTION VALUE.TYPE O.
TO STOP, TYPE 1
? 0
TYPE IN A VALUE FOR PROPENSITY TO CONSUME.
MAKE THE VALUE BETWEEN 0 AND .75
? .80
READ CAREFULLY;INPUT AGAIN.
?

IF STARTING ,TYPE 100CGNP);IF NOT
STARTING,TYPE VALUE OF RETURN a7P.
? 100

ORIGINAL GNP- 100

PROPENSITY TO
CONSUME .7

CONSUMPTION- 70

VALUE- 70

SAVINGS- 30

INVESTMENT BY PERIODS:
1-3MONTHS 5
4- 6MONTHS 4.9375
7+9MONTHS 4.875
10-12MONTHS 4.8125
END OF 12TH MONTH 4.75
TOTAL FOR YEAR 24.375

39'y
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OVER - INVESTMENT

LABGRZ
1.3MONTHS.... .15
IP..6MONTMS.. .1475
..P.9MONTHS... .145
10...12MONTHS- .1425
END OF 12MONTH:. .14
TOTAL FOR YEAR-. .725

GNP:
1- 3MONTHS- 15
IP.6MONTHS... 14.9875
7- 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
CONSUME
? .65
IF STARTING ,TYPE 100(GNP);IF NOT
STARTING, TYPE VALUE OF RETURN GNP.
7 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(GNPMF NOT
STARTING.TYPE VALUE OF RETURN GNP.
? 63.21875

ORIGINAL GNE". 100

PROPENSITY TO
CONSUME... .6

CONSUMPTION... 37.93125

VALUE.. 37.93125

SAVINGS.... 25.2875

GNP"' 41.68125
TYPE DECIMAL VALUE FOR PROPENSITY TO
CONSUME
7 .55
IF STARTING 'TYPE 100CGNP);IF NOT
STARTING,TYPE VALUE OF RETURN GNP.
7 41.68125

17
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ORIGINAL GNP- 100

PROPENSITY TO
CONSUME- ,55

CONSUMPTION- 22.92469

"VALUE- 22.92469

SAVINGS- 18.75656

Social Studies
CONSMP

GNP- 28.54969
TYPE DECIMAL VALUE FOR PROPENSITY TO
CONSUME

tC

READY

18
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Social Studies
CONSMP

100REMPROGRAM BY JAMES EDER, NORTHPORT HS, 8/68
110REMREVISED8/12/69ROO>
115 REM REVISED BY C.LOSIK
120PRINT"THIS PROGRAM SIMULATES THE EFFECTS OF CONSUMPTION ON THE"
130PRINT"BNP. IT PRINTS OUT THE VALUES FOR THE COMPONENTS OF THE"
140PRINT"CIRCULAR FLOW MODEL OF GOODS, SERVICES AND MONEY*"
170PRINT
180READY,P 1
190DATA100,.75
200PRINT"ASSUME GNP IS 100 BILLION."
210 PHINT "TYPE IN A VALUE FOR PROPENSITY TO CONSUME."
220 PRINT "MAKE THE VALUE BETWEEN 0 AND .75"
230LETC1=Y*P1
240LETI1 mY-C1
250 LET Nm30
260INPUT P2
265 LET W41+1
266 IF P2<0 THEN 220
2701FP2m.75THEN420
280HP.2A1.5THEN/77A0. ____
310IFN2g2THEN360
320IFN=3THEN390
330PAINT"READ CAREFULLY/INPUT AGAIN."
350GOT0260
360PNINT"COME ON...I'M WARNING YOU."
38000T0260
390PRINT"OK WISE GUY,YOU'RE OFF."
400G0/01930
410PRINT
420LETV1-C1
430LETS1-YC1
440LETL1=P1
4501.2TYlinC1 +I1
460PRINT
470PRINT"ORIGINAL GNP - "3Y
480PRI NT
490PRINT"PROPENSITY TO"
500PRIN7"CONSUME"3P2
510PRIGT
520PRINT"CONSUMPTION"3C1
530PRINT
540PRINT"VALUE OF GOODS"
550PRINT"+ SERVICES - "3V1
560PRINT
570PRINT"SAVINGS"ISI
580PRINT
590PRINT"INVEST."III
600PRINT
610PRINT"LABOR"ILI
620PRINT
630PRINT"RETURN GNP-"IY1
640PRINT
650PRINT"EQUILIBRIUM."
660PRINT
670PRINT
680PRINT
690PRINT"TO PUT IN ANOTHER CONSUMPTION VALUE,TYPE O."
700PRINT"TO STOP, TYPE 1"
710INPUT28
720IFQ8nOTHEN210 .

730IFQ8n1THEN1930
740PRINT"TYPE DECIMAL VALUE FOR PROPENSITY TO"

19
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750PRINT"CONSUME"
760GOT0260
770PRINT"IF STARTING 'TYPE 100CGNP);IF NOT"
780PRINT"STARTINGTYPE VALUE OF RETURN GNP."
790INPUTY8
800LETC210122*Y8
810LETV2 0C2
820LETS2 0Y8-C2
830PRINT
840PRINT"ORIGINAL GNP - ";Y
IMPRINT
860PRINT"PROPENSITY TO "
870PRINT"CONSUME-"1122
880PRINT
890PRINT"CONSUMPTION-"n2
900PRINT
910PRINT"VALUE-"1V2
920PRINT
930PRINT"SAVINGS-"152
940PRINT
950LETQuCLI)*CP1-P2)
960LETI2 0I1
970LETZ21m12*.20
980LETI3a11-C.25*Q)
990LETL3=13*.20
1000LET1410I1-C.50*W
1010LETZ41014*.20
1020LET151011-C.75*Q)
1030LETZ5101541.20
1040LET1610I1 -il
1050LETZ61016*.20
1060LET1710Z2+Z3+Z4+Z5+16
1070LETFmCC2+12)-0
1080LET0'217-C1
1090LETF110E-01
1100LET0110E-C1
1110LETF2 0F1-02
1120LETO2mF1-C1
1130LETF310F2-03
1140LET0310F2-Q
1150LETF410F3-04
1160LET0410F3-Q
1170LETF510F4-05
1180LET0510F4-Q
1190LETF610F5-06
1200LET0610F5-Q
1210IFF<Y7THEN1760
1220IFF14FTHEN1780
1230IFF24F1THEN1800
1240IFF34F2THEN1820
1250IFF44F3THEN1840
1260IFF54F4THEN1860
1270IFF64F5THEN1880
1280PRINT"INVESTMENT BY PERIODS:"
1290PRINT"1-3MONTHS"1Z2
1300PRINT"4-6MONTHS"1Z3
1310PRINT"7-9MONTHS".114
1320PRINT"10-12MONTHS"115
1330PRINT"END OF 12TH MONTH"1Z6
1340PRINT"TOTAL FOR YEAR"1I7
13SOPRINT
1360PRINT"OVER-INVESTMENT"

20 4 0
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1370PRINT
1380LETA2=P1-P2
1390LETL2=P1
1400LETX2=L2*.20
1410LETL3=P2+C.75*Q2)
1420LETX3=L3*.20
1430LETL4=P2+(.50*A2)
1440LETX4=L4*.20
1450LETL5=P2+(.25*Q2)
1460LETX5=L5*.20
1470LETL6=P2
1480LETX6=P2*.20
1490LETL7=X2+X3+X4+X5+X6
1500PRINT"LABOR:"
1510PRINT"1-3MONTHS-";X2
1520PRINT"4-6MONTHS-";X3
1530PRINT"7-9MONTHS-" ;X4
1540PRINT"10-12MONTHS-";X5
1550PRINT"END OF 12MONTH-";X6
1560PRINT"TOTAL FOR YEAR-";L7
1570PRINT
1580LETY2=iC2+Z2)*.20
1590LETY3=(C2+Z3)*.20
1600LETY4=(C2+Z4)*.20
1610LETY5=(C2+Z5)*.20
1620LETY6=(C2+16)*.20
1630LETY7=C2+17
1640PRINT"GNP:"
1650PRINT"1-3MONTHS-";Y2
1660PRINT"4-6MONTHS-";Y3
1670PRINT"7-9MONTHS-";Y4
1680PRINT"10-12MONTHS-";Y5
1690PRINT"END OF 12 MONTH-";Y6'
1700PRINT"TOTAL FOR YEAR-";Y7
1710PRINT
1720PRINT"RECESSION"
1730LET0=17-(1
1740PRINT"INVENTORY OVERPRODUCED-";0
1750G0T0740
1760PRINT"GNP-";F
1770IFF>OTHEN740
1780pRINT"GNP--";Fl
1790IFF1>OTHEN740
1800PRINT"GNP--";F2
18/0IFF2>OTHEN740
1820PRINT"GNP--";F3
1830IFF3>OTHEN740
1840PRINT"GNP--";F4
1850IFF4>OTHEN740
1860PRINT"GNP--";F5
1870IFF5>OTHEN740
1880PRINT"GNP--";F6
1890PRINT
I900PRINT "TOTAL DEPRESSION"
1910G0T0690
1920PRINT
1930 END

21
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DISCIPLINE MATIIEMATICS, s ()CIA L 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 reinforce his basic arithmetic
skills.

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

PRELIMINARY PREPARATION:

A. Student - no special preparation

B. Materials - possibly graph paper

DISCUSSION:

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

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

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

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

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

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

23
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Social Studies
STOCK

THE STOCK MARKET
DO YOU WANT THE INSTRUCTIONS (YESTWE is NO-TYPE 0)? 1

- .

