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Welcome: 

Your membership in the 4050 Series Applieations Library iird')':' 
subscription to our monthly newsletter"'aT€ services to the 
users of 4050 Series Desktop Compu.ters~<:'d ~ ; 

As a member, you are encouraged t6"§uD.n1it' any programsY6,ti. 
feel are of value to others. In exchang,e,:~olt':having a,'"},?!r,(! ,; 
program included in the library, you will "receive y6ri:r.'~:n!;:,: 

choice of 3 free programs, on a neW tape~,in return for"(';1 1' ;' 

the tape submitted. 

Your active participation not only wilrhelp~to ensure t'he' 
success of this service, but will enhance the'b:road'scope 
of programs we are offering. 

On the following pages are documentation instructions plus 
submittal and order forms. Additional forms can be 
obtained from your local Tektronix Sales Engineer or the 
Applications Librarian. 

If you have suggestions or questions about our 4050 Series 
Applications Library or its contents, please let us know. 

4050 Series Applications Library Staff 
Group 451 
Tektronix, Inc. 
P.O. Box 500 
Beaverton, Oregon 97077 

Attachments 

AN EQUAL OPPORTUNITY EMPLOYER 

\' ' 



DESKTOP COMPUTER 
APPLICATIONS LIBRARY ORDER FORM 

DO NOT SEND payment with your order. You will be billed when your order is shipped. 

SHIPPING ADDRESS BILLING ADDRESS 

NAME: ______________________________ __ NAME: ______________________________ __ 

(Individual name required for shipping) 

COMPANY: COMPANY: ____________________________ _ 

ADDRESS: ____________________________ _ ADDRESS: __________________________ __ 

PURCHASE ORDER NUMBER: ____________________________________________________ __ 

(Write "None" if not required) 

ABSTRACT NUMBERS TITLE DOCUMENTATION COST 

__ 1 __ - ____ 1-

__ 1 __ - ____ 1- • 
--1---_-_-1-

--1_--_---1-

--1_------1-
__ 1 __ - ____ 1-

_-1 __ - ___ -1-

__ 1 __ - ____ 1-

__ 1 __ - ____ 1-

--1-------1-
__ 1 __ - ____ 1-

--1-------1-

_-1_---_--1-

--1---_---1-

--1-_- ____ 1-

Charge for Documentation and Program Listing are as published in TEKniques. 

o Deliver the above programs on a tape cartridge in the order listed. I understand there is an additional handling charge 
per program and a charge for the tape cartridge at the current Tektronix list price. Tek reserves the right to charge for 
additional tapes, if required, to deliver the above ordered programs. (Programs will be reproduced on Tektronix tapes 
only.) 

o Deliver the above programs on a flexible disk in the order listed. I understand there is an additional handling charge 
per program and a charge for the flexible disk at the current Tektronix list price. Tek reserves the right to charge for 
additional disks, if required, to deliver the above ordered programs. (Programs will be reproduced on Tektronix disks 
only). 

The program material ordered herein is supplied without warranty or representation of any kind. Tektronix, Inc. 
assumes no responsibility and shall have no liability, consequential or otherwise, of any kind arising from the use of 
this program or any part thereof. 

Mail to: 

000-6396-00 

United States 
Applications Library 
Group 451 
Tektronix, Inc. 
P.O. Box 500 
Beaverton, Oregon 97077 

Outside United States 
Send to the Applications Library 
serving your area. (Addresses are 
listed on the back of TEKniques.) 

COMMITTED TO EXCEllENCE 

7/80 



DOCUMENTATION GUIDELINES 

December 1976 

The following information is a guideline for documenting your 
programs for submittal to the library. Please use the specially 
designed forms. 

The documentation should be done in two main parts: 

Part 1, first page, is a brief description of what the pro
gram does and what is required to run the program. 

Part 2, page two and the remainder will contain a more de
tailed description of the program function, if needed, and 
information on progrpm operation with examples. 

A detailed outline on the actual forms is attached. All of the 
information will be supplied by the author of the program except 
the abstract number which is assigned by Tektronix, Inc. 

When your program is included in the library, you will receive 
3 free programs of your choice. 

Your free programs will be sent on tape in exchange for allowing 
us to keep your master tape. 

If you wish your master tape returned, your free programs will 
be sent in the form of documentation and listings. 
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405' 
TEKTRDNI» - APPLICATIONS LIBRARY PROGRAI\, 

TITLE 

Name of the program 

ABSTRACT NUMBER 
To be supplied by Tektronix3 Inc. 
Leave blank. 

~O~R-I~G-I N-A-L-O-A-T .... E--· ----r~R~E-V~IS--I~O~N~O~A~T~E~--~ MEMORY R EaUI R EMENT 

AUTHOR 

Name of programmer. Address & Phone 

ABSTRACT 

1 See BeloU) 

PERIPHERALS 

2 See BelOuY 

Describe in the space provided here U)hat the program does. Limit the 
length of your description so that it uYiU fit in this square. 

1 8K (Standard 4051) 
16K (Option 20) 
24K (Option 21) 
32K (Option 22) 

2 List peripherals required. Show optional peripheraZs as U)elZ but 
label them as'such. (i.e. 46623 4641 3 4924) 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, Inc., assumes no responsibility and 
shall have no liability, consequential or otherwise, of any kind arising from 
the use of this program material or any part thereof. 
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PAGE NO: 1 

TITLE ABSTRACT NO: 

Name of Program Leave blank 

1. DESCRIPTION , 
A more detailed description of what the program does, if the first 
page did not leave enough room for a complete detailed description, 
If the description on the first page is complete skip this part. 

2. DATA TAPE STRUCTURE 

If the program provides for storing data on tape or loading data 
from tape, the following information should be given here: 

a. Type of tape data fi les (binary or ASCII) 
b. Files used e.g. files 10 through 15 
c. Format used to store the data in each file 
d. An index of all data files showing their contents 
e. An indication of whether the same tape or a separate data tape 

is required. An indication of whether the data tape or data 
fi les on the program tape must be pre-MARKed. 

3. INTERNAL DATA STORAGE 

a. List in a table format all variables used by the program. For 
example: 

Variable 

N 
X$ 
A 

Used to Store . . . Type 

Number of observations Simple 
Keyboard input String 
Data from first N observations Array (3,4) 

b. Format used to store data internally, if not obvious from part 
a. 

4. METHODS 

Describe method used. Use j10w chart to show logic if necessary. 

TEKTRONIX 4051 PROGRAM 
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PAGE NO: 2 

TITLE ABSTRACT NUMBER 

Name of Program Leave bZank 

TITLE TAPE" FILE " 

5. OPERATING INSTRUCTIONS 

a. OVerZay 

Desaribe in a tabZe format what eaah user definabZe key does, if 
an overZay is used. 

b. Program Loading 

Program Loading Instruations 

a. Program Exeaution 

1. A brief desaription of how the program is run. 

2. ExampZes 

TEKTRONIX 4051 PROGRAM 
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PAGE NO: :5 
TITLE ABSTRACT NO: 

Name of Program Leave Blank 

6. REFERENCES 

List all references that you have used or those that might help the 
user to better understand what the program does and how it does it. 

7. LISTING 

Program listings with plenty of RE~K statements identifying the 
various modules. 

TEKTRONIX 4051 PROGRAM 
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COMMITTED TO EXCELLENCE 

DESKTOP COMPUTER 
APPLICATIONS LIBRARY PROGRAM 

TITLE ABSTRACT NUMBER 

--=-~~..,.-:-=-=------r==-=-~~=-=--------I EQUIPMENT AND OPTIONS REQUIRED 
ORIGINAL DATE I REVISION DATE 

AUTHOR 

ABSTRACT 

000-6405-00 

PERIPHERALS 

The program material contained herein is supplied without warranty or representation of any kind. 
Tektronix, Inc., assumes no responsibility and shall have no liability, consequential or otherwise, of 
any kind arising from the use of this program material or any part thereof. 