THIS PROGRAM PLAYS THE STOCK HARKEY. YOU WILL BE GIVEN
310:000 ANDMAY VWY OR SELL STOCHS. THE STOCK PRICES WILL
BE MERATED RANDC::LY AND THEREFORE vas MODEL DOES NOT-
avnnsimy macTLY VHAT HAPPENS OM THE EXCHANGE. A TABLE
OF AVAILABLE STOOKS. THEIR PRICES' AND THE NUMBER OF SHARES
IN YOLK PORTFOLIO L'ILL LE PRINTED. FOLLOWING THIS, THE
INITIALS OF EACH ST= RILL n: PRINTED WITH A QUESTION
MARK. HERE YOU ICOICATE.A Ti%%:ISACTION. -TO BUY A STOCK
TYPE 44,Wrio TO snu A STOOK TYPE ..NNN. WHERE VAN IS THE
NUMBER OF SHARES. A BROKERAGE FEE OF 18 WILL BE'CHARGED
ON ALL TRANSACTIC75. MOTE VAT IF A STOCK'S VALUE DROPS
TO ZERO IT MAY nnvouno TO A POSITIVE VALN6AGPAN. YOU
HAVE 810.000 TO INVEST. USE INTEGERS FOR 'ALL YOUR INPUTS.
(NOTES TO GET A 'FEEL' FOR THE MARKET RUN FOR AT LEAST
10 BAYS)

GOOD LUCK!

STOCK INITIALS
INT. BALLISTIC MISSILES IBA'
RED CROSS'OF-AMERICA RCA
LICHTENSTEIN, BUMHAP 8 JOKE LBJ
AMERICAN BANKRUPT CO. ABC
CENSURED BOOKS STORE CBS

NEW YORK STOCK EXCHANGE AVERAGES 113.75

Tnwit evnry Acemve AOW A

TOTAL CASH ASSETS ARE
TOTAL ASSETS ARE

3 10000
3 10000

WHAT IS YOUR TRANSACTION IN
ISM? 2
RCA? 3
LBJ? 1
ABC? 1
CBS? 1

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

PRICE/SHARE
85:75
85.5
155.25
138'
104.25

STOCK PRICE /SHARE HOLDINGS VALUE NET PRICE CHANGE
IBM 98.5 8 193 10.75
RCA 81 3 243 -4.5
LBJ 153.5 1 153.5 -1.75
ABC 135.5 1 135.5 -2.5
CBS 99 1 S9 -5.85

aRW YORK STOCK EXCHANGE AVERAGES 113.1 NET CHANGE! -.65

TOTAL STOCK ASSETS ARE
TOTAL CASH ASSETS ARE
TOTAL ASSETS ARE

3 824
3 9166.25
3 9990.25

DO YOU WISH TO CCNTINUE (YES -TYPE 1, NO-TYPE 0)? 1

%NAT IS YOUR TRANSACTION IN
IOM? 5
RCA? 1

LBJ? 1

ABC? 1

CBS? 0
24
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******Irm END OF TAY'S TRADING

STOCK PRICE/SNARE HOLDINGS VALUE NET PRICE CHANGE
IEM 98.75 '7 691.25 2.25
ACA 88.5 4 330 1.5
LBJ 154 2 308 .5
Ar.:C 133.5 a 867 -2
CBS 102.75 108.75 3.75

NSW YORK STOCK EXCHANGE

TOTAL STOCK ASSETS ARE
TOTAL CASH ASSETS ARE
TOTAL ASSETS ARE

AVERAGES 114.3

S 1699
S 0305.23
S 10004.23

NET CHANGE! 1.8
_ .

DO YOU WISH TO CONTINUE (YES -TYPE lo NO -TYPE 0)? 1
WHAT IS YOUR TRANSACTION IN
11.917 3

BOA? 2
LBJ? 5
ARC?
CBS? 3

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

STOCK PRICE/SHARE HOLDINGS VALUE NIT PRICE CHANGE
IDM 99.25 10 992.5 (5
ACA 82.85 6 493.5
LBJ 154.75 7 1083.25 .15
ADC 133.5 1 133.5 0

9?3 103.25 413 .5

NEW YORK STOCK EXCHANGE

TOTA% STOCK ASSETS ARE
TOTAL CASH ASSETS ARE
TOTAL ASSETS ARE

AVERAGE! 114.6 NET CHANGE! .3

S 3115.75
S 6882.5
S 9998.25

DO YOU WISH TO CONTINUE (YES -TYPE
CHAT IS YOUR TRANSACTION IN
IBM? 5

RCA? 3
LBJ? S
ABC? 3
CBS? 4

1. NO -TYPE 0)? 1

***811111***** END OF DAY'S TRADING

STOCK PRICE/SHARE HOLDINGS VALUE NET PRICE CHANGE
1DM 96.75 . 15 1451.25 -8.5
RCA 80.5 9 124;5 -1.75
LBJ 150 12 1800 -4.75
ARC 132 4 S88 -1.5
CBS 98.75 790

NEW YORK STOCK EXCHANGE AVERAGE! 111.6 NET CHANGE!

TOTAL STOCK ASSETS ARE
TOTAL CAS% ASSETS ARE
TOTAL ASSETS A11t

25
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DO YOU WISH TO CONTINUE (YES -TYPE 1. NO-TYPE 0)? I
WRAT IS YOUR TRANSACTION IN
ION? 0
WA? *5
LBj? *7
ADC? 0
CBS? 5

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

STOCK PRICE/SHARE HOLDINGS VALUE NET PRICE CHANGE

IBM 96.75 '15 1451.85 0
- ...

RCA 66.75 4 867' -13.75

LBJ 150.75 5 753.75 ;75

ABC 132 4 588 0

CBS 95.75 3 887.85 3

NEW YORK STOCK EXCHANGE AVERAGES 108.4 NET CHANGES *308

TOTAL STOCK ASSETS ARE S 3267.25
TOTAL CASH ASSETS ARE $ 6455.74
TOTAL ASSETS ARE S 9742.99

DO YOU WISH TO CONTINUE (YES TYPE 1, NO TYPE 0)? I

BRAT IS YOUR TRANSACTION IN
.

IBM? -10
RCA? -2
LBJ? 2
ABC?
CBS? 0

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

STOCK PRICE/SHARE HOLDINGS VALUE INET PRICE CHANGE

IBM. 87.5 5 437.5 *9.85

-RCA 50 8 116 6.75
LBJ 135.25 7 946.75 *15.5

ARC 128.5 6 735 9.5
CBS 98.75 3 296.25 3

NEW YORK STOCK EXCHANGE AVERAGES 100.4 NET CHANGES 8

TOTAL STOCK ASSETS ARE 5 2531.5
TOTAL CASH ASSETS ARE S 6974.58
TOTAL. ASSETS ARE 5 9506.08

DO YOU WISH TO CONTINUE (YES TYPE I, NOTYPE 0)? 1

MAT IS YOUR TRANSACTION IN
IBM? -4
RCA? -I
LBJ? -6
ABC? *8
OS? -2

26
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**404040,001040* END OF DAY'S TRADING

STOCK PRICE /SHARE HOLDINGS VALUE NET PRICE CHANGE
IBM 80 .1 80
ACA 51 1 51 7
LBJ 101.75 1 10105 "13.5
ABC 109.5 4 438 13
CBS 91.5 1 91.5 "7.25

NEW YORK STOCK EXCHANGE AVERAGES 90.75 NET CHANGES -9.65

TOTAL STOCK ASSETS ARE 5 782.25
TOTAL CASH ASSBTS ARE S 8619.96
TOTAL ASSETS ARE S 9402.21

DO YOU WM TO CONTINUE (YES -TYPE 1. NOTYPE 0)? 1
UtAT IS YGUII TRANSACTION IN
IBM? 0
RCA? 0
LBJ? 0
ABC? -3
CBS? 0

6111******** END OF DAY'S TRADING
. -

STOCK PRICE /SHARE HOLDINGS VALUE NET palm! CHANCI
IRM 77.5- .1 77.5 2.5.
RCA 52.25 1

. 52.25 '1.25
LOJ 119.05 1 119.25 0.5
ADC 107 1 107 -2.5
CBS 92.25 1 92.25 .75

NEW YORK STOCK EXCHANGE AVERAGES 89.65 NET CHANGES 1.1

TOTAL STOCK ASSETS ARE S 448.25
TOTAL CASH ASSETS ARE S 8945.18
TOTAL ASSETS ARE 5 9393.43

DO YOU WISH TO CONTINUE (YES -TYPE 1. NO -TYPE 0)?
WHAT IS YOUR TRANSACTION IN
IBM? 0
ccAr 0
LDJ? 0
AFC? 0
CBS? 10

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

STOCK PRICE/SNARE HOLDINGS VALUE NET PRICE MANGE
IBM 74.5. 1 74.5 -3
RCA 54 1 54 1.75
LOJ 107 1 107 I2.25
ABC 108 1 108' 1

CBS 90.75 11 998.05 -1.5
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MEV YORK STOCK EXCHANGE AVERAGE: 86.85

TOTAL STOCK ASSETS ARE S 1341.75
TOTAL CA:41 ASSETS ARE S 8013.46
TOTAL ASSETS ARE S 9355.21

NET CHANGE: -9.8

DO YOU UISH TO CONTINUE (YES-TYPE I. NO-TYPE 0)? 1
WHAT IS YOUR TRANSACTION IN .

IBM? 5
RCA? 6
LBJ? 10
ABC? 10
CBS? 10

loplo **.wolo END OF DAY'S TRADING
. . .

STOCK PRICE/SHARE HOLDINGS VALUE NET PRICE CHANGE
IBM 72' -6 432 -2.5
RCA 52.5 7 367.5 -1..5
LW 105 11 1155 -2-
ABC 103.25 11 1135.75 -4.75
CBS 91.5 al 1921.5 '.75.. ...

NEV YORK STOCK EXCHANGE AVERAGE: 84.85

TOTAL STOCK ASSETS ARE S 5011.75
TOTAL CASH ASSETS ARE S 4221.92
TOTAL ASSETS ARE S 9233.6?

NET CHANGE* -2

DO YOUOISH TO CONTINUE (YES-TYPE 1. NO-TYPE 0)? 0
HOPE YOU HAD FUN11

READY

28
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100 REM STOCK MARKET SIMULATION -STOCK-
101 REM REVISED 8/18/7U (D. PESSEL, L. BRAUN, C. LOSIK)
102 REM IMP VABLS: A-MAKT TRND SLP; B5-BAKRGE FEE; C-TTL CSH ASSTS;
103 HEM C5-TTL CSh ASSTS (TEMP); C(I) -CHNG IN STK VAL; D-TTL ASSTS;
104 REM E1,E2-LRG CHNG MISC; I-STCA #; II,I2-STCKS W LAG CHNG;
105 REM N1,N2-LAG CHNG DAY CNTS; P5-TTL DAYS PACHSS; P(I)-PRTFL CNTNTS;
106 HEM 619-NEW CYCL?; 54-SGN OF A; S5-TIL DYS SLS; S(I)-VALUE/SHA;
107 HEM T-TTL STCK ASSTS; T5-TTL VAL OF TANSCTNS;
106 REM W3-LAG GANG; AI-SMLL CHNG(<$1); Z4,Z5,Z6-NYSE AVE.; Z(I)-TANSCrW
109 PRINT TAB(20):"THE STOCK MARKET"
110 DIM S(5),P(5),4(5),C(5)
112 HEM SLOPE OF MARKET rAEND:A (SAME FOA ALL STOCKS)
113 AANDOMIZE
114 LET A=INT((AND(X)/10)*100+.5)/100
115 LET T5=0
116 LET X9=0
117 LET N1=0
118 LET N2=0
119 LET E1 =0
120 LET E2=U
121 REM INTRODUCTION
122 PRINT "DO YOU WANT ThE INSTRUCTIONS (YES-TYPE 1, NO-TYPE U)";
123 INPUT Z9
124 PRINT
125 PRINT
126 IF Z9<1 THEN 200
130 PAINT "THIS PROGRAM PLAYS THE STOCK MARKET. YOU WILL BE GIVEN"
132 PRINT "$10,000 AND MAY BUY OA SELL STOCKS. THE STOCK PRICES WILL"
134 PRINT "BE GENERATED RANDOMLY AND THEAEFOAE THIS MODEL DOES NOT"
135 PRINT "REPRESENT EXACTLY WHAT HAPPENS ON THE EXCHANGE. A TABLE"
136 PRINT "OF AVAILABLE STOCKS, THEIR PRICES, AND THE NUMBER OF ShAAES"
137 PRINT "IN YOUR PORTFOLIO WILL BE PRINTED. FOLLOWING THIS, THE"
138 PAINT "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 BROKEBAGE FEE OF 1Z WILL BE CHARGED"
142 PRINT "ON ALL TRANSACTIONS. NOTE THAT IF A STOCK'S VALUE DROPS"
143 PRINT "TO LEA() 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 HUN FOR AT LEAST"
146 PRINT "10 DAYS)"
147 PRINT " GOOD LUCK!
200 REM GENERATION OF STOCK TABLE; INPUT REQUESTS
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
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26u LET s(5)=110
265 AEM INITIAL fo - h DAYS FUA FIA5T IAEND SLOPE (A)
266 LEI TO=INT(4.99*AN0(A)+1)
267 nEM AANDUMI4E SIGN OF 1AEND SLOPE (A)
26d IF AND(A)>.5 ChEN 27U
269 LEI A=-A
27u AEM AANDOM14E INITIAL VALUES
2dU GOSUB 630
265 hEm INIrIAL rOnIFUL10 CONTENTS
290 FOA 1=1 ro 5
JLiu LEr P(I)=0
305 LET 4(1)=0
310 NEAT I
32U PAINT
.130 PAINT

nEM INIIIAL14E UAsn AssE15:0
335 LEA' C=10000

AEM PAINT INITIAL PUATFULIO
340 PAINT "sfUUK".." "/"INIfIAL5","PAIGE/SAHAE"
350 PAINT "INT. dALLISIIC MISSILES "," IbM",5(1)
352 PAINT "AEU UAUs's OF AMERICA "," AGA",s(2)
354 ehINC "LIGAIENSIEIN, BumhAr & oOKE"," L6J",s(3)
356 PAINT "AMEAIGAN BANKAUPT CU."," Ade.",5(4)
356 r'ztIN1 "GEN6WiEll 600rCS 610:1E"," b(
360 PAINT
361 LIEN NYSE AVEILAGE:45; ThAr. VALUE:44; NET GnANGE:46
363 LEI 44=45
364 LEI 45=0
365 LET 1=u
3 70 FUA 1=1 TO 5
375 LET 45=45+s(1)
JoU LEf 1=I+5(I)*e(1)
390 NEAT I

391 LEI 45=INC(100*(45/5)+.5)/100
392 LEI G6=INf((45-44)*100+.5)/100
393 ALM TOTAL ASsEf5:1)
394 LET D=r+C
395 IF A9>U TAEN 39b
396 PAINT "NEW YORK STOCK EA0AANGE AVEAAGE: "45
397 GO TO 399
396 PAINT "NEW YORK .STOCK EACAANGE AVEAAGE: "45" NEr GnANGE: "46
399 PAINT
4UU LET r=INT(10U*T+.5)/100
401 PAINT "TOTAL sructi ASSETS AAE i"ir
403 LET C=1Nr(luu*G+.5)/IU0
405 PAINT ""TOTAL CASK ASSETS AAE $";O
407 LEI' U=INI(IUU*O+.5)/1UU
406 PAINT "TOTAL ASsET0 AhE $";1)
410 PAINT
411 IF A9=0 THEN 416
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412 PAINT "DO YOU WISH TO CONTINUE (YES-TYPE 1, NO-TYPE U) ";
413 INPUT 1,19
414 IF u9<I THEN 99b
416 REM INPUT TALANSACTIONS
420 PHINT "WHAT IS YOUi TRANSACTION IN"
43U ?HINT "IBM";
440 INPUT 4(1)
45U PAINT "RCA";
460 INPUT G(2)
47U PAINT "LBO";
480 INPUT 4(3)
49u PAINT "ABC";
501) INPUT G(4)
510 PAINT "CBS";
52U INPUT G(5)
525 PAINT
530 HEM TOTAL DAY'S PURCHASES IN S:P5
540 LET r5=u
550 HEM TOTAL DAY'S SALES IN S:S5
560 LET 55=O
570 FOR I=I TO 5
575 LET G(1)=INT(4(I)+.5)
580 IF 4(I)<=0 THEN 61.0
590 LET P5=P5+G(I)*S(I)
600 GO TO 620
610 LET 55=55-4(I)*S(I)
612 IF -4(I)<=P(I) THEN 620
614 PAINT "YOU HAVE OVERSOLD A STOCK; TRY AGAIN."
616 GO TO 42U
62U NEAT I
622 HEM TOTAL VALUE OF TAANSACTIONS:T5
625 LET T5=P5+S5
630 REM BROKERAGE FEE:B5
640 LET B5=INT(.01*T5*100+.5)/100
650 REM CASH ASSETS=OLD CASH ASSETS-TOTAL PURCHASES
652 HEM -BROKERAGE FEES+TOTAL SALES:C5
654 LET C5=C-P5-35+55
656 IF C5 >=0 THEN 674
658 PAINT "YOU HAVE USED $"-05" MOH
E THEN YOU HAVE."
660 GO TO 420
674 LET C=C5
675 REM CALCULATE NEW PORTFOLIO
680 FOR 1=1 TO 5
690 LET P(I)=P(I)+Z(I)
700 NEXT I
710 HEM CALCULATE NEW STOCK VALUES
720 GOSUB b30
750 HEM PAINT PORTFOLIO
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751 REM SELL AINGING-DIFFERENT ON MANY COMPUTEAS
752 FOA 1=1 TO 2U
75J PAINT ChAS(135);
754 NEAT 1
755 PAINT
756 PAINT "********** END OF DAY'S TA-DING"
757 PRINT
758 PAINT
759 IF A9<1 TnEN 769
769 PAINT "STOCK","PAICE/ShAAE","hOLDINGS","VALUE","NET PAIGE CHANGE"
770 PAINT "IBM", 6(1), P(1), 6(1)*?(1), C(1-)
771 PAINT "RCA", S(2), P(2), S(2)*?(2), C(2)
772 ?AIN'. "LBJ", S(3), P(3), S(3)*P(3), C(3)
773 PAINT "ABC", 5(4), P(4), S(4)*P(4), C(4)
774 PAINT "CBS", 6(5), r(5), 6(5)*?(5), C(5)
775 LET A9=1
7b0 PRINT
790 PRINT
810 GO TO 36U
829 AEM NEW STOCK VALUES - SUBROUTINE
630 HEM RANDOMLY PRODUCE NEW STOCK VALUES dAsED ON PAEVIOUS
831 HEM DAY'S VALUES
b32 AEM N1,N2 ARE AANnOM NUMBERS OF DAYS WhICA RESPECTIVELY
6:33 REM DETERMINE WhEN STOCK 11 WILL INCREASE 1U eTS. AND STOCK
8,34 HEM 12 WILL DECREASE 10 PTS.
840 HEM IF N1 DAYS HAVE PASSED, PICK AN 11, SET El, DETEHMINE NEW N1
b41 IF N1>0 THEN 850
845 LET I1=INT(4.99*AND(X)+1)
b46 LET N1=INr(4.99*RND(A)+1)
847 LET E1=1
850 HEN IF N2 DAYS hAVEI PASSED, PICK AN 12, SET E2, DETERMINE NEW N2
851 IF N2>0 THEN 860
855 LET I2=INT(4.99*AND(A)+1)
656 LET N2=INT(4.99*AND(A)+1)
857 LET E2=1
860 HEM DEDUCT ONE DAY FROM N1 AND N2
861 LET N1=N1-1
b62 LET N2=N2-1
b90 HEM LOOP THROUGH ALL STOCKS
900 FOK 1=1 TO 5
910 LET X1=AND(X)
915 IF Al>.25 "THEN 92U
916 LET X1=.25
917 GO TO 935
920 IF Xl>.50 THEN -925
921 LET X1=.50
922 GO TO 935
925 IF A1 >.75 THEN 930
926 LET Al=.75
927 GO TO 935
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930 LET AI=U.0
931 HEM BIG ChANGE CONSTANT:W3 (SET TO GEHO INITIALLY)
935 LET W3=U
936 IF E1 <1 THEN 945
937 IF INT(I1+.5)<>INT(I+.5) THEN 945
93b REM ADD lu PIS. TO THIS STOCK; RESET El
939 LET W3=1U
943 LET E1=U
945 IF E2<1 THEN 955
947 IF INT(I2+.5)<>INT(I+.5) THEN 955
94b REM SUBTHACT 10 ?TS. FROM THIS STOCK hESET E2
949 LET W3=W3-10
953 LET E2=0
954 REM C(I) IS CHANGE IN STOCK VALUE
955 LET C(I)=INT(A*5(I))+x1 +INT(3-6*ANDtX)+.5)+W3
956 LET C(I)=INT(100*C(I)+.5)/100
957 LET S(I)=S(I)+C(I)
96U IF S(I)>0 THEN 967
964 LET C(I) =U
965 LET s(I)=0
966 GO TO 97U
967 LET S(I)=INT(100466(1)+.5)/10U
970 NEXT I
972 HEM AFTEh Tb DAYS hANDOMLY CHANGE TREND SIGN AND SLOPE
973 LET Tb =Tb -1
974 IF Tb<1 THEN 965
96U ttETUHN
965 REM RANDOMLY CHANGE TREND SIGN AND SLOPE (A), AND DURATION OF
906 HEM OF TREND (Tb)
990 LET T6=INT(4.99*hND(x)+1)
992 LET A=INT((hND(A)/1U)*100+.5)/IUJ
993 LET S4=HND(x)
994 IF S4<=.5 THEN 997
995 LET A=-A
997 HETUHN
996 PRINT "HOPE YOU HAD FUN!!"
999 END
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The enclosed material is a compilation of computer programs