7/80 



TAPE 1 

~~~~ Bii~il Ili~i THE PROGRAM ON TAPE 

The program(s) you requested on tape are as follows: 

FILE #1 51/00-0601/0 CHECK BOOK BALANCING 
FILE #2 51/00-1402/0 SCHEMATIC DRAWING PROGRAM II ( 16K) 
FILE #3 51/00-1403/0 LOGIC CIRCUIT BEHAVIOUR ANALYSIS 

(1) FILE #4 51/00-3301/0 LIGHTING INTENSITY DISTRIBUTION 
(2) FILES #5-53 51/00-5201/0 CHEMISTRY AND PHYSICS TEXTBOOK 

PROBLEMS ADAPTED TO 4051 BASIC 
FILE #54 51/00-8005/1 FLOWCHART (REVISION) 

( 3) FILES #55-56 51/00-8012/0 LEROY CHARACTER GENERATOR 
(4) FILES #57-61 51/00-8015/0 FLOW DIAGRAMMER 

FILE #62 51/00-9507/0 3-D WITH PERSPECTIVE 
FILES #63-65 51/00-9515/0 FORMS DESIGN 

(1) Table files must follow program file 

(2) Must be first 49 files on tape or recode 
(3) Is a subroutine; needs a program to initiate it 

(4) Requires 62 dedicated files 

TEKTRONIX APPLICATIONS LIBRARY 



TAPE 2 

The program(s) you requested on tape are as follows: 

FILE #1 51/00-9516/0 ADVANCED MEDIA GRAPHING 
(1) FILES #2-3 51/00-~520/0 DIGITIZE & DRAW 
(2) FILES #4-15 51/00-5401/1 GRAPHICS DEMO FOR ASTRONOMY & PHYSICS 

FILE #16 51/00-9506/0 THREE DIMENSIONAL DATA PLOT PROGRAM 
FILE #17 51/00-6001/0 HAND CALCULATOR 
FILE #18 51/00-5501/0 PLANE TRIANGLE SOLUTIONS 
FILE #19 51/00-5502/0 CIRCLE SOLUTIONS 

(1) Requires a data tape 
(2) Updated versi on. Mus t be fi rs t 12 fil es on tape or recode. 

TEKTRONIX APPLICATIONS LIBRARY 
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RCNIX<!l APPLICATION LIBRARY PROGRAM -
TITLE 

CHECK BOOK BALANCING 

ABSTRACT NUMBER 

51/00-0601/0 

AUTHOR 

MEMORY REQUIREMENT 

8K 

PERIPHERALS 

Kathy Thurman, G.S. Software Engineering 

ABSTRACT 

This routine is designed to help the user balance his personal checkbook. 

The user is asked to input 

l- Ending statement balance 

2. Ending checkbook balance 

3. All outstanding checks 

4. All outstanding deposits 

5. Check charges or handling costs 

The output is the adjusted check book balance. If this does not agree with 

the bank statement after adjustments, the difference is printed and the user 

is guided to check the entries he has made regarding his statement and check 

register. 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, inc., assumes no responsibility and 
shall have no liability, consequential or otherwise, of any kind arising from 
the use of this program material or any part thereof. 



TlilE 

CHECK BOOK BALANCING 

ABSTRACT NUMBER 

51/00-0601/0 

PAGE NO 1 

It---------------"""'---'-------------" 
HARDWARE REQUIREMENTS 

4051 -Minimum configuration 

OPERATING HINTS 

Outstanding checks and deposits are entered in two matrices, each dimensioned 

for up to 100 entries. After the user has made all entries. the adjusted check 

book balance is printed on the screen. If this amount agrees with the statement 

balance after adjustments, the message: 

CHECK BOOK AND BANK StATEMENT AGREE 

is printed on the screen. The user should then enter the adjusted check book 

balance in his check register. 

If the adjusted check book balance and the adjusted statement balance do not 

agree, the user is asked to check the handling cost he has entered. Note: Do 

not enter the handling cost in the program if it has already been entered and 

subtracted in the check register. 

The user is next guided to check outstanding checks and deposits and to check 

the math in the check register. After completion of any of these steps the 

program will check to see if the check book and statement balances now agree. 

If, after trying all these steps, a balance is not achieved, the user should 

check the dollar amounts on all returned checks against the check register 

and statement for errors or transpositions. 

OPERATING INSTRUCTIONS 

After keying in the program code or entering it from a tape file, type RUN to 

begin program execution. Answer questions and follow instructions that appear 

on the screen. 

APPLICAtION LIBRARY PROGRAM 
<. '" .~. • ,"- d 
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TITLE 

CHECK BOOK BALANCING 

c 
VARIABLE MAP 

VARIABLE 
TAPE 
FILE 

A$ 

A 

B 

I 

J 

K 

Xl 

X2 

X3 

t" X4 

XS 

X6 

X7 

Yl 

Z , 

ABSTRACT NUMBER 

51/00-0601/0 

USAGE 

Program loop 

Matrix storing values of outstanding checks 

Matrix storing values of outstanding deposits 

Loop index 

Loop index 

Loop index 

Ending statement balance 

Ending check book balance 

Handling cost 

Total - outstanding checks 

Total - outstanding deposits 

Check for balance 

Intermediate total 

Input - Error detection loop 

Program loop counter 

PAGE NO. 2 

.' ., 

., 

ii 
'- ,. ~ :. :,;'" 

APPLICATION LIBRARY PROGRAM 
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TITLE 

CHECK BOOK BALANCING 

USER PROGRAMMABLE KEYS 

KEY LABEL 

1 

2 

3 

4 

5 

6 

7-20 

TAPE 
FILE 

Signal 

Signal 

Review 

Review 

Review 

Signal 

Unused 

PAGE NO.3 

ABSTRACT NUMBER 
~ 

51/00-0601/0 

FUNCTION 

end of entry of outstanding checks 

end of entry of outstanding deposits 

outstanding checks 

outstanding deposits 

check register 

end of review of check register 

, 

, 

( 

APPLICATION LIBRARY PROGRAM-
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TITLE 

CHECK BOOK BALANCING 

1 FUZZ 10,1.0E-10 
2 SE'r KEY 
3 GO TO 1000 
4 GO 'ro 1190 
8 GO TO 1270 
12 GO TO 16HJ 
16 GO TO 1850 
20 GO TO 2080 
24 GO TO 2130 
1000 PRINT ilL 

ABSTRACT NUMBER 

51/00-0601/0 

** ROmINE TO BALANCE CHECK BO)K **" 

1010 REM Kathy Thurman, G S Software Engineering, October, 1975 
1020 REM. 

1040 DELETE A,B 
1050 DIM A(100) ,B(100) 
1060 A=0 
1070 8=0 
1080 X4=0 
HJ90 X5=0 

PAGE NO.4 

~.. 1100 X6=0 

c 

1110 Z=1 
1120 PRINT "JJEnter the ending bank balance fran your statement $": 
1130 INPar Xl 
1140 PRINT "JEnter ending checkbook balance S"; 
1150 INPUT X2 
1160 PRINT "~En ter all outstand ing checks. Press user def inable " 
1170 PRI~'T "key 1 after last entry. " 
1180 INPUr A 
1190 FOR 1=1 TO 100 
1200 IF A(I)=0 THEN 1230 
1210 X4=X4+A(I) 
1220 NEXT I 
1230 1=I-1 
1240 PRINT "~Enter any deposits made after the statement date. Press" 
12521 PRINT "User Definable Key 2 after the last entry." 
1260 I:N"Pur B 
1270 FOR J=l TO 100 
1280 IF 8(J)=0 THEN 1310 
1290 X5=X5+B (J) 

1300 NEx'r J 
1310 J=J-l 
1320 PRINT "~Enter any check charge or handling cost shown on your" 
1330 PRINT "statement that has not been deducted in your check book $"; 
1340 INPUr X3 I 

\ 

APPLICATION LIBRARY PROGRAM 



TITLE ABSTRACT NUMBER 

CHECK BOOK BALANCING 51/00-0601/0 

1350 PRINT "~Adjusted check book balance shou1dbe $" iX1-X4+X5 
1360 X6=X1-X4+X5-(X2-X3) 
1370 IF X6<>0THEN 14130 
1380 PRINT "CHECK BOJK AND BA.~ STATEMENT AGREE GGGG" 

. -
1390 END 

PAGE NO.5 

1400 PRINT "JJAccording to the data entered, your adjusted check bc:X>k" 
1410 PRINT "balance isS" iX2 .... X3 , 
14213 PRINT "'Ihere is a $" ;X6: n difference bet\Y'een your check book am" 
1430 PRINT "bank statement. Ie 

1440 GO TO Z OF 1450,1540 
1450 PRINT "~e handling cost you entered is S"; X3 
1460 PRINT "Is it correct (yIN) II; 
147£1 Z=2 
1480 INP01' AS 
1490 IF A$="Y" THEN 1530 
15130 PRINT u.!!Enter correct handling cost $"; 
1510 INP01' X3 
1520 GO TO 1350 
1530 PAGE 
1540 PRINT "~To review outstanding checks entered, press User Definable" 
1550 PRINT "Key 3." 
1560 PRINT "ll'O review outstanding deposits entered, press User ll 

15713 PRINT i'Definab1e Key 4." 
15813 PRINT .. ~ check math in your check register, press User" 
1590 PRINT "Definable Key 5. it 
1600 INPUl' Y1 
16H1PRINT "'lPutstaooing checks will be printed in the order they" 
1620 PRINT "were entered. If there are corrections, enter the item" 
16313 PRINT "number, carr iage return and the correct amount.J" 
1640 PRINT .. ITEM NO. IA."1OUNT'· 
16513 X7=0 
1660 FOR f.{:;::1 TO I 
1670 PRINT K,A (K) 
1680 X7=X7+A(K) 
1690 NEXT K 
1700 PRINT "JAre there corrections or additions to the list (YIN) ": 
1710 INPtJr AS 
1720 IF A$="N'* THEN 1820 
1730 PRINT "JEnter item number, carriage return, correct amount" 
1740 INPtJr K 
1750 INPtJr A (K) 
1760 IF K<=I THEN 17,80 
1770 I=K 
1783 PRINT "i!DO you have other corrections (YIN) 
1790 INP01' AS 

it. 
I 

A •. 

," ., 

APPLICATION LIBRARY PROGRAM 



TITLE 

CHECK BOOK BALANCING 

1800 IF A$="Y" -rHEN 1730 
1810 CD TO 1640 
1820 X4=X7 
1830 PAGE 
1840 C-O 'ro 13510 

PAGE NO.6 

ABSTRACT NUMBER 

51/00-0601/0 

1850 PRINT "fPutstarrling deposits will be printed in the order they" 
1860 PRINT "were entered. If there are corrections or additions, enter" 
1870 PRINT "the itell nwnber 1 cr:t(ci,~(j(~ c2i:u(n and the correct amount.~" 
1880 PRIN'f "ITEM NO. IAHO(JNT" -1890 X7=0 
1900 FoOR K=1 TO J 
1910 PRINT K,B(K) 
1920 X7=X7+B(K) 
1930 NEXT K 
1940 PRINT "JAre there corrections or additions to the list (YIN) It: 
1950 INPUf A$ 
196·13 IF A$="N" 'TI1EN 2060 
1970 PRINlf "~Enter item nurnber, carriage return, correct amount" 
1980 INPur K 
1990 INPUf B (K) 
2000 IF K<=J TEEN 2020 
2010 J=K 
2020 PRINT "0JO you have other corrections (YIN) "; 
2033 INPG'T A$ 
2040 IF A$="Y" -THEN 1970 
2050 GO TO 1880 
2060 X5=X7 
2070 c-o 'ro 1350 
2080 PRINT "!;Find the point in your check register 'Nnere the last" 
2090 PRINT "statelnent was balanced. Using the calculator pad, check" 
21100 PRINT "all addition arrl subtraction in the check register. wllen" 
2110 PRINT I' all i terns have been checked, pr ess User Def inab1e Key 6. iI 
2120 END 
2130 PRINT ., Enter the corrected check register balance S"; 
2140 INPur :<2 
2150 GJ TO 1350 

APPLICATION LIBRARY PROGRAM 





4051 
TEKTRONIX® 

APPLICATIONS LIBRARY PROGRAM 
TITLE 

SCHEMATIC DRAWING PROGRAM II 

ABSTRACT NUMBER 

51/00-1402/0 

~O-R-I-G-IN--A-L-D-A-T-E-------'-IR-EV~IS-IO--N-D-A~T~E~----~MEMORY REQUIREMENT 
16K Bytes 

AUTHOR PERIPHERALS 

Hard Copy Unit (Optional) 
ABSTRACT 

This program allows you to interactively draw schematics on the 4051 
screen. The User Definable Keys are used to select the position of 
component symbols and connecting lines. A choice of eight standard 
electronic symbols plus a line segment are available: 

Resistor 
Capacitor 
Coil 
Diode 
Transistor 
MOSFET 
Variable Capacitor 
Earth (ground) 

( Up to 50 symbols or line segments can be drawn in one schematic using 
this program. 

With this program, you use the pointer (graphic cursor) to select 
starting and ending points where a symbol is to be located. Then you 
select the symbol itself. You use specified User Definable Keys to 
move the pointer. This program also includes the facility to delete 
symbols or line segments, and to redraw the schematic after editing. 

000-6405-00 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, I nc., assumes no responsibil ity and 
shall have no liability, consequential or otherwise, of any kind arising from 
the use of this program material or any part thereof. 





PAGE NO: 1 
TITLE ABSTRACT NO: 

SCHEMATIC DRAWING PROGRAM II 51/00-1402/0 

12l) 

1 :?IJ 1 2' I .i 

!JUT 

12U 

P02 -

000-6405-02 TEKTRONIX 4051 PROGRAM 



PAGE NO: 2 
TITLE ABSTRACT NO: 

SCHEMATIC DRAWING PROGRAM II 51/00-1402/0 

The following symbols can be drawn: D = diode 
C = capacitor 
R = resi stor 
L = Coi 1 
N = npn transistor 
V = variable capacitor 
E = earth 
M = mosfet 
SPACE BAR = line 

The program allows you to draw on one page, 50 symbols and 45 labels. 
To draw a new schematic press User Definable Key 11. The cursor will 
appear in the middle of the screen. For drawing a symbol you have to 
determine 3 parameters: 1 - STARTING POINT 

EXAMPLE 

~ 

2 - ENDING POINT 
3 - SYMBOL 

B 

When you want to draw a resistor, first move the cursor to the starting, 
point A. Press U.D.K. 3 to determine this point, reset move to point B. 
Press U.D.K. to determine this point. Having pressed U.D.K. 8 the 
cursor will appear in the middle of the screen. Now you are supposed 
to select a symbol. For a resistor press R the resistor will now be 
drawn between A and B. For putting a label with the symbol, move the 
cursor to the point where the first character should be. 

Press U.D.K. 9. The graphic cursor will disappear and a blinking question 
mark will take tt·s place. 

Now type in the label (N.B: MAX LENGTH 3 CHARACTERS). 

000-6405-02 TEKTRONIX 4051 PROGRAM 



PAGE NO: 3 
TITLE ABSTRACT NO: 

SCHEMATIC DRAWING PROGRAM II 51/00-1402/0 

Having finished your schematic you probably want to save it on tape. 
Press U.D.K. 20. A question is posed which asks you to type in the 
name of the schematic. Type in a name (N.B: MAX LENGTH 16 CHARACTERS). 
The schematic will be stored and your program is finished. 

DELETING SYMBOLS AND LABELS 

For deleting a symbol move the cursor to point indicated by arrow. 

---4-
--~~-
--7-

. ~I 
--~----.~ 

-------------:JL_4_r---

For deleting a label put the cursor on the first character. Press 
U.D.K. 14. Symbol shown below (will be drawn over the symbol or 
label which indicates that the symbol or label is deleted. 

Redrawing PRESS U.D.K. 4 and the schematic will be redrawn without. 
the deleted symbols and labels. 

000·6405·02 TEKTRONIX 4051 PROGRAM 



PAGE NO: 4 
TITLE ABSTRACT NO: 

SCHEMATIC DRAWING PROGRAM II 51/00-1402/0 

REDRAWING AND UPDATING 

If you want to change or recall an existing schematic PRESS U.D.K. 15. 
A list of available schematics will appear on the screen. PRESS the 
number of the schematic you want to see .. The schematic will be drawn. 

Now you can follow the same procedure when making a new schematic 
(adding new symbols, adding labels and deleting). 

To save the changed schematic PRESS U.D.K. 20 and give it THE SAME 
name as the original on tape. The old schematic will be replaced by 
the new one. . 

If you want to save both the old and the new schematic the new one 
must be given a different name. 

/ 

000-6405-02 TEKTRONIX 4051 PROGRAM 



PAGE NO: 5 
TITLE ABSTRACT NO: 

SCHEMATIC DRAWING PROGRAM II 51/00-1402/0 

000-6405-02 

*** PROGPAM TO DRAW SCHEMATICS *** 
., ~\. F , 1 , ;;: • ~ AND ~ TO MOUE THE CURSER 

! .. , 

.. '... _ 1 fO 1~H: ~1 t ;·n.l·; '1C~:::MHtI CS 

":-; TO PFr,PHI.! HN[ TU·UPDi-iTE·' EXISTING :~;CHE;1AT res 

l' r ;:':J) .J.'.~,i,;[ +1 HHI OR AN UPDATED SCHFMAT Ie ON TAPE 

! , :" Hi r.:nic;uE tHE S'I~'lPOl Qli WHICH THE CURSER ':;TAH[<::. 
E; foiEf'lC,Q.- rilE II~lUE PLACE THE CU~';E~ ON THE 
fIRST CH~R~CTER OF THE ~HLUE 

TEKTRONIX 4051 PROGRAM 



· PAGE NO: 6 
TITLE ASSTRACTNO-: 

SCHEMATIC DRAWING PROGRAM II 51/00-1402/0 

~F1EP PRESSING U.D.K.8,USE THE KEYBOARD TO SELECT SY"BOLS 

{,,,·r.lODE :(;:CAPACITOR ;R=RESISTOR JL::sCOIL IH=HPH TRANSISTOR 
;'''::!It':'R!~':;E£l CAPACITOR ;E:.::EARTH ;t'l=I10SFET ;SPACEBAR=LINE 

000-6405-02 

~ It,' "~V~' " HLi; ···!.HFt1f'1 rr' PRE':;,'-, L1.D.L 11, 
;';If<' i·t.l'J.lqj.j.~iC A!-l f.:~ -', TW: .CHEt1Ai IC, PRESS !J.rl.K. 15: 

~ ... t 

;. " 

TEKTRONIX4051 PROGRAM 

c 
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TITLE 

SCHEMATIC DRAWING PROGRAM II 

1 INIT 

2 SET KEY 

3 GO TO 100 

4 X=X-l 

5 RETURN 

8 X=X+l 

·9 RETURN 

12 A=X 

13 B=Y 

14 RETURN 

16 GO TO 2450 

20 GO TO 1 

24 Y=Y-l 

25 RETURN 

28 Y=Y+l 

29 RETURN 

32 GOSUB 530 

34 RETURN 

36 GOSUB 2930 

37 GOSUB 4240 

38 RETURN 

40 END 

44 GO TO 360 

56 GOSUB 2570 

57 RETURN 

60 GO TO 3790 

80 GO TO 3450 

100 PRINT @32,18:5 

110 SET DEGREES 

PAGE NO: 7 
ABSTRACT NO: 

51/00-1402/0 

120 DIM A$(4) ,B$(4) ,Y$(4) ,Z$(4) ,D$(650) ,Q$(405) ,C$(20) ,S$( 1057) ,L$( 17) 

130 DIM 0$( 1) ,F$( 1) ,N$(3) ,E$( 1) ,H$( 13) ,1$( 17) ,J$(4) 

140 PRINT "LI*** PROGRAM TO DRAW SCHEMATICS 51/00-1402/0 ***n 

150 PRINT ".llU. D. K • 1 ,2,6 AND 7 TO MOVE THE CURSER" 

160 PRINT "..J.U .D.K.3 TO DETERMINE THE BEGINNING OF A SYMBOL" 

(~\ 170 PRINT "..J.U.D.K.4 TO REDRAW ALL SYMBOLS AND VALUES" 

180 PRINT II..J.U .D.K.8 TO DETERMINE THE ENDING OF A SYMBOL" 
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190 PRINT ".J.U.D.fC5 AND 10 TO START AND END THE PROGRAM" 

200 PRINT II.J.U .D.K.9 TO DRAW VALUES WITH THE SYMBOLS (MAX.3 CHARACTERS)" 

210 PRINT II.J.U.D.K.11 TO CREATE NEW SCHEMATICS" 

220 PRINT ".J.U.D.K.15 TO REDRAW AND TO 'UPDATE' EXISTING SCHEMATICS" 

230 PRINT II.J.U.D.K. 20 TO SAVE A NEW OR AN UPDATED SCHEMATIC ON TAPE" 

240 PRINT II.J.U .D.K.14 TO REMOVE THE SYMBOL ON WHICH THE CURSER STANDS." 

250 PRINT II 

260 PRINT" 

TO REMOVE THE VALUE PLACE THE CURSER ON THEil 

FIRST CHARACTER OF THE VALUE" 

210 PRINT "MPRESS RETURNGG: II j 

280 INPUT 0$ 

290 PRINT ".Lll.AFTER PRESSING U.D.K.8,USE THE KEYBOARD TO SELECT SYMBOLS" 

300 PRINT "MD=DIODE j C=CAPACITOR ; R=RESISTOR jL=COIL j N=NPN TRANSISTOR" 

310 PRINT "V=VARIABEL CAPACITOR jE=EARTH jM=MOSFET jSPACEBAR=LINE" 

320 PRINT II.ll.J.FOR DRAWING A NEW SCHEMATIC PRESS U.D.K. 11," 

330 PRINT "FOR REDRAWING AN EXISTING SCHEMATIC PRESS U.D.K. 15:GG" 

340 PRINT "MPRESS U .D.K. 11 OR 15:1" 

350 WAIT 

360 PAGE 

310 D$="" 

380 Q$="" 

390 N= 1 

400 v= 1 

410 G=O 

420 8$="" 

430 A=65 

440 B=50 

450 X=65 

460 Y=50 

410 F$='''' 

480 MOVE X,Y 

490 PRINT @32;24:"i" 

500 FOR 1=1 TO 15 

510 NEXT I 

520 GO TO 480 

530 IF X<=A OR X>A AND Y<>B THEN 580 

540 IF X<>A AND Y<=B OR Y>B THEN 580 

000-6405-02 TEKTRONIX 4051 PROGRAM 
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550 PRINT "lYOUR STARTING AND ENDING POSITION ARE THE SAME" 
560 PRINT "PRESS U.D.K.4 AND TRY AGAIN","GG" 

570 GO TO 40 

580 C=ASN«Y-B)/SQR«X-A)T2+(Y-B)T2)) 

590 IF X=>A THEN 650 
600 C=ACS«X-A)/SQR«X-A)T2+(Y-B)T2)) 

610 IF X<=A AND Y=>B THEN 650 

620 C=ACS«Y-B)/SQR«X-A)T2+(Y-B)T2)) 

630 ROTATE C+90 
640 GO TO 660 
650 ROTATE C 

660 IF F$="RII THEN 680 

670 POINTER K,L,E$ 

680 MOVE A,B 

690 G=POS(" RCLNEVMD", E$, 1 ) 

f:, 700 IF E$="" THEN 670 

() 

710 GOSUB G OF 850,730,920,1050,1170,1390,1520,1680,1970 
720 RETURN 

730 D=(SQR«X-A)T2+(Y-B)T2)-6)/2 
7 40 RDRAW D ,0 

750 RDRAW 0,-1.5 

760 RDRAW 6,0 
770 RDRA\o[ 0,3 

780 RDRAW -6,0 

790 RDRAW 0,-1.5 

800 RMOVE 6, ° 
810 RDRAW D,O 
820 IF F$="RII THEN 840 

830 GOSUB 2100 
840 RETURN 

850 ROTATE 0 
860 E$="J" 
870 MOVE A,B 

880 RDRAW X-A,Y-B 

890 IF F$="R" THEN 910 
900 GOSUB 2100 
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910 RETURN 

920 D=(SQR«X-A)T2+(Y-B)T2)-1.5)/2 

930 RDRAW 0,0 

940 RDRAW 0,-3 

950 RDRAW 0,6 

960 RMOVE 1.5,0 

970 RDRAW 0,-6 

980 RDRAW 0,3 

990 RDRAW 0,0 

1000 ROTATE 0 

1010 IF F$="R" THEN 1040 

1020 IF S$="V" THEN 1040 

1030 GOSUB 2100 

1040 RETURN 

1050 D=(SQR«X-A)T2+(Y-B)T2)-9.5428)/2 

1060 RDRAW D,O 

1070 FOR H=O TO 1440 STEP 30 

1080 E=-0.2*(COS(H)-1) 

1090 F=O. 55* SIN( H) 

1100 RDRAW E,F 

1110 NEXT H 

1120 RDRAW 0,0 

1130 ROTATE 0 

1140 IF F$="R" THEN 1160 
~ 

1150 GOSUB 2100 

1160 RETURN 

1170 ROTATE 0 

1180 RDRAW X-A, Y-B 

1190 IF X<A AND Y<B THEN 1220 

1200 ROTATE C 

1210 GO TO 1230 

1220 ROTATE C+90 

1230 RDRAW 0,-3 

1240 RDRAW 0,6 

1250 RDRAW 0,-1 

1260 RDRAW 4,1 
C\ 

; 
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1270 RMOVE 0,-6 

1280 RDRAW -4,1 

1290 RDRAW 0,-1 

1300 RMOV E 1, 0 .75 

1310 RDRAW 0.25,SQR(0.9375) 

1320 RDRAW -0.5,-2*SQR(0.9375) 

1330 RDRAW 1.25,0.75 

1340 RDRAW -0.75,1.25 

1350 ROTATE 0 

1360 IF F$="R" THEN 1380 
1370 GOSUB 2100 

1380 RETURN 

1390 ROTATE 0 

1400 MOVE A,B 

1410 RDRAW X-A,Y-B 
1420 RDRAW 0,-2 

1430 RDRAW -3,0 
1440 RDRAW 6,0 

1450 RMOVE -0.5,-0.75 
1460 RDRAW -5,0 

1470 RMOV E 1, - 0 . 75 
1480 RDRAW 3,0 
1490 IF F$="R" THEN 

1500 GOSUB 2100 

1510 RETURN 

1520 S$="V" 
1530 GOSUB 920 

1510 

1540 IF X<A AND Y<B THEN 1570 
1550 ROTATE C 

1560 GO TO 1580 

1570 ROTATE C+90 

1580 RMOVE -D-1 .5,0 

1590 RDRAW -3,-3 
1600 RDRAW 6,6 

1610 RDRAW 1,-1 

1620 RDRAW -2,2 
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1630 ROTATE 0 

1640 IF F$="R" THEN 1660 

1650 GOSUB 2100 

1660 8$="" 

1670 RETURN 

1680 ROTATE 0 

1690 RDRAW X-A,Y-B 

1700 IF X<A AND Y<B THEN 1730 

1710 ROTATE C 

1720 GO TO 1740 

1730 ROTATE C+90 

1740. RMOVE 0,-1 

1750 RDRAW 0,2 

1760 RMOVE 0,2 

1770 RDRAW 0,2 

1780 RMOVE 1,0 

1790 RDRAW 0,-6 c: 
1800 RDRAW 0,1 

1810 RDRAW 4,0 

1820 RDRAW -4,0 

1830 RDRAW 0,5 

1840 RDRAW 0,-1 

1850 RDRAW 4,0 

1860 RMOVE 0,-4 

1870 RDRAW -1,0 

1880 RDRAW 0,2 . 
1890 RDRAW -3,0 

1900 RDRAW 1,1 

1910 RDRAW 0,-2 

1920 RDRAW -1,1 

1930 ROTATE 0 

1940 IF F$="R" THEN 1960 

1950 GOSUB 2100 

1960 RETURN 

1970 D=(SQR«X-A)T2+(Y-B)T2)-2)/2 C 1980 RDRAW D.,O 

.; 
._,1' . 
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1990 RDRAW 0,2 

2000 RDRAW 0,-4 

2010 RDRAW 2,2 

2020 RDRAW -2,2 

2030 RMOVE 2,0 

2040 RDRAW 0,-4 

2050 RDRAW 0,2 

2060 RDRAW D,O 

2070 IF F$="R" THEN 2090 
2080 GOSUB 2100 

2090 RETURN 

2100 N$="+++" 
2110 A$=STR( A) 

2120 A$=REP("",1,1) 

2130 B$=STR( B) 

( ~, 2140 B$ =REP ( "" , 1 , 1) 
, / 2150 Y$=STR(X) 

2160 Y$=REP("",1 ,1) 

2170 Z$=STR(Y) 
2180 Z$ =REP ( "" , 1 , 1 ) 
2190 D$=D$&A$ 

2200 IF LEN(A$)=3 THEN 2250 

2210 DIM N$(3-LEN(A$» 
2220 D$=D$&N$ 
2230 DIM N $ ( 3 ) 

2240 N$="+++" 
2250 D$=D$&B$ 

2260 IF LEN(B$)=3 THEN 2310 
2270 DIM N$(3-LEN(B$» 
2280 D$=D$&N$ -

2290 DIM N$(3) 

2300 N$="+++" 

2310 D$=D$&Y$ 
2320 IF LEN(Y$)=3 THEN 2370 

C' 2330 DIM N$(3-LEN(Y$» 

2340 D$=D$&N$ 
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2350 DIM N$(3) 

2360 N$="+++" 
2310 D$=D$&Z$ 
2380 IF LEN(Z$)=3 THEN 2430 
2390 DIM N$(3-LEN(Z$» 
2400 D$=D$&N$ 
2410_ DIM N$(3) 

2420 N$="+++" 
2430 D$=D$&E$ 
2440 RETURN 
2450 PAGE 

2460 F$="R" 
2410 IF D$="" THEN 3150 
2480 FOR 1=1 TO LEN(D$) STEP 13 
2490 GOSUB 4140 

2500 A=VAL( A$) i/-": 
2510 B=VAL( B$) ~ 

2520 X=VAL(Y$) 

2530 Y=VAL( Z$) 
2540 GOSUB 530 
2550 NEXT I 

2560 GO TO 3150 
2510 IF D$="" THEN 3150 
2580 FOR 1=1 TO LEN(D$)-12 STEP 13 
2590 GOSUB 4140 

2600 IF A$="" THEN 3150 
2610 A=VAL(A$) 
2620 B::VAL(B$) 

2630 S=VAL(Y$) 
2640 D=VAL(Z$) 
2650, IF E$="N" OR E$="M" THEN 2110 
2660 IF E$="E" THEN 2730 
2610 P=ABS(A+O.5*(S-A» 
2680 Q=ABS(B+0.5*(D-B» 
2690 IF ABS(P-X)<2 AND ABS(Q-Y)<2 THEN 2160 0 
2700 GO TO 2740 
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2710 IF ABS(S-X)<2 AND ABS(D-Y)<2 THEN 2760 

2720 GO TO 2740 
2730 IF ABS(S-X)<2 AND ABS(D-Y-2)<2 THEN 2760 

2740 NEXT I 

2750 GO TO 3150 
2760 D$=REP("",I,13) 
2770 IF E$="N" OR E$="M" THEN 2810 

2780 IF E$="E" THEN 2830 

2790 MOVE P,Q 
2800 GO TO 2840 

2810 MOVE S, D 

2820 GO TO 2840 

2830 MOVE S,D-2 

2840 FOR 1=0 TO 330 STEP 30 

2850 O=SIN( I) 

2860 P=COS(I) 
2870 RDRAW 3*0,3*P 
2880 RDRAW -3*0,-3*P 
2890 NEXT I 

2900 X=X-2 
! 

2910 Y=Y+2 

2920 GO TO 470 

2930 MOVE X,Y 
2940 INPUT P$ 

2950 IF LEN(P$)<>3 THEN 2930 

2960 I$=STR(X) 
2970 I$=REP (.11. ,1 ,1) 

2980 J$=STR(Y) 

2990 J$=REP("",1,1) 
3000 Q$=Q$&P$ 

3010 Q$=Q$&I$ 
3020 IF LEN(I$)=3 THEN 3070 

3030 N$="+++" 
3040 DIM N$(3-LEN(I$» 

C 3050 Q$=Q$&N$ 
3060 DIM N$ (3) 
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3070 N$="+++" 
3080 Q$=Q$&J$ 
3090 IF LEN(J$)=3 THEN 3140 
3100 DIM N$(3-LEN(J$» 
3110 Q$=Q$&N$ 
3120 DIM N$ (3) 

3130 N$="+++" 
3140 RETURN 
3150 IF Q$="" THEN 3170 
3160 GO TO 3190 
3170 F$="" 
3180 GO TO 480 
3190 FOR M=1 TO LEN(Q$)-8 STEP 9 
3200 H$=SEG(Q$,M,9) 
3210 I$=SEG( H$,4, 3) 
3220 J$=SEG(H$,7,3) 1/ 
3230 P$=SEG(H$,1,3) 
3240 I=VAL(I$) 

3250 J=VAL(J$) 
3260 IF F$="R" THEN 3400 
3270 IF ABS(I-X»2 OR ABS(J-Y»2 THEN 3420 
3280 Q$=REP("" ,M,9) 
3290 ROTATE 0 

3300 RMOVE 2,1 

3310 FOR 1=0 TO 330 STEP 30 -

3320 O=SIN(I) 

3330 P=COS( I) 

3340 RDRAW 1.5*0,1.5*P 

3350 RDRAW -1.5*0,-1.5*P 
3360 NEXT I 

. 3370 X=X-1 
3380 Y=Y+1 

3390 GO TO 470 
3400 mVE I,J 
3410 PRINT P$ 
3420 NEXT M 

o 
" 
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3430 F$="11 
3440 GO TO 480 

3450 PAGE 

3460 X$=CHR(13) 

3470 W$=CHR( 19) 
3480 K$=" II 

PAGE NO: 17 
ABSTRACT NO: 

51/00-1402/0 

3490 PRINT "l.TYPE IN THE NAME OF THIS SCHEMATIC (MAX. 16 CHARACTERS)" 

3500 PRINT "l.INPUT NAME:GG "; 

3510 INPUT C$ 
3520 IF LEN(C$»16 THEN 3490 

3530 PRINT @33,0:0,0,1 
3540 FOR U=2 TO 100 

3550 FIND U 

3560 INPUT @33:T$ 

3570 G$=SEG(T$,9,1) 

3580 L$=SEG(T$,11,LEN(C$») 

3590 IF L$=C$ THEN 3650 

3600 IF G$="L" THEN 

3610 NEXT U 

3620 PRINT @33,0:0,0,0 

3630 FIND U 
3640 MARK 1,1500 

3650 PRINT @33,0:0,0,0 
3660 FIND U 

3670 PRINT @33:D$;" ";Q$ 
3680 PRINT @33,0:0,0,1 

3690 FIND U 
3700 K$=REP(C$,2,LEN(C$» 

3620 

3710 IF G$="N" OR G$="L" THEN 3730 

3720 GO TO 3740 

3730 T$=REP("A",9,1) 
3740 T$=REP(K$, 10, 17) 

3750 FIND U 
3760 PRINT @33:T$;X$;W$ 

C 3770 PRINT @33 ,0 :0,0,0 

3780 END 
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3790 PRINT II.l.u!J!SELECT OUT OF THE FOLLOWING SCHEMATICS:J!" 
3800 PRINT @33,0:0,0,1 
3810 FOR 1=2 TO 100 
3820 FIND I 

3830 INPUT @33:G$ 
3840 J$=SEG( G$, 9,1) 
3850 IF J$=IILII THEN 3930 
3860 H$=SEG(G$,2,3) 
3870 H=VAL( H$) 
3880 H=H-l 
3890 H$=STR(H) 

3900 I$=SEG (G$ ,10,17) 

3910 PRINT H$;" "; 1$ 
3920 NEXT I 
3930 PRINT @33,0:0,0,0 
3940 PRINT "Jl.s!.TYPE IN THE NUMBER OF THE SCHEMATIC," 
3950 PRINT "THAT HAS TO BE DRAWN" 
3960 PRINT "TYPE IN ZERO IF NONE:.Q. "; 
3970 INPUT 0 
3980 IF O<=H THEN 4010 
3990 PRINT "_~NOT EXISTING NUMBER TRY AGAIN.QQ.: "; 
4000 GO TO 3970 
4010 IF 0=0 THEN 4110 
4020 FIND 0+ 1 
4030 INPUT @33:S$ 
4040 FOR 1=1 TO LEN(S$) 
4050 G$=SEG(S$,I,l) 
4060 IF G$=" " THEN 4080 
4070 NEXT I 
4080 D$=SEG(S$,1,I-1) 
4090 Q$=SEG(S$,I+l,LEN(S$)-I) 
4100 GO TO 2450 
4110 FIND 0 
4120 PRINT "JJJI*** PROGRAM FINISHED ***GGGGG" 
4130 END 

4140 H$=SEG(D$,I,13) 
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4150 A$=SEG(H$,1,3) 
4160 B$=SEG(H$,4,3) 
4170 Y$=SEG(H$,7,3) 
4180 Z$=SEG(H$,10,3) 
4190 E$=SEG(H$,13,1) 
4200 IF E$<>"J" THEN 4230 

4220 E$=" " 
4230 RETURN 

4240 X=X-1 
4250 Y=Y+1 
4260 F$="n 
4270 RETURN 
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ABSTRACT 

The program stores the interrelationships of logic elements (gates. latches. etc.) 

in a complex circuit and predicts the state of all the elements at a short time 

later. Optionally, it then stops and prints out. or continues and predicts the 

next state and prints until stopped. or continually predicts subsequent states 

and shows a selected number (up to 12) as waveforms on the display. The three 

modes may be selected by User Definable Keys. Up to eight input lines may be 

used and changed at will during execution using the User Definable Keys. 

325 Statements. 

000-6405-00 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, I nc., assumes no responsibility and 
shall have no liability, consequential or otherwise, of any kind arising from 
the use of this program material or any part thereof. 
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1. Description 

The program starts with a short description of its facilities. It then 
requests the user to input details of the logic circuit. A logic circuit 
should be drawn as a block diagram, and its blocks numbered 1, 2, 3, etc. 
Each block may have more than one input, but each ha~ only one output, 
other outputs must be simulated with other blocks. An array B(I) stores 
the logical values (0 or 1) of the output of the Ith block. The blocks 
must be numbered in a certain order: 

(1) Gates first: mixed in any order and may have up to 8 inputs. Types 
allowed: 

AND, NAND, OR, NOR, NOT (Inverter), EOR (Exclusive OR--only 2 
inputs allowed) 

then 

(2) Monostables 

(3) Delays 

(4) D-type latches (used to simulate other types, and to construct 
shift registers) 

(5) Astables 

(6) External levels used as inputs, controlled by the User Definable Keys 

The format for these inputs is given in the invitation to enter the logic 
block details. 

The program stores the block numbers whose outputs form the inputs of 
other blocks, e.g., Gate 1 may have 2 inputs, one from Gate 4 output and 
one from Gate 7 output. The input for this gate would then be: 

1: AND, 4, 7 if it were an AND gate. 

All the interrelationships are input and stored. 

The current values of the outputs of all the blocks are then used, together 
with the relationships, to predict the future outputs at one increment of 
time later. The time increment is taken to be the transit time delay of a 
simple gate. Logical devices which respond to charging levels to trigger 
them (monostable, delays and latches) only respond when the relevant input 
charges state in the correct way. To accomplish this, the previous state 
of the logic block outputs are stored in array A(I). When a device is 0 
IItriggered," the current time is noted and the appropriate action is taken 
at the correct delay. 
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2. 

3. 

In summary, the present and immediately previous states of all the logic 
blocks are stored, together with the input/output corrections and the 
immediately following state is predicted. 

The defacet form of output is to display as developing waveforms up to 12 
nominated logic block output states. This continuous process may be 
modified by changing the state of one of the external levels using a User 
Definable Key, or the process may be slowed down by pressing the "single 
shot" key which will advance the waveforms by one delay unit at a time. 
If no such outputs are nominated, the state of all the blocks is indicated 
by a string of 0/1 for each delay unit. 

Data Tape Structure 

No da ta tape. 

Internal Data Storage 

Variable Used to Store ~ 

A$ Keyboard input String 
A Previous state of logic outputs Array tN) 
B Current state of logic outputs Array (N) 
C Future state of logic outputs Array (N) 
D Positions of commas in A$ Array (N) 
J4 Dummy to shorten statement (=K(I,l)) Simple 
K Logic blocks which provide inputs Array (N,N1) 

to other blocks 
K1 Dummy to shorten statement Simple 

(=K(I,l)) 
K2 Dummy to shorten statement (=K(I,2)) Simple 
L Subscript variable Simple 
L$ Segment of A$ String 
M Logic blocks to be monitored Array (M1) 
MI Number of blocks to be monitored Simple 
N Total number of blocks used Simple 
NI (a) Maximum number of inputs to any block Simple 

Then after arrays are dimensioned 

(b) Number of gates 
N2 Number of gates + monostables Simple 
N3 Number of gates, monostables + delays Simpl e 
N4 N3 + number of latches Simpl e 
N5 N4 + number of astables Simple 
N9 Number of external lines Simple 
N8 User Definable Key number Simple 
p Branching address Array (M) 
PI Position in A$ of comma Simple 
P2 Position of T$ in Z$ Simple 
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P3 
P4 
Q$ 
Q9 
R 
R$ 
T 
Til 
T$ 
ZI 

Z$ 

4. Operation 

Dummy to shorten list of addresses 
Position of comma in A$ 
Segment of A$ 
Flag for single shot/continuous advance 
Number of inputs to logic blocks 
Segment of A$ 
Current time in delay units 
Time at which block was triggered 
Ftrst segment of A$ 
Branching address for each type of 

logic block 
List of permitted gate types 

Simple 
Simple 
String 
Simple 
Array (N) 
String 
Simple 
Array (N) 
String 
Array (18) 

String 

(a) An overlay is used to 

(1) 

(2) 

(3) 

(4) 

Key Number 

1 
2 
3 
4 
5 
6 
7 
8 

Set the states of the 8 possible inputs 

To set single shot/continuous mode 

To restart the "timebase" of the display 

To change the points which are monitored and/or 
from waveform output to tabular 

Function 

Sets input No. 1 to 1 ogi c o without interrupting 
Sets input No. 2 to logic o without interrupting 
Sets input No. 3 to logic o wi thout interrupting 
Sets input No. 4 to logic o without interrupting 
Sets input No. 5 to logic o without interrupting 
Sets input No. 6 to logic o without interrupting 
Sets input No. 7 to logic o without interrupting 
Sets input No. 8 to logic o without interrupting 

to change 

program 
program 
program 
program 
program 
program 
program 
program 

9 Restarts display from T=O and all inputs=O 
10 Advances the display by one delay unit then stops 

11 
12 
13 
14 
15. 
16 
17 
18 

19 
20. 

000-6405-02 

Sets input No. 1 to logic 1 without interrupting program 
Sets input No. 2 to logic 1 without interrupting program 
Sets input No. 3 to logic 1 without interrupting program 
Sets input No. 4 to logic 1 without i nterru pt i ng program 
Sets input No. 5 to logic 1 without interrupting program 
Sets input No. 6 to logic 1 without interrupting program 
Sets input No. 7 to logic 1 withou tin terru pt i ng program 
Sets input No. 8 to logic 1 without interrupting program 

Tnterrupts program to allow monitored parts to be re-chosen 
Returns display to continuous advance from current value of T 
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TITLE ABSTRACT NO: 

ANALYSIS OF LOGIC CIRCUIT BEHAVIOUR 51/00-1403/0 

(b) Program is loaded and commenced by RUN 

(c) Program should be self-explanatory while running. All necessary 
instructions are given and should be followed. Most of the required 
responses are checked for validity and queried if not recognised, 
and the question re-asked. 

(d) an example of how a circuit's behaviour is analysed is for the 
following circuit: 

Example circuit 

Input 0 ~ [0 
r------r ---.,---V°,.---- 2 -' ___ .<)0 Output 

[ ASTABLE 

If input 1 is HI, then the output of Gate 1 is always the inverse of 
the other input, the astable in this example. The inputs of Gate 2 have 
therefore always opposite values, and the output will remain LO, 
except for a period one gate delay long when the astable changes from 
LO to HI. At this instant the inputs of Gate 2 are HI (just) and 
also HI from Gate 1 output. This lasts for 1 gate delay time until 
Gate 1 responds to its changed input. 

Realisation: 

Number units: Gate No.1 = 1 
Gate No. 2 = 2 
Astable = 3 
External 

Input = 4 

5. Sample Program 

PREDICTED BEHAVIOUR OF A LOCIC CIRCUIT 
This ~ro.r4" store. the relationships between the inputs 

and out~uts of UP to about lsa (dependin. on the "eMory 
av~ilabl.) lo,ic eleMents Gnd calculates the relationships 
which thew will have G short tiMe later (about one gate 
delay). The results are shown on the display as 9/1 levels 
as a function of tiMe, i.e. 4S if on 4 eRO screen. 
This process May be continuous fro" the tiMe origin (key 9), 
re~etativ. fro" the current screen position (key 28), or 
sin,l. shot frOM the current position (key 18). 

• 
000-6405-02 TEKTRONIX 4051 PROGRAM 
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The SysteM May have Gny nUMber of each of the 9 type. 
of basic ele"ent (froM which More cO"plex ele"ents MUY be 
constructed) Gnd UP to 8 inputs controlled by the User 
Definable Keys. 

Press RETURN key to continue 

LOliCGl -blocks· perMitted arc: 
1 GATE- AHD,OR,HAND,HOR«-e inputs)+HOT,EOR(exclusive) 
2 O~S <Monostubl.),+trilger, Q output only 
3 DELAY frOM + edle, prOMPt fro" - edte of input 
4 LATCH- D type (us. to "uke shift registers) 
5 ASTABLE. 
6 EXTERNAL input level 

ALL TI"ES ARE IN TERMS OF A GATE DELAV 
HUMber 411 logic~l blocks und inputs fro" 11, using the 
order given ubove. 

1. Total nu"ber of -blocks· ("QX. S9) 4 
2. "Qxi"u" nu~ber of inputs to any block? 2 
3. How "Qny points to be Monitored on display? 4 
4. Enter 4 points: 1, 2, 3, 4 (i.e., all of them) 

000-6405-02 TEKTRONIX 4051 PROGRAM 
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TITLE ABSTRACT NO: 

ANALYSIS OF LOGIC CIRCUIT BEHAVIOUR 51/00-1403/0 , 

Enter LAST at end of each list, or NONE if no it_"s in list 

5. Enter details of ,at.: (TVPE,IHPUT1,INPUT2 etc) 
Ty~es : AHO,HAHO,OR,HOR,NOT,EOR. - LAST to end list 

1:NAHO,3,4 
6. Enter d.tai I s of .a t.: (TVPE, INPUT1, IHPUT2 etc) 

Types: AHO,NAHO,OR,NOR,NOT,EOR. - LAST to end list 
2:AND,l,3 

7 .. Enter details of gate: (TVPE,IHPUT1,IHPUT2 etc) 
Types: AHD,NAHD,OR,HOR,NOT,EOR. - LAST to end Jist 

3:LAST 
8. Enter details of O/S: (INPUT,LENGTH) - LAST to end list 

3:HONE 
9. Enter details of delC1y:(IHPUT,lEHGTH) - LAST to end list 

3:HOHE 
Uo. Enter datai Is of lC1tch: (DATA,CLOCK) - LAST to end 1 ist 

3:HONE 
Ul. Enter details of astables : (PERIOD) LAST to end list 

3:8·· 
~2. Enter detai Is of astables : (PERIOD) LAST to end 1 ist 

4:lAST-· 
~3. How ,.a ny ex terna I I i nes/ i npu ts ? 1 

Program nm'! blanks screen and draws: 
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1 GO TO 100 
4 C(N5+1)=0 
5 RETURN 
8 C(N5+2)=O 
9 RETURN 
12 C(N5+3)=O 
13 RETURN 
16 C(N5+4)=0 
17 RETURN 
20 C(N5+5)=0 
21 RETURN 
24 C(N5+6)=O 
25 RETURN 
28 C(N5+7)=0 
29 RETURN 
32 C(N5+8)=0 
33 RETURN 
36 Q9=0 
37 T=O 
38 GO TO 1550 
40 Q9=1 
41 GO TO 2380 
44 C(N5+1)=1 
45 RETURN 
48 C(N5+2)=1 
49 RETURN 
52 C(N5+3)=1 
53 RETURN 
56 C(N5+4)=1 
57 RETURN 
60 C(N5+5)=1 
61 RETURN 
64 C(N5+6)=1 
65 RETURN 
68 C(N5+7)=1 
69 RETURN 
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TITLE 

ANALYSIS OF LOGIC CIRCUIT BEHAVIOUR 

72 C(N5+8)=1 
73 RETURN 
76 PAGE 
77 GOSUB 2600 
78 GO TO 36 
80 Q9=0 
81 GO TO 2380 

PAGE NO· 10 
ABSTRACT NO: 

51/00-1403/0 

90 REM 51/00-1403/0 *** LOGIC CIRCUIT BEHAVIOR ANALYSIS *** 
95 REM AUTHOR: K. J. ORFORD, DURHAM UNIVERSITY 
100 INIT 
110 PRINT @32,26:0 
120 PAGE 
130 SET KEY 
140 PRINT " PREDICTED BEHAVIOUR OF A LOGIC CIRCUIT" 
150 PRINT "_ This program stores the relationships between the inputs" 
160 PRINT "and outputs of up to about 150 (depending on the memory" 
170 PRINT "available) logic elements and calculates the relationships" 
180 PRINT "which they will have a short time later (about one gate" 
190 PRINT "delay). The results are shown on the display as 0/1 levels" 
200 PRINT "as a function of time, i.e. as if on a CRO screen." 
210 PRINT "This process may be continuous from the time origin (key 9), 
220 PRINT "repetative from the current screen position (key 20), or" 
230 PRINT "single shot from the current position (key 10).ft 
240 PRINT "_ The system may have any number of each of the 9 types" 
250 PRINT "of basic element (from which more complex elements may be" 
260 PRINT "constructed) and up to 8 inputs controlled by the User" 
270 PRINT "Definable Keys." 
280 PRINT "_ Press RETURN key to continue" 
290 INPUT A$ 
300 PAGE 
310 REMARK **** READ IN PROGRAM CONSTANTS **** 
320 PRINT "_Logical ""blocks"" permitted are:" 
330 PRINT" 1 GATE- AND,OR,NAND,NOR«=8 inputs)+NOT,EOR(exclusive)" 
340 PRINT" 2 OIS (monostable),+trigger, Q output only" 
350 PRINT" 3 DELAY from + edge, prompt from - edge of input" 
360 PRINT" 4 LATCH- D type (use to make shift registers)" 
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ANALYSIS OF LOGIC CIRCUIT BEHAVIOUR 51/00-1403/0 

370 
380 
390 
400 
410 
420 
430 
440 
450 
451 
452 
453 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 

000-6405-02 

PRINT" 5 ASTABLE." 
PRINT" 6 EXTERNAL input level" 
PRINT "ALL TIMES ARE IN TERMS OF A GATE DELAY" 
PRINT @32,18:0 
PRINT "Number all logical blocks and inputs from 11, using the" 
PRINT @32,18:5 
PRINT "order given above." 
PRINT "Total number of ""blocks"" (max. 50) 
INPUT N 
IF N<=50 THEN 460 
PRINT "MAXIMUM NO OF BLOCKS IS 50!" 
GO TO 440 

" . , 

PRINT "Maximum number of inputs to any block? "; 
INPUT N1 
IF N1<=8 THEN 510 
PRINT "MAXIMUM OF 8" 
GO TO 460 
IF N1=>2 THEN 530 
N1=2 
GOSUB 2600 
PRINT" Enter LAST at end of each list, or NONE if no items in list 
PRINT 
REMARK *** DIMENSION ARRAYS AND SET STARTING VALUES *** 
DATA 6,6,1,1,1,2,2,2,3,3,3,4,4,4,5,5,5,5 
DIM A(N) ,B(N) ,C(N) ,TO(N) ,R(N) ,peN) ,D(N) ,Z1 (18) ,K(N ,N1) ,C9(N) 
READ Z1 
A=O 
Q9=0 
B=O 
C=O 
N9=0 
R=1 
D=O 
P= 11 
K=O 
TO=1 
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700 1=1 
710 Z$="ORNOTNORANDEORNAND" 
720 REMARK *********** START OF READ IN STAGE ***************** 
730 REMARK *** READ IN GATE DETAILS *** 
740 PRINT "Enter details of gate: (TYPE,INPUT1,INPUT2 etc)" 
750 PRINT "Types: AND,NAND,OR,NOR,"OT,EOR. - LAST to end list" 
760 PRINT I;":"; 
770 INPUT A$ 
780 IF A$="LAST" OR A$="NONE" THEN 1010 
781 E=POS(A$,", ",1) 
782 E$=SEG(A$,LEN(A$),1) 
783 F$="," 
784 IF E=O AND E$>F$ THEN 790 
785 PRINT "NO SPACES ALLOWED BETWEEN ENTRIES "; 
786 PRINT "AND NO COMMA AFTER LAST ENTRY." 
787 PRINT "PLEASE RE-ENTER ",I 
788 GO TO 740 
190 J=1 
800 D(J)=POS(A$,",",1) 
801 IF D(J»O THEN 810 
802 PRINT "COMMAS REQUIRED AFTER TYPE AND INPUTS; "; 
803 PRINT "TRY AGAIN." 
804 GO TO 740 
810 T$=SEG(A$,1,D(1)-1) 
820 R(I)=1 
830 IF T$="NOT" THEN 890 
840 J=J+1 
850 D(J)=POS(A$,",",D(J-1)+1) 
860 IF D(J)=O THEN 880 
870 GO TO 840 
880 R(I)=J-1 
890 P2=POS(Z$,T$,1) 
900 P(I)=Z1(P2) 
910 IF P2>0 THEN 940 
920 PRINT "WHAT ???" 
930 GO TO 740 
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TITLE 

ANALYSIS OF LOGIC CIRCUIT BEHAVIOUR 

940 D(R(I)+1)=LEN(A$) 
950 FOR L=1 TO R(I) 
960 L$=SEG(A$,D(L)+1,D(L+1)-D(L» 
970 K(I,L)=VAL(L$) 
980 NEXT L 
990 1=1+1 
1000 GO TO 740 
1010 REMARK *** READ IN O/S INFO.** 
1020 N1=I-1 

PAGE NO: 13 
ABSTRACT NO: 

51/00-1403/0 

1030 
1040 

PRINT "Enter details of O/S: (INPUT,LENGTH) - LAST to end list" 
GOSUB 2400 

1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 

000-6405-02 

IF P2=0 THEN 1090 
P(1)=7 
1=1+1 
GO TO 1030 
REMARK *** READ IN DELAY INFO. *** 
N2=I-1 
PRINT "Enter details of delay: (INPUT,LENGTH) - LAST to end list" 
GOSUB 2400 
IF P2=0 THEN 1170 
P(I)=8 
1=1+1 
GO TO 1110 
REMARK *** READ IN LATCH INFO. *** 
N3=I-1 
PRINT "Enter details of latch: (DATA, CLOCK) - LAST to end list" 
PRINT Ij":"j 
INPUT A$ 
IF A$="LAST" OR A$="NONE" THEN 1310 
P (I) =9 
P4=POS(A$,",",1) 
Q$=SEG(A$,1,P4-1) 
R$=SEG(A$,P4+1,LEN(A$)-P4) 
K(I,1)=VAL(Q$) 
K(I,2)=VAL(R$) 
1=1+1 
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1300 GO TO 1190 
1310 REMARK ** READ IN ASTABLES ** 
1320 N4=I-1 

PAGE NO: 14 
ABSTRACT NO: 

51/00-1403/0 

1330 PRINT "Enter details of astables : (PERIOD) LAST to end list" 
1340 PRINT I;":"; 
1350 INPUT A$ 
1360 IF A$="LAST" OR A$="NONE" THEN 1410 
1370 P(I)=10 
1380 R(I)=VAL(A$) 
1390 1=1+1 
1400 GO TO 1330 
1410 REMARK ** READ IN EXTERNAL LINES ** 
1420 N5=I-1 
1430 PRINT "How many external lines/inputs? "; 
1440 INPUT N$ 
1450 IF N$="LAST" OR N$="NONE" THEN 1380 
1460 N9=VAL(N$) 
1470 GO TO 1500 
1480 N9=0 
1490 N5=N4+N9 
1500 IF N=N5+N9 THEN 1550 
1510 PAGE 
1520 PRINT "~YOU CAN'T ADD UP!! 
1530 RESTORE 

TRY AGAIN" 

1540 GO TO 440 
1550 REMARK ********* END OF READ IN STAGE ********************* 
1560 T=O 
1570 PAGE 
1580 PRINT @32,26:2 
1590 IF M1=0 THEN 1790 
1600 N8=0 
1610 FOR 1=1 TO M1 
1620 MOVE 0,8*1 
1630 PRINT @32,18:0 
1640 IF M(I)<=N5 THEN 1680 
1650 N8=N8+1 
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1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 

000-6405-02 

PRINT "(KEY '";N8;") ";M(I); 
GO TO 1700 
PRINT @32,18:5 
PRINT " 
MOVE 20,8*1 
DRAW 20,4+8*1 

NEXT I 
WINDOW 0,130,-5,95 
AXIS 20,8 
WINDOW 0,130,0,100 
MOVE 19.5,0 
PRINT @32,18:5 

"jM(I); 

PRINT "0 TIME - ONE GATE DELAY PER SAMPLE } 
A=B 
B=C 

400"; 

REMARK ******** START OF LOOP TO CALCULATE CURRENT STATE ******* 
FOR 1=1 TO N 

IF p(I»6 THEN 1850 
GO TO P(I) OF 1870,1890,1940,1990,1940,1890 
P3=P(I)-6 
GO TO P3 OF 2040,2080,2150,2210,2230 
C(I)=NOT(B(K(I,1») 
GO TO 2230 
C(I)=B(K(I,1) ) 
FOR J=2 TO R(I) 

C(I)=C(I) OR B(K(I,J» 
NEXT J 
GO TO 2010 
C(I)=B(K(I,1» 
FOR J=2 TO R(I) 

C(I)=C(I) AND B(K(I,J» 
NEXT J 
GO TO 2010 
C(I)=B(K(I,1» OR B(K(I,2» AND NOT(B(K(I,1» AND B(K(I,2») 
GO TO 2230 
GO TO P(I) OF 2230,2020,2230,2230,2020,2230 
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2020 C(I)=NOT(C(I» 
2030 GO TO 2230 
2040 REMARK ** O/S ** 
2050 GOSUB 2550 
2060 C(I)=C(I) OR A(J4)<B(J4) AND T<=TO(I)+R(I) 
2070 GO TO 2230 
2080 REMARK ** DELAY ** 
2090 GOSUB 2550 
2100 D(I)=D(I) OR A(J4)<B(J4) 
2110 IF D(I)=1 AND B(J4)=1 THEN 2130 
2120 D(I)=O 
2130 C(I)=D(I) AND T=>TO(I)+R(I) 
2140 GO TO 2230 
2150 REMARK ** LATCHES ** 
2160 K1=K(I,1) 
2170 K2=K(I,2) 
2180 IF B(K2)<=A(K2) THEN 2230 
2190 C(I)=B(K1) 
2200 GO TO 2230 
2210 REMARK ** ASTABLES ** 
2220 C(I)=INT(T/R(I)+0.5-INT(T/R(I») 
2230 NEXT I 
2240 REMARK ****** END OF CALCULATION OF C(I) ****** 
2250 IF M1=0 THEN 2300 
2260 FOR 1=1 TO M1 
2270 MOVE T/4+20,8*I+4*C(M(I» 
2280 DRAW T/4+20,8*I+4*C(MCI» 
2290 NEXT I 
2300 IF M1>0 THEN 2360 
2310 FOR 1=1 TO N 
2320 PRINT USING 2330:C(I) 
2330 IMAGE 1D,S 
2340 NEXT I 
2350 PRINT 
2360 IF Q9=0 THEN 2380 
2370 WAIT 
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2380 
2390 
2400 
2410 
2420 
2430 
2440 
2450 
2460 
2470 
2480 
2490 
2500 
2510 
2520 
2530 
2540 
2550 
2560 
2570 
2580 
2590 
2600 
2610 
2620 
2630 
2640 
2650 
2660 
2670 
2680 
2690 
2700 
2710 
2720 
2730 
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T=T+1 
GO TO 1790 
REMARK *** READ O/S AND DELAY DETAILS SUBROUTINE *** 
PRINT Ij":"j 
INPUT A$ 
P2=0 
IF A$="LAST" OR A$="NONE" THEN 2540 
P2=1 
P1=POS(A$,",",1) 
IF P1)0 THEN 2500 
PRINT "WHAT 11 REPEAT" 
GO TO 2410 
T$=SEG(A$,P1+1,LEN(A$)-p1) 
U$=SEG(A$,1 ,P1-1) 
K(I,1)=VAL(U$) 
R(I)=VAL(T$) 
RETURN 
REMARK *** SUBROUTINE FOR O/S+DELAY *** 
J4=K(I,1) 
IF B(J4)<=A(J4) THEN 2590 
TOO)=T 
RETURN 
REM ** ROUTINE FOR READING/AMENDING DISPLAY INFO. ** 
PRINT "How many points to be monitored on display 1 "j 
INPUT M1 
IF M1=0 THEN 2730 
IF M1<=N THEN 2670 
PRINT ".Q.Q.Q.THAT IS MORE THAN THE TOTAL NUMBER !!" 
GO TO 2610 
IF M1<=12 THEN 2700 
PRINT ".Q.Q.MAXIMUM OF 12 TO FIT IN SCREEN" 
GO TO 2610 
PRINT "Enter "jM1j" points .11 

DIM M(M1) 
INPUT M 
RETURN 
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TITLE 

LIGHTING INTENSITY DISTRIBUTION 

ABSTRACT NUMBER 

51/00- 3301/0 
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16K (Option 20) 

AUTHOR Florent van Vlasselaer PERIPHERALS 

(TEK Belgium) for Europe Lighting Intl Optional: 4631, 4662 

ABSTRACT 

The program calculates the lighting intensity distribution over a 
user-specified area. The output is in the form of a grid showing 
the intensity in the individual squares. Total intensity and 
average intensity per square are also given. 

The user gives the dimensions of the area, position and height of 
the lamp, its type and strength and the point in the area at which 
the lamp is directed. 

Using a table for that type of lamp, the program calculates the 
distribution and outputs it in the form of a grid. The grid is 
labeled and the total intensity and average intensity per square 
is given. Output on the plotter is optional. 

The program was conceived specifically for football fields but 
can be used for any rectangular area. 

Only the table of values for projector type 1 01 are given here; 
the values for projector type Ie' have to be implemented by the 
user. This type uses a much larger matrix and would need a 32K 
(Option 22) 4051. 

231 Statements pl us a 30 x 10 table of val ues. 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, Inc., assumes no responsibility and 
shall have no liability, consequential or otherwise, of any kind arising from 
the use of this program material or any part thereof. 
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TITLE ABSTRACT NO: 

LIGHTING INTENSITY DISTRIBUTION 51/00- 3301/0 

DESCRI PTION 

In order to determine the distribution of the intensity the program 
requires two kinds of data: parameters input by the operator in 
response to questions and values read from a table stored on mag
netic tape. 

The information supplied by the operator gives the dimensions of 
the area in question, the position and height of the lamp, its type 
and strength and the point in the area at which the lamp is directed. 

The type of lamp determines which table of candlepower values will 
be loaded from tape. 

The program then calculates the distribution (approx. run time 3 
minutes) and outputs it in the form of a grid. The lower left 
hand Corner of the grid is the point (10, 10) and each division 
represents 10 metres. 

The picture is labeled and the total intensity and average intensity 
per square is given. There also exist options to produce output on 
the plotter and to make additional runs using a different type of 
projector and different values for strength of lamp and the point 
the projector is directed at. 

TAPE STRUCTURE 

000-6405-02 

Candle power tables must be on the two subsequent files following 
the program file. The tables are INPUT into a matrix in one oper
ation; the data for file two is shown in Figure 1. The extreme 
left hand column (70 to -70) and the top row (0 to 80) represent 
angles. The value of 10,000 is a dummy one and is there to fill 
up the matrix in order to make the index addressing simple. 
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TITLE ABSTRACT NO: 

LIGHTING INTENSITY DISTRIBUTION 51/00- 3301~m', ':; 

OPERATING INSTRUCTIONS 

000-6405-02 

1. Load the program and run. 

2. A message will appear saying what the program is - operator 
responds by pressing RETURN key. 

3. A list of requests will appear to which the operator responds 
by entering the values and pressing RETURN key. These re
quests are as follows: 

Enter the length 
Enter the width 
Enter position, height of post 
Type of projector 
Strength of lamp 
Ai mi ng poi nt 

(L 1 - in metres) 
(L 2 - in metres) 
(Xl,Yl,HO 
(C or D)* 
( P) 

(Tl,T2) 

4. A message appears saying that the program is running (Run 
time is approx. 3 minutes). 

5. When the calculations are complete the operator is asked if 
output is to be on the screen or the plotter - after the 
operator's response the grid is drawn. 

6 .. A question appears asking if a copy should be made on the 
plotter. 

7. The last question asks if any supplementary runs are to be 
made. 

* Unless the tabl e of val ues for "C" type has been input by 
the user, thi s must be answered w'ith II D" . 
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~ PP'L I CAT I O.H PRO eRA" 

·Ca.lculo.t"ion. of 1 i·gh·ting dis·tributioTi 

EHTER .LENGTH (Ll- in "etr~s.) •• ~ •• ~ ••••••• · •••• = 18e 

ENTER-WIDTH(L2~ in "etres ) ••••••• ~~ •••••••• = 68 

EHTER POSiTION, HEIGHT OF POST (Xl,Yl,H) ••••• = 45*5*29 

TYPE OF PROJECTOR ••• · •••• · ••••••••••• · ••••• · ••• · ••• = d· 
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AI"INGPOINT. (Tl,r2) ••••• ~ ••• ~ •••••••••••••••• = 39*39 
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PAGE NO: 6 

TITLE ABSTRACT NO: 

LIGHTING INTENSITY DISTRIBUTION 
!.~ .• :!l,~ , '. 51/00- 3301,0' , ~'. t ~:l . .< < " .. 
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PAGE NO: 9 

TITLE ABSTRACT NO: 

LIGHTING INTENSITY DISTRIBUTION 51/00- 3301/0 
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PAGE NO: 10 

TITLE ABSTRACT No: 

LIGHTING INTENSITY DISTRIBUTION 51/00-3301~O_ .. -0' ... ' .~ 

100 INIT 
105 PRINT "WHAT IS THE FILE NUMBER OF THIS PROGRAM? "; 
106 INPUT Nl 
110 PAGE 
120 PRINT @32,26:1 
140 0=32 
150 SET DEGREES 

" 

155 REM 51/00-3301/0 *** LIGHTING INTENSITY DISTRIBUTION *** 
156 REM Author: Florent van Vlasselaer, Belgium 
160 PRINT " A P P LIe A T ION PRO G RAM " 
170 PRINT" ____________________________________ I 

180 PRINT USING "/10X42AS":"Calculation of lighting distribution I 

190 INPUT p$ 
200 PRINT USING "51": 
210 PRINT "ENTER LENGTH (L1- in metres ) .•••••••.•..•..•• = ~"; 
220 INPUT L1 
230 PRINT 
240 PRINT "ENTER WIDTH (L2- in metres) .••••.•••.....••. - ~"; 

250 INPUT L2 
260 WINDOW 0,L1+20,0,(L2+20)*130/100 
270 DIM R(L2/10+1,L1/10+1),R1(L2/10+1,L1/10+1) 
280 R1=0 
290 PRINT ".J.ENTER POSITION, HEIGHT OF POST (X1,Y1,H) 
300 INPUT X1,Y1,H 
310 REM ** RE-ENTRY ** 

~" ; 

320 PRINT ".J.TYPE OF PROJECTOR .....•.••.....••...•..••.•••. = ~"; 
330 INPUT P$ 
340 IF P$="D" THEN 370 
350 IF P$="C" THEN 420 
360 GO TO 320 
370 DELETE D 
380 DIM DOC, 10) 
390 FIND N1+1 
400 INPUT @33:D 
410 GO TO 460 
420 DELETE C 

000-6405-02 TEKTRONIX 4051 PROGRAM 
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PAGE NO: 11 
TITLE ABSTRACT NO: 

LIGHTING INTENSITY DISTRIBUTION 51/00- 3301/0 

430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
735 
740 
750 
760 
770 

000·6405·02 

DIM C(500,2) 
FIND N1+2 
INPUT @33:C 
PRINT ".sl.STRENGTH OF LAMP (p) 
INPUT P 

.u" ; 

PRINT ".sl.AIMING POINT (T 1 , T2) •..•................•..... = .u"; 
INPUT T1, T2 
PRINT "liTHE PROGRAM IS RUNNING !.ru:m" 
A9=ATN(SQR«T1-X1)T2+(T2-Y1)T2)/H) 
X5=1 
Y5=1 
R=O 
FOR Y2=L2+10 TO 10 STEP -10 

FOR X2=10 TO L1+10 STEP 10 
GOSUB 1140 
X5=X5+1 

NEXT X2 
Y5=Y5+1 
X5=1 

NEXT Y2 
R1=R1+R 
PRINT ".Q.Q..sLI.DO YOU WANT THE OUTPUT ON THE SCREEN OR THE PLOTTER 1" 

PRINT "ENTER S FOR THE SCREEN OR P FOR THE PLOTTER "; 
INPUT p$ 
IF P$="P" THEN 730 
IF P$="S" THEN 710 
PAGE 
GO TO 640 
0=32 
GO TO 750 
WINDOW 0,130,0,100 
PRINT @1,17:2,2 
0=1 
GOSUB 1750 
HOME @O: 
MOVE @0:70,90 

TEKTRONIX 4051 PROGRAM 



PAGE NO: 12 

TITLE ABSTRACT NO: 

LIGHTING INTENSITY DISTRIBUTION 

780 PRINT @O: USING "22A4D.1D"~"Total ~ntensity 
790 MOVE @O:70,86 
800 PRINT @O: USING "22A3D.1D"~"Arithmetic mean 
810 MOVE @0:0,96 
820 PRINT @0,17:3,3 
830 PRINT @O:" EUROPE LIGHTING" 
840 PRINT @O:" Brussels." 
850 PRINT @0,17:2,2 
860 MOVE @0:0,100 
870 RDRAW @0:50,0 
880 RDRAW @0:0,-10 
890 RDRAW @0:-50,0 
900 RDRAW @0:0,10 
910 MOVE @O:0,10 
920 0=32 
930 WINDOW '0,L1+20,0,(L2+20)*130/100 

940 MOVE 0,6 
950 PRINT "copy on the plotter ?" 
960 PRINT "llyes# or #noll = .o..rul..Q"j 
970 INPUT P$ 
980 IF P$="yes" THEN 730 
990 IF P$="NO" THEN 1020 
1000 MOVE 0,0 
1010 GO TO 950 
1020 PRINT @32,26:0 
1030 PAGE 

"jSUM(R1) 

"jSUM(R1)/77 

1040 PRINT "DO YOU WANT TO MAKE A FURTHER CALCULATION ?n" 
1050 PRINT ".J.REPLY BY IlyeSfI or II noll = .o..rul..Q" j 
1060 INPUT p$ 
1070 IF P$="yes" THEN 1100 
1080 IF P$="NO" THEN 1120 
1090 GO TO 1020 
1100 PAGE 
1110 GO TO 320 
1120 PAGE 
1130 END 

000-6405-02 TEKTRONIX 4051 PROGRAM 
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PAGE NO· 13 

TITLE ABSTRACT NO: 

LIGHTING INTENSITY DISTRIBUTION 51/00- 3301/0 

1140 
1150 
1160 
1165 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1210 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1310 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1410 
1480 

000-6405-02 

REM ** calculate the luminosity ** 
A1=(T1-X1)T2+(T2-Y1)T2+(X2-X1)T2+(Y2-Y1)T2-(X2-T1)T2-(Y2-T2)T2 
A1=A1/(2*SQR«T1-X1)T2+(T2-Y1)T2)*SQR«X2-X1)T2+(Y2-Y1)T2)) MIN 1 
A1=ACS(A1) 
A2=ATN(SQR«X2-X1)T2+(Y2-Y1)T2)/H) 
A3=ABS(ASN(SIN(A2)*SIN(A1))) 
A3=INT(A3+0.5) 
IF A3<=80 THEN 1220 
RETURN 
A4=ATN(COS(A1)*TAN(A2))-A9 
A4=INT(A4+0.5) 
IF A4<=10 AND A4=>-10 THEN 1260 
RETURN 
FOR 1=2 TO 10 

IF D(1,I)=A3 THEN 1540 
NEXT I 
FOR 1=2 TO 30 

IF D(I,1)=A4 THEN 1610 
NEXT I 
REM ** INTERPOLATION ** 
FOR 1=2 TO 10 

IF D(1,I»A3 THEN 1360 
NEXT I 
Z2=I 
Z3=I-1 
FOR 1=2 TO 30 

IF D(I,1)<A4 THEN 1410 
NEXT I 
Z4=I-1 
Z5=I 
K=D(Z4,Z3) 
L=D(Z4,Z2) 
M=D(Z5,Z3) 
N=D(Z5,Z2) 
G1=K-(K-L)/10*(A3-D(1,Z3)) 
G2=M-(M-N)/10*(A3-D(1,Z3)) 

TEKTRONIX 4051 PROGRAM 



TITLE 

LIGHTING INTENSITY DISTRIBUTION 

1490 G3=G1-(G2-G1)/5*(A4-D(Z4,1)) 
1500 F=G3 
1510 E=F*P~COS(A2)T3/HT2 
1520 R(Y5,X5)=E 
1530 RETURN 
1540 Z6=I 
1550 FOR 1=2 TO 30 
1560 IF D(I,1)=A4 THEN 1650 
1510 NEXT I 
1580 FOR 1=2 TO 30 
1590 IF D(I,1)<A4 THEN 1610 
1600 NEXT I 
1610 K=D(I-1,Z6) 
1620 M=D(I,Z6) 
1630 G3=K-(M-K)/5*(A4-D(I-1,1)) 
1640 GO TO 1500 
1650 G3=D(I,Z6) 
1660 GO TO 1500 
1610 Z1=I 
1680 FOR 1=2 TO 10 
1690 IF D(1,I»A3 THEN 1110 
1100 NEXT I 
1110 K=D(Z1 ,1-1) 
1120 L=D(Z1,I) 
1730 G3=K-(K-L)/10*(A3-D(1,I-1)) 
1140 GO TO 1500 
1150 PAGE 
1160 MOVE @O:60,96 
1710 PRINT @O,11:1.7,2 
1180 PRINT @O:"FOOTBALL GROUND"; 
1790 MOVE @O:60,94 
1800 PRINT @O:"---------------"; 
1810 MOVE @O:95,96 

PAGE NO: 14 

ABSTAACT NO: 

51/00- 330 I'} 0 .. , 

1820 PRINT @O: USING "3D5A3D3A":L2;" M X ";L1;" M." 
1830 MOVE @O:10,10 
1840 RDRAW @O:0,L2 

. 000-6405.02 TEKTRONIX 4051 PROGRAM 



PAGE NO: 15 

TITLE ABSTRACT NO: 

LIGHTING INTENSITY DISTRIBUTION 51/00-3301/0 

1850 RDRAW @O:L1,0 
1860 RDRAW @O:0,-L2 
1870 RDRAW @O:-L1,0 
1880 FOR 1=20 TO L2 STEP 10 
1890 MOVE @O: 10, I 
1900 GOSUB 1970 
1910 NEXT I 
1920 FOR 1=20 TO L1 STEP 10 
1930 MOVE @O: I , 10 
1940 GOSUB 2040 
1950 NEXT I 
1960 GO TO 2110 
1970 REM ** EXIT GRID ** 
1980 FOR 11=10 TO L1 STEP 10 
1990 RMOVE @O:3/2,0 
2000 RDRAW @O:7,0 

( 2010 RMOVE @O:3/2,0 
2020 NEXT 11 
2030 RETURN 
2040 REM ** EXIT GRID ** 
2050 FOR 11=10 TO L2 STEP 10 
2060 RMOVE @O:0,3/2 
2070 RDRAW @O:0,7 
2080 RMOVE @O:0,3/2 
2090 NEXT 11 
2100 RETURN 
2110 MOVE @O:X1,Y1 
2120 PRINT @O,18:5 
2130 PRINT @o:"I" 
2140 MOVE @O:T1,T2 
2150 PRINT @o:"I" 
2160 PRINT @O,18:0 
2170 MOVE eO:X1,Y1 
2180 DRAW @O: T 1 , T2 
2190 PRINT @O:"~ aim" 
2200 MOVE @O:X1 ,Y1 

,(-.. 
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PAGE NO' 16 
TITLE ABSTRACT NO: 

LIGHTING INTENSITY DISTRIBUTION 51/00-3301tO;' '. '.~ ,,!\::l ": ' , , , , . , 
{~ 
,,; 

2210 PRINT @O:" lamp" 

2220 X=1 
2230 Y=1 
2240 PRINT @O , 17 : 1 .5 ,2 
2250 FOR I=L2+10 TO 10 STEP -10 
2260 FOR 11=10 TO L1+10 STEP 10 
2270 MOVE ~0:I1+0.~;I+0.5 
2280 PRINT @O: USING "3D.1D":R1(X,Y) 
2290 Y=Y+1 
2300 NEXT I1 
2310 Y=1 
2320 X=X+1 
2330 NEXT I 
2340 PRINT @O , 17 : 1 .5 ,2 
2350 RETURN 

000-6405-02 TEKTRONIX 4051 PROGRAM 



4051 
TEKTRDNIXC!l 

APPLICATIONS LIBRARY PROGRAM 
TITLE ABSTRACT NUMBER 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 51/00-5201/0 

I-O--R-I-G-I N-A-L-D::-A-:-T:::-E::----...,lr-::R=-=E:-:-V-:":'I'::"SI:-::O:-:-N~D=-A-:-:T=:E::------1 MEMO RY R EQU I REM E NT 

10/77 8K 

AUTHOR Ad d PERIPHERALS apte by: Dr. P. C. Holman 
4631 Hard Copy Unit Optional 

ABSTRACT 

Problem Solving in Physical Chemistry by Roland R. Roskos 
Publisher: West Publishing Company 

Computers, BASIC, and Physics by Herbert D. Peckham 
Publisher: Addison-Wesley Publishing Company 

Two textbooks emphasize the use of computers for problem solving in the 
sciences of chemistry and physics. Both employ BASIC as the language. 
Dr. Holman and students have modified programs from the books to run on 
the 4051. Programs can be used to solve common types of problems in these 
branches of the science. It saves student time normally used keying in 
programs for use in studies. 

12 programs from chemistry; 34 programs from physics. Only listings are 
available (written and/or tape). Documentation is available in the source 

(~-_ textbooks. Both books are summarized in TEKniques Vol. 2 No. 1. 

Permission to include materials from these texts was graciously granted 
by the publisher of each. 

Statements: 1135 and 2141 respectively. 

000-6405-00 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, Inc., assumes no responsibility and 
shall have no liability, consequential or otherwise, of any kind arising from 
the use of this program material or any part thereof. 
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PAGE NO: 1 

TITLE ABSTRACT NO: 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 51/00-5201/0 

FILE STRUCTURE 

49 files encompass these two textbooks. The first 13 files are from 
Problem Solving in Physical Chemistry; files 14 through 49 are from 
Computers, BASIC, and Physics. 

File 1 of the first 13 contains the menu for problems from the Chemistry 
textbook. Recode line 300 to reflect correct file numbers on the tape. 

File 14 is the introduction to the Physics textbook and appends file 15 
for the menu. Recode line 101 in file 14 and line 4740 in file 15 to 
reflect correct file numbers on the tape. Also, the following line numbers 
in the sequential files in the second program return to file 15 and will 
have to be recoded if they (and, file 15) occupy different files on the 
tape: 

File # Line # File # Line # Fil e # Line # File # Line # 

16 480 24 510 32 490 41 600 
17 560 25 370 33 570 42 630 
18 590 26 560 34 460 43 630 
19 730 27 450 35 400 44 360 
20 580 28 510 36 620 45 460 
21 450 29 470 37 330 46 450 
22 660 30 410 38 420 47 350 
23 520 31 440 39 380 48 510 

40 460 49 600' 

OPERATING INSTRUCTIONS 

FINd file 1 for the Chemistry textbook and OLD. The program is tutorial. 
However, once the problem is finished, you will have to FINd file 1 again 
for the menu and OLD. 

FINd file 14 for the Physics textbook and OLD. The program is tutorial and 
upon completion of the problem chosen will return you to the menu in file 15. 



PAGE NO: 2 
TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 Textbook Problems Adapted to 4051 BASIC 

1 REM *** 51/00-5201/0 *** 
2 REM ROSKOS TEXTBOOK 
3 REM EDITOR: DR. P.C. HOLMAN 

100 INIT 
200 PAGE 
250 W=250 
256 V=150 
300 DATA 2,3,4,5,6,7,8,9,10,11,12,13 I 

400 DIM N(12) 
500 READ N 
550 GOSUB 5000 
555 PRINT "GGGGGGGGGGGGGGGGGG" 
560 PRINT 
600 PRINT " "'I I' "* **' 11*'" *"'** '*'** " 700 PRINT " '***11 "** ffl 'I "I'" ""*' **"" " 800 PRINT " '* *' '*' '*' *' " f' ** ** " 900 PRINT " *1 '* 'I ** ** '* '* '* '* " 1000 PRI " " *' 'I 'I II *' *' " ** " 
1100 PRI " ****" '* '* 'I "*"* *****' '* If " 1200 PRI " I'" "f 'I IIJ ~'I*" 1**f'l '" I' " 1300 PRINT 
1400 PRINT" SOFTWARE SYSTEM " 1500 PRINT 
1550 FOR 1=1 TO W 
1560 NEXT I 
1570 PRINT USING 1575: 
1575 IMAGE 19X,"**' ",S 
1580 LET A$=" ROSKOS '" 
1590 GOSUB 8000 
1595 PRINT "-- "; 
1597 LET A$="PHYSICAL " 
1598 GOSUB 8000 
1600 LET A$="CHEMISTRY" 
1610 GOSUB 8000 

c 
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Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

1620 PRINT" ***" 
1700 PRINT 
1750 FOR 1=1 TO W 
1760 NEXT I 
1800 PRINT " 
1900 PRINT " 
2000 PRINT " 
2100 PRINT " 
2200 PRINT " 
2300 PRINT " 
2400 PRINT " 
2500 PRINT " 
2600 PRINT " 
2700 PRINT " 
2800 PRINT " 
2900 PRINT " 
3000 PRINT " 
3100 PRINT " 

PROGRAM 
--------------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

PAGE NO: 3 

ABSTRACT NO: 

51/00-5201/0 

PAGE TITLE " 
---- ===== " 
25 CHM VANDWALL " 
34 CHM PLOT" 
39 CHM CCl1NT" 
44 CHM AREA" 
54 CHM ARRAY" 
56 CHM SLINT" 
58 CHM LINEQ" 
67 CHM POLEQ" 
77 CHM ROOTS" 
99 CHM ELEVL" 

122 CHM GFORRX" 
155 CHM RATES" 

3200 PRINT 
3300 PRINT " 
3400 INPUT 10 

ENTER THE PROGRAM YOU WANT: "; 

3500 IF 10(0.5 OR 10=>12.5 THEN 3300 
3600 FIND N(IO) 
3700 OLD 
5000 MOVE 59,99 
5010 DRAW 61,99 
5020 MOVE 60, 99 
5030 DRAW 60,97 
5050 MOVE 64,99 
5060 DRAW 64,97 
5070 MOVE 66,99 
5080 DRAW 66,97 
5090 MOVE 64, 98 
5100 DRAW 66,98 
5110 MOVE 71, 99 
5120 DRAW 69,99 
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5130 DRAW 69, 97 
5140 DRAW 71,97 
5150 MOVE 69,98 
5160 DRAW 71,98 
5170 FOR I=1 TO V 
5180 NEXT I 
5190 MOVE 0, 95 
5200 DRAW 0,92 
5210 DRAW 2,92 
5220 DRAW 2,95 
5230 MOVE 4,92 
5240 DRAW 4,95 
5250 DRAW 6,92 
5260 DRAW 6,95 
5270 MOVE 8, 92 
5280 DRAW 8,95 
5290 MOVE 10,95 
5300 DRAW 11,92 
5310 DRAW 12,95 
5320 MOVE 16,95 
5330 DRAW 14,95 
5340 DRAW 14,92 
5350 DRAW 16,92 
5360 MOVE 14,93 
5370 DRAW 15,93 
5380 MOVE 18,92 
5390 DRAW 18,95 
5400 DRAW 20,95 
5410 DRAW 20,94 
5420 DRAW 18,94 
5430 DRAW 20,92 
5440 MOVE 24, 94 . 
5450 DRAW 24,95 
5460 DRAW 22,95 
5470 DRAW 22,94 
5480 DRAW 24,93 

. , 
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TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 Textbook Problems Adapted to 4051 BASIC 

5490 DRAW 24,92 
5500 DRAW 22,92 
5510 DRAW 22,93 
5520 MOVE 26,95 
5530 DRAW 26, 92 
5540 MOVE 28,95 
5550 DRAW 29, 95 
5560 DRAW 29,92 
5570 DRAW 29,95 
5580 DRAW 30,95 
5590 MOVE 32,95 
5600 DRAW 33,93 
5610 DRAW 33,92 
5620 DRAW 33,93 
5630 DRAW 34,95 
5640 MOVE 38,95 
5650 DRAW 38,92 
5660 DRAW 40,92 
5670 DRAW 40,95 
5680 DRAW 38,95 
5690 MOVE 44,95 
5700 DRAW 42,95 
5710 DRAW 42,94 
5720 DRAW 43,94 
5730 DRAW 42,94 
5740 DRAW 42,92 
5750 MOVE 48,95 
5760 DRAW 48,92 
5770 DRAW 50,92 
5780 DRAW 50,95 
5790 MOVE 49,92 
5800 DRAW 49,94 
5810 MOVE 52,95 
5820 DRAW 52,92 
5830 MOVE 56,94 
5840 DRAW 56,95 

(-.\ 
j 
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TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

5850 DRAW 54,95 
5860 DRAW 54,94 
5870 DRAW 56,93 
5880 DRAW 56,92 
5890 DRAW 54,92 
5900 DRAW 54,93 
5910 MOVE 60,95 
5920 DRAW 58,95 
5930 DRAW 58,92 
5940 DRAW 60,92 
5950 MOVE 64,95 
5960 DRAW 62,95 
5970 DRAW 62,92 
5980 DRAW 64,92 
5990 DRAW 64,95 
6000 MOVE 66,92 
6010 DRAW 66,95 
6020 DRAW 68,92 
6030 DRAW 68,95 
6040 MOVE 72,94 
6050 DRAW 72,95 
6060 DRAW 70,95 
6070 DRAW 70,94 
6080 DRAW 72,93 
6090 DRAW 72,92 
6100 DRAW 70,92 
6110 DRAW 70,93 
6120 MOVE 74,95 
6130 DRAW 74,92 
6140 MOVE 76,92 
6150 DRAW 76,95 
6160 DRAW 78,92 
6170 DRAW 78, 95· 
6180 MOVE 80,93 
6190 DRAW 82,93 
6200 MOVE 86,94 

c 
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TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 Textbook Problems Adapted to 4051 BASIC 

6210 DRAW 86,95 
6220 DRAW 84,95 
6230 DRAW 84,94 
6240 DRAW 86,93 
6250 DRAW 86,92 
6260 DRAW 84,92 
6270 DRAW 84,93 
6280 MOVE 88,95 
6290 DRAW 90,95 
6300 MOVE 89,95 
6310 DRAW 89,92 
6320 MOVE 94,95 
6330 DRAW 92,95 
6340 DRAW 92,,92 
6350 DRAW 94,92 
6360 MOVE 92,93 
6370 DRAW 93,93 
6380 MOVE 96,95 
6390 DRAW 97,92 
6400 DRAW 98,95 
6410 MOVE 102,95 
6420 DRAW 100,95 
6430 DRAW 100,92 
6440 DRAW 102,92 
6450 MOVE 100,93 
6460 DRAW 101,93 
6470 MOVE 104,92 
6480 DRAW 104,95 
6490 DRAW 106,92 
6500 DRAW 106,95 \ 

6510 MOVE 110,94 
6520 DRAW 110,95 
6530 DRAW 108,95 
6540 DRAW 108,94 
6550 DRAW 110,93 
6560 DRAW 110, 92 
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TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 Textbook Problems Adapted to 4051 BASIC 

6570 DRAW 108,92 
6580 DRAW 108,93 
6590 MOVE 114,92 
6600 DRAW 114,95 
6610 DRAW 116,95 
6620 DRAW 116,94 
6630 DRAW 114, 94 
6640 MOVE 120,95 
6650 DRAW 118,95 
6660 DRAW 118,92 
6670 DRAW 120,92 i 

6680 DRAW 120,95 
6690 MOVE 122,95 
6700 DRAW 122,92 
6710 MOVE 124,92 
6720 DRAW 124,95 
6730 DRAW 126,92 
6740 DRAW 126,95 
6750 MOVE 128,95 , 
6760 DRAW 130,95 
6770 MOVE 129,95 
6780 DRAW 129,92 
6790 FOR 1=1 TO V 
6800 NEXT I 
6810 MOVE 53,87 
6820 DRAW 53,90 
6830 DRAW 55,90 
6840 DRAW 55,89 
6850 DRAW 53,89 
6860 MOVE 57,87 
6870 DRAW 57,90 
6880 DRAW 59,90 
6890 DRAW 59,89 
6900 DRAW 57,89 
6910 DRAW 59,87 
6920 ~10VE 63,90 

, o 
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6930 DRAW 61,90 
6940 DRAW 61,87 
6950 DRAW 63,87 
6960 MOVE 61,88 
6970 DRAW 62,88 
6980 MOVE 67,89 
6990 DRAW 67,90 
7000 DRAW 65,90 
7010 DRAW 65,89 
7020 DRAW 67,88 
7030 DRAW 67,87 
7040 DRAW 65,87 
7050 DRAW 65,88 
7060 MOVE 71,90 
7070 DRAW 69,90 
7080 DRAW 69,87 
7090 DRAW 71,87 
7100 MOVE 69,88 
7110 DRAW 70,88 
7120 MOVE 73,87 
7130 DRAW 73,90 
7140 DRAW 75,87 
7150 DRAW 75,90 
7160 MOVE 77,90 
7170 DRAW 79,90 
7180 MOVE 78,90 
7190 DRAW 78,87 
7200 MOVE 83,89 
7210 DRAW 83,90 
7220 DRAW 81, 90 
7230 DRAW 81,89 
7240 DRAW 83,88 
7250 DRAW 83,87 
7260 DRAW 81,87 
7270 DRAW 81,88 
7280 FOR 1=1 TO W 

( \ 
./ 
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7290 NEXT I 
7300 RETURN 
8000 FOR 1=1 TO 5 
8010 PRINT A$j 
8020 FOR J=1 TO LEN(A$) 
8030 PRINT USING 8040: 
8040 IMAGE "H",S 
8050 NEXT J -
8060 NEXT I 
8070 FOR K=1 TO LEN(A$) 
8080 PRINT 11 "; 

8090 NEXT K 
8100 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM (CHMVANDWALL #191) * JANET GROSSKOPF 

120 PAGE 
130 PRINT "VAN DER WAALS EQUATION" 
140 PRINT "SOLVES FOR PRESSURE OF NITRCXJEN" 
150 PRINT 
160 PRINT "V1,Pl, AND T1 ARE CRITICAL CONSTANTS" 
170 LET V1 =0 • 09 
180 LET P1=33.5 
190 LET T1=126.1 
200 LET N=0.5 
205 PRINT 
210 PRINT "WHAT IS THE TEMPERATURE? "; 
220 INPUT T 
230 PRINT 
240 LET B=1/3*V1 
250 LET A=3*P1*V1f2 
260 LET R=8*Pl*Vl/(3*T1) 
280 FOR V=0.2 TO 2 STEP 0.2 
290 LET P=N*R*T/(V-N*B)-A*NT2/VT2 
300 PRINT V,P 
310 NEXT V 
320 END 
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Chemistry and Physics 
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100 INIT 

110 REM (CHMPLOT #192) * JANET GROSSKOPF 

120 PAGE 
130 LET A=-0.00723 
140 LET B=1.5E-5 
150 LET C=4.02E-9 
160 DEF FNF(X)=1+A*X+B*Xr2+C*Xr3 
170 DIM Z(1000),P(4) 
180 PRINT "WHERE 00 YOU WISH TO BEGIN THE" 

PAGE NO: 12 
ABSTRACT NO: 

51/00-5201/0 

190 PRINT "EVALUATION OF THE CONTINUOUS FUNCTION? "; 
200 INPUT X1 
210 PRINT 
220 PRINT "AT WHICH POINT 00 YOU WISH TO STOP THE EVALUATION? "; 
230 INPUT X2 
240 PRINT 
250 PRINT "HOW MANY SEGMENTS IN THE X-INTERVAL? n; 
260 INPUT N9 
270 PRINT 
280 PRINT "DO YOU WANT A LISTING OF '!HE VALUES? (1=YES,0=NO) "; 
290 INPUT G1 
300 PAGE 
310 PRINT "X-VALUES *** Y-AXIS 1**" 
320 PRINT n BELOW" 
330 LET M1=-1.0E+37 
340 LET M2=1.0E+37 
350 LET D1=(X2-X1)/N9 
360 FOR 19=1 TO N9+1 
370 LET X3=X1+(I9-1)*Dl 
380 LET Z(I9)=FNF(X3) 
390 IF Z(I9)=>M2 THEN 410 
400 LET M2=Z(I9) 
410 IF Z(I9)<=M1 THEN 430 
420 LET M1=Z(I9) 
430 NEXT 19 
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440 LET P ( 1) =M2 
450 LET P(2)=M2+18*(M1-M2)/56 
460 LET P(3)=M2+36*(M1-M2)/56 
470 LET P(4)=M2+54*(M1-M2)/56 
480 PRINT USING 490:P(1),P(2),P(3),P(4) 

PAGE NO: 13 
ABSTRACT NO: 

51/00-5201/0 

490 IMAGE 10T,-3D.60,27T,-30.60,43T,-3D.60,60T,-30.60 
500 FOR 19=1 TO 72 
510 IF 19=16 THEN 570 
520 IF 19=34 THEN 570 
530 IF 19=52 THEN 570 
540 IF 19=68 THEN 570 
550 PRINT "_"; 
560 GO TO 580 
570 PRINT "Y"; 
580 NEXT 19 
590 LET Z1=INT(-M2*56/(M1-M2)+1.5)+15 
600 FOR 19=1 TO N9+1 
610 LET S2=X1+(I9-1)*01 
620 PRINT USING 630:S2 
630 IMAGE 30,16T,S 
640 LET Y1=INT(56*(Z(I9)-M2)/(M1-M2)+1.5)+15 
650 LET T1=ABS(S2)-01*0.5 
660 FOR J9=16TO 72 
670 IF Y1=J9 THEN 750 
680 IF Z1=J9 THEN 770 
690 IF T1<0 THEN 790 
700 IF J9<=Y1 THEN 730 
710 IF J9<=Z1 THEN 730 
720 GO TO 820 
730 PRINT" "; 
740 GO TO 800 
750 PRINT "+"; 
760 GO TO 800 
770 PRINT "0"; 
780 GO TO 800 
790 PRINT "Y"; 
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800 NEXT J9 
810 GO TO 830 
820 PRINT 
830 NEXT 19 
840 IF G1=0 THEN 960 
850 FOR 19=1 TO 5 
860 PRINT 
870 NEXT 19 
880 PRINT "TO CONTINUE PRESS'RETURNttt 
8go INPUT Z$ 
900 PAGE 
910 PRINT "X-VALUE","Y,..VALUE" 
920 FOR 19=1 TO N9+1 
930 LET X3=X1+(I9-1)*D1 
940 PRINT X3,Z(I9) 
950 NEXT 19 
960 END 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

1 INIT 

2 REM (CHMCOMNT 9190) * JANET GROSSKOPF 

3 PAGE 

10 REM THIS PROGRAM USES THE IDEAL GAS EQUATION 
30 REM R*V=N*R*T 
50 REM TO CALCULATE THE VOLUME OF A GAS AT VARIOUS 
60 REM PRESSURES AND ~T A SPECIFIED TEMPERATURE 

90 LET R=0.08206 

PAGE NO: 15 

ABSTRACT NO: 

51/00-5201/0 

100 PRINT "WHAT IS THE TEMPERATURE IN DEGREES CENTIGRADE "; 
110 INPUT T 
120 PRINT "WHAT IS THE NUMBER OF MOLES"; 
130 INPUT N 
140 PRINT "THE ABSOLUTE TEMPERATURE IS "; 
150 LET T=T+213.15 
160 PRINT T 
110 PRINT "TIlE GAS CONSTANT IS ";R 
180 PRINT 
190 PRINT 
200 PRINT "PRESSURE","VOLUME" 
210 FOR P=1 TO 10 
220 LET V:N*R*T/P 
230 PRINT P,V 
240 NEXT P 
250 END 

000-6405-02 TEKTRONIX 4051 PROGRAM 



TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

470 LET A=6.214 
480 LET B=0.010396 
490 LET C=-3.545E-6 
500 DEF FNF(X)=A+B*X+C*Xf2 

PAGE NO: 16 
ABSTRACT NO: 

51/00-5201/0 

510 PRINT "WHAT IS THE LOWER LIMIT OF INTEGRATION If; 
520 INPUT 31 
530 PRINT _ 
540 PRINT "WHAT IS THE UPPER LIMIT OF INTEGRATION "; 
550 INPUT S2 
560 PRINT 
570 PRINT "HOW MANY SEGMENTS IN THE INTERVAL "; 
580 INPUT N9 
590 PRINT 
600 IF N9<=2 THEN 630 
610 IF INT(N9/2)*2<>N9 THEN 640 
620 GO TO 660 
630 PRINT 
640 PRINT "THIS MUST BE A NUMBER GREATER THAN 2 AND EVEN." 
650 GO TO 560 
660 PRINT liTHE VALUE OF THE INTERGRAL IS "; 
670 H8=(S2-S1)/N9 
680 S3=0 
690 S4=0 
700 FOR 19=2 TO N9-2 STEP 2 
710 S3=S3+FNF(S1+(I9-1)*H8) 
720 S4=S4+FNF(S1+I9*H8) 
730 NEXT 19 
740 H9=H8/3*(4*(S3+FNF(S1+(N9-1)*HS»+2*S4+FNF(S1)+FNF(S2» 
750 PRINT H9 
760 FOR 19=1 TO 4 
770 PRINT 
780 NEXT 19 
790 PRINT "DO YOU WISH TO USE MORE SEGMENTS, (1=YES, O=NO) "; 
800 INPUT D9 
810 IF D9=1 THEN 560 
820 END 
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100 INIT 

110 REM (CHMARRAYS #194) * JANET GROSSKOPF 

120 PAGE 

PAGE NO: 17 
ABSTRACT NO: 

51/00- 5201/0 

130 PRINT "THE PROGRAM WILL READ 6 X-Y DATA POINTS; IT WILL CALCULATE" 
140 PRINT "THE PRODUCT OF EACH OF THE X-Y DATA POINTS AND STORE EACH" 
150 PRINT "PRODUCT TERM IN AN ARRAY Z; AND IT WILL ALSO SUM THE POINTS" 
160 PRINT "IN EACH ARRAY." 
170 DIM X(20),Y(20),Z(20) 
180 LET X1=0 
190 LET Y1=0 
200 LET Z1=0 
210 READ N 
220 FOR 1=1 TO N 
230 READ X(I),Y(I) 
240 NEXT I 
250 FOR J=1 TO N 
260 LET Z(J)=X(J)*Y(J) 
270 NEXT J 
280 FOR K=1 TO N 
290 LET X1=X1+X(K) 
300 LET Y1=Y1+Y(K) 
310 LET Z1=Z1+Z(K) 
320 NEXT K 
330 PRINT 
340 PRINT X1,Y1,Z1 
350 DATA 6 
360 DATA 0, 1. 1 
370 DATA 1,1. 9 
380 DATA 2,3 
390 DATA 3,4.1 
400 DATA 4,4.9 
410 DATA 5,6 
420 END 
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100 IN IT 

110 REM(CHMSLINT #195) * JANET GROSSKOPF 

120 PAGE 

PAGE NO: 18 

ABSTRACT NO: 

51/00-5201/0 

130 PRINT "THIS PROGRAM CALCULATES THE BEST SLOPE AND INTERCEPT FOR" 
140 PRINT "A LEAST SQUARES LINE FIT ON A SET OF DATA POINTS" 
145 PRINT 
160 DATA 7 
170 DATA 0.5,4 
180 DATA 0.333333,5 
190 DATA 0.25,6 
200 DATA 0.2,7 
210 DATA 0.166667,8 
220 DATA 0.14285,9. 
230 DATA 0.1c5, 10 
240 DIM X(20),Y(20) 
250 LET A=O 
260 LET C=O 
270 LET D=O 
280 LET E=O 
290 READ N 
300 FOR 1=1 TO N 
310 READ X(I),Y(I) 
320 GOSUB 460 
330 LET A=A+X(I) 
340 LET C:C+Y(I) 
350 LET D=D+X(I)i2 
360 LET E:E+Y(I)*X(I) 
370 NEXT I 
380 LET F=A*C 
390 LET G:Ai2 
400 LET H:C*D 
410 LET M=(N*E-F)/(N*D-G) 
420 LET B:(D*C-A*E)/(N*D-G) 
430 PRINT "TIlE SLOPE IS ";M 

000·6405·02 TEKTRONIX 4051 PROGRAM 

\'"",,-,d 

C'i 
F 



PAGE NO: 19 
TITLE ABSTRACT NO: 

( .. Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

435 PRINT 
440 PRINT "TIlE INTERCEPT IS ";B 
450 GO TO 410 
460 LET X(I)=1/X(I) 
410 RETURN 

C: 
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100 INIT 

110 REM (CHEM-LINEQ) # 196) * JANET GROSSKOPF 

120 PAGE 

PAGE NO: 20 
ABSTRACT NO: 

51/00- 520 1/0 

130 PRINT "THE PROGRAM CHEM-LINEQ BEST FITS EXPERIMENTAL DATA WITH A" 
140 PRINT "STRAIGHT LINE BY THE LEAST SQUARES METHOD. EXPERIMENTAL" 
150 PRINT "X-Y DATA POINTS ARE FED INTO THE COMPUTER PROGRAM AND THE" 
160 PR INT "COMPUTER OUTPUTS THE SLOPE AND INTERCEPT OF THE BEST -F IT" 
170 PRINT "LINE. THE COMPUTER ALSO DETERMINES THE STANDARD DEVIATIONS" 
180 PRINT "FOR THE SLOPE AND INTERCEPT. IT CALCULATES A CORRELATION" 
190 PRINT "COEFFICIENT AND PRINTS OUT A DIFFERENCE TABLE." 
200 PRINT 
210 DATA 7 
220 DATA 0.5,4 
230 DATA 0.333,5 
240 DATA 0.25,6 
250 DATA 0.2,7 
260 DATA 0.1667,8 
270 DATA 0.1428,9 
280 DATA 0.125,10 

500 REM FIRST DATA STATEMENT IS NUMBER OF POINTS 
510 REM THEN THE POINTS ARE TYPED IN WITH THE 
520 REM X-VALUES AND Y-VALUE SEPARATED BY COMMAS 
530 REM 

540 DIM R(100),H(100),K(100),Y(100),Z(100),Q(100),X(100) 
550 READ N 
560 PRINT 
570 PRINT "TYPE EQUATION NUMBER OR ZERO (0.) FOR HELP "; 
580 INPUT H9 
590 IF H9=0 THEN 650 
600 IF H9<1 THEN 630 
610 IF H9>7 THEN 630 
620 GO TO 890 
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630 PRINT "NUMBER MUST BE BETWEEN 1 AND 5" 
640 GO TO 560 
650 PRINT 

PAGE NO: 21 
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660 PRINT "mESE ARE THE LINEAR TRANSFORMABLE EQUATIONS THAT" 
670 PRINT "YOU HAVE TO CHOOSE FROM. PLEASE USE THE NUMBER" 
680 PRINT "mAT PRECEEDS THE EQUATION." 
690 PRINT 
700 FOR 1=1 TO 7 
710 PRINT I; 
720 GOSUB I OF 750,770,790,810,830,850,870 
730 NEXT I 
740 GO TO 560 
750 PRINT " Y=M*X+B" 
760 RETURN 
770 PRINT" Y=M(1/X)+B" 
780 RETURN 
790 PRINT " LOG(Y)=M*X+B" 
800 RETURN 
810 PRINT" LOG(Y)=M*(l/X)+B" 
820 RETURN 
830 PRINT" (l/Y}=M*X+B" 
840 RETURN 
850 PRINT " LOG{Y)=M*LOG(X}+B" 
860 RETURN 
870 PRINT" Y=M*LOG(X)+B" 
880 RETURN 
890 PRINT 
900 PRINT" ","STANDARD DEVIATION FOR "; 
910 GOSUB H9 OF 750,770,790,810,830,850,870 
920 PRINT 
930 PRINT "OF Y VALUES"; 
940 LET S=O 
941 LET S1=0 
942 LET S2=0 
943 LET S3=0 
944 LET S4=0 
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945 LET S5=0 
946 LET S6=0 
947 LET S7=0 
948 LET S8=0 
950 FOR 1=1 TO N 
960 READ H(I) ,K(I) 
970 GO TO H9 OF 980,1010,1040,1070,1100,1130,1160 
980 LET X(I)=H(I) 
990 Y(I )=K(I) 
1000 GO TO 1180 
1010 X(I)= l/H(I) 
1020 Y(I)=K(I ) 
1030 GO TO 1180 
1040 XU )=H(I) 
1050 Y(I)=LOG(ABS{K(I») 
1060 GO TO 1180 
1070 X(I )=1/H(I) 
1080 Y(I)=LOG(ABS(K(I») 
1090 GO TO 1180 
1100 XCI )=HCI) 
1110 YCI )=l/KCI) 
1120 GO TO 1180 
1130 X(I)=LOG(ABS(H(I») 
1140 Y(I)=LOG(ABS(K(I») 
1150 GO TO 1180 
1160 X(I)=LOG(ABS(H(I») 
1170 YCI )=K(I) 
1180 S 1=S l+X(I) 
1190 S2=S2+Y(1 ) 
1200 S3=S3+X(I)1'2 
1210 S4=S4+Y (I)1'2 
1220 S5=S5+X(I )*Y(1) 
1230 NEXT I 
1240 S6=S 1f2 
1250 S7=S21'2 
1261 D1=N*S3-S6 

c 
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1270 M:(N*S5-S1*S2)/D1 
1280 B:(S2-M*S1)/N 
1290 FOR 1:1 TO N 
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1300 GO TO H9 OF 1310,1330,1350,1370,1430,1390,1410 
1310 R(I):MIH(1)+B 
1320 GO TO 1440 
1330 R(I):M*(1/H(I»+B 
1340 GO TO 1440 
1350 R(1):EXP(M'H(1)+B) 
1360 GO TO 1440 
1370 R(1):EXP(M*(1/H(1»+B) 
1380 GO TO 1440 
1390 R(1):EXP(B)*ABS(H(I»rM 
1400 GO TO 1440 
1410 R(I )=M*LOG(ABS(H(I) n+B 
1420 GO TO 1440 
1430 R(1)=1/(M*H(1)+B) 
1440 S=S+(K(I)-R(I»r2 
1450 NEXT I 
1460 PRINT" ";SQR(S/(N-1) 
1470 LET T1=0 
1471 LET T2=0 
1472 LET T3=0 
1473 LET T4=0 
1474 LET T5=0 
1480 FOR 1=1 TO N 
1490 Q(I)=M*X(1)+B 
1500 SB=SB+(Y(1)-Q(I»r2 
1510 T1=T1+X(I) 
1520 LET T2=T2+Y(1) 
1530 NEXT I 
1540 LET T1=T1/N 
1550 LET T2=T2/N 
1560 LET D2=(N-2)*D1 
1570 LET M1=SQR(ABS(N*SBID2» 
1580 LET B1=SQR(ABS(SB*S3/D2» 
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1590 PRINT "OF SLOPE",M1 
1600 PRINT "OF INTERCEPT",B1 
1610 PRINT 
1620 PRINT "VALUE OF M=",M 
1630 PRINT "VALUE OF B=",B 
1640 PRINT 
1650 FOR 1=1 TO N 
1660 LET T3=T3+(X(I)-Tl)*(Y(I)-T2) 
1670 T4=T4+(X(I)-Tl)j2 
1680 LET T5=T5+(Y(I)-T2)j2 
1690 NEXT I 
1700 LET Rl=SGN(M)*T3/SQR(T4*T5) 
1710 PRINT "CORRELEATION COEFFICIENT=",Rl 
1720 PRINT 
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1730 PRINT "DO YOU WANT A TABLE OF DEVIATIONS, (1 =YES, O=NO) "; 
1731 INPUT H6 
1740 IF H6<>1 THEN 2090 
1741 PRINT 
1742 PRINT "PRESS 'RETURN' TO CONTINUE "; 
1743 INPUT R$ 
1744 PAGE 
1760 PRINT 
1770 PRINT" ","TABLE SORTED ACCORDING TO X VALUES" 
1780 PRINT 
1790 PRINT "X VALUE";" ";"Y VALUE";" ";"Y PREDICTED";" II. , 
1791 PRINT " PERCENT DIFFERENCE" 
1800 PRINT -
1810 FOR 1=1 TO N-1 
1820 LET S=O 
1830 FOR J=l TO N-I 
1840 IF H(J)<=H(J+1) THEN 1950 
1850 LET S=1 
1860 LET D=H(J+l) 
1870 LET H(J+1)=H(J) 
1880 LET H(J)=D 
1890 LET D=K(J+1) 
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1900 LET K (J + 1) =K (J ) 
1910 LET K(J)=O 
1920 LET 0=R(J+1) 
1930 LET R(J+ 1 ):R(J) 
1940 LET R(J)=O 
1950 NEXT J 
1960 IF S=O THEN 1980 
1970 NEXT I 
1980 FOR 1=1 TO N 
1990 PRINT USING 1995:H(I),K(I),R{I) 
1995 IMAGE 2T,10.30,14T,20,23T,10.50S 
2000 IF K(I)=O THEN 2070 
2010 LET P:100*(K(I)-R(I»IK(I) 
2020 IF P<O THEN 2050 
2030 PRINT " "jP 
2040 GO TO 2080 
2050 PRINT " "jP 
2060 GO TO 2080 
2070 PRINT 
2080 NEXT I 
2090 ENO 
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100 INIT 

110 REM CHEM-POLEQ #197 * JANET GROSSKOPF 

120 PAGE 

PAGE NO: 26 

ABSTRACT NO: 

51/00-5201/0 

130 PRINT "THE PROGRAM CHEM-POLEQ FITS A SET OF PLOTTED X AND Y DATA" 
140 PRINT "POINTS WITH A POLYNOMIAL BY LEAST SQUARES METHOD." 
150 PRINT 
160 DATA 10 
170 DATA 0,1 
180 DATA 50,0.90817 
190 DATA 100,0.835226 
200 DATA 150,0.782257 
210 DATA 200,0.750816 
220 DATA 250 0.743141 
230 DATA 300,0.762106 
240 DATA 350,0.811227 
250 DATA 400,0.894656 
260 DATA 450,1.01719 
500 DIM X(100),Y(100),A{625),B(25),E(100),Z(100) 
510 READ N 
520 LET 81=0 
530 FOR I=1 TO N 
540 READ X(I),Y(I) 
550 LET Sl=S1+Y(I) 
560 NEXT I 
570 PRINT 
580 PRINT "TYPE HIGHEST POWER OF X IN POLYNOMIAL" 
590 PRINT "THAT YOU WANT FIT THROUGH THESE POINTS "; 
600 INPUT M 
610 IF M=>N THEN 650 
620 IF M(=O THEN 650 
630 IF M(>INT(M) THEN 650 
640 GO TO 670 
650 PRINT "THIS MUST BE AN INTEGER> ZERO AND LESS THAN n;N 
660 GO TO 570 
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610 PRINT 
680 PRINT "STANDARD DEVIATION OF ACTUAL AND PREDICTED POINTS="; 
690 FOR 1=1 TO M+1 
700 FOR J=l TO M+1 
710 IF J=1 AND 1=1 THEN 770 
720 LET S=O 
130 FOR L=l TO N 
140 LET S=S+X(L)T(I+J-2) 
150 NEXT L 
760 LET A(I+(M+1)*(J-1»=S 
170 NEXT J 
180 NEXT I 
790 LET A(l)=N 
800 FOR 1=2 TO M+l 
810 LET S=O 
820 FOR J=1 TO N 
830 LET S=S+Y(J)*X(J)T(I-1) 
840 NEXT J 
850 LET B(I)=S 
860 NEXT I 
870 LET B( 1)=S 1 

880 REM ROUTINE TO LINEAR EQUATIONS 
890 REM 

900 LET M1=M+1 
910 LET NO=M1 

920 REM FORWARD SOLUTION 

930 LET T1=0 
940 LET K1=0 
950 LET Jl=-M1 
960 FOR JO=l TO Ml 
970 LET J2=JO+1 
980 LET Jl=J1+M1+1 , 
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990 LET Bl=O 
1000 LET I1:J1-JO 
1010 FOR IO=JO TO M1 

1020 REM SEARCH FOR MAX COEFF 

1030 LET 12=11+10 
1040 IF ABseB1 )=>ABS(A(I2» THEN 1070 
1050 LET B1=A(I2) 
1060 LET 13=10 
1070 NEXT 10 

1080 REM TEST FOR SINGULAR MATRIX 

1090 IF ~3S(Bl»Tl THEN 1130 
1100 LET K1=1 
1110 PRINT " SINGULAR MATRIX I CHECK DATA" 
1120 STOP 
1130 LET L1=JO+M1*(JO-2) 
1140 LET I1=I3-JO 
1150 FOR KO=JO TO M1 
1160 LET L 1 =L 1 +M 1 
1170 LET L2=L1+11 
1180 LET S 1 =A(L 1) 
1190 LET A(L 1 )=A(L2) 
1200 LET A(L2)=S 1 
1210 LET A(L1)=A(L1)/B1 
1220 NEXT KO 
1230 LET Sl=B(3) 
1240 LET BCI3)=B(JO) 
1250 LET B(JO)=S1/B1 

1260 REM 

1270 IF JO=NO THEN 1410 
1280 LET I4=NO*(JO-1) 

c 
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1290 FOR 16=J2 TO NO 
1300 LET 15=14+16 
1310 LET I1=JO-I6 
1320 FOR J4=J2 TO M1 
1330 LET I7=M1*(J4-1)+I6 
1340 LET J3=I7+I1 
1350 LET A(I7)=A(I7)-A(I5)*A(J3) 
1360 NEXT J4 
1370 LET B(I6)=B(I6)-B(JO)*A(I5) 
1380 NEXT 16 
1390 NEXT JO 

1400 REM BACK SOLUTION 

1410 LET N1=M1-1 
1420 LET I1=M1*M1 
1430 FOR JO=1 TO N1 
1440 LET Z1=I1-JO 
1450 LET Z2=NO-JO 
1460 LET Z3=NO 
1470 FOR KO=1 TO JO 
1480 LET B(Z2)=B(Z2)-A(Z1)*B(Z3) 
1490 LET Z1=Z1-M1 
1500 LET Z3=Z3-1 
1510 NEXT KO 
1520 NEXT JO 

1530 REM ****** END OF LINEAR SOLVER ROUTINE 

1540 LET S2=0 
1550 FOR 1=1 TO N 
1560 LET S=B(1) 
1570 FOR J=1 TO M 
1580 LET S=S+B(J+1)*X(I)TJ 
1590 NEXT J 
1600 LET E(I)=S 
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1610 LET S2=S2+(Y(I)-S)t2 
1620 NEXT I 
1630 LET S2=SQR(S2/(N-1») 
1640 PRINT S2 
1650 PRINT 
1660 PRINT 
1670 PRINT "COEFFICIENTS OF POLYNOMIAL" 
1680 FOR 1=1 TO M 
1690 PRINT 
1700 PRINT B(M-I+2);" * Xr "jM-I+ 1 
1710 NEXT I 
1720 PRINT 
1730 PR INT "PLUS CONSTANT "; B ( 1) 
1740 PRINT 
1750 PRINT 

51/00-5201/0 

1760 PRINT "DO YOU WANT A TABLE OF DEVIATIONS (O=NO,l=YES) "j 
1770 INPUT T 
1780 IF T=O THEN 2120 
1785 PRINT "PRESS 'RETURN' TO CONTINUE"; 
1786 INPUT R$ 
1790 PAGE 
1800 PRINT" ","TABLE SORTED ACCORDING TO X VALUES" 
1810 PRINT 
1820 PRINT "X-VALUE";" "j"Y-VALUE"j" "j"Y FIT";" 
1821 PRINT" PERCENT DIFFERENCE" 
1830 PRINT 
1840 FOR 1=1 TO N-1 
1850 LET s=o 
1860 FOR J=l TO N-1 
1870 IF X(J)<X(J+1) THEN 1980 
1880 LET S=1 
1890 LET D=X(J+1) 
1900 LET X(J+1)=X(J) 
1910 LET X(J)=D 
1920 LET D=Y(J+l) 
1930 LET Y(J+l)=Y(J) 

II. , 
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1940 LET Y(J)=O 
1950 LET 0=E(J+1) 
1960 LET E(J+1)=E(J) 
1970 LET E(J)=O 
1980 NEXT J 
1990 IF S=O THEN 2010 
2000 NEXT I 
2010 FOR 1=1 TO N 
2020 PRINT USING 2021:X(I),Y(I),E(I) 
2021 IMAGE 2T,30,11T,10.60,23T,10.60,36TS 
2030 IF y(I )=0 THEN ~; '00 
2040 LET P=100*(Y(I)-E(I»!Y(I) 
2050 IF P)O THEN 2080 
2060 PRINT P 
2070 GO TO 2110 
2080 PRINT" ",P 
2090 GO TO 2110 
2100 PRINT 
2110 NEXT I 
2120 ENO 
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100 INIT 

110 REM * (CHEM-ROOTS #198) * JANET GROSSKOPF 

120 PAGE 

PAGE NO· 32 

ABSTRACT NO: 

51/00 ... 5201/0 

130 PRINT "WHAT IS THE HIGHEST DEGREE OF X IN THE POLYNOMIAL"; 
140 INPUT M 
150 DIM X(31),C(31),R(31),Z(30),F(31),G(3) 
160 IF INT(M)<>M THEN 200 
170 IF M<1 THEN 200 
180 IF M>31 THEN 200 
190 GO TO 220 
200 PRINT "THIS MUST BE AN INTEGER> THAN 0 AND < 31" 
210 GO TO 130 
220 PRINT "WHAT IS THE CONSTANT TERM "; 
230 INPUT X( 1 ) 
240 LET F(1)=X(1) 
250 PRINT 
260 PRINT "COEFFICIENTS" 
270 FOR 1=2 TO M+1 
280 PRINT 
290 PRINT "X r "i I - 1;" II; 
300 INPUT XCI) 
310 LET F(I)=X(I) 
320 NEXT I 
330 FOR 1=1 TO M 
340 LET R(I)=O 
350 LET Z(I)=O 
360 NEXT I 
370 PRINT 
380 FOR 1=1 TO 72 
390 PRINT "_"; 
400 NEXT I 
410 11=0 
420 Nl=M 
430 IF X(N1+1)=0 THEN 450 

" 
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440 GO TO 470 
450 PRINT "TIlE COEFFICIENT ON THE HIGHEST DEGREE WAS ZERO." 
460 GO TO 1960 
470 LET N2=N1 
480 LET N3=N1+1 
490 LET N4=1 
500 LET K1:N1+1 
510 FOR L=1 TO K1 
520 LET M1=K1-L+1 
530 LET C(M1)=X(L) 
540 NEXT L 
550 LET XO=0.OO500101 
560 YO=0.010001 
570 LET 12=0 
580 LET X1=XO 
590 LET XO=-10*YO 
600 LET YO=-10*X1 
610 LET X1=XO 
620 LET Y1=YO 
630 LET 12=12+1 
640 GO TO 680 
650 LET 11=1 
660 LET X2=X1 
670 LET Y2=Y1 
680 LET 13=0 
690 LET U1=0 
700 LET U2=0 
710 LET V=O 
720 LET Y3=0 
730 LET X3=1 
740 LET U=C(N1+1) 
750 IF U=O THEN 1260 
760 FOR 1=1 TO N1 
770 LET L=N1-I+1 
780 LET X4=X1*X3-Y1*Y3 
790 LET Y4=X1*Y3+Y1*X3 
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800 LET U=U+C(L)*X4 
810 LET V=V+C(L)*Y4 
820 LET U1=U1+I*X3*C(L) 
830 LET U2=U2-I*Y3*C(L) 
840 LET X3=X4 
850 LET Y3=Y4 
860 NEXT I 
870 LET S=U1*U1+U2*U2 
880 IF S=O THEN 1170 
890 LET D1=(V*U2-U*U1)/S 
900 LET X1=X1+D1 
910 LET D2=-(U*U2+V*U1)/S 
920 LET Y1=Y1+D2 
930 IF ABS(X1)<ABS(Y1) THEN 960 
940 LET 09=ARS(X1) 
950 GO TO 970 
960 LET Q9=ABS(Y1) 
970 IF 09>0.1 THEN 990 
980 LET 09=0.1 
990 IF ABS(Dl)+ABS(D2)<Q9*1.0E-5 THEN 1060 
1000 LET 13=13+1 
1010 IF 13<500 THEN 690 
1020 IF 11<>0 THEN 1060 
1030 IF I2<500 THEN 580 
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1040 PRINT "NO ROOTS FOUND AFTER 500 TRIES ON 5 STARTING VALUES." 
1050 GO TO 1960 
1060 FOR L=1 TO N3 
1070 LEt M1=K1-L+1 
1080 LET T=X(M1) 
1090 LET X(M1)=C(L) 
1100 LET C(L)=T 
1110 NEXT L 
1120 LET I4=N 1 
1130 LET N1=N2 
1140 LET N2=I4 
1150 IF 11=0 THEN 650 
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1160 GO TO 1200 
1170 IF 11=0 THEN 580 
1180 LET X1=X2 
1190 LET Y1=Y2 
1200 LET I1=0 
1210 IF ABS(Y1/Xl)<1.0E-4 THEN 1290 
1220 LET A=X1+X1 
1230 LET S=X1*X1+Y1*Y1 
1240 LET N1=N1-2 
1250 GO TO 1330 
1260 LET X1=0 
1270 LET N2=N2-1 
1280 LET N3=N3-1 
1290 LET Y1=0 
1300 LET S=O 
1310 LET A=X1 
1320 LET N1=N1-1 
1330 LET C(2)=C(2)+A*C(1) 
1340 FOR L=2 TO N1 
1350 LET C(L+1)=C(L+1)+A*C(L)-S*C{L-1) 
1360 NEXT L 
1370 LET Z(N4)=Y1 
1380 LET R(N4)=X1 
1390 LET N4:N4+1 
1400 IF S=O THEN 1440 
1410 LET Y1=-Y1 
1420 LET S=O 
1430 GO TO 1370 
1440 IF Nl)O THEN 550 
1450 FOR 1=1 TO M 
1460 IF Z(I)<>-O THEN 1650 
1470 IF M<I+1 THEN 1660 
1480 IF Z(I+1)<>0 THEN 1650 
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1490 IF ABS(R(I)-R(I+1»>ABS(R(I)+R(I+1»*0.01 THEN 1650 
1500 LET G(3)=(R(I)+R(I+1»*0.5 
1510 FOR J=O TO 2 
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1520 LET C(M+l)=F(M+l) 
1530 IF J=2 THEN 1550 
1540 LET G(J+l)=R(I+J) 
1550 FOR L=1 TO M 
1560 LET J5=M-L+1 
1570 LET C(J5)=F(J5)+G(J+l)*C(J5+1) 
1580 NEXT L 
1590 LET X(J+1)=C(1) 
1600 NEXT J 
1610 IF ABS(X(1»<=ABS(X(3» THEN 1650 
1620 IF ABS(X(2»<=ABS(X(3» THEN 1650 
1630 LET R(I)=(R(I)+R(I+1»*0.5 
1640 LET R(I+l)=R(I) 
1650 NEXT I 
1660 PRINT 
1670 PRINT 
1680 LET S=O 
1690 FOR 1=1 TO M 
1700 IF Z(I)<>O THEN 1720 
1710 LET S=S+l 
1720 NEXT I 
1730 IF S>O THEN 1770 
1740 PRINT "THERE ARE NO REAL ROOTS OF THIS POLYNOMIAL" 
1750 PRINT 
1760 GO TO 1850 
1770 PRINT "THESE ARE THE REAL ROOTS OF THE POLYNOMIAL" 
1780 PRINT 
1790 FOR 1=1 TO M 
1800 IF Z(I)<>O THEN 1830 
1810 PRINT 
1820 PRINT R(I) 
1830 NEXT I 
1840 PRINT 
1850 IF S<M THEN 1890 
1860 PRINT "THERE ARE NO C(l.1PLEX ROOTS OF THE POLYNOMIAL" 
1870 PRINT 
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1880 GO TO 1960 
1890 PRINT "TI:lESE ARE THE C(}1PLEX ROOTS OF TI:lE POLYNOMIAL" 
1900 PRINT 
1910 FOR 1=1 TO M 
1920 IF Z(I)=O THEN 1950 
1930 PRINT 
1940 PRINT R(I) ,"PLUS" ,Z(I) ,"TIMES SQR(-1)" 
1950 NEXT I 
1960 END 
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1 INIT 

2 REM( CHMELEVL #199) * JANET GROSSKOPF 

3 PAGE 

PAGE NO: 38 
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10 PRINT "************ ENERGY LEVEL PROGRAM ************" 
20 PRINT 
30 PRINT" 1 = SIMPLE VIBRATIONAL - E=U*(V+0.5)" 
40 PRINT "2 = STRETCH VIBRATIONAL - E=U*(V+0.5)-X*U*(V+0.5)1'2" 
50 PRINT "3 = SIMPLE ROTATIONAL - E=H*(J)*(J+1)/(8*Pi2*I*C)" 
60 PRINT "4 = COMPLEX ROTATIONAL - E=B*J*(J+ 1 )-D*Ji2*(J+ 1 )1'2" 
70 PRINT "5 = EXIT FROM PROGRAM" 
80 PRINT 
90 PRINT "PLEASE CHOOSE, 1,2,3,4, OR 5" 
100 INPUT K 
110 PRINT 
120 GO TO K OF 140,180,220,270,660 
130 GO TO 90 
140 PRINT "PLEASE TYPE IN THE WAVE NUMBER "; 
150 INPUT U 
160 PRINT 
170 GO TO 340 
180 PRINT "INPUT ANHARMONICITY CONSTANT "; 
190 INPUT X 
200 PRINT 
210 GO TO 140 
220 PRINT "THE MOMENT OF INERTIA YOU TYPE" 
230 PRINT "WILL BE MULTIPLIED BY 10iC-40) "; 
240 INPUT I 
250 PRINT 
260 GO TO 340 
270 PRINT "WHAT IS THE VALUE OF 'B' "; 
280 INPUT B 
290 PRINT 
300 PRINT "PLEASE TYPE IN THE 'D' VALUE "; 
310 INPUT D 
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320 PRINT 
330 GO TO 340 
340 PRINT "START EVALUATION AT QUANTUM LEVEL"; 
350 INPUT M 
360 PRINT 
370 PRINT "STOP EVALUATION AT QUANTUM LEVEL "; 
380 INPUT L 
390 PAGE 
391 PRINT 
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400 PRINT " ••••••••• ENERGIES WILL BE IN WAVENUMBERS OR CMr<-1) •••••••• " 
410 PRINT 
420 PRINT "************************************************************" 
430 PRINT 
440 PR INT II LEVEL fI", II E VALUE· II , II CHANGE IN E" 
450 PRINT "--------","-------","-----------" 
460 PRINT 
470 LET V=M 
480 GO TO K OF 490,510,530,550 
490 LET E=U*(V+O.5) 
500 GO TO 560 
510 LET E=U*(V+0.5)-X*U*(V+O.5)T2 
520 GO TO 560 
530 LET E=6.6256E+13*V*(V+1)/(3.14159f2*8*I*2.9979E+10) 
540 GO TO 560 
550 LET E=B*V*(V+ 1)-D*Vf2*(V+ 1)T2 
560 IF V>M THEN 590 
570 LET 05=0 
580 GO TO 600 
590 D5=E-E1 
600 PRINT V,E,D5 
610 LET E1=E 
620 PRINT 
630 LET V=V., 
640 IF V-1<L THEN 480 
650 GO TO 80 
660 END 
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1 INIT 

2 REM (CHMGFORRX #200) * JANET GROSSKOPF 

3 PAGE 

PAGE NO: 40 
ABSTRACT NO: 

51/00- 520 1/0 

5 OEF FNF(T1):-A1*T1*LOG(Tl)-B1/2*T1r2~Cl/6*Tlr3+01+02*T1 
6 ON SIZE THEN 140 
10 LET A1:-0.783 
15 LET B1:0.0242 
20 LET Cl:-1.2473E-5 
25 LET 01:-41891 
30 LET 02:43.816 
35 DEF FNG(Tl):FNF(T1)+8.314*Tl*LOG«P3+X1)*(P4+Xl)/«P1-Xl)*(P2-Xl») 
40 PRINT "YOU ARE RUNNING THE. REACTION: CO + H2O :C02 + H2" 
45 PRINT 
50 PRINT "AT WHAT TEMPERATURE IS IT TAKING PLACE "i 
55 INPUT T1 
60 PRINT 
65 PRINT "STANDARD FREE ENERGY FOR THIS REACTION IS ";FNF(Tl) 
70 PRINT 
75 PRINT "WHAT ARE THE INITIAL PARTIAL PRESSURES FOR THE FOLLOWING:" 
80 PRINT 
85 PRINT "CO "; 
90 INPUT Pl 
95 PRINT "H2O "; 
100 INPUT P2 
105 PRINT "C02 "; 
110 INPUT P3 
115 PRINT "H2 "; 
120 INPUT P4 
125 PRINT 
130 Xl:0 
135 PRINT IIFREE ENERGY FOR THE REACTION IS NOW" ,FNG(T1) 
140 PRINT 
145 PRINT IIINPUT CHANGE IN PRESSURE(DELTA P) OR ZERO (0.) TO STOP" 
150 PRINT 
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TITLE 

Chemistry and Physics 
Textbook Prob1ems Adapted to 4051 BASIC 

155 PRINT 
160 PRINT "DELTA P "; 
165 INPUT Xl 
170 PRINT 
175 IF X1>0 THEN 210 
180 IF Xl<O THEN 190 
185 GO TO 265 
190 IF ABS(X1»P3 MIN P4 THEN 200 
195 GO TO 225 

PAGE NO: 41 

ABSTRACT NO: 

51/00-5201/0 

200 PRINT "THIS REVERSAL WOULD LEAD TO NEGATIVE PRODUCT PRESSURES" 
205 GO TO 150 
210 IF X1<P1 MIN P2 THEN 225 
215 PRINT "THIS CHANGE WOULD USE UP MORE THAN THE INITIAL PRODUCTS" 
220 GO TO 160 
225 PRINT 
230 PRINT "NEW FREE ENERGY FOR REACTION = ",FNG(T1) 
235 PRINT 
240 PRINT lip OF CO",P1-X1 
245 PRINT lip OF H20",P2-X1 
250 PRINT lip OF C02",P3+Xl 
255 PRINT lip OF H2",P4+X1 
260 GO TO 150 
265 END 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM (CHM-RATES) * JANET GROSSKOPF 

120 PAGE 
130 PRINT "INSTRUCTIONS(1=YES,0=NO)" 
140 INPUT N 
150 IF N=O THEN 830 
160 PRINT 
170 PRINT "DICTIONARY OF VARIABLES (1=YES,0=NO)" 
180 INPUT N 
190 IF N=O THEN 310 
200 PRINT 
210 PRINT "T=TIME" 
220 PRINT "C=CONC." 
230 PRINT "K=RATE CONSTANT FOR REACTION" 

PAGE NO: 42 
ABSTRACT NO: 

51/00-5201/0 

240 PRINT "CO=INITIAL CONC. FOR SINGLE SPECIES REACTION." 
250 PRINT "K=RATE CONSTANT FOR REACTION" 
260 PRINT "AO=INITIAL CONC OF REACTION A" 
270 PRINT "BO=INITIAL CONC. OF REACTION B" 
280 PRINT !IX =CONCENTRATION OF AO AND BO REACTED." 
290 PRINT "A = AO - X" 
300 PRINT "B=BO-X" 
310 FOR 1=0 TO 8 STEP 4 
320 PRINT 
330 GOSUB INT{I/4)+1 OF 920,940,960 
340 GOSUB INT(I/4)+1 OF 390,390,460 
350 PRINT 
360 NEXT I 
370 PRINT "TYPE -1 FOR OPTION TO STOP PROGRAM ENTIRELY" 
380 GO TO 830 
390 PRINT "OPTION fI" ,"INPUT" ,"OUTPUT" ,"STOP LOOP" 
400 PRINT 
410 PRINT I,"CO,K,T","C","TYPE T=O" 
420 PRINT 1+1, "CO, T, CIt , "K" , "TYPE T=O" 
430 PRINT I+2,"CO,K,C","T","TYPE C=O" 

000·6405·02 TEKTRONIX 4051 PROGRAM 



TITLE 

Chemistry and Physi cs 
Textbook. Problems Adapted to 4051 BASIC 

440 PRINT I+3,"K,T,C" ,"CO","AUTOMATIC" 
450 RETURN 
460 PRINT "OPTION If"," INPUT" ,"OUTPUT" ," STOP LOOP" 
470 PRINT 
480 PRINT 8,"AO,BO,T,X","X,A,B","TYPE T=O" 
490 PRINT 9,"AO,BO,T,X","A,B,K","TYPE B=O" 
500 PRINT 10,"AO,BO,K,X" ,"A,B, T" ,"TYPE X=O" 
510 RETURN 
520 GO TO 830 
530 PRINT "INITIAL CONC. OF A "; 
540 INPUT AO 
550 PRINT "INITIAL CONC. OF B "; 
560 INPUT BO 
570 IF ABS(AO-BO»1.0E-6 THEN 610 
580 PRINT 
590 PRINT "AO=BO : IT IS ADVISABLE TO USE "; 
600 GOSUB 940 
610 RETURN 
620 PR INT "CONC. USED", X 
630 LET A=AO-X 
640 LET B=BO-X 
650 PRINT "CONC. OF A",A 
660 PRINT "CONC. OF B",B 
670 RETURN 
680 PRINT "CONC. USED "; 
690 INPUT X 
700 RETURN 
710 PRINT "INITIAL CONC. "; 
720 INPUT CO 
730 RETURN 
740 PRINT "PRESENT TIME "; 
750 INPUT T 
760 RETURN 
770 PRINT "PRESENT CONC. "; 
780 INPUT C 
790 RETURN 

000·6405·02 

PAGE NO: 43 

ABSTRACT NO: 

51/00-5201/0 
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TITLE 

Chemistry and Physics 
Textbook Prob1ems Adapted to 4051 BASIC 

800 PRINT "RATE CONSTANT "; 
810 INPUT K 
820 RETURN 
830 PRINT 
840 PRINT "---------------,, 
850 PRINT 
860 PRINT "OPTION n; 
870 INPUT L 
880 PRINT 

PAGE NO: 44 
ABSTRACT NO: 

51/00- 520 1/0 

890 GOSUB L+1 OF 1000,1080,1180,1270,1330,1410,1500,1590,1650,1740,1840 
900 IF L<>-1 THEN 830 
910 GO TO 1950 
920 PRINT n1st ORDER : LOG(C) = K*T+LOG(CO)" 
930 GO TO 980 
940 PRINT "2nd ORDER : 1/C = K*T+ 1 ICO" 
950 GO TO 980 
960 PRINT "1st ORDER IN 2 REACTANTS:LOG«AO-X)/(BO-X»/(AO-BO) =" 
970 PRINT" = K*T+LOG(AO/BO)/(AO/BO)" 
980 PRINT 
990 RETURN 
1000 GOSUB 920 
1010 GOSUB 710 
1020 GOSUB 800 
1030 PRINT 
1040 GOSUB 740 
1050 PRINT "PRESENT CONC. ",CO*EXP(-K*T) 
1060 IF T<>O THEN 1030 
1070 RETURN 
1080 GOSUB 92Q 
1090 GOSUB 710 
1100 PRINT 
1110 GOSUB 740 
1120 IF T:O THEN 1160 
1130 GOSUB 770 
1140 PRINT "RATE CONSTANT",(LOG(CO)-LOG(C»/T 
1150 GO TO 1100 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

1160 PRINT "PRESENT CONC. ",CO 
1170 RETURN 
1180 GOSUB 920 
1190 GOSUB 710 
1200 GOSUB 800 
1210 PRINT 
1220 GOSUB 770 
1230 IF C=O THEN 1260 
1240 PRINT "PRESENT TIME",(LOG(CO)-LOG(C»/K 
1250 GO TO 1210 
1260 RETURN 
1270 GOSUB 920 
1280 GOSUB 800 
1290 GOSUB 740 
1300 GOSUB 770 
1310 PRINT "INITIAL CONC.",EXP(K*T)*C 
1320 RETURN 
1330 GOSUB 940 
1340 GOSUB 710 
1350 GOSUB 800 
1360 PRINT 
1370 GOSUB 740 
1380 PRINT "PRESENT CONC.",1/(K*T+1/CO) 
1390 IF T<>O THEN 1360 
1400 RETURN 
1410 GOSUB 940 
1420 GOSUB 710 
1430 PRINT 
1440 GOSUB 7LlQ 

1450 IF T=O THEN 1490 
1460 GOSUB 770 
1470 PRINT "RATE CONCENTRATION",(1/C-1/CO)/T 
1480 GO TO 1430 
1490 RETURN 
1500 GOSUB 940 
1510 GOSUB 710 

000-6405·02 

PAGE NO: 45 
ABSTRACT NO: 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

1 REM fff 51/00-5201/0 fff 
2 REM PECKHAM TEXTBOOK 
3 REM AUTHOR: DR. P.C. HOLMAN 

100 INIT 
101 FIND 15 
102 APPEND 350 
110 LET P1=0 
120 PAGE 
130 W=750 
140 V=150 

PAGE NO· 48 

ABSTRACT NO: 

51/00-5201/0 

180 PRINT "JJ THE UNIVERSITY OF WISCONSIN-STEVENS POINT" 
190 PRINT "GCiGGGGGGGGGGGGGGGG" 
220 PRINT IIJJJJJII 
230 PRINT ,,--
240 PRINT " 
250 PRINT " 
260 PRINT II 
270 PRINT " 
280 PRINT " 
290 PRINT " 
310 FOR 1=1 TO W 
320 NEXT I 
330 PRINT IIJJJJII 
331 PRINT " 
332 PRINT II 
333 PRINT " 
340 FOR 1=1 TO 1000 
341 NEXT I 

*f** ff *** *** f***** 
**f**f **f* *** *f ffffff 
f* ff **f **f ff ff 
ff ff f* f* *f ff 
ff *f ** *f *f f* 
*****f ff f* ff ffff** 
f*** *** ** f*f fff*ff 

*ffff* 
*'ff" 

f* 

f"*f " 
f*fll* " 
If ** " 

ff f* ** " 
** *f *f " 

f**fff ** ** " 
f**fff ff* ** " 

HERBERT D. PECKHAMJ" 
'COMPUTERS, BASICS, AND PHYSICS'J" 

ADDISON AND WESLEY PUBLISHING CO." 

350 REMf SECOND FILE STARTS HERE 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

1520 GOSUB 800 
1530 PRINT 
1540 GOSUB 770 
1550 IF C=O THEN 1580 
1560 PRINT "PRESENT TIME",(l/C-l/CO)/K 
1570 GO TO 1530 
1580 RETURN 
1590 GOSUB 940 
1600 GOSUB 800 
1610 GOSUB 740 
1620 GOSUB 770 
1630 PRINT "INITIAL CONC. ",lIC-K*T 
1640 RETURN 
1650 GOSUB 960 
1660 GOSUB 530 
1670 GOSUB 800 
1680 PRINT 
1690 GOSUB 740 

PAGE NO: 46 
ABSTRACT NO: 

51/00-5201/0 

1700 LET X=AO*(1-EXP(K*T*(AO-BO»)/(1-AO/BO*EXP(K*T*(AO+BO») 
1710 GOSUB 620 
1720 IF T()O THEN 1680 
1730 RETURN 
1740 GOSUB 960 
1750 GOSUB 530 
1760 PRINT 
1770 GOSUB 680 
1780 IF X=O THEN 1830 
1790 GOSUB 740 
1800 GOSUB 630 
1810 PRINT "RATE CONSTANT",LOG(BO*(AO-X)/AO/(BO-X»/(T*(AO-BO» 
1820 GO TO 1760 
1830 RETURN 
1840 GOSUB 960 
1850 GOSUB 530 
1860 GOSUB 800 
1870 PRINT 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

1880 GOSUB 680 
1890 GOSUB 630 

PAGE NO: 47 
ABSTRACT NO: 

51/00-5201/0 

1900 PRINT "PRSENT TIME" ,LOG(BO*(AO-X)/AO/(BO-X) )/(K*(AO-BO» 
1910 IF X<>O THEN 1870 
1920 RETURN 

1930 REM 
1940 REM 

1950 END 
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PAGE NO: 49 
TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

350 REM* SECOND FILE STARTS HERE 

351 LET P1=O 
355 GOSUB 4550 
360 PRINT 
370 PRINT " 1 65-67 BESSEL BESSEL FUNCTION" 
380 PRINT 
390 PRINT " 2 117-120 CIR.AY CIRCUIT ANALYSIS" 
400 PRINT 
410 PRINT" 3 108-116 D.H.O. DAMP. HARMONIC OSCILLATOR" 
420 PRINT 
430 PRINT " 4 181-187 EIGEN EIGENVALUES & VECTORS" 
440 PRINT 
450 PRINT " 5 139-144 E.P.D. ELL. PARTICLE DIFFER." 
460 PRINT 
470 PRINT " 6 49- 60 F.D. FINITE DIFF." 
480 PRINT 
490 PRINT " 7 16- 18 G.C.D. GREATEST Ca.1MON DIVISOR" 
500 PRINT 
510 PRINT " 8 73- 80 IATI INTEGRATING A TABBED FUN." 
520 PRINT 
530 PRINT " 9 63- 65 INTPTN INTERPOLATION" 
540 PRINT 
550 PRINT " 10 19- 20 L.NO. LARGEST NUMBER" 
560 PRINT 
570 PRINT " 11 43- 44 L.SQRS LEAST SQUARES" 
580 PRINT 
590 GOSUB 4650 
600 GOSUB 4550 
605 PRINT 
610 PRINT" 12 172-173 LORENZ LORENZ CONTRACTIONS" 
620 PRINT 
630 PRINT " 13 158-161 MATFUN MATRIX FUNCTIONS" 
640 PRINT 
650 PRINT " 14 156-158 MATMAT MATRIX MATHEMATICS" 

(-, 
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PAGE NO· 50 
TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

660 PRINT 
670 PRINT " 15 214-215 MEANSD CAL. MEAN & STD. DEV. " 
680 PRINT 
690 PRINT II 16 206-207 M.C.IN. MONTE CARLO INTEGRATION" 
700 PRINT 
710 PRINT " 17 208-210 M.C.SN. LAPLACE'S EQUATION" 
720 PRINT 
730 PRINT " 18 112-116 OSCI OSCILLATOR" 
740 PRINT 
750 PRINT " 19 141,306 PAR. DF PARTICLE DIFFUSION" 
760 PRINT 
770 PRINT " 20 122,278 PENDLM PENDULUM" 
780 PRINT 
790 PRINT " 21 47- 48 POTMAP POTENTIAL MAP" 
800 PRINT 
810 PRINT II 22 73- 75 PRBINT PROBABILITY INTREGRAL" 
820 PRINT 
830 PRINT " 23 40- 41 PROMOT PROJECTILE MOTION" 
840 PRINT 
850 GOSUB 4650 
860 GOSUB 4550 
865 PRINT 
870 PRINT " 24 75- 78 RADINT RADIANCY INTEGRAL" 
880 PRINT 
890 PRINT " 25 200,211 RNWK I ONE DIM. RANDOM WALK" 
900 PRINT 
910 PRINT " 26 199-203 RNWKII TWO DIM. RANDOM WALK" 
920 PRINT 
930 PRINT " 27 220-222 REGANY REGRESSION·ANALYSIS" 
940 PRINT 
950 PRINT " 28 126,286 ROCKET LAUNCHES A ROCKET" 
960 PRINT 
970 PRINT " 29 18, 30 SIM.EQ SIMULTANEOUS EQUATIONS" 
980 PRINT 
990 PRINT " 30 93-101 SLIBOD SLIDING BODY SIMULATION" 
1000 PRINT 
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TITLE 

Chemi stry and Physics 
Textbook Problems Adapted to 4051 BASIC 

1010 PRINT" 31 203-205 STASIM 
1020 PRINT 
1030 PRINT " 32 21,256 SQRSQ. 
1040 PRINT 
1050 PRINT " 33 191-192 TRACER 
1060 PRINT 
107C 'RINT " 34 151,291 VIBSTG 
1080 PRINT 

1090 REM 
1100 REM 

1110 GOSUB 4650 

2140 REM 

PAGE NO: 51 
ABSTRACT NO: 

51/00-5201/0 

STATISTICAL SIMULATION" 

SQUARE ROOTS & SQUARES" 

TRACES AN OPTICAL RAY" 

VIBRATING STRING" 

2150 PRINT "YOU HAVE NOT SELECTED A PROGRAM TO RUN. IF YOU WANT TO " 
2160 PRINT "GO THRU THE DIRECTORY AGAIN TYPE IN 1. IF NOT" 
2170 PRINT "TYPE IN 0." 
2180 PRINT "YOUR RESPONSE? "; 
2190 INPUT P4 
2200 IF P4=0 THEN 2230 
2210 GO TO 350 
2220 LET P1=0 
2230 PAGE 
2240 END 
4520 FOR 1=1 TO W 
4530 NEXT I 
4540 RETURN 

4550 REM * HEADING ROUTINE 

4560 PAGE 
4570 LET P1=P1+1 
4580 PRINT" ","S 0 F TWA RES Y S T EM"; 
4590 PRINT" PAGE ";P1;" OF 3" 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

4600 PRINT 
4610 PRINT" "," D IRE C TOR Y " 
4620 PRINT 
4630 PRINT" FILE PAGE(S) NAME 
4631 PRINT " DESCRIPTION" 
4632 FOR T=l TO 10 
4633 PRINT "K 
4635 NEXT T -
4640 RETURN 

4650 REM * PAGE QUESTIONS 

4660 PRINT 

n. , 

PAGE NO: 52 

ABSTRACT NO: 

51/00-5201/0 

DESCRIPTION" 

4670 PRINT liDO YOU WANT TO RUN A PROGRAM FROM THIS PAGE?(l-YES,O-"; 
4680 PRINT "NO) "; 
4690 INPUT P2 
4700 IF P2=1 THEN 4720 
4710 RETURN 
4720 PRINT" WHAT NUMBER 00 YOU WANT? "; 
4730 INPUT P3 
4740 LET F3=P3+15 
4750 FIND F3 
4760 OLD 
4770 RUN 
4780 LIST 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM * BESSEL ** MICHAEL VOICA 

120 PAGE 
130 PRINT "BESSEL FN DERIVATIVE" 
140 GOSUB 500 
150 PRINT 
160 PRINT "HOW MANY POINTS ARE YOU GOING TO INPUT" 
170 INPUT T9 
180 IF T9<=3 THEN 640 
190 PRINT "ENTER YOUR ";T9;" J VALUES" 
200 PRINT 
210 PRINT 
220 DIM J(T9) ,K(T9) ,L(T9) 
230 INPUT J 
240 PAGE 
250 PRINT 
260 PRINT "YOUR BESSEL'S TABLE IS AS FOLLOWS:" 
270 PRINT 
280 PRINT 
290 PRINT" X"," J(X)"," J1(X)"," J2(X)" 
300 PRINT 
310 PRINT 
320 LET K(1)=(-3*J(1)+4*J(2)-J(3»/0.2 
330 LET L(1)=(2*J(1)-5*J(2)+4*J(3)-J(4»/0.01 
340 FOR 1=2 TO T9-1 
350 LET K(I)=(J(I+1)-J(I-l»/0.2 
360 LET L(1)=(J(I-l)-2*J(1)+J(1+1»/0.01 
370 NEXT I 
380 LET K(T9)=(3*J(T9)-4*J(T9-1)+J(T9-2»/0.2 

PAGE NO: 53 

ABSTRACT NO: 

51/00-5201/0 

390 LET L(T9)=(2*J(T9)-5*J(T9-1)+4*J(T9-2)-J(T9-3»/0.Ol 
400 FOR 1=1 TO T9 
410 PRINT I/10,J(I),K(1),L(1) 
420 NEXT I 
430 PRINT 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 PRINT "DO YOU WISH TO TRY AGAIN. (1=YES,O=NO)" 
450 INPUT T5 
460 IF T5=1 THEN 120 
470 IF T5<>0 THEN 440 
480 FIND 15 
490 OLD 
500 PRINT 

PAGE NO· 54 

ABSTRACT NO: 

51/00-5201/0 

510 PRINT "A BESSEL FUNCTION IS USED IN PHYSICS TO CrnpUTE DERIVATIVES" 
520 PRINT" OF A WELL BEHAVED FUNCTION THAT IS DIFFICULT TO COMPUTE." 
530 PRINT 
540 PRINT "YOU WILL ONLY BE ASKED TO INPUT:" 
550 PRINT" 1-THE NO. OF POINTS YOU WISH TO INPUT" 
560 PRINT " 2-YOUR POINTS" 
570 PRINT 
580 PRINT 
590 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN" 
600 INPUT 0$ 
610 PAGE 
620 PRINT 
630 RETURN 
640 PRINT "YOU NUMBER MUST BE AT LEAST 4" 
650 GO TO 160 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM 

120 PAGE 
130 GOSUB 580 
140 PRINT 
150 PAGE 

PAGE NO· 55 

ABSTRACT NO: 

51/00-5201/0 

160 PRINT "INPUT THE VALUE FOR THE BREAKER(E,IN VOLTS)" 
170 INPUT E 
180 PRINT 
190 PRINT "INPUT THE VALUE FOR THE FIRST RESISITOR(L, IN HENRYS)" 
200 INPUT L 
210 PRINT 
220 PRINT "INPUT YOUR AMOUNT OF OHMS(a)" 
230 INPUT A 
240 PRINT 
250 PRINT "INPUT YOUR OHMS/AMPi2(b)" 
260 INPUT B 
270 PRINT 
280 PRINT "INPUT HOW YOU WANT TIME PRINTED(eg: .1 OF A SECOND WOULD" 
290 PRINT "PRINT YOUR TABLE IN TENTHS OF A SEC.)" 
300 INPUT D 
310 PRINT 
320 PRINT "INPUT THE AMOUNT OF SECONDS YOU WISH THE CIRCUIT TO RUN" 
330 INPUT T2 
340 LET 11=0 
350 PAGE 
360 PRINT "TIME","CURRENT" 
370 PRINT "(SEC)","(AMPERES)" 
380 PRINT 
390 PRINT 
400 FOR T=O TO T2 STEP D 
410 PRINT T,I1 
420 LET K1=E/L-B*I1i3/L-A*I11L 
430 LET K2=E/L-B*(I1+O.5*K1*D)i3/L-A*(I1+O.5*K1*D)/L 

000-6405-02 TEKTRONIX 4051 PROGRAM 



PAGE NO: 56 

TITLE .. ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

440 LET K3=E/L-B*(Il+0.5*K2*D)i3/L-A*(Il+D.5*D)/L 
450 LET K4=E/L-B*(I1+K3*D)i3/L-A*(Il+K3*D)/L 
460 LET I2=I1+D*(Kl+2*K2+2*K3+K4)/6 
470 LET 11=12 
480 NEXT T 
490 PRINT 
500 PRINT" DO YOU WANT TO DO ANOTHER? YES OR NO "; 
510 INPUT E$ 
520 IF E$="YES" OR E$="Y" THEN 150 
530 IF E$="NO" OR E$="N" WEN 560 
540 PRINT "ANSWER YES OR NO!" 
550 GO TO 510 
560 FIND 15 
570 OLD 
580 PRINT "THIS PROGRAM IS A CIRCUIT ANALYSIS, USING THE RUNGE KUTTA" 
590 PRINT "1-1ETHOD. WE PROGRAM WILL PRINT OUT THE TIME(SEC.) AS" 
600 PRINT "WELL AS THE CURRENT(AMPS.)AT THAT GIVEN TIME." 
610 PRINT "THE CIRCUIT USED IN THE PROGRAM IS A SIMPLE BOX CIRCUIT" 
620 PijINT "WITH TWO RESISTORS, ONE BREAKER, AND A SWITCH." 
630 PRINT 
640 PRINT "KUTTA'S EQUATIONS ARE AS FOLLOWS" 
650 PRINT" 1)R=a+bi2" 
660 PRINT II 2)E=L(dildt)-(a+bi2H=0" 
670 PRINT " 3 )di/dt= (E/L)- «b/LH3)-«a/L H)" 
680 PRINT 
690 PRINT "NOTE:" 
700 PRINT" 1)a IS A CONSTANT(VOLTAGE IN OHMS)" 
710 PRINT" 2)b IS A CONSTANT(OHMS/AMPj2)" 
720 PRINT" 3)L IS THE FIRST RESISTOR(PARAMETER IN HENRYS)" 
730 PRINT" 4)R IS THE SECOND RESISTOR" 
740 PRINT" 5)E IS THE BREAKER(PARAMETER IN VOLTS)" 
750 PRINT" 6)i IS A CONSTANT" 
760 PRINT 
770 PRINT "WHEN YOU ARE READY, HIT RETURN" 
780 INPUT Y.$ 
790 PAGE 
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PAGE NO: 57 

TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

800 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 IN IT 

110 REM*DAMPED HARMONIC OSCILLATOR ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 1250 
140 PAGE 
150 PRINT "WHICH APPROACH 00 YOU DESIRE:" 
160 PRINT" l-EULER'S METHOD" 
170 PRINT" 2-ADVANCED EULER'S METHOD" 
180 PRINT " 3-RUNGE KUTTA METHOD" 
190 PRINT 
200 PRINT" PLEASE ENTER 1,2, OR J" 
210 INPUT R 
220 IF R>3 OR R<l THEN 200 
230 GO TO R OF 240,610,880 
240 PAGE 
250 PRINT 
260 PRINT 
270 PRINT "ENTER THE MASS OF THE OBJECT(IN GRAMS)" 
280 INPUT M 

PAGE NO: 58 
ABSTRACT NO: 

51/00-5201/0 

290 PRINT "ENTER THE FORCE IMPOSED ON THE OBJECT(DYNES SEC./CM)" 
300 INPUT K 
310 PRINT "ENTER THE LENGTH OF THE RUN(IN SEC.)" 
320 INPUT C 
330 PRINT "ENTER THE DAMPING FORCE (DYNES SEC./CM)" 
340 INPUT XO 
350 PRINT "ENTER THE-INITIAL POSITION" 
360 INPUT VO 
370 PRINT "ENTER HOW YOU WISH TABLE PRINTED(0.1 SEC., 1 SEC. ,ETC)" 
380 INPUT D 
390 LET Xl =XO 
400 LET Vl=VO 
410 FOR T=O TO 2 STEP D 
420 LET Z1=Xl+Vl*D 
430 LET Z2=V1+(-C*V1/M-K*Xl/M)*D 
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PAGE NO: 59 

TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

440 LET X2=X1+0.5*(V1+Z2)*D 
450 LET V2=V1+O.5*(-C*V1/M-K*X1/M+(-C*Z2/M-K*Z1/M»*D 
460 LET X1=X2 
470 LET V1=V2 
480 NEXT T 
490 PRINT 
500 PRINT 
510 PRINT "AT T=2 SEC. TIlE DISPLACEMENT =";X1;" CM" 
520 PRINT 
530 PRINT" DO YOU WISH TO DO ANOTHER? YES OR NO "; 
540 INPUT E$ 
550 IF E$="YES" OR E$="Y" TIlEN 140 
560 IF E$="NO" OR E$="N" TIlEN 590 
570 PRINT "ANSWER YES OR NO!" 
580 GO TO 540 
590 FIND 15 
600 OLD 
610 PAGE 
620 PRINT "ENTER THE MASS OF TIlE OBJECT(IN GRAMS)" 
630 PRINT 
640 INPUT M 
650 PRINT "ENTER THE FORCE IMPOSED ON THE OBJECT (DYNES SEC.!CM)" 
660 INPUT K 
670 PRINT "ENTER THE LENGTH OF TIlE RUN(IN SEC.)" 
680 INPUT C 
690 PRINT "ENTER THE DAMPING FORCE (DYNES SEC.!CM)" 
700 INPUT XO 
710 PRINT "ENTER THE INITIAL POSITION" 
720 INPUT VO 
730 PRINT "ENTER HOW YOU WISH TABLE PRINTED(.1 SEC., 1 SEC. ,ETC)" 
740 INPUT D . 
750 LET X1=XO 
760 LET V1 =VO· 
770 PAGE 
780 PRINT "TIME","VELOCITY","POSITION" 
790 PRINT 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

800 FOR T=O TO 2 STEP D 
810 PRINT T,Vl,X1 
820 LET X2=Xl+Vl*D 
830 LET V2=V1+(-C*Vl/M-K*Xl/M)*D 
840 LET Xl=X2 
850 LET V1=V2 
860 NEXT T 
870 GO TO 520 
880 PAGE 
890 PRINT 
900 PRINT "ENTER THE MASS OF THE OBJECT(IN GRAMS)" 
910 INPUT M 

PAGE NO: 60 

ABSTRACT NO: 

51/00-5201/0 

920 PRINT "ENTER THE FORCE IMPOSED ON THE OBJECT(DYNES SEC./CM)" 
930 INPUT K 
940 PRINT "P'TER THE LENGTH OF THE RUN (IN SEC.)" 
950 INPUT C 
960 PR INT "ENTER THE DAMPING FORCE (DYNES SEC./ CM) " 
970 INPUT XO 
980 PRINT "ENTER THE INITIAL POSITION" 
990 INPUT VO 
1000 PR INT "ENTER HOW YOU WISH TABLE PR INTED (0. 1 SEC., 1 SEC., ECT)" 
1010 INPUT D 
1020 LET Xl=XO 
1030 LET V1=VO 
1040 PRINT 
1050 PAGE 
1060 PRINT "TIME","POSITION","ERROR" 
1070 FOR T=O TO 2 STEP D 
1080 LET W=SQR(99)/10 
1090 LET X=EXP(-T/l0)*(10*COS(W*T)+1/W*SIN(W*T» 
1100 PRINT T,Xl,-X 
1110 LET Kl=V1 
1120 LET L1=-C*Vl/M-K*Xl/M 
1130 LET K2=Vl+D*L1/2 
1140 LET L2=-C*(Vl+D*L1/2)/M-K*(X1+D*K1/2)/M 
1150 LET K3=V1+D*L2/2 
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PAGE NO: 61 

TITLE ABSTRACT NO: 

Chemistry and Physi cs 51/00- 5201/0 
Textbook Problems Adapted to 4051 BASIC 

1160 LET L3=-C*(V1+D*L2/2)/M-K*(X1+D*K2/2)/M 
1170 LET K4=V1+D*L3 
1180 LET L4=-C*(Vl+D*L3)/M-K*(X1+D*K3)/M 
1190 LET X2=X1+D*(K1+2*K2+2*K3+K4)/6 
1200 LET V2=V1+D*(Ll+2*L2+2*L3+L4)/6 
1210 LET X1=X2 
1220 LET V1=V2 
1230 NEXT T 
1240 GO TO 520 
1250 PRINT "nIlS PROGRAM SOLVES SECOND ORDER EQUATIONS, USING EITHER" 
1260 PRINT "EULERS METHOD, WHICH IS LEAST ACCURATE, nIE IMPROVED EULER" 
1270 PRINT "METHOD,WHICH IS BETTER, OR THE KUTTA METHOD, WHICH IS THE " 
1280 PRINT "BEST." 
1290 PRI " nIlS PROGRAM DETRMINES HOW FAST AND AT WHAT LOCATION AN " 
1300 PRINT "OBJECT WILL BE FROM ITS ORIGIN AT A GIVEN TIME(T)." 
1310 PRINT 
1320 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN." 
1330 INPUT Z$ 
1340 PAGE 
1350 RETURN 

000-6405-02 TEKTRONIX 4051 PROGRAM 



TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

PAGE NO: 62 
ABSTRACT NO: 

51/00- 5201/0 

110 REM * EIGENVALUES AND EIGENVECTORS **MICHAEL VOICA 

120 PAGE 
130 GOSUB 750 
140 PAGE 
150 INIT 
160 PRI "INPUT THE SIZE OF YOUR SQUARE MATRIX(ONLY ONE ENTRY REQUIRED)" 
170 INPUT N 
180 DIM A(N,N),B(N,N),X(N,l),Y(N,l) 
190 PRINT "JJ" 
200 PRINT "INPUT MATRIX A" 
210 INPUT A 
220 LET S=O 
230 LET Kl=O 
240 LET K2=Kl 
250 LET K3=K2 
260 LET K=l 
270 LET X=l 
280 LET Y=O 
290 LET B=O 
300 LET Y=A MPY X 
310 IF Y(N,l)=O THEN 330 
320 GO TO 340 
330 LET Y(N,1)=1.0E-3 
340 FOR 1=1 TO N-1 
350 LET Y(I,1)=Y(I,1)IY(N,1) 
360 NEXT I 
370 LET K3=K2 
380 LET K2=K1 
390 LET Kl=K 
400 LET K=Y(N, 1) 
410 LET Y(N, 1)=1 
420 IF ABS(K-K3)=0 THEN 450 
430 LET X=Y 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 GO TO 300 
450 IF S=1 THEN 580 
460 PAGE 
470 PRINT 
480 PRINT "ESTIMATE OF LARGEST EIGENVALUE IS ";K 
490 PRINT 
500 PRINT "CORRESPONDING EIGENVECTOR IS " 
510 FOR 1=1 TO N 
520 PRINT Y(I,1) 
530 NEXT I 
540 LET B=INV(A) 
550 LET A=B 
560 LET S=1 
570 GO TO 270 
580 PRINT 
590 PRINT 
600 PRINT "ESTIMATE OF SMALLEST EIGENVALUE IS "j1/K 
610 PRINT 
620 PRINT "CORRESPONDING EIGENVECTOR IS " 
630 FOR 1=1 TO N 
640 PRINT Y(I,1) 
650 NEXT I 
660 PRINT "JJ" 
670 PRINT "DO YOU WANT TO TRY AGAIN(YES OR NO)" 
680 INPUT S$ 
690 IF S$="YES" OR S$="Y" THEN 140 
700 IF S$="NO" OR S$="N" THEN 730 
710 PRINT "ANSWER YES OR NO!!!" 
720 GO TO 680 
730 FIND 15 
740 OLD 
750 PRINT "EIGENVALUES & EIGENVECTORS" 
760 PRINT "--------------------------,, 
770 PRINT "JJ" 

PAGE NO: 63 

ABSTRACT NO: 

51/00-5201/0 

780 PRINT "nUS PROGRAM TAKES A GIVEN MATRIX(A, WHICH YOU WILL INPUT)" 
790 PRINT "AND FINDS THE LARGEST AND SMALLEST EIGENVALUES AS WELL AS" 
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PAGE NO: 64 
TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

800 PRINT "THE CORRESPONDING EIGENVECTORS. THE PROGRAM USES THE" 
810 PRINT "ITERATIVE METHODS DEFINED IN EQUATIONS 8-3HPg. 175)" 
820 PRINT "AND 8-32(Pg.177). AS CRITERIA FOR CONVERGENCE, THE PROGRAM" 
830 PRINT "WILL SAY THAT IF THERE IS NO CHANGE IN FOUR SUCCESSIVE" 
840 PRINT "k AND g VALUES (SEE EQUATIONS 8-31, AND 8-32), THE PROCESS" 
850 PRINT "IS SAID TO CONVERGE." 
860 PRINT 
870 PRINT" BESIDES INPUTTING MATRIX A, YOU WILL ALSO BE ASKED TO" 
880 PRINT "INPUT THE SIZE OF MATRIX A. SINCE THIS MATRIX MUST BE A" 