developed during the period May, 1968 to September, 1970. These

programs were developed by teachers and students in the high schools

which participated with us, and by the Project staff.

All of the enclosed programs have been tested on a Digital

Equipment Corporation TSS-8 time-shared computer during the summer

of 1970. To the best of our ability, we have assured ourselves

that the programs actually run. It should be pointed out, however,

that we were not able to make an. exhaustive exploration of the pro-

grams. There may be undiscovered bugs (if there aren't, it may be

the first time in the history of computing). We would appreciate

hearing of any which emerge in the future.

These programs run in the version of BASIC which existed on

the TSS-8 in August, 1970, and should run on most other versions of

BASIC. The major potential problem on other machines is the output

format (DEC uses 14 columns per print zone, while some other manu-

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

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

changes in programs to adjust this format. Another possible

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

to start the random-number generator at a random point. If this

command is not available, some other means should be devised for

randomizing the start.

It is our sincere hope that these programs and their sup-

porting documentation will be helpful to educators who are explor-

ing the uses of computers in education.

We are anxious to hear of any bugs, errors, or improvements

in these programs, and are especially anxious to hear of any novel

ways of using them.

Ludwig Braun

Marian Visich, Jr.
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7

GAMGN 14

Review of gametogenesis using diagrams and questions.

MEMBR
Experiment simulation showing the active and passive
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How energy levels are determined from the emissions of
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potential to determine the wavelength of randomly
selected electron emitting X-rays. (Atomic and Nuclear)
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BALANC

Simulates the effects of the relationship between costs
of production and revenues.

BANK

Solves financial problems concerning installment buying,
long term loans, and savings accounts.

CIRFLW

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.

15
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Volume VI

TEACHER ASSISTANCE

AVERG1
Averages grades, lists value of curve, and adjusts
grades.

AVERG2 3

Sorts and averages grades.

FREQ 6

Prints a frequency distribution (bar graph) of grades.

GRADE 8

Prints a table of grades (in percentages), number of
questions missed, and number of questions answered
correctly.

ITEM1 10
Counts and prints number of times questions are missed.

ITEM2 12
Sums item analysis.

STAT 15
A statistical analysis of laboratory data. (For teachers'
use)

STATAL
Calculates the arithmetic mean (average) of a set of
numbers.

23



ThIs program will average any number of grades. A passing grade
must he inputed by the teacher, and the computer will list the nmer-
ical value of the curve and the respective adjusted grades.

WO DATA 65.78.76.48065.78.8269,71.56.90,67.59.60,70,74.62,57.66
601 DATA 64,63,65.59.60,56,48,66
RUN

PASSING GRADE FOR THIS TEST IS ? 70

THE AVERAGE OF ALL GRADES ENTERED IS 65.7037 .

THE AVERAGE FALLS BELOW THE PASSING GRADE BY 4 POINTS.
(ROUNDED TO NEAREST WHOLE NUMBER.)

ADJUSTED GRADE ORIGINAL GRADE + 4

STUDENT ORIGINAL ADJUSTED
NUMBER GRADE GRADE

1 65 69
2 78 82
3 76 80
4 48 52
5 65 69
6 78 82
7 82 86
8 69 73
9 71 75
10 56 60
11 90 94
12 67 71
13 59 63
14 60 64
15 70 74
16 74 78
17 62 66
18 57 61
19 66 70
20 64 68
21 63 67
22 65 69
23 59 63
24 60 64
25 56 60
26 48 52
27 66 70

READY

1
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Teader Assistance
AVERC1

IOOREM COURT. G.M., WALT WHITMAN H.S. REVISED 8/69
105 REM REVISED BY C.LOSIK 126-70
110REM
120REM PROGRAM AVERAGES ANY NUMBER OF GRADES. FOR CURVING PURPOSES
130REM YOU ARE ASKED FOR A PASSING GRADE. IF THE AVERAGE FALLS BELOW
140REM THAT THE DIFFERENCE WILL BE PRINTED OUT AS WELL AS NEWLY CAL-
150REM CULATED GRADES FOR EACH STUDENT. REMEMBER THAT THIS TYPE OF
160REM CURVING IS VALID ONLY IF THE ORIGINAL GRADE DISTRIBUTION
170REM SHOWED A BELL CURVE.
180REM
190REM ENTER GRADES ON DATA LINES 600-700.
200REM
220READX
230IFX9999THEN260
240LETNEIN+1
2500070220
260RESTORE
270LETCP00
280PRINT"PASSING GRADE FOR THIS TEST IS ";
290INPUTP
300FORTgolTON
310READA
320LETGG+A
330 NEXTT
340 LET M.G /N
350PRINT
360PRINT"THE AVERAGE OF ALL GRADES ENTERED IS"M"."
365 LET DIDO
3701FM>PTHEN410
380PRINT
390LETD0INT(PM+.5)
400PRINT"THE AVERAGE FALLS BELOW THE PASSING GRADE BY"D" POINTS."
405 PRINT "(ROUNDED TO NEAREST WHOLE NUMBER.)"
410REStORE
415 PRINT
417 PRINT "ADJUSTED GRADE 0 ORIGINAL GRADE +"D
4ROPRINT
430PRINT"STUDENT""ORIGINAL" "ADJUSTED"
440PRINT"NUMBER"s" GRADS "." GRADE"
450PRINT u

460FORX1TON
470READA
490 PRINT XDAA+D
500NEXTX
600 DATA 65.78.7648.6578,82.6971,5690,67.59s60.70.7462,57,66
601 DATA 64.6365.59a60.56,44666
701DATA9999
999END

8 Copyright 1971, Polytechnic Institute of Brooklyn



Teacher Assistance
AVERC2

DESCRIPTION:

This program will sort and average from 3 to 10 grades. for up
to 35 students.