890 PRINT "PERFECT SQUARE (eq:3x3,4x4,etc.), THE COMPUTER WILL ASK FOR" 
900 PRINT "ONLY ONE NUMBER (eq:FOR 3X3 INPUT 3). IF MORE THAN ONE" 
910 PRINT "NUMBER IS LOADED IN, EVERY NUMBER AFTER THE FIRST WILL BE" 
920 PRINT "LOADED IN MATRIX A." 
930 PRINT "JJ" 
940 PRINT "v.:HEN YOU ARE READY TO CONTINUE, HIT RETURN" 
950 INPUT G$ 
960 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM 

120 PAGE 
130 GOSUB 600 
140 PAGE 
150 INIT 

PAGE NO: 65 

ABSTRACT NO: 

51/00-5201/0 

160 PRINT "ENTER THE SIZE OF 1llE 2 DIMENSIONAL GRID(eq:8,8)" 
170 INPUT A7,A8 
180 DIM V(A7,A8) 
190 PRINT 
200 LET A6=A7*A8 
210 PRINT "INPUT YOUR "jA6j" VALUES FOR YOUR GRID." 
220 PRINT 
230 INPUT V 
240 LET K=O 
250 LET S=O 
260 FOR 1=2 TO A7-1 
270 FOR J=2 TO AB-1 
280 LET D=(V(I+1,J)+V(I,J+1)+V(I-1,J)+V(I,J-1)-4*V(1,J»/4 
290 LET S=S+ABS(D) 
300 LET V(I,J)=V(I,J)+D 
310 NEXT J 
320 NEXT I 
330 LET K=K+1 
340 IF S)2 THEN 250 
350 PAGE 
360 PRINT 
370 PRINT "TABLE OF VALUES OF 1llE ELECTROSTATIC POTENTIAL" 
380 PR INT "----------------------------------------------" 
390 PRINT 
400 FOR 1=1 TO A7 
410 FOR J=l TO A8 
420 PRINT USING 430:INT(V(I,J» 
430 IMAGE 3D,5X,S 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 NEXT J 
450 PRINT 
460 PRINT 
470 NEXT I 
480 PRINT 
490 PRINT 
500 PRINT 
510 PRINT "NUMBER OF PASSES FOR CONVERGENCE = ";K 
520 PRINT "DO YOU WISH TO TRY AGAIN(YES OR NO)" 
530 INPUT A$ 
540 IF A$="YES" OR A$="Y" 11IEN 140 
550 IF A$="NO" OR A$="N" WEN 580 
560 PRINT "PLEASE ANSWER YES OR NOli 
5-70 GO TO 530 
580 FIND 15 
590 OLD 
600 PRINT 
610 PRINT "ELECTROSTATIC POTENTIAL GRID" 
620 PRINT "----------------------------" 
630 PRINT 

PAGE NO· 66 

ABSTRACT NO: 

51/00-5201/0 

640 PRINT "THIS IS A PROGRAM THAT WORKS OUT AN ELECTROSTATIC POTENTIAL" 
650 PRINT "GRID, AS WELL AS STATING THE NUMBER OF PASSES THAT WERE " 
660 PRINT "REQUIRED IN THE CONVERGENCE. YOU WILL BE ASKED TO DIMENSION" 
670 PRINT "THE GRID TO THE SIZE YOU WANT, AND WILL THEN BE ASKED TO " 
680 PRINT "INPUT THE GRID VALUES." 
690 PRINT "THE MACHINE WILL ASK FOR INFORMATION AS IT IS REQUIRED." 
700 PRINT 
710 PRINT "NOTE:" 
720 PRINT " THIS PROGRAM CAN TAKE 90 SECONDS TO RUN AFTER INPUTTING" 
730 PRINT "THE GRID VALUES." 
740 PRINT 
750 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN" 
760 INPUT Y$ 
770 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM* FINITE DIFFERENCES ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 470 
140 PAGE 
150 INIT 
160 PRINT "INPUT THE NO. OF RUNS YOU WANT " 
170 INPUT N 
180 LET N=N+3 
190 DIM X(N) 
200 IF N)1 THEN 230 
210 PRINT "YOU MUST HAVE AT LEAST 1 RUN. " 
220 GO TO 170 
230 PAGE 
240 PRINT "FOR X=1 TO n;N-3 
250 PRINT 
260 PRINT 
270 PRINT 

PAGE NO: 67 
ABSTRACT NO: 

51/00-5201/0 

280 PRINT 11 SIN (X)" ," 1 st DIFF.", n 2nd DIFF."," 3rd DIFF." 
290 PRINT 
300 FOR 1=1 TO N 
310 LET X(I)=SIN(I/10) 
320 NEXT I 
330 FOR 1=1 TO N-3 
340 LET D1=X(I)-X(I+1) 
350 LET D2=X(I)-2*X(I+1)+X(I+2) 
360 LET D3=-X(I)+3*X(I+1)-3*X(I+2)+X(I+3) 
370 PRINT X(I),D1,D2,D3 
380 NEXT I 
390 PRINT 
400 PRINT" DO YOU WANT TO TRY ANOTHER? YES OR NO "; 
410 INPUT E$ 
420 IF E$="YES" OR E$=ny" WEN 140 
430 IF E$="NO" OR E$="N" WEN 450 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 PRINT" ANSWER YES OR NO !" 
450 FIND 15 
460 OLD 
470 PRINT 

PAGE NO: 68 

ABSTRACT NO: 

51/00-5201/0 

480 PRINT "THIS PROGRAM FINDS THE SIN(X) AND THE 1st, 2nd AND 3rd" 
490 PRINT "FORWARD DIFFERENCES. YOU WILL BE ALLOWED TO INPUT" 
500 PRINT "THE NUMBER OF LOOPS, WITH EACH LOOP INCREASING X BY 0.1." 
510 PRINT 
520 PRINT 
530 PRINT "WHEN YOU ARE READY, HIT RETURN." 
540 INPUT W$ 
550 PAGE 
560 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM* GREATEST COMMON DIVISOR ** MICHAEL VOICA 

120 PAGE 
130 PRINT "GREATEST COMMON DIVISOR " 
140 GOSUB 680 
150 LET N3=0 
160 PAGE 

PAGE NO: 69 

ABSTRACT NO: 

51/00-5201/0 

170 PRINT "INPUT THE AMOUNT OF NUMBERS THAT ARE GOING TO BE TESTED." 
180 INPUT N4 
190 DIM A(N4) 
200 PRINT 
210 PRINT 
220 PRINT "INPUT YOUR niN4;" VALUES" 
230 PRINT "ENTER FIRST VALUE, WEN HIT RETURN" 
240 LET N3=N3+1 
250 INPUT A(N3) 
260 IF N3>N4 THEN 320 
270 IF N3+1=N4 THEN 300 
280 PRINT "ENTER YOUR NEXT VALUE, AND HIT RETURN." 
290 GO TO 240 
300 PRINT "ENTER THE LAST VALUE, HIT RETURN AND WAIT." 
310 INPUT A(N4) 
320 PRINT 
330 FOR 14=1 TO 160000 
340 FOR 1=2 TO N4 
350 IF A( 1-1)<=A(I) THEN 370 
360 GO TO 390 
370 IF A(I-1»0 THEN 430 
380 GO TO 470 
390 LET C=A(I) 
400 LET A(I)=A(I-1) 
410 LET A(I-1)=C 
420 GO TO 370 
430 LET A(I)=A(I)-A(I-1) 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 NEXT I 
450 NEXT 14 
460 IF N4=2 AND A(1»0 THEN 520 
470 IF A(2»0 THEN 520 
480 LET A(2)=A(2)+1 
490 IF N4>2 THEN 510 
500 GO TO 520 
510 LET I=A(1)-A(2) 
520 IF N4>2 THEN 550 
530 PRINT A(2); 
540 GO TO 560 
550 PRINT A( 1 ) ; 

560 REM 

570 PRINT II IS THE GREATEST COMMON DIVISOR 
580 PRINT 
590 PRINT 

" 

600 PRINT "DO YOU WISH TO TRY AGAIN(YES OR NO)" 
610 INPUT G$ 
620 IF G$="YES" OR G$="Y" THEN 150 
630 IF G$="NO" OR G$="N" THEN 660 
640 PRINT "PLEASE ANSWER YES OR NO!" 
650 GO TO 610 
660 FIND 15 
670 OLD 
680 PRINT 

PAGE NO: 70 
ABSTRACT· NO: 

51/00-5201/0 

690 PRINT "THIS PROGRAM DETERMINES THE GREATEST COMMON DIVISOR FOR" 
700 PRINT "A SERIES OF NUMBERS. YOU WILL BE ASKED TO FIRST INPUT" 
710 PRINT "THE AMOUNT OF NUMBERS YOU WISH TO TEST, THEN THE NUMBERS" 

,720 PRINT "THEMSELVES. THE MACHINE WILL THEN RETURN THE GREATEST" 
730 PRINT "COMMON DIVISOR." 
740 PRINT 
750 PRINT 
760 PRINT "HIT RETURN WHEN YOU ARE READY TO CONTINUE." 
770 INPUT E$ 
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PAGE NO: 71 
TITLE ABSTRACT NO: 

(. 
Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

780 PAGE 
790 RETURN 
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PAGE NO' 72 
TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

" 

100 INIT 

110 REM ** INTEGRATING A TABULATED FUNCTION ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 540 
140 PRINT 
150 PRINT "ENTER THE NUMBER OF FIGURES WHICH YOU ARE GOING TO INPUT." 
160 INPUT H1 
170 PRINT 
180 PRINT 
190 DIM Y(H1) 
200 LET A=O 
210 LET B=O 
220 PRINT 
230 PRINT "INPUT YOUR NUMBERS." 
240 FOR 1=1 TO H1 
250 INPUT Y(I) 
260 NEXT I 
270 LET A=A+Y(1)+Y(2) 
280 LET B=B+Y(1 )+4*Y(2)+Y(H1) 
290 FOR 1=3 TO H1-1 STEP 2 
300 LET A:A+Y(I)+Y(I+1) 
310 LET B=B+2*Y(I)+4*Y(I+1) 
320 NEXT I 
330 LET Al:0.2*A 
340 LET B1=0.2*B/3 
350 PRINT 
360 PRINT 
370 PRINT "APPROXIMATIONS TO INTEGRAL n 
380 PRINT 
390 PRINT "RECTANGULAR: ";A1 
400 PRINT "PARABOLIC n;B1 
410 PRINT 
420 PRINT 
430 PRINT "DO YOU WISH TO TRY AGAIN(YES OR NO)" 
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TITLE 

Chern; s try an d Phys; cs 
Textbook Problems Adapted to 4051 BASIC 

440 INPUT R$ 
450 IF R$="YES" OR R$="Y" TIlEN 480 
460 IF R$="NO" OR R$="N" TIlEN 520 
470 GO TO 500 
480 PAGE 
490 GO TO 140 
500 PRINT "PLEASE ANSWER YES OR NO!" 
510 GO TO 440 
520 FIND 15 
530 OLD 
540 PRINT 

PAGE NO: 73 

ABSTRACT NO: 

51/00-5201/0 

550 PRINT" TIllS PROGRAM USES THE RECTANGULAR RULE (SEE PAGE 70) AND" 
560 PRINT "TIlE PARABOLIC RULE (SEE PAGE 73) IN ORDER TO EVALUATE THE" 
570 PRINT "INTEGRAL OF THE EQUATION ON PAGE 79. YOU WANT TO CCMPARE" 
580 PRINT "lWO APPROXIMATIONS. YOU WILL BE ASKED TO INPUT YOUR " 
590 PRINT "NUMBERS FOR THE EQUATIONS AS GIVEN." 
600 PRINT 
610 PRINT 
620 PRINT "NOTE:" 
630 PRINT" YOU MUST HAVE AT LEAST 9 NUMBERS." 
640 PRINT 
650 PRINT 
660 PRINT "WHEN YOU ARE READY, HIT RETURN." 
670 PRINT 
680 PRINT 
690 INPUT J$ 
700 PAGE 
710 RETURN 
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TITLE 

Chemistry and Physi cs 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM * INTERPOLATION ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 530 
140 PRINT 
150 PRINT "INPUT THE NO. OF LOOPS YOU DESIRE" 
160 INPUT D5 
170 IF D5>6 THEN 200 
180 PRINT "YOU MUST HAVE AT LEAST 7 LOOPS!" 
190 GO TO 160 
200 DIM V(D5) 
210 PAGE 
220 PRINT 
230 PRINT "THE INTERPOLATION TABLE IS:" 240 PRINT If ___________________________ " 

250 PRINT 
260 PRINT 
270 PRINT "TIME", "EXACT" ,"LINEAR" ,"QUADRATIC" 
280 PRINT "(SEC.)","SOLN.","APPROX","APPROX" 
290 PRINT 
300 FOR T=1 TO D5-1 
310 LET V(T)=10*EXP(-T/20) 
320 NEXT T 
330 FOR T=3 TO D5-4 STEP 2 
340 LET U=(V(T+1)-V(T-l»/2+V(T-l) 
350 LET A=(V(T+3)-2*V(T+1)+V(T-l»/4 
360 LET B=(V(T+3)-V(T-1»/4 
370 LET C=V(T+l) 
380 LET W=A-B+C 
390 PRINT T,V(T),U,W 
400 NEXT T 
410 PRINT 
420 PRINT 
430 PRINT "DO YOU WISH TO TRY AGAIN. (YES OR NO)" 

000-6405-02 

PAGE NO: 74 
ABSTRACT NO: 

51/00- 520 1/0 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 INPUT F$ 
450 IF F$="YES" OR F$="Y" THEN 490 
460 IF F$="NO" OR F$="N" THEN 510 
470 PRINT "PLEASE ANSWER YES OR NO!" 
480 GO TO 440 
490 PAGE 
500 GO TO 140 
510 FIND 15 
520 OLD 
530 PRINT 

PAGE NO· 75 

ABSTRACT NO: 

51/00-5201/0 

540 PRINT "THIS PROGRAM INTERPOLATES THE EQUATIONS ON PAGE 64." 
550 PRINT " YOU WILL NOT BE REQUIRED TO FURNISH ANY DATA EXCEPT" 
560 PRINT "FOR THE NUMBER OF NUHBERS YOU ARE GOING TO OUTPUT. THE" 
570 PRINT "CCt-1PUTER WILL 00 THE REST." 
580 PRINT 
590 PRINT "NOTE:" 
600 PRINT" YOU MUST HAVE AT LEAST SEVEN(7) LOOPS." 
610 PRINT 
620 PRINT 
630 PRINT "WHEN YOU ARE READY, HIT RETURN." 
640 INPUT J$ 
650 PAGE 
660 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM * LARGEST NUMBER ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 390 
140 PRINT 
150 PAGE 

PAGE NO: 76 
ABSTRACT NO: 

51/00- 5201/0 

160 PRINT "INPUT HOW MANY NUMBERS YOU INTEND TO INPUT" 
170 INPUT N 
180 DIM X(N) 
190 PRINT "INPUT YOUR "jNj" NUMBERS" 
200 FOR 1=1 TO N 
210 INPUT XCI) 
220 NEXT I 
230 LET L=X(l) 
240 FOR 1=2 TO N 
250 IF L>X(I) THEN 270 
260 LET L=X(I) 
270 NEXT I 
280 PRINT 
290 PRINT 
300 PRINT "GREATEST VALUE IS ";L 
310 PRINT "JJDO YOU WANT TO 00 ANOTHER? YES OR NO "; 
320 INPUT E$ 
330 IF E$="YES" OR E$="Y" THEN 150 
340 IF E$="NO" OR E$="N" THEN 370 
350 PRINT "ANSWER YES OR NO!" 
360 GO TO 320 
370 FIND 15 
380 OLD 
390 PRINT 
400 PRINT 
410 PRINT "THIS PRCXJRAM FINDS THE LARGEST OF A SERIES OF NUMBERS." 
420 PRINT "YOU WILL BE ALLOWED TO INPUT BOTH HOW MANY NUMBERS YOU WILL" 
430 PRINT "USE, AND WHAT THOSE NUMBERS ARE." 
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PAGE NO: 77 
TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

440 PRINT 
450 PRINT 
460 PRINT "WHEN YOU ARE READY,HIT RETURN." 
470 INPUT F$ 
480 PAG)' 
490 RETURN 
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TITLE 

Chemtstry and Phystcs 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM* LEAST SQUARES PROBLEM ** MICHAEL VOICA 

120 PAGE 
130 PRINT "LEAST SQUARES PROBLEM" 
140 PRINT "--------------------,, 
150 GOSUB 580 
160 PAGE 
170 PRINT 
180 PRINT 

.190 LET S1=0 
200 LET S2=0 
210 LET S3=0 
220 LET S4=0 
230 PRINT "INPUT THE NO. OF SETS OF DATA" 
240 PRINT 
250 INPUT N 
260 PRINT 
270 PRINT 

PAGE NO: 78 

ABSTRACT NO: 

51/00-5201/0 

280 PRINT "INPUT YOUR "jN;" SETS OF DATA, IN "iN;" PAIRS" 
290 PRINT "FIRST YOUR 'M' FACTOR, THEN YOUR 'B' FACTOR FOR THE EQUATION" 
300 PRINT "Y=MX+B" 
310 FOR 1=1 TO N 
320 INPUT X,Y 
330 LET S1=S1+X 
340 LET S2=S2+Y 
350 LET S3=S3+X*Y 
360 LET S4=S4+Xf2 
370 NEXT I 
380 LET S5=S 11'2 
390 LET S6=N*S4 
400 LET A=(S2*S4-S3*S1)/(S6-S5) 
410 LET B=(N*S3-S1*S2)/(S6-S5) 
420 PAGE 
430 PRINT "FOR "iN;" SETS OF DATA" 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 PRINT "TIlE LEAST SQUARES LINEAR" 
450 PRINT "EQUATION IS" 
460 PRINT 
470 PRINT "Y="jBj"X"j"+"jA 
480 PRINT 
490 PRINT 
500 PRINT "DO YOU WISH TO TRY AGAIN(YES OR NO)" 
510 INPUT B$ 
520 IF B$="YES" OR B$="Y" TIlEN 160 
530 IF B$="NO" OR B$="N" TIlEN 560 
540 PRINT "PLEASE ANSWER YES OR NO" 
550 GO TO 510 
560 FIND 15 
570 OLD 
580 PRINT 
590 PRINT 

PAGE NO: 79 

ABSTRACT NO: 

51/00-5201/0 

600 PRINT "TIllS PROGRAM SOLVES A SERIES OF LEAST SQUARES EQUATIONS" 
610 PRINT "YOU WILL FIRST BE ASKED TO INPUT THE NO. OF EQUATIONS" 
620 PRINT "TO BE USED(IN THE FORM OF Y:MX+B, YOU INPUT X AND B)" 
630 PRINT "AND THEN INPUT THE POINTS." 
640 PRINT 
650 PRINT 
660 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN." 
670 INPUT H$ 
680 PAGE 
690 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM* LORENZ CONTRACTION ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 470 
140 PRINT 
150 PRINT 
160 PRINT 

PAGE NO: 80 

ABSTRACT NO: 

51/00-5201/0 

170 PRINT "INPUT YOUR TIME(T=O IS STARTING,NO. MUST BE SMALLER THAN 1)" 
180 INPUT B 
190 IF B=)1 THEN 170 
200 PRINT "INPUT YOUR FINISHED TIME(MUST BE SMALLER THAN 1)" 
210 INPUT S 
220 IF S=) 1 '.LHEN 200 
230 PRINT "INPUT INTERVAL FOR TABLE(MUST BE SMALLER THAN 1)" 
240 INPUT L1 
250 IF L1=)1 THEN 230 
260 LET L=L 1 
270 GOSUB 690 
280 PRINT" VIC"," L/LO" 
290 FOR I=B TO L STEP S 
300 LET X=SQR(1-I*I) 
310 PRINT I,X 
320 NEXT I 
330 IF L=0.99 THEN 390 
340 PRINT L 
350 LET B=L+S/10 
360 LET S=S/10 
370 LET L=L+L/10 
380 GO TO 290 
390 PRINT "DO YOU WISH TO TRY AGAIN."; 
400 PRINT "PLEASE ANSWER YES OR NO" 
410 INPUT S$ 
420 IF S$="YES" OR S$="Y" THEN 170 
430 IF S$="NO" OR S$="N" THEN 450 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 GO TO 400 
450 FIND 15 
460 OLD 
470 PRINT 
480 PRINT 
490 PRINT "LORENZ CONTRACTION" 
500 PRINT "------------------" 
510 PRINT 
520 PRINT 

PAGE NO: 81 

ABSTRACT NO: . 

51/00-5201/0 

530 PRINT "lliE LORENZ CONTRACTION INDICATES THAT A BODY OF LENGTH Lo" 
540 PRINT "MEASURED IN A REFERENCE FRAME AT REST WILL HAVE LENGTH L" 
550 PRINT "WHEN MOVING WITH A CONSTANT VELOCITY V IN A DIRECTION" 
560 PRINT "ALONG ITS OWN LENGTH, AS MEASURED BY AN OBSERVER AT REST." 
570 PRINT "lliE VALUE L IS GIVEN IS:" 
580 PRINT" L=Lo*SQR(1-(Vr2/CT2»" 
590 PRINT 
600 PRINT "YOU WILL BE ASKED TO INPUT VALUES FOR STARTING TIME," 
610 PRINT "ENDING TIME, AND INTERVAL BE1WEEN PRINTOUTS(IN SEC.)" 
620 PRINT "lliESE VALUES WILL BE USED TO DETERMINE Lo,V,AND CIt 
630 PRINT 
640 PRINT 
650 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN." 
660 INPUT U$ 
670 PAGE 
680 RETURN 
690 PAGE 
700 PRINT 
710 PRINT" YOUR TABLE IS AS FOLLOWS,WITH:" 
720 PRINT" 1-V=VELOCITY" 
730 PRINT " 2-L=LENGTH" 
740 PRINT " 3-C=YOUR OBSERVATION POINT" 
750 PRINT II 4-Lo=LENGTH AT REST" 
760 PRINT 
770 PRINT 
780 RETURN 
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PAGE NO: 82 

TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM * INVERSE, TRANSPOSE OF A MATRIX (Pg. 163) ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 530 
140 PAGE 
150 PRINT 
160 PRINT "INPUT YOUR MATRIX SIZE{eq:3,3 = 3X3)'1 
170 INPUT H 
180 INPUT S 
190 DIM A(H,S),B(H,S),C(H,S),I(H,S) 
200 PRINT "J"," INPUT YOUR MATRIX, NO LARGER THAN 15 X 15" 
210 PRINT "INPUTTING EACH NO. BY ROWS., ONE AT A TIME" 
220 PRINT "JJ" 
230 FOR T=1TO H 
240 FOR Y=1 TO S 
250 INPUT A(T,Y) 
260 NEXT Y 
270 NEXT T 
280 LET B=INV{A) 
290 PAGE 
300 PRINT "INVERSE OF A IS:" 
310 PRINT 
320 PRINT B; 
330 LET C=TRN{A) 
340 PRINT 
350 PRINT 
360 PRINT "THE TRANSPOSE IS" 
370 PRINT 
380 PRINT C 
390 PRINT 
400 PRINT 
410 LET I=A MPY B 
420 PRINT "A*TRANSPOSE{A) IS .11 

430 PRINT I 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 PRINT 
450 PRINT "DO YOU WISH TO TRY ANOTHER(YES OR NO)" 
460 INPUT A$ 
470 IF A$="YES" OR A$="Y" WEN 140 
480 IF A$="NO" OR A$="N" WEN 510 
490 PRINT "PLEASE ANSWER YES OR NO." 
500 GO TO 460 
510 FIND 15 
520 OLD 
530 PRINT 
540 PRINT "THIS PROGRAM CALCULATES THE FOLLOWING:" 
550 PRINT" 1-INVERSE OF A GIVEN MATRIX" 
560 PRINT " 2-TRANSPOSE OF mAT MATRIX" 
570 PRINT " 3-MATRIX MULTIPLIED BY ITS INVERSE" 
580 PRINT 

PAGE NO: 83 

ABSTRACT NO: 

51/00-5201/0 

590 PRINT "YOU WILL BE REQUIRED TO INPUT THE MATRIX SIZE(eq: 3, 3=3X3)'1 
600 PRINT "AS WELL AS THE MEMBERS OF THE MATRIX(BY RCMS)" 
610 PRINT 
620 PRINT 
630 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN" 
640 INPUT J$ 
650 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM * MATRIX MATH (Pg.162) ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 490 
140 PAGE 
150 PRINT 

PAGE NO: 84 

ABSTRACT NO: 

51/00-5201/0 

160 PRINT "INPUT THE DIMENSIONS OF YOUR MATRIX(eq:3,3=3X3)" 
170 INPUT V, F 
180 DIM A(V,F),B(V,F),C(V,F) 
190 PRI "INPUT YOUR FIRST MATRIX,BY ROWS(YOU MUST INPUT "iV*Fi" NUMBERS" 
200 PRINT 
210 INPUT A 
220 PRINT 
230 PRI "INPUT THE SECOND MATRIX,BY ROWS(YOU MUST INPUT "iV*Fi" NUMBERS" 
240 PRINT 
250 INPUT B ./--
~O~~ ~ 
270 PRINT 
280 LET C=A+B 
290 PRINT "MATRIX A + MATRIX B=" 
300 PRINT C 
310 PRINT 
320 PRINT 
330 PRINT "MATRIX A - MATRIX B=" 
340 LET C=A-B 
350 PRINT C 
360 PRINT 
370 PRINT 
380 PRINT "MATRIX A * MATRIX B=" 
390 LET C=A MPY B 
400 PRINT C 
410 PRINT "DO YOU WISH TO TRY AGAIN(YES OR NO)" 
420 INPUT Q$ 
430 IF Q$="YES" OR Q$="Y" THEN 140 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 IF Q$="NO" OR Q$="N" THEN 470 
450 PRINT "PLEASE ANSWER YES OR NO." 
460 GO TO 420 
470 FIND 15 
480 OLD 
490 PRINT 
500 PRINT 
510 PRINT "THIS PROGRAM CALCULATES THE FOLLOWING:" 
520 PRINT" 1-ADDS 2 MATRICES" 
530 PRINT " 2-SUBTRACTS TWO MATRICES" 
540 PRINT " 3-MULTIPLIES TWO MATRICES" 
550 PRINT 

PAGE NO: 85 

ABSTRACT NO: 

51/00-5201/0 

560 PRINT "YOU WILL BE REQUIRED TO SPECIFY THE MATRIX SIZE(eq:3,3=3x3)" 
570 PRINT "AND THE MATRICES THEMSELVES, INPUTTING BY RCWS" 
580 PRINT 
590 PRINT "NOTE:" 
600 PRINT" YOU MUST INPUT THE ENTIRE ARRAY. IF YOU DIMENSION THE" 
610 PRINT "ARRAY 3X3, YOU MUST INPUT 9 NUMBERS" 
620 PRINT 
630 PRINT 
640 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN" 
650 INPUT B$ 
660 PAGE 
670 RETURN 
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PAGE NO: 86 

TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

100 IN IT 

110 REM * MEAN AND STAND. DEVIATION(Pg. 219)** MICHAEL VOICA 

120 PAGE 
130 GOSUB lt30 
140 PAGE 
150 LET N=O 
160 LET S1=0 
170 LET S2=0 
180 PRINT "INPUT YOUR VALUES." 
190 PRINT "REMEr-1BER, FOR NUMBERS OVER 1000 USE FLOATING POINT" 
200 PRINT "WHEN YOU ARE THROUGH ENTER 9999" 
210 INPUT X 
220 IF X=9999 THEN 270 
230 LET N=N+1 
240 LET S1=Sl+X 
250 LET S2=S2+X*X 
260 GO TO 210 
270 LET M=S1/N 
280 LET S=SQR«N*S2-S1*S1)/(N*(N-1») 
290 LET P=0.6745*S 
300 PAGE 
310 PRINT "JJJJJJJJJJJJJJ" 
320 PRINT" MEAN= ";Mj"J" 
330 PRINT" STANDARD DEVIATION="jSj"!!." 
340 PRINT" POSSIBLE ERROR="jP;"JJJJJ" 
350 PRINT "DO YOU WANT TO 00 ANOTHER? YES OR NO "; 
360 INPUT E$ 
370 IF E$="YES" OR E$="Y" THEN 140 
380 IF E$="NO" OR E$="N" THEN 410 
390 PRINT " ANSWER YES OR NO " 
400 GO TO 360 
410 FIND 15 
420 OLD 
430 PRINT 
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PAGE NO· 87 

TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

440 PRINT 
450 PRINT" THIS PROGRAM DETERMINES THE MEAN AND STANDARD DEVIATION" 
460 PRINT "FOR A SERIES OF NUMBERS, WHICH YOU INPUT" 
470 PRINT "YOU ARE ALLOWED TO INPUT AN UNLIMITED AMOUNT OF NUMBERS" 
480 PRINT "UP TO 1000. IF YOUR NUMBER IS LARGER, USE FLOATING POINT" 
490 PRINT "(eg:1.23E05=123000)" 
500 PRINT "WHEN YOU HAVE INPUT ALL YOUR NUMBERS, INPUT 
510 PRINT "THE VALUE 9999." 
520 PRINT 
530 PRINT 
540 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN" 
550 INPUT B$ 
560 PAGE 
570 RETURN 

" 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

.. 

100 INIT 

110 REM* MONTE CARLO INTEGRATION ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 460 
140 PAGE 
150 PRINT 
160 PRINT 
170 PRINT "PLEASE STAND BY." 
180 PRINT 
190 PRINT 
200 LET C=O 
210 FOR N=1 TO 10000 
220 IF N<>2500 OR N<>1500 THEN 260 
230 PRINT "PLEASE WAIT."jN/10000j"% DONE." 

·240 PRINT 
250 PRINT 
260 LET R=RND(-1) 
210 LET S=RND(-1) 
280 IF S<=SQR(1-Rj2) THEN 300 
290 GO TO 310 
300 LET C=C+1 
310 NEXT N 
320 PRINT "ACTUAL VALUE IS 0.185821" 
330 PRINT 
340 PRINT 
350 PRINT "MONTE CARLO ESTIMATE" 
360 PRINT "OF INTREGRAL="jC/N 
310 PRINT 
380 PRINT "DO YOU WISH TO TRY AGAIN(YES OR NO)" 
390 INPUT N$ 
400 IF N$="YES" OR N$="Y" THEN 140 
410 IF N$="NO" OR N$="N" THEN 440 
420 PRINT "PLEASE ANSWER YES OR NO!!!" 
430 GO TO 390 

000-6405-02 
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ABSTRACT NO: 

51/00-5201/0 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 FIND 15 
450 OLD 
460 PRINT 
470 PRINT "MONTE CARLO INTEGRATION" 
480 PRINT "-----------------------,, 
490 PRINT 
500 PRINT 

PAGE NO: 89 

ABSTRACT NO: 

51/00-5201/0 

510 PRINT "TIllS PROGRAM INTEGRATES A SIMPLE FUNCTION WHICH HAS A KNOWN" 
520 PRINT "VALUE TO PERMIT US TO C(}1PARE THE NUMERICAL ESTIMATE WITH" 
530 PRINT "TIlE EXACT VALUE. IN THIS CASE THE EXACT VALUE IS "; 
540 GOSUB 620 
550 PRINT "/4" 
560 PRINT "OR 0.785398. TIlE EQUATION IS ON PAGE 92." 
570 PRINT 
580 PRINT 
590 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN." 
600 INPUT Z$ 
610 RETURN 
620 MOVE 87.04,80 
630 RMOVE 0,1 
640 RDRAW 3,0 
650 RMOVE -2,0 
660 RDRAW 0,-2 
670 RMOVE 1,2 
680 RDRAW 0,-2 
690 RMOVE 1, 0 
700 RETURN 
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PAGE NO: 90 

TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM * LAPLACE'S EQUATION ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 510 
140 LET U=O 
150 FOR N=l TO 100 
160 LET X=3 
170 LET Y=3 
180 LET R=RND(-1) 
190 LET S=RND (-1) 
200 IF R<=0.5 THEN 230 
210 IF S<=0.5 THEN 280 
220 GO TO 300 
230 IF S<=0.5 THEN 260 
240 LET X=X-l 
250 GO TO 310 
260 LET X=X+l 
270 GO TO 310 
280 LET Y=Y+l 
290 GO TO 310 
300 LET Y=Y-1 
310 IF X=1 THEN 360 
320 IF Y=6 THEN 360 
330 IF Y=1 THEN 370 
340 IF X=6 THEN 370 
350 GO TO 180 
360 LET U=U+100 
370 NEXT N 
380 PRINT 
390 PRINT "ESTIMATE OF SOLUTION " 
400 PRINT "AT POINT 3,3 IS "jU/100 
410 PRINT 
420 PRINT 
430 PRINT "DO YOU WANT TO TRY AGAIN(YES OR NO)" 

I 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 INPUT L$ 
450 IF L$="YES" OR L$="Y" TIlEN 140 
460 IF L$="NO" OR L$="N" TIlEN 490 
410 PRINT "PLEASE ANSWER YES OR NO" 
480 GO TO 440 
490 FIND 15 
500 OLD 
510 PRINT 
520 PRINT "LAPLACE'S EQUATION" 
530 PRINT "------------------,, 
540 PRINT 
550 PRINT 

PAGE NO: 91 

ABSTRACT NO: 

51/00-5201/0 

560 PRINT "TIllS PROGRAM DETERMINES !HE POTENTIAL FUNCTION AT A POINT" 
510 PRINT "GIVEN AT 3,3. SINCE THE BOUNDRIES ARE FOUR STEPS AWAY, ABOUT" 
580 PRINT "EIGHT STEPS WILL BE REQUIRED TO TERMINATE EACH WALK." 
590 PRINT "NO INPUT ON YOUR PART IS REQUIRED." 
600 PRINT 
610 PRINT 
620 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN." 
630 INPUT G$ 
640 PAGE 
650 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 
110 PAGE 

120 REM 

130 GOSUB 590 
140 PAGE 
150 PRINT 
160 PRINT "ENTER THE MASS OF THE OBJECT(IN GRAMS)" 
170 INPUT M 

PAGE NO: 92 

ABSTRACT NO: 

51/00- 5201/0 

180 PRINT "ENTER THE FORCE IMPOSED ON THE OBJECT(DYNES SEC./CM)" 
190 INPUT K 
200 PR INT "ENTER THE LENGTH OF THE RUN (IN SEC.)" 
210 INPUT C 
220 PRINT "ENTER THE DAMPING FORCE (DYNES SEC./CM)" 
230 INPUT XO 
240 PRINT "ENTER THE INITIAL POSITION" 
250 INPUT VO 
260 PRINT "ENTER HOW YOU WISH TABLE PRINTED(O.l SEC., 1 SEC.,ETC)" 
270 INPUT D 
280 LET Xl=XO 
290 LET Vl ::VO 
300 PRINT 
310 PAGE 
320 PRINT "TIME","POSITION","ERROR" 
330 FOR T=O TO 2 STEP D 
340 LET W=SQR(99)/l0 
350 LET X=EXP(-T/l0)*(10*COS(W*T)+1/W*SIN(W*T» 
360 PRINT T,Xl,Xl-X 
370 LET K1=Vl 
380 LET Ll=-C*V1/M-K*Xl/M 
390 LET K2=Vl+D*L1/2 
400 LET L2=-C*(Vl+D*L1/2)/M-K*(Xl+D*K1/2)/M 
410 LET K3=Vl+D*L2/2 
420 LET L3=-C*(Vl+D*L2/2)/M-K*(Xl+D*K2/2)/M 
430 LET K4=Vl+D*L3 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 LET L4=-C*(V1+D*L3)/M-K*(X1+D*K3)/M 
450 LET X2=X1+D*(K1+2*K2+2*K3+K4)/6 
460 LET V2=V1+D*(L1+2*L2+2*L3+L4)/6 
470 LET X1=X2 
480 LET V1=V2 
490 NEXT T 
500 PRINT "JJ" 
510 PRINT "DO YOU WISH TO TRY AGAIN." 
520 INPUT Q$ 
530 IF Q$="YES" OR Q$="Y" THEN 130 
540 IF Q$="NO" OR Q$="N" THEN 570 
550 PRINT "PLEASE ANSWER YES OR NO." 
560 GO TO 520 
570 FIND 15 
580 OLD 
590 PRINT 

PAGE NO: 93 

ABSTRACT NO: 

51/00-5201/0 

600 PRINT " THIS PROGRAM USES THE EULER'S METHOD TO SIMULATE A" 
610 PRINT "DAMPED HARMONIC OSCILLATOR(SEE PAGES 108-110)." 
620 PRINT 
630 PRINT "YOU WILL BE ASKED TO INPUT THE FOLLOWING:" 
640 PRINT 
650 PRINT " 
660 PRINT " 
670 PRINT " 
680 PRINT " 
690 PRINT " 
700 PRINT " 
710 PRINT "JJ" 

1-MASS OF THE OBJECT(GRAMS)" 
2-DAMPING FORCE (DYNES SEC/CM)" 
3-FORCE IMPOSED ON THE OBJECT(DYNES SEC./CM.)" 
4-LENGTH OF THE RUN(SEC.)" 
5-INITIAL POSITION" 
6-INTERVAL FOR PRINTOUT (SEC. )" 

720 PRINT "WHEN YOU ARE READY TO CONTINUE , HIT RETURN" 
730 INPUT H$ 
740 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM * PARTICLE DIFFUSION ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 480 
140 PAGE 
150 PRINT 
160 PRINT " PARTICLE DIFFUSION" 
170 PRINT 
180 PRINT 
190 LET C=O 
200 PRINT 
210 PRINT "INPUT THE NUMBER OF TRIALS YOU DESIRE. II 
220 INPUT N 
230 PRINT 
240 PRINT 
250 FOR 1=1 TO N 
260 LET x=o 
270 LET R=RND(-1) 
280 IF R>0.5 THEN 310 
290 LET X=X-l 
300 GO TO 320 
310 LET X=X+1 
320 IF X>10 THEN 340 
330 IF X<O THEN 350 
340 LET C=C+1 
350 NEXT I 
360 PRINT "BASED ON ";N;" TRIALS" 
370 PRINT "PROBABILITY OF A PENETRATION =";C/N 
380 PRINT 
390 PRINT 
400 PRINT "DO YOU WISH TO TRY AGAIN(YES OR NO)" 
410 INPUT X$ 
420 IF X$="YES" OR X$="Y" THEN 140 
430 IF X$="NO" OR X$="N" THEN 460 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

4!J0 PRINT "PLEASE ANSWER YES OR NO." 
450 GO TO 410 
!J60 FIND 15 
470 OLD 
!J80 PRINT 
490 PRINT 

PAGE NO: 95 

ABSTRACT NO: 

51/00-5201/0 

500 PRINT "THIS PROGRAM WILL GIVE YOU THE PROBABILITY OF A " 
510 PRINT "NEUTRON DIFFUSION TAKING PLACE. THE PROGRAM PRINTS OUT" 
520 PRINT "WHAT PORTION OF THE NEUTRONS PENETRATED, WHILE YOU INPUT" 
530 PRINT "THE AMOUNT OF TRIAL') YOU DESIRE." 
540 PRINT 
550 PRINT 
560 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN" 
570 INPUT U$ 
580 PAGE 
590 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM * PENDULUM(Pg.278) ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 420 
140 PAGE 
150 GOSUB 620 
160 PRINT "TIME"," ANGLE"," ANGULAR VELOCITY" 
170 PRINT 
180 LET Y=980/L 
190 LET A1=AO 
200 LET W1=WO 
210 LET C=50 
220 FOR 1=0 TO 2 STEP D 
230 IF C=>50 THEN 260 
240 LET C=C+1 
250 GO TO 280 
260 PRINT T,A1,W1 
270 LET C=1 
280 LET A2=A1+W1*D 
290 LET W2=W1-Y*SIN(A1)*D 
300 LET A1=A2 
310 LET W1=W2 
320 NEXT T 
330 PRINT 
340 PRINT 
350 PRINT "DO YOU WISH TO TRY AGAIN(YES OR NO)" 
360 INPUT M$ 
370 IF M$="YES" OR M$="Y" THEN 140 
380 IF M$="NO" OR M$="N" nIEN 400 
390 GO TO 350 
400 FIND 15 
410 OLD 
420 PRINT 
430 PRINT 
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PAGE NO: 97 
TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

440 PRINT "THIS PRCX:;RAM TAKES AN UNDAMPED SIMPLE PENDULUM, AND USING" 
450 PRINT "THE EQUATION OF MOTION(Pg. 122) WE WILL BE ABLE TO DESCRIBE" 
460 PRINT "THE MOTION." 
470 PRINT "YOU WILL INPUT THE FOLLOWING:" 
480 PRINT" l-PENDULUM LENGTH(L)" 
490 PRINT" 2-PENDULUM MASS(M)" 
500 PRINT" 3-ACCELERATION OF GRAVITY(G)" 
510 PRINT" 4-ANGLE OF DISPLACEMENT(THETA)" 
520 PRINT 
530 PRINT 
540 PRINT "YOU WILL ALSO BE ASKED TO INPUT A TIME INCREMENT(eq:EVERY" 
550 PRINT "0.1 OF A SECOND)" 
560 PRINT 
570 PRINT 
580 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN" 
590 INPUT H$ 
600 PAGE 
610 RETURN 
620 PRINT 
630 PRINT 
640 PRINT "INPUT THE ANGLE OF DISPLACEMENT(THETA)" 
650 INPUT AO 
660 PRINT 
670 PRINT "INPUT THE TIME(T)" 
680 INPUT WO 
690 PRINT 
700 PRINT "INPUT THE LENGTH(L)" 
710 INPUT L 
720 PRINT 
730 PRINT "INPUT THE ACCELERATION OF GRAVITY(G)" 
740 INPUT D 
750 PAGE 
760 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM* POTENTIAL MAP ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 640 
140 PAGE 
141 IN1T 
150 PRINT "nus IS A POTENTIAL MAP" 
160 PRINT 
no PRINT 
180 PRINT "INPUT THE NUMBER OF LOOPS{T)" 
190 INPUT N 
200 DIM X(N),Y(N),Q(N) 
210 GOSUB 780 
220 FOR 1=1 TO N 
230 INPUT X(I),Y(I),Q(I) 
240 NEXT I 
250 PAGE 
260 PRINT" "," 
270 PRINT 
280 PRINT 

POTENTIAL MAP" 

290 FOR V=4 TO -4 STEP -1 
300 FOR U=-4 TO 4 
310 LET A=O 
320 FOR 1=1 TO N 
330 IF X(I)=U THEN 350 
340 GO TO 430 
350 IF Y(I)=V THEN 370 
360 GO TO 430 
370 LET A=1 
380 IF Q(I)=>O THEN 400 
390 GO TO 420 
400 PRINT "+ 
410 GO TO 430 
420 PRINT "-

000·6405·02 

II. , 
n. , 

PAGE NO: 98 

ABSTRACT NO: 

51/00-5201/0 

C:~' 
- ,,;! 

TEKTRONIX 4051 PROGRAM 



(-

f-

PAGE NO: 99 

TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

430 NEXT I 
440 IF A=1 THEN 510 
450 LET P=O 
460 FOR 1=1 TO N 
470 LET P=P+Q(I)/SQR«U-X(I»i2+(V-Y(I»i2) 
480 NEXT I 
490 PRINT USING 500:INT(P) 
500 IMAGE 4D.1D,1X,S 
510 NEXT U 
520 PRINT 
530 PRINT 
540 NEXT V 
550 PRINT "JJ" 
560 PRINT "DO YOU WANT TO TRY AGAIN(YES OR NO)" 
570 INPUT E$ 
580 IF E$="YES" OR E$="Y" THEN 140 
590 IF E$="NO" OR E$="E" THEN 620 
600 PRINT "PLEASE ANSWER YES OR NO." 
610 GO TO 570 
620 FIND 15 
630 OLD 
640 PRINT 
650 PRINT 
660 PRINT "THIS PROGRAM PRINTS A POTENTIAL MAP FROM A CHARGE" 
670 PRINT "DISTRIBUTION. IT SHOWS THE POTENTIAL OF ALL UNOCCUPIED" 
680 PRINT "SQUARES AS HAVING A CHARGE." 
690 PRINT "YOU WILL BE ASKED TO INPUT THE FOLLOWING:" 
700 PRINT" 1-THE NUMBER OF TRIALc)(T)" 
710 PRINT" 2-THE X,Y,AND Z COORDINATES FROM A SYSTEM(X,Y,Z)" 
720 PRINT 
730 PRINT 
740 PRINT "WHEN YOU ARE READY TO CONTINUE,HIT RETURN" 
750 INPUT V$ 
760 PAGE 
770 RETURN 
780 PRINT 
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TITLE ABSTRACT NO: 

Chemi stry and Physics· 51/00-5201/0 
Textbook Problems Adapted to 4051 Basic 

790 PRINT "INPUT YOUR VALUES FOR EACH RUN,FIRST YOUR X COORDINATE," 
800 PRINT "lliEN YOUR Y COORDINATE, AND FINALLY YOUR Z COORDINATE." 
810 PRINT "eq:3,5.2,0" 
820 PRINT 
830 PRINT "lliESE ARE YOUR X,Y,Z VALUES" 
840 PRINT "YOU Iv1UST INPUT ONE SET OF 3 FOR EACH TRIAL." 
850 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM * PROBABILTY INTEGRAL ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 350 
140 PAGE 
150 PRINT 
160 PRINT "ENTER YOUR ERROR FUNCTION" 
170 INPUT D 
180 LET A=O 
190DEF FNA(X)=EXP(-Xj2)/2 
200 LET A=A+FNA(O)+FNA(l) 
210 FOR X=D TO l-D STEP D 
220 LET A=A+2*FNA(0.732658) 
230 NEXT X 

PAGE NO: 101 
ABSTRACT NO: 

51/00-5201/0 

240 PRINT "!HE VALUE OF !HE INTEGRAL="jO.398942*A*D/2 
250 PRINT 
260 PRINT 
270 PRINT "DO YOU WISH TO TRY ANOTHER RUN (YES OR NO)" 
280 INPUT S$ 
290 IF S$="YES" OR S$="Y" !HEN 140 
300 IF S$="NO" OR S$="N" !HEN 330 
310 PRINT "PLEASE ANSWER YES OR NO" 
320 GO TO 280 
330 FIND 15 
340 OLD 
350 PRINT 
360 PRINT 
370 PRINT "!HIS PROGRAM EXAMINES THE NORMAL PROBABLITY INTEGRAL" 
380 PRINT "FOR THE EQUATION ON PAGE 73.YOU WILL BE ASKED TO INPUT ONLY" 
390 PRINT "!HE CHANGE IN X, WHICH IS THE ERROR FUNCTION." 
400 PRINT 
410 PRINT 
420 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN." 
430 INPUT V$ 
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PAGE NO: 102 
TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Prqblems Adapted to 4051 BASIC 

440 PAGE 
450 RETURN 

c 
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TITLE 

Chemistry and Physics 
Textbook Prob1ems Adapted to 4051 BASIC 

100 INIT 

110 REM* PROJECTILE MOTION II MICHAEL VOICA 

120 PAGE 
130 GOSUB 440 
140 PRINT "PROJECTILE MOTION." 
150 PRINT 
160 PRINT 
170 PRINT "INPUT YOUR INITIAL SPEED(VO)" 
180 INPUT VO 
190 PRINT 

PAGE NO: 103 

ABSTRACT NO: 

51/00-5201/0 

200 PRINT "INPUT YOUR ANGLE AT TIME OF FIRING(THETA)" 
210 INPUT A 
220 PAGE 
230 GOSUB 580 
240 PRINT "TABLE" 
250 PRINT 
260 PRINT 
270 PRINT " T"," VX" ," VY" ," V" 
280 PRINT 
290 FOR T=O TO 10 
300 LET V1=VO*COS(A) 
310 LET V2=VO*SIN(A)-32.2*T 
320 LET V=SQR(V1T2+V2T2) 
330 PRINT T,V1,V2,V 
340 NEXT T 
350 PRINT "JJ" 
360 PRINT "DO YOU WANT TO TRY AGAIN(YES OR NO)" 
370 INPUT A$ 
380 IF A$="YES" OR A$="Y" THEN 140 
390 IF A$="NO" OR A$="N" THEN 420 
400 PRINT "PLEASE ANSWER YES OR NO!" 
410 GO TO 370 
420 FIND 15 
430 OLD 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 PRINT 
450 PRINT "PROJECTILE MOTION" 
460 PRINT "-----------------JJ" 

PAGE NO: 104 
ABSTRACT NO: 

51/00-5201/0 

470 PRINT "THIS PROGRAM SIMULATES THE FIRING OF A PROJECTILE INTO THE" 
480 PRI "AIR AT AN INITIAL SPEED OF VO AT AN ANGLE THETA WITH RESPECT" 
490 PRINT "TO THE HORIZONTAL, AND DETERMINES ITS SUBSEQUENT MOTION." 
500 PRINT "YOU WILL BE ASKED TO INPUT BOTH THE INITIAL SPEED(VO) AND" 
510 PRINT "TIlE ANGLE (THETA) , AND THE COMPUTER WILL CALCULATE THE REST" 
520 PRINT "AND PRINT A TABLE RUNNING TO 10 SECONDS." 
530 PRINT "JJ" 
540 PRINT "WHEN YOU ARE READY TO CONTINUE HIT RETURN" 
550 INPUT K$ 
560 PAGE 
570 RETURN 
580 PRINT 
590 PRINT "VX=VO*COS(THETA)" 
600 PRINT "VY=VO*SIN(THETA)-GRAVITATIONAL PULL" 
610 PRINT "V=«VX1'2)+(VYi2) )fa. 5JJ" 
620 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM * RADIANCY INTEGRAL ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 400 
140 PAGE 

PAGE NO: 105 
ABSTRACT NO: 

51/00-5201/0 

150 PRINT "ENTER THE WIDTH OF EACH WAVELENGTH(TWO INPUTS(A & B»" 
160 INPUT L1,L2 
170 PRINT "INPUT THE NUMBER OF STRIPS«C) ,CAN NOT EQUAL 0)" 
180 INPUT N 
190 PRINT "INPUT T1-: BLACK BODY RADIATOR TEMPERATURE(IN DEGREES K)(T)" 
200 INPUT T 
210 LET D=(L2-L1)/N 
220 PRINT "JJJJJJJJJJ" 
230 DEF FNR(L)=3.75E-12/(Lf5*(EXP(1.44/(L*T»-1» 
240 LET A=O 
250 LET A=A+FNR(L1)+4*FNR(L1+D)+FNR(L2) 
260 FOR L=L1+2*D TO L2-2*D STEP 2*D 
270 LET A=A+2*FNR(L)+4*FNR(L+D) 
280 NEXT L 
290 PRINT "RADIANCY = ";D*A/3;" WAITS/SQUARE CM." 
300 DATA 4.0E-5,7.0E-5,20,1000 
310 PRINT "JJ" 
320 PRINT "DO YOU WANT TO TRY AGAIN(YES OR NO)" 
330 INPUT F$ 
340 IF F$="YES" OR F$="Y" lliEN 140 
350 IF F$="NO" OR F$="N" lliEN 380 
360 PRINT "PLEASE ANSWER YES OR NO!" 
370 GO TO 330 
380 FIND 15 
390 OLD 
400 PRINT "JJ" 
410 PRINT "RADIANCY INTEGRAL USES THE BLACK BODY LAW(SEE Pg.75-76)" 
420 PRINT "TO CALCULATE THE RADIANCY IN THE VISIBLE WAVELENGTHS." 
430 PRI "WE WILL USE THE PARABOLIC APPROXIMATION(Pg. 73, EQUATION 5-8)" 
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PAGE NO: 106 

TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

440 PRINT "J" 
450 PRINT "You WILL BE ASKED TO INPUT:" 
460 PRINT" 1-NUMBER OF STRIPS(C)1f 
470 PRINT" 2-TEMPERATURE(IN DEGREES K)(T)" 
480 PRINT If 3-SYSTEM OF UNITS BEING EMPLOYED(A & B)" 
490 PRINT IfJJIf 
500 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN" 
510 INPUT Z$ 
520 PAGE 
530 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM* RANDOM WALK ff MICHAEL VOICA 

120 PAGE 
130 GOSUB 480 
140 PAGE 
150 PRINT "JJ" 
160 PRINT "RANDOM WALK" 
170 PRINT 
180 PRINT 
190 DIM A ( 41) 

PAGE NO· 107 
ABSTRACT NO: 

51/00-5201/0 

200 PRINT "INPUT THE NUMBER OF STEPS IN EACH WALK(0,1,3,ECT.)" 
210 INPUT N 
220 FOR J=1 TO 41 
230 LET A(J)=O 
240 NEXT J 
250 PRINT "INPUT THE DESIRED NUMBER OF WALKS (INDIVIDUAL MOVEMENTS)" 
260 INPUT N1 
270 FOR M=1 TO N1 
280 LET x=o 
290 FOR J=1 TO N 
300 LET R=RNO(-1) 
310 IF R=>0.5 THEN 340 
320 LET X=X-1 
330 GO TO 350 
340 LET X=X+1 
350 NEXT J 
360 LET I=X+21 
370 LET A(I)=A(I)+1 
380 NEXT M 
390 PRINT A 
400 PRINT "DO YOU WISH TO TRY AGAIN(YES OR NO)" 
410 INPUT V$ 
420 IF V$="YES" OR V$="Y" THEN 140 
430 IF V$="NO" OR V$="N" THEN 460 
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TITLE 

Chern; stry and Physi cs 
Textbook Problems Adapted to 4051 BASIC 

440 PRINT "PLEASE ANSWER YES OR NO!!!lI 
450 GO TO 410 
460 FIND 15 
470 OLD 
480 PRINT 
490 PRINT "RANDOM WALK" 
500 PRINT "-----------,, 
510 PRINT "JJ" 

PAGE NO: 108 
'ABSTRACT NO: 

51/00-5201/0 

520 PRINT "THIS PROGRAM IS USED TO INVESTIGATE DIFFUSION PROBLEMS." 
530 PRINT "THE PROGRAM STARTS YOU FROM POINT M,N(PAGE 199,FIGURE 9-1)" 
540 PRINT "ASSIGNS THAT POINT AS THE ORIGIN,AND THEN RANDOMLY SELECTS" 
550 PRINT "!WO VALUES BETWEEN ZERO AND ONE. IF THE FIRST VALUE IS >0.5" 
560 PRINT "THEN YOU TAKE ONE(1) STEP IN THE Y DIRECTION. IF THE" 
570 PRINT "FIRST NUMBER IS <:0.5· THEKYOU TAKE ONE STEP IN THE X" 
580 PRINT "DIRECTION." 
590 PRINT 
600 PRINT" IF THE SECOND NUMBER IS <:0.5 THEN YOU TAKE ONE STEP" 
610 PRINT "IN THE POSITlVE(+) DIRECTION, AND IF THE SECOND NUMBER IS" 
620 PRINT ">0.5 , YOU TAKE ONE STEP IN THE NEGATIVE(-) DIRECTION." 
630 PRINT 
640 PRINT" THE PROGRAM TAKES THE NUMBER OF WALKS(MOVEMENTS)" 
650 PRINT "AND PRINTS ALL NON-ZERO TERMINATION FREQUENCIES FOR EACH" 
660 PRINT "APPROPRIATE VALUE OF X." 
670 PRINT 
680 PRINT" YOU WILL BE ALLOWED TO INPUT THE NUMBER OF WALKS, AND THE" 
690 PRINT "NUMBER OF STEPS IN EACH WALK." 
700 PRINT "JJ" 
710 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN" 
720 INPUT T$ 
730 PAGE 
140 RETURN 
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PAGE NO: 109 
TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM * 2 DIMENSIONAL RANDOM WALK ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 620 
140 PAGE 
150 PRINT "JJ" 
160 PRINT "INPUT THE NUMBER OF WALKS(MOVEMENTS) (A MlrI'IPLE OF 10) "; 
170 INPUT N1 
171 LET N2=N1/10 
172 IF N2<>INT(N2) THEN 160 
180 PAGE 
190 PRINT 
200 PRINT "SAMPLE", "MAXIMUM EXTENSION" 
210 PRINT "SIZE","FROM ORIGIN" 
220 PRINT 
230 LET E=O 
240 LET X=O 
250 LET y=o 
260 LET C=O 
270 FOR N=1 TO N1 
280 LET R=RND(-1) 
290 LET S=RND(-1) 
300 IF R<=0.5 THEN 320 
310 GO TO 380 
320 IF S<=0.5 THEN 340 
330 GO TO 360 
340 LET X=X+1 
350 GO TO 420 
360 LET X=X-1 
370 GO TO 420 
380 IF S<=0.5 THEN 410 
390 LET Y=Y-1 
400 GO TO 420 
410 LET Y=Y+1 
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TITLE 

Chemistry and Physics 
TextbooK Problems Adapted to 4051 BAste 

420 LET L=SQR(Xf2+Yf2) 
430 IF L)E THEN 460 
440 LET C=C+1 
450 GO TO 480 
460 LET E=L 
470 GO TO 440 
480 IF C=10 THEN 500 
490 GO TO 520 
500 PRINT N,E 
510 LET C=O 
520 NEXT N 
530 PRINT "JJ" 
540 PRINT "DO YOU WISH TO TRY AGAIN(YES OR NO)" 
550 INPUT R$ 
560 IF R$="YES" OR R$="Y" THEN 140 
570 IF R$="NO" OR R$="N" THEN 600 
580 PRINT "PLEASE ANSWER YES OR NO." 
590 GO TO 550 
600 FIND 15 
610 OLD 
620 PRINT 
630 PRINT "2 DIMENSIONAL RANOOr~ WALK" 
640 PRINT "-------------------------" 
650 PRINT "JJ" 

PAGE NO: llO 
ABSTRACT NO: 

51/00-5201/0 

660 PRINT ,,- THIS PROGRAM IS USED TO INVESTIGATE THE MAXIt1UM " 
670 PRINT "EXCURSION FROM THE ORIGIN AS A FUNCTION OF A NUMBER OF" 
680 PRINT "STEPS." 
690 PRINT 
700 PRINT " THE COMPUTER SELECTS TWO NUMBERS BETWEEN 0 AND 1 AT" 
710 PRINT "RANDOM. IF THE FIRST NUMBER IS BETWEEN 0 AND 0.5, THEN" 
720 PRINT "YOU TAKE A STEP IN THE X DIRECTION. IF THE NUMBER IS" 
730 PRINT "LARGER THAN 0.5, THEN YOU TAKE A STEP IN THE Y DIRECTION" 
740 PRINT "(SEE PAGE 199,FIGURE 9-1)" 
750 PRINT 
760 PRINT" IF THE SECOND NUMBER IS BETWEEN 0 AND 0.5, YOU THEN" 
770 PRINT "TAKE ONE STEP IN THE POSITIVE(+) DIRECTION, AND IF THE " 
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PAGE NO: III 

TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook- Probl ems Adapted to 4051 BASIC 

780 PRINT "SECOND NUMBER IS GREATER THAN 0.5, YOU TAKE A STEP IN THE" 
790 PRINT "NEGATIVE(-) DIRECTION." 
800 PRINT 
810 PRINT" THE PROGRAM TAKES THE NUMBER OF WALKS(MOVEMENT)" 
820 PRINT "AND PRINTS ALL NON-ZERO TERMINATION FREQUENCIES FOR EACH" 
830 PRINT "APPROXIMATE VALUE OF X" 
840 PRINT 
850 PRINT "YOU WILL INPUT ONLY THE NUMBER OF WALKS YOU WANT." 
860 PRINT "JJ" 
870 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN." 
880 INPUT B$ 
890 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASrC 

100 INIT 

110 REM * REGRESSION ANALYSIS ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 650 
140 DIM A(3,3),B(3,1),C(3,1),D(3,3) 
150 PAGE 

PAGE NO: 112 
ABSTRACT NO: 

51/00-5201/0 

160 PRINT "INPUT THE NUMBER OF SETS OF DATA YOU WILL BE USING" 
170 PRINT 
180 INPUT N 
190 LET S1=0 
200 LET S2=0 
210 LET S3=0 
220 LET S4=0 
230 LET S5=0 
240 LET S6=0 
250 LET S7=0 
260 PRINT "INPUT YOUR DATA, FIRST INPUTTING THE NUMERIC VALUES FOR" 
270 PRINT "MATRIX A, THEN THE NUMERIC VALUES FOR MATRIX C~" 
280 FOR 1=1 TO N 
290 INPUT X,Y 
300 LET S1=S1+X 
310 LET S2=S2+Xi2 
320 LET S3=S3+Xi3 
330 LET S4=S4+Xi4 
340 LET S5=S5+Y 
350 LET S6=S6+X*Y 
360 LET S7=S7+X*X*Y 
370 NEXT I 
380 LET A(1,1)=N 
390 LET A(2,1)=S1 
400 LET A(1,2)=A(2,1) 
410 LET A(3,1)=S2 
420 LET A(2,2)=S2 
430 LET A(1,3)=S2 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 LET A(3,2)=S3 
450 LET A(2,3)=S3 
460 LET A(3,3)=S4 
470 LET C(1,1)=S5 
480 LET C(2,1)=S6 
490 LET C(3,1)=S7 
500 LET D=INV(A) 
510 LET B=D MPY C 
520 PAGE 
530 PRINT "JJ" 
540 PRINT "THE QUADRATIC REGRESSION LINE IS:JJ" 
550 PRINT "Y ="; B( 1 , 1); "+"; B( 2, 1); "X+"; B(3, 1);"Xf2" 
560 PRINT "JJ" 
570 PRINT "DO YOU WISH TO TRY ANOTHER(YES OR NO)" 
580 INPUT D$ 
590 IF D$="YES" OR D$="yn THEN 150 
600 IF D$="NO" OR D$="N" THEN 630 
610 PRINT "PLEASE ANSWER YES OR NO" 
620 GO TO 580 
630 FIND 15 
640 OLD 
650 PRINT "JJ" 
660 PRINT "REGRESSION ANALYSIS" 
670 PRINT ,,-------------------" 
680 PRINT "JJ" 

PAGE NO: 113 
ABSTRACT NO: 

51/00-5201/0 

690 PRINT ,,- THIS PROGRAM FITS A QUADRATIC POLYNOMIAL TO A SET" 
700 PRINT "OF DATA USING THE LEAST SQUARES APPROACH." 
710 PRINT " THE MATRIX SIZE HAS ALREADY BEEN SET AT TWO" 
720 PRINT "MATRICES AT 3X3, AND 2 MATRICES 3X1. YOU WILL BE ASKED" 
730 PRINT "TO LOAD IN THE MATRIX VALUES(N)." 
740 PRINT 
750 PRINT "NOTE:" 
760 PRINT" 1-MATRIX A=3X3 MATRIX,AND FIRST ONE LOADED INTO" 
770 PRINT" COMPUTER." 
780 PRINT " 2-MATRIX B=3X1 MATRIX, STORES THE ANSWER FOR THE" 
790 PRINT " EQUATION: MATRIX D * MATRIX C" 
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PAGE NO: 114 
TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

800 PRINT" 3-MATRIX C=3X1 MATRIX:SECOND MATRIX LOADED" 
810 PRINT " 4-MATRIX D=3X3 MATRIX:STORES INVERSE OF MATRIX A" 
820 PRINT 
830 PRINT 
840 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN." 
850 INPUT H$ 
860 PAGE 
870 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 IN IT 

110 REM * ROCKET(PAGE 286) ** MICHAEL VOICA 

120 PAGE 
130 GO SUB 650 
140 INIT 
150 PAGE 
160 PRINT 
170 PRINT "INPUT YOUR INITIAL THRUST(T1 )J" 
180 INPUT F 

PAGE NO: 115 
ABSTRACT NO: 

51/00-5201/0 

190 PRINT "INPUT THE RATE THE ROCKET WILL TRAVEL AT AFTER TAKEOFF(R)J" 
200 INPUT RO -
210 PRINT "INPUT INITIAL TIMECT)(eq:TIME 0=0)" 
220 INPUT VO 
230 PRINT "INPUT THE INITIAL MASS(M)." 
240 INPUT MO 
250 PRINT "INPUT THE RATE OF MASS LOSS TO THE ROCKET(E)J" 
260 INPUT E 
270 READ D 
280 LET K=980*6.37E+8*6.37E+8 
290 LET R1=RO 
300 LET Vl=VO 
310 LET M=MO 
320 LET T=O 
330 IF F/M-K/Rlr2<0 THEN 520 
340 LET Z1=R1+V1*D 
350 LET Z2=V1+(F/M-K/R1T2)*D 
360 LET R2=R1+0.5*(V1+Z2)*D 
370 LET V2=V1+0.5*(F/M-K/R1r2+(F/M-K/Z1r2»*D 
380 LET M=M-E*D 
390 LET T=T+D 
400 IF M<=MO/2 THEN 440 
410 LET R1=R2 
420 LET V1~V2 
430 GO TO 340 

000-6405-02 TEKTRONIX 4051 PROGRAM 



TITLE 

Cherni stry and Physics 
Textbook Problems Adapted to 4081 BASIC 

440 PRINT "INITIAL MASS ="jMOj" GRAMS" 
450 PRINT "TIlRUST="jFj" DYNES" 
460 PRINT "RATE OF MASS LOSS="jEj" GRAMS/SEC." 
470 PRINT "WHEN HALF TIlE MASS HAS BEEN EXHAUSTED" 

PAGE NO: 116 

ABSTRACT NO: 

51/00-5201/0 

480 PRINT "POSITION="jR2/6.37E+8j" EARTH RADII FROM TIlE EARTH'S CEN." 
490 PRINT "VELOCITY="iV2/1.13E+7i" ESCAPE VELOCITY" 
500 PRINT "TIME="; T i" SECONDS" 
510 GO TO 570 
520 PRINT "TIlRUST TOO SMALL FOR TAKEOFF." 
530 DATA 5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5 
540 DATA 5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5 
550 DATA 5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5 
560 DATA 5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5, 5,5,5,5,5,5 
570 PRINT "DO YOU WANT TO TRY AGAIN(YES OR NO)" 
580 INPUT S$ 
590 IF S$="YES" OR S$="Y" TIlEN 140 
600 IF S$="NO" OR S$="N" TIlEN 630 
610 PRINT "PLEASE ANSWER YES OR NO." 
620 GO TO 421 
630 FIND 15 
640 OLD 
650 PRINT 
660 PRINT "ROCKET" 
670 PRINT "------,, 
680 PRINT "JJ" 
690 PRINT " TIllS PROGRAM DESCRIBES THE RADIAL MOTION Of A ROCKET" 
700 PRINT "WITH AN INITIAL MASS OF M, LOSING MASS AT THE RATE OF E," 
710 PRINT "TIlROUGH THE ENGINE PRODUCING A TIlRUST (T) DIRECTED TOWARDSI1 
720 PRINT "TIlE CENTER OF THE EARTH." 
730 PRINT 
740 PRINT " 
750 PRINT " 
760 PRINT " 
770 PRINT " 
780 PRINT " 
790 PRINT " 

000-6405-02 

YOU WILL BE ASKED TO INPUT:" 
1-ROCKET'S INITIAL MASS(M)" 
2-ROCKET'S LOSS OF MASS(E)" 
3-INITIAL TIME OF TAKEOFF(!)" 
4-THRUST (T 1 ) " 
5-RATE OF ROCKET AFTER TAKEOFF(R)" 
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PAGE NO: 117 
TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

800 PRINT 
810 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN." 
820 INPUT S$ 
830 PAGE 
840 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 40S1 BASIC 

100 INIT 

110 REM* SIMULTANEOUS EQUATIONS ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 380 
140 PAGE 
150 PRINT "SIMULTANEOUS EQUATIONS" 
160 PRINT 
170 PRINT 
180 PRINT "INPUT A, B, C VARIABLES" 
190 INPUT A,B,C 
200 PRINT 
210 PRINT "INPUT E, F, G VARIABLES'" 
220 INPUT D,E,F 
230 LET Z=B*D-A*E 
240 IF Z=O THEN 290 
250 LET X=(B*F-C*E)/Z 
260 LET Y=(C*D-A*F)/Z 
270 PRINT "ROOTS ARE ";X;" AND ";Y 
280 GO TO 300 
290 PRINT "NO SOLUTION" 
300 PRINT "JJ" 
310 PRINT "DO YOU WISH TO TRY AGAIN(YES OR NO)" 
320 INPUT Q$ 
330 IF Q$="YES" OR Q$="Y" THEN 140 
340 IF Q$="NO" OR Q$="N" THEN 360 
350 PRINT "PLEASE ANSWER YES OR NO!" 
360 FIND 15 
370 OLD 
380 PRINT "J" 
390 PRINT "SIMULTANEOUS EQUATIONS" 
400 PRINT ,,----------------------" 
410 PRINT "JJ" 

PAGE NO: 118 

ABSTRACT NO: 

51/00-5201/0 

-420 PRI " , nus PROGRAM SOLVES FOR A PAIR OF SIMULTANEOUS EQUATIONS" 
430 PRINT "THE TWO EQUATIONS ARE:" 
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PAGE NO: 119 

TITLE ABSTRACT NO: 

Chemistry and Physics 51/00- 5201/0 
Textbook Problems Adapted to 4051 BASIC 

440 PRINT " 
450 PRINT " 
460 PRINT 

1-AX+BY:C, WHERE YOU INPUT A,B, AND C" 
2-EX+FY::G, WHERE YOU INPUT E, F, AND G" 

410 PRINT "PLEASE NOTE THAT IF {B*E-A*F):O, THERE WILL BE NO SOLUTION." 
480 PRINT "JJ" 
490 PRINT "WHEN YOU ARE READY TO CONTINUE HIT RETURN." 
500 INPUT W$ 
510 RETURN 
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TITLE 

Chemistry and Physi"cs 
TextbOOK Problems Adapted to 4051 BASIC 

100 INIT 

110 REM * SLIDING BODY ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 480 
140 PAGE 
150 PRINT 
160 PRINT "JINPUT THE INITIAL VELOCITY(K)" 
170 INPUT K-
180 PRINT "JINPUT THE RETARDING FORCE(M)" 
190 INPUT M-
200 PRINT "JRATE OF NORMAL ACCELEHATION(A).n 
210 INPUT VO 

PAGE NO: 120 

ABSTRACT NO: 

51/00-5201/0 

220 PRINT "JINPUT THE INTERVALS OF TIME TO BE PRINTED ON THE GRAPH(TI)" 
230 INPUT D-
240 PAGE 
250 PRINT "JJ" 
260 PRINT "TIME", "VELOCITY", "ERROR" 
270 LET V1=VO 
280 FOR T=O TO 1 STEP D 
290 LET V=VO*EXP(-K*T/M) 
300 PRINT T,V1,V1-V 
310 LET K1=-K*V/M 
320 LET K2=-K*(V1+0.5*K1*D)/M 
330 LET K3=-K*(V1+0.5*K2*D)/M 
340 LET K4=-K*(V1+K3*D)/M 
350 LET V2=V1+D*(K1+2*K2+2*K3+K4)/6 
360 LET V1=V2 
370 NEXT T 
380 DATA 2,1,10,0.05 
390 PRINT "JJ" 
400 PRINT "DO YOU WANT TO TRY AGAIN(YES OR NO)" 
410 INPUT L$ 
420 IF L$="YES" OR L$="Y" THEN 140 
430 IF L$="NO" OR L$="N" WEN 460 
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TITLE 

Chemistry and Phystcs 
Textbook Problems Adapted to 4051 BASIC 

440 PRINT "PLEASE ANSWER YES OR NO!!" 
450 GO TO 410 
460 FIND 15 
470 OLD 
480 PRINT "J" 
490 PRINT "SLIDING BODY" 
500 PRINT "------------,, 
510 PRINT "JJ" -

PAGE NO: 121 

ABSTRACT NO: 

51/00-5201/0 

520 PRI " TIUS PROGRAM USES THE RUNGE KUTTA METHOD FOR FIRST ORDER" 
530 PRI "EQUATIONS TO ILLUSTRATE WHAT WOULD HAPPEN TO AN OBJECT SLIDING" 
540 PRINT "ON A SURFACE WHICH UNDERGOES A RETARDING FORCE PROPORTIONAL" 
550 PRINT "TO ITS VELOCITY. EQUATIONS FOR THIS PROBLEM ARE ON PAGE" 
560 PRINT "99." 
570 PRINT 
580 PRINT " 
590 PRINT " 
600 PRINT " 
610 PRINT" 
620 PRINT " 
630 PRINT "JJ" 

YOU WILL INPUT THE FOLLOWING:" 
1-RATE OF NORMAL ACCELERATION (A) ." 
2-INTERVALS OF TIME TO BE PRINTED ON GRAPH(TI)." 
3-VALUE FOR INITIAL VELOCITY(K)." 
It-VALUE FOR RETARDING FORCE(M)." 

6ltO PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN." 
650 INPUT H$ 
660 RETURN 
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TITLE ABSTRACT NO: 

Chemistry and Physics .. 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM * STATS SIMULATION(PAGE-205) ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 470 
140 PAGE 
150 PRINT "JINPUT THE TOTAL NUMBER OF SAMPLES TO BE USED(Y)" 
160 INPUT Y-
170 PRINT "JINPUT THE INTERVAL FOR THE PRINTOUT(N)" 
180 INPUT N1 
190 PRINT "JJ" -200 PAGE 
210 PRINT "POPULATION MEAN =0" 
220 PRINT 
230 PRINT "SAMPLE", 1\ SAMPLE" 
240 PRINT "SIZE","MEAN" 
250 PRINT 
260 FOR N=10 TO Y STEP N1 
270 LET S=O 
280 FOR 1=1 TO N 
290 LET Y=O 
300 FOR J=1 TO 12 
310 LET Y=Y+RND(-1) 
320 NEXT J 
330 LET Y=Y-6 
340 LET S=S+Y 
350 NEXT I 
360 PRINT N,S/N 
370 NEXT N 
380 PRINT 
390 PRINT "DO YOU WANT TO TRY AGAIN(YES OR NO)" 
400 INPUT B$ 
410 IF B$="YES" OR B$="Y" THEN 140 
420 IF B$="NO" OR B$="N" THEN 450 
430 PRINT "PLEASE ENTER YES OR NO!!!" 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 GO TO 400 
450 FIND 15 
460 END 
470 PRINT "J" 
480 PRINT "STATISTICAL SIMULATION" 
490 PRINT "----------------------,, 
500 PRINT "JJ" 

PAGE NO: 123 

ABSTRACT NO: 

51/00-5201/0 

510 PRINT" THIS PROGRAM USES A NORMALLY DISTRIBUTED SEQUENCE TO" 
520 PRINT "ILLUSTRATE THE EFFECT OF SAMPLING ERROR. THE EQUATIONS" 
530 PRINT "ARE GIVEN ON PAGE 197, AND WE USE THEM TO GENERATE A " 
540 PRINT "SEQUENCE OF RANDOM NUMBERS WHICH ARE DRAWN FRa4 A NORMAL" 
550 PRINT "DISTRIBUTION WITH A MEAN OF 0, AND A VARIANCE OF 1." 
560 PRINT "THE PROGRAM WILL THEN C(]4PUTE THE MEAN AFTER 'N' SAMPLES," 
570 PRINT "UP TO 'Y' SAMPLES, TO SHOW THAT AS THE SAMPLING POPULATION" 
580 PRINT "APPROACHES A TRUE POPULATION, THE SAMPLING ERROR DECREASES." 
590 PRINT 
600 PRINT " YOU WILL BE ASKED TO INPUT BOTH THE INTERVAL FOR THE" 
610 PRINT "PRINTOUT(N), AND THE TOTAL AMOUNT OF SAMPLES TO BE USED(Y)" 
620 PRINT "JJ" 
630 'PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN." 
640 INPUT G$ 
650 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 IN IT 

110 REM * SQUARE ROOTS,SQUARED ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 360 
140 PAGE 

PAGE NO: 124 

ABSTRACT NO: 

51/00-5201/0 

150 PRINT "INPUT THE SMALLEST NO. OF THE TABLE(BEGINNING OF TABLE)" 
160 INPUT T 
170 PRINT "JINPUT THE LARGEST NO. OF THE TABLE(END OF TABLE)" 
180 INPUT R-
190 PRINT "JINPUT THE TABLE INTERVAL" 
200 INPUT W-
210 PAGE 
220 PRINT 
230 PR INT "X If , "X SQUARED"," SQUARE ROOT OF X" 
240 PRINT 
250 FOR X=T TO R STEP W 
260 PRINT X,Xr2,SQR(X) 
270 NEXT X 
280 PRINT "JJ" 
290 PRINT "DO YOU WANT TO TRY AGAIN(YES OR NO)" 
300 INPUT E$ 
310 IF E$="YES" OR E$="Y" THEN 140 
320 IF E$="NO" OR E$="N" THEN 350 
330 PRINT "PLEASE ANSWER YES OR NO." 
340 GO TO 300 
350 FIND 15 
351 OLD 
352 END 
360 PRINT 
370 PRINT" THIS PROGRAM GIVES YOU BOTH THE SQUARE ROOT, AND" 
380 PRINT "THE SQUARE OF A NUMBER OR SERIES OF NUMBERS." 
390 PRINT "YOU WILL BE ASKED TO INPUT:" 
400 PRINT" 1-THE SMALLEST NUMBER(BEGINNING OF THE TABLE)" 
410 PRINT" 2-THE LARGEST NUMBER(END OF THE TABLE)" 
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TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASTC 

420 PRINT " 3-INTERVAL FOR PRINTOUT" 
430 PRINT "JJ" 
440 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN" 
450 INPUT Y$ 
460 RETURN 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

100 INIT 

110 REM* RAYTRACING(PAGE 298) ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 530 
140 PAGE 
150 INIT 
160 LET 11=0 
170 PRINT "INPUT THE SIZE OF YOUR MATRICES." 

PAGE NO: 126 
ABSTRACT NO: 

51/00-5201/0 

180 PRINT "REMEMBER, SINCE EACH MATRIX IS A PERFECT SQUARE, INPUT ONLY" 
190 PRINT "ONE NUMBER." 
200 INPUT S 
210 DIM A(S,S),Y(S,S),Z(S,S) 
220 LET N=4 
230 LET Y=O 
240 FOR 1=1 TO S 
250 LET Y(I,I)=1 
260 NEXT I 
270 GO TO 380 
280 LET 11=11+1 
290 GO TO 11 OF 300,320,360,340 
300 PRINT "INPUT MATRIX A(FIRST MATRIX)." 
310 GO TO 370 
320 PRINT "INPUT MATRIX B(SECOND MATRIX)." 
330 GO TO 370 
340 PRINT "INPUT MATRIX D(FINAL MATRIX)." 
350 GO TO 370 
360 PRINT "INPUT MATIX C(THIRD HATRIX)." 
370 RETURN 
380 FOR 1=1 TO N 
390 GOSUB 280 
400 INPUT A 
410 LET Z=Y MPY A 
420 LET Y=Z 
430 NEXT I 
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TITLE 

Chemistry and Physics 
Textbook Problems Adapted to 4051 BASIC 

440 PRINT Y 
450 PRINT "DO YOU WANT TO TRY AGAIN(YES OR NO)" 
460 INPUT 0$ 
470 IF O$="YES" OR O$="Y" THEN 140 
480 IF O$="N" OR O$="NO" THEN 510 
490 PRINT "PLEASE ANSWER YES OR NO." 
500 GO TO 460 
510 FIND 15 
520 OLD 
530 PRINT 
540 PRINT "RAY TRACING" 
550 PRINT "-----------,, 
560 PRINT "JJ" 

PAGE NO: 127 

ABSTRACT NO: 

51/00-5201/0 

570 PRINT " THIS PROGRAM USES MATRIX METHODS TO APPROXIMATE " 
580 PRINT "FUNCTIONS IN THE GEOMETRIC OPTIONS. THIS APPLICATION USES" 
590 PRINT "MATRICES TO TRACE A PARAXIAL RAY THROUGH A SYSTEM OF LENSES" 
600 PRINT "AND SPACES. THE EQUATIONS FOR THIS PROBLEM ARE GIVEN ON" 
610 PRINT "PAGE 191." 
620 PRINT" YOU WILL DIMENSION A SQUARE MATRIX(INPUT ONLY ONE(1)" 
630 PRINT "NUMBER, SINCE THAT IS ALL THAT IS REQUIRED TO SQUARE THE" 
640 PRINT "MATRICES (eg :FOR A 2X2 MATRIX, INPUT ONLY 2)." 
650 PRINT 
660 PRINT" YOU ALSO MUST INPUT THE MATRIX VALUES INTO MATRIX A," 
670 PRINT "MATRIX B, MATRIX C,AND MATRIX D." 
680 PRINT "J THE COv1PUTER WILL THEN PRINT OUT THE SYSTEM MATRIX." 
690 PRINT -
700 PRINT "NOTE:" 
710 PRINT" MATRICES A,B,C, AND D ALL REPRESENT EITHER A LENS, OR A" 
720 PRINT "SPACE OF THE OPTICAL SYSTEM." 
730 PRINT "JJ" 
740 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN" 
750 INPUT C$ 
760 RETURN 
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TITLE 

Chemistry and Physi cs 
Textbook Problems Adapted to 4051 BASIC 

100 IN!T 

110 REM * VIBRATING STRING ** MICHAEL VOICA 

120 PAGE 
130 GOSUB 620 
140 INIT 
150 PAGE 
160 DIM Y(10,5) 
170 PRINT "JINPUT THE CHANGE IN X(X)" 
180 INPUT Xl 
190 PRINT "JINPUT THE CHANGE IN T(T)" 
200 INPUT K-
210 READ D 
220 FOR 1=1 TO 10 
230 LET y(I, 1)=0.01*SIN'((I-1 )*Xl) 
240 NEXT I 
250 LET A=Df2/(K*XH2) 
260 FOR J=2 TO 5 
270 LET Y(1,J)=0 
280 LET Y(10,J)=0 
290 NEXT J 
300 FOR 1=2 TO 9 

PAGE NO: 128 

ABSTRACT NO: 

51/00-5201/0 

310 LET Y(I,2)=O.5*(A*(Y(I-1, 1)+Y(I+1, 1»+2*(1-A)*Y(I, 1» 
320 NEXT I 
330 FOR J=2 TO 4 
340 FOR 1=2 TO 9 
350 LET Y(I,J+1)=A*(Y(I-l,J)+Y(I+1,J»+2*(1-A)*Y(I,J)-Y(I,J-1) 
360 NEXT I 
370 NEXT J 
380 PAGE 
390 FOR J=1 TO 5 
400 PRINT 
410 PRINT 
420 PRINT If AT "; (J-1)*D;" SEC., THE DISPLACEMENTS ARE:" 
430 PRINT 

., 
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PAGE NO: 129 
TITLE ABSTRACT NO: 

Chemistry and Physics 51/00-5201/0 
Textbook Problems Adapted to 4051 BASIC 

440 FOR 1=1 TO 10 
450 PRINT USING 460:Y(I,J) 
460 IMAGE-1D.7D,2X,S 
470 IF 1<>5 THEN 490 
480 PRINT " " 
490 NEXT I 
500 PRINT 
510 PRI ,,-------------------------------------------------------------" 
520 NEXT J 
530 DATA 0.316228 
540 PRINT "DO YOU WANT TO TRY AGAIN(YES OR NO)" 
550 INPUT 1$ 
560 IF I$="YES" OR I$="Y" THEN 140 
570 IF I$="NO" OR I$="N" THEN 600 
580 PRINT "PLEASE ANSWER YES OR NO." 
590 GO TO 550 
600 FIND 15 
610 OLD 
620 PRINT 
630 PRINT "THIS PROGRAM SIMULATES A VIBRATING STRING. THE EQUATION FOR" 
640 PRINT "THE STRING VIBRATIONS IS GIVEN ON PAGE 151. " 
650 PRINT "YOU WILL BE ASKED TO INPUT THE FOLLOWING:" 
660 PRINT" (FROM EQUATION ON PAGE 151)" 
670 PRINT 
680 PRINT" 1- THE CHANGE IN X(X)" 
690 PRINT" 2- THE CHANGE IN T(T)" 
700 PRINT "JJ" 
710 PRINT "WHEN YOU ARE READY TO CONTINUE, HIT RETURN" 
720 INPUT S$ 
730 RETURN 
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TITLE ABSTRACT NUMBER 

FLOWCHART PROGRAM FOR 4051 BASIC PROGRAMS ~l/nn-gnn~/l 
~-----------------.----~~~~----~MEMORYREOUIREMENT 

ORIGINAL DATE I REVISION DATE 
9/77 16K - See note below 

AUTHOB 
~n~lnkspoor, Datatek 

PERIPHERALS 

Revised by Leland C. Sheppard, Sunnyvale, CA 4631 Hard Copy Unit optional 
ABSTRACT 

Memory Requirement: 9K for the program; will run on 16K machine and chart 
programs with up to 170 branches. On 24K or 32K machines, it will chart 
programs with 700 or more branches. 

This is a revised version of 51/00-8005/0; the purpose of the revision was to 