Data is entered in lines 600-609. The data are entered in order
of student number for the first test, followed by the grades for the
second test in order of student number, followed by C'e grades on the
third test in order of student number, etc.

The program prints a table listing the grades for each student
and his average.

6uu DAIA Up7up72,59,66,7U,75,1UO,77/65
6u1 DA IA 5u..65/70,6b..7up75,70,65,70,70
!)02 DAIA 75poU,o5,90,95,65,b5,90,92,o7
6u3 0A1 A 65,70,75,d5,157,77,d6,90,75,64
6u4 DATA 65,70/75,90,85,71,7d,b9,155,75
E./5 DATA 75,1sU,OU,bU/85,75,90,d9,7o/67
6U6 DATA 75/7UpdUp55,59.67,78,54,76,34
607 DATA 75/75/66,90:.95,b7,54,67,b6,70
6uo DAIA ou,90,55,75,64,66,b6,9j,9b,70
6U9 DATA 55/69,76,90,0/0.76,97,50,76

NUMdEkt OF STUDENTS IN CLASS IS ? 10
NUM6Y.it OF GhADES TO 8E AVEflAGED 16 --- ? 10

ofUD.
NO. (LAST

GRADES
COLUMN LISTS AVEttAGE.D)

1 U 5U 75 65 65 75 75 75 bU 55 6o.3
7U 65 dU 70 70 dO 7u 75 9U 6v 73.9
72 70 d5 75 75 dO 150 6o 55 7o 73.b

4 59 6o 9U d5 90 dO 55 90 75 vU 7o.2
5 66 76 95 b7 b5 d5 59 v5 64 U 7o.4
6 7U 75 d5 77 71 75 6.7 o7 66 u 74.o
7 75 7U d5 b6 lb 90 7o 54 06 76 77.o
0 100 65 9U 90 d9 b9 54 67 9u v7 o3.1
9 77 7U 92 75 b5 76 76 o6 9b 5o 7v.5
lu 65 7U. d7 64 75 67 j4 7o 7o 75 6.J

l'tEADY

3



Teacher Assistance
AVERG2

lUuhEM IJEAE4-COOnr, WALT WhIrMAN n.s., 7/69
11U tEM hEV1sED 1U/7U BY DAVID 608IN - IJOLYIECn
leuhEM
ljunEM rhOGAAM 60hTS AND AVEIIAGEs FzOM 3 10 lu GAADES FOh Ur' TO 35
I4uhEM sTUDENCs. 1nEY AtE rhEN eniNrED OUT. fnE GAADES MAY BE FhOM
15UhEM rEsTs Oh LAUAATEALY AVEKAGE5.
16uhEM
170 hEM NOTE: IHE NUMBEA OF GAADES PEh sfUDEN1 TIMEs knE NUMBEA
15u AEM OF sfUDEN16 MUS1 NO1 EXCEED 295.
190 hEM
BOUhEM THE GAADES AZE ENTEAED IN IhE SAME OADEK FOtt EACn TEST Oh
21UhEM UUAATEh, FAOM sTUDENT NUMBEA ONE TO rriE LAST IN THE CLASS. TnE
22uKEM PhOGAAM WILL SOhT OUT AND AVEAAGE TnE GRADES FOA EACH STUDEN1
2JUAEM SE,)AAATELY. IF A GRADE IS MISSING FOh ANY STUDENT, A LEhO MUST
240AEM BE ENTEAED. THESE WILL NOT BE AVEhAGED IN. IF YOU WANT TO AVEAAGE
2bUhE IN A 4EhO AS A GdADE, ENTEh A GhADE OF 1 INSTEAD. IT WILL NOT
26uhEM AFFECT ThE AVEnAGE SIGNIFICANTLY.
27UAEM
2buhEM AEMEMBEh TO ENfEz DIE SAME NUMBEA OF GAADES FOh EACh STUDENT IN
29UAEM IhE OADEA ehESCAIBED ABOVE. IF This IS NOT DONE, ThE GhADE5
JOuhEM AND AVEAAGES WhICh ArtE PhINTED OUT WILL NOf BE COAhECT.
31UnEM
jeuPAINT" NUMBEh OF STUDENTS IN CLASS IS --- ";
33u INPUT N
340 PhINI "NUM6Eh OF GAADES TO BE AVEAAGED 16 --- ";
J5u INPUT G
36U FOA 1=1 TO N*G
370 AEAD A
3.60 IF h=9999 ThEN 1U2O
39U NEAT I
400 hEAD A
410 IF A<>9999 DIEN 102U
420 PhINT
43U PhINI
44u PhINT
45u PhINT "STUD."'" GhADES"
460 ArtiNir " NO. (LAST COLUMN LISTS AVEAAGES)"
47U hEST0hE
4b0 FOh 1=1 TO N
490 PhINT I;
500 GOSUB d50
51U LET 6=0
52U LET L=0
530 IF I=1 ThEN 570
540 FOK J=1 TO I-1..
55U hEAD A
56U NEAT o
570 FOh K=1 TO G
500 AEAD A

4
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Teacher Assistance
AVUO2

'19U IF A<>U fnEN TdU
60u LAIR 0,7u,72,59,66,7u,75,100,77,65
6u1 DAI4 50,65,7u,6b,7U,75,70,6b,7u,',u

uAkA 75,b0,b5,90,95,05,05,90,98,o7
fluj DrIfA 65,70,75,b5,07, 77,06,9U,75,64
hu4 uAfA 65,7u,75,9U,0b,71,70,b9,o5,75
hurl DAfA 75,bu,ou,o0,05,75,90,o9,7o,67
606 UAlri 75,70,ou,55,59,67,7b,54,76,J4
6u7 DAfA 7:1,75,6o,9u,9b,o7,54,67,06,7o
6uo LAIR ou,9u,55,75,64,66.o6.90,9o,70
609 DAIA 55,69,7o,90,0,U,76,97,5o,75
700 DAfti VVV9
71U LEA G=L+1
72u LET 6=:i+A
7JU rhINL A;
740 GObUb 900
75u IF A=G fhEN 79U
16u FOh L=1 TU N-1
77U zEAD A
Thu NEAL' L
796 NEAT A
out.) LEI 6=6/(G-L)
olU PhINT INT(1u*b+.5)/10
d2U hEbfOrtE
b3U NEAC 1
b4U bfOr'
05U IF 1<lu fnEN oou
060 GOSU6 99U
o7u hEfUhN
bbU GOblid 9bU
(590 liEfUhN
900 IF A<10 fnEN 940
91U IF h<1UU fhEN 960
9,30 hEfUhN
940 Gosua 9b0
95U hlifahN
'6U GOSUB 990
970 hETUAN
9b0 r'hINf " ";
99u l'AINT" ";
Lilt) rt. fUAN

1020 4JAINT "CAECA YOUA DATA LINES. W0 1 ENIIIIEb DU NUf bnOW"
1030 PhINT "ThE SAME NUM8EA OF GhADEb FOh EAGn STUDENT'."
1U4U END

5



Teacher Assistance
FREQ

DESCRIPTION:

This program prints a frequuncy distribution (bar graphs) of
grades, for a single test for one or more classes, or for several
tests for one student.

600 DATA 25,30.35.40.45.50,55.60.65.00.75.20.25.90.95.100
601 DATA 35,40,45 ,50,55,60,65,70,75,80,85,90,95
602 DATA 50,55,60,65,70,75,80,85.90
603 DATA 55,60.865.70,75,80.85
604 DATA 60,65.70.75410,85
605 DATA 65070075.20
606 DATA 65.70.75.80
607 DATA 70.75

READY

RUN

GRADE FREQUENCY DISTRIBUTION CBAR GRAPH)

GRADE 1 5 10 15 20 25 30

0
5
10
15
20
25 IX
30 IX
35 IXX
40 IXX
45 IXX
50 IXXX
55 IXXXX
60 IXXXXX
65 /XXXXXXX.
70 1XXXXXXXX
75 IXXXXXXXX
80 1XXXXXXX
85 IXXXXX
90 IXXX
95 IXX
100 IX

READY

6
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Teacher Assistance
FREQ

100REM PEREZ. WALT WHITMAN H.S., REVISED 7/69
105 REM REVISED BY C.LOSIX b -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 OR MORE
150REM 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 ENThIES. THEY MAY BE ENTERED IN ANY SEQUENCE.
180 REM
190PRINT" GRADE FREQUENCY DISTRIBUTION (BAR GRAPH)"
200PRINT"
210PRINT
220PRINT"GRADE"," 1 5 10 15 20 25 30"
230PRINT
240 DIM F(150),P(100)
250READF
260 IFF- 9999THEN290
270LETNN+1
280GOT0250
290RESTORE
292 IF N4150 THEN 300
294 PRINT "RE- DIMENSION LINE 240. DELETE LINES 292.294,296."
296 STOP
300FORI1TON
310READF(I)
320LETF(I)5*INT(F(I)/5+.5)
330NEXTI
340FORI1TON
350FORPOT0100STEP5
360IFPF(I)THEN380
370NEXTP
380LETP(P)P(P)+1
390NEXTI
400PRINT" 0"."I"
410FORP5T0100STEP5
420PRINTPA"I"1
430IFP(P)>IBITHEN460
440 PRINT " "
45000T0500
460FORLID1TOP(P)
470PRINT"X"1
480NEXTL
490 PRINT " "
500 NEXTP
600REM BEGIN DATA ENTRIES HERE. TYPE 600 DATA 1,2,3, ETC.
701DATA9999
999END

7



Teacher Assistance
G RADE

SC IPTION:

This 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 15

NUMBER
WRONG GRADE

NUMBER
RI ART

0 100 IS
1 93 14
Q 87 13
3 60 12
4 73 11

5 67 10
6 60 9
7 53 8
8 47 7
9 40 6

10 33 5
11 27 4
12 20 3
13 13 a
14 7 1

15 0 0

8
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Teacher Assistance
CRADE

100REM PEREZ - COURT. WALT WHITMAN H.S., REVISED 8/69
105 REM REVISED BY C.LOSIK 8 -26 -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
150REM IN THE NUMBER OF QUESTIONS ON THE TEST AND HIT THE RETURN KEY.
160 REM
170PRINT"NUMBER OF QUESTIONS IN THIS TEST IS ";
180INPUTA
190PRI NT
200PRINT"NUMBER NUMBER"
210PRINT"VRONG GRADE RIGHT"
220PRINT"
230FORXOTOA
240LETZEIZ+1
250LETG=INT((100(X*100/A))+.5)
260IFG4OTHEN330
270PRINTXDGeCkmX)
280IFZE15THEN300
290 NEXTX
295 GO TO 330
300PRINT"
310LETZIBO
32000T0290
330END

9



Teacher Assistance
IT EMI

DESCRIPTION:

T hi., program counts and prints the number of timequestion= are missed on a test.

600 DATA 1.2.3,4,5.2,3,5,6,7.409,10,7,8,9,11,13,14,15,10,13,15.10
RUN

ITEM ANALYS I S

NUMBER OF QUESTIONS IN THE TEST IS? 15

QUESTION NUMBER OF TIMES MISSED

1

a
1

a
3 a
4 1

5 a
6 1

7 a
8 a
9 a
10 3
11 1

12
13
14 1

15

HEADY

10
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Teacher Assistance
ITEM!

100REM PEREZ- COURT. WALT WHITMAN H.S., REVISED 7/69
105 REM REVISED BY C.LOSIK 8 -26 -70
110 REM

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.
150REM YOU MIGHT FOR EXAMPLE. FEED IN THE NUMBERS OF THE QUESTIONS
160REM MISSED BY ONE STUDENT. GO ON TO THE NEXT STUDENT, ETC., UNTIL ALL
170REM QUESTIONS MISSED BY A CLASS OR ALL CLASSES HAVE BEEN ENTERED.
180 REM
185 REM
190 PRINT " "."ITEM ANALYSIS"
200 PRINT " "A"
205 PRINT
210DIMPC200)
220 READX
.230IFX9999THEN260
240LETNN+1
25000T0220
260 RESTORE
262 IF Nc -200 THEN 268
264 PRINT "RE- DIMENSION THE ARRAY. DELETE LINES 262.264.266."
266 STOP
268 PRINT "NUMBER OF QUESTIONS IN THE TEST IS";
270INPUTQ
272 PRINT
274 PRINT "QUESTION"." NUMBER OF TIMES MISSED"
276 PRINT " ups.

280FORI1TON
290 READX
330FORP1TOQ
310IFP=XTHEN330
320NEXTP
330LETPCP)PCP)+1
340NEXT I
350FORP1TOQ
360 PRINT " "P." ",PCP)
390NEXTP
600 DATA 1,2,3.4,5,2,3,5,6,7.8,9,10 ,7,8,9,11.13,14,15,10,13,15,10
701DATA9999
999END



Teacher Assistance
ITEM2

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.

600 DATA 1, 5,3, 6, 2, 1 5,3,8 4,3,6,10.13,5
601 DATA 3,5,2,4,2,2,7,5,10,4,3,4,12,14,3
601? DAA4-TA 1I 3,2,5,02,5,5,10, 1 s29, 14,14,1
603 DATA 2, 1 3, 1,0, AP 4,6,3,1, 6210,11,1
1.11N

04-15-69

CUMULATIVE ITEM ANALYSIS

N11w:1FR nF DUFSTIONS IN TEST IS ---715
NUMNE' )F CLASSES ENTERED IS ---74
NUMHEN OF STUDENTS TAKING TEST IS 760

VALID=BE.EEN 30 AND 70 PER CENT ANSI4ERED QUESTION CORHECTLY

nUESTI,NS CLASSES

1 2 3 4 5 40TAL MISSED

1 1 3 11 2 6

2 5 5 3 2 15
1 3 2 2. 1 6

4 6 4 5 3 18 * VALID
5 9 2 0 1 5

6 1 2 2 0 5

7 5 7 5 ii 21 * VALID
: 3 S 5 4 17

9 P. 10 In 6 34 * VALID
1'1 4 4 1 3 12
I 1 3 3 2 I 9

1-' 6 4 9 6 25 * VALID
1 3 1 61 12 14 11 46
14 13 14 14 11 52
1 S 5 3 1 1 1:1

ny

12
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Teacher Assistance

ITEM2

Ir,OqFM r.OUPT, C.M., WALT WHITMAN H.S., REVISED 8/69
II04Em
I20r?Em PRuGRAm SUMS ITEM ANALYSES FOR UP TO 5 CLASSES. QUESTION
13c1PEm NUMBERS AND NUMBER OF STUDENTS MISSING EACH WILL RE PRINTED OUT
1A0REM AS WELL AS a VALIDITY BASED ON BETWEEN 30 AND 70 PERCENT OF THE
150REm STUDENTS ANSWERING THAT QUESTION CORRECTLY. THIS MAY RE RYPASSED
160REm nY TYPING IN 999 FOR NUMBER OF STUDENTS TAKING TEST.
17+1' EM
1,7.0

1,20*EA DATA LINES 600-700 HAVE BEEN SET ASIDE FOR ENTRIES. A NUMBER
'..M0 EM MUST HE ENTERED FOR EACH QUESTION, IN SEQUENCE, FOR EACH CLASS.
21r+R IF NO STUDENT MISSED A PARTICULAR QUESTION, ENTER 0 (ZERO). IT
2'(i EM WOULD 8F WISE TO BEGIN ENTRIES OF A NEW CLASS ON A NEW DATA
23mPEM LINE FON EASIER VERIFICATION SHOULD AN ERROR OCCUR.
240REM
250DIMA(50),R(50),C(50),D(50),E(50)
P60LETS=0
270PRINT" CUMULATIVE ITEM ANALYSIS"
tiorokt,Ip.

290PRINT
300PRINT"NUMBER OF OUESTIONS IN TEST IS ---";
310INPUTO
32MWRIN1"NUM8FR OF CLASSES ENTERED IS ---";
330INPUTN
340IFN<I1 HEN790
3501FN>5THEN790
360PRINT"NUmRER nF STUDENTS TAKING TRS1 IS - - - "J
3701NPUTR
380READX
39(41FX=999541HFN420
400LETS=S+1
AIOGOTU380
4,20RFSTOHE
430IrS=D+NTHEN450
440GOSURBOS
dOOLET11=0
460FORI=ITOO
470READACI)
ARONEXTI
490OOSUR760
5100FORI=ITOO
510READB(I)
520NEXTI
530GOS11R760
540FORI=ITOO
550REA1)C(I)
56PINEXTI
570GOSUB760
5ROFORI=ITOD
590READD(I)
592NEXTI
600REM BEGIN YOUR DATA ENTRIES HERE. TYPE 600 DATA 1,2,3, ETC.
70IDATA9999
710GOSUB760
120FORI=ITOD
730READECI)
7A0NEXTI
750GOSUB760
'760LETTI*TI+1 13

770IFT1=NTHENR50
780RETURN



790PRINT"OROGRATM WILL ANALIZE FROM I TO 5 CLASSES ONLY." Teacher Assistance
800GOT0330 ITEM2
1305PRINT
810PRINT"THERE MUST BE ONE NUMBER ENTERED FOR EACH QUESTION FOR EACH
820PRINT"CLASS. REMEMBER, A ZERO IS ENTERED IF NO STUDENT MISSED. "
830PRINT"A PARTICULAR QUESTION. CHECK YOUR DATA LINES."
840GOT01390
850IFR=999THEN880
860PRINT
870PRTNT"* VALID=RETWEEN 30 AND 70 PER CENT ANSWERED QUESTION CORRECTLY"
/IMPRINT
890PRINT"QUESTIONS"," CLASSES"
900PRINT"4 ","
910PRINT" "," 1 2 3 4 5 TOTAL MISSED"
920PRINT" "."
930FORJ=ITOO
940PRINTJ,
950LETZ=A(J)
960GOSUR1320
97000:7;1141060
9801FT>INT(c.7*R)+.5)THEN1020
9901FT<INT(C.3*R)+.5)THEN1020
1000PR1NT"* VALID"
1010GOT01030
Im20PRINT
1030LETT=0
1040NEXTJ
105060T01390
1060LFTT=A(J)
10701FN>1THENt130
1080FOR1=1T0(5-N)
ImonPRINT" ";

1100NEM
111MPRINTT;
11200010980
1130LETZ=R(J)
114A6OSUm320
1151LETT=T+R(J)
1160rFN>21HEN1180
117000T01080
1180LETZ=C(J)
119060SHk1 320
12,40LETT=T+C(J)
121f41FN>3THENi230
122,0,0T01020
1239LEW=D(J)
1240GOSHR1320
12(ILETT=T+0(J)
176q11FN>4THEN1280
1270001'011480
12q0LET7=n(J)
129000SIIR1320
13,0LFTT=T+E(i)
131,A0o101110
1320PRTNT%;
13301FZ>99THEN1380
11401FZ>9TREN1170
13501F7>-1T4EN1360
1360PR1NT" ";
1370PHINT"
13RORETURN
1390END 14
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DISCIPLINE TEA1.;111;1( 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 error 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.