increase the speed of the program while reducing its appetite for memory. Some 
compromises were made to allow the program to be run on a 16K machine; these are 
described in the section on restrictions. The overall flow of the program was not 
modified from the original. 

This program will flow chart any 4051 BASIC program from a tape file. It does 
the job in the following way: 

In the first pass, a map of the branches is made to enable ~look ahead" in the 
second pass. In the second pass, program lines are processed one at a time. The 
line number is stripped off and the branch table is examined to draw incoming or 
outgoing branches, if any. As each entry in the branch table is processed, the 
page number on which that reference occurred is plugged back into the branch 
table for subsequent printing. As the program is charted, the current page 
number and the starting and ending statement numbers shown on that page are 
printed on the bottom of the page. 

Advantages: Runs about 3 times as fast in pass 2 as the old and requires about 
~ the memory. It includes page number references in the branch table and the 
range of statement numbers shown on a page are printed with the page number at 
the bottom. 

Restrictions: Limit of 4 character statement numbers to allow the program to run 
on a 16K machine. This may be modified to 5. Maximum of 20 FOR/NEXT loops 
unless modified to increase the limit. Page limit is 99 but may be modified. 

000-6405-00 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, I nc., assumes no responsibil ity and 
shall have no liability, consequential or otherwise, of any kind arising from 
the use of this program material or any part thereof. 



PAGE NO: 2 

TITLE ABSTRACT NO: 

FLOWCHART FOR 4051 BASIC PROGRAMS 51/00-8005/1 

...... --.. --.. ----------------------------------~--------------'------.. ----.... II -,- -f 

ABSTRACT for 4051 FLOWCHARTER. File 4/042 

This is a rewrite of 51/00-8005/0; the purpose of the 
rewrite was to increase the speed of the program while 
reducing its appetite for memory. Some compromises were 
made to allow the program to be run on a 16K machine; please 
see the section on restrictions. The overall flow of the 
program was not modified from the original. 

This program will flowchart any 4051 BASIC program from 
a tape file. It does the job in the following way: 

In the first pass, a map of the branches is made to enable 
"look ahead" in the second pass. 

In the second pass, program lines are processed one at a 
time. The line number is stripped off and the branch table 
is examined to draw incoming or outgoing branches, if any. 

As each entry in the branch table is processed in pass 2 
the page # on which that reference occurred is plugged back 
into the branch table for subsequent printing. As the 
program is charted the current page # and the starting and 
ending statement numbers that are shown on that page are 
printed at the bottom of the page. 

The output from the printing of the branch table will look 
as follows: 

SR. FRON PAGE TO PACE JRI FRON PAGE TO PAGE 
=.s ............................................................... s.s=:: 

lit 1.. 2 34 1711 12 4888 22 sueR. CALL 
2 8 1 IBM 28 IUIR.CM..L 3S 1728 12 1'18 14 
3 17 1 17 1 II 1758 12 17'8 13 
4 32 1'" 31 37 IHI 13 178'_ 13 
5 48 2 1_ 7 38 ,m 13 179' 13 
€ 288 3 _ 31 SUM.CN..L a, 1781 '3 see. 2S sueR.CALl 
7 388 3 1_ 7 INTERRUPT 41 18'8 13 18" 14 
The detailed description of the FLOWCHARTERs function is 

as follows: 

In the first pass all branches ("from" and "to" statement 
numbers) are stored in strings D$ ("from") and E$ ("to"). 
Strings J$ and K$ are used to store flags indicating sub
routine calls or interrupt service requests (to differentiate 
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TITLE ABSTRACT NO: 

FLOWCHART FOR 4051 BASIC PROGRAMS 51/00-8005/1 

them from normal branches). 
Each element in D$ and E$ is 4 bytes; each in J$ and K$ is 

2 bytes. The flags are contained in one of the 2; the 2nd 
will be used for page numbers during pass 2. 

An example: (assume the first statement encountered in 
the program to be charted is "1 GO TO 100") 

D$ positions 1-4: " 1 " (" from" or origin) 
E$ positions 1-4: " 100" ("to" or destination) 
J$ positions 1-2: " " (no flags, not GOSUB) 
K$ positions 1-2: " " (no flags, not ON) 

No page numbers have been placed in J$ or K$ since we are 
still in pass 1 (they may not be printable anyway since they 
are stored in binary. More about that later). 

Another example: assume the following: 

D$ positions 41-44: " 510" 
E$ positions 41-44: "3000" 
J$ positions 21-22: " - " 
K$ positions 21-22: " " 

This would mean that branch #11 was a GOSUB 
in statement 510 to statement 3000 ("510 GOSUB 3000"). 

In the second pass program lines are processed one at a time. 
The statement number is stripped off and saved (if first or 
perhaps last on a page). The branch table is examined for 
incoming branches. The Basic Verb is 
checked and if it is different from the previous one a box is 
drawn around command(s) on the screen (this can result in 
several statements of a similar type in one box). The state
ment is then checked for outgoing branches, FOR/NEXT connec
tions to be drawn, etc. At the point where the incoming and 
outgoing branch checks are made the current page number is 
stored in J$ (for incoming) or K$ (for outgoing) as a 1 byte 
binary counter. This technique was used as a memory saving 
device so that the FLOWCHARTER could be run on a 16K 4051. 
The functions used to convert to and from binary are ASC and 
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TITLE ABSTRACT'NO: 

I-_F_LO_W_C_HA_R_T_F_O_R _4_05_1 __ BA_S_IC_P_RO_G_RA_M_S ___ - __ ... _5_1/_0_0_-8_0_0_51_1 _____ ..... ~c;', 

CHR. Paging is done by the program after 
drawing unsatisfied loops to continue over the page boundary. 
The page number is printed in the lower left corner along 
with the first and last statement numbers which appeared on 
that page. 

Operation of the program is as follows: 
Load the program and type RUN. After a short delay during 
initialization the program will display the flowchart 
symbols used (the program does it graphically; it is 
reproduced here using print characters for illustration 
only). 

FLO W C H ART S Y M B 0 L S 

, , , , 
, , 

CALCULATION , I , I 
I I 

I 
I 

/ / 
/ / INPUT/OUTPUT OPERATION. 

/ / , 
I 

, I I I 
II I I , , I I GRAPHICS. , , I I 

I' I I 
I' I I , 

I 

/ , , / MISC. , 
I 

_/ '_YES CONDITIONAL BRANCH , / 
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TITLE ABSTRACT NO: 

FLOWCHART FOR 4051 BASIC PROGRAMS 51/00-8005/1 

II II 
II II 

II II 
II II SUBROUTINE CALL. 
II II 11 _____ 11 

(The graphics and subroutine call boxes are actually double 
boxes which could not readily be reproduced here.) 

After a short pause the screen will page and a request for 
the file number of the program to be charted will appear: 

Specify File # to be flowcharted: 

Respond with your program file #. The screen will clear. 
At the end of pass 1 the following message will appear: 

Flowchart between line numbers: 

Respond with "1,9999" for the entire file or a range (less 
than that) of statement numbers of your choice. 

000-6405-02 

The function keys available are as follows: 

1 II II II 1 1 1 1 ____ 1 1 ____ 1 I __ ~_I 1 ____ 1 1 ____ 1 

2 4 5 

1 II II 1 1 II I 1 ____ 11 ____ 11 ____ 11 ____ 11 ____ 1 

8 9 10 

Key 2: Print the branch table (automatic on range 1-9999; 
use key when flowcharting part of program) 

Key 4: Suspend execution (1 instruction loop where screen 
is left as is; useful for studying a page) 
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TITLE: 

FLOWCHART FOR 4051 BASIC PROGRAMS 

PAGE NO: 6 

ABSTRACT NO: 

51/00-8005/1 
f '" i 

~ 1--------------01.---..... ----1 .. ", C,: 
Key 5: Run (Resume execution after Suspend; picks up 

where it left off) 

Key 8: Display Symbols (same as starting display) 

Key 9: End (terminate the run immediately) 

Key 10: Restart Pass 2 (line number request is reissued 
so a new range can be specified if desired) 

Memory Requirements: 9K for program; will run on a 16K 
machine and chart programs with up to 170 branches; on 24K 
or 32K machines it will chart programs with 700 or more 
branches. 

Peripherals Required: None~ 4631 Hardcopy optional. 

Restrictions: /" 

1. statement numbers 1-9999 allowed; modify Nand 
alter the statements which initialize G$ and H$ to allow 
5 character statement numbers (the limit of 4 was used to 
allow the program to run on a 16K machine). 

2. Maximum of 20 FOR/NEXT loops can be handled in one 
program without modification; increase F and F$ and the 
respective initialization and search loops to increase 
this limit. 

3. the page limit is 99 without modification to the 
image used to print the branch table; the page limit is 127 
for the one byte binary counters. 

4. when a partial range is specified for the 2nd pass 
the page number references in the branch table will be in
complete and will print (during branch table print) as page 
# 32; the flowcharter cannot distinguish between a blank 
(decimal 32) and a real page number (since J$ and K$ were 
initialized to blanks and never chang~d). 

5. for those of you who may also have the original flow
charter the reason for changing variable names in this ver
sion was to save memory; using all single character variable 
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TITLE ABSTRACT NO: 

FLOWCHART FOR 4051 BASIC PROGRAMS 51/00-8005/1 
names before using any 2 character names removed several 
hundred bytes from the size of the original program. 
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TITLE 

FLOWCHART PROGRAM FOR 4051 BASIC PROGRAMS 

1 GO TO 100 
8 GOSUB 7000 
9 END 
16 Z9=1 
17 IF Z9=1 THEN 17 
18 RETURN 
20 Z9=0 
21 RETURN 
32 GO TO 8000 
36 END 
40 GO TO 1000 

PAGE NO: 8 

ABSTRACT NO: 

51/00-8005/1 

100 REM 4051 FLOWCHARTER. (C:0]/042 A:04/042) File 2/042 
110 REM Author: Han Klinkspoor, SA, Datatek, April 1976 
120 REM Rewrite: Leland C. (Chuck) Sheppard, July 1977 

130 INIT 

140 REM S=# of Branch References 

150 S=400 

160 REM N=length of max stmt # 

170 N=4 
180 DIM A$(171+1),C$(100+1),D$(S*N+1),E$(S*N+1),F$(40+1),Z$(52+1) 
190 DIM F(20),I$(2+1),M$(2+1),L$(72+1),B$(3+1) 
200 DIM H$(N+2),G$(N+2),J$(S*2+1),K$(S*2+1),N$(N+2),Y$(2+1),V$(2+1) 
210 D$="" 
220 E$="" 
230 J$="" 
240 FOR 1=1 TO S*2/10 
250 J$=J$&" " 
260 NEXT I 
270 K$=J$ 
280 GOSUB 8000 
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TITLE 

FLOWCHART PROGRAM FOR 4051 BASIC PROGRAMS 

290 PRINT USING "20(100(''''''''))ps'': 
300 ON EOF (0) THEN 1000 

310 REM A$=Basic Command Names 

320 G=O 

PAGE NO: 9 
ABSTRACT NO: 

51/00-8005/1 

330 A$= IIp RIINPWRIREAWBYRBYF INAPPSAVOLDSECTLIMARKILPAGHOMMOVDRARMORDR,i 
340 A$=A$&"AXIGINVIEWINSCAROTPOIINISETDIMFUZDEFON POLOFFDATRESRUNENDRET" 
350 A$=A$&"STOWAICLOCOPFORNEXIF GO GOSCALLISDELRENREMIMALETMAT" 
360 PRINT "Specify File II to be flowcharted:" 
370 INPUT F3 
380 PAGE 

390 REM [Pass 1: build branch table] 

400 FIND F3 
410 INPUT @33:L$ 
420 IF LEN(L$)=O THEN 410 
430 A=POS(L$," ",1 )+1 
440 H$=" " 
450 G$=SEG(L$,1,A-2) 
460 H$=REP(G$,1+N-LEN(G$),LEN(G$)) 
470 C$=SEG(L$,A,3) 
480 V=1 
490 C=POS(A$,C$,V) 
500 IF C=O THEN 550 
510 IF (C+2)/3=INT«C+2)/3) THEN 540 
520 V=C+1 
530 GO TO 490 
540 C=(C+2)/3 
550 IF C<47 OR C>49 AND C<>33 THEN 410 
560 P=POS(L$," OF",A)+POS(L$,"TH",A) 
570 P=(A+5)*(P=0)+(P+4)*(P<>0) 
580 C$=SEG(L$,P,70) 
590 G=G+1 
600 IF G<=S THEN 640 
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TITLE ABSTRACT NO: 

FLOWCHART PROGRAM FOR 4051 BASIC PROGRAMS 51/00-8005/1 

610 PRINT "GGGIl of branches >";S;", Program Mod Needed (Lines Below).J" 
620 LIST 146,200 
630 END 
640 IF C<>49 THEN 660 
650 J$=REP("-" ,G*2-1, 1) 

660 D$=D$&H$ 
670 PO=VAL(C$) 
680 G$=" " 
690 N$=STR(PO) 
700 N$=SEG(N$,2,LEN(N$)-1) 
710 G$=REP(N$,l+N-LEN(N$),LEN(N$)) 
720 E$=E$&G$ 
730 IF C<>33 THEN 750 
740 K$=REP("-",G*2-1,1) 
750 A=POS(C$,",",1) 
760 IF A=O THEN 410 
770 C$=REP("",l,A) 
780 GO TO 590 

1000 REM [EOF reached] 

1010 SET KEY 
1020 F=-l 
1030 F$="" 
1040 FOR 1=1 TO 4 
1050 F$=F$&" 
1060 NEXT I 
1070 T=l 

" 

1080 PRINT "Flowchart between Line Numbers: " 
lOgO INPUT Ll,L2 

1100 REM [Pass 2: Chart] 

1110 ON EOF (0) THEN 9000 
1120 C$="B E GIN" 
1130 02=0 
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TITLE 

FLOWCHART PROGRAM FOR 4051 BASIC PROGRAMS 

1140H=53 
1150 C=H 
1160 X=65 
1170 Y=100 
1180 w=x 
1190 M=O 
1200 L=O 
1210 FIND F3 
1220 PAGE 
1230 MOVE X,Y 
1240 GO TO 1580 
1250 INPUT @33:L$ 
1260 IF LEN(L$)=O THEN 1250 
1270 GOSUB 6000 
1280 L=VAL(L$) 
1290 IF L<L1 THEN 1250 
1300 IF L>L2 THEN 9000 
1310 H$=" " 
1320 G$=STR(L) 
1330 G$=SEG(G$,2,LEN(G$)-1) 
1340 H$=REP(G$,1+N-LEN(G$),LEN(G$» 

1350 REM Stmt # right aligned 

1360 IF 02<>0 THEN 1380 
1370 02=L 
1380 IF L>80 OR L/4<>INT(L/4) THEN 1440 
1390 GOSUB 3000 
1400 RMOVE 0,-2 
1410 PRINT "HHHHHHHH**** Key #"i L/ 4i" ****"i 
1420 MOVE X,U-4-4*(C<>48) 
1430 GIN X,Y 
1440 GOSUB 2000 
1450 P=POS(L$," ",1)+1 
1460 C$=SEG(L$,P,3) 
1470 C=(POS(A$,C$,1)+2)/3 
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TITLE ABSTRACT NO: 

FLOWCHART PROGRAM FOR 4051 BASIC PROGRAMS 51/00-8005/1 ,/~""\ 

; 

~------"""-----------....I""----""""'-""'_--"I'··;' 

1480 IF C<>1 OR POS(L$,"@",P)=O THEN 1510 
1490 C$=SEG(L$,POS(L$,"@",P)+1,3) 
1495 C$=REP("0",1,0) 
1500 C=1+(VAL(C$)=32)*20.5 
1505 C$=REP("",1,1) 
1510 IF C=H AND (H<45 OR H>50) AND H<>39 AND H<>40 THEN 1530 
1520 GOSUB 3000 
1530 C$=SEG(L$,P,LEN(L$)-P+1) 
1540 C$=REP("",1,ASC(C$)=32) 
1550 I$=SEG(C$,LEN(C$),1) 
1560 C$=REP("",LEN(C$),I$=" ") 
1570 H=C 
1580 IF C<>47 THEN 1620 
1590 P=POS(C$,"TH",3) 
1600 C$=SEG(C$,4,P-5) 
1610 GOSUB 6000 
1620 RMOVE 0,-2.8-2.5*(C=47) 
1630 GIN X,U 
1640 M=O 
1650 IF C<>48 OR POS(C$,"OF",1)<>O THEN 1730 
1660 MOVE X,U+6.2 
1670 W=64 
1680 U=U+1.3 
1690 M=1 
1700 GOSUB 4000 
1710 GIN A, Y 
1720 GO TO 1910 
1730 LO=LEN(C$)*0.896 

1740 REM Look for Ctrl Characters if Print or $tring 

1750 IF C=54 THEN 1790 
1760 IF C=1 OR POS(C$,"$=",1)<>0 OR POS(C$,"POS(",1)<>0 THEN 1780 
1770 If C<>55 THEN 1790 
1780 GOSUB 5000 
1790 MOVE X-LO,U 
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FLOWCHART PROGRAM FOR 4051 BASIC PROGRAMS 

1800 PRINT C$; 
1810 IF C=46 THEN 1860 
1820 IF C<>45 THEN 1870 
1830 P=POS(C$,"=",5) 
1840 V$=SEG(C$,P-2,2) 
1850 GO TO 1870 
1860 V$=SEG(C$,LEN(C$)-1,2) 
1870 w=w MAX 70 MAX LO+65.6 
1880 IF C<47 OR C>49 AND C<>33 THEN 1920 
1890 GOSUB 4000 
1900 IF U=>98 THEN 1920 
1910 U=U-3*(C=47 OR C=48) 
1920 MOVE X,U 
1930 P2=L 
1940 GO TO 1250 

2000 REM [Incoming Branch Check] 

2010 IF G=O THEN 2300 
2020 0=1 
2030 I=POS(E$,H$,O) 
2040 IF 1=0 THEN 2290 
2050 IF (I+N-1)/N=INT«I+N-1)/N) THEN 2080 
2060 0=1+1 
2070 GO TO 2030 
2080 I=(I+N-1)/N 
2090 Y$=CHR(T) 
2100 K$=REP(Y$,I*2,1) 
2110 GOSUB 3000 
2120 GOSUB 6000 
2130 MOVE X-60,Y 
2140 PRINT USING "6d,"">"",s":I 
2150I$=SEG(J$,I*2-1,1) 
2155 M$=SEG(K$,I*2-1,1) 
2160 IF 1$<>"-" THEN 2200 
2170 PRINT "SUBR CALL"; 
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TITLE 

FLOWCHART PROGRAM FOR 4051 BASIC PROGRAMS 

2180 GO TO 2220 
2200 IF M$<>"-" THEN 2220 
2210 PRINT "INTERRUPT"; 
2220 RMOVE 12+16*(1$="-" OR M$="-"),1.3 
2230 DRAW X,Y+l.3 
2240 RDRAW 0,-4 
2250 GIN X,Y 
2260 U=Y 
2270 I=I*N 
2280 GO TO 2060 
2290 GOSUB 6000 
2300 RETURN 

3000 REM [Draw Boxes] 

3010 IF M THEN 3530 
3020 U=U-0.5 
3030 MOVE X,U 
3040 A=(Y-U)/2+U 
3050 B=2*X-W 

PAGE NO: 14 

ABSTRACT NO: 
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3060 IF H<27 OR H=47 OR H=49 OR H=50 OR H>54 THEN 3250 

3070"REM Mise Box 

3080 PRINT @32,20:W,U,W+l,A,W,Y,B,Y,B-l,A,B,U,X,U 
3090 IF H<>45 AND H<>46 THEN 3480 
3100 MOVE W+l,A 
3110 IF H=46 THEN 3190 

3120 REM "For" Statement 

3130 J=POS(F$," ",1) 
3140 IF J=O THEN 3470 
3150 F$=REP(V$,J,2) 
3160 PRINT @32,20:130-J,A 
3170 F«J+1)/2)=A 
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FLOWCHART PROGRAM FOR 4051 BASIC PROGRAMS 

3180 GO TO 3470 

3190 REM "Next" Statement 

3200 B=POS(F$,V$,1) 
3210 PRINT @32,20:130-B,A,130-B,F(B/2) 
3220 F$=REP(" ",B,2) 
3230 F«B+1)/2)=-1 
3240 GO TO 3470 
3250 IF H>6 OR H<1 THEN 3290 

3260 REM Box for I/O Operations 

3270 PRINT @32,20:W,U,W+2,Y,B,Y,B-2,U,X,U 
3280 GO TO 3480 
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3290 IF H=>1 AND H<15 OR (H>27 AND H<49) OR H>50 THEN 3390 

3300 REM Calculation Box 

3310 PRINT @32,20:W+1,U,W+1,Y,B-1,Y,B-1,U,X,U 
3320 IF H<15 OR H>28 AND H<>49 AND H<>50 THEN 3480 

3330 REM Graphic/Subroutine Call Box 

3340 W=W+(H=49 OR H=50) 
3350 B=B-(H=49 OR H=50) 
3360 PRINT @32,20:X,U-0.5,W+0.5,U-0.5,W+0.5,Y+0.5,B-0.5,Y+0.5 
3370 PRINT @32,20:B-0.5,U-0.5,X,U-0.5,X,U 
3380 GO TO 3480 
3390 IF H<>47 THEN 3470 

3400 REM Decision Box Drawing 

3410 IF U>15 OR Y-U>8.5 THEN 3440 
3420 U=U-3 
3430 MOVE X,U 
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TITLE ABSTRACT NO: 

FLOWCHART PROGRAM FOR 4051 BASIC PROGRAMS 51/00-8005/1 

1-------------.... ------... ------------... . .,.,.~,.""., 

3440 PRINT @32,20:W-4,U,W+4,Z,W-4,Y,X,Y,B+4,Y,B-4,Z,B+4,U,X,U 
3450 MOVE W+4,Z+2 
3460 PRINT "YES"; 
3470 MOVE X,U 

3480 REM Box Done 

3490 GIN X,Y 
3500 Y=Y-4 
3510 DRAW @32,20+(H>37 AND H<43):X,Y 
3520 W=65 
3530 M=1 
3540 RETURN 

4000 REM [Outgoing Branch Check] 

4010 IF G=O THEN 4300 
4020 IF H=33 THEN 4100 
4030 Z=U+1.5 
4040 MOVE W+(H<>48 AND H<>49)*3+1,Z 
4050 IF W<100 THEN 4080 
4060 RDRAW 1,0 
4070 GO TO 4090 
4080 DRAW 110,Z 
4090 RMOVE -0.8,-1.28 
4100 0=1 
4110I=POS(D$,H$,0) 
4120 IF 1=0 THEN 4300 
4130 IF (I+N-1)/N=INT«I+N-1)/N) THEN 4160 
4140 0=1+1 
4150 GO TO 4110 
4160I=(I+N-1)/N 
4170 Y$=CHR(T) 
4180 J$=REP(Y$,I*2,1) 
4190 IF H<>33 THEN 4210 
4200 PRINT " INT SERVICE--"; 
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TITLE 

FLOWCHART PROGRAM FOR 4051 BASIC PROGRAMS 

4210 GIN P,U 
4220 PRINT ">";1; 
4230 IF U>10+5*(H=47) THEN 4270 
4240 P2=L 
4250 GOSUB 6000 
4260 MOVE P, 100 
4270 RMOVE 0,-2.6 
4280 I=I*N 
4290 GO TO 4140 
4300 RETURN 

5000 REM [Convert Control Characters] 

5010 FOR 1=1 TO 8 
5020 Q=1 
5030 B$=SEG("HGIJKLi ",1,1) 
5040 D=POS(C$,B$,Q) 
5050 IF D=O THEN 5120 
5060 A=ASC(B$) 
5070 B$=CHR(A+64) 
5080 B$=B$&".!:L" 
5090 C$=REP(B$,D,1) 
5100 Q=D+3 
5110 GO TO 5030 
5120 NEXT I 
5210 RETURN 

6000 REM [Page Full] 

6010 IF U>10+5*(H=47) THEN 6200 
6020 GOSUB 3000 
6030 FOR J=1 TO 20 
6040 IF F(J)<O THEN 6080 
6050 PRINT @32,21:131-2*J,F(J) 
6060 PRINT @32,20:131-2*J,0 
6070 F(J)=100 
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FLOWCHART PROGRAM FOR 4051 BASIC PROGRAMS 

6080 NEXT J 
6090 MOVE 0,0 
6100 PRINT Tj" ("j02j"-"jP2j")"j 
6110 T=T+1 
6120 COPY 
6130 PRINT USING "20(100(""""»ps": 
6140 02=L*(P2<>L) 
6150 U=98 
6160 w=x 
6170 MOVE X,U+2 
6180 DRAW X,U+0.5 
6190 GIN X,Y 
6200 RETURN 

7000 REM [Print Branch Table] 

PAGE NO 18 

ABSTRACT NO: 
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7010 C$="3d,x,4a,2x,2d,x,4a,2x,2d,2x,9a,4x,s" /~ 

7020 PAGE \',,-->, 

7030 IF G=O THEN 7320 
7040 FOR 1=1 TO G/66+1 
7050 A=(I-1)*66 
7060 PAGE 
7070 PRINT USING "2(""BRtI FROM PAGE TO PAGE"",14x) ,72(""="")": 
7080 FOR K=A+1 TO A+33 MIN A+(G-A+1)/2 
7090 B=33 MIN INT(0.5*(G-A»+(INT(G/2)<>G/2) 
7100 
7110 
7120 
7130 
7140 
7150 
7160 
7170 
7180 
7190 
7200 

000-6405-02 

FOR J=K TO K+B STEP B 
IF J>G THEN 7270 
L$="" 
I$=SEG(J$,J*2-1,1) 
IF 1$<>"-" THEN 7170 
L$="SUBR.CALL" 
GO TO 7200 
M$=SEG(K$,J*2-1,1) 
IF M$<>"-" THEN 7200 
L$="INTERRUPT" 
G$=SEG(D$,J*N-N+1,N) 
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TITLE ABSTRACT NO: 

FLOWCHART PROGRAM FOR 4051 BASIC PROGRAMS 51/00-8005/1 

7210 H$=SEG(E$,J*N-N+1,N) 
7220 I$=SEG(J$,J*2,1) 
7230 P1=ASC(I$) 
7240 M$=SEG(K$,J*2,1) 
7250 P3=ASC(M$) 
7260 PRINT USING C$:J,G$,P1,H$,P3,L$ 
7270 NEXT J 
7280 NEXT K 
7290 IF I+1>G/66+1 AND G-A<66 THEN 7310 
7300 COPY 
7310 NEXT I 
7320 PRINT 
7330 PRINT USING "20(100("tlllIt»s": 
7340 PRINT "# Branches: ";G 
7350 COpy 
7360 RETURN 

8000 REM [Display Symbols] 

8010 DATA 0,"CALCULATION.",3,"INPUT/OUTPUT OPERATION.",20,"GRAPHICS." 
8020 DATA 30,"MISC.",47,"CONDITIONAL BRANCH.",49,"SUBROUTINE CALL.",-1 
8030 RESTORE 8010 
8040 PRINT USING ''''''LJIF LOW C H ART S Y M B 0 L S""": 
8050 Y=85 
8060 X=25 
8070 w=35 
8080 M=O 
8090 READ H 
8100 U=Y-8 
8110 Z=U+4*(H=47) 

-

8120 IF H=-1 THEN 8210 
8130 READ L$ 
8140 GOSUB 3000 
8150 IF H<>47 THEN 8180 
8160 MOVE 39,Z 
8170 RDRAW 6,0 
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TITLE ABSTRACT NO: 

FLOWCHART PROGRAM FOR 4051 BASIC PROGRAMS 51/00-8005/1 
li ... __________________ - .... _--------.. __ .. s,-, '" 

8180 MOVE 60,Y+8 
8190 PRINT L$j 
8200 GO TO 8060 
8210 HOME 
8220 RETURN 

gooo REM [End of Program] 

9010 GOSUB 3000 
g020 MOVE 0,0 
9030 PRINT Tj" ("j02j"_" jP2j")"j 
9040 PRINT USING "20(100(""""))s": 
9050 COpy 
g060 PRINT USING "10(100(ff"''''})s''': 
9070 IF L2<9999 THEN 9090 
g080 GOSUB 7000 
9090 END 
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AUTHOR PERIPHERALS 

Mark Mehall 4662 (Optional) 
ABSTRACT 

This set of routines draws alphanumeric characters and special 
symhols on a 4051 or 4662. The characters and symbols can be any 
~ize, Gt any angle and may be positioned at any location on the 
screen or plotter surface. Since the routines do not interfere 
with the user's window and viewport, they can be used with 
existing prograrr ,s for annotation. Labels can be placed on axes, 
points can be indicated, and legends can be added to graphs. 
There are 128 possible symbols, including upper and lower-case 

« letters, numbers, sixteen centered symbols, and special characters. 
The routines also offer subscripts and superscripts, underlining, 
italics, tab settings, backspace and carriage return functions. 
The characters are similar to the Leroy style. 
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The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, Inc., assumes no responsibility and 
shall have no liability, consequential or otherwise, of any kind arising from 
the use of this program material or any part thereof. 
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TITLE 

Leroy Character Generator 

DESCRIPTION 

PAGE NO: 1 

ABSTRACT NO: 

51/00-8012/0 

There are three routines in this package and one data file. 
The first routine (GO SUB 9000) initializes the tables used by the 
program from the data file. This routine should be used only once 
c'Jring each program. The second routine (GOSUB 9100) does the 
aCTual character genera-Han. The routine requires three variables: 
C$ - the string of ASCII characters to be qrawn, S - the 
size of th~ characters in Graphic Display Units (GDUs) I and 
A - the anyle (in degrees) of counterclockwise rotation. 
The tnird rouHne (GOSUB 9200) is an entry point to allow some 
special features to be used. It will be discussed later. 
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TI'fUE ABSTRACT NO: 

'LEROYCHAAAtlER 'GENERATOR 51/00~8012l0 
,l 

t -----------------...... --....... ~q~.-lIIIIIIII,jt_ ..... - .... '---"~/, >.If .. , 

OP,EAA TING INSTRtJCTIONS 

Insert tAe tape into the 4'051 and load the pro'gram into memory . The user 
tnenmust ent,er the :parameter:program to :initialize the tables~. set the, 
angle, size the characters, define the character string, determine tne )(, 
Y pOint to begin the draw, followed with a OOSUB :9100 and END (see thes 
examples attached) . 

SA V ING PARAMETER PROGRAMS 

Parameter programs saved on a separate file must include a dummy 90'00 REM 
statement. To run these with the Leroy Character Generator, load the 
p,arameter program FIND the # of the Leroy program and APPEND 9000. 

LIMITATIONS 

The leroy program is coded to run on the 4051 Graphic Display Screen. If 
you are writing to the plotter, change 1 ine 90lD to read 9010 U9=1. 

The explicit instructions for using the many features of this program 
follow the page of characters available (page 9). 
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TITLE ABSTRACT NO: 

Leroy Character Generator 51/00-8012/0 

EXAMPLE #1 PROGRAM 

100 REM INITIALIZE THE CHARACTER GENERA TOR 
110 GOSUB 9000 
120 REM SET ANGLE TO 0 
130 A=O 
1 to REM SET CHARACTER STRING 
150 C$="A Character String" 
160 REM SET THE SCALE TO 4 (GDUs) 
170 S=4 
180 RFM MOVE TO THE BEGINNING LOCATION 
190 MOVE 65,50 
200 REM EXECUTE THE ROUTINE 
210 GOSUB 9100 
220 END 

EXAMPLE #1 RESULT 

A Character String 
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.. 

EXAMPLE #2 PROGRAM 

100 ,REM SET ANGLE TO 0 
110 A=O 
120 REM SET CHARACTER STRING TO BE "Z" 
130 C$="Z" 
140 REM MOVE TO THE BEGINNING LOCA TION 
150 MOVE 65,50 
160 REM SET THE SIZE OF THE STRING 
170 FOR S=5 TO 2 STEP -0.2 
180 REM EXECUTE THE ROUTINE 
190 GOSUB 9100 
200 NEXT S 
210 END 

EXAMPLE #2 RESULT 

zzzzzzzzzzzzzzzz 
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TITLE 

Leroy Characrer Generator 

EXAMPLE #3 PROGRAM 

100 REM SET CHARACTER STRING 
110 C$=" Symbol Generator" 
120 REM SET THE SCALE TO 2.5 (GDUs) 
130 S=2.5 
itO REM SET THE ANGLE 
150 FOR A=O TO 330 STEP 30 

PAGE NO: 5 
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160 REM MOVE TO THE BEGINNING LOCA TION 
170 MOVE 65,50 
180 RFM EXECUTE THE ROUTINE 
190 GOSUB 9100 
200 NEXT A 
210 END 
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EXAMPLE #3 RESULT· 

o 
TEKTRONIX 4051 PROGRAM 



( 

PAGE NO: 7 

TITLE ABSTRACT NO: 

Leroy Character Genera-tor 51/00-8012/0 

CHARACTERS AVAILABLE . 

There are 128 characters in this set of routines. The printable 
ASCII characters (decimal 32 ·~hrough 126) may be obtained 
directly from the 4051 keyboard. The ASCn control codes 
(d~cimal 0 through 31) have been defined to produce special 
characters (see table). Decimal 0 through 15 are centered 
symbols and decimal 16 through 31 are mathematical characters. 
The control code characters can be obtained by using the CTRL 
key on the 4051. For example C$="A" (CTRL A) 
produces 0 

There are two characters which cannot be obtained directly 
from the keyboard. Both decimal 13 and 127 must be defined 
using the CHR function (e.g. C$=CHR(127). 
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0 

! 0 8 16 32 
.~'.--"" 

~ -'. 

0 \l 1 11 as :J 
--" 
!' 

~ a ~ 18 .34 
Od/i,J 2 "- <2> -r' N :I 19 -'5 .... 
<15 ti GO 

X 
~ 

~: g 4 20 36 

~ ~ 5 + 81 L 37 

co 

-~ 

-~ 
~-

15 W 22 > .38 

7. ~ fa 00 39 

25 +- 84 ~ 40 

9 ~ 25 + 41 

10 -I><] 26· 
~ 

42 

11 ):( 87 t 4.3 

ex: 12 ~ .28 f 44 
0 .... 
~ 13 I n L1J 

eg 45 
z: 
~ 

~ 

14 B so 4> AS 
0: 

t3 
115 '* 31 -{ 47 

~ 
~ - . 

u 
>-

w -~ 
..J 

.t- \.LI 

i= -J 

., 
--' 

48 0 64 @ eo p 
I 1 A Q 49 es 81 . 
" 2 B R 50 66 ae 

# S1 3 67 C 63 S 
$ 52 4 68 D a4 T 
% 53 5 69 E 85 U 
& 54 6 70 F 156 V 
1 - 7 G W 55 71 87 

( 56 8 72 H 58 X 
) 'Sf 9 73 I 89 Y 

* J Z • 
$8 • 74 90 

+ • K [ 59 75 91 , 
, 60 < 76 L 92 \ 

M 93 - J - -61 77 

. 6e > 78 N 94- /\ 
/ 63 ? 79 0 95 • -

Characters Available 

, 
96 

9-7 a 
96 b 
99 c 
100 d 
101 e 
102 f 
103 g 
104 h 
105 I . 
106 J 
107 k 
106 I 
109 m 
110 - n 
111 0 

.... 
112' P 
113 q 
114 r 
115 s·_·: 
110 t 
117 U 
118 V 

119 W 
120 X 

121 Y 
_122 z 
123 { 

124 I 
125 } 

"'-' 126 

127 V 

- -

~-
a:: 

~ 
0.. 

~ 
X 
Z 

~ 

~ 

I 
§ 
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TITLE ABSTRACT NO: 

Leroy Character Generator 51/00-8012/0 

FEATURES 

The control character I is used to convey special instructions 
according to the character which ·follows· the I. For example, 
17 means to enter the subscript mode. If a I is followed by 
a ~haracter which is not defined as a code, it will be ignored. 
A single I is drawn if two of them appear successively. Control 
characters may appear anywhere in C$. 

Superscripts and subscripts 

If the characters 15, 16, 17, or 18, are encountered, an 
instruction regarding superscripts and subscripts is executed: 

15 means to enter the superscript mode; 
16 r.1eans to leave the superscript mode; 
17 means to enter the subscript mode; 
18 means to leave the subscript mode. 

Superscripts may have subscripts or superscripts, etc. For 
example the string C$="pI5216Q" produces the result: 

P2Q 
and the string C$="el 5xl7kl 81 52 (n-l) 1616dx17k18" 
produces the result: 

. 000-6405-02' TEKTRONIX 4051 PROGRAM 
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Leroy'Char:acter Generator 

PAGENO: '10 
ABSTRACT NO: 

51/00-8012/.0 
~ (~ 

, , '. 

'Establishing a reference. point and .' returnin.Q to it 

If . the characters I 9 are encountered, the' coordinates of the 
nextavailobfeposition are stored ·forfuture reference. 
rrthe <characters I A ·ore . encountered, ihedrawingwil1 
continue at the position stored in the last reference to 19. 
If I 9 has not used, the reference point is assumed to be 
the starting location used ,when GOSUB 9100 was invoked. 
Since GOSUB 9100 resets the reference point, GOSUB 9200 
should be used with ,9. 

Tab 

A single "tab setting" is provided. The position of the tab, 
setting is established (or revised) by using the control 
characters 18 in C$ when at the desired location. Any 
subsequent use of the control characters ,'e will cause 
the following characters to be drawn at a point directly 
below the point at which I B was invoked. If I B has not been 
used, it is assumed thnr the tab was set at the starting 
location when GOSUB 9100 was invoked. The tab (I C) is usually 
used with ,multiple calls to carriage return (see below). The 
"tab set" position is preserved from one call to GOSUB 9100 or 
GOSUB 9200 to another . 

TEKTRONlX4051 PROGRAM 
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Leroy Character Generator 51/00-8012/0 

Under I ining 

The underscoring of a word or a series of words is accomplished 
by the use of the code 19 to establish the beginning of the 
underscored material and the code IOta establish the end of 
tl"'e underscored material. F or example the string 
C$="The 1 9titlel 0" produces the result: I 

The title 
If I D is invoked without 19 ever having been used, underlining 
will stort from the starting location when GOSUB 9100 was 
executed. 

Backspace 

If the characters 1 E are encountered, drawing will continue 
starting at the beginning of the last drawn character. 
Backspace may not be called meaningfully more than once in 
succession, since the only pertinent information stored is 
the beginning location of the last plotted character. 

. 000·6405·02 TEKTRONIX 4051 PROGRAM 
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PAGE NO: 12 

ABSTRACT NO: 

51100-8012/0 

• 

The control characters IF are used when dr.awingis to ;be 
. resumed at o pOint located at 1:5*8 be~.ow the beginning point 
of the previ'ousexecution 'Of GaSUS 9100. Carriage returns 
'may be used successively. 

/. 

Italics 

When a group of letters is to be ifolicized,the control 
characters I G are placedbetorefhegroup and the control 
characters I H Otter the group, inC$. For example, the 
string C$="I Gtimel H, T" produces the result: 

time, T 
Italics are "carried over" from one call to GOSUB 9100 (or 
GOSUB 9200) to the next. 
For example, the series of statements: 

C$="\G" 
GOSUB 9100 
C$~STR(Pl) 

GaSUB 9200 
. C$="I H r15E" 

GOSUB 9200 
produces the result: 

3.14159265359 r2 

·OOO~6405.o2 TEKTRONIX'4051 PROGRAM 
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TITLE ABSTRACT NO: 

Leroy Character Generator 51/00-8012/0 

MEMORY REQUIREMENTS 

The full version takes 9705 bytes of storage. The following 
can be used to decrease the amount of memory required: 

. 000-6405-02 

1. Delete all REM statements (except 9000, 9100 and 9200). 
This version requires 6683 bytes. 

2. Rernove the special functions by deleting lines 9226 
through 9364. This version uses 5334 bytes. 

TEKTRONIX 4051 PROGRAM 



PAGE NO: 14 
rtiYtE ABSTRACT NO! 

LEROY CHARAcTER GENERAliOR 51/00-8012/0' 

: 9000 REM TftISR0trrlENiE INITIALIZES THE TAIaLES USE BY TItE 
9{)'O2' REM CHA,RACTER GENERATOR. IT SHOUW BE EXECUTED (ONCE)' BEFORE, 
90014 REM nUl' QUaACTER GiENERATOff lS USED. (i.e. OOSUB 9000) 

9006 DIM fl$ (257" ,D$( 513) ,M$(2279) J,E$( 1) ,F$( 11 ,G$( n 

9008 REM set GR'APIUC DEVle]; (DEF AU1.1 IS SCREE.!) 

9010 U9=32 
9011 PRIMT ffFILE , OF DATA? ff; 

9012 INPUT Z 
9013 PAGE 
9014 FIND Z 
9016 READ @33:N$,D$,M$ 

9018 REM SET CODE FOR NO ITALICS 

9020 19=0 
9022 RETURN 

9100 REM *I*CHARACTER GENERATOR ROUTINE*I* 51/00-8012/0 

9102 REM VARIABLES USED -
9104 REM S - SCALE OF THE CHARACTERS IN GRAPHIC DISPLAY UNITS (GDUs) 

9106 REM C$ - ASCII CHARACTER STRING TO BE PLOTTED 
9108 REM A - ANGLE (IN DEGREES) OF COUNTERCLOCKWISE ROTATION 

9109 REM Z - DATA FILE II 

9110 REM LOCAL VARIABLES USED -
9112 REM 
9114 REM 
9116 REM 

9118 REM 
9120 REM 
9122 REM 
9124 REM 

9126 REM 

. 000-640s,,02 

X4,Y4 - TAB REFERENCE 
X5~Y5 - GENERAL REFERENCE POINT ALSO UNDERLINE REFERENCE 
X6, Y6 - CURRENT LOCATION 
X7,Y7 - CHARACTER MOVES 
X8,Y8 - STARTING CHARACTER STRING LOCATION USED FOR CR 
X9,Y9 - WORK VARIABLES 
S9,C9 - SIN(A) AND COS(A) 

E$,F$,G$ - WORK STRINGS 

TEKTRONIX 4051 PROGRAM' .~ . 
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TITLE ABSTRACT NO: 

LEROY CHARACTER GENERATOR 51/00-8012/0 

9128 REM N$ - TABLE OF MOVES PER CHARACTER 

9130 REM D$ - TABLE OF INDEX INTO M$ AND WIDTH 

9132 REM M$ - CHARACTER MOVES 

9134 REM 19 - ITALICS CODE (1=ON O=OFF) 

9136 REM L9,M9 - INDEX VARIABLES 

9138 REM P9 - DRAW CODE (1=MOVE 2=DRAW) 

9140 REM S8 - CORRECTED SCALE FACTOR 

9142 REM U9 - UNIT NUMBER OF GRAPHIC DEVICE (DEFAULT IS 32) 

9144 REM C8 - ASCII DECIMAL EQUIVALENT OF LETTER OF C$ 

914~ REM W8 - CHARACTER WIDTH (IN GDUs) 

9148 REM N9,D9 - MISC. VARIABLES 

9150 REM GET BEGINNING LOCATION 

9152 INPUT @U9,_4:X6,Y6 

9154 REM SAVE STARTING LOCATION 

9156 X8=X6 
9158 Y8=Y6 

9160 REM SET REFERENCE POINT 

9162 X5=X6 
9164 Y5=Y6 

USED FOR BACKSPACE 

9200 REM ENTRY POINT FOR BYPASSING THE GIN COMMAND 
9202 REM THE CHARACTERS WILL BE DRAWN AT THE END OF THE LAST STRING 

9204 REM CORRECT SCALE FACTOR FOR GDUs 

9206 S8=S*1.25 
9208 SET DEGREES 

9210 REM ALL ANGLES IN DEGREES 

9212 S9=SIN( A) 
4[~ 9214 C9=COS(A) 
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TITLE 
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ABSTRACT NO: 

51100~8012/0 r 
II' ;~ t 

.......... _ ...... _ ... ___ .... ___ .... _____ ... ____ ... _L ... ~ .. ' _ .... f+. .. ".. .. ___ ,...... .,,,,~- A 

". -
, . 

; 

:' 

" 

o' 

i 

" 

" 

" 

" 

921'6 FOR L9=,' TO'LEtHC$) 

9218 

9220 
9222 

9224 

9226 
-9228 

92~0 

9232 

9234 

9236 

9238 

9240 
9242 

9244 

9246 
9248 

9250 

REM GET A CHARACTER 

El$=SEG:(C$,L9,1 ) 
.C8=ASCr~ :) 

REM CHECK FOR CONTROL CHARACTER 

IF C8<>124 THEN 9366 
L9=L9+1 
E$=SEG( C$ ,L9 ,1) 
C8=ASC(E$) 

REM CHECK FOR ANOTHER CONTROL CHARACTER, IF YES DRAW ONE 

IF C8= 124 THEN 9366 

REM CHECK FOR 5 THROUGH 9 

IF C8<53 OR C8>57 THEN 9246 
GO TO C8-52 OF 9252,9262,9272,9282,9292 

REM CHECK FOR A THROUGH G 

IF C8<65 OR C8>72 THEN 9520 
GO TO C8-'64 OF 9300,9308,9316,9324,9332,9340,9356,9362 

REM ENTER SUPERSCRIPT MODE (CODE 5) 

", 

Co 

:. 

, 

/,...--..... ,\ 

i 

"'---'" 

:~ 

" 

•. ~ 9252 Y6=Y6+88*0.3333*C9 
X6=X6-S8*0.3333*S9 
S8=88*0 .6 

/ 9254 
9256 
9258 GO TO 9518 

9260 REM LEAVE SUPERSCRIPT MODE (CODE 6) C' \ 
, , 

, 000-6405-02 
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TITLE ABSTRACT NO: 

(- LEROY CHARACTER GENERATOR 51/00-8012/0 

9262 S8=S8*1.6667 

9264 Y6=Y6-S8*0.3333*C9 
9266 X6=X6+S8*0.3333*S9 
9268 GO TO 9518 

9270 REM ENTER SUBSCRIPT MODE (CODE 7) 

92'72 Y6=Y6-S8*0.2667*C9 

9274 X6=X6+S8*0.2667*S9 

9276 S8=S8*0.6 

9278 GO TI) 9518 
, 

9280 HEM LEAVE SUBSCRIPT MODE (CODE 8) 

9282 S8=S8* 1.6667 

( 9284 Y6=Y6+S8*0.2667*C9 
9286 X6=x6-S8*0.2667*S9 
9288 GO TO 9518 

9290 REM ESTABLISH REFERENCE POINT (CODE 9) 

9292 X5=X6 
9294 Y5=Y6 
9296 GO TO 9520 

9298 REM RETURN TO REFERENCE POINT (CODE A) 

9300 X6=X5 
9302 Y6=Y5 
9304 GO TO 9518 

9306 REM ESTABLISH TAB REFERENCE (CODE B) 

( 
9308 x4=x6-X8 

j 9310 Y4=Y6-Y8 

000-6405-02 TEKTRONIX 4051 PROGRAM 
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Ttll.E fi ABSTRACT NO: 

" 

LER6V CHAAACTER GENERATOR 51/00 .... 8Q12./ 0-

~ '; 

.~ 

93:,'r~ G(f TO' 9520 " 

9'11'4 REM' TAIl OPBRATOR; (CODE C), 
, 
\ ~ 

t 

9316 X6=X4+x8' 

9318 16=Y4+Y8 

9320 GO TO 9518 
--

UNDEBLINE (CODg~D) 
- -

.9;322 REM -. ' .. . .. ,. 
9324' PRINT @U9,21 :X6+0 .2667*SS*S9, Y6-0 .2667*SS*C9 , -
9326 PRINT @U9,20:X5+0 .2667*SS*S9, Y5-0 .2667*S8*C9 

9328 GO TO 9518 

- '-
j 

9330 REM BACKSPACE (CODE E) 

9332 X6=x6-X9*C9 

9334 Y6=Y6-X9*S9 

9336 GO TO 9518 

9338 REM CARRIAGE RETURN (CODE F) 

9340 X9=x8+1.5*S8*S9 

9342 Y9=Y8-1.5*S8*C9 

9344 X6=X9 \ 

9346 Y6=Y9 

9348 X8=X9 

9350 Y8=Y9 
.' 9352 GO TO 9518 

9354 REM ITALICS MODE (CODE G) 

9356 19=1 

9358 GO TO 9520 

. 9360 REM NO ITALICS (CODE H) 
- o 
.' 

000-6405·02 TEKTRONIX 4Os1PROGCWv1 ';': 
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TITLE ABSTRACT NO: 

LEROY CHARACTER GENERATOR 51/00-8012/0 

9362 19=0 
9364 GO TO 9520 
9366 P9=2 
9368 N9=C8*2+1 

9370 E$=SEG(N$,N9,1) 

9372 F$=SEG(N$,N9+1,1) 

9374 N9=ASC(E$)*16+ASC(F$) 

9376 D9=C8*4+1 

937b E$=SEG( D$ ,D9, 1) 

9380 F$=SEG(D$,D9+1,1) 

9382 G$=SEG(D$,D9+2,1) 

9384 W8=D9 
9386 D9=ASC(E$)*256+ASC(F$)*16+ASC(G$) 

9388 D9=D9*2+1 

9390 E$=SEG(D$,W8+3,1) 

9392 W8=ASC(E$) 

9394 FOR M9=D9 TO D9+2*N9-1 STEP 2 

9396 X$=SEG( M$ ,M9, 1) 

9398 x7=ASC(X$) 
9400 Y$=SEG(M$,M9+1,1) 

9402 Y7=ASC(Y$) 

9404 REM CHECK FOR SPECIAL CODE 

9406 IF X7=15 THEN 9474 

9408 REM OFFSET FOR NONCENTERED SYMBOLS 

9410 X7=X7-1 
9412 Y7=Y7-3 

9414 REM CHECK FOR CENTERED SYMBOLS 

9416 IF C8>16 THEN 9426 

C: 
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, 

LEROY CHARACTER GENERATOR 51/00-8012/0 , 
'" " 

",. t 
"! 

C·'·.~·' ,. 

~-~. 
941'8 REM OFFSET· FOR CElVTERED SYMBOLS 

9420 Y7=Y1-6 
91122 X:r=,K'l-6 " 

9424 REM ITALICIZE IT 

9426 IF 19=0 THEI 9432 
: 9428 X7=X'!+O .3*17 

9430 REM 'ROTATE IT 

9432 IF A=O THEN 9444 
9434 X9=-Y7*S9+X7*C9 
9436 Y9=Y7*C9+X7*S9 

., 
9438 X7=X9 
9440 Y7=Y9 

9~42 REM SCALE IT 

" 9444 x9=x7*0 .06667* S8+x6 
9446 19=Y7*0 .06667*S8+Y6 , 

9448 X7=X9 
9450 Y7=Y9 

: 

9452 REM CHECK FOR AMOVE 

9454 IF P9=2 THEN 9464 

" 

9456 REM DRAW IT 

9458 PRINT@U9,20:X7,Y7 
9460 GO TO 9468 , 

9462 REM MOVE TO IT c 
.' 

" __ '-.. (Ii'''''''''''_ 
000-6405-02 
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TITLE ABSTRACT NO: 

LEROY CHARACTER GENERATOR 51/00-8012/0 

9464 

9466 

9468 
9470 

9472 

947 L, 

9476 

9478 
9480 

9482 
9484 

9486 
9488 

9490 
9492 

9494 
9496 

9498 
9500 

9502 

9504 

9506 

000-6405-02 

PRINT @U9,21:X7,Y7 

REM RESET DRAW CODE 

P9=1 
GO TO 9500 

REM SPEC CODE X7=15 

GO TO Y7+1 OF 9482,9498,9490 
GO TO 9500 

EM MOVE CODE 

REM Y7=0 

P9=2 
GO TO 9500 

REM Y7=2 
REM INCREASE SCALE FACTOR 

S8=S8*2 
GO TO 9500 

REM Y7= 1 
REM DECREASE SCALE FACTOR 

S8=s8*0.5 
NEXT M9 

REM CHECK FOR CENTERED SYMBOL (RETURN TO CENTER OF SYMBOL) 

IF C8<17 THEN 9518 

REM CALCULATE WIDTH OF CHARACTER 
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", TITLE 

., 
ABSTRACT NO: 

, 

LEROY CHARACTER.GENERATOR 51/00-8012/0 
" 

.f .. 
" 

""! 

9508 X9=WS*O.06667*S8 ., 
\ 

9510 REM CALCULATE NEXT LOCATION 

9512 Y6=Y6..,X9*·S9 
;. 

'9514 X:6=X6+X9*C9 

; 
9516 :' REM MOVE TO IT 

~ 
," , 

9518 ,PRINT@U9 ,21 :X6, Y6 if 

9520 'NEXTL9 
, 9522 RETURN 

" 

~ 
, 

; 

, 

~ 

i,~ 

, 
,j' ,-.: "" ~\l:'·.;;",,) . , 
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TITLE ABSTRACT NO: 

Leroy Character Generator 51/00-8012/0 

REMARKS 

This set of routines is based on a program developed at the 
University at Illinois by J. W. Phillips. Please send any 
comments or suggestions to: 

000·6405·02 

Mark Mehall 
Tektronix, Inc. 
5350 Keyston~ Court 
Rolling Meadows, III. 60008 
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TITLE ABSTRACT NUMBER 

FLOW DIAGRAMMER 51/00-8015/0 
I-O-R-I-G-I N-A-L --O-A--T--E....;.,---·I--R--E-V-I":::-'S I--O--N-:-::'"O--A-=T":="E-----t MEMO R Y R E au IRE M E NT 

12/77 J 16K (Option 20) 
AUTHOR Keith S. Reid-Green PERIPHERALS 

Educational Testing Service 4662 Plotter 

ABSTRACT 

This program is used to design, store, recall and modify flow diagrams 
for use in program and system documentation. 

A diagram consists of a heading, ten different box types, their connecting 
lines and labeling. Boxes and lines may be solid or dotted and may be 
arranged up to four across and nine deep on a page. 

The first 62 files of a tape must be dedicated to this program. 

Statements: 915 

000-6405-00 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, Inc., assumes no responsibility and 
shall have no liability, consequential or otherwise, of any kind arising from 
the use of this ·program material or any part thereof. 
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FLOW DIAGRAMMER 51/00-8015/0 

Description: The program consists of five phases: 

000·6405·02 

PHASE FUNCTION 

1. Main menu and function keys 

2. Enter boxes 

3. Connect, insert, delete boxes 

4. Enter box data and heading 

5. Store or retrieve diagrams 

These phases are stored on files 1 - 5 of the magnetic tape. Files 6 

through 42 contain information about the current diagram; file 6 

contains the diagram heading, or title, the box definition array Z 

and the number of connectors Zl. Files 43 through 62 are used to 

store diagrams. 

The user should arrive at the terminal with a rough-flow diagram drawn 

on the diagramming matrix form. (Page 3) 
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FLOW DIAGRAMMER 51/00-8015/0 

FILE" 
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( FLOW DIAGRAMMER 51/00-8015/0 

5 

9 

-+,..,...-.~-------

=----f.~--;;r-----~---h-r-___c7-~----'----

30.::: 

(-
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TITLE ABSTRACT NO: 

FLOW DIAGRAMMER 51l00-8JI5/0 .. ----------------------------------~--------.~.------------~ 
To begi n the program, press I AUTO LOAD ' . I f the magneti c tape does 

not move immediately, press 'BREAK' twice, then press 'AUTO LOAD ' . 

After a few seconds, the words I FLOW DIAGRAMMER ' will appear near 

the top of the screen and the tape will move. Then either the mes
sage 'There is no current diagram' or I Current diagram is (title)' 

will appear, followed by the menu:-

FLO MOl A G R A " " E R 

E"tcr: 

If there is no current diagram, selecting menu items 2 or 3 makes 

no sense. Selecting item 1 will ititiate phase 2, selecting 4 or 

5 will initiate phase 5. 

If a current diagram exists, selecting 1, 4 or 5 will initiate 

phase 5, selecti'ng 2 will cause the current diagram to be plotted, 

and selecting 3 will initiate phase 3. If 2 is selected, a piece 

of 11 x 16 inch paper must be in place on the plotter and the 

plotter otherwise prepared for action. 
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TITLE ABSTRACT NO: 

FLOW DIAGRAMMER 51/00-8015/0 

Starting a new diagram: Selecting item 1 from the main menu causes 

either phase 5 or phase 2 to be loaded from tape. Phase 5 will be 

loaded if there is a diagram, so that it may be saved or deleted. 

Otherwise, phase 2 is loaded and the diagram matrix is drawn on the 

screen. 

? 
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TITLE ABSTRACT NO: 

FLOW DIAGRAMMER 51/00-8015/0 

The question mark moves from section to section as box types are 
selected by User Definable Keys. The question mark may be moved 
without selecti'ng a box type by pressing 'return'. When a UDK 
is pressed, it is necessary to wait for the box to appear on the 
screen before pressing another UDK. 

Shown below is the result of pressing UDKs I, 6, 6, 2, I, 6, 2, 
9 and 3. The next section is to be left blank, so 'return' will 
be pressed and the question mark will appear in the following 
section. 

1 <:> <:> -/17 
1 0 / ?-I CjJ 

L;J 1 
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FLOW DIAGRAMMER 51/00-8015/0 

In phase 2s User Definable Keys 1-10, lIs 16 s 18 and 20 are meaningful. 
Key 11 is used to change the line drawing mode from solid to dotted 

lines or vice versa. Key 16 will allow the screen output to appear on 
the plotter, but should not be used in phase 2. Key 18 allows return 

to phase 1 in order to restart. Key 20 wi 11 be pressed to enter phase 
3 after completing the assignment of boxes to sections. If a box is 

assigned to the last section or if 'return' is pressed when the question 

mark reaches the last sections phase 3 is loaded. 

Note that keys 12-15 are not active during phase 2. 

assignment of boxes must be corrected in phase 3. 
final assignment of boxes for the sample diagram. 

be pressed. 

? 

., ., 

., ., 

., 

Errors in the 

Shown below is the 
Key 20 should now 

., 

., 
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TITLE ABSTRACT NO: 

FLOW DIAGRAMMER 51/00-8015/0 

Connecting boxes and correcting errors: When phase 3 is loaded, the 
screen is cleared and the defined boxes are displayed, showing. the 

assigned box numbers. All User Defi'nable Keys are currently meaning
ful except 17, (not used) and 20. Consequently, boxes may be added 
or removed at any time during this phase. If a box has been connected 

to other boxes and is then removed, all connections to and from the 
box are also removed. 

Shown below is the initial phase 3 display. 
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TITLE ABSTRACT NO: 
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The terminal is now awaiting input. For each pair of boxes to be 
connected, the user enters the 'from ' box number and presses Ireturn ' . 

The word 'side ' is displayed, and the user enters Ir' for right-hand 
si de, 'b I for bottom, or III for 1 eft-hand si de, and presses I return I . 
The same procedure is repeated for the 'to I box, except that I r', 1,1 
or It I for top are the permissible sides. Then the type of line is 
input when the word Itype l i's displayed. 

There are three line types; 1, 2 or 3. Type 1 connects boxes by 

drawing in the up or down direction from box to box, then in the 

lacrossl direction to complete the connection. Type 2 draws half 

way across, then up or down, (with an arrow in the middle of this 

line) then the other half way across. Type 3 draws across then 

up/down. Types 4, 5 and 6 are dotted line equivalents of types 1, 

2 and 3, respectively. Examples are shown on page 10; note par

ticularly the connections from boxes 6 to 11 and 17 to 15. 
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'[5 l~[;-L 
~~ J -~ . L:==:J 

9 < I II I 

----G 
Gl 

TYPE t 

TYPE 2 1 r~ I I 1 15 I 
y - 1 I 

17 -.~ 

TYPE 3 
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In the following illustration, the user has entered eleven commands 
to connect boxes and is approaching the end of a Ipage l on the screen. 
Pressing the Iredraw l key, (UDK 15) will cause the screen to be erased, 
the diagram redrawn and Ifrom l to appear at the top of the screen. 
Connecting may continue. 

frOfi 1 si_ , 
to , side 
t"" 1 
frOfl S :t= , 8 to , 1 
t .. 1 
froll 9 side , 

8 CV to 13 side S t"pe 1 
fro.. 13 std. , 
to 17 s d. CUl type 
frOll 17 :1== , to tl 0 0 type 13 
frOfi 21 :1= , to I' 0 type 
frOfl 2' :1= , to f' t!IDC G. frOft 2' :1= , to f3 
t,," 
frOft 2 :1== , to f type 
frOfl 2 side R 
to 3 side L 
tV" 1 
frOfi 
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~----------------------------------~---------------------t 

After having entered several additional commands, the user has made a 
mistake, (shown below) by requesting that the, bottom of box 14 be con
nected to the right-hand side of box 23. To correct such mistakes, 
UDK 12, 'delete last line', is pressed. 

fro .. , st- R to 7 .deL 
type 1 
frOll , :1= , to 14 I type 
fr'Oft 7' .ift , 
to 11 side 
type 1 
f"OR 3 side R 
to 4 side L 
type 1 
fro.. 3 :1= , to 7 
"" 1 13 

fr'OR 4 :t= , t~. Y 
19 frOR 14 st- R to 15 sdeL 

type 1 
frOlll 15 :1=: , to l' type 
frOR 19 :1= , to 13 
t~ 
frOlll 14 side I 
to 23 side 
t~ 1 
frOlll 
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Shown below is the completely connected diagram. 

frOR 14 -t- 8 to. 23 .del 
tYM 1 
frOR 23 :t= ~ to i 1 type 
frOR 14 :t= k to IS t .. 
frOlll 

( 13 

19 
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The user now has two choices; to plot the diagram or to load phase 4, 
the data entry phase. It is preferabl e at thi s poi nt to press UDK 16. 

then UDK 15. This will cause the diagram to be output to the 4662 

Plotter as shown on page 15. After plotting and before continuing, 
ready the plotter with new paper. 
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Now load phase 4 by pressing UDK 19. When phase 4 is loaded, the 
following menu appears: 

E.t.,.: 
1) to at. heed'", 
2) toe.te,. box de.t. 
3) to 1»1 ot Itox .. t. 

First, enter III and press 'return'. The message 'Enter headingl 
appears. Enter a heading of 50 or fewer characters and press 
, return I. 

e"te,.: 
1) to e"te,. he.din, 
2) to eate,. box d.t. 
3) to Dlotbox dat. 

I 

The menu will return to the screen, now enter '2' and press 'return'. 
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Then enter a box number, up to four lines of information to be entered 
into the box (up to 20 characters per line) and information, if any, 
to appear outside the box (up to 8 characters per line.) Press 'return' 

to omit a line. Automatic centering of in-box data will take place. 
Do not add extraneous spaces after a line since they will be counted as 
characters in the centering al gori'thm. If it necessary to enter data 
on, say, lines I, 3 and 4, enter a space in line 2 before pressing 

'return' . 

Examples of data entry for boxes 1 and 14 are shown below: 

000-6405-02 

box ....... :1 

Enter-Ita. 1: INITIALIZE 
Ii .. 2: , SET KEVS 
Ii .. 3: 
11M 4: 

.Mft box: 1 
Oft rl.ht connector: 
Oft bottOfil conftcc tor: 
o. left coftftector: 

bOx ...... : 14 

£ftter Ii .. 1: TEST 
Ufte 2: 'K' 
UM 3: 
U .. 4: 

.atoM box: 
Oft ri-'tt eonMe tor: -2 
Oft bOttOR eoftftector: -3 
Oft left Coftftcctor: other 
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After entering all box data, select menu item 3 of phase 4, 'plot 

box data', and the heading and annotations will be output to the 

plotter. (See page 19) 

Phase 1 will then be reloaded and the main menu will be displayed. 

Corrections may be made at this point. 

Note: Be sure the plotter has paper . 

000·6405·02 

. --
FLOM DIACltAtHER: PHASE 1 

Eater: 
1) to ntcr hc4dlft. 

·2) to •• ter box det. 
3) to plot bOK dGt. 

3 
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~------------------------------~------------------~ 

After the diagram is finished, phase 1 is reloaded and the main menu 
reappears:-

~.~ .. ' , FLO N D I A , R A " " E R 

. Cur,...teU.r." 1s FLOW DIAGRAM_R: PMSE 1 

1 to st.rt • fteW di4.r4 .. 
2 to r .... w c.,rr.nt di • .,. ... 
3 to ch .... current di • .,. ... 
4 to retrieve • stored dl.,r.R 
5 to destroy •• rt or .,1 0 stored d4t4: 

The user may select any item; item 2 will cause another copy of the 
current diagram to be drawn, item 3 will permit correction of any 
errors, (the current diagram will .reappear on the screen and phase 
3 will be active,) or item 1 will be selected if a new diagram is 
to be drawn. 
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Selecting item 4 will generate the following:-

Curreftt dl.tr.R: FLOW DIAGRA""lR: PHASE 1 
Stored dl.~,RS: 

1 FLOW DIAGRANMER: PHASE 1 
2 ROTATED LINE ROUTINE 
3 DRAW BOXES FRON FUNCTION KEYS 

PAGE NO: 21 
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NARNING--Thc current dialraR will b« de.troyed. 
Pres. 'return' to proceed or key 18 to .ave current dia.ra". 

and after the user presses 'return' or UDK 18 the main menu will be 

redisplayed. If item 4 is selected when no current diagram exists, 

the message is:-

No currc.t di a.,.aR 

Stored di.~'R.1 
1 FLOM DIAQtMlER: PHASE 1 
2 ROTATED LINE ROUTINE 
3 DRAW BOXES FRO" FUNCTION KEYS 

Enter nuRber of dialra" to retrieve: 

Item 5 is an acceptable choice at this time, since its selection 

has no effect on the current program. 
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If item 1 is selected while a current diagram is active, phase 5 is 

loaded and the following message appears;-

'~rre~t AU.II"."= FLOM OI,.GR,. ... R: PHASE 1 

StoNtldi ..... ".: ........ 

The user enters 'I' and presses 'return l to store the current diagram. 

The 37 files used to store the heading, lines and box data for the 

current diagram are read and consolidated into a single long file. 

the box data, including separators, (""-and ~, which must not be used 
in diagrams,) exceeds 1000 characters, the message 

Ol_treR too ~11 to .tore 

STOP IN LINE 641 PRIOR TO LINE 651 

is displayed. To destroy the diagram and return to the main menu, 
enter 'RUN 651 1 and press Ireturn ' . 

If 
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If the diagram is not too big, the message 

Enter. to seve Oft ev.i1.b1e s •• ce, 
Enter ftURber to re.lece stored di.,r&R: 

PAGE NO: 23 

ABSTRACT NO: 

51/00-8015/0 

is displayed. Normally, the user will enter 10 1 and press 1 return l • 

However, if the current diagram was previously retrieved for modifi
cation, it is preferable to return it to the file from which it was 

retrieved, in order to destroy the previous version of the diagram. 

If item 5 is selected, the user intends to destroy one or more stored 

diagrams. This need only be done when twenty diagrams (the maximum) 

are stored and a current diagram must be saved. The message 

No curre.t di •• ~e" 

Stored di.~,"s: 
1 FLOW DIAGRA~R: PHASE 1 
2 ROTATED LIME ROUTINE 
3 DRAM IOXES FROM FUNCTION KEYS 

Eftter 8 to retelft .11 .tored di •• r&Rs, 
diGtrG" n~"bcr to delete .... cific di.tr.", 
or " to destroy .,1 stored dlGlre"s: 

appears. After the user selects the appropriate action, the main 

menu will be redisplayed. 
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Data Tape Structure: 

Fi 1 e 1 ASCII Program 3000 
Files 2-5 ASCIr Program 4800 each 
Fi 1 e 6 Binary Data 1024 
Fil es 7-42 Bi nary Data 768 each 

Fi 1 es 43-62 Binary Data 3072 ea 

Internal Data Storage: 

Variable Used to Store ... Type 

A,B,C,D Endpoints of lines Simple 
C5 Cosines Array (25) 
H$ Head; ngs String (50) "'-. .. /' 

K Las t functi on key Simple 
L$ Di a gram Array (1000) 
M Device address Simple 

R Rotate fl ag Simple 

S Dotted line fl ag Simple 
S5 Sines Array (25) 

T Box types Array (4,10) 
Z Connectors Array (50) 
Z1 Number of connectors Simple 
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1 INIT 
2 SET KEY 
3 GO TO 100 
4 K=1 
5 GOSUB 471 
6 RETURN 
8 K=2 
9 GOSUB 651 
10 RETURN 
12 K=3 
13 GOSUB 691 
14 RETURN 
16 K=4 
17 GOSUB 991 
18 RETURN 
20 K=5 
21 GOSUB 1361 
22 RETURN 
24 K=6 
25 GOSUB 1441 
26 RETURN 
28 K=7 
29 GOSUB 1561 
30 RETURN 
32 K=8 
33 GOSUB 1741 
34 RETURN 
36 K=9 
37 GOSUB 1871 
38 RETURN 
40 K= 11 
41 GOSUB 2101 
42 RETURN 
44 S=-S 
45 K=10 
46 RETURN 
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48 Z1=Z1-1 
49 GO TO 3171 
52 GO TO 4941 
56 GO TO 5251 
60 GO TO 3171 
64 M=33-M 
65 R= (32-M) 131 
66 GO TO 45 
72 FIND 1 
73 OLD 
74 RUN 101 
76 DELETE 472,9999 
77 FIND 4 
78 APPEND 471 
79 RUN 471 
80 DELETE 101,461 
82 FIND 3 
83 APPEND 3171 
84 RUN 3171 