DISCUSSION:

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 tares a
teacher can do a statistical analysis of his classes separately or as a
group as long as each student gets a different student number.

5
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Teacher Assistance
STAT

THIS pRnaRAm WILL DO THE FOLLOWING:
1. PRINT our A TARLE OF EXPERIMENTAL VALUES, ERRORS,

AND PERCENT ERRORS INCLUDING AVERAGES FOR ALL.
P. GIVE YOU A CHOICE OF ALL OF THE FOLLOWING:

CHOICE I - EXPERIMENTAL VALUE DISTRIRUTION
INCLUDING A BAR GRAPH

CHOICE 2 - RANKING RY PERCENT ERROR
CHOICE 3 - RANKING BY EXPERIMENTAL VALUE
CHOICE 4 - OTHER INFORMATION
CHOICE 5 - ALL OF THE AROVE CHOICES
CHOICE 6 - ENDS PROGRAM

INSTRUCTIONS
1. LINES 1m0 TO 1 1 0 HAVE BEEN RESERVED FOR DATA.
P. NOTE: THE. FIPT DATA LINE MUST ALWAYS RE N. 100

AND LINE 101 MUST ALWAYS RF. USED.
3. THERE IS Rnnm FOR DATA FOR A MAXIMUM nF 60 STUDENTS.
4. TNPIJT sHnul 0 RE IN THE rORM:

IMO PATA STUDENT NO., VALUE, STUDENT NO., VALUE, ETC.,
5. STIIDENT NUMBERS MUST RANGE FROM I-AO.
A. OLD DATA Ls ERASED RY INPUTING NEW DATA WITH THE SAME

LINE NIP'RFRS DURING SUBSEQUENT RUNS.
7. fF THE, FIRST PUN REQUIRES DATA LINES 100-110 AND THE

SECOND PUN REQUIRES LINES IMO-109, LINE 110 TS TYPED
IN TO ERASE OLD DATA TN THA: LINE.

g. NEVER T"PE SAVE nuRmin THE RUN OF ANY PART OF THIS
PPOGRAm.

TIME: : !!rCS.

TAPE
READY.

!OP DATA 1,37.R,0,3R.6,3,39.7,4,37.915,3R.01,6,40.6,7,41.g,R,37.6,9,
101 DATA 39.5,12,40.1,11,39.8,12,39.4,13,35.4,14,33.9,15,42.0,16,39.6,
1012 DATA 17:34 -7,1P.37.6,19,3P.5,20.40.1

RUN
WA T T.

16
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Teacher Assistance
STAT

WHAT IS THE TOTAL Nn. OF STUDENTS AND THE CALC. VALUE?20,39.0

DATA LISTED RY STUDENT NUMRFR

STUDENT NO. VALUE ERROR PERCENT ERROR

1 37.R -1.2
2 3R.6 -.4 102564
3 39.7 .7
4 37.9 -1.1
5 3R -1
6 40.6 1.6
7 41.R 2.R
R 37.6 -1.4
9 39.5 .5
10 40.1 1.1
11 3q.0 .0
12 39.4 .4
13 35.4 -3.6
14 33.9 -5.1
15 42 3
16 39.6 .6
17 3R.7 -.3
10 37.6 -1.4
19 38.5 -.5
20 40.1 11

THE ARITHMETIC MEAN [AVERAGE) IS
THE AVERAGE ERROR (ABSOLUTE) IS
THE AVERAGE PERCENT ERROR IS

30.03
1.43
3.66667

3.07692

1.794R7
2.02051
2.5641
4.10256
7.17949
3.50974
12R205
2.02051
2.05120
1.02564
9.23077
13.0769
7.69231
1.53046
.769231
3.50974
12R205
2.02051

DO YOU DESIRE ADDTT.TONAL INFORMATION ? IF sn, TYPE
TN THE NUMBER OF YOUR CHO/CE ?5

FOR THE DISTRIRUTTON, WHAT LOWER LIMIT, UPPER LIMIT,
AND STEP DO YOU DESIRE ?35,42.5,.5

EXPERIMENTAL

FROM

VALUE DISTRIBUTION

To LESS THAN No.

0 35 1

35 35.5 1

35.5 36 0
36 36.5 0
36.5 37 0
37 37.5 0
37.5 3S 4
30 30.5 1

19.5 39 3
39 19,5

1

3915 AO A
AM olt § P
A015 A1 1

Al A115 A
A115 AR 1

As 01,5 i

40.5 INFINITY 0

17
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Teacher Assistance
STAT

RANKING RY

RANK

PERCENT ERROR

STUDENT NO. PERCENT ERROR

1 17 .769231
2 12 1.12564
3 2 1.02564
4 9 1.20905
5 19 1.90905.
A 16 1.53046
7 3 1.79407
R 11 2.05128
9 5 2.5641
10 10 2.09051
11 ,01 2.82051
12 4 2.82051
13 1 3.07692
14 a 3.50974
15 19 3.50974
16 6 4.1025A
17 7 7.17949
18 15 7.69231
19 13 9.23077
20 14 13.0769

RANKING RY

RaNK

EXPERIMENTAL VALUE

STUDENT NO. EXPER.

1 14 33.9
2 13 35.4
3 R 37.6
4 18 37.6
5 1 37.0
6 4 37.9
7 5 3R
8 19 38.5
9 2 38.6
10 17* 38.7
11 12 39.4
12 9 39.5
13 16 39.6
14 3 39.7
15 11 39.0
16 10 40.1
17 20 40.1
1R 6 40.6
19 7 41.0
20 15 42

OTHER INFORMATION

VALUE

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 RUN.

18
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STAT

1REMH.DORFMAN,PIED8/1/69
2 REM STATISTICAL ANALYSIS OF LABORATORY DATA
100 GO TO 1750
101 DATA 0
16UDIMA(50),W5U),Y(50),W(50)
170DIM(1(50)
180LETY(0 ).0
19UFORI1 TO 50
200LETA(I)-0
210LETR(I).0
220LETY(I).0
230LETW(I).0
240LETQ(I).0
250NEXTI
260LETA9m0
270LETA60
260LETP2,0
290LETVIR0
300LETC=0
31U PRINT "WHAT IS THE TOTAL NO. OF STUDENTS AND THE CALC. VALUE";
320INPUTB,K
33U PRINT
340FORIE11108
350READR(I),A(I)
360NEXTI
370 PRINT "DATA LISTED BY STUDENT NUMBER"
360 PRINT "
390PRINT
400 PRINT" STUDENT NO.","VALUE","ERROR","PERCENT ERROR"
410 PRINT
420FORIas1TOB
430LETZwA(I)-11
440LETA8mAS+ABS(Z)/B
450LETPwP+A(I)/B
460LETW(I).(ABS(L/K))*100
470LETA9A9+W(I)/B
480 PRINT R(I),A(I)..4.W(I)
490NEATI
500PRINT
510 PRINT "THE ARITHMETIC MEAN (AVERAGE) IS "JP
520 PRINT "THE AVERAGE ERROR (ABSOLUTE) IS ";Ali
530 PRINT "THE AVERAGE PERCENT ERROR IS "JA9
540PRINT
550PRINT
56U PRINT " DO YOU DESIRE ADDITIONAL INFQRMATION ? IF SO, TYPE"
570 PRINT " IN THE NUMBER OF YOUR CHOICE.";
5BOINPUTN
590IFN2THEN1010

19
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STAT

6001FN113THEN1200
610IFNag4THEN1490
6201FN6THEN1730
630PRINT
64U ?HINT "FOR THE DISTRIBUTION, WHAT LOWER LIMIT, UPPER LIMIT,"
650 PRINT "AND STEP DO YOU DESIRE ";
660INPUTE*F*G
670PRINT
680PRINT
690 PRINT "EXPERIMENTAL VALUE DISTRIBUTION"
700 PRINT " go

710PRINT
720FORINE1TOB
730 LE TM -O

740IFA(I)>=FTHEN850
750IFA(I)>=ETHEN770
760LETY(0)=Y(0)+1
770FORJJEETO(F...G)STE1'G
780LETMINM+1
790IFA(I)>JTHEN810
800GOT0830
810IFA(I)>.(J+G)THEN830
820LETY(M)=Y(M)+1
830NEXTJ
840GOT0860
850LETY(25)-Y(25)+1
860NEXTI
870LETMall1
880 PRINT "FROM ", "TO LESS THAN "," NO. "," BAH GRAPH"
881 PRINT
882 PRINT 0,E,Y(0),
890LETA5mY(0)
900GOSUB2000
910FORJagETO(F-.G)STEPG
920 PRINT J,J+G*Y(M),
930LETA5m1Y(M)
940 GOSUB2000
950LETM-M+1
960NEXTJ
970 PRINT F, "INFINITY ",Y(25),
980LETA5-Y(25)
990GOSUB2000
1000IFNIII1THEN540
1010PRINT
1020PRINT
103U PRINT "RANKING BY PERCENT ERROR"
1040 PRINT "
1050PRINT
1060 PRINT "RANK","STUDENT NO."*"PERCENT ERROR"
1070PRINT
1080FORS1TOB
1090LETTIBIE25