87 DELETE 111,9999 
88 FIND 2 
89 GO TO 92 
90 P3=0 
91 FIND 5 
92 APPEND 101 
93 GO TO 101 
94 DELETE L$ 
95 DELETE 111,9999 
96 IF K=9 THEN 72 
97 IF K=4 OR K=5 THEN 90 
98 GO TO 88 
99 GO TO 101 

PAGE NO: 47 

ABSTRACT NO: 

51/00-8015/0 

100 DIM T(4, 10) ,Z(50) ,S$( 1), T$( 1) ,K$( 10) ,H$(50) ,Z$( 120) ,S5(25) ,C5(25) 
101 P3=O 
111 PAGE 
121 PRINT" F "; 
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122 REM *** FLOW DIAGRAMMER *** 
123 REM ** AUTHOR: KEITH S. REID-GREEN ** 
12lJ RE~1 ** EDUCATIONAL TESTING SERVICE ** 
131 W1=O 
1lJ1 W2=O 
151 ~1=32 
161 R=O 
171 T=O 
172 PRINT "L "i 
181 2=0 
191 21=0 
201 SET DEGREES 
202 PRINT "0 "i 
203 H$="W DIAGRAMMER" 
211 FOR 1=0 TO 360 STEP 15 
221 C50NTO/15)+ 1 )=COSO) 
231 S5(INT(I/15)+1)=SIN(I) 
232 IF I-INT(I/10)*10<>0 THEN 241 
233 K$=SEG(H$,1,1) 
234 K$=K$&" " 
235 PRINT K$j 
236 H$=SEG(H$,2,LEN(H$)-1) 
241 NEXT I 
242 PRINT 
261 H$=" 
281 FIND 6 
291 IF TYP(O)=O THEN 331 
301 READ @33:H$,T,Z,Z1 
311 PRINT "JJJJCurrent diagram is "jH$ 
321 GO TO 3~ 
331 PRINT "JJJJThere is no current diagram" 
341 PRINT "JJJJEnter:" 
351 PRINT "J1 to start a new diagram" 
361 PRINT ,,- 2 to redraw current diagram" 
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371 PRINT" 3 to change current diagram" 
381 PRINT" 4 to retrieve a stored diagram" 

PAGE NO: 49 

ABSTRACT NO: 

51/00-8015/0 

391 PRINT" 5 to destroy part or all of stored data: GGG"; 
401 INPUT K 
411 P3=K-1 
421 GO TO K OF 441,491,511,95,95 
431 GO TO 200 
441 FIND 6 
451 IF TYP(O)=O THEN 87 
461 READ @33:H$,T,Z,Z1 
471 IF H$=" " THEN 87 
481 GO TO 91 
491 M=1 
501 R=1 
511 FIND 6 
521 READ @33:H$,T,Z,Z1 
531 GO TO 87 

000·6405·02 TEKTRONIX 4051 PROGRAM 



PAGE NO: 50 

TITLE ABSTRACT NO: 

FLOW DIAGRAMMER 51/00-8015/0 
(" 

., ~ 

~----------------------------------~---------------------t .... 
101 IF P3>0 THEN 80 
111 T=O 
121 z=o 
131 Z1=0 
141 R=O 
151 W1=0 
161 W2=0 
171 M=32 
181 PAGE 
191 S=1 
201 GOSUB 231 
211 GOSUB 331 
221 END 

231 REM .•... draw grid •.... 

241 FOR 1=40 TO 120 STEP 20 
251 MOVE @M:I,O 
261 DRAW @M:I,100-10*SGN<<I+40)/80-INT<<I+40)/80) 
271 NEXT I 
281 FOR 1=0 TO 100 STEP 10 
291 MOVE @M:40,I 
301 DRAW @M:120,I 
311 NEXT I 
321 RETURN 

331 REM ..... select boxes ..... 

341 FOR J=2 TO 10 
351 FOR 1=1 TO 4 
361 MOVE 30+20*I,105-10*J 
371 PRINT "?"; 
381 K=O 
391 INPUT K$ 
401 IF K=10 THEN 361 
411 T(I,J)=K*S 
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421 NEXT I 
431 NEXT J 
441 GO TO 80 

451 REM 
461 REM ..... box routines ..... 

471 A=24+20*I 
481 F=O 
491 GOSUB 511 
501 RETURN 
511 B=110-10*J 
521 C=A-F 
531 D=B-8 
541 GOSUB 2221 
551 A=C+12 
561 B=D 
571 GOSUB 2221 
581 C=A+F 
591 D=B+8 

:f 601 GOSUB 2221 
611 A=C-12 
621 B=D 
631 GOSUB 2221 
641 RETURN 
651 A=25.5+20*I 
661 F=3 
671 GOSUB 511 
681 RETURN 
691 A=24+20*I 
701 B=110-10*J 
711 C=A 
721 D=B-9 
731 GOSUB 2221 
741 B=D 
751 A=C+2 
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761 GOSUB 2221 
771 C=A+2 
781 D=B+0.3 
791 GOSUB 2221 
801 A=C+2 
811 B=D+0.7 
821 GOSUB 2221 
831 C=A+2 
841 D=B+0.7 
851 GOSUB 2221 
861 A=C+2 
871 B=D+0.3 
881 GOSUB 2221 
891 C=A+2 
901 D=B 
911 GOSUB 2221 
921 A=C 
93 1 B=D+7 
941 GOSUB 2221 
951 C=A-12 
961 D=B 
971 GOSUB 2221 
981 RETURN 
99 1 A=27+20*I 
1001 B=110-10*J 
1011 C=A-3 
1021 D=B-4 
1031 GOSUB 2221 
1041 B=B-8 
1051 GOSUB 2221 
1061 D=B 
1071 C=A+8 
1081 GOSUB 2221 
1091 B=B+1 
1101 A=C+O.5 
1 111 GOSUB 2221 
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1121 C:C+0.75 
1131 D=D+2 
1141 GOSUB 2221 
1151 B=B+2 
1161 A=A+0.4 
1171 GOSUB 2221 
1181 C=C+0.25 
1191 D=D+2 
1201 GOSUB 2221 
1211 B=B+2 
1221 GOSUB 2221 
1231 C=C-O.25 
1241 D=D+2 
1251 GOSUB 2221 
1261 A=A-0.4 
1271 B=B+2 
1281 GOSUB 2221 
1291 C=C-0.75 
1301 D=D+2 
1311 GOSUB 2221 
1321 A=C-8 
133 1 B=B+1 
1341 GOSUB 2221 
1351 RETURN 
1361 D=4 
1371 GOSUB 2181 
1381 A=30+20*I 
1391 B=102-10*J 
1401 C=A+5 
1411 D=B 
1421 GOSUB 2221 
1431 RETURN 
1441 A=30+20*I 
1451 B=110-10*J 
1461 C=A-6 
1471 D=B-4 

( 
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1481 GOSUB 2221 
1491 B=B-8 , 
1501 GOSUB 2221 
1511 C=C+12 
1521 GOSUB 2221 
1531 B=B+8 
1541 GOSUB 2221 
1551 RETURN 
1561 A=26+20*I 
1571 B=110-10*J 
1581 C=A-2 
1591 D=B-2 
1601 GOSUB 2221 
1611 A=C 
1621 B=D-6 
1631 GOSUB 2221 
1641 C=A+12 
1651 D=B 
1661 GOSUB 2221 
1671 A=C 
1681 B=D+8 
1691 GOSUB 2221 
1701 C=A-10 
1711 D=B 
1721 GOSUB 2221 
173 1 RETURN 
1741 A=25+20*I 
1751 B=110-10*J 
1761 GOSUB 2711 
1771 D=B 
1781 C=A+12 
1791 GOSUB 2221 
1801 A=C 
1811 B=D+8 
1821 C=C-12 
1831 D=B 

c 
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1841 GOSUB 2221 
1851 GOSUB 2711 
1861 RETURN 
1871 A=30+20*I 
1881 B=110-10*J 
1891 C=A 
1901 D=B-1 
1911 GOSUB 2221 
1921 A=C-3 
1931 B=D 
1941 GOSUB 2221 
1951 C=A 
1961 D=B-3 
1971 GOSUB 2221 
1981 A=C+3 
1991 B=D-2 
2001 GOSUB 2221 
2011 C=C+6 
2021 GOSUB 2221 
2031 A=C 
2041 B=D+3 rf.· " 

2051 GOSUB 2221 
2061 C=A-3 
2071 D=B 
2081 GOSUB 2221 
2091 RETURN 
2101 D=2.5 
2111 GOSUB 2181 
2121 A=32.5+20*I 
2131 C=A+3.5 
2141 B=106-10*J 
2151 D=B 
2161 GOSUB 2221 
2171 RETURN 
2181 A=30+20*I 
2191 B=106-10*J 
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2201 GOSUB 2951 
2211 RETURN 

2221 REM •.•.. draw from a,b to c,d •..•. 

2231 IF A=C AND B=D THEN 2491 
2241 A9=A 
2251 B9=B 
2261 C9=C 
2271 D9=D 
2281 IF C<>W1 OR D<>W2 THEN 2331 
2291 A9=C 
2301 B9=D 
2311 C9=A 
2321 D9=B 
2331 IF R=O THEN 2431 
2341 A9=125-B*1.25 
2351 B9=A*1.25-50 
2361 C9=125-D*1.25 
2371 D9=C*1.25-50 
2381 IF C9<>W1 OR D9<>W2 THEN 2431 
239 1 A9=C9 
2401 B9=D9 
2411 C9=125-B*1.25 
2421 D9=A*1.25-50 
2431 IF S<>1 THEN 2501 
2441 IF A9=W1 AND B9=W2 THEN 2461 
2451 MOVE @M:A9,B9 
2461 DRAW @M:C9,D9 
2471 W1=C9 
2481 W2=D9 
2491 RETURN 
2501 IF B9<>D9 AND A9<>C9 THEN 2521 
2511 GO TO 2541 
2521 IF ABS(B9-D9»ABSCA9-C9) THEN 2551 
2531 GO TO 2631 
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2541 IF B9=D9 THEN 2631 
2551 FOR N9=B9 TO 09 STEP SGN(D9-B9) 
2561 E9=(C9-A9)*(N9-B9)/(09-B9)+A9 
2571 MOVE @M:E9,N9 
2581 DRAW @M:E9,N9 
2591 W1=E9 
2601 W2=N9 
2611 NEXT N9 
2621 RETURN 
2631 FOR E9=A9 TO C9 STEP SGN(C9-A9) 
2641 N9=(09-B9)*(E9-A9)/(C9-A9)+B9 
2651 MOVE @M:E9,N9 
2661 DRAW @M:E9,N9 
2671 W1=E9 
2681 W2=N9 
2691 NEXT E9 
2701 RETURN 
2711 C=A-O.5 
2721 D=B-1 
2731 GOSUB 2221 
2741 A=A-O.75 
2751 B=B-2 
2761 GOSUB 2221 
2771 C=C-0.4 
2781 D=D-2 
2791 GOSUB 2221 
2801 A=A-0.25 
2811 B=B-2 
2821 GOSUB 2221 
2831 0=D-2 
2841 GOSUB 2221 
2851 A=A+0.25 
2861 B=B-2 
2871 GOSUB 2221 
2881 C=C+0.5 
2891 D=D-2 

( 
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2901 GOSUB 2221 
2911 A=A+O.75 
2921 B=B-2 
2931 GOSUB 2221 
2941 RETURN 

2951 REM ....• circle •.... 

2961 D8=D 
2971 A8=A 
2981 B8=B 
2991 L=1 
3051 FOR N=1 TO 25 
3061 C=D8*C5(NhA8 
3071 D=D8*S5(N)+B8 
3081 IF N=1 THEN 3131 
3091 IF S=1 THEN 3121 
3101 L=L+1 
3111 IF L<2 THEN 3131 
3121 GOSUB 2221 
3131 A=C 
3141 B=D 
3151 NEXT N 
3161 RETURN 

3171 REM 
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3151 REM ..•........ redraw boxes •....•....... 

3161 
3171 
3181 
3191 
3201 
3211 
3221 
3231 
3241 
3251 
3261 
3291 
3301 
3311 
3321 
333 1 

3341 
3351 
3361 
3371 
3375 
3376 
3381 
3391 
3401 
3411 
3421 
3431 
3441 
3451 
3461 
3471 
3481 

000-6405-02 

PAGE 
FOR J=2 TO 10 

FOR 1=1 TO 4 
S=1 
K1=T(I,J) 
IF K1=0 THEN 
IF K1>O THEN 
S=-1 
K1=-K1 
GOSUB K1 OF 
GOSUB 5311 

NEXT I 
NEXT J 
IF Z1=O THEN 3361 
FOR 11=1 TO Z1 

GOSUB 5021 
GOSUB 3671 

NEXT 11 
11=97 
MOVE 0,11 
GOSUB 5361 
IF P3=1 THEN 76 
PRINT "from "; 
INPUT K1 
IF K1=0 THEN 3661 
MOVE 17,11 
PRINT "side II. , 
INPUT S$ 
PRINT lito " . , 
INPUT K2 
MOVE 17,11-2.5 
PRINT "side II. 

I 

INPUT T$ 

3291 
3251 

471,651,691,991,1361,1441,1561,1741,1871,1871,2101 
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3491 PRINT "type II. , 
3501 INPUT T1 
3511 11=11-9 
3521 S1=2 
3531 IF S$ <>" r" THEN 3551 
3541 S1=1 
3551 IF S$<>"l" THEN 3571 
3561 S1=3 
3571 S2=4 
3581 IF T$<>"r" THEN 3601 
3591 S2=1 
3601 IF T$<>"l" THEN 3621 
3611 S2=3 
3621 Z1=Z1+1 
3631 Z(Z1)=«(K1*10+S1)*100+K2)*10+S2)*10+T1 
3641 GOSUB 3671 
365 1 GO TO 3371 
3661 END 

3671 REM ..... connect ....• 

3681 J=INT«K1-1)/4)+2 
3691 I=K1-4*(J-2) 
3701 E=O 
3711 S=1 
3721 IF T1<4 THEN 3751 
3731 s=o 
3741 T1=T1-3 
..J751 IF ABS(T(I,J))<>5 THEN 3791 
3761 E=2 
3791 A1=30+20*I 
3801 B1=106-10*J 
3811 GO TO S1 OF 3821,3871,3911 
3821 C1=A1+10 
3831 A1=A1+6-E 
3841 D1=B1 
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3851 GOSUB 4461 
3861 GO TO 3951 
3871 B1=B1-4 
3881 C1=A1 
3891 D1=B1-1 
3901 GO TO 3951 
3911 C1=A1-10 
3921 A1=A1-6+E 
3931 D1=B1 
3941 GOSUB 4461 
3951 GOSUB 4701 
3961 J=INT«K2-1)/4)+2 
3971 I=K2-4*(J-2) 
3981 E=O 
3991 IF ABS(TCI,J))<>5 THEN 4031 
4001 E=2 
4031 A2=30+20*I 
4041 B2=106-10*J 
4051 GO TO S2 OF 4061,4111,4151,4111 
4061 C2=A2+10 
4071 D2=B2 
4081 A2=A2+6-E 
4091 GOSUB 4541 
4101 GO TO 4191 
4111 B2=B2+4 
4121 D2=B2+1 
4131 C2=A2 
4132 GOSUB 4761 
4133 L=INT«K1-1)/4)+2 
4134 IF I-(K1-4*(L-2))<>0 OR ABS(J-L)=1 THEN 4201 
4135 A=C2-0.5 
4136 B=D2+1.5 
4137 C=C2 
4138 D=D2 
4139 GOSUB 2221 
4140 A=A+1 
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4141 GOSUB 2221 
4145 GO TO 4191 
4151 C2=A2-10 
4161 D2=B2 
4171 A2=A2-6+E 
4181 GOSUB 4541 
4191 GOSUB 4761 
4201 GO TO T1 OF 4211,4281,4391 
4211 A1=C1 
4221 B1=D2 
4231 GOSUB 4701 
4241 A2=A1 
4251 B2=B1 
4261 GOSUB 4761 
4271 RETURN 
4281 A1=(C1+C2)/2 
4291 B1=D1 
4301 GOSUB 4701 
4311 C1=A1 
4321 D1=D2 
4331 GOSUB 4701 
4341 GOSUB 4621 
4351 A2=A1 
4361 B2=D2 
4371 GOSUB 4761 
4381 RETURN 
4391 A1=C2 
4401 B1=D1 
4411 GOSUB 4101 
4421 A2=C2 
4431 B2=D1 
4441 GOSUB 4761 
4451 RETURN 
4461 L=INT«K2-1)/4)+2 
4462 IF ABS(I-(K2-4*(L-2»)=1 AND J=L THEN 4531 
4469 A=C1-1.5*SGN(C1-A1) 
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4471 B=D1+0.5 
4481 C=C1 
4491 D=D1 
4501 GOSUB 2221 
4511 B=B-1 
4521 GOSUB 2221 
4531 RETURN 
4541 A=A2-1.5*SGN(A2-C2) 
4551 B=B2+0.5 
4561 C=A2 
4571 D=B2 
4581 GOSUB 2221 
4591 B=B-1 
4601 GOSUB 2221 
4611 RETURN 
4621 B=(D1+B1)/2 
4631 A=A1 
4641 C=A1-0.5 
4651 D=B-1.5*SGN(D1-B1) 
4661 GOSUB 2221 
4671 C=C+1 
4681 GOSUB 2221 
4691 RETURN 
4701 A=A1 
4711 B=B1 
4721 C=C1 
4731 D=D1 
4741 GOSUB 2221 
4751 RETURN 
4761 A=A2 
4771 B=B2 
4781 C=C2 
4791 D=D2 
4801 GOSUB 2221 
4811 RETURN 
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4815 REM 
4817 REM 
4821 REM ....• delete box ..•.• 
4823 REM 
4825 REM 

4831 
4841 
4851 
4861 
4871 
4881 
4891 
4901 
4911 
4921 
4931 
4941 
4951 
4961 
4971 
4981 
4991 
5001 
5005 
5011 
5021 
5031 
5041 
5051 
5061 
5071 

MOVE 0,10 
PRINT "Delete box.Q.OO. "; 
INPUT N 
J=INT«N-1 )/4) 
I=N-J*4 
J=J+2 
T(I,J)=O 
IF Z1=0 THEN 3151 
FOR 11=1 TO Z1 

GOSUB 5021 
IF K1=N OR K2=N THEN 4961 

NEXT 11 
GO TO 3151 
IF 11=Z1 THEN 5001 
Z(I1)=Z(Z1 ) 
Z1=Z1-1 
GO TO 4901 
Z(11)=O 
GOSUB 5361 
GO TO 4981 
K1=1NT(Z(11)/100000) 
S1=INT(Z(11)/10000)-K1*10 
K2=INT(Z(11)/100)-(K1*10+S1)*100 
S2=1NT(Z(I1)/10)-«K1*10+S1)*100+K2)*10 
T1=Z(11)-INT(Z(11)/10)*10 
RETURN 

5075 REM 
5077 REM 
5081 REM ..... insert box .•... 
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5083 REM 
5085 REM 

5101 FOR J=2 TO 10 
5111 FOR 1=1 TO 4 
5131 GOSUB 5311 
5151 NEXT I 
5161 NEXT J 
5171 MOVE 0, 15 
5181 PRINT "insert box at .Qilli"; 
5191 INPUT K 
5200 PRINT "select a box" 
5201 J=INT«K-1)/4)+2 
5211 I=K-(J-2)*4 
5221 MOVE 30+20*I,105-10*J 
5231 K=O 
5241 INPUT K$ 
5261 IF K=10 OR K=O THEN 5241 
5271 T(I,J)=K*S 
5275 GOSUB 5361 
5281 GO TO 3151 

5301 REM 

5311 MOVE 21+20*I,105-10*J 
5321 K$=STR(J*4-8+I) 
5331 PRINT K$ 
5341 RETURN 
5361 IF P3=0 THEN 5381 
5365 FIND 6 
5311 WRITE H$,T,Z,Z1 
5381 RETURN 
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471 REM ••••• enter data in boxes ••.•. 

481 DIM R$(8),X$(20) 
491 Z$=" " 
501 Z$=Z$&Z$ 
511 Z$=Z$&Z$ 
521 H$=SEG(Z$,1,50) 
531 PAGE 
535 IF P3=1 THEN 1071 
541 MOVE 15,96 
551 PRINT H$ 
561 PRINT 
571 PRINT "llsLl.Enter:" 
591 PRINT" 1) to enter heading" 
601 PRINT" 2) to enter box data" 
611 PRINT II 3) to plot box data.G.GQ." 
621 INPUT N 
631 GO TO N OF 691,781,1061 
641 GO TO 531 

651 REM ..... get data from tape .•... 

661 FIND 6 
662 IF TYP(O)<>O THEN 671 
663 PAGE 
664 PRINT "JJJJJ No current diagram" 
665 GO TO 87 
671 READ @33:H$,T,Z,Z1 
681 GO TO 531 

691 REM ..... enter heading ..... 

701 PRINT 
711 PRINT ".sL!.Enter heading: .illlQ.II; 
721 INPUT H$ 
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731 GO TO 1021 
741 INPUT X$ 
751 Z$=Z$&X$ 
761 Z$=Z$&"\" 
771 RETURN 

781 REM ..•.. enter box data ..•.. 

791 PAGE 
801 PRINT II.sI.sL!J.box number: ..Gml."; 
811 INPUT N 
821 PRINT ".s!.Enter line 1:..Gml. "; 
831 INPUT Z$ 
841 Z$=Z$&"\" 
851 PRINT II line 2:..Gml. "; 
861 GOSUB 741 
871 PRINT II line 3 :.Q.Q.Q. "; 
881 GOSUB 741 
891 PRINT " line 4 :.Q.Q.Q. "; 

r 901 GOSUB 741 
911 PRINT ".s!. above box:.Q.Q.Q. "; 
921 GOSUB 741 
931 PRINT " on right connector:.Q.Q.Q. "i 
941 GOSUB 741 
951 PRINT " on bottom connector:.Q.Q.Q. "; 
961 GOSUB 741 
971 PRINT II on left connector:.ooG. "; 
981 GOSUB 741 
991 FIND N+6 
1001 WRITE Z$ 
1011 GO TO 531 

1021 REM ..... save data on tape ..... 

1031 FIND 6 
1041 WRITE H$,T,Z,Z1 
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1051 GO TO 531 

1061 REM •.•.• plot box data ..... 

1071 
1081 
1091 
1101 
1111 
1121 
1131 
1141 
1151 
1161 
1171 
1181 
1191 
1201 
1211 
1221 
1231 
1241 
1251 
1261 
1271 
1281 
1291 
1301 
1311 
1321 
1331 
1341 
1351 
1361 
1371 
1381 

000-6405-02 

FIND 6 
READ @33:H$,T,Z,Z1 
IF R=O THEN 1121 
PRINT @M,25:90 
GO TO 1151 
PRINT @M,7: 
MOVE @M:80-0.75*LEN(H$),96 
GO TO 1161 
MOVE @M:5,(80-0.75*LEN(H$»*1.25-50 
PRINT @M:H$ 
FOR K=1 TO 36 

J=INT«K-1)/4) 
I=K-J*4 
J=J+2 
IF T(I,J)=O THEN 1631 
FIND K+6 
READ @33:Z$ 
L1=POS(Z$,"\",1)-1 
L2=POS(Z$,"\",L1+2)-2-L1 
L3=POS(Z$,"\",Ll+L2+3)-3-L1-L2 
L4=POS(Z$,"\",L1+L2+L3+4)-4-L1-L2-L3 
A=30+20*I 
B=106.2-10*J 
IF L1=0 THEN 1491 
IF L2=O THEN 1361 
IF L3=O THEN 1361 
B=B+1 
IF L4=O THEN 1361 
B=B+1 
E=L1 
GOSUB 1661 
B=B-2 

.. 
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TITLE ABSTRACT NO: 

FLOW DIAGRAMMER 51/00-8015/0 

1391 E=L2 
1401 GOSUB 1661 
1421 B=B-2 
1431 E=L3 
1441 GOSUB 1661 
1461 B=B-2 
1471 E=L4 
1481 GOSUB 1661 
1491 A=30+20*I 
1501 B=106-10*J 
1511 C=A+2 
1521 D=B+4.1 
1531 GOSUB 1781 
1541 C=A+7 
1551 D=B+1 
1561 GOSUB 1781 
1571 c=o 
1581 D=B-5.6 
1591 GOSUB 1781 
1601 C=A-7-0.375*LENCZ$) 
1611 D=B+1 
1621 GOSUB 1781 
1631 NEXT K 
1641 GO TO 72 
1661 IF E>O THEN 1691 
1671 Z$=SEG(Z$,2,LEN(Z$)-1) 
1681 RETURN 
1691 X$=SEG(Z$,1,E) 
1701 Z$=SEG(Z$,E+2,LENCZ$)-E-1) 
1711 PRINT @M,17:0.896,2.816 
1721 IF R=1 THEN 1751 
1731 MOVE @M:A-0.375*CE-1),B 
1741 GO TO 1761 
1751 MOVE @M:125-B*1.25,(A-0.375*CE-1»*1.25-50 
1761 PRINT @M:X$ 
1771 RETURN 

( 
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1781 E=POS(Z$,"\",1)-1 
1791 R$=SEG(Z$,1,E) 
1801 Z$=SEG(Z$,E+2,LEN(Z$)-E-1) 
1802 IF LEN(R$)=O THEN 1861 
1803 IF C<>O THEN 1811 
1804 C=A-LEN(R$)*0.75-1 
1811 IF R=1 THEN 1841 
1821 MOVE @M:C,D 
1831 GO TO 1851 
1841 MOVE @M:125-D*1.25,C*1.25-50 
1851 PRINT @M:R$ 
1861 RETURN 
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101 REM .••.. phase 5 ..... 

111 DIM L$(1000) 
121 L$="" 
131 H$=" 
141 PAGE 
151 FIND 6 
160 T6=TYP(0) 
161 IF T6<>0 THEN 191 
171 PRINT "liNo current diagram" 
181 GO TO 211 
191 READ @33:H$,T,Z,Z1 
201 PRINT nllCurrent diagram: "jH$ 
211 L$=H$ 
221 PRINT It.sl.Stored diagrams:" 
231 FOR 1=43 TO 62 
241 FIND I 
251 IF TYP(O)=O THEN 301 
261 READ @33:H$ 
271 K$=STR(I-42) 
281 PRINT K$j" njH$ 
291 NEXT I 
301 H$=L$ 
311 L$="" 
321 IF 1<>43 THEN 341 
331 PRINT " ... none" 
341 IF K<>1 THEN 711 

PAGE NO: 71 
ABSTRACT NO: 

51/00-8015/0 

" 

351 PRINT ".sl.Enter 1 to store current diagram,O to destroy: .uG.Q."j 
361 INPUT K1 
371 IF K1=0 THEN 651 
381 IF 1=>62 THEN 401 
391 PRINT ".sl.Enter 0 to save on available space," 
401 PRINT "Enter number to replace stored diagram: .uG.Q."j 
411 INPUT K1 
421 L$= '"' 
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431 FIND 6 
441 READ @33:H$,T,Z,Z1 
451 FOR 1=7 TO 42 
461 FIND I 
462 IF TYP(O)<>O THEN 471 
463 Z$="\\\\\\\\" 
464 GO TO 481 
471 READ @33:Z$ 
481 Z$=Z$&"-" 
491 IF LEN(Z$)+LEN(L$)=>1000 THEN 631 
501 L$=L$&Z$ 
511 NEXT I 
521 IF K1=0 THEN 551 
531 FIND K1+42 
541 GO TO 591 
551 FOR 1=43 TO 62 
561 FIND I 
571 J=TYP(O) 
581 IF J>O THEN 611 
591 WRITE H$,T,Z,Z1,L$ 
601 GO TO 651 
611 NEXT I 
621 GO TO 141 
631 PRINT ".sLDiagram too big to store" 
641 STOP 
651 FIND 6 
661 KILL 6 
671 z=o 
681 Z1=0 
691 T=O 
692 K=9 
101 GO TO 94 

PAGE NO- 72 
ABSTRACT NO: 

51/00-8015/0 

111 IF K=5 THEN 901 
112 IF T6=0 THEN 151 
121 PRINT ".sLWARNING--The current diagram will be destroyed." 
731 PRI "Press 'return' to proceed or key 18 to save current diagram . .llii" 
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741 INPUT Z$ 
751 PRINT ".sl.Enter number of diagram to retrieve: .QQ.G.ll j 

761 INPUT K1 
771 FIND K1+42 
781 READ @33:H$,T,Z,Z1,L$ 
791 FIND 6 
801 WRITE H$,T,Z,Z1 
811 FOR 1=7 TO 42 
821 J=POS(L$,"-",1) 
831 Z$=SEG(L$,1,J-1) 
841 L$=SEG(L$,J+1,LEN(L$)-J+1) 
851 FIND I 
861 WRITE Z$ 
871 NEXT I 
881 GO TO 692 
901 PRINT ".J'..Enter 0 to retain all stored diagrams," 
911 PRINT" diagram number to delete a specific diagram," 
921 PRINT" or 99 to destroy all stored diagrams: .QQ.Q."j 
93 1 INPUT K1 
932 K=9 
941 IF K1=0 THEN 72 
951 FOR 1=43 TO 62 
961 IF K1<>99 THEN 991 
971 KILL I 
981 GO TO 1071 
991 IF K1=>I-42 THEN 1071 
1001 FIND I 
1002 IF TYP(O)=O AND 1=43 THEN 72 
1011 IF TYP(O)=O THEN 1061 
1021 READ @33:H$,T,Z,Z1,L$ 
1031 IF 1=43 THEN 1071 
1032 FIND 1-1 
1041 WRITE H$,T,Z,Z1,L$ 
1051 GO TO 1071 
1061 FIND 1-1 
1062 IF TYP(O)=O THEN 72 
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TITLE ABSTRACT NO: 
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1063 KILL 1-1 
1071 NEXT I 
1081 GO TO 72 
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ABSTRACT 

This program accepts points in space defined by X, Y, Z coordinates 
and a table defining their interconnection. A viewpoint (position 
of your eye) in space and a nose to screen distance (code of vision) 
is also requested. Data may be input from tape files or the key
board. A training example is built in. The 3-D algorithm was sug
gested in Principles of Interactive Computer Graphics by Newman and 
Sproull; McGraw Hill publishers. 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix; Inc., assumes no responsibility and 
shall have no liability, consequential or otherwise, of any kind arising from 
the use of this program material or any part thereof. 



PAGE NO: 

TITLE ABSTRACT NUMBER 

j",," 

3-D with Perspective 51/00 . - 9507'0 

TITLE TAPE /I FILE /I 

1. Selection of eye position in space. 
2. View;ngwindow or cone of vision. Also considered nose 

to screen distance. 
3. Enter X, y, Z coordinates of each line end point (node). 
4. Exit from node entry. 
5. Establish node to node linkage, i.e. define lines. 
6. Exit from linkage definition. 
7. Erase the screen and draw the object. 
8. Save the node and linkage data in a tape file. 
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This BASIC code uses some of the unique features of the Tektronix 
4051 Graphic Computing System. I will endeavor to explain the 
overall scheme of preparing (digitizing) a figure in 3-D and the 
routines which subsequently display the figure. Since each step 
in the process is controlled by a "user definable" key on the 4051, 
perhaps a step through the code via these keys would be useful. 

Statement #1 arms the keys. When a key is pressed, control is 
transferred to a statement number assigned to the key. i.e.: 

Key #1 = statement #4 
Key #2 = statement #8 
Key #3 = statement #12 

Key #20 = statement #80 

Key #1 transfers control to the subroutine at statements #100 thru 
#130. The X, Y, Z viewpoint in space is requested. +Z is heigth 
above the 0, 0, 0 point of the object to be viewed. 

If you are looking at a cube 1 unit on a side placed on the ground 
10 units in front of you then; +Z will be about 5.5 units to your 
eyes, your toes will be about -10 Y units from the center of the 
object, and X will probably be O. -X will be off to your left 
and +X will be off to your right. 

After an object is defined and entered you may pick arbitrary 
viewpoints thru key #1 without re entering your data. 

This pr'ogram is set up to look at the 0, 0, a point in an object. 
By adding a bias (offset) to your data values you could "look at ll 

oth~r points in your object from a constant point in space. 
Matrix T (500, 3) allows for 500 X, Y, Z values. You need only 
add the bias to one or more vectors of this matrix to shift the 
objects 0, 0, a point. 
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Key #2 transfers control to the subroutine at Statements #200 
thru 240. A request is made for the eye to screen distance. This 
figure has the effect of a wide-angle or telephoto lens. The 
request is for inches, however enter the number in the same units 
as the figure. Experimentation is the best teacher here, try 
12 for approximately a 450 cone of vision. Too wide an angle 
(eg. 3) exaggerates perspective. Too narrow a cone and you may 
be looking right through your object. 

Key #3 transfers control to the subroutine starting at Statement 
#300. I have built into the code a figure of the Washington 
Monument and Reflecting Pool. Typing "M" will cause the Monument 
to be transformed to reflect the viewpoint in space selected 
earlier. After you become accustomed to working with 3-~ objects 
this excess code may be removed. Try -5000, -200, 50 as a vantage 
point to view the tower and pool. Then move above the tower with 
100, 100, 1000. The elevator door is on the side of the tower 
opposite the pool. The pool surface is a few feet below the base 
of the tower. 

Should you wish to enter your own data, just respond to the 
questioning with an X, Y. Z value for each point or node in the 
figure. The 4051 is capable of dynamically allocating and freeing 
dimensioned variables. Therefore, you may wish to fix the bounds 
of your data arrays to the actual number of nodes in your 3-0 
figure. 

If you have some. data prepared (in node and linkage format) it may 
be read from a file in this step. Variables F and G are number of 
nodes and number of line segments respectively. These two values 
are read from the file first to set the upper bounds for the 
arrays 0 and W which will hold the picture data. 
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Pressing Key #4 transfers control out of the node entry loop. 

Key #5 initiates node linkage requests or line segment definition 
in the subroutine starting at Line 2000. Again, you may wish to 
set upper limits or dimensioned variables to accommodate your 
machine. 

Key #6 transfers control out of node linkage definition. 

Key #7 starts the 3-D to 2-D transformation at Line 4000. WINDOW 
defines the position on the screen in which the picture is to be 
drawn. VIEWPORT defines the limits of the line segments that 
will be drawn in the WINDOW. Any lines drawn through the edges 
of the VIEWPORT will be clipped. Since the transformation matrix 
includes the bounds of the WINDOW, I have made VIEWPORT and WINDOW 
the same while drawing titles. 

Subroutine 4430 is called once. The result is a 4 X 4 transformation 
matrix C. Every point in the figure will be multiplied by C to 
convert the X, Y, Z point to a point on the screen. Since the 
matrix multiplication in this code is software (rather the matrix 

ROM Pack) it takes about 3/4 of a second to effect transformation 
of each node in an object. 

Examination of the code may reveal some shortcuts and more optimal 
ways to do repetitive computation. Straight forward coding and 
liberal use of remarks was the objective more than a fast pack
age. 

Subroutine 5290 takes the object in "O",an F by 3 matrix, multi
plies by C and draws each line segment scaled to fit in the window. 

No hidden line elimination is attempted in this exercise. See 
Newman & Sproull for a treatment of hidden line, hidden surface, 
and grey scale shading algorithms. This is an excellent book on 
both theory and "how to" on computer graphics. Several other 
practical references are given in the bibliography. 
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Figure: A cube with X, y~ and Z written on adjacent sides. 

Node # X Y Z Line # Linkage - - -

1 -1 -1 1 1 1 2 

2 1 -1 1 2 2 3 
3 1 1 1 3 3 4 
4 -1 1 1 4 4 1 
5 -1 -1 -1 5 5 6 
6 1 -1 -1 6 6 7 
7 1 1 -1 7 7 8 
8 -1 1 -1 8 8 5 

9 -.5 -.5 1 9 1 5 
10 .5 .5 1 10 2 6 
11 .5 -.5 1 11 3 7 
12 -.5 .5 1 12 4 8 
13 -.5 -1 -.5 13 9 10 
14 0 -1 0 14 11 12 
15 .5 -1 .5 15 13 15 
16 -.5 -1 .5 16 14 16 
17 1 -.5 .5 17 17 18 
18 1 .5 .5 18 18 19 
19 1 -.5 -.5 19 19 20 
20 1 .5 -.5 
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~ 
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0 0 0 
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z w 
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~ 

t- O 
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0 0 0 
a.. " a.. X t-
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Z 
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(X 

t- O 
Z t- • (J) 
H ~ <0 
0 LI) 0 0 a.. . ...... a.. X t-

~ LI) I LI) :3 • 
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H II II II H <0 >- -> X >- N > lLJ 
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Z 
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~ 
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1 SET KEY 
2 WAIT 
4 GOSUB 100 
5 END 
8 GOSUB 200 
9 END 
12 GOSUB 300. 
13 END 
16 GOSUB 1000 
17 END 
20 GOSUB 2000 
21 END 
24 GOSUB 3000 
25 END 
28 GOSUB 4000 
29 END 
32 GOSUB 3100 
33 END 

90 REM 51/00-9507/0 3-D WITH PERSPECTIVE 
100 REM SELECT EYE POINT RELATIVE TO 0,0,0 IN FIGURE 

110 PRINT "..sLLI. ENTER X,Y,Z VIEWPOINT IN SPACE.Q.: "; 
120 INPUT X,Y,Z 
130 RETURN 

PAGE NO: 16 
ABSTRACT NO: 

51/00-9507 ~O 

200 PRINT ".ill. ENTER DISTANCE FROM EYE TO SCREEN (IN INCHES) .Q.: "; 
210 INPUT N 

220 REM FIX SCREEN WINDOW TO 6" SQUARE. 

230 S=6 
240 RETURN 
300 PAGE 
310 DIMM$(1) 

320 PRINT "..tZ. DO YOU HAVE SOME DATA READY?.u"; 
330 INPUT M$ 
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340 IF M$="Y" THEN 580 

350 REM F IS NUMBER OF POINTS TO BE TRANSFORMED ...••..• 

360 F=17 
370 I=F+1 
380 DIM O(F,3) ,XO(F),YO{F) 

390 REM THE WASHINGTON MONUMENT ...••••• 

400 RESTORE 

51/00-9507/0 

410 DATA -100,-100,0,100,-100,0,100,100,0,-100,100,0,-50,-50,90° 
420 DATA 50,-50,900,50,50,900,-50,50,900,0,0,1000 

430 REM THE DOORWAy •..•.. 

C' 440 DATA -4,-100,0,-4,-100,8,4,-100,8,4,-100,0 

450 REM THE REFLECTING POOL ••••. 

460 DATA -200,1500,-10,200,1500,-10,200,2500,-10,-200,2500,-10 

470 READ ° 
480 DELETE T 
490 DIM T(23,2) 

500 DATA 1,2,2,3,3,4,4,1,1,5,2,6,3,7,4,8,8,5,5,6,6,7,7,8,8,9,5,9,6,9,7,9 
51 0 DATA 10, 11 , 11 , 12, 12, 1 3 , 14 , 15 , 15 , 16 , 16 , 17 , 17 , 14 
520 READ T 

530 REM G IS NUMBER OF LINE SEGMENTS TO BE DRAWN ••••.••. 

540 G=23 
550 PRINT 11M I HAVE THE WASHINGTON MONUMENT ON FILE." 
560 GO TO 3010 
580 PRINT II.J.. IS IT ON TAPE? .Q.II; 

590 INPUT M$ 

600 IF M$="Y" THEN 5470 
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610 PRINT II.JJl.J.. ENTER X,Y,Z VALUE FOR EACH POINT IN SPACE :" 
620 DELETE T 
630 DIM T(500,3) 
640 FOR 1=1 TO 500 
650 PRINT" POINT #";1;" "; 
660 INPUT T(I,1),T(I,2),T(I,3) 
670 NEXT I 
680 PRINT "~ UPPER BOUND OF 500 POINTS REACHED, PROGRAM MOD NEEDED" 
690 RETURN 
1000 F=I-l 
1010 DIM 0(F,3),XO(F),YO(F) 

1020 FOR 1=1 TO F 
1030 O(I,l)=T(I,l) 
1040 0(I,2)=T(I,2) 
1050 0(I,3)=T(I,3) 
1060 NEXT I 
1070 DELETE T 
1080 PRINT" I HAVE ";F;iI POINTS." 
1090 PRINT II PRESS FUNCTION KEY 5 TO ENTER NODE LINKAGES." 
1100 RETURN 
2000 PAGE 

2010 PRINT ".JJl.J..ENTER START NODE,END NODE FOR EACH LINE SEGMENT." 
2020 DELETE T 
2030 DIM T(500,2) 
2040 FOR 1=1 TO 500 

2050 PRINT "LINE I";!;" "; 
2060 INPUT T(I,1),T(I,2) 
2070 NEXT I 

2080 PRINT" UPPER LIMIT OF 500 LINES REACHED, PROGRAM MOD NEEDED." 
2090 RETURN 

3000 G=I-l 
3010 DIM W(G,2) 
3020 FOR 1=1 TO G 
3030 W(I,1):T(I,1) 
3040 W(I,2)=T(I,2) 
3050 NEXT I 
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3-D with Perspective 51/00-9507/0 

3060 DELETE T 
3070 PRINT 1Il.J.J.. I HAVE ";G;" LINE SEGMENTS READY TO DRAW IN 30." 
3080 PRINT /I PRESS FUNCTION KEY 7 TO COMMENCE 3D TRANSFORMATIONQ" 
3090 RETURN 
3100 PAGE 
3110 PRINT 11.J. DO YOU HAVE A FILE MARKED FOR THE FIGURE? "; 
3120 INPUT A$ 
3130 IF A$<>"Y" THEN 3200 
3140 PRINT ".sl. WHICH FILE NUMBER? "; 
3150 INPUT F2 
3160 FIND F2 
3170 WRITE F,G,O,W 
3180 FIND F2 
3190 PRINT "M SAVED IN FILE "; F2 
3200 PRINT II PRESS FUNCTION KEY 7 TO COMMENCE 3D TRANSFOR:1ATIONQII 
3210 RETURN 

4000 REM INITIALIZE 3D ROUTINE 

4010 PAGE 

4020 PRINT "TYPE 1 FOR SCREEN, 2 FOR PLOTTER, 3 FOR 4923 TAPE : if; 
4030 INPUT E 

4040 E=32*(E=1)+(E=2)+33*(E=3) 
4050 IF E=O THEN 4020 
4060 PAGE 

4070 WINDOW 0,130,0,100 
4080 VIEWPORT 0,130,0,100 
4081 IF E<>33 THEN 4099 (/? (/ 
4082 DIM G$(1),U$(1),D$(1) 
4083 U$=CHR(31) 
4084 G$=CHR(29) 
4085 D$=CHR(20) 

4085 PRINT @33,0:1,1,1 
4087 H1=1023/130 

4088 V1=780/100 

4089 PRINT" WHICH FILE NUMBER? "; 
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3-D with Perspective 

4090 INPUT F2 
40~1 PRINT @33,0:1,1,1 
4092 FIND F2 
4094 GOSUB 9000 
4095 GO TO 4340 
4099 MOVE @E:105,80 
4100 PRINT @E:"VIEWPOINT" 
4110 MOVE @E:105,15 
4120 PRINT @E:"X= ";X 
4130 MOVE @E:105,10 
4140 PRINT @E:"Y= ";Y 
4150 MOVE @E:105,65 
4155 PRINT @E:"Z= ";Z 
4160 MOVE @E:105,60 
4110 PRINT @E:"VIEWPORT" 
4180 MOVE @E:105,55 
4190 PRINT @E:S;""" X ";S;"""" 
4200 MOVE @E:105,50 
4210 PRINT @E:"EYE TO SCREEN" 
4220 MOVE @E:105,45 
4230 PRINT @E:N;"""" 
4260 VIEWPORT 0,100,0,100 
4270 WINDOW 0,100,0,100 
4280 MOVE @E:O,O 
4290 DRAW @E:0,100 
4300 DRAW @E:100,100 
4310 DRAW @E:100,0 
4320 DRAW @E:O,O 
4330 HOME 
4340 WINDOW 0,1023,0,1023 

4342 REM SET SCALE FOR 4923 TAPE OUTPUT 

4344 H1=0.7692307 
4346 V1=0.7692301 

4350 S1=1023/2 

000-6405-02 
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TITLE ABSTRACT NO: 

3-D with Perspective 51/00-9507/0 

4360 REM COMPUTE THE 3D TRANSFORMATION MATRIX FOR THIS EYE POINT 

4370 GOSUB 4430 

4380 REM DRAW THE FIGURE IN "0" 

4390 GOSUB 5290 
4400 HOME 
4410 PRINT @E:"YQQ." 
4411 IF E<>33 THEN 4420 
4412 PRINT @33,0:0,0,0 
4420 RETURN 

4430 REM INITIALIZE PLATFORM (EYEPOINT) IN SPACE TO LOOK 
4440 REM DIRECTLY AT 0,0,0. (T1*T2 IN NEWMAN & SPROULL). 
4450 REM INPUT: 3 SPACE VIEWPOINT X,Y,Z 
4460 REM DISTANCE FROM EYE TO SCREEN 
4470 REM SCREEN WIDTH ASSUMED TO BE 8 INCHES 
4480 REM OUTPUT: 4X4 TRANSFORMATION MATRIX C 

4490 DIM A(4,4),B(4,4),C(4,4),T(4),D(4) 
4500 T=O 
4510 A=O 
4520 B=O 

4530 REM C IS INITIALIZED BY MATRIX MULTIPLICATION ROUTINE 

4540 A(1,1)=-1 
4550 A(2,3)=-1 
4560 A(3,2)=1 
4570 A(4,1)=X 
4580 A(Li,2)=-Z 
4590 A(4,3)=Y 
4600 A(4,4)=1 
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4610 REM ROTATE ABOUT Y AXIS OF VIEWPOINT 

4620 Al=SQR(YT2+xT2) 

~~.!.!..=-XlAl .... 
4640 T2=XI A 1 

4650 B(1,1)=Tl 
4660 B(1,3)=T2 
4670 B(2,2)=1 
4680 B(3, 1) =-T2 
4690 B(3,3)=Tl 
4700 B(4,4)=1 

4710 REM MULTIPLY MATRICES A & B, PLACE RESULT IN C 

4720 GOSUB 5010 

4730 REM ROTATE ABOUT X AXIS OF VIEWPOINT 

4740 Bl=SQR(Zf2+A1T2) 
4750 Pl=Al/Bl 
4760 P2=ZlB1 
4770 B=O 
4780 A=C 
4790 B(l,1)=l 
4800 B(2,2)=Pl 
4810 B(2,3)=-P2 
4820 B{3,2)=P2 
4830 B(3,3):P1 
4840 B{4,4):1 

4850 REM MULTIPLY MATRICES A & B, PLACE RESULT IN C 

4860 GOSUB 5010 

PAGE NO: 22 
ABSTRACT NO: 

51/00-9507/0 

4870 REM APPLY PERSPECTIVE RELATIVE TO EYE & SCREEN SIZE 
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4880 A=C 
4890 B=O 

4900 REM PERSP = (EYE TO SCREEN DIST)/(SCREEN SIZE 12) 

4910 P=N/(S/2) 

4920 B( 1 ,1) =P 
4930 B(2,2)=P 
4940 B(3,3)=1 
4950 B(4,4)=1 

4960 REM MULTIPLY MATRICES A & B, PLACE RESULT IN C 

4970 GOSUB 5010 

PAGE NO: 23 
ABSTRACT NO: 

51/00-9507/0 

4980 REM C NOW CONTAINS A TRANSFORMATION MATRIX TO HANDLE 
( 4990 REM CONVERSION FROM 3D DATA SPACE TO 2D DATA SPACE. 

I 

5000 RETURN 

5010 REM THIS ROUTINE MULTIPLIES TWO 4X4 MATRICES 
5020 REM INPUT: A(4,4) & B(4,4) 
5030 REM OUTPUT: C(4,4) 

5040 c=o 
5050 FOR 1=1 TO 4 
5060 FOR J=l TO 4 
5070 FOR K=1 TO 4 
5080 C(1,J)=C(1,J)+A(1,K)*B(K,J) 
5090 NEXT K 
5100 NEXT J 
5110 NEXT I 
5120 RETURN 

5130 REM THIS ROUTINE WILL TRANSFORM A 3D POINT TO 20 

5140 REM RELATIVE TO THE VIEWPOINT IN SPACE. 
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3-D with perspective 

5150 REM INPUT: 3D COORDINATES INT(1),T(2),T(3)-
5160 REM OUTPUT: 2D COORDINATES IN X & Y 
5170 REM D IS A SCRATCH MATRIX 

5180 D=O 
5190 T(4)=1 
5200 FOR 1=1 TO 4 
5210 FOR J=1 TO 4 
5220 D(I)=D(I)+T(J)*C(J,I) 

5230 NEXT J 
5240 NEXT I 
5250 X2=D(1) 
5260 Y2=D(2) 
5270 Z2=D(3) 
5280 RETURN 

5290 REM TRANSFORM AND DRAW OBJECT IN ItO" .........•.... 
5300 REM F IS NUMBER OF POINTS IN OBJECT 

5310 REM G IS NUMBER OF LINE SEGMENTS IN OBJECT 

5320 FOR Q=1 TO F 
5330 T(1)=0(0,1) 
5340 T(2)=0(0,2) 

5350 T(3)=0(0,3) 

5360 REM CALL 3D TO 20 TRANSFORMATION 

5310 GOSUB 5130 
5380 XO(Q)=Sl*(X2/Z2)+S1 

5390 YO(0)=Sl*(Y2/Z2)+Sl 

5400 NEXT ° 
5401 REM IS THIS FOR 4923 TAPE? 

5402 IF E<>33 THEN 5410 

5403 X4=1.0E+8 

000-6405-02 
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5404 Y4=1.0E+8 
5405 FOR 1=1 TO G 
5406 GOSUB 9500 
5407 NEXT I 
5408 PRINT @E:U$jD$ 
5409 GO TO 5460 
5410 FOR 1=1 TO G 

PAGE NO: 25 
ABSTRACT NO: 

51/00-9507/0 

5420 REM PRINT XO(W(I,1»jYO(W(I,1»j" TO "jXO(W(I,2»;YO(W(I,2» 

5430 MOVE @E:XO(W(I,1» ,YO(W(I,1» 
5440 DRAW @E:XO(W(I,2» ,YO(W(I,2» 
5450 NEXT I 
5460 RETURN 

5470 REM FETCH THE DATA FROM TAPE ..•...... 

5480 PRINT "J!.WHICH FILE NUMBER? .Gil; 
5490 INPUT F2 
5500 FIND F2 

5510 READ @33:F 
5520 READ @33:G 
5530 DELETE O,XO,YO,W 
5540 DIM W(G,2),O(F,3),XO(F),YO(F) 
5550 READ @33:0,W 

5560 PRINT "J!.I HAVE njFj" POINTS, AND "jGj" LINE SEGMENTS." 
5570 PRINT" PRESS FUNCTION KEY 7 TO DRAW FIGURE . .G II 

5580 RETURN 

6000 REM 4923 GRAPHICS SUPPORT (MOVE ENTRY) 

6010 PRINT @E:G$; 

6020 REM 4923 GRAPHICS SUPPORT (DRAW ENTRY) 

6030 Y$=CHR(INT(X3*Hl/32)+32) 

I' " 

I 
r 
! 
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6040 Z$=CHR( INT(X3*H1-32*INT(X3*H1/32) )+64) 
6050 W$=CHR(INT(Y3*V1/32)+32) 
6060 X$=CHR(INT(Y3*V1-32*INT(Y3*V1/32»+96) 
6010 PRINT @E:W$;X$;Y$;Z$; 
6080 RETURN 

9000 REM SPECIAL HANDLING FOR 4923 TAPE 

PAGE NO: 26 

ABSTRACT NO: 

51/00-9507/0 

9010 REM X3,Y3 = COORDS TO BE CONVERTED TO ASCII STRINGS 

9020 X3=105 
9030 Y3=80 
9040 GOSUB 6000 t:4/' 

9050 PRINT @E:U$;"VIEWp6INTI1; 

9060 Y3=15 
9010 GOSUB 6000 
9080 PRINT @E:U$;"X= niX; 

9090 Y3=10 
9100 GOSUB 6000 
9110 PRINT @E:U$;"Y= II;Y; 

9120 Y3=65 
9130 GOSUB 6000 
9140 PRINT @E:U$;"Z= n;z; 
9150 13=60 
9160 GOSUB 6000 
9110 PRINT @E:U$;"VIEWPORT"; 

9180 Y3=55 
9190 GOSUB 6000 
9200 PRINT @E:U$;S;""" X ";S;""""; 
9210 Y3=50 
9220 GOSUB 6000 

,,~ 

9230 PRINT @E:U$;ItEYE TO SCREEN"; 

9240 Y3=45 
9250 GOSUB 6000 
9260 PRINT @E:U$;N;"It""; ~ 

9210 VIEWPORT 0,100,0,100 

9280 WINDOW 0,100,0,100 
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3-D with Perspective 

9281 S2=10 
9290 X3=0 
9300 Y3=0 
9310 GOSUB 6000 
9320 Y3=100 
9330 GOSUB 6020 
9340 X3=100 
9350 GOSUB 6020 
9360 Y3=0 
9370 GOSUB 6020 
9380 X3=0 
9390 GOSUB 6020 
9400 PRINT @E:U$; 
9410 RETURN 

9500 REM DUMP TO 4923 TAPE 

9530 X3=XO(W(I,1» 
9540 Y3=YO(W(I,1» 
9550 IF X3=X4 AND Y3=Y4 THEN 9590 
9560 GOSUB 6000 
9570 GO TO 9590 

9580 REM CONCATENATE DRAWS WHEN POSSIBLE 

9590 X3=XO(W(I,2» 
9600 Y3=YO(W(I,2» 
9610 X4=X3 
9620 Y4=Y3 
9630 GOSUB 6020 
9640 RETURN 

PAGE NO: 27 
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10000 REM ATTEMPT AT GENERATING ROTATING OBJECT FOR 4014 

( 10010 E$=CHR(27) 
10020 P$=CHR(112) 
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10030 SET DEGREES 
10031 X5=X 
10032 Y5=Y 
10040 FOR 13=0 TO 360 STEP 
10050 X=X5+X* SIN( 13) 

10060 Y=Y5+Y*COS( 13) 

10070 PRINT @E:E$jP$j 
10080 GOSUB 4430 
10090 GOSUB 5290 
10100 FOR 1=1 TO G 
10110 X4= 1.0E+8 
10120 Y4= 1.0E+8 
10130 GOSUB 9500 
10140 NEXT I 
10150 NEXT 13 
10160 PRINT".Qmi FINISHED" 
10170 END 

000-6405-02 
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TITLE ABSTRACT NUMBER 

51/00-9515/0 FORMS DESIGN 
~O-R-I-G-IN-A-L--D-A~T-E------rIR~E~V~I~S~IO~N~-~D~A=T~E-.----~MEMORYREQUIREMENT 

May, 1977 24K 
AUTHOR PERIPHERALS 

Dr. P. C. Holman-University of Wisconsin 4631 Hard Copy 
ABSTRACT 

A program for designing any form or straight line geometric pattern. The 
screen is treated as a graph and the user is prompted for horizontal and 
vertical coordinates. The pattern may be drawn after any sequence of 
coordinate points input and the user may review his coordinate points after 
each draw. Changes are allowed throughout design construction. 

Two methods are employed, one being faster but not as extensive as the 
other. Both are tutorial. 

488 Statements. 

000-6405-00 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, Inc., assumes no responsibility and 
shall have no liability, consequential or otherwise, of any kind arising from 
the use of this program material or any part thereof. 



TITLE 

FORMS. DESIGN 

OPERATING. INSTRUCTIONS 

PAGE NO' 2"",...., 
ABSTRACT NO: 

51/00-9515/0 

Insert the tape'cartridge into the 4051 and press the AUTOLOAD key. 

The first file instructs in using the screen as a grid (piece of graph 
paper), using 130 vertical lines and 100 horizontal lines. 

The second file contains the design program. 

The third file contains the faster, briefer program. 

The program is tutorial. 

FILE STRUCTURE 

The first file calls the second during the program so they must be in 
sequence on the tape. 

~"'" - ,,~" ,0., '" ,",," * 
.. a:~~~i' 

~, A:'>- ~ 
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TITLE ABSTRACT NO: 

FORMS DESIGN 51/00-9515/0 

100 PAGE 
110 PRINT "YOU ARE NOW GOING TO RECEIVE INFORMATION AND INSTRUCTIONS" 
120 PRINT "THAT WILL PERMIT YOU TO CONSTRUCT OR DESIGN A FORH." 
130 PRINT 
140 PRINT" YOU MAY ALSO WANT TO NOTE THAT WITH THIS PROGRA~l YOU CAN" 
150 PRINT " CONSTRUCT ANY GEOMETRIC DESIGN COMPOSED OF STRAIGHT " 
160 PRINT" LINES." 
170 PRINT 
160 PRINT" AS YOU GAIN EXPERIENCE USING COORDINATES YOU WILL BEGIN" 
190 PRINT" TO UNDERSTAND THE VERSATILITY OF THIS PROGRAl"I." 
200 PRINT 
210 PRINT "YOU MUST VISUALIZE THE SCREEN AS A GRID (OR AS A PIECE OF" 
220 PRINT "GRAPH PAPER) THAT HAS 130 VERTICAL LINES AND 100 HORiZONTAL" 
230 PRINT "LINES. THE LO~ER L~FT CORNER OF ThE GRID IS IHE ""0"" POINT" 
240 PRINT "OR THE ORIGIN FOR BOTH THE VERTICAL AND HORIZONTAL. THE" 
250 PRINT "FOLLOWING PICTURE SHOWS WHAT WE HEAN." 
260 FOR 1=1 TO 5000 
270 NEXT I 
280 PAGE 
290 VIEWPORT 20,115,15,90 
300 WINDO~ 0,130,0,100 
~10 FOR 1=0 TO 130 
320 AXlS 0,0,1,1 
330 NEXT I 
340 HONE 
350 VIEWPORT 15,115,10,90 
360 WINDOW -4,131,-5,100 
370 AXIS 5,10,2,1 
380 FOR A=O TO 100 STEP 10 
390 MOVE O,A 
400 IF A=O THEN 430 
410 PRINT ".ill:lli."jA; 
420 GO TO 440 
430 PRINT "illi"jAj 
440 NEXT A 
450 GO TO 460 
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FORMS DESIGN 

460 FOR B=O TO 130 STEP 10 
470 MOVE B,O 
480 IF B>9 THEN 510 
490 PRINT "M";B; 
500 GO TO 560 
510 LET 8$=STR(B) 
520 FOR K=1 TO LEN(B$) 
530 LET X$=SEG(B$,K,1) 
540 PRINT X$j".J:.";"H."; 
550 NEXT K 
560 NEXT B 
570 VIEWPORT 0,130,0,100 
580 H$="HORIZONTAL LINE NUMBER" 
590 MOVE 0,LEN(H$)+56 
600 PRINT "HH"; 
610 FOR 1=1 TO LEN(H$) 
620 X$=SEG(H$,I,l) 
630 PRINT X$;".bsl."j 
640 HEXT I 
650 V$="VERTICAL Llt~E NUMBER" 
660 HOVE 65,0 
670 FOR 1=1 TO LEN(V$)/2 
680 PRINT ".ti"; 
690 NEXT I 
700 PRINT V$; 
710 HOME 
720 A$="hORIZONTAL AND VERTICAL COORDINATtS" 
730 MOVE 45-LEN(A$)/2,94 
740 PRINT A$; 
'750 HOlViE 
760 FOR 1=1 TO 2000 
770 NEXT I 
780 PAGE 

51/00-9515/0 

790 PRINT "YOU MAY WANT TO RULE A PIECE OF GRAPH PAPER WITH 130" 
800 PRINT "VERTICAL AND 100 HORIZONTAL LINES TO USE AS A ""ROUGHOUT"" " 
810 PRINT "WORKSHEET FOR YOUR FORMS DESIGN." 
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TITLE ABSTRACT NO: 

FORMS DES I Gi~ 51/00-9515/0 

820 PRINT "JJJJJJJJJ"; 
830 PRINT "DO YOU WANT TO READ THE INSTRUCTIONS AGAIN? (Y=YES,N=NO) "; 
840 INPUT A$ 
850 IF A$="Y" THEN 880 
860 IF A$="N" ThEN 890 
870 GO TO 830 
880 GO TO 100 
890 PRINT 
900 PRINT "ARE YOU READY TO RUN THE FORMS DESIGN PROGRAM? (Y=YES,N=NO)"; 
910 PRINT" "; 
920 INPUT A$ 
930 IF A$="Y" ThEN 960 
940 IF A$="N" THEN 830 
950 GO TO 8g0 
960 r'IND 4 
9'70 OLD 
980 RUN 
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FORMS DESIGN 

100 INIT 
110 LET U$="COORDINATES" 
120 PAGE 
130 LET N1=1 
140 DELETE X,Y,M,Xl,Y1,M1,C4 

PAGE NO' 6 ,I: £; 

ABSTRACT NCI 

.' 
51/00-9515/0 

150 DIM X(50,4),Y(50,4),M(50,2),Xl(50,2),Yl(50,2),M1(50,2),C4(50) 
160 LET Jl=O 
170 LET 19=0 
180 LET A1=0 
190 LET B$="ABCDEFGHIJKLMNOPQRSTUVWXYZ" 
200 LET C$=" " 
210 LET Z1=1 
220 LET Z$="CORNERPOINT " 
230 PRINT "DO YOU WANT TO DRAW ONE Lli~E FHOt-'l POINT IIIIA"" TO n"B""It; 
240 PRINT "? (Y=YES,N=NO) : "; 
250 INPUT A$ 
260 IF A$="Y" THeN 320 
270 IF A$="N" THEN 290 
280 GO TO 230 
290 LET A1=A1+1 
300 GO TO Z1 O~ 490,5bO 
310 LET Z1=1 
320 LET 19=19+1 
330 LET A1=0 
340 IF 19>50 ThEN 2130 
350 FOR 1=1 10 2 
360 LET D$=SEG(B$,I,1) 
370 LET G$=SEG(Z$,1,6) 
380 IF 19>26 THE~ 400 
390 GO TO 410 
400 LET C$=STk(19) 
410 GOSUB 2100 
420 INPUT X1(19,I),Y1(19,1) 
430 IF 1=1 THEN 450 
440 GO TO 470 
450 LET M1(19,1)=Xl(I9,1) 
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TITLE ABSTRACT NO: 

FORMS DESIGN 51/00-9515/0 

460 LET Ml(I9,2)=Yl(I9,I) 
470 NEXT I 
480 GO TO 300 
490 PRINT 
500 PRINT "ARE YOU READY 1'0 HAVE YOUR FORM DRAwN? (Y=YES,N=NO) "; 
510 INPUT A$ 
520 IF A$="Y" THEN 860 
530 IF A$="N" THEN 550 
540 GO TO 490 
550 LET Zl=2 
560 LET Al=Al+l 
570 GO TO 230 
580 PRINT "HOW MANY CORNERS DO YOU WANT TO DRAW LINE;S TO: "; 
590 IF Jl>50 THEN 2130 
600 Jl=Jl+1 
610 INPUT C4(Jl) 
620 IF C4(Jl)=0 THEN 650 
630 LET Al=O 
640 GO TO 720 
650 LET Jl=Jl-1 
660 LET Al=Al+1 
670 IF Al=>4 THEN 2010 
680 IF Jl=O THEN 700 
690 GO 1'0 490 
700 Z1=1 
710 GO TO 690 
720 IF Jl)26 THEN 740 
730 GO TO 750 
740 LET C$=STR(J1-26) 
750 FOR J=l TO C4(Jl) 
760 LET D$=SEG(B$,J,1) 
770 LET G$=SEG(Z$,1,6) 
780 GOSUB 2100 
790 INPUT X(J1,J),Y(Jl,J) 
800 IF J=C4(Jl) THEN 820 
810 GO TO 840 
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, 
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820 LET M(J1,1}=X(J1,J) 
830 LET M(J1,2)=Y(Jl,J) 
840 NEXT J 
850 GO TO 490 
860 PAGE 
870 LET Al=O 
880 IF Zl=l THEN 900 
890 GO TO 910 
900 IF Jl=O THEN 980 . 
910 NOVE 0,0 
920 FOR K=l TO Jl 
930 MOVE M(K,1),M(K,2) 
940 £<'OR L=l TO C4(K) 
950 DRAW X(K,L),Y(K,L) 
960 NeXT L 
970 NEXT K 
980 HOME 
990 IF 19=0 THEN 1040 
1000 FOR 0=1 TO 19 
1010 MOVE Ml(Q,1),M1(Q,2) 
1020 DRAw Xl(Q,2),Yl(Q,2) 
1030 NEXT Q 
1040 INPUT Y$ 
1050 PAGE 
1060 PRUiT "DO YOU WANT A LIST OF 1) CORNER COORDINATES," 
1070 PRINT II 2) LINE SEGMENT COORDINATES, OR" 
1080 PRlNT II 3) NEITHER ? II • , 
1090 INPUT 131 
1100 GO TO 81 OF 1120,1140,1820 
1110 GO TO 1050 
1120 LET Xci=l 
1130 GCi TO 1150 
1140 LET x8='7 
1150 LET G$=SEG(Z$,X8,6) 
1160 GO TO Bl OF 1170,1190 
1170 IF Jl=O THEN 1210 
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1180 GO TO 1230 
1190 IF 19=0 THEN 1210 
1200 GO TO 1230 

PAGE NO 9 

ABSTRACT NO: 

51/00-9515/0 

1210 PRINT "NO ";G$;" "iUS;" -- TRY ANOTHER LIST ITEM!" 
1220 GO TO 1060 
1230 LET U$="COORDINATES" 
1240 PRINT USING 1250:G$,U$,U$,U$,U$ 
1250 IMAGE 6A,4(3X,11A) 
1260 LET H$="HORZ" 
1270 LET V$="VERT" 
1280 PRINT USING 1290:" NO. ",H$,"1",V$,H$,"2",V$,H$,"3",V$,H$,"4",V$ 
1290 IMAGE 6A,4(3X,4A,1X,1A,1X,4A) 
1300 PRINT USlNG 1310: 
1310 IMAGE 6("="),3X,4(11("="),3X) 
1320 IF 81=2 THEN 1350 
1330 LET P=J1 
1340 GO TO 1360 
1350 LET P=I9 
1360 FOri N=1 TO P 
1370 IF 81=2 ThE~ 1430 
1380 PRINT USING 1390:N,X(N,1);Y(N,1),X(N,2),Y(N,2),X(N,3),Y(N,3) 
1390 IMAG~ 3D,3X,3(3X,4D,3X,40),S 
1400 PRINT USING 1410:X(N,4),Y(N,4) 
1410 IMAGE 3X,4D,3X,4D 
1420 GO TO 1460 
1430 PRINT USING 1440:N,X1(N,1),Y1(N,1),X1(N,2),Y1(N,2) 
1440 IMAGE 3D,~X,2(3X,4D,3X,40),2(3X,"NOl IN USE~") 
1450 LET N1=2 
1460 NEXT N 
1470 LET Nl=1 
1480 PRINT "DO YOU ~ANT TO CHANGE ANY I';G$;" ";U$;"? (Y=YES,N=NO) "; 
1490 INPUT A$ 
1500 IF A$="Y" ThEN 1530 
1510 IF A$="N" THEN 1060 
1520 GO TO 1460 
1530 PRINT "ENTER ";G$;"#, THE~ ";U$;" COLUMN #:" 
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1540 PRINT "(I.E. ""2,3'"' MEANS ";G$;11 ROW 112, COLUMN #3): "; 
1550 INPuT G1,G2 
1560 PRINT 
1570 PRINT "VERT,HORZ(I1;Gl;I1,";G2;"1= "; 
1580 IF 81=2 THEN 1670 
1590 IF G1<1 THEN 1770 
1600 IF G2)4 THEN 1750 
1610 INPUT X(G1,G2),Y(G1,G2) 
1620 IF G2=C4(Gl) THEN 1640 
1630 GO TO 11'90 
1640 LBT M(Gl,1)=X(Gl,G2) 
1650 LET M(Gl,2)=Y(G1,G2) 
1660 GO TO 1790 
1670 IF G2)2 THEN 1750 
1680 IF G1<1 THEN 1770 
1690 INPUT Xl(G1,G2),Yl(Gl,G2) 
1700 IF G2=1 THEN 1720 
1710 GO TO 1790 
1720 LET Ml(G1,1)=Xl(Gl,G2) 
1'(30 LET tvll (G1 ,2)=Yl (Gl ,G2) 
1740 GO TO 1790 
1750 PRINT G2;" IS AN ILLEGAL COLUMN' -- TRY AGAIN!11 
1760 GO TO 1530 
1770 PRINT Gl;" IS AN ILLEGAL RO~ # -- TRY AGAIN!" 
1780 GO TO 1530 
1790 PRINT "ANY MORE CHANGES? (Y=YES,N=NO) "; 
1000 iNPUT A$ 
1810 GO TO 1500 
1820 PRINT "DO YOU WANT TO ADD MORE ";U$;"? (Y=YES,N=NO) "; 
1830 INPUT A$ 
1840 IF A$="Y" THEN le70 
1850 IF A$="N" THEN 1910 
1860 GO TO 1820 
1870 PRINT I1WHICH ";U$;", 1) CORNER, OR 2) LINE SEGMENTS? "; 
1880 lNPlJl' Bl 
1890 GO TO Bl OF 580,310 
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1900 GO TO 1870 
1910 PRINT "DO YOU WANT TO DRAw A NEW FORM DESIGN? (Y=YES,N=NO) "j 
1920 INPUT A$ 
1930 IF A$="Y" THEN 100 
1940 IF A$="N" THEN 1960 
1950 GO TO 1910 
1960 PRINT "DO YOU WANT THE FORM DRAWN? (Y=YES,N=NO) "; 
1970 INPUT A$ 
1980 IF A$="Y" THEN 860 
1990 IF A$="N" THEN 2010 
2000 GO TO 1960 
2010 PRINT USING 2020: 
2020 IMAGE 20("*"),5 
2030 PRINT USING 2040:"END OF PROGRAM*****FORMS DESIGN«" 
2040 IMAGE 32A,S 
2050 PRINT USING 2020: 
2060 PRINT 
2070 FIND 3 
2080 OLD 
2090 END 
2100 PklNT D$;C$j". ENT~R ";G$j" """jD$;C$;""" VERTICAL AND HORIZUNTAL"; 
2110 PRINT" ";U$;"; "; 
2120 RETURN 
2130 PRINT "NAXII"1Ut'l LIMIT FOR ";G(;:;U~;" ""50'"' HAS BEEN EXCEEDED "; 
2140 PRlNT 17;"." 
2150 GO TO 490 
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100 PAGE 
110 PRINT "IN A MOMENT YOU ARE GOING TO ENTER YOUR LINE SEGMENT DATA." 
120 PRINT 
130 PRINT "EACH LINE SEGMENT HAS TWO ENDS. EACH END HAS A VERTICAL AND" 
140 PRINT "HORIZONTAL COORDINATE, AND YOU MUST SPECIFY EACH OF THEM." 
150 PRINT 
160 PRINT "FOR EXAMPLE, YOU WANT TO DRAW A SQUARE AROUND THE OUTSIDE OF" 
170 PRINT "SCREEN. THE VERTICAL COORDINATE OF THE LOvlER LEFT CORNER OF" 
180 PRINT "THE SCREEN IS 0, AND THE HORIZONTAL COORDINATE IS ALSO 0." 
190 PRINT "YOU WOULD ENTER" 
200 PRINT "1V=0" 
210 PRINT "1H=0" 
220 PRINT "YOU WOULD THEN GO TO ThE LOWER RIGHT CORNER OF THE SCREEN" 
230 PRINT "AND SPECIFY THE VERllCAL AND HORIZONTAL COORDINATE PAIR." 
240 PRINT "2V=130" 
250 PRINT "2H=0" 
260 PRINT "YOU WOULD THEN WANT TO SPECIFY THE COORDINATE PAIR FOR THE " 
270 PRINT "VERTICAL LINE ON THE RIGHT SIDE OF THE SCREEN." 
280 PRINT "3V=130" 
290 PRINT "3H=0" 
300 PRINT 
310 PRINT "4V=130" 
320 PRINT "4H=100" 
330 PRINT 
340 PRINT "JUST CONTINUE ~NTE.RING LINE SEGMENT COORDINATE PAIRS FOR" 
350 PRINT "ALL OF YOUR LINE SEGM~NlS." 
360 PRINT 
370 PRINT "~HEN YOU HAVE ENTERED ALL LINE SEGMENTS TYPE ""DONE""" 
360 PRINT 
390 PRINT "REMEMBER THAT THE SCREEN HAS 130 VERTICAL UNITS AND 100" 
400 PRINT "HORIZONTAL UNITS, AND THAT THE LOWER LEFT CORNER OF THE" 
410 PRINT "SCREEN IS ThE ORIGIN OR ZERO-~ERO POINT." 
420 PRINT 
430 PRINT "YOU MAY FIND IT IS BEST TO USE A PIECE OF GRAPH PAPER THAT" 
440 PRINT "HAS 130 VERTICAL AND 100 HORIZONTAL LINES FOR A WORKSHEET." 
450 LET 11=0 
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460 RE~l 

470 DELETE X1,Y1,M1 
480 A1=170 
490 DIM X1(A1 ,2) ,y1(A1 ,2) ,l-11(A1 ,2) 
500 LET 19=0 
510 LET Z$="P01NT" 
520 LET 19=19+1 
530 IF 19>A1 THEN 1570 
540 FOR 1=1 TO 2 
550 PRINT 
560 PRIN1 19;" V="; 
570 INPUT E$ 
580 IF E$="END" THEN 110 
590 IF ASC(E$)<48 THEN 700 
600 IF ASC(E$»58 THEN 700 
610 LET X1(I9,1)=VAL(E$) 
620 PRINT 19;" h="j 
630 INPUT Y1(19,I) 
640 IF 1=1 THEN 660 
650 GO TO 6bO 
660 LET M1(19,1)=Xl(19,I) 
670 LET ~1(I9,2)=Yl(19,1) 
680 N.8XT I 
690 GO TO 520 
700 19=19-1 
710 PAGE 
720 l~ 19=0 THEN 1570 
730 LET T9=19 
740 FuR Q=1 10 T9 
750 MOVE M1(Q,1),M1(Q,2) 
760 DRAW Xl(Q,2),Y1(Q,2) 
770 NEXT Q 
780 HOME 
790 INPUT A$ 
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800 PAGE 
810 11=0 
820 PRINT "LIST? (1=YES, 2=NO) "; 
830 INPUT A$ 
840 IF ASC(A$»50 THEN 820 
850 IF ASC(A$)<49 THEN 820 
860 GO TO VAL(A$) OF 880,1080 
870 GO TO 820 
880 PAGE 
890 GOSUB 1760 
900 FOR 15=1 TO T9 
910 LET 11=11+1 
920 IF 11=26 THEN 960 
930 IF 11=51 THEN 1020 
940 GOSUB 1810 
950 GO TO 1070 
960 HOME 
970 PRINT USING gdO: 
9BO IMAGE ~7T,S 
990 GOSUS 1760 
1000 GOSUB 1810 
1010 GO TO 1070 
1020 INPUT A$ 
1030 PAGE 
1040 LET 11=0 
1050 GOSUB 1760 
1060 GOSUB 1810 
1070 NEXT 15 
1080 PRINT "CHANGES? (1=YES, 2=NO) "; 
1090 INPUT A$ 
1100 IF ASC(A$»50 IHEN 1080 
1110 IF ASC(A$)<49 THEN 1080 
1120 GO TO VAL(A$) OF 1140,1510 
1130 GO TO 1080 
1140 PRINT "ENTER LINE SEGMENT NO. (""LS NO.""): "; 
1150 INPUT G1 
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1160 PRINT "ENTER COLUMN NO.: "; 
1170 INPlJT G2 
1180 IF G1>A1 THEN 1210 
1190 IF G2>2 THEN 1240 
1200 GO TO 1270 

PAGE NO: 15 
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1210 PRI "SORRY--";G1;" EXCEEDS ";A1;"(MAXIMUM LIMIT iOR LINE SEGMENT"; 
1220 PRINT "S)--TRI AGAIN!" 
1230 GO TO 1140 
1240 PRI "SOhRY--";G2;" EXCEEDS 2 (MAXIMUM LIMIT ~OH LINE S~GMENT POI;" 
1250 PRINT "NTS)--TRY AGAIN!" 
1260 GO TO 1160 
1270 IF G1<1 THEN 1300 
12tiO IF G2<1 THEN 1330 
1290 GO TO 1370 
1300 PRI "SORRI--" ;G1;" IS LESS THAN 1 (MINn1U~1 LHlIT FOli LHlE SEGMEN"; 
1310 PRINT "T5)--TRY AGAl~!" 
1320 GO TO 1140 
1330 PRI "50RRY--" ;G2;" IS LESS THAN 1 (MINHJU,vl LIt-:lT FOR LINE St:Gl'lEN"; 
1340 PRINT "T POINTS)" 
1350 PRI~T "--TriY AGAIN!--" 
1360 GO TO 1160 
1370 PRINT G1;" V="; 
1380 INPUT X1(G1,G2) 
1390 l~ G2=1 THEN 1430 
1400 INPUT Y1(G1,G2) 
1410 IF U2=1 Tb~N 1430 
1420 GO TO 1450 
1430 LET ~lHG1,1)=X1(Gl,G2) 
1440 LET r-11(G1 ,2)=Y1(G1 ,G2) 
1450 PRINT "ANY MORE CHA~GES? (1=YES,2=NO) "; 
1460 INPUT A$ 
1470 IF ASC(A$»50 THEN 1450 
1480 IF ASC(A$)<49 THEN 1450 
1490 GO TO VAL(A$) OF 1140,1510 
1500 GO TO 1450 
1510 PRINT "DO YOU WANT TO ADD MORE DATA? (1=YES, 2=NO) "; 
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1520 INPUT A$ 
1530 IF ASC(A$»50 THEN 1510 
1540 IF ASC(A$)<49 THEN 1510 
1550 GO TO VAL(A$) OF 520,1570 
1560 GO TO 1510 

ABSif"RACT NO: 

51/00-9515/0 

1570 PRINT "DO YOU WANT YOUR FORM DRAWN NOW? (1=YES, 2=NO) "; 
1580 INPUT A$ 
1590 IF ASC(A$»50 THEN 1570 
1600 IF ASC{A$)<49 THEN 1570 
1610 G0 TO VAL(A$) Of 710,1630 
1620 GO TO 1680 
1630 PRINT "Du YOU WANT TO START A ~EW FORM? (1=YES, 2=NO) "; 
1640 INPU1 A$ 
1650 IF ASC(A$»50 THEN 1630 
1660 IF ASC(A$)<49 ThEN 1630 
1670 GO TO VAL(A$) OF 110,1690 
1680 GO TO 1650 
1690 PRINT USING 1700: 
1700 IMAGE 17("*"),S 
1710 PRINT USING 1720:"END OF PROGRAl'1H*ufGR~1S DESIGN EXPHES.s" 
1720 IMAGE 39A,S 
1730 PRINT USING 1740: 
1740 IMAGE 16("*2) 
1750 Et~D 

1760 PRINT USI~G 1770:" LoS ","LINE SEGMEhT*","Llh~ S~GMEN1~" 
1770 INAGE 4A,2X,13A,H,13A,33("li"),".J,.",S 
1780 PRINT USING 17'10:" NU."," VERT 1 HORz. "," VERT 2 HURz. " 
1790 PRINT USING 1770:"====","====== ======","====== ======" 
lbOO Rl-:TURb 
1810 PRINT USING 1820:15IX1(I5,1),Yl(I5,1),X1(I5,2),Y1(I5,~) 
1620 IhAGE 4D,2X,.:H 3D.2D, 1X) ,3D .2D, 33 ("Ji") , ".J..",S 
1830 ReTURN 
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TEK YOU OLD HOUND DOGS -- THE OFFICES OF ~HAGEMEHT INFORMATION 
AND INSTITUTIONAL RESEARCH AT THE UNIUERSITY OF WISCONSIN -
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ADVANCED MEDIA GRAPHICS 

ABSTRACT NUMBER 

51/00-9516/0 

I--O-R-I-G-I N-A-L-O-A-T-E---..... I-R-E-V-IS-I-O-N-O-A-T-E-----l MEMO RY R EQU I R EMENT 

24K 

AUTHOR Patri ck Rafferty. PERIPHERALS 

Lyle Wallis. University of Missouri-Columbia 4662, 4952 

ABSTRACT 

Advanced Media Graphics (AMG) speeds preparation of classroom aids and 
program documentation. AMG draws diamonds. boxes. lines and circles; 
rotates text. draws titles. simplifies outlining. rotates arrow heads. 
and flowcharts with complete preview and delete capabilities using the 
4952 Joystick. 

AMG enables the user to create high quality graphics on paper. overhead 
projector transparencies and slides. An interactive approach has been 
taken to make it as easy as possible to use the full capabilities. 

AMG can be broken down as follows: 

1. Title and Text section. 
2. Arc-Character section. 
3. Box. 
4. Circle. 
S. Diamond. 
6. Li ne. 
7. Outline section allowing user to set tab and character scale 

variables to speed outlines; includes text input. 
8. Flowchart - an independent code section that uses the command 

processor concept and the pointer command to allow the user 
to choose both the position and the type of figure with only 
one keystroke. 

9. Arrowhead section. 

744 Statements 

000-6405-00 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, Inc., assumes no responsibility and 
shall have no liability, consequential or otherwise, of any kind arising from 
the use of this program material or any part thereof. 
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5<·~.I'· .p. ,-, 
7, 

<~ 
-~I 

Key 0 and then return 

POSXTION PEN TO LOWER LEFT AND UPPER RIGHT OF 
PAPER AND DEPRESS CALL BUTTON 

(U.uaily It. r •• aal •• t. t.e u._ t.he LOCATE cent.r.ol • .on 
the ~ront panel o~ t.h. 4662 Plott.er t.o ~Ind t.he corner. 
.of" your paper.::> 

ENTER NUMBER OF OUTLINE LEVELS 

3 (Yeu can u •• o. many I.vel_ In yeur eut.line 0_ 

you wish. For thl. example I have ehe.en S::> 

ENTER TAB FROM LEFT MARGIN IN INCHES FOR LEVEL 1 
AND SCALE FOR CHARACTERS AT THIS LEVEL 

2~S;3 (ONe 

ENTER TAB FROM LEFT MARGIN IN INCHES FOR LEVEL 2 
AND SCALE ~OR CHARACTERS AT THIS LEVEL 

2,;:; .. 2 .. 2 

ENTER TAB FROM LEFT MARGIN IN INCHES FOR LEVEL S 
AND SCALE FOR CHARACTERS AT THIS LEVEL 

3,2",2 
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EXAMPLE *6(Con~.) 

Some not •• on ~lowehQrtlng. 

Not .hown on the menu but 01_0 available are. 

1. DELETE <E) 
To u •• del.te key E. Th.n pre._ id.ntl~ylne 
lett.r. , Pre •• Return and t.hen the Id.nt.i~y'ne 
numbers and then pre •• R.t.urn once again. 

2. REDRAW (R) 
To u •• REDRAW Just push R. 

3. PLOT <H) 
To use PLOT Ju.t pu.h H. 

4. QUIT (Q) 
This returns you to the rest o~ AMG. 

6. INSTRUCTIONS 
This command 
t.he acr.en. 
have already 

(?, 
print. the Instructions on 
To •• e the ~lowchart that you 
writt.n u •• REDRAW. 

To u •• the LINE command move pOinter to the 
begInning o~ the Iln.~ pr ••• L then mev. polnt.r 
to t.h. end oT the I In. and pre •• L aga'n. Th. 
'Ine wI I I be drawn between the.e two points. 

"r .a ARROWHEAD command I. related to the LINE 
'~~mQnd. An arrowhead may be drawn only on the 
I~st line drawn. To u •• ARROWHEAD place pointer 
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SYSTEM DOCUMENTATION 

Advanced Media Graphics uses the command processor concept to transfer 

control to the different code sections. The user chooses one of the following 

eleven commands when the program executes. 

1. Title-

2. Text-

an independent module that draws titles. The darkness 
of the title is chosen as follows: 

darkness ={y char scale, y~ 5 
5, Y char scale >5 

text section uses the same code as the title section 
except that the darkness scale is preset to one. 

3. arc-character - uses the alpha-Rotate command to rotate text. 

4. Box -

s. Circle 

6. Diamond 

7. Line 

Inputs corners of box using GIN commands and draws 
box between these points 

uses sin & cos functions to draw a specified circle. 

Inputs corners of diamond using GIN commands and draws 
between these points. 

Inputs endpoints using GIN commands and draws between 
these points. 

8. outline - This section allows the user to set tab and character 
scale variables to speed the outlines. 

9. flow chart - an independent code section that uses the command 
processor concept and the pointer command to allow 

the user to choose both the position and the type 
of figure with only one keystroke. 

The user can initiate the following corrmands: 

Draw Terminal 

" Process 

" off-page-connector 

" Decision 

" Line 

TEKTRONIX 4051 PROGRAM 
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., .., '- .'. 

" I/O 

" Disk 

If on-page-connector 

If card 

" Arrow 

If command processor 

" Misc. 

" Pre-defined Processor 

Menu 

Plot 

redraw 

Quit 

delete 
, 

Program Flow following a Draw [Figure Name] command is 

similar for all symbols. 

_-oot"", c,ot1Y.1(J.nJ." P~o6.e SS~t-',-
i j .J, 
J -V 
I [j¥rYJ'()I'N~lrJeJ SecTioh 

/ v J, 
/ [.stm~t N~:J .SOb --

All modules labeled [figure name) sec enter the (x,y) 

coordinates of the figure into the display fiLe. All 

modules labeled [Figure Name] sub draw the symbol at 

the current output device. The display fi Ie consists ,.J 

~.... ..",- .' 

13 vector arrays, one vector per figuxe. (x,y) CO.;lll ~natc.S 
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of the figure and any special info such as rotation 

Angle. etc .• are placed in the vector. 

Delete sets the x coordinate of the specified symbol 

to zero 

The Plot command reads each vector and calls [Figure 

Name 1 sub to output the symbol at the plotter if x=O 

then the symbol will not be output. Redraw shares 

the same code except it outputs at the GS display. 

The Menu command displays the name on the GS Screen. 

The QUIT command transfers control to the beginning 

of AMG. 

10. Arrowhead - transfers control to the draw arrowhead module of 

the Flow chart section. 

11. End - stops program execution. 
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~----------------------------------~--------------------~ 
100 REM*************51/00-9516/0**************w*********** 
110 REM 
120 REM 
130 REM ADVANCED MEDIA GRAHICS 
140 REM 
150 REM UNIVERSITY OF MISSOURI-COLUMBIA 
160 REM BIOENGINEERING/ADVANCED AUTOMATION 
170 REM AUTHORS-PAT RAFFERTY,LYLE WALLIS 
180 REM 
190 REM 8/30/77 VERSION 1.0 
200 REM 
210 REM*************************************************** 

220 PAGE 
230 PRINT "GGGGGGGG" 
240 PRINT USING 250:"Advanced","Media","Graphics" 
250 IMAGE 2L,10X,8A,10L,10X,5A,10L,10X,8A 
260 FOR B1=1 TO 400 
270 NEXT B1 
280 INIT 
290 DELETE A 
300 ON SRQ THEN 320 
3HJ DIM T$(11),I$(1),A(75) 
320 WINDOW 0,150,0,100 
330 VIEWPORT 0,150,0,100 
340 T$="tiabcdloefr" 
350 PRINT "LSELECT OPTION" 
360 PRINT "¥ITLE,TEXT,ARC-CHAR,BOX,CIRCLE,DIAMOND,LINE,OUTLINE" 
3 7 0 PRINT "FT .. OWCHART, ARROWHEAD, END II 
380 PRINT "ENTER COMMAND i.e., (T,I,A,B,C,D,L,O,F,R,E)" 
390 INPUT 1$ 
400 J=POS(T$,I$,l) 
410 IF J=0 THEN 350 
420 N=0 
430 GO TO J OF 510,500,1230,770,890,2060,1140,1630,2250,2260,7490 

000-6405-02 
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440 GO TO 350 

450 REM*************************************************************~*** 
460 REM* 
470 REM* TITLE AND TEXT PROGRAM 
480 REM* 
490 REM************************************************************* *** 

500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 

N=l 
X3=0.1 
Y3=X3 
PRINT "INPUT X AND Y CHAR SCALE" 
INPUT X,Y 
PRINT @1,17:X,Y 
IF N=l THEN 600 
N=Y 
IF N<5 THEN 600 
N=5 
PRINT "INPUT TEXT OR TITLE" 
INPUT A$ 
PRINT "POSITION PLOTTER PEN AND DEPRESS CALL" 
INPUT @1,27:X1,Y1,Zl 
PRINT @1: "Gil; 
FOR 1=1 TO-N 

MOVE @1:X1,Y1 
PRINT @l:A$ 
X1=X1+X3 
Y1=Y1+Y3 

NEXT I 
GO TO 320 

720 REM*************************************************************~*** 
730 REM* 
740 REM* BOX PROGRAM 
750 REM* 
760 REM************************************************************* *** 
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770 PRINT "MOVE PLOTTER PEN TO LOWER LEFT AND UPPER RIGHT" 
780 PRINT "CORNERS OF BOX DEPRESSING CALL BOTTON" 
790 INPUT @1,27:X1,Yl,Zl 
800 PRINT @l:"G"; 
810 INPUT @1,27:X2,Y2,Z2 
820 PRINT @l:"G"; 
830 MOVE @l:Xl;Yl 
840 DRAW @1:X2,Yl 
8S0 DRAW @1:X2,Y2 
860 DRAW @1:Xl,Y2 
870 DRAW @l:Xl,Yl 
880 GO TO 320 

890 REM**************************************** 
900 REM* 
910 REM* CIRCLE GENERATOR PGM 
920 REM* 
930 REM**************************************** 

940 SET RADIANS 
950 WINDOW -1,1,-1,1 
960 PRINT "PLACE PEN AT THE CENTER OF CIRCLE AND INPUT RADIUS" 
970 GIN @1:X0,Y0 
980 INPUT R 
990 GIN @1:X0,Y0 
1000 DRAW @1:X0,Y0 
1010 DRAW @1:X0,Y0 
1020 MOVE @1:X0+R,Y0 
1030 FOR T=0 TO 2*PI STEP PI/30 
1040 X=R*COS(T) 
1050 Y=R*SIN(T) 
1060 DRAW @1:X0+X,Y0+Y 
1070 NEXT T 
1080 GO TO 320 

... ------------------------""!T~'· ''i'f.t'3:\i~:; " 000-6405-02 
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1"9" 
11"" 
111" 
112" 
113" 

114" 
115" 
116" 
117" 
118" 
119" 
12"" 
121" 
1220 

123" 
1240 
125" 
1260 

1270 
1280 
1290 
1300 
131" 
1320 
1330 
134" 
1350 
136" 
1370 
1380 
1390 
1400 
1410 

000-6405-02 

REM**************************************** 
REM* 
REM* LINE PROGRAM 
REM* 
REM********************************************************* 

PRINT "MOVE PEN TO START AND END POINTS OF LINE " 
PRINT "DEPRESSING CALL BOTTON" 
INPUT @1,27:X1,Y1,Zl 
PRINT @l:"G": 
INPUT @1,27:X2,Y2,Z2 
PRINT @l:"G": 
MOVE @1:X2~Y2 
DRAW @1:X1,Y1 
GO TO 32" 

REM********************************************* 
REM* 
REM* ARC-CHARACTER PROGRAM 
REM*************************************************************~ 

WINDOW -1,1,-1,1 
VIEWPORT 0,15",0,100 
DIM A$(80),P$(1) 
SET DEGREES 
PRINT "input rotated character scale x and y " 
INPUT Sl,S2 
PRINT @1,17:S1,S2 
PRINT "input line of text" 
INPUT A$ 
L=LEN (A$) 
PRINT "position pen at center ~f arc and push call" 
INPUT @1,27:C1,C2 
PRINT @l:"G": 
GIN @1:C3,C4 
PRINT "position pen at beginning of characters and push call" 

TEKTRONIX 4051 PROGRAM 
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1420 INPUT @1,27:01,02 
1430 PRINT @1:"G"; 
1440 GIN @1:01,02 
1450 R1=SQR«Ol-C3)T2+(02-C4)T2) 
1460 B1=ATN«02-C4)/(01-C3)) 
1470 A1=S1/Rl*0.85 
1480 IF 01>C3 THEN 1500 
1490 B1=B1+18((J 
1500 I1=A1*L 
1510 I1=B1-I1 
1520 1=0 
1530 FOR C1=B1 TO II STEP -AI 
1540 1=1+1 
1550 X=R1*COS(C1)+C3 
1560 Y=R1*SIN(C1)+C4 
1570 MOVE @l:X,Y 
1580 PRINT @1,25:Cl-90 
1590 P$=SEG(A$,I,l) 
16130 PRINT @l:P$; 
1610 NEXT Cl 
1615 PRINT @1,25:0 
1620 GO TO 3213 
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16313 REM *************************************** 
1640 REM * 
1650 REM * OUTLINE PROGRAM 
16613 REM * 
1670 REM *************************************** 

1680 VIEWPORT O,15,O,10 
1690 WINDOW 0,15,0,10 
1700 PRINT "Position pen to lower left and upper right of paper and" 
1710 PRINT "depress call botton" 
1720 INPUT @1,27:X1,Yl 
1730 PRINT @l:"G"; 
1740 INPUT @1,27:X2,Y2 

, 
~ 
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1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 

PRINT @1: "G" ; 
VIEWPORT XI,X2,Yl,Y2 
PRINT "Enter number of outline levels"; 
INPUT L 
DELETE T$,S,T 
DIM T (L) ,S (L) ,T$ (72) 
PAGE 
FOR 1=1 TO L 

PAGE 
PRINT "Enter tab from left margin in inches for level",I 
PRINT "and Scale for characters at this level "; 
INPUT T(I),S(I) 

NEXT I 
PAGE 
PRINT "Position plotter pen to desired vertical position and ente " 
PRINT "outline level number "; 
INPUT L 
PRINT @1,17:S(L),S(L) 
1=0 
PAGE 
1=1+1 
PRINT "Enter text for level",L,"item number",I 
PRINT "Carrage Return for new level or E to quit" 
INPUT T$ 
IF LEN(T$)=0 THEN 1880 
IF T$="E" THEN 2050 
GIN @l:X,Y 
MOVE @l:T (L) , Y 
PRINT @l:T$ 
GO TO 1940 
GO TO 280 

2060 REM************************************************************** * 
2070 REM* 
2080 REM* DIAMOND GENERATOR PROGRAM 
2090 REM* 
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~----~------------------~--------------~ 

2100 REM************************************************************* ** 

2110 PRINT "POSITION PLOTTER PEN AT TOP AND LEFT CORNER OF DIAMOND AN II 

2120 PRINT "DEPRESS CALL" 
2130 INPUT @1,27:Xl,Yl,Zl 
2140 PRINT @l:IG"~ 
2150 INPUT @1,27:X2,Y2,Z2 
2160 PRINT @l:"G"~ 
2170 Y3=Yl-(Yl-Y2)*2 
2180 X4=Xl+(Xl-X2) 
2190 MOVE @l:Xl,Yl 
2200 DRAW @1:X2,Y2 
2210 DRAW @1:Xl,Y3 
2220 DRAW @1:X4,Y2 
2230 DRAW @l:Xl,Yl 
2240 GO 'ro 320 
2250 END 

2260 REM************ flowchart program ***************** 

2270 DELETE N,I,T,L,B 
2280 WINDOW 0,150,0,110 
2290 DIM T(30) ,P(40) ,N(40) ,D(26) ,1(26) ,M(10) ,C(10) ,0(20) ,S$(1) 
2300 DIM L(160) ,Z$(18) ,S(15) ,U(40) ,B(40) 
2310 PAGE 
2320 DATA 0,0,0,0,0,0,0,0,0,0,0,32,0,0 
2330 READ Nl,S3,Tl,M1,C2,Pl,D1,L1,I1,C1,A1,H,Ul,B1 
2340 PRINT liDo you wish to see instructions?(y or n)" 
2350 INPUT S$ 
2360 IF S$<>"Y" THEN 2380 
2370 GOSUB 7150 
2380 PRINT "Enter scale factor" 
2390 SET DEGREES 
2400 INPUT S1 
2410 PAGE 
2420 Z$="TPNDLIMOCAEHRS?QUB" 
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2430 POINTER X,Y,S$ 
2440 J=POS(Z$,S$,l) 
2450 IF J=0 THEN 2430 
2460 IF J>10 THEN 2480 

PAGE NO: ~ 
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2470 GO TO J OF 2500,2640,5610,2710,2780,2940,6870,3010,5800,3760,5990 
2480 J=J-10 
2490 GO TO J OF 5990,4280,4300,6530,7110,280,7600,7850 
2500 T1=T1+1 
2510 T(T1)=X 
2520 T1=T1+1 
2530 T(T1)=Y 
2540 GOSUB 3080 
2550 IMAGE 1a,2d 
2560 GO TO 2430 

2570 REM***************** circle draw *************** 

2580 
2590 
2600 
2610 
2620 
2630 

2640 

2650 
2660 
2670 
2680 
2690 
2700 

2710 

2720 

FOR Z=Z2 TO Z3 STEP Z4 
X1=0.3*Sl*COS(Z) 
Y1=0.3*Sl*SIN(Z) 
RDRAW @H:X1,Y1 

NEXT Z 
RETURN 

REM********** 

P1=P1+1 
P(Pl)=X 
P1=P1+1 
P(Pl)=Y 
GOSUB 3250 
GO TO 2430 

REM*********** 

D1=Dl+1 

proc section ********************** 

decision section ************** 
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2730 D(Dl)=X 
2740 Dl=Dl+l 
2750 D(Dl)=Y 
2760 GOSUB 3360 
2770 GO TO 2430 

2780 REM****** line section ********* 

2790 Xl=X 
2800 Yl=Y 
2810 POINTER X,Y,S$ 
2820 X2=X 
2830 Y2=Y 
2840 Ll=Ll+l 
2850 L(Ll)=Xl 
2860 Ll=Ll+l 
2870 L(Ll)=Yl 
2880 Ll=Ll+l 
2890 L(Ll)=X2 
2900 Ll=Ll+l 
2910 L(Ll)=Y2 
2920 GOSUB 3460 
2930 GO TO 2430 
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2940 REM******* i/o section **************************** 

2950 11=11+1 
2960 1(11)=X 
2970 11=11+1 
2980 1(11)=Y 
2990 GOSUB 3540 
3000 GO TO 2430 

3010 REM************ circle section 

3020 Cl=Cl+l 
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3030 O(C1)=X 
3040 C1=C1+1 
3050 O(C1)=Y 
3060 GOSUB 3650 
3070 GO TO 2430 

3080 REM****** ter sub *************************************** 

3090 MOVE @H:X,Y 
3100 RDRAW @H:S1*8,0 
3110 Z2=0 

.3120 Z3=-180 
3130 Z4=-8 
3140 GOSUB 2570 
3150 RDRAW @H:-S1*16,0 
3160 Z2=180 
3170 Z3=0 
3180 GOSUB 2570 
3190 DRAW @H:X,y 
3200 IF H=l THEN 3240 
3210 MOVE X,Y 
3220 PRINT "J": 
3230 PRINT UgING 2550:"t",T1/2 
3240 RETURN 

3250 REM*********** process sub **************************** 

3260 MOVE @H:X,Y 
3270 RDRAW @H:S1*10,0 
3280 RDRAW @H:0,-Sl*12 
3290 RDRAW @H:-Sl*20,0 
3300RDRAW @H:0,Sl*12 
3310 DRAW @H:X,Y 
3320 IF H=1 OR Sl=I.000000001 THEN 3350 
3330 PRINT "J": 
3340 PRINT UgING 2550: l p",Pl/2 
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3350 RETURN 

3360 REM************ decision sub *************************** 

3370 MOVE @H:X,Y 
3380 RDRAW @H:Sl*10,-Sl*6 
3390 RDRAW @H:-Sl*10,-Sl*6 
3400 RDRAW @H:-Sl*10,Sl*6 
3410 DRAW @H:X,Y 
3420 IF H=l THEN 3450 
3430 MOVE X-2,Y-5 
3440 PRINT USING 2550:"d",Dl/2 
3450 RETURN 

3460 REM************ line sub *********************** 

3470 MOVE @H:X2,Y2 
3480 DRAW @H:Xl,Yl 
3490 IF H=l THEN 3520 
3500 MOVE X2+2,Y2-2 
3510 PRINT USING 2550:"1",Ll/4 
3520 RETURN 

3530 REM******** i/o sub ****************************** 

3540 MOVE @H:X+5,Y 
3550 RDRAW @H:Sl*5,0 
3560 RDRAW @H:-Sl*3,-Sl*12 
3570 RDRAW @H:-Sl*17,0 
3580 RDRAW @H:Sl*3,Sl*12 
3590 DRAW @H:X+5,Y 
3600 IF H=l THEN 3630 
3610 MOVE X-5,Y-3 
3620 PRINT USING 2550:"i",Il/2 
3630 RETURN 
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364~ REM***** circle sub ******************************** 

365~ MOVE @H:X,Y 
366~ Sl=Sl*1.25 
367~ Z2=~ 
3680 Z3=-36~ 
369~ Z4=-7 
37~~ GOSUB 257~ 

371~ Sl=Sl/1.25 
3720 IF H=l THEN 375~ 
3730 PRINT IIJII; 
374~ PRINT UgING 255~:lIoll,Cl/2 
3750 RETURN 

376~ REM**** arrow section ******************** 

3770 IF SQR{(X-X1)T2+(Y-Yl)T2»SQR({X-X2)T2+(Y-Y2)T2) THEN 3830 
378~ X=Xl 
379~ Y=Yl 
3800 X9=XI-X2 
381~ Y9=YI-Y2 
382~ GO TO 387~ 
3830 X=X2 
3840 Y=Y2 
3850 X9=X2-Xl 
386~ Y9=Y2-Yl 
3870 IF X9=~ THEN 4~1~ 
3880 M9=(Y2-Yl)/(X2-Xl) 
389~ T5=ATN(M9) 
390~ IF T5=>0 THEN 3920 
391~ T5=T5+90 
3920 IF X9=>0 AND Y9=>0 THEN 4000 
3930 IF X9<=0 AND Y9>0 THEN 3990 
3940 IF X9<0 AND Y9<=0 THEN 3970 
3950 T5=T5+270 
3960 GO TO 4050 
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3970 T5=T5+180 
3980 GO TO 4050 
3990 T5=T5+90 
4000 GO TO 4050 
4010 IF Y9=)0 THEN 4040 
4020 T5=270 
4030 GO TO 4050 
4040 T5=90 
4050 T5=360-T5 
4060 A1=A1+1 
4070 A(A1)=X 
41380 A1=A1+1 
4090 A(A1)=Y 
4100 A1=A1+1 
4110 A(A1)=T5 
4120 GOSUB 4150 
4130 IF Sl=1.000130001 THEN 350 
4140 GO TO 2430 

4150 REM*** arrow sub****** 

4160 MOVE @H:X,Y 
4170 X3=(-1.3*COS(T5)+1.3*SIN(T5»*Sl+X 
4180 Y3=(1.3*SIN(T5)+1.3*COS(T5»*Sl+Y 
4190 DRAW @H:X3,Y3 
4200 MOVE @H:X,Y 
4210 X3=(-1.3*COS(T5)-1.3*SIN(T5)}*Sl+X 
4220 Y3=(1.3*SIN(T5)-1.3*COS(T5»*Sl+Y 
4230 DRAW @H:X3,Y3 
4240 IF H=l THEN 4270 
4250 PRINT "J"; 
4260 PRINT UgING 2550:"a",A1/3 
4270 RETURN 
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4290 H=1 
4300 K=Tl 
4310 PAGE 
4320 IF K=0 THEN 4410 
4330 FOR Tl=1 TO K STEP 2 
4340 IF T(Tl)=0 THEN 4390 
4350 MOVE @H:T(Tl) ,T(Tl+1) 
4360 X=T (Tl) 
4370 Y=T(Tl+l) 
4380 GOSUB 3080 
4390 NEXT Tl 
4400 Tl=K 
4410 K=Dl 
4420 IF K=0 THEN 4500 
4430 FOR Dl=1 TO K STEP 2 
4440 IF D(Dl)=0 THEN 4480 
4450 X=D(Dl) 
4460 Y=D(Dl+l) 
4470 GOSUB 3360 

tf 4480 NEXT Dl 
4490 Dl=K 
4500 K=Pl 
4510 IF K=0 THEN 4590 
4520 FOR Pl=1 TO K STEP 2 
4530 IF P(Pl)=0 THEN 4570 
4540 X=P(Pl) 
4550 Y=P{Pl+l) 
4560 GOSUB 3250 
4570 NEXT PI 
4580 Pl=K 
4590 K=Ll 
4600 IF K=0 THEN 4720 
4610 FOR Ll=1 TO K STEP 4 
4620 IF L(Ll)=0 THEN 4700 
4630 Xl=L{Ll) 
4640 Yl=L(Ll+l) 

( 
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465e X2=L(Ll+2) 
466e Y2=L(Ll+3) 
467e Ll=Ll+3 
468e GOSUB 346e 
46ge Ll=LI-3 
47ee NEXT Ll 
471e Ll=K 
472e K=Al 
473e IF K=e THEN 484e 
474e FOR Al=1 TO K STEP 3 
475e IF A(Al)=1?I THEN 4821?1 
4761?1 X=A (AI) 
4771?1 Y=A(Al+1) 
4781?1 T5=A{Al+2) 
4791?1 Al=Al+2 
481?11?1 GOSUB 4151?1 
4811?1 Al=AI-2 
4821?1 NEXT Al 
483e Al=K 
4841?1 K=Il 
4851?1 IF K=e THEN 4931?1 
4860 FOR Il=l TO K STEP 2 
4870 IF I(Il)=1?I THEN 4910 
4880 X=I(Il) 
4891?1 Y=I{Il+l) 
491?11?1 GOSUB 35313 
4910 NEXT II 
4920 Il=K 
49313 K=Cl 
49413 IF K=I?I THEN 5021?1 
4950 FOR Cl=1 TO K STEP 2 
4960 IF O(Cl)=1?I THEN 51?11?10 
4970 X=O(Cl) 
4980 Y=O{Cl+l) 
4991?1 GOSUB 3641?1 
5ee0 NEXT Cl 

c 
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5010 
5020 
5030 
5040 
5050 
5060 
5070 
5080 
5090 
5100 
5110 
5120 
5130 
5140 
5150 
5160 
5170 
5180 
5190 
5200 
5210 
5220 
5230 
5240 
5250 
5260 
5270 
5280 
5290 
5300 
5310 
5320 
5330 
5340 
5350 
5360 

Cl=K 
K=Nl 
IF K=0 THEN 5110 
FOR Nl=1 TO K STEP 2 

IF N(Nl)=0 THEN 5090 
X=N{Nl) 
Y=N(Nl+l) 
GOSUB 5680 

NEXT Nl 
Nl=K 
K=C2 
IF K=0 THEN 5200 
FOR C2=1 TO K STEP 2 

IF C(C2)=0 THEN 5180 
X=C (C2) 
Y=C(C2+1} 
GOSUB 5870 

NEXT C2 
C2=K 
K=Ml 
IF K=0 THEN 5280 
FOR Ml=1 TO K STEP 2 

IF M(Ml}=0 THEN 5270 
X=M(Ml} 
Y=M(Ml+1) 
GOSUB 6940 

NEXT Ml 
Ml=K 
K=S3 
IF K=0 THEN 5400 
FOR S3=1 TO K STEP 3 

IF S{S3}=0 THEN 5390 
X=S{S3} 
Y=S(S3+1) 
S2=S(S3+2) 
S3=S3+2 
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5379 
5389 
5399 
5499 
5419 
5429 
5439 
5440 
5450 
5460 
5470 
5480 
5490 
551313 
5510 
5520 
5530 
5540 
5550 
5560 
5570 
5580 
5590 
56130 

GOSUB 66413 
S3=S3-2 

NEXT S3 
S3=K 
K=B1 
IF K=1iJ THEN 5490 
FOR B1=1 TO K STEP 2 

IF B(B1)=13 THEN 5480 
X=B (B1) 
Y=B(B1+1) 
GOSUB 79213 

NEXT B1 
B1=K 
K=U1 
IF K=1iJ THEN 55913 
FOR U1=1 TO K STEP 2 

IF U(U1)=0 THEN 5570 
X=U(U1) 
Y=U(U1+1) 
GOSUB 76713 

NEXT U1 
U1=K 
H=32 
GO TO 2439 

5610 REM** off page connector sec ******* 

56213 N1=N1+1 
56313 N(Nl)=X 
56413 N1=N1+1 
56513 N(Nl)=Y 
56613 GOSUB 56813 
56713 GO TO 2439 

56813 REM*** off page connector sub ***** 

~ ______________________________________ ~~r 
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569/iJ MOVE @H:X,Y 
57/iJ/iJ RDRAW @H:S1*2,/iJ 
571/iJ RDRAW @H:/iJ,-Sl*3 
572/iJ RDRAW @H:-S1*2,-3*Sl 
573/iJ RDRAW @H:-2*Sl,3*Sl 
574/iJ RDRAW @H:0,3*Sl 
575/iJ DRAW @H:X,Y 
576/iJ IF H=l THEN 5790 
577/iJ PRINT "J"~ 
578/iJ PRINT USING 2550:"n",N1/2 
579/iJ RETURN 

5800 REM*** card sec ***** 

5810 C2=C2+1 
5820 C(C2)=X 
5830 C2=C2+1 
5840 C(C2)=Y 
5850 GOSUB 5870 
5860 GO TO 2430 

5870 REM ****** card sub ****** 

5880 MOVE @H:X,Y 
5890 RDRAW @H:Sl*12,0 
5900 RDRAW @H:0,Sl*-10 
5910 RDRAW @H:S1*-24,0 
5920 RDRAW @H:0,Sl*7 
5930 RDRAW @H:3*Sl,3*Sl 
5940 DRAW @H:X,Y 
5950 IF H=l THEN 5980 
5960 PRINT "J"~ 
5970 PRINT USING 2550:"c",C2/2 
5980 RETURN 

5990 REM** del section **** 
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6000 PRINT fiJI! 
6010 PRINT "block to be deleted" 
6020 INPUT S$,El 
6030 J~POS(Z$,S$,l) 
6040 IF J>10 THEN 6060 
6050 GO TO J OF 6080,6110,6320,6140,6170,6220,6380,6250,6350,6280 
6060 J=J-10 
6070 GO TO J OF 2430,2430,2430,6410,2430,2430,6450,6490 
6080 T(2*E1)=0 
6090 T(2*E1-1)=0 
6100 GO TO 2430 
6110 P(El*2-1)=0 
6120 P(E1*2)=0 
6130 GO TO 2430 
6140 D(E1*2)=0 
6150 D(E1*2-1}=0 
6160 GO TO 2430 
6170 L(E1*4)=0 
6180 L(E1*4-1)=0 
6190 L(El*4-2)=0 
6200 L(E1*4-3)=0 
6210 GO TO 2430 
6220 I(E1*2)=0 
6230 I(E1*2-1)=0 
6240 GO TO 2430 
6250 0(E1*2)=0 
6260 0(E1*2-1)=0 
6270 GO TO 2430 
6280 A(E1*3)=0 
6290 A(E1*3-1)=0 . 
6300 A(E1*3-2)=0 
6310 GO TO 2430 
6320 N(E1*2)=0 
6330 N(E1*2-l)=0 
6340 GO TO 2430 
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6350 C(E1*2-1}=0 
6360 C(E1*2}=0 
6370 GO TO 2430 
6380 M(E1*2)=0 
6390 M(E1*2-1}=0 
6400 GO TO 2430 
6410 5(E1*3}=0 
6420 5(E1*3-1}=0 
6430 5(E1*3-2}=0 
6440 GO TO 2430 
6450 U(E1*2}=0 
6460 U(E1*2-1}=0 
6470 GO TO 2430 
6480 U(E1*2-1)=0 
6490 B(E1*2)=0 
6500 B(E1*2-1)=0 
6510 GO TO 2430 

6520 REM****** command proc sec ******* 

f 6530 53=53+1 
6540 5(53)=X 
6550 53=53+1 
6560 5(53)=Y 
6570 PRINT "J" 
6580 PRINT "~","input number of segments" 
6590 INPUT 52 
6600 53=53+1 
6610 5(53)=52 
6620 G05UB 6640 
6630 GO TO 2430 

6640 REM**** command proc sub **** 

6650 MOVE @H:X,Y 
6660 RDRAW @H:52*10*51/2,0 

( 
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6670 Z2=0 
6680 Z3=-180 
6690 Z4=-8 
6700 51=2*51 
6710 G05UB 2570 
6720 RDRAW @H:-(52*10)*(51/2),0 
6730 Z2=180 
6740 Z3=0 
6750 GOSUB 2570 
6760 DRAW @H:X,Y 
6770 RMOVE @H:52*51*10/4,0 
6780 FOR 55=0 TO 52 
6790 RDRAW @H:0,-4.3*51 
6800 RMOVE @H:-5*51,4.3*51 
6810 NEXT 55 
6820 IF H=l THEN 6850 
6830 MOVE X,Y-2 
6840 PRINT U5ING 2550:"s",53/3 
6850 51=51/2 
6860 RETURN 

6870 REM*** disk sec ***** 

6880 M1=Ml+l 
6890 M(Ml)=X 
6900 Ml=M1+1 
6910 M(M1)=Y 
6920 G05UB 6940 
6930 GO TO 2430 

6940 REM****** disk sub ***************** 

6950 MOVE @H:X,Y 
6960 Z2=90 
6970 Z3=-270 
6980 Z4=-8 
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6990 Sl=Sl*1.5 
7000 GOSUB 2570 
7010 RDRAW @H:0,-12*Sl/1.5 
7020 Z4=8 
7030 Z2=-90 
7040 Z3=90 
7050 GOSUB 2570 
7060 RDRAW @H:0,12*Sl/1.5 
7070 Sl=Sl/1.5 
7080 IF H=l THEN 7100 
7090 PRINT USING 2550:"m",M1/2 
7100 RETURN 
7110 GOSUB 7150 
7120 INPUT S$' 
7130 PAGE 
7140 GO TO 2430 
7150 PAGE 
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7160 PRINT "You are using the Flowchart Program. The following flow-" 
7170 PRINT "chart symbols can be created;","~" 
7180 PRINT "TERMINAL symbol (T}","J" 
7190 PRINT "PROCESS symbol (P)","J" 
7200 PRINT 'DECISION symbol (D)","J" 
7210 PRINT CIRCLE (O)","J" -
7220 PRINT LINE (L)","J"-
7230 PRINT I/O symbol (I)II,"J" 
7240 PRINT CARD (C) ","J" -
7250 PRINT ARROWHEAD (A)II,"J" 
7260 PRINT OFF PAGE CONNECTOR (N)II,"J" 
7270 PRINT 'DISK DRIVE (M)",IIJ" -
7280 PRINT MISC. symbol (U)J" 
7290 PRINT PRE-DETERMINED PROCESS (B)JII 
7300 PRINT COMMAND PROCESSOR symbol (S)II,"J","J" 
7310 PRINT The letter in parenthesis denotes the key to press to get" 
7320 PRINT the indicated symbol. The symbol will be drawn from the" 
7330 PRINT tip of the pointer. In addition to the listed symbols" 
7340 PRINT three functions have been included: ","~" 
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735e PRINT "DELETE (E), PLOT (H), REDRAW (R)","J" 
736e PRINT "The DELETE (E) function will ask fo~ the identifying lette " 
737e PRINT "and number of the symbol you wish to delete. Key the " 
738e PRINT "proper identifying letter, press return and key the proper 
73ge PRINT "Number. To REDRAW the flowchart(Minus the deletions) key R .. 
74ee PRINT "The PLOT function copies the flowchart onto the 4662 " 
741e PRINT "plotter.J" 
742e PRINT "The pointer is controlled by the joystick controlJ" 
743e PRINT "To return to the rest of the Graphics Program keY-""Q""J" 
744e PRINT "To see these instructions at any time key ""?""J" 
745e PRINT "The scale factor uniformly changes the size of all the" 
746e PRINT "symbols. It cannnot be changed once it has been set at" 
7470 PRINT "the beginning of the program. " 
7480 RETURN 

7490 REM******** ARROW APPEND ************************* 

7500 Al=l 
7510 H=l 
7520 Sl=1.0000e001 
7530 PRINT "PLACE PEN AT THE PROPER END OF THE LAST LINE MADE AND" 
7540 PRINT "DEPRESS CALL" 
7550 INPUT @1,27:X,Y 
7560 PRINT @l:"G"; 
7570 SET DEGREES 
7580 GO TO 3760 
7590 GO TO 350 

7600 REM******* SUBROUTINE CALL SEC ***************** 

7610 U1=U1+1 
7620 U(Ul)=X 
7630 U1=Ul+l 
7640 U(Ul)=Y 
7650 GOSUB 7670 
7660 GO TO 243e 
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7679 REM******** SUBROUTINE CALL SUB **************** 

7689 MOVE @H:X,Y 
7699 RDRAW @H:S1*7,9 
7799 Z2=-45 
7719 Z3=-135 
7729 Z4=-6 
7730 Sl=Sl/0.35 
7740 GOSUB 2579 
7759 RDRAW @H:-14*Sl*0.35,9 
7769 Z2=135 
7770 Z3=45 
7780 GOSUB 2579 
7799 DRAW @H:X,Y 

- .. ~..,. ~----""------,.-.-
----~------~ 

7809 Sl=Sl*9.35 
7810 IF H=l THEN 7849 
7829 MOVE X,Y-2 
7830 PRINT USING 2559:"u",U1/2 

f 7849 RETURN 

7859 REM**** PREDETERMINED PROCESS SEC ************ 

7869 B1=B1+1 
7879 B(B1)=X 
7889 B1=B1+1 
7890 B(B1)=Y 
7900 GOSUB 7920 
7910 GO TO 2430 

7920 REM**** PREDETERMINED PROCESS SUB ************** 

7930 Sl=Sl+1.0E-9 
7940 GOSUB 3259 
7950 Sl=Sl-1.9E-9 
7960 RMOVE @H:S1*8,9 

( 
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7970 RDRAW @H:0,-Sl*12 
7980 RMOVE @H:-16*Sl,0 
7990 RDRAW @H:0,12*Sl 
8000 IF H=l THEN 8030 
8010 MOVE X,Y-3 
8020 PRINT USING 2550:"B",B1/2 
8030 RETURN 
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PERIPHERALS 

4662 Plotter Optional 

Using this program the user may easily draw figures or trace transparencies 
placed on the 4051 screen. The User Definable Keys are incorporated to 
move the cursor horizontally, vertically and diagonally, and digitize and 
store the selected points. The slope of diagonal movement may be altered. 
User Definable Keys also rotate the figure about a central axis, draw the 
figure and allow additions to the figure. Minimum resolution approximates 
that of the graphic display itself. 

The points are stored in a binary data file for each stage of the drawing. 
Accumulated files are automatically linked together to reproduce the 
drawing. Output may be made to the screen or 4662 Plotter. 
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~------------------------------------------.. ------------.......... --.. ~~~ ~ 
TAPE STRUCTURE 

The program file may reside on a separ.ate tape from the binary data files; 
however. the data files for one figure must all reside on one tape. The 
binary data files must be pre-MARked.* 

Different stages of the drawing are stored in separate data files which 
are automatically linked to produce the composite figure. 

OPERATION 

Load the program file into the 4051. Insert your data tape. Type RUN. 

Brief instructions are appended to the program including a summation of the 
User Definable Keys. These keys are used extensively and allow cursor 
movement horizontally, vertically and diagonally. The slope of diagonal 
movement may be altered by changing program steps 13 and 33. 

Keys 1, 2.3 and 6,7,8 are conveniently arranged for positive and negative 
deflection with step-size reduction by a factor of ten when the IISHIFT II key 
is used with these keys. The resulting resolution approximates that of the 
di spl ay itself. 

User Definable Key 9 initializes parameters,. UDK 5 and 15 store the 
DRAW-TO or MOVE-TO points. UDK 4/14 draw the figure. UDK 19 allows 
additions to the figure; 20 rotates the figure and 10 repeats the 
instruction set. 

*Suggested length is 6144. 
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TITLE ABSTRACT NO: 

DIGITIZE AND DRAW 51/00-9520/0 

EXAMPLE 

In order to draw a figure such as a rectangle, the user would first press 
User Definable Key 9 to execute the program (initialize parameters), and 
when asked which file is desired for data storage, respond "2" and then 
"Y" or "YES /I to verify. 

User Definable Keys 1, 2, 3, 6, 7 and 8 would then be used to position the 
cursor to the point where a corner of the desired rectangle is to originate 
and Key 15 pressed to digitize. The program responds with a "0" at that 
point to indicate a MOVE-TO point. 

. . . . . . . . . . 

• 
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TITLE ABSTRACT NO: 

DIGITIZE AND DRAW 51/00-9520/0 ~ 
.,.." .. , " 

-1"{ ...... ifl--'!'~ 
, , 

, , "',,,,"",, " ."", ~ J'i!~' 

i"< 

The cursor ;s then moved to the desired location of each corner and Key 5 
pressed to digitize each of the points to be connected~ The program places 
a confirming "+" on these points. As all of the points are digitized, they 
are written to'data file #2 . 

• • . . . · · · · · · · · · + . . 
/ · · 

· · 
· · 
· · 
· · · · · · · · · · · 
· · 
· · 
· · 
· · 
· · 
• . . . . · · · · • · · · · • 
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TITLE ABSTRACT NO: 

(j DIGITIZE AND DRAW 51/00-9520/0 

Upon completion of the drawi ng, Key 4: i s pressed which pages the screen and 
reproduces the rectangle using the pOints from data file 2. 

•• w: ~ 
, 

.. 

" , 
, 

'" • 0-", 

'. ,. - ... 
-, , ". 

. , 

. c 

.. 
-

,. -

"". 

( 
"" 

• 

( 
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TITLE ABSTRACT NO: 

DIGITIZE AND DRAW 51/00-9520/q, c 
~------------------------------------------~----------.. ------------~ ~ 

The figure may be rotated if desired. 

Use-of Key 19 will add data points for the figure which are stored in a 
separate file and called automatically during the PLOT routine. 

To retrieve data from the correct files, press UDK 9 and identify the main 
tape file. If no new points are to be added, press UDK 19 to identify each 
appendage to the drawing. The cumulative drawing can be reproduced at any 
stage by pressing UDK 4. Additions can also be made at any stage. 

The user is encouraged to make drawings in stages with numerous small ~ 
appendages since there is no provision for corrections other than redoing a 
complete appendage. 
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TITLE ABSTRACT NO: 

DIGITIZE AND DRAW 51/00-9520/0 

1 REM DIGITIZE & DRAW (BSU 12/77) 

2 RUN 1000 
4 X=S 
5 y=o 
6 RUN 340 
8 x=o 
9 Y=S 
10 RUN 340 
12 X=S 
13 y=s 
14 RUN 340 
16 D=32 
17 RUN 600 
18 RETURN 
20 T4=0 
21 RUN 480 
24 X=-S 
25 y=o 
26 RUN 340 
28 X=O 
29 y=-s 
30 RUN 340 
32 X=-S 
33 y=-s 
34 RUN 340 
36 RUN 100 
40 RUN 1000 
44 X=S1 
45 y=o 
46 RUN 340 
48 x=o 
49 Y=S 1 
50 RUN 340 
52 X=S1 
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TITLE ABSTRACT NO: 

DIGITIZE AND DRAW 51/00-9520/0 !t"-. 

b"j 
" 

53 Y=S1 
54 RUN 340 
56 D=1 
57 RUN 600 
60 T4=1 
61 RUN 480 
64 X=-S1 
65 y=o 
66 RUN 340 
68 x=o " 

69 Y=-Sl 
70 RUN 340 
72 X=-S1 
73 Y=-S1 
74 RUN 340 
76 J=J+1 
77 RUN 770 
80 RUN 880 
100 INIT 
110 WINDOW -65,65,-50,50 ,~-'" 

120 DIM I(2),R(2),F(10) 
,..,~-~/ 

130 1=0 
140 R=O 
150 F=O 
160 A=O 
170 J=1 
180 S=4 
190 S1=S/10 
200 D=32 
210 PAGE 
220 GOSUB 790 
230 PAGE 
240 GOSUB ZlO 
250 RDRAW 0,0 
260 RETURN 
270 MOVE -65,45 

.... -

C 
.> .r, 
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TITLE ABSTRACT NO: 

DIGITIZE AND DRAW 51/00-9520/0 

280 DRAW 65,45 
290 DRAW 65,-45 
'~)O DRAW -65,-45 
310 DRAW -65,45 
320 MOVE 0,0 
330 RETURN 

340 REM DISPLAY STEPPING SUBROUTINE 

350 I( 1)=I( n+x 
360 1(2 )=I(2 )+Y 
370 IF ABS(I(1 ))(=64 AND ABS(I(2))<=44 THEN 420 
380 PRINT "GG" 
390 I (1 )=1 CIT-x 
400 I(2)=I(2)-Y 
410 GO TO 450 
420 R(1 )=R(1 )+x 
430 R(2)=R(2)+Y 
440 RMOVE X,Y 
450 RMOVE 0,0 
460 RDRAW 0,0 
470 RETURN 

480 REM DIGITIZING SUBROUTINE 

490 IF T4=0 THEN 5/-10 
500 RMOVE -0.56,-0.973 
510 PRINT "0" 
520 RMOVE 0.56,0.973 
530 GO TO 5'70 
540 RMOVE -0.56,-1.2 
550 PRINT "+" 
560 RMOVE 0.56,1.2 
570 WRITE T4,R 
580 R=O 
590 RETURN 
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TITLE 

DIGITIZE AND DRAW 

600 REM DRAW ROUTINE 

610 PAGE 
620 GOSUB 27 0 
630 ROTATE A 
640 FOR K=1 TO J 
650 FIND F(K) 
660 READ @33:T4,R 
670 ON EOF (0) THEN 730 
680 IF T4=1 THEN 710 
690 RDRAW @D:R(1),R(2) 
700 GO TO 660 
710 RMOVE @D:R(1),R(2) 
720 GO TO 660 
730 R=O 
740 NEXT K 
750 A=O 
755 ROTATE 0 
760 RETURN 

770 REM APPENDING DATA 

780 HOME 

PAGE NO: 10 

ABSTRACT NO: 

51/00-9520/0 

790 PRINT "Enter desired file nunber for data set lI"iJ i" = "i 
800 INPUT F(J) 
810 PRINT "Are you certain? "i 
820 INPUT Y$ 
830 IF Y$="Y" OR Y$="YES" THEN 850 
840 GO TO 790 
850 FIND F(J) 
860 MOVE 1(1),1(2) 
370 RETURN 

880 REM ROTATION ROUTINE 
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DIGITIZE AND DRAW 

890 SET DEGREES 
900 HOME 

PAGE NO· 11 

ABSTRACT NO: 

51/00-9520/0 

910 PRINT "Enter desired rotation angle in degrees = "; 
920 INPUT A 
930 GOSUB 600 
940 RETURN 
1000 PAGE 
1010 WINDOW -65,65,-50,50 
1020 PRINT "PROGRAM INSTRUCTIONS:" 
1030 PRINT 
1040 PRINT "PROGRAM USES TEK 4051 SCREEN TO DRAW FIGURES AND" 
1050 PRINT "DIGITIZE CHOSEN POINTS." 
1060 PRINT 
1070 PRINT "USER DEFINABLE KEYS ARE OUTLINED BELOW:" 
1080 PRINT 
1090 PRINT 
1100 PRINT" +X/l0 +Y/l0 C+X,+Y)/l0 TEK 4662 MOVE-TO" 
1110 PRINT ": MOVE :: MOVE : : MOVE : : PLOT :: DIGITIZE:" 
1120 PRINT II 

1130 PRINT 
+X (+X,+Y) SCREEN DRAW-TO" 

1140 PRINT ,,--------------------USER DEFINABLE-------------------" 
1150 PRINT 
1160 PRINT II -X/10 
1170 PRINT": MOVE :: 
1180 PRINT" -x 
1190 MOVE -65,25.7 
1200 GOSUB 1310 
1210 RMOVE -99,-3 
1 220 GOSUB 13 10 
1230 RMOVE -99, -1 11 
1240 GOSUB 1310 
1250 Rl'IIOVE -99,-3 
1260 GOSUB 1310 
1270 MOVE -65,-10 

-Y/10 
MOVE 

-Y 

(-X,-Y)/l0 
: : MOVE : : 

(-X,-Y) 

1280 PRINT "PRESS USER 119 TO EXECUTE" 

APPEND ROTATE FIG." 
I I I " 
I I I 

EXECUTE INSTRUCTIONS" 

. 1290 PRINT " If 1 0 TO REPEAT INSTRUCTIONS" 
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TITLE ABSTRACT NO: 

DIGITIZE AND DRAW 51/00-9520/0 '" 

1300 END 
1310 FOR N=1 TO 5 
1320 RDRAW 16.5,0' 
1330 m-10VE 3.3,0 
1340 NEXT N 
1350 RETURN 
1360 END 
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TITLE 

GRAPHICS DEMONSTRATIONS FOR 
ASTRONOMY AND PHYSICS 

ABSTRACT NUMBE R 

51/00- 540 1/ 1 

I-O-R-I-G-I N-A-L -D-A-T-E----.-I-R-E-V-IS-I-O-N-D-A-T-E------! MEMO RY R EQU I REM E NT 

Spring 1977 Spring 1978 8K 
AUTHOR PERIPHERALS 

D R J Reimann, Physics Department 4662 Plotter (Opt,'onal) r. .. Boise State University 
ABSTRACT 

Fil es : 12 

Statements: 807 

A second edition with an additional program and numerous improvements 
in the other programs. This is a program series, under the control 
of a directory, for the presentation of introductory astronomy and 
physics concepts to students with no computer experience. The series 
includes: 

j' - Ellipse--ellipses are drawn according to the user's choice of 
eccentricity. Kepler's first and second laws are illustrated. 

,< Planetary Motion--the inner planets are initially aligned and 
i' then "race" in circular orbits according to Kepler's third 

1 aw. 

Binary Stars--ci rcular orbits for binary systems are plotted 
using Kepler's third law. The user may select the masses and 
sepa rati on. 

Stellar Magnitudes--relative apparent magnitudes (0-6) are 
drawn for stars under the assumption that brightness is pro
portional to area. 

Phaser--a demonstration of the reference circle as related to 
simple harmonic motion. 

1/-' /I, Sidereal Time--a view of the Northern sky with sidereal clock 

, I 
/ f 

000-6405-00 

is drawn according to the user's choice. 

Solar Time--a view of the Northern sky is drawn according to 
the user's choice of date and time of day. 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, Inc., assumes no responsibility and. 
shall have no I iabi I ity, consequential or otherwise, of any kind arising from 
the use of this program material or any part thereof. 
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TITLE ABSTRACT NO: 

GRAPHICS DEMONSTRATIONS FOR 
ASTRONOMY AND PHYSICS 

51/00-5401/1 

/2 

/T 

000-6405-02 

Satellite Orbit--earth satellite orbits are plotted using a 
2-step iterative approximation of Newton's law of universal 
gravitation. User selects radial and tangential velocities 
with an optional choice of initial separation. 

Trajectory--a 2-D trajectory is drawn using a 2-step iteration 
assuming drag is proportional to v2. The plot is automati
cally scaled and labelled. The user selects velocity com
ponents Vx and Vy with an optional choice of drag coefficient. 

Vector Combinations--addition of numerous 2-D vectors drawn 
head-to-tail. The plot is automatically scaled and the 
resultant is expressed in both rectangular and polar coordi
nates. 

Linear Least-Squares Fit--user inputs number of data points 
and each x,y coordinate. The best fit to a straight line 
is calculated including standard errors. The plot is auto
matically scaled and "proper" "tic" marks are made on the 
axes. Hard copies are produced by pressing user definable 
#3 if a Tektronix model 4662 recorder is connected. 
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TITLE 

GRAPHICS DEMONSTRATIONS FOR 
ASTRONOMY AND PHYSICS 

PAGE NO: 2 

ABSTRACT NO: 

51/00-5401/1 / 

~---------------------... -------------... "'."" 
OPERATING INSTRUCTIONS 

Insert the tape cartridge into 4051 and press the AUTO LOAD key. 
A table of contents will appear on the graphic display. 

Select a program from the Table of Contents through the numeric 
keys located on the "typewriter" keyboard or the numeric key pad 
on the right, followed by pressing the RETURN key. 

Each program has several functions, which are accessed by press
ing function keys at the upper left of the 4051 keyboard. Do 
not confuse these with the numeric keys. The individual program 
will instruct the user on which function keys to use. 

RUNNING A PROGRAM 

Once a pi~gram is selected from the Table of Contents, function 
key #1 must be the first used to initialize the parameters. 

The user enters data requested by the program through the numeric 
keys. 

If the screen becomes full, keyboard entries will not be displayed, 
and a blinking "F" will appear in the upper left had corner of the 
screen. Press HOME/PAGE key to clear it and the program will con
tinue. 

You may return to the Table of Contents at any time by pressing 
the BREAK key twice, the pressing the AUTO LOAD key. 

FILE STRUCTURE 

000-6405-02 

This program consists of 11 files which are accessed from the 
Table of Contents on File 1. Therefore, it is necessary that 
the program always be allocated to Files 1 through 12 on the 
tape, or recode line 390 of the first file. 
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TITLE ABSTRACT NO: 

GRAPHICS DEMONSTRATIONS FOR 
ASTRONOMY AND PHYSICS 

51/00-5401/1 

1 REM GRAPHICS DEMONSTRATIONS FOR ASTRONOMY & PHYSICS (BSU 1178) 
2 REM TABLE OF CONTENTS 

4 D=32 
5 RUN 100 

90 REM ********************************************* 
91 REM *** GRAPHICS DEMO FOR ASTRONO!~Y & PHYSICS *** 
92 REM *** 51/00-5401/1 *** 
93 REM *** AUTHOR: DR. R. J.REIMANN, BOISE STATE *** 
94 REM ********************************************* 

100 PAGE @D: 
110 DIM L(24) 
120 PRINT @D:"TABLE OF CONTENTS FOR MAGNETIC TAPE" 
130 PRINT @D: 
140 PR INT @D:"FILE TITLE LENGTH" 
150 PRINT @D: 
160 FOR N=1 TO 7 
170 L(N)=2000 
180 READ T$ 
190 DATA "TABLE OF CONTENTS" ,"ELLIPSE" ,"PLANETARY t~OTION" ,"BIlIARY STARS" 
200 DATA "STELLAR MAGNITUDES" ,"PHASER" ,"SIDEREAL TIME" 
210 GOSUB 400 
220 NEXT N 
230 PRINT @D: 
240 FOR N=8 TO 12 
250 L(N)=6000 
260 READ T$ 
270 DATA "SOLAR TIME"," SATELLITE ORBITS", "TRAJECTORY" 
280 DATA "VECTOR COMBINATIONS", "LINEAR LEAST SQUARES FIT" 
290 GOSUS 400 
300 NEXT N 
310 PRINT @D: 
320 PRINT 
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TITLE ABSTRACT NO: 

GRAPHICS DEMONSTRATIONS FOR 51/00-5401/1 
ASTRONOMY AND PHYSICS 

" '" 

330 PRINT @D:"Enter desired file number and then press RETURN key "; 
340 INPUT N 
350 PAGE 
360 FIND N 
370 OLD 
380 RUN 
390 END 

400 REM PRINTING SUBROUTINE 

410 PRINT @D: USING 420:N,T$,L(N) 
420 H1AGE 2D, 2X, 30A , 4D 
430 RETURN 
440 END 
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TITLE 

GRAPHICS DEMONSTRATIONS FOR 
ASTRONOMY AND PHYSICS 

1 REM ELLIPSE (SSU 1/78) 
2 REM ACKNOWLECGMENT KARP - DARTMOUTH 

3 RUN 1000 
4 PAGE 
5 RUN 100 
R T=O 
9 RUN 260 
12 T=1 
13 RUN 260 
20 D=1 
21 RUN 130 
40 PAGE 
41 RUN 1000 
100 INIT 
110 D=32 
120 C=O 
130 T=O 
140 SET DEGREES 
150 SET KEY 
160 WINDOW -65,65,-50,50 
170 RO=40 
180 MOVE @D:-O.5,-1.3 
190 PRINT @D:"+" 
200 FOR A=O TO 360 STEP 10 
210 MOVE @D:RO*COS(A),RO*SIN(A) 
220 RDRAW @D:O,O 
230 NEXT A 
240 HOME 

PAGE NO: 5 

ABSTRACT NO: 

51/00-5401/1 

250 PRINT "GGENTER DESIRED ECCENTRICITY (0 < e < 1)" 
260 C=C+1 -

270 IF C>9 THEN 4 
220 MOVE -65,50-10*C 
290 PRINT "e = "; 
?,OO INPUT E 
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PAGE NO: 6 

ABSTRACT NO: 

51/00-5401/1 

... ------------------..... ---------....... ,-~,;. 

.. 

310 IF E(1 THEN 340 
320 PRINT "UNBOUNDED" 
330 GO TO 260 
340 MOVE @D:E*RO,O 
350 RDRAW @D:O,O 
360 RMOVE @D:-4,-4 
370 PRINT @D:E 
380 IF T=1 THEN 550 
390 A=O 
400 1=10 
410 R1=RO*(1-E) 
420 X=RO 
430 Y=O 
440 IF A=>360 THEN 540 
450 MOVE @D:X,Y 
460 RDRAW @D:O,O 
410 A=A+I 
480 X=RO*COS(A) 
490 Y=SQR(1-Ej2)*RO*SIN(A) 
500 R2=SQR«X-E*RO)T2+YT2) 
510 I=R1*I/R2 
520 R1=R2 
530 GO TO 440 
540 GO TO 590 
550 FOR A=O TO 360 STEP 10 
560 ~10VE @D:RO*COS(A) ,SQR(1-Ej2)*RO*SIN(A) 
570 RDRAW @D:O,O 
580 NEXT A 
590 PRINT "GGG" 
600 HOME -
610 END 
1000 PRINT "PROGRAM INSTRUCTIONS:" 
1010 PRINT 
1020 PRINT "ELLIPSES ARE PLOTTED ACCORDING TO DESIRED ECCENTRICITyn 
1030 PRINT 
1040 PRINT "KEPLER'S FIRST & SECOND LAWS ARE DEMONSTRATED" 
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1050 PRINT 
1060 PRINT "PRESS USER 1f1 TO EXECUTE PROGRAM" 
1070 PRINT" 112 TO OVERLAP TRIALS" 

PAGE NO: 7 

ABSTRACT NO: 

51/00- 5401/1 

1080 PRINT" 113 FOR FAST DRAW WITHOUT KEPLER'S SECOND LAW" 
10g0 PRINT" 115 FOR OUTPUT ON TEK 4662" 
1100 PRINT" 1110 TO REPEAT INSTRUCTIONS" 
1110 END 
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GRAPHICS DEMONSTRATIONS FOR 
ASTRONOMY AND PHYSICS 

PAGE NO: 8 

ABSTRACT NO: 

51/00-5401/1 

~-----------------..... ---------.... -... " 

1 REM MOTIONS OF INNER PLANETS 

2 RUN 1000 
4 PAGE 
5 RUN 100 
8 D=l 
9 RUN 110 
40 RUN 1000 
100 INTT 
105 D=32 
110 SET KEY 
120 DIM P(4),RO(4),Rl(4) 
130 READ RO 
140 DATA 0.387,0.723,1,1.524 
150 P=ROjU/2) 
160 Rl=RO*30 
170 WINDOW -65,65,-50,50 
180 MOVE @D:O,O 

(BSU 1118) 

190 PRINT @D:"S M V E MARS" 
200 FOR N=1 TO 800 
210 NEXT N 
220 FOR T=O TO P(3) STEP P(3)/52 
230 FOR N=1 TO 4 
240 MOVE @D:RHN)*COS(2*PI*T/P(N)) ,Rl(N)*SIN(2*PI*T/P(N)) 
250 RDRAW @D:O,O 
260 NEXT N 
270 NEXT T 
280 HOME @D: 
290 PRINT @D:"GGPLANET AVE DIST FROM SUN LENGTH OF YEAR" 
300 PRINT @D:" (IN A.U.) (TN EARTH YEARS)" 
310 FOR N=l TO 4 
320 PRINT @D: USING 330:N,RO(N),P(N) 
330 It-1AGE 2X, lD, 12X, lD. 3D, 15X, lD. 3D 
340 NEXT N 
350 END 
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TITLE 

GRAPHICS DEMONSTRATIONS FOR 
ASTRONOMY AND PHYSICS 

1000 PAGE 
1010 PRINT "PROGRAM INSTRUCTIONS:" 
1020 PRINT 

PAGE NO: 9 

ABSTRACT NO: 

51/00-5401/1 

1030 PRINT "Circular orbits for the inner planets are plotted using" 
1040 PRINT "Kepler's 3rd law and a table of data is presented." 
1050 PRINT 
1060 PRINT "Time between points corresponds to 1 Earth week." 
1070 PRINT 
1080 PRINT "PRESS 
1090 PRINT" 
1100 PRINT " 
1110 END 

000-6405-02 

USER 111 TO EXECUTE PROGRAM" 
112 TO PLOT ON TEK 4662 IF AVAILABLE" 

1110 TO REPEAT INSTRUCTIONS" 
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ABSTRACT NO: 

51/00-5401/1 
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\'~~'\ 
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t----------~-----------.... -------------... : ," ,I 

1 Rn1 BINARY STARS (BSU 7176) 

2 RUN 1000 
4 RUN 100 
8 RUN 160 
40 RUN 1000 
100 PAGE 
110 INIT 
120 SET KEY 
130 PRINT "ENTER STAR l'1ASSES AS MULTIPLES OF THE SOLAR MASS" 
140 PRINT 
150 C=O 
160 C=C+ 1 
170 PRINT "~1 = "; 
180 INPUT ~11 
190 PRINT "M2 = "; 
200 INPUT M2 
210 PRINT "SEPARATION (A. U.) = "; 
220 INPUT R 
230 P=SQR(B73/(M1+M2)) 
234 PRINT lSING 235:P 
235 IMAGE "PERIOD ="2D.1D" YEARS" 
240 X2=R/(M2/M1+1) 
250 X1=R-X2 
260 IF C>1 THEN 290 
270 S=4*R 
280 WINDOW -1.3*S,1.3*S,-S,S 
290 MOVE 0,0 
300 RDRAW 0,0 
310 FOR T=O TO P STEP 1/52 
320 A=2*PI*T/P 
330 ROTATE A 
340 RMOVE -X1,0 
350 RDRAW 0,0 
360 RMOVE X1,O 
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370 R~10VE X2, 0 
380 RDRAW 0,0 
390 RMOVE -X2,0 
400 ROTATE -A 
410 NEXT T 
420 MOVE -1.3*S,(1-(C+1)/4)*S 
430 PRINT "GG" 
440 END 
1000 PAGE 
1010 PRINT "PROGRAM INSTRUCTIONS:" 
1020 PRINT 

PAGE NO: 11 
ABSTRACT NO: 

51/00- 540 1/ 1 

1030 PRINT "THIS PROGRAi., PLOTS CIRCULAR ORBITS FOR BINARY SYSTEMS" 
1040 PRINT "ACCORDING TO KEPLER'S THIRD LAH." 
1050 PRINT 
1060 PRINT "MASSES ARE EXPRESSED IN TERMS OF TIlE SUN'S MASS, AND" 
1070 PRINT "SEPARATIONS ARE IN ASTRONOI-1ICAL UNITS." 
1080 PRINT "(1 A.U. = MEAN DISTANCE FROM EARTH TO SUN)" 
1090 PRINT 
1094 PRINT "TIME BE'IWEEN CONSECUTIVE POINTS REPRESENTS 1 WEEK" 
1095 PRINT 
1100 PRINT "PRESS USER 1t1 TO EXECUTE PROGRAM" 
1110 PRINT" 112 TO OVERLAP RESULTS" 
1120 PRINT" 1110 TO REPEAT INSTRUCTIONS" 
1130 PRINT 
1140 END 
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ABSTRACT NO: 

51/00-5401/1 

~--------------------"'------------"""""',$ 

1 REM STELLAR MAGNITUDE (BSU 6/76) 

2 RUN 1000 
4 PAGE 
5 RUN 100 
40 PAGE 
41 RUN 1000 
42 END 
100 INTT 
110 SET DEGREES 
120 SET KEY 
130 C=1 
135 PRINT" APPARANT STELLAR MAGNITUDES (VIEW FROM 20 FEET)" 
140 t"l$= "6 th MAGN ITUDE" 
150 GOSUB 400 
160 M$="5th MAGNITUDE" 
170 GOSUB 400 
180 M$="4th MAGNITUDE" 
190 GOSUB 4)0 
200 M$="3rd rttAGNITUDE" 
210 GOSUB 400 
220 M$="2nd MAGNITUDE" 
230 GOSUB 400 
240 M$="1st MAGNITUDE" 
250 GOSUB 400 
260 M$="Oth MAGNITUDE" 
270 GOSUB 400 
280 HOHE 
290 PRINT "GG" 
300 END 

400 REM STELLAR DRAWING SUBROUTINE 

410 Y=(C+1)i2+20 
420 MOVE 40,Y 
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430 PRINT M$ 
440 MOVE 80,Y 
445 R=SQR(2.512iC)/8 
450 FOR A=O TO 360 STEP 600/Y 
460 ROTATE A 
470 RDRAW R,O 
471 RMOVE -R,O 
475 ROTATE -A 
480 NEXT A 
485 C=C+1 
490 RETURN 
500 END 
1000 PRINT "PROGRAM INSTRUCTIONS:" 
1010 PRINT 
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1020 PRINT "RELATIVE APPARANT MAGNITUDES OF STARS ARE DRAWN ASSUMING" 
1030 PRINT "THAT BRIGHTNESS IS PROPORTIONAL TO AREA." 
1035 PRINT 
1040 PRINT "PRESS USER 111 TO EXECUTE THE PROGRAM" 
1045 PRINT "PRESS USER 1110 TO REPEAT INSTRUCTIONS" 
1050 END 
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1 REM PHASER DEMONSTRATION (BSU 6/76) 

2 RUN 1000 
4 PAGE 
5 D=O 
6 RUN 100 
8 PAGE 
9 PRINT "ADDITIONAL DELAY DESIRED IN SECONDS = "; 
10 INPUT D 
11 RUN 100 
40 PAGE 
41 RUN 1000 

100 REM OPTIONS SELECTED--PROGRAM STARTS 

110 SET KEY 
120 SET DEGREES 
130 WINDOW -65,65,-50,50 
140 R=20 
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150 PRINT "DEMONSTRATION OF REFERENCE CIRCLE PHASER AND SINE WAVE" 
155 MOVE 10,0 
156 PRINT "TIME --->" 
160 FOR A=O TO 360 STEP 15 
170 ROTATE A 
180 MOVE -30,0 
190 RDRAW R,O 
200 MOVE A/10,R*SIN(A) 
210 RDRAW 0,0 

215 REM DELAY SUBROUTINE 

220 FOR 1=1 TO D*220 
230 NEXT I 
250 ROTATE -A 
260 NEXT A 
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270 PRINT "GG" -280 END 
1000 PRINT "PROGRAM INSTRUCTIONS" 
1010 PRINT 
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1015 PRINT "THIS IS A DEMONSTRATION OF THE REFERENCE CIRCLE" 
1016 PRINT 
1020 PRINT "PRESS USER 111 TO RUN QUICKLY" 
1 03() PR INT " #2 TO SELECT ADELA YED EXECUTION" 
1040 PRINT" 1,110 TO REPEAT INSTRUCTIONS" 
1050 END 
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1 REM SIDEREAL TIME (BSU 6/76) 

2 RUN 1000 
4 RUN 100 
8 RUN 360 
40 PAGE 
41 RUN 1000 
100 PAGE 
110 HUT 
120 SET KEY 
130 SET DEGREES 
140 WINDOW -65,65,-50,50 
150 C=O 

160 REM MARTIX(CONSTELLATION,STAR) 

170 DIM X(3,7),Y(3,7),L(3,7) 
180 READ X,Y,L 

190 REM XCI,DATA)/X(2,DATA)/X(3,DATA) 

200 DATA 0.444,-3.83,-4.138,-2.519,-2.734,-1.0ll2,3.211 
21 ° DATA 17. 772, 1 . 631 , -7 • 414 , -3 • 229 , -5. 725 , _1-1 • 607 , -5 . 796 
220 DATA 1R.859,4.634,1.34,3.722,1.771,0,0 

230 REM Y(1 ,DATA)/Y(2,DATA)/Y(3,DATA) 

21W DATA 0.864,-1.037,-2.163,-4.324,0.63,-5.485,0.022 
250 DATA -15.553,-5.123,-3.832,3.364,-0.272,0.295,-3.609 
260 DATA 67.336,2.169,-4.535,-0.649,-4.567,0,0 

270 REM L(1,DATA)/L(2,DATA)/L(3,DATA) 

275 DATA 0.3,0,0,0,0,0.2,0.2 
280 DATA 0.6,0.6,0.6,0.3,0.6,0.6,0.6 
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290 DATA 0.3,0.3,0.3,0.1,0.3,0,0 

292 REM LABELS 

294 MOVE -65,-4g 
295 DRAW 65, -48 
296 MOVE -30,-47 
297 PRINT "N 0 R THE R N H 0 R I Z 0 N" 
298 HOME 
300 FOR N=1 TO 24 
310 Z=N*15+90 
320 MOVE 45*COS(Z),45*SIN(Z) 
330 PRINT N 
340 NEXT N 
350 HOME 
360 PRINT "SIDEREAL" 
361 PRINT "TIME = "; 
370 INPUT H 
450 A=15*H 
460 ROTATE A 
470 MOVE 0,0 
480 GOSUB 700 
485 ROTATE -A 
490 C=C+ 1 
500 MOVE -65,50-C*20 
510 END 

700 REM DRAWING SUBROUTINE 

705 FOR 1=1 TO 3 
710 FOR J=1 TO 7 
715 RMOVE X(I,J),Y(I,J) 
720 RDRAW LO,J),C 
730 RDRAW O,L(I,J) 
740 RDRA't1 -LO,J),O 
750 RDRAW O,-L(I,J) 
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760 NEXT J 
770 NEXT I 
780 RETURN 
1000 PRINT "PROGRAM INSTRUCTIONS:" 
1010 PRINT 
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1015 PRINT "TIUS PROGRAM IS TO AID IN UNDERSTANDING SIDEREAL TIME." 
1016 PRINT 
1020 PRINT "PRESS USER #1 TO EXECUTE PROGRAM" 
1030 PRINT " USER /12 TO OVERLAP TRIALS" 
1050 PRINT " USER 1110 TO REPEAT INSTRUCTIONS" 
1060 PRINT 
1070 END 
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1 REM SOLAR TIME 

2 RUN 1000 
4 PAGE 
5 RUN 100 
8 RUN 440 
12 FOR N=1 TO 24 
13 Z=N*15+90 

(BSU 1118) 

14 ~10VE @Z5:45*COS(Z) ,16*SIN(Z) 
15 PRINT @Z5:N 
16 NEXT N 
17 END 
40 RUN 1000 
100 INIT 
110 Z5=32 
120 SET KEY 
130 SET DEGREES 
140 WINDOW -65,65,-50,50 
150 C=O 

160 RE~~ MARTIX(CONSTELLATION,STAR) 

170 DIM X(3,7),Y(3,7),L(3,7) 
180 READ X,Y,L 

190 REM X(1,DATA)/X(2,DATA)/X(3,DATA) 
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200 DATA o. L!44, -3.83, -4. 138, -2.519, -2.734, -1.042,3.211 
210 DATA 17.772,1.631,-7.414,-3.229,-5.725,-4.607,-5.796 
220 DATA 18.859,4.634,1.34,3.722,1.771,0,0 

230 RH1 Y(1,DATA)/Y(2,DATA)/Y(3,DATA) 

240 DATA 0.864,-1.037,-2.163,-4.321t,O.63,-5.485,0.022 
250 DATA -15.553,-5.123,-3.832,3.364,-0.272,0.295,-3.609 
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260 DATA 67.336,2.169, -4.535,-0.649, -1~.567, 0, ° 
270 REM L(1,DATA)/L(2,DATA)/L(3,DATA) 

280 DATA 0.3,0,0,0,0,0.2,0.2 
290 DATA 0.6,0.6,0.6,0.3,0.6,0.6,0.6 
300 DATA 0.3,0.3,0.3,0.1,0.3,0,0 

310 REM LABELS 

320 MOVE @Z5: -65, _1H3 
330 DRAW @Z5:65,-48 
340 MOVE @Z5:-30,-47 
350 PRINT @Z5:"N 0 R THE R N H 0 R I Z 0 N" 
360 HOME @Z5: 
370 PRINT @Z5:"MONTH (1-12) - "; 
380 INPUT M 
390 PRINT @Z5:"DAY (1-31) = "; 
400 INPUT D 
410 PRINT @Z5:"HOUR (0-24) ="; 
420 INPUT H 
LI30 GO TO 5i.10 

440 REM OVERLAP FEATURE ENTERS HERE 

450 C=C+1 
460 IF C>4 THEN 4 
LI70 MOVE @Z5: -65, 50-C*20 -
480 PRINT @Z5:"MONTH - "; 
490 INPUT M 
500 PRINT @Z5:"DAY = "; 
510 INPUT D 
520 PRINT @Z5:"HOUR - "; 
530 INPUT H 
540 M=M-1 
550 D=D-1 
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560 A:360*(M+D/30)/12-79.34 
570 Sl:6-1.5*SIN(A) 
580 S2:18+1.5*SIN(A) 
590 IF H<Sl OR H>S2 THEN 630 
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600 PRINT @Z5:"GGWARNING! Sun is up between about"; 
610 PRINT @Z5: USING 620:S1,S2 
620 IMAGE 2D. lD," and ", 2D. 10," LOCAL STANDARD Time." 
630 A:A+15*CH-12) 
540 ROTATE A 
650 MOVE @Z5:0,0 
660 GOSUB 100 
670 ROTATE -A 
680 HOME 
690 END 

700 REM DRAWING SUBROUTINE 

710 FOR 1:1 TO 3 
720 FOR J:l TO 7 
730 RMOVE @Z5:X(I,J),Y(I,J) 
740 RDRAW @Z5:L(I,J),0 
750 RDRAW @Z5:0,L(I,J) 
760 RDRAW @Z5:-L(I,J),0 
770 RDRAW @Z5:0,-L(I,J) 
780 NEXT J 
790 NEXT I 
800 RETURN 
1000 PAGE 
1010 PRINT "PROGRAM INSTRUCTIONS:" 
1020 PRINT 
1030 PRINT "This program presents a veiw of the Northern sky from a" 
1040 PRINT "latitude of approximately 40 degrees North according to" 
1050 PRINT "the user's choice of date and time of day." 
1060 PRINT 
1070 PRINT "PRESS USER #1 TO EXECUTE PROGRAM" 
1080 PRINT " USER #2 TO OVERLAP TRIALS" 
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1090 PRINT" 
1100 PRINT " 
1110 PRINT 
1120 END 

000-6405-02 
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USER 1110 TO REPEAT INSTRUCTIONS" 
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1 REM SATELLITE ORBITS USING NEWTON'S LAWS (BSU 1/78) 

2 RUN 1000 
4 RUN 100 
R PRINT 
9 RUN 310 
12 PAGE 
13 PRINT "INITIAL DISTANCE FROM CENTER OF EARTH IN KM = "i 
14 INPUT R9 
15 RUN 200 
40 RUN 1000 
100 PAGE 
110 INIT 
120 P=2115 
130 SET KEY 
140 SET DEGREES 

150 REM MATRIX(SPACE,TIME) 

160 DIM S(2,2),V(2,2),A(2,2),R(2) 
170 RO=6380 
180 R9=5*RO 
190 RO=RO*1000 
200 WINDOW -1.3E+8, 1.3E+8,-1.0E+8, 1.0E+8 
210 G=3.99E+14 
220 T=1800 
230 C=O 
240 MOVE RO,O 
250 FOR X=O TO 360 STEP 20 
260 DRAW RO*COSeX),RO*SIN(X) 
270 NEXT X 
280 HOME 
290 PRINT 
300 PRINT "ENTER VELOCITIES IN KM/SEC" 
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310 REM 

320 C=C+1 
330 MOVE R9*1000,0 
340 RDRAW 0,0 
350 MOVE -1.3E+8, 1.0E+8*(1-C/3) 
360 PRINT "RADIAL VEL = "; 
370 INPUT V1 
380 PRINT HTANGENTIAL = "; 
390 INPUT V2 
400 V(l, 1)=V1*1000 
410 V(2,1)=V2*1000 
420 S(1,1)=R9*1000 
430 S(2, 1)=0 
440 MOVE S(1, 1),S(2,1) 
450 RDRAW 0,0 
460 FOR J=1 TO 2 
470 R(J)=SQR(S(1,J)T2+S(2,J)T2) 
480 IF R(J)<RO OR R(J»1.1E+3 THEN 600 
490 FOR 1=1 TO 2 
500 A(I,J)=-G*S(I,J)/R(J)T3 
510 S(I,2)=S(I,1)+V(I,1)*T+A(I,1)*Ti2/2 
520 NEXT I 
530 NEXT J 
540 FOR 1=1 TO 2 
550 A(I,1)=(A(I,1)+A(I,2»/2 
560 S(l,1)=S(I,1)+V(I,1)*T+A(I,1)*TT2/2 
570 VCI,1):V(I,1)+ACI,1)*T 
580 NEXT I 
590 GO TO LPW 
600 r.,oVE -1. 3E+8, 1. OE+8*( 1-CI3) 
610 PRINT 
620 PRINT 
630 IF R(J»RO THEN 660 
640 PRINT "GGGYOU CRASHED!" -650 END 
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660 PRINT "GESCAPED THE" 
670 PRINT "ESTABLISHED LIMITS" 
680 END 
1000 PAGE 
1010 PRINT "PROGRAM INSTRUCTIONS:" 
1020 PRINT 
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1030 PRINT "Earth satellite orbits are plotted using an approximation" 
1040 PRINT "of Newton's law of universal gravitation. Spiral orbits" 
1050 PRINT "indicate a break-down of the approximation." 
1060 PRINT 
1070 PRINT "Time between points represents 30 minutes" 
1080 PRINT 
lOgO PRINT "PRESS USER #1 TO EXECUTE PROGRAM" 
1100 PRINT" 1!2 TO OVERLAP TRIALS" 
1110 PRINT" 1/3 TO SELECT A DIFFERENT INITIAL SEPARATION" 
1120 PRINT" (7000 TO 100,00n KM IS REASONABLE)" 
1130 PRINT 
1140 PRINT" !flO TO REPEAT INSTRUCTIONS" 
1150 PRINT 
1160 END 
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1 REM TRAJECTORY WITH DRAG 

2 RUN 1000 
4 RUN 100 
8 GOSUB 90 
9 GOSUB 190 
10 GOSUB 95 
11 RUN 393 
12 PAGE 

(BSU 5177) 

13 PRINT "DESIRED DRAG COEFFICIENT = "; 
14 INPUT D 
15 RUN 160 
40 RUN 1000 
90 VIEWPORT 0,120,0,100 
91 WINDOW 0,120,0,100 
92 MOVE 0,100-C*20 
93 RETURN 
95 YO=Y9 
96 VIEWPORT 20,120,0,100 
97 WINDOW -S9*0.2,S9*1.8,-S9*0.2,S9*1.8 
98 RETURN 
100 INIT 
110 PAGE 
120 SET KEY 
130 SET DEGREES 
140 DIM S(2),V(2),A(2) 
150 D=O 
150 PRINT "ELEVATION (0-99 METERS) = "; 
165 C=O 
170 INPUT YO 
175 Y9=YO 
180 PRINT "INITIAL VELOCITIES (0-99 M/SEC):" 
190 PRINT "Vx = "i 
200 INPUT V1 
210 PRINT "Vy = "i 
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220 INPUT V2 
222 IF C=O THEN 230 
225 RETURN 
230 G:9.8 

235 REM AUTO-SCALE 

240 T1=ABS(2*V2IG) 
250 S2=1.2*(YO+V2*T1-G*T1i2/2) 
260 T2=ABS«+V2+SQR(V2i2+2*G*YO»/G) 
270 S1=V1*T2*1.2 
275 S9=S1 MAX S2 MAX 5 
278 VIEWPORT 20,120,0,100 
280 WINDOW -S9*0.2,S9*1.8,-S9*0.2,S9*1.8 
290 S3=INT(S9/5) 
295 AXIS S3,S3 
300 FOR N=O TO 5*S3 STEP S3 
310 MOVE N-S3/2,-S9/10 
320 PRINT USING 330:N 
330 IMAGE 4D.1D 
340 NEXT N 
350 FOR N=O TO 5*S3 STEP S3 
360 MOVE -S3*1.2,N 
370 PRINT USING 330:N 
380 NEXT N 
390 T=T2120 
393 XO=O 
395 MOVE XO, YO 
396 RDRAW 0,0 
400 A1=-SGN(V1)*D*V1i2 
410 A2=-SGN(V2)*D*V2i2-G 
420 V(1)=V1+A1*T 
ll30 V(2)=V2+A2*T 
440 A( 1)=-SGN (V( 1) )*D*V (1 )i2 
450 A(2)=-SGN(V(2»*D*V(2)i2-G 
460 V(1)=V1+A(1)*T 
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470 V(2)=V2+A(2)*T 
480 S(1)=XO+(Vl+V(1»*T/2 
490 S(2)=YO+(V2+V(2»*T/2 
500 XO=S(l) 
510 YO=S(2) 
512 V1=V(1) 
513 V2=V(2) 
520 IF S(2»0 THEN 395 
530 PRINT "GGG" 
540 C=C+1 -
550 END 
1000 PAGE 
1010 PRINT "PROGRAM INSTRUCTIONS:" 
1020 PRINT 

PAGE NO: 28 

ABSTRACT NO: 

51/00-5401/1 

1030 PRINT "TRAJECTORIES ARE PLOTTED i-JITH OR 'rHTHOUT AIR RESISTANCE." 
1040 PRINT 
1050 PRINT "PRESS USER 1f1 TO EXECUTE PROGRAM" 
1060 PRINT" 112 TO OVERLAP TRIALS" 
1070 PRINT II #3 TO SELECT A DRAG COEFFICIENT" 
1080 PRINT" 1110 TO REPEAT INSTRUCTIONS" 
1090 END 

.,;0,: 
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1 REM VECTOR ADDITION (BSU 1-77) 

2 RUN 990 
4 PAGE 
5 RUN 100 
40 RUN 990 
100 INIT 
110 SET DEGREES 
120 SET KEY 
130 PRINT "NUMBER OF VECTORS TO BE COMBINED = "; 
140 INPUT N 
150 DIM X(N),Y(N) 
160 PRINT 
170 PRINT 
180 PRINT "VECTOR X-COMPONENT Y-COMPONENT" 
190 FOR 1=1 TO N 
200 U=90-5*I 
210 MOVE 3,U 
220 PRINT I 
230 MOVE 20,U 
240 INPUT XCI) 
250 MOVE 50,U 
260 INPUT y(I) 
270 NEXT I 

280 REM PRINT DATA ENTERED 

290 PAGE 
300 FOR 1=1 TO N 
310 PRINT 
320 PR INT II S ( " ; I ; " ) = ( " ; X (1) ; " , " ; y ( 1) ; ") " 
330 NEXT I 

3110 RH1 AUTO-SCALE THE DRAWING 
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350 P1=0 
360 P2=O 
370 M1=0 
380 M2=O 
390 FOR 1=1 TO N 
400 IF X(I»O THEN 430 
410 M1=M1-X(I) 
42C ':;0 TO 440 
430 P 1=P1+X(I) 
440 IF Y(I»O THEN 470 
450 M2=M2-y(I) 
460 GO TO 480 
470 P2=P2+Y(I ) 
480 NEXT I 

490 REM CHOOSE LARGEST EXCURSION 

500 E=P1 MAX M1 
510 E=E MAX M2 
520 E=E ~1AX P2 
530 E=1.2*E 
540 VIEWPORT 20,120,0,100 
550 WINDOW -E,E,-E,E 
560 R1=0 
570 R2=O 
580 FOR 1=1 TO N 
590 ~lOVE R1, R2 
600 R 1=R1+Xn) 