20

0 Copyright 1971, Polytechnic Institute of Brooklyn

4



1100FOHI=ITOB
1110IFW(I)>=TTH3N1140
1120LETT=W(I)
1130LETV=I
1140NEXTI
115UPAINTSeVeW(V)
116ULETW(V)=1E25
117UNEXTS
1180PRINT
1190IFN=2THEN540
1200PAINT
1210PHINT
1220PRINT
1230 PRINT "RANKING BY EXPERIMENTAL VALUE"
1240 PRINT "
1250PRINT
1260 PRINT" RANK".."STUDENT NO.".."EXPEA. VALUE"
1261 PRINT
1270FOAS=1TOB
1280LETT=1E25
1290F0RI=ITOB
1300IFA(I)>=TTHEN1330
1310LETT=A(I)
1320LETV=I
1330NEXTI
1340PAINTSPV,A(V)
1350LETW(S)=A(V)
1360LETA(V)=1E25
1370NEXTS
1380LETF=0
1390LETG7=8/2
1400F0AI=1T031
1410IFG7=ITHEN147U
1420NEXTI
1430LETZ2=INT(G7)
144ULETZ4=INT(G7+1)
1450LETF=C61(Z2)+Q(Z4))/2
1460GOT01540
1470LETF=(61(G7))
1480IFN=3THEN540
1490PRINT
1500PRINT
1510 PRINT "OTHER INFORMATION"
1520 PRINT "
1530PRINT
1540 PRINT "THE MEDIAN VALUE IS "iF
1550 PRINT "THE LOWEST VALUE IS "ilICI)
1560 PRINT "THE HIGHEST VALUE IS "361(B)
1570LETM=0
1580LETP9=F
1590FORI=1TOB
1600LETP3=61(I)-.429
1610LETM=M+P3
1620NEXTI

21
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STAT

1630LETM7=M/B
1640 PRINT "THE MEAN DEVIATION (AVERAGE DEVIATION) IS"M7
1650LETM=U
1660FORI=1TOB
167ULETP3=(Q(I)-P9)12
1680LETM=M+P3
1690NEXTI
1700LETM7=SQR(M/B)
1710 PRINT "THE STANDARD DEVIATION IS"M7
1720IFN=4THEN540
173U PRINT
1740STOP
1750 PRINT"
1760 PRINT"
1770 PRINT"
1780 PRINT"

" THIS CONCLUDES THE HUN."

THIS PROGRAM WILL DO THE FOLLOWING:"
1. PRINT OUT A TABLE OF EXPERIMENTAL VALUES, ERRORS,"

AND PERCENT ERRORS INCLUDING AVERAGES FOR ALL."
2. GIVE YOU A CHOICE OF ALL OF THE FOLLOWING:"

1790 PRINT" CHOICE 1 - EXPERIMENTAL VALUE DISTRIBUTION"
1791 PAINT" INCLUDING A BAH GRAPH"
1800 PRINT" CHOICE 2 - RANKING BY PERCENT ERROR"
1810 PRINT" CHOICE 3 - RANKING BY EXPERIMENTAL VALUE"
1820 PRINT" CHOICE 4 - OTHER INFORMATION"
1830 PRINT" CHOICE 5 - ALL OF THE ABOVE CHOICES"
1840 PRINT" CHOICE 6 - ENDS PROGRAM"
1850 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 NU. 100"
1871 PRINT" AND LINE 101 MUST ALWAYS BE USED."
1880 ?HINT" 3. THERE IS ROOM FOR DATA FOR A MAXIMUM OF 50 STUDENTS."
1890 PRINT" 4. INPUT SHOULD BE IN THE FORM:"
1900 PRINT" 100 DATA STUDENT NO., VALUE, STUDENT NO., VALUE, ETC.,"
1910 PRINT" 5. STUDENT NUMBERS MUST RANGE FROM 1-50."
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 FIRST RUN REQUIRES DATA LINES 100-110 AND THE"
195U PRINT" SECOND RUN REQUIRES LINES 100-109, LINE 110 IS TYPED"
1960 PRINT" IN TO,ERASE OLD DATA IN THAT LINE."'
1970 PRINT" B. NEVER TYPE SAVE DURING THE RUN OF ANY PART OF THIS"
1980 PRINT" PROGRAM."
1990PRINT
1995STOP
1996F0R I=1 TO AS
1997PRINT"="2
199BNEXTI
1999PRINT
2000RETURN
2001END

22
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STATAL

DESCRIPTION:

This program will find the mean, median, and deviation of a
set of numbers.

MEAN. MEDIAN, AND DEVIATION OF A SET OF NUMBERS.

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

1000 DATA 1,2,3,4 ETC. (YOUR DATA GOES HERE1)

WHEN YOUR DATA HAS BEEN ENTERED, TYPE

1 GO TO 300
RUN

THEN RELAX WHILE THE MACHINE GRINDS OUT THE ANSWERS,
IF AN 'OUT OF DATA' APPEARS, ADJUST LINE 295.

READY

1000 DATA 244.182.112.2.196.10,314.160,18.38
1 GO TO 300
RUN

THESE ARE YOUR NUMBERS
244 162 112 2 198 10 314 160 18 38

THESE ARE YOUR NUMBERS (HIGHEST TO LOWEST)
314 244 198 182 160 118 38 18 10 2

NUMBER OF VALUES IS 10
SUM OF THE VALUES IS 1278
THE MEAN VALUE IS 127.8
THE MEDIAN VALUE IS 136
THE STANDARD DEVIATION IS 208.2797

FOR ANOTHER RUN. REENTER DATA ON LINES
1000 2000, TAKING CARE TO ELIMINATE OLD DATA
BY TYPING THOSE LINE NUMBERS WHICH YOU DO NOT USE AGAIN)
THEN TYPE 'RUN'.

READY

1000
1 23
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STATAL

100 REM CHARLES M. LOSIK, BKLYN POLY. MEAN- MEDIAN- DEVIATION
110 REM (7 -66 IN FORTRAN II) i C8 -26 -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."
150 PRINT
160' PRINT " ENTER YOUR NUMBERS IN DATA STATEMENTS ON LINES"
170 PRINT " 1000 2000. FOR EXAMPLE, YOU MIGHT TYPE i"
171 PRINT
172 PRINT " "."1000 DATA 1,11.3.4 ETC. (YOUR DATA GOES HERM)"
173 PRINT
174 PRINT " WHEN YOUR DATA HAS BEEN ENTERED. TYPE l"
180 PRINT
190 PRINT " "."1 80 TO 300"
200 PRINT " ". "RUN"
210 PRINT
220 PRINT " THEN RELAX WHILE THE MACHINE GRINDS OUT THE ANSWERS."
225 PRINT " IF AN 'OUT OF DATA' APPEARS. ADJUST LINE 295."
230 STOP
240 REM ACI) ARE THE NUMBERS. S IS THEIR SUM.
250 REM 52 IS THE SUN OF THEIR SQUARES:
260 REM
270 REM WARNING! DATA ON LINES 999 AND 2001 MAY NOT BE
280 REM USED AS ONE OF YOUR NUMBERS.
290 REM IF THEY ARE. SIMPLY CHANGE 999 AND 2001.
295 DIM A(100)
300 PRINT
303 PRINT " THESE ARE YOUR NUMBERS a"
305 LET I 1

310 READ E
315 LET S * 0
316 LIT S2 or 0
320 READ ACI)
330 IF E ACI) THEN 370
340 PRINT ACI) )
345 LET S S A(I)
347 LET S2 S2 + A(I) * A(I)
350 LET I lo I + 1
360 80 TO 320
370 LIT M I - 1

380 PRINT
390 PRINT
399 QM ***** BUBBLE SORT *****
400 PRIM? " THESE ARE YOUR NUMBERS (HIGHEST TO LOWEST) 5"
405 FOR I 1 TO N 1

410 FOR J I + 1 TO N
420 IF ACI) > ACJ) THEN 460
430 LET T ACI)
440 LET A(I) lo A(J)
450 LET ACJ)
460 NEXT J
465 PRINT ACI) )
470 NEXT I
475 PRINT ACN)
480 PRINT
490 .PRINT
500 PRINT " NUMBER OF VALUES IS" ) N
510 PRINT " SUN OF THE VALUES IS" I S
520 PRINT " THE MEAN VALUE IS"SS1N
530 PRINT THE MEDIAN VALUE IS" )
540 IF N / 2 4> INT C N/ 2 ) 'THEN 570
550 PRINT C ACM /2) A((2+2)79)") / 2
560 80 TO 600
570 PRINT ACCN +1)/2)
800 PRINT " THE STANDARD DEVIATION IS"SSORCN* S2 + S * S ) / N
610 PRINT
620 PRINT
630 PRINT " FOR ANOTHEICRUM. RE -ENTER DATA ON LINES"
640 PRINT " 1000 2000. TAKING CARE TO ELIMINATE OLD DATA"
642 PRINT " BY TYPING THOSE LINE NUMBERS WHICH YOU DO MOT USE MAINS"
643 PRINT " THEN TYPE 'RUW."
650 STOP
999 DATA 9999
2001 DATA 9999
2010 END
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