610 R2=R2+y(I ) 
620 DRAW R1,R2 
630 GOSUB 860 
640 FOR J=1 TO 210 
650 NEXT J 
660 NEXT I 

. 670 MOVE 0,0 
680 FOR J=1 TO 5 

... 
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690 RDRAW R1/10,R2/10 
700 RMOVE R1/10,R2/10 
710 NEXT J 
720 WINDOW 0,130,0,100 
730 VIEWPORT 0,130,0,100 
740 ~10VE 0, U-6 
750 PRINT "RESULTANT = (";R1;","iR2;")" 
160 PRINT 
770 R=SQR(R1i2+R2i2) 
780 PRINT USING 785:R 
785 IMAGE "MAGNITUDE =",4D.D 
790 T=ACS(R1/R) 
800 IF R2=>O THEN 840 
810 IF R1<0 THEN 830 
B20 T=360-T 
825 GO TO 840 
830 T=T+90 
840 PRINT USING 845:T 
845 mAGE "THETA = ",3D.D 
850 END 

860 REM ARROWHEAD SUBROUTINE 

870 A=ATN(Y(I)/(X(I)+1.0E-6)) 
880 IF XCI )=>0 THEN goo 
p,go A=A+ 180 
900 ROTATE A 
910 H1=E/40 
920 H2=H1/2 
930 RDRAltl -11 1 , H2 
940 RMOVE H 1, -H2 
950 RDRAW -H 1, -H2 
960 ROTATE 0 
970 RETURN 
930 END 
990 PAGE 
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~ '5r .. " 1 ...... ___________________ ... _____ ......... _____ ... ,T, '.' 

1000 PRINT "PROGRAM INSTRUCTIONS:" 
1010 PRINT 
1020 PRINT "THIS PROGRAM ALLOWS ADDITION OF ANY NUMBER OF VECTORS" 
1030 PRINT "BY THE HEAD-TO-TAIL TECHNIQUE" 
1040 PRINT 
1050 PRINT "PRESS USER 111 TO EXECUTE" 
1060 PRINT 
1070 PRINT " 1110 TO REPEAT INSTRUCTIONS" 
1080 END 

000-6405-02 TEKTRONIX 4051 PROGRAM 

c 



PAGE NO: 33 

TITLE ABSTRACT NO: 

GRAPHICS DEMONSTRATIONS FOR 51/00-5401/1 
( ASTRONOMY AND PHYSICS 

1 REM LINEAR LSF (BSU 1173) 

2 RUN 2000 
4 RUN 100 
8 RUN 260 
12 GOSUB 1080 
13 RUN 270 
40 RUN 2000 
100 INIT 
110 PAGE 
120 SET KEY 
130 PRINT "NUMBER OF DATA PTS = II. , 
140 INPUT N 
150 DIM X(N),Y(N) 
160 PRINT 
170 FOR 1=1 TO N 
180 P=95-4*I 
190 MOVE 0, P 
200 PRINT "x(njIj") = n. , 
210 INPUT X(I) 
220 MOVE 30,P 
230 PRINT "Y(II;I;") = II. , 
240 INPUT YO) 
250 NEXT I 
260 D=32 

270 REM CALCULATE BEST FIT 

280 X1=0 
290 Y1=0 
300 X2=0 
310 Y2=0 
320 Z=O 
330 FOR I=1 TO N 
340 X1 =X1+X(I) 
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350 Y1=Y1+Y(I) 
360 X2=X2+X (I H2 
370 Y2=Y2+Y(1 H2 
380 Z=Z+X (I)*Y(I) 
390 NEXT I 
400 D1=N*X2-XH2 
410 IF D1=O THEN 530 
420 A=(Y1*X2-X1*Z)/D1 
430 8={N*Z-X1*Y1)/D1 
440 E8=1. OE+99 
450 E9= 1 .OE+99 
460 IF N<3 THEN 560 
470 E1={N*X2-X1j2)/(N*(N-1) 
480 E2=(N*Y2-Y1j2)/(N*(N-1» 
490 E3=(N-1 )*(E2-BT2*E1)/(N-2) 
500 E8=SQR(E3/E1)*SQR(X2/(N*(N-1»)) 
510 E9=E8*SQR(N/X2) 
520 GO TO 560 
530 PRINT "NONAPPLICABLE DATA," 
540 PRINT "PROGRAM TERMINATED!" 
550 END 

560 REM AUTO-SCALE AND DRAW AXIS 

570 PAGE @D: 
520 PRINT @D: 
590 PRINT @D:"DATA POINTS" 
600 PRINT @D:"(X,Y)" 
610 L 1=0 
620 L2=0 
630 FOR 1=1 TO N 
640 PRINT @I):X(I);", ";Y(1) 
650 L 1 =L 1 MAX X (I ) 
660 L2=L2 MAX Y (I ) 
670 NEXT I 
680 PRINT @D: 

\ 

() 

., 
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690 PRINT @D:"SLOPE =" 
700 PRINT @D: USING 790:B 
710 PRINT @D:"STD ERROR =" 
720 PRINT @D: USING 780:E9 
730 PRINT @D: 
740 PRINT @D:"INTERCEPT =" 
750 PRINT @D: USING 790:A 
760 PRINT @D:"STD ERROR =" 
770 PRINT @D: USING 780:E8 
780 IMAGE lE 
790 IMAGE 2E 
800 Sl=1.1*L1 
810 S2=1. 1*L2 
820 VIEWPORT 20,120,0,100 
830 WINDOW -S1/10,S1,-S1/10,S2 
840 A1=10iINT(LGT(L1)) 
850 A2=10iINT(LGT(Ll)) 
860 IF ABS(LGT(Ll)-INT(LGT(Ll»»0.5 THEN 880 
870 A1=A1/5 
880 IF ABS(LGT(L2)-INT(LGT(L2»»0.5 THEN 900 
890 A2=A2/5 
900 AXIS @D:Al,A2 
910 S3=S1/50 
920 S4=S2/50 
930 FOR 1=1 TO N 
940 MOVE eD:X(I),Y(I) 
950 RDRAW @D:O,O 
960 RMOVE @D: 0, SlV2 
970 RDRAW @D:S3/2,O 
980 RDRAW ~D:O,-S4 
990 RDRAW @D:-S3,0 
1000 RDRAW @D:0,S4 
1010 RDRAW @D:S3/2,0 
1020 RMOVE @D:0,-S4/2 
1030 NEXT I 
1040 r-10VE @D:O,A 
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1050 DRAW @D:S1,A+B*S1 
1060 HOME @D: 
1070 END 

1080 REM HARD COPY SUBROUTINE 

1090 D=1 
1100 PAGE 
1110 PRINT "ENTER DESIRED LABEL FOR X-AXIS" 
1120 INPUT X$ 
1130 PRINT 
1140 PRINT "ENTER DESIRED LAGEL FOR Y-AXIS" 
1150 INPUT Y$ 
1160 MOVE @D:S1/10,-S2/20 
1170 PRINT @D:X$ 
1180 SET DEGREES 
1190 PRINT @D, 25: 90,90 
1200 MOVE @D:-S1/20,S2/10 
1210 PRINT @D:Y$ 
1220 PRINT @D,25:0,0 
1230 RETURN 
2000 PAGE 
2010 PRINT "PROGRAM INSTRUCTIONS" 
2020 PRINT 
2030 PRINT "The best fit to a straight line is determined." 
2040 PRINT "Standard errors are quoted. " 
2050 PRINT 
2060 PRINT "PRESS USER #1 TO EXECUTE PROGRAM" 
2070 PRINT " 112 AFTER CORRECTING ANY DATA" 
2080 PRINT" ft3 FOR HARDCOPY PLOT IF TEK 4662 AVAILABLE" 
2090 PRINT" 1110 TO REPEAT INSTRUCTIONS" 
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TITLE 

THREE DIMENSIONAL DATA PLOT PROGRAM 
AUTHOR 

ABSTRACT NUMBER 

51/00-9506/0 

MEMORY REQUIREMENT 

32K 

PERIPHERALS 

None 

Michael Poe 

ABSTRACT 

This program graphically plots on the screen of the Tektronix 4051 the con
tents of anyM X N matrix. This matrix is entered and can be corrected 
with the program. There are 6 different methods of data presentation, two 
of which are in three dimensional perspective. A default viewpoint is cal
culated for each 3D plot, but the user may rotate the plot or change the 
perspecthe. 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, Inc., assumes no responsibility and 
shall have no liability, consequential or otherwise, of any kind arising from 
the use of this program material or any part thereof. 
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INPUT 

This program is controlled by choosing an operation by number from a 
menu that appears on the screen. The first menu viewed by the operator 
is called the general menu in this documentation, see figure 1. 

When an operation is to be chosen, a blinking question mark will appea~ 
on the screen. To choose an operation, type in the number corresponding 
to the operation desired, and then push the RETURN key. 

Data may be entered, changed, and corrected with this program. To enter 
data into an array, choose operation #7: Data Entry from the general 
menu. 

The program also allows selection of operations from auxiliary menus, 
see figures 13 and 18. 

OUTPUT 

This program can create six different types of data plots. 

1. 3D HISTOGRAM 

The value of each cell of a matrix is represented by the height 
and diameter of a box located in a matrix grid. 

2. 3D POINT PLOT 

The value of each eel' of a matrix is represented by a point 
above that cell and by lines connected to it from neighboring 
cells. 

3. RANGED CELL GRAPH (not 3D) 

The value of a cell is represented by the diameter of the square 
inside it. The range, not the sign, is represented. The cell 
with the smallest value does not have a square inside it. The 

cell with the largest value has the largest square inside it. 

APPLICATION LIBRARY PROGRAM 
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4. SIGNED CELL GRAPH (not 3D) 

The value of a cell is represented by the diameter of the polygon 
inside it. A negative number is denoted by a triangle, a positive 
number by a square. A value of zero denotes an empty cell. 

5. BAR HISTOGRAM (not 3D) 

The value of each cell is represented by the height of a vertical 
bar. 

6. POINT PLOT (not 3D) 

The value of each cell is represented by the height of a point, 
and this point is connected with lines to neighboring points 
within the same row or column. 

HARDWARE REQUIREMENTS 

This program requires a Tektronix 4051 with at least 16K of memory, 
which will allow an array of up to 7 X 7 to be stored. A larger 
memory size will allow much larger arrays to be plotted. 

PROGRAM LIMITATIONS 

A. MEMORY LIMITATIONS (see III above) 

B. PERSPECTIVE LIMITATIONS 

The perspective algorithm will fail if the viewpoint is too close 
to the array to be plotted, or if the viewpOint is exactly above 
the center of the array. 

METHODOLOGY n/a 

APPLICATION LIBRARY PROGRAM 
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OPERATING HINTS 

If a viewpoint is to be chosen for a 3D plot of a large size array, 
first make a signed cell graph (mode 4) to help in the determination 
of the ideal viewpoint. This will save time because 3D plots take 
much longer to make then non 3D plots. 

REFERENCES n/a 

MAN/MACHINE INTERFACE n/a 

OPERATING INSTRUCTIONS 

A. LOADING THE PROGRAM 

To load the program, key in FIND followed by the file number of 
the program and press the return key. Then key in OLD, depress 
the RETURN key, key in RUN, and press the RETURN key again. The 
starting menu of figure 1 should appear on the screen. 

If desired, a driving program to create an array may be keyed in 
between steps 100 and 4999. When the general menu is on the 
screen press the BREAK key twice, type in 100, 10 and press 
AUTO NUMBER key Ill. Type in your code. A call to the plot program 
may be made from the driving program with a "GOSUB 5005" step, 
or b.Y pressing USER DEFINABLE key #1. When finished, press the 
AUTO NUMBER key again, then key in "RUN laO" followed by pressing 
the RETURN key. 

APPLICATION LIBRARY PROGRAM 
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B. EXAMPLE OF RUNNING THE PROGRAM 

1. THE GENERAL MENU 

The menu of figure 1 is presented when the program is ready 
to operate in a new mode. A flashing question mark is gen
erated in the top left quarter of the screen. Type in the 
number of the desired mode followed by pressing the RETURN 
key to operate the program. In this example, 7, for data 
entry, was entered. 

2. DATA ENTRY 

When data entry is chosen, the screen is cleared, and the 
array dimension statements of figure 2 are printed on the 
screen. In this example, an array size of 2 rows by 5 
columns was used. Each size number was keyed in, followed 
by pressing RETURN after each number. The screen wiil then 
look like figure 3. Each data point is keyed in and followed 
by pressing RETURN. When the array is filled, the screen 
will look like figure 4. At the end of data entry, the 
screen is automatically cleared, and the general menu of 
figure 1 is again printed. 

3. RANGED CELL GRAPH 

By cho9sing mode #3, ranged cell graph, figure 5 was plotted. 
The program may plot the Y direction (columns) either verti
cally or horizontally to make maximum use of screen space. 
In this case, the rows (X) are plotted vertically, and the 
columns (V) are plotted horizontally. The largest subscript 
numbers of each dimension are labeled where the subscript 
number of the opposite dimension is at its smallest value. 
In this case, the columns (Y) range from 1 on the left to 
5 on the right. Row 1 is on the top and row 2 is on the bottom. 

APPLICATION LIBRARY PROGRAM 
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The largest number is in cell (1,2) and .the smallest is in cell (1,5) 
in this example. To return to the general menu, the USER DEFINABLE 
key #1 is pressed. 

4. SIGNED CELL GRAPH 

When mode #4, signed cell graph was chosen from the general menu, 
figure 6 was obtained. This graph is labeled in the same manner 
as the ranged cell graph. Squares represent positive numbers, 
and triangles represent negative numbers. The magnitude of the 
number ;s proportional to the diameter of the polygon. In this 
example, the number in row (X) 1, column (Y) 5, or (1,5) is neg
ative. To return to the general menu, the USER DEFINABLE key #1 
is pressed. 

5. BAR HISTOGRAM 

Mode #5, bar histogram, was used to create figure 7. Either rows 
(X) or columns (Y) will be plotted horizontally, depending on 
array dimensions, to make maximum use of screen space. In this 
example of figure 7, the columns (Y) were plotted horizontally. 
The thickness of the bars at each horizontal position represent 
the other dimension of the array. In this case, the thickness 
represents the rows of X dimension. The slimmest bars represent 
the cells of the array with the low row (X) or column (Y) numbers. 
The height of the bar represents the value of the array element. 
The horizontal line has a value of zero. In this example, the 
only negative value in the array occurs in row 1, column 5 (1,5). 
The general menu can be placed on the screen by pressing USER 
DEFINABLE key #1. 

APPLICATION LIBRARY PROGRAM 
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6. POINT PLOT 

The point plot, mode #6, was used to create figure 8. Either 
rows or columns may be plotted horizontally to use the screen 
area most effectively. In this case, the columns were plotted 
horizontally, because in this example there were more columns 
then rows. The horizontal line has a value of zero. The value 
of the array cells is represented by the height of a point in 
relation to the zero line. The points of either each row or 
each column are connected with lines. The general menu can 
be called by pressing USER DEFINABLE key #1. 

7. 3D POINT PLOT 

A 3D pOint plot can be created by choosing mode #2, an example 
of which is illustrated in figure 9. The grid represents a 
value of zero. The value of each of the cells is represented 
by the height of a point above or below the grid. Each of 
these points is connected to its neighbors in a checkerboard 
fashion. The viewpoint for a three dimensional plot is usu
ally determined automatically, as it was for this figure. The 
X and Y axes are labeled in the same way for every three di
mensional plot. The X is placed where the X (row #) is maximum, 
and the Y (column#) is minimum. In this example it is placed 
at (2,1). The Y is placed where the Y (column #) is maximum 
and the X (row #) is minimum, in this example at (1,5). The 
position of the origin may be determined by the orientation 
of the X and Y labels. Two lines, drawn through the center 
of each of the letters, and oriented horizontally to each of 
these letters, will intersect at the origin. In this example, 
the origin is in the upper center of the plot. 

APPLICATION LIBRARY PROGRAM 



PAGE NO. 8 

TITLE ABSTRACT NUMBER 

51/00-9506/0 
I~_TH_R_E_E _D_IM_E_NS_I_O_NA_L_D_A_TA_P_LO_T_P_R_O_GRA_M~ __ ...L. ______ .... ' .... ' --...,..---it-r",,:\'j, 

8. 3D HISTOGRAM 

Selecting mode #1 from the general menu causes a 3D histogram 
to be created (see figure 10). The method of drawing the grid 
and labeling the axes is identical to that of the 3D point plot. 
The grid has a value of zero. The value of an element of the 
array is represented by both the height of the box above or 
below the grid and by the diameter of the box. Note that in 
this example, element (1,5) is negative. 

9. ROTATION OF 3D VIEWPOINT 

In this example, the 3D histogram is used to illustrate the 
rotation of viewpoint. Mode 11: change of perspective is 
chosen from the general menu for this purpose. When it ;s 
chosen, figure 11 appears on the screen. In this example, 
a counterclockwise rotation of the graph is used. The number 
2 is keyed in followed by pressing RETURN for this type of 
rotation. The general menu will then be printed on the screen. 
If mode 2: 3D histogram is chosen, then figure 12 will be 
plotted on the screen. Notice that this is the same plot as 
figure 10, only rotated. Clockwise rotation is used in a simi-
1 ar manner. 

10. To choose exactly a viewpoint for a three dimensional plot, 
select mode 11: change of perspective from the general menu. 
Mode 3: choose viewpoint is then chosen from the change of 
perspective menu. Figure 13 is then printed on the screen. 
The flashing-question mark indicates that data is needed. The 
X,Y, and Z values of the desired viewpoint, in this case (0,3,3), 
is entered by typing in each number followed by pressing RETURN 
after each number, see figure 14. The general menu is then 
printed on the screen. If the 3D histogram is then selected 
from it, in this example the resulting data plot ;s figure 15. 
The general menu is replaced on the screen by pressing USER 
DEFINABLE key #1. 

APPLICATION LIBRARY PROGRAM 

C'·' ,. 
i' 



,I 
'( 

( 

PAGE NO. 9 

TITLE ABSTRACT NUMBER 

51/00-9506/0 
THREE DIMENSIONAL DATA PLOT PROGRAM 

If, for example, a different viewpoint is desired, then choose 
mode 11: change of perspective from the general menu. Data is 
entered in the same way as above, in this example the viewpoint 
(0,O,3) was desired, see figure 16. The same 3D histogram from 
this new perspective is shown in figure 17. 

11. COMPARISON OF TWO ROWS OR COLUMNS OF DATA 

12. 

To compare two rows or columns of data, select mode 10: com
parison of two rows or columns from the general menu. The menu 
of figure 18 ts then printed on the screen. In this example, 2 
was keyed in followed by pressing RETURN, so that two columns 
would be compared. The row and column numbers are each keyed 
info 11 owed by press i ng the RETURN key for each number. The 
numbers do not have to be in ascending order. Do not type the 
"and" that is illustrated in figure 18, as this is printed by 
the program. The program will then return to the general menu. 
In this example, if 3D histogram is then chosen, then figure 19 
wi 11 be plotted. 

SELECTION OF PART OF AN ARRAY 

Mode #9: selection of part of array allows truncation of part 
of the array for plotting. Enter the range of the rows (X) and 
columns (Y) of the plot by keying in the numbers and pressing 
RETURN after each number, see figure 20. The word "to" of 
figure 20 should not be typed in, as it is printed by the program. 
In this example, rows 1 to 2 and columns 2 through 4 will be 
plotted. After the numbers are entered, the general menu will 
be printed. If a 3D histogram is plotted, as in this example, 
it would look like figure 21. 
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VARIABLE MAP 

DATA STRUCTURES 

VARIABLE 

A 

C 

S 

S~ 

SI 

S2 

S3 

S4 

S5 

S6 

S7 

S8 

S9 

TAPE 
FILE USAGE 

" 
,) 

The data array. Its dimensions are X8 by Y8. The.plotted 
region of the array ranges from X7 to X8, and from Y7 to Y8. 
The number of plotted cells per side is X6 by Y6. 

Center of the three dimensional plot. 

Distance of the projection plane from the center of a 3D 
plot in the direction of the viewpoint, or used as a 
scratch variable. 

Diameter of the plotted polygon. 

Number of sides of the plotted polygon. 

Mode of the plotting program. 

Rotation of plotted polygon. 

Tag to draw legs on polygon. yes~0 no=0 

Tag to autoscale 3D plot. yes!~ no=0 

Scratch variable 

Scratch variable 

Scratch variable 

Scratch variable 
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VARIABLE MAP 

DATA STRUCTURES 

VARIABLE 
TAPE 
FILE USAGE 

T Target 3D point to be transformed to 20. 

Tl Origin of 3D plot. 

T2 Normal vector of 3D transform. 

T3 3D point to be transformed or scratch variable. 

T4 X unit vector. 

T5 Y unit vector. 

T7 Scratch variable 

T8 Scratch variable 

T9 Scratch variable. 

V Viewpoint for 3D plot. 

X X value of 20 point to be plotted. 

X0 X value of center of 3D plot. 

Xl Scratch variable. 

X4 X value of 3D viewpoint 

f X5 Center of plotted 3D grid. 
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VARIABLE MAP 

DATA STRUCTURES 

VARIABLE 
TAPE 
FILE USAGE 

X6 Number of cells in the X dimension. 

X7 Start of plotted array in the X dimension. 

X8 End of plotted array in the X dimension. 

X9 X value to be plotted. 

Y Y value of 2D point to be plotted. 

Y~ Y value of center of 3D plot. 

Yl Scratch variable. 

Y4 Y value of 3D viewpoint 

Y5 Center of plotted 3D grid. 

Y6 Number of cells in the Y dimension. 

X7 Start of plotted array in the Y dimension. 

Y8 End of plotted array in the Y dimension. 

Y9 Y value to be plotted. 

Z Scratch variable. 

Z0 Z value of center of 3D plot. 
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VARIABLE MAP 

DATA STRUCTURES 

VARIABLE 
TAPE 

USAGE FILE 

Zl Scratch variable. 

Z2 Minimum array value 

Z3 Maximum array value. 

Z4 Z value of 3D viewpoint. 

Z6 Scratch variable. 

( 
Z7 Scratch variable. 

Z8 Scratch variable. 

Z9 Z value of point to be plotted. 

( 
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MEMORY ALLOCATION FOR THE PROGRAM 

The progftam takes up approximately l5.8K. 
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TITLE 

THREE DIMENSIONAL DATA PLOT PROGRAM 

1 00 TO 82 
4 00 TO 5005 

81 REH * *** SET UP DEFAULT VALUES 

82 INIT 
83 DIM C(3) ,V(3) ,T(3) 
84 X4=100 
85 X6=2 
86 x7=1 
87 X8=2 
88 Y4=100 
89 Y6=2 
90 Y7=1 
91 Y8=2 
92 Z4=50 
93 Z6=O 
94 Z7=0 
95 28=0 
96 S5=0 
97 GOSUB 5005 
98 END 
99 00 TO 98 

5000 REM * *** MODE SELECTION 
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5005 PRINT "LTYPE IN DESIRED MODE: 1: 3D HISTOGRAM" 
5010 PRINT "-2: 3D POINT PLOI' II -

5015 PRINT" 3: RANGED CELL GRAPH 4: SIGNED CELL GRAPH" 
5020 PRINT" 5: BAR HISTOGRA"1 6: POINT PLOI' G 7: DATA ENTRY" 
5025 PRINT " 8: DATA cORREcrioN 9: SELECrION OF PART OF ARRAY" 
5030 PRINT "10: COOPARISON OF 1WO ROW5 OR COLUMNS " 
5035 PRINT "11: CHANGE OF PERSPEC'rrVE~ IG " ; 
5036 PRINT "JJJ (NOTE: DATA MUST BE ENTERED BEFORE ANY PLOTTING" 
5037 PRINT -II - MAY BE DONE) tIG "; 
5040 INPUT 52 -
5045 S3=0 
5050 X5=(X8+X7)*0.5 
5055 X6=X8-X7+1 
5060 Y5=(Y8+Y7)*0.5 
5065 Y6=Y8-Y7+1 
5070 S5=(S2<7 OR S2=8)*55 
5075 IF S2<7 THEN 5085 
5080 OOSUB 6045 
5085 IF S2>6 THEN 5095 
5090 GOSUB 6535 
5095 GO TO S2 OF 5235,5265,5345,5345,5400,5495,5640,5770,5845,5910,61 25 

5100 REM * *** PIOI' ROtn'INE MAINLINE 
5105 REM *** INITIALIZE PARMETERS 

5110 IF S5=PI THEN 5125 
TEKTRONIX 4051 PROGRAM 
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5115 GOSUB 6265 
5120 00 TO 5130 
5125 ooSUB 6290 
5130 PAGE 
5135 IF S2>4 THEN 5155 

5140 REM *** LABEL 

5145 ooSUB 6655 

5150 REM *** PLOT GRID 

5155 ooSUB 6815 

5160 REM *** PLOT CELLS 

5165 FOR X1=X7 TO X8 
5170 FOR Y1=Y7 TO Y8 
5175 X9=Xl 
5180 Y9=Y1 
5185 Zl=A(Xl,Yl) 
5190 Z9=Zl 
5195 ooSUB S2 OF 5250,5285,5360,5375,5420,5520 
5200 ooSUB 6940 
5205 NEXT Y1 
5210 NEXT Xl 
5215 IF S2<3 THEN 5225 
5220 S5=0 
5225 RE'rURN 

5230 REM * k** 3D HISTOGRAM S2=1 

5235 Sl=4 
5240 S4=1 
5245 00 TO 5110 
5250 SO=Z9/(-Z2 MAX Z3) 
5255 RETURN 

5260 REM * *** 3D POINT PLOT S2=2 

5265 SO=O 
5270 Sl=l 
5275 S4=0 
5280 00 TO 5110 
5285 IF X1=X8 THEN 5335 
5290 IF Y9>Y7 THEN 5305 
5295 ooSUB 7050 
5300 00 TO 5310 
5305 ooSUB 7065 
5310 X9=X9+1 
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5315 Z9=A(X9,Y9) 
5320 G05UE 7065 
5325 X9=X9-1 
5330 Z9=A(X9,Y9) 
5335 RETURN 

5340 REM * *** RANGED CELL PLOT 52=3 

5345 Sl=4 
5350 54=0 
5355 GO TO 5125 
5360 50=(Z9-Z2)/(Z3-Z2) 
5365 RETURN 

5370 REM * *** 5IGNED CELL GRAPH S2=4 

5375 SO=«Z9>0)*0.3+0.7)*AB5(Z9)/(-Z2 MAX Z3) 
5380 Sl=3+(Z9>0) 
5385 S3=(X6>Y6)*0.5*PI 
5390 RETURN 

5395 REI"! * *** BAR HIS'I'CXiRA.'v'J S2=5 

5400 51=2 
5405 S4=1 
5410 53=(X6>Y6)*0.5*PI 
5415 GO TO 5125 
5420 IF X9>X7 ~~D Y9>Y7 THEN 5480 
5425 Z9=0 
5430 roSUE 7050 
5435 IF ABS(Z2) <AB8(Z3) THEN 5445 
5440 PRINT "J"i 
5445 IF X6<=Y6 THEN 5465 
5450 IF Y9>Y7 THEN 5475 
5455 PRINT "X="iX9i 
5460 GO TO 5475 
5465 IF X9>X7 THEN 5475 
5470 PRINT "Y="iY9i 
5475 Z9=A(X9,Y9) 
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5480 50=0.125+0.75*«Y9-Y7+1)/Y6+(X6<=Y6)*«X9-X7+1)/X6-(Y9-Y7+1)/Y6» 
5485 RETURt>J 

5490 REM * *** POINT PLOT 82=6 

5495 50=0 
5500 Sl=l 
5505 IF Y6=>X6 THEN 5125 
5510 83=1 
5515 GO TO 5125 
5520 IF Y6<X6 THEN 5560 
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5525 IF Y9>Y7 THEN 5555 
5530 OOSUB 7050 
5535 IF Z9<0 THEN 5545 
5540 PRINT "J" i 
5545 PRINT "X="iX1i 
5550 MOVE X,Y 
5555 RETURN 
5560 IF X9>X7 THEN 5585 
5565 GOSUB 7050 
5570 IF Z9<0 THEN 5580 
5575 PRINT "J"; 
5580 PRINT "Y=" jY1; 
5585 IF X1<X8 THEN 5605 
5590 S1=2 
5595 Y1=Y8 
5600 RE'rURN 
5605 X9=X1+1 
5610 Z9=A(X9,Y9) 
5615 GOSOB 7050 
5620 Z9=A(X1,Y1) 
5625 X9=X1 
5630 RETURN 

5635 REM * *** DATA ENTRY S2=7 

5640 PRINT "LGTYPE IN DIMENSIONS 
5645 PRINT 11- COWMNS (Y)"-
5650 INPUT X8 -
5655 PRINT II II ; 

5660 INPUT Y8 
5665 DIM A(Xa,Y8) 
5670 83=3 
5675 FOR S9=1 TO X8 
5680 FOR S8=1 TO Y8 
5685 S3=S3+1 
5690 IF S8=1 AND S3<30 THEN 5715 
5695. IF S8=1 AND S3>29 THEN 5705 
5700 IF 83<34 THEN 5725 
5705 PAGE 
5710 S3=0 

II • , 

ROW # (X=) II ;S9;"_" 

ROWS (X)" 

5715 PRINT II 

5720 S3=S3+4-
5725 PRINT" COLUl1N fie (Y=) ";S8;" DATA = "; 
5730 INPUT A(S9,S8) 
5735 NEXT S8 
5740 NEXT S9 
5745 X7=1 
5750 Y7=1 
5755 S5=0 
5760 GO TO 5005 
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5985 NEXT 59 
5990 GO TO 5005 
5995 Y7=Z6 MINZ7 
6000 Y8=Y7+1 
6005 IF ABS(Z7-Z6)=1 THEN 5005 
6010 FOR 59=X7 TO X8 
6015 58=A(59,Y8) 
6020 A(S9,Y8)=A(59,Z6 MAX Z7) 
6025 A(59,Z6 MAX Z7)=S8 
6030 NEXT 59 
6035 00 TO 5005 

6040 REM *** RE5TORE ARRAY 

6045 IF Z8=0 OR ABS(Z7-Z6)=1 THEN 6115 
6050 IF Z8=2 THEN 6085 
6055 FOR 59=Y7 TO Y8 
6060 88=A(Z6 MAX Z7,59) 
6065 A(Z6 MAX Z7,59)=A«Z6 MIN Z7)+1,89) 
6070 A«Z6 MIN Z7)+1,S9)=58 
6075 NEXT 59 
6080 00 TO 611 0 
6085 FOR 59=X7 TO X8 
6090 58=A(59,Z6 MAX Z7) 
6095 A(S9,Z6 MAX Z7)=A(59,(Z6 MIN Z7)+1) 
6100 A(59,(Z6 MIN Z7)+1)=58 
6105 NEXT S9 
6110 Z8=0 
6115 RETURN 

6120 REM * *** CHANGE OF PERSPECTIVE 82=11 

6125 PRIN'r "LGTYPE IN DESIRED MODE: 1: ROTATE GRAPH CIDCKWISE" 
6130 PRINT "2: ROTATE GRAPH COUNTERCLOCKWI5E 3: CHOOSE VIEWPOINT" 
6135 PRINT II 4: AuroSCALE" I II : 

6140 S5=PI 
6145 INPUT S9 
6150 GO TO 59 OF 6155,6175,6190,6235 
6155 59=X4-XO+YO 
6160 X4=-Y4+YO+XO 
6165 Y4=S9 
6170 00 TO 5005 
6175 59=-X4+XO+YO 
6180 X4=Y4-YD+XO 
6185 00 TO 6165 
6190 PRINT" GRAPH RANGES FRa1: X: ";X7;" TO II ;X8;" Y:"; 
6195 PRINT Y7;" TO ";Y8;1I PREVIOUS VIEWPOINT:INEW VIEWPOINT:" 
6200 PRIN'r" X: II ;X4;"_ Y: .. ;Y4;"_ Z: .. ;Z4;" KKKII"; 
6205 INPUT xl 
6210 PRINT "U"; 
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6215 INPUT Y4 
6220 PRINT "II"; 
6225 INPUT zT 
6230 00 TO 5005 
6235 S5=0 
6240 00 TO 5005 

ABSTRACT NUMBER 
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6245 REM * *** INITIALIZATION OF 3D PLOT PERSPECTIVE 

6250 IF 87<>X5 THEN 6265 
6255 S7=S7+0.5 

6260 REM *** DETERMINE VIEWPOINT 

6265 X=10*(X6A2+Y6A 2)A O•5 
6270 X4=(2*(X5>S7)-1)*X*ABS(COS(ATN«Y5-S6)/(X5-S7»»+X5 
6275 Y4=(2*(Y5>S6)-1)*X*ABS(SIN(ATN«Y5-S6)/(X5-S7»»+Y5 
6280 Z4=(Z3+Z2)/2+10*(Z3-Z2) 

6285 REM *** CENTER OF PLOT AND SCALE 

6290 XO=X5 
6295 YO=Y5 
6300 ZO=(Z3+Z2)/2 
6305 S=«X4_XO)A2+(Y4-YO)A2+(Z4-Z0)A2)AO.5 

6310 REM *** INITIALIZE CONVERSION 

6315 ooSUB 7125 

6320 REM *** FIND r1IN AND MAX X, Y COORDINATES OF MAPPING 

6325 X9=X5 
6330 Y9=Y5 
6335 Z9=(Z3+Z2)/2 
6340 ooSUB 7080 
6345 X1=X 
6350 X2=X 
6355 Y1=Y 
6360 Y2=Y 
6365 IF 82>2 THEN 6455 

6370 REM *** FOR 3D PLOTS 

6375 FOR S9=X7 TO X8 
6380 FOR S8=Y7 TO Y8 
6385 S7=ABS«S8-YO)/(S9-XO+l.0E-30»<Y5/X5 
6390 S6=ABS«S8-YO)/(S9-XO+1.0E-30»>Y5/X5 
6395 FOR X9=S9-0.5+(S7 AND S9>XO) TO S9+0.5-(S7 AND S9<XO) 
6400 FOR Y9=S8-0.5+(S6 AND S8>YO) TO S8+0.5-(S6 AND S8<YO) 
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6405 S=(S9>X7 AND S9<X8 OR (S8>Y7 AND S8<Y8»*A(S9,S8) 
6410 FOR Z1=S TO A(S9,S8) STEP A(S9,S8)+(A(S9,S8) =0) 
6415 GOSUB 6615 
6420 NEXT Z1 
6425 NEXT yg 
6430 NEXT x9 
6435 NEXT S8 
6440 NEXT S9 
6445 Q) TO 6505 

6450 REM *** FOR FLAT PIDrS 

6455 S9=(Z3>O)*Z3 
6460 S8=(Z2<0)*Z2 
6465 FOR Z1=S8 TO S9 STEP S9-S8 
6470 FOR Y9=Y7-0.5 TO Y8+0.5 STEP Y6 
6475 FOR X9=X7-0.5 TO X8+0.5 STEP X6 
6480 GOSUB 6615 
6485 NEXT X9 
6490 NEXT Y9 
6495 NEXT Z1 

6500 REM *** SET UP WINDOW 

6505 IF (X2-X1)/(Y2-Y1) >1.3 THEN 6520 
6510 WINDOW (X2+Xl)/2-0.65*(Y2-Yl) ,(X2+X1)/2+0.65*(Y2-Y1),Y1,Y2 
6515 RETURN 
6520 ~I~v Xl,X2,(Y2+Y1)/2-(X2-X1)/2.6,(Y2+Y1)/2+(X2-X1)/2.6 
6525 RETURN 

6530 REM *** FIND MIN AND MAX Z VALUES 

6535 Z2=1.0E+306 
6540 23=-Z2 
6545 FOR S9=XS TO X7 STEP -1 
6550 FOR S8=YS TO Y7 STEP -1 
6555 Z2=Z2 MIN A(S9,S8) 
6560 IF A(S9,S8)<Z3 THEN 6580 
6565 Z3=A(S9,S8) 
6570 S6=S8 
6575 S7=S9 
6580 NEXT S8 
6585 ~"EXT S9 
6590 IF Z2<Z3 THEN 6605 
6595 Z2=Z2-1.0E-10 
6600 23=Z3+1.0E-10 
6605 RETURN 

6610 REM *** FIND MIN AND MAX 
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6620 GOSUB 7080 
6625 Xl=Xl MIN X 
6630 X2=X2 MAX X 
6635 Yl=Yl MIN Y 
6640 Y2=Y2 MAX Y 
6645 RETURN 

6650 REM * *** LABEL 

6655 z9=0 
6660 IF X6=1 THEN 6725 

6665 REM *** DRAW THE X 

6670 X9=x8+0.2 
6675 Y9=Y7-0.4 
6680 GOSUB 7050 
6685 X9=x8-0.2 
6690 Y9=Y7+0.4 
6695 GJSUB 7065 
6700 Y9=Y7-0.4 
6705 OOSUB 7050 
6710 X9=X8+0.2 

( 6715 Y9=Y7+0.4 
6720 OOSUB 7065 
6725 IF Y6=1 THEN 6805 

6730 REM *** DRAW THE Y 

6735 X9=X7-0.4 
6740 Y9=Y8-0.2 
6745 OOSUB 7050 
6750 X9=X7 
6755 Y9=Y8 
6760 GOSUB 7065 
6765 X9=X7-0.4 
6770 Y9=Y8+0.2 
6775 GOSUB 7065 
6780 X9=X7 
6785 Y9=Y8 
6790 GJSUB 7065 
6795 X9=X7+0.4 
6800 OOSUB 7065 
6805 RETURN 

6810 REM * *** GRID PLOT 

6815 Z9=0 
6820 IF S2>4 THEN 6900 

{ 
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6825 REM *** AlONG X COORDINATE 

6830 FOR X9=X7-0.5 TO X8+0.5 
6835 Y9=Y7-0.5 
6840 OOSUB 7050 
6845 Y9=Y8+0.5 
6850 GOSUB 7065 
6855 NEXT X9 

6860 REM *** ALONG Y COORDINATE 

6865 FOR Y9=Y7-0.5 TO Y8+0.5 
6870 X9=X7-0.5 
6875 OOSUB 7050 
6880 X9=X8+0.5 
6885 OOSUB 7065 
6890 NEXT Y9 
6895 RETURN 
6900 X9=X7-0.5 
6905 Y9=Y7-0.5 
6910 OOSUB 7050 
6915 X9=X8+0.5 
6920 Y9=Y8+0.5 
6925 OOSUB 7065 
6930 RETURN 

6935 REM * *** POLYGON TABLE 

6940 IF S1=1 AND (Y1>Y7 OR S3=PI OR S2=6) THEN 6925 
6945 IF SO=O AND S1<>1 THEN 7040 
6950 X9=COS(S3+PI/S1)*SO/2+X1 
6955 Y9=SIN(S3+PI/S1)*SO/2+Y1 
6960 GOSUB 7050 
6965 IF S1=1 THEN 7040 
6970 FOR S8=3*PI/S1+S3 TO 2*PI+2*PI/S1+S3 STEP 2*PI/S1 
6975 IF S4=0 OR Z1=0 THEN 7000 
6980 Z9=0 
6985 OOSUB 7050 
6990 Z9=Z1 
6995 GOSUB 7065 
7000 X9=COS(S8)*SO/2+X1 
7005 Y9=SIN(S8)*SO/2+Y1 
7010 OOSUB 7065 
7015 IF S2<>5 THEN 7035 
7020 Z9=0 
7025 OOSUB 7065 
7030 S8=S8+PI 
7035 NEXT S8 
7040 RETlJRN 
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7045 REM * *** LINK TO 3D PLOT 

7050 GOSUB 7080 
7055 MOVE X,Y 
7060 RETURN 
7065 GOSUB 7080 
7070 DRAW X,Y 
7075 RETURN 
7080 IF S2<3 THEN 7100 
7085 X=X9+(X6<=Y6)*(Y9-X9) 

ABSTRACT NUMBER 
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7090 Y=-Y9+(X6<=Y6 AND S2(5)*(Y9-X9)+(S2>4)*(Z9+Y9) 
7095 RETURN 
7100 T(I)=X9 
7105 T(2)=Y9 
7110 T(3)=Z9 
7115 GOSUB 7315 
7120 RETURN 
7125 C(I)=XO 
7130 C(2)=YO 
7135 C(3)=ZO 
7140 V(I) =X4 
7145 V(2) =Y4 
7150 V( 3) =Z4 
7155 OOSUB 7175 
7160 RETURN 

7165 REM * *** 3D PLOT 
7170 REM *** INITIALIZE INTERIIiAL VECTORS 

7175 DIM Tl(3),T2(3),T3(3),T4(3),T5(3) 
7180 T7=0 
7185 FOR T9=1 TO 3 
7190 T3(T9)=V(T9)-C(T9) 
7195 T7=T7+T3(T9)A2 
7200 NEXT T9 

7205 REM *** Tl IS THE ORIGIN, T2 IN NO&~ VECTOR 

7210 FOR T9=1 TO 3 
7215 Tl(T9)=V(T9)-S/SQR(T7)*T3(T9) 
7220 T2(T9)=T3(T9)/SQR(T7) 
7225 NEXT T9 
7230 T3=C 
7235 T3(3)=T3(3)+1 

7240 REM *** PROJECT ONTO VIEW PIA\1E 

7245 OOSUB 7365 
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7255 T7=0 
7260 FOR T9=1 TO 3 
7265 T7=T7+(T3(T9)-T1(T9»~2 
7270 NEXT T9 
7275 FOR T9=1 TO 3 
7280 T5(T9)=(T3(T9)-T1(T9»/SQR(T7) 
7285 NEXT T9 
7290 T4(1)=T5(2)*T2(3)-T5(3)*T2(2) 
7295 T4(2)=T5(3)*T2(1)-T5(1)*T2(3) 
7300 T4(3)=T5(1)*T2(2)-T5(2)*T2(1) 
7305 RETURN 

7310 REM *** ENTRY POINT TO CALC. 2D VALUES 

7315 T3=T 
7320 GOSUB 7365 
7325 x=o 
7330 y=o 
7335 FOR T9=1 TO 3 
7340 X=X+(T3(T9)-T1(T9»*T4(T9) 
7345 Y=Y+(T3(T9}-T1(T9»*T5(T9) 
7350 NEXT T9 
7355 RETURN 

7360 REM *** INTERNAL ROUTINE TO PROJECT TO VIEW PLANE 

7365 T7=0 
7370 T8=0 
7375 FOR T9=1 TO 3 
7380 T7=T7+(T1(T9)-T3(T9»*T2(T9) 
7385 T8=T8+(V(T9)-T3(T9»*T2(T9) 
7390 NEXT T9 
7395 FOR T9=1 TO 3 
7400 T3(T9)=(V(T9)-T3(T9»*T7/T8+T3(T9) 
7405 NEXT T9 
7410 RETURN 

7415 REM *** END OF 3D PLOT P~~ *** 
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PERIPHERALS 

A. This program allows the 4051 GCS to be used in a manner similar to 

several hand-held calculators currently on the market. specifically those 

operating in reverse "Polish" notation with a 4 place operational stack, 

for example, the Hewlett Packard series. 

B. The input to the program is completely accomplished by use of the 

function keys. Input is interactive with the user; just like a hand-held 

calculator. 

c. Output is placed on the screen. As each new display is presented. 

it is written on the screen below the previous one. Also, a record of the 

input keys is provided on the screen. 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, Inc., assumes no responsibility and 
shall have no liability, consequential or otherwise, of any kind arising from 
the use of this program material or any part thereof. 



( 

( 

PAGE NO 1 

TITLE ABSTRACT NUMBER 

HAND CALCULA'i'OR 51/00-6001/0 

HARDWARE REQUIREMENTS 

The program requires a 4051 with 16K or more of memory. The proper overlay 

is required for the function keys. 

PROGRAM LIMITATIONS 

While the program is protected against invalid operations such as divide by 

zero, operations resulting in a result too large for the machine may result 

in an error message. The user may continue and disregard the message with 

no effect. 

METHODOLOGY 

The calculator program operates a stack, and problems are solved by utilizing 

reverse "Polish" logic. The stack has 4 positions. 

OPERATING HINTS 

N/A 

REFERENCES 

N/A 

DESCRIPTION OF THE MAN/MACHINE INTERFACE 

The user communicates with the program by using the function keys for input 

and the screen for readout. The manner of operation is similar to that of 

a hand-held calculator, except that previous results are saved on the screen 

as well as the directives used. 

OPERATING INSTRUCTIONS 

Loading - Place the program tape in the drive and press the "Auto-load" key. 

When the program clears the screen and prints "CLEAR" followed by a zero, the 

program is loaded and running. 

Running the program with examples -

ACCESSING FUNCTIONS: 

There are 10 function keys physically placed on the 4051 keyboard. The number 

of different entries is increased to 20 by the use of the shift keys. 

APPLICATION LIBRARY PROGRAM 
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This program further increases the number of available functions to 39 by the 

use of a "shi til function. On the overlay it will be noted that each of the 

20 key labels except one have two labels, one in parentheses. By pressing 

that function key, the function printed without parentheses will be performed. 

By pressing the parenthesis key (the only one without two functions), and then 

pressing any function key, the function printed in parentheses will be performed. 

KEYING IN NUMBERS 

Each time a number key is pressed, the number appears on the screen, to the 

right of the last digit, if any. Note that a decimal point key is included; 

it must be pressed if it is part of the number. To enter the number 692.7, 

for example, one would press the keys 6,9,2, " and 7 in that order. On 

the screen would appear 692.7 as the digits are pressed. 

THE DISPLAY 

This program, because it simulates a hand-held calculator, constantly displays 

the current calculator display on the screen. Each new value or result is 

displayed on successively lower lines. Since the screen is a storage CRT, 

a running record of intermediate results and subtotals is thus kept. To make 

these intermediate results meaningful, then, just before displaying the newest 

value, the name of the key used to achieve that result is also printed after 

the last number, if any. The program therefore is more like a printing calcu

lator in that a running record of all transactions is kept. For example, the 

following sequence of keys: 

CLEAR 4 5 STO 

will result in the following display: 

CLEAR 

o 
45 STO 1 

45 SIN 

0.707106781187 

RCL .;- 1 

0.0157134840264 

1 SIN RCL I 

.. 
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Note that all but one line is indented by one space. This one line is not 

indented because it is an actual number being entered into the calculator, 

not a directive or function key. Any number that is indented is either the 

result of an operation or the result of reprinting the previous value. 

(ENTERt is an example of reprinting a previous value.) 

OPERATIONAL STACK 

Stack Registers 

The hand calculator program uses an operational stack and reverse "Polish" 

(Lukasiewicz) notation to evaluate mathematical expressions. 

The four temporary memory locations (stack registers arranged vertically) are 

called X (bottom register), Y, Z, and T (top register), respectively. The 

contents of the X register are always displayed. 

To avoid confusion between the name of a register and its contents, the 

register name is designated by a capital letter and the register contents by 

a lower case letter. Thus, register X contains the value x, which is always 

displayed. 

When you key in a number, it goes into the X register and is displayed. When 

the ENTERt key is pressed, this number is duplicated into the Y register. At 

the same time, y is moved up to Z and z is moved up to T. 

PRESS 

ENTERt 

CONTENTS I REGISTER 

t 

z 

y 

x 

~ (contents 

=---::: ~ 
:::=:::: : 

lost) 

When + is pressed, x is added to y and is displayed in X, and the rest of the 

stack drops down one position. The same goes for -, x, ~, and yX. 

: APPLICATION LIBRARY PROGRAM 
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PRESS CONTENTS REGISTER 

+, - x, t 

~ 
T , 

""'", yx z z =:s y ---'-'> I y+x, y-x Y 

x --~ yXx, y+x, X y 

Observing the stack operation during a chain calculation can help intuitively 

understand the concepts involved. For example, in calculating (4x2)+(3- (5x2» 

the following analysis will explain the necessary keystrokes. Directly above 

the keys pressed, the information in each of the stack registers is shown, as 

they are after the key is pressed. 

T 8 8 8 8 8 

Z 8 8 3 3 8 8 8 -
y 4 4 8 3 3 5 5 3 8 8 

Note: t = Entert X (Display) 4 4 2 8 3 3 5 5 2 10 -7 1 

Press -+ 4 t 2 x 3 t 5 t 2 x - + 
r,- -
(+ is in X. (Display) 

X is duplicated into y 
._--

2 is in X (Display) 

ft x 2 is in X (Display) 
.• -~ 

3 is in display, automatic enter performed first 
1--

Entert pushes everything up, still shows 3 

5 overwrites 3 in X since it immediately follows Entert 

Entert pushes everything up, still shows 5 

2 overwrites 5 in X since it immediately follows Entert 
I-
Result of 5x2 displayed, everything else moves down 

Result of 3-(5x2) displayed, everything else moves down 

Result of (~~2)+(3- (5x2) 2 displayed ._----

Note that numbers were keyed into the machine in the same order they were 

encountered in the expression, no pre:"planning is required. Note also that all 

intermediate results were stored in the stack where they would be ready exactly 

when needed. No intermediate results needed to be written down and re-entered 

later. 

APPLICATION LIBRARY PROGRAM 
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Manipulating the Stack 

The R{- key "rolls down" the stack and lets you review the contents (in last-in 

first-out order). It may he used to reposition data within the stack. The R{

directive performs as follows: 

PRESS CONTENTS I REGISTER 

t~T z Z 

y Y 

x X 

R{-

The xty key exchanges x and y as follows: 

PRESS CONTENTS I REGISTER 

xh 
t -----~) T 

z -----+) Z 

y-------~y 
x~X 

The xty function is often useful before -, ., and yX operations. For example, 

if you are paying off a loan at 7% annual interest, you have $7000 principle 

left to pay, and your monthly payments ~re $105.65, how much of your payment 

goes to interest, how much towards principle, and what is the remaining principle? 

To do this: 

PRESS SEE 

-------~> 7 (Interest Rate) 7 

ENTERt 

]2 

----~> 7 

------~> 12 (Divide by 12 months) 

------~) .583333333333 

.100 -----~') 100 

------~> 0.00583333333333 

7000 -----~> 7000 

For an easier way to do this, 

see the % key. 

x -------~) 40.8333333333 (Amount to Interest) 

APPLICATION LIBRARY PROGRAM 
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PRESS (cont) SEE (cont) 

105.65 ~ 105.65 (Amount of Payment) 

xh ~ 40.8333333333 

- "> 64.8166666667 (Amount to Principle) 

7000 "> 7000 (Old Principle) 

xh > 64.8166666667 

- > 6935.18333333 (Remaining Principle) 

Performing Combined Arithmetic Processes 

The foregoing explanation of the operational stack enables the user to perform 

the following calculations. 

Serial Calculation 

Any time a new number is entered after any calculation, the calculator performs 

an automatic ENTERt on the result of the calculation. This permits a serial 

calculation to be performed without being encumbered by extra ENTERt requirements, 

and allows the user to operate the calculator in an easy. natural manner. Also, 

the user never need copy down intermediate results. For example, to solve the 

following equation: 

A = 1 + 3 - 5 10 

PRESS SEE 

1 "> 1 

ENTERt )0 1 

3 -> 3 

+ )0 4 

5 -------> 5 

- ) -1 

10 )0 10 

-. )0 -0.1 
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Chained Calculation 

Chained calculations can be used to find the sums of products or the products 

of sums. For example, if a grocer sold 7 oranges at lS¢ each, 5 lb. of sugar 

at 67¢/lb., and 20 jars of jam at $1.17 per jar, the total sale price is: 

(7 X.1S) + (5x .67) + (20 x 1.17) 

PRESS SEE 

7 ENTERt .1S x )- 1.26 

5 ENTERt .67 x ) 3.35 

+ ) 4.61 

20 ENTERt 1.17 x ) 23.4 

+ )- 28.01 Total Sale Price 

Note also how all the intermediate values are displayed. 

Mixed Chain Calculations 

Chained calculations may use any arithmetic operator. Additionally, a problem 

may be calculated using any combination of arithmetic operators in both nested 

and linked operations. For example, to calculate 

«(8x5)-12) + «44~2)~2» x (13x5~.75) 2 

PRESS SEE 

8 ENTERt 5 x ) 40 

12 - ) 28 

44 ENTERt 2 -;- > 22 

2 ) 11 

+ )- 39 

13 ENTERt 5 x ) 65 

.75 ) S6.6666666667 

x > 3380 

2 ) 1690 

. APPLICATION LIBRARY PROGRAM 
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CLEARING THE ~ALCULATOR 

To clear the display (and zero the X register), press CLX. To clear the entire 

stack, including memory registers 5 through 8, press CLEAR. To restart the 

program (clear the stack, all the memory registers, and reset the angle mode 

to degrees), press the Break key and type RUN and press RETURN. More will be 

explained about memory registers and angle modes later. Note that CLX may be 

used to delete a number during keying if a keystroke is incorrect. The number 

may then be re-entered correctly. 

Keying in Negative Numbers: 

To enter a negative number, key in the number and then press CHS. The negative 

number will Le displayed. For example, to enter -12: 

PRESS SEE 

12 ,---,,--., .... ') 12 

CHS ---,-- :> -12 

ENTERt -~ -12 

or 

PRESS SEE 

1 ') 1 

CHS :> -1 

2 ') -12 

ENTERt :> -12 

If CHS is pressed immediately after a calculation or ENTERt, the number in the 

X register is negated and redisplayed. 

Keying in Exponents 

To key in a number with an exponent, use the EEX key. For example, to key in 

1.56 x 1023 , press: 

PRESS SEE 

1.56 

EEX 

------?» 1. 56 

-----~> 1. 56E 

-----~> 1.56E23 23 

ENTERt ---~> 1. 56E+23 

APPLICATION LIBRARY PROGRAM 
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To enter negative exponents, press CRS any time after EEX. For example, to key 

in 28.45 x 10-35 , press: 

PRESS SEE 

28.45 :> 28.45 

EEX :> 28.45E 

35 :> 28.45E35 

CRS ) 28.45E-35 

ENTERt :> 2.845E-34 

or 

PRESS SEE 

28.45 '> 28.45 

EEX :> 28.45E 

CRS :> 28.45E-

35 ) 28.45E-35 

ENTERt ) 2.845E-34 

To enter a negative number with an exponent, be sure to press CRS before EEX. 

If you forget and if it won't disturb the stack (this is a first entry), you 

may press CRS after the ENTERt. Entering -285 x 10-10 will illustrate both 

these points: 

PRESS 

285 

CRS 

EEX 

CRS 

10 

ENTERt 

eRS 

CRS 

If no mantissa is 

If no exponent is 

SEE 

> 285 

:> -285 

:> -285E 

') -285E-

) -285E-lO 

:> -2.85E-8 

) 2.85E-8 

) -2.85E-8 

entered before EEX is pressed, a mantissa of 1 is assumed. 

entered after the EEX, an exponent of 0 is assumed. 

APPLICATION LIBRARY PROGRAM 
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PRESS SEE 

CLEAR ~ 0 

EEX ) IE 

ENTERt ~ 1 

Entering TI 

7f is a fixed constant available to the user. To enter the value of TI, press 

the TI key. An automatic ENTERt is performed before the value of TI is placed 

in the X register and displayed. 

PRESS SEE 

2 ENTERt ~ 2 

TI '> 3.14159265359 

3 "> 3 

x --- ~ 9.42477796077 

x ---~ 18.8495559215 

PEREORMING MONADIC FUNCTIONS 

Several monadic, or single operator, functions are included in the hand calculator 

program, inclu.ding square root, reciprocals, natural and base 10 logs and natural 

and base antilogs. These functions replace the contents of the X register with 

the value of the function of x, leaving the rest of the stack alone. 

PRESS CONTENTS l REGISTER 

l/x. rx t '> T 

lOX, LOG z '> Z 
x e , LN Y ) y 

x ~ f(x) ~ X (displayed) 

Reciprocals 

To calculate the reciprocal of a displayed value, press l/x: 
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PRESS SEE 

5 ) 5 

l/x ) 0.2 

l/x ) 5 

Square Root 

To calculate the square root of a displayed value, press x: 

PRESS SEE 

81 ) 81 

rx ) 9 

rx > 3 

rx :> 1. 73205080757 

Natural Logs and Antilogs: 

To find the natural log of a displayed value, press LN. To find the natural 

antilog of a displayed value, 
x 

press e 

PRESS SEE 

2.02 ) 2.02 

LN ~ 0.703097511413 
x e ) 2.02 

Base 10 Logs and Antilogs 

To find the base 10 log of a displayed value, press LOG. To find the base 10 

antilog of a displayed value, press lOx. 

PRESS SEE 

2.02 > 2.02 

LOG :> 0.305351369447 

lOx :> 2.02 

( 
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TRIGONOMETRIC FUNCTIONS 

Three trigonometric functions are provided by the SIN, COS, and TAN keys. These 

are extended co six functions by first pressing the ARC key, to provide ARC SIN, 

ARC COS, and ARC TAN functions. The trig functions are monadic functions. For 

example, to find the sin, cos, and tan of 45 degrees: 

PRESS SEE 

45 ) 45 

SIN ) 0.707106781187 

ARC :l> ARC 

SIN ,. 45 

COS :. 0.707106781187 

ARC ) ARC 

COS -" 71- 45 

TAN lI- 1 

ARC . > ARC 

TAN > 45 

When first run, the program is set in degrees mode. The program may be set in 

radians, gradians, or back to degrees mode by briefly stepping outside the pro

gram. To do this, press the BREAK key. The error message PROGRAM INTERRUPTED 

PRIOR TO LINE 300 will be printed and the cursor will appear. Then, type in 

the appropriate comm.and: 

SET DEG 

SET RAD 

SET GRAD 

for Degrees mode 

for Radians mode 

for Gradians mode 

followed by a carriage return. Then type RUN 300 followed by a carriage return. 

DO NOT type just RUN, or the stack and memory registers will be cleared and the 

program will be set in degrees mode again. When this is done, the program is 

where it was before the mode change, with the stack and memory registers unaf

fected. As an example, let us see how many radians are equivalent to 45 degrees. 

Also, let us express the number of radians in relation to n, as niB or nlZ 

radians. Assuming the program is in degrees mode: 

APPLICATION LIBRARY PROGRAM 
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PRESS SEE 

45 ---~) 45 

SIN --~> 0.707106781187 

BREAK --~> "PROGRAM INTERRUPTED PRIOR TO LINE 300" 

SET RADt 
RUN 300,2 

ARC ---~) ARC 

SIN ---~) 0.785398163397 (number of radians equivalent to 45 0 ) 

TT ---~) 3.14159265359 

----~) 0.25 

l/x ---~) 4 

The result is that 45 degrees is equivalent to n/4 radians. 

DYADIC FUNCTIONS 

Several dyadic, or two operator, functions are included in the hand calculator 

program. These are add, subtract, multiply, and divide, as well as exponentia

tion. For an explanation of the way these functions utilize the stack, see 

the section entitled "OPERATIONAL STACK". 

Addition 

Pressing the + key places the result y + x into the X register, and moves the 

stack up, propagating the T register. 

PRESS CONTENTS I REGISTER 

t 

=======: 
T 

z Z 

+ Y Y 

~ y+x > x X 

Subtraction 

Pressing the - key places the result of y-x into the X register, and moves the 

rest of the stack according to dyadic operator rules. 

* J means carriage return 

APPLICATION LIBRARY PROGRAM 
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MultiplicatioI 

Pressing the x key places the result of yxx into the X register, and moves the 

rest of the st'lck according to dyadic operator rules. 

Division 

Pressing the -: key places the result of y';'x into the X register, and moves the 

rest of the st"lck according to dyadic operator rules. 

Exponentiation 

Pressing the yX key places the result of yX into the X register, moving the rest 

of the stack according to dyadic operator rules. For example, to find 2 raised 

to the 16th power: 

PRESS SEE 

2 -- )- 2 

ENTERt -- :> 2 

16 :> 16 
yX :> 65536 

When yXis used in conjunction with the reciprocal key, n-th roots may be extract

ed. To continue the above example, find the 16th root of 65536: 

PRESS SEE 

16 

l/x 
yX 

65536 (from above) 

-----~> 16 

-----4» 0.0625 

-----~:> 2 

As can be seen, 2 is the 16th root of 65536. 

The fact that the contents of the T register is unaffected by dyadic operators 

implies that this last number propagates throughout any number of dyadic oper

ations. This is correct, and sometimes useful. For example, finding the powers 
x of 2 using the y key would involve each time entering 16 and then keying the 

next power and pressing yX. However, it can be done with the multiply key by 

completely filling the stack with 2's and allowing the stack to propagate them 

during the desired number of multiplies. To find the powers of 2, one would: 

APPLICATION LIBRARY PROGRAM 
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PRESS SEE 

2 ) 2 

ENTERt ) 2 

ENTERt ) 2 

ENTERt ) 2 (The stack now contains all 2's) 

x ) 4 (or 22) 

x ) 8 (or 23) 

x ) 16 (or 24) 

x ) 32 (or 25) 

x ) 64 (or 26) 

x ) 128 (or 27) 

x ) 256 (or 28) 

etc. 

If desired, verification of the earlier result of 2 raised to the 16th power 

using the yX key can be accomplished with this method. 

CALCULATING PERCENTAGE PROBLEMS 

The hand calculator program simplified the calculation of percentage problems 

because conversion of percents to their decimal equivalents is performed 

automatically, just press the % key after keying in the percent value. Three 

types of problems are handled: 

o Finding percentage of number (base x rate) 

o Finding net amount (base + or - percentage) 

o Finding percent difference between a number and a base 

number - base 
base 

Finding Percentage 

To find the percentage of a number, key in the base number and press ENTERt. 

Then key in the percent value and press %. For example, to find 25% of 256: 
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PRESS SEE 

256 ENTERt ) 256 base 

25 -, ~ 25 percent value 

% - ) 64 percentage 

Finding net aHlOunt 

An additional feature is that the original base number is not destroyed during 

a percentage ~alculation. From this may be calculated the net amount simply 

by pressing + or -, as applicable: 

PRESS SEE 

256 E~TERt ) 256 base 

25 % ~ 64 percentage 

+ ) 320 net amount (base + percentage) 

or 

PRESS SEE 

256 ENTERt ) 256 base 

25 % ) 64 percentage 

- - ;;.. 192 net amount (base - percentage) 

Finding percent difference between two numbers 

To find the percent difference between a number and a base, key in the base 

number and press ENTERt. Key in the second number and press 1'1%. For example, 

if you wish to find the rate of increase in your rent ($200 last month and 

$225 now), 

PRESS SEE 

200 E:0ITERt ) 200 base number 

225 -.----~ 225 second number 

1'1% ) 12.5 percent increase 

xh 
xh 

to verify, continue: 

------~) 200 base number 

-----------~) 12.5 percentage 

% -------~) 25 increase amount (second number - base) 

+ -------)'!Io 225 second number 

APPLICATION LIBRARY PROGRAM 
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DATA REGISTERS 

In addition to the operational stack, the hand calculator program provides 

9 registers for user storage. 

Unrestricted Storage 

Registers Rl through R4 and register R9 can be used for temporary storage with

out restriction. Values stored in these registers are not affected by calcu

lations or by clearing operations. New values are entered by writing over 

the old contents; that is, by storing a new number. The contents are lost, 

of course, whenever the program is started (RUN). 

Restricted Storage 

Registers R5 through RS are zeroed by the CLEAR function. This is the only 

difference between restricted and unrestricted storage. 

Storing and Recalling Data 

To store a value appearing on the display (whether the result of a calculation 

or a key entry), press STO followed by the number key (1 through 9) specifying 

the indicated storage register. To retrieve the value at any time, press RCL 

followed by the applicable number key. A copy of the recalled value appears 

on the display (X register); the storage register is unaffected. The stack is 

pushed up (an automatic ENTERt is performed) before the recall unless the last 

operation was a CLX or ENTERt. These keys do not cause the stack to be pushed 

up by the last data entry. For example, when calculating the amount of interest 

and the amount from principle in a loan payment above, the original principle 

amount was keyed in twice. Using a register can avoid this needless delay. 

Assuming a principle amount of $7000, monthly payments of $105.65, and a 

7% annual interest rate, find the parts of the first two payments credited 

to interest and credited to principle, and the remaining principle after these 

two payments. 

PRESS SEE 

7 ENTERt 12. ~ 0.583333333333 (monthly percent) 

STO 1 > 0.583333333333 

105.65 

STO 2 

---~) 105.65 

----~) 105.65 

(monthly payment) 
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TITLE ABSTRACT NUMBER 

HAND CALCULATOR 51/00-6001/0 

PRESS (cont) SEE (cont) 

7000 
STO ~, 

RCL 1 

----~') 7000 

----)~ 7000 

----~> 0.583333333333 

% -- -----4') 40.8333333333 

RCL 2 

xh 
----~') 105.65 

-----~) 40.8333333333 

------~> 64.8166666667 

RCL 3 -----~) 7000 

xty ') 64.8166666667 

(principle) 

(amount of interest in first payment) 

(amount of first payment credited 
to principle) 

--------------). 6935.18333333 (amount of principle remaining after 
first payment) 

5TO 3 ---------~~ 6935.18333333 (replace old principle) 

RCL 1 % --------~') 40.4552361111 (amount of second payment credited 
to interes t) 

RCL ; xty - -----> 65.1947638889 (amount of second payment credited 
to principle) 

RCL 3 xh - ---~) 6869.98856944 (remaining principle after second 
payment) 

Note that one can loop back and perform this process repeatedly. Note also 

that only the values at the first were keyed in, all intermediate values are 

stored internally, thus reducing time required and also the chance for error. 

Performing Register Arithmetic 

Arithmetic operations (+, -, x, 7) can be performed between a data storage 

register and the X register (display). To modify the contents of a storage 

register, press STO followed by the applicable operator key (+, -, x, ~), 

then the number key specifying the storage register. For example, to store 

6 in register RI and then increment it by 2: 

PRESS SEE 

6 STO 1 ----40) 6 

2 -------).') 2 

STO + 1 ----40) 2 
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TITLE ABSTRACT NUMBER 

HAND CALCULATOR 51/00-6001/0 

To see what is now in Rl , 

RCL 1 ) 8 

Now, to subtract 3 from the contents of Rl , 

3 ) 3 

STO - 1 ') 3 

RCI. 1 ) 5 

Conversely, to alter the X register (display) without affecting the data storage 

register or any other stack registers, press RCL, then the applicable operator 

(+, -, x, ~), followed by the number of the desired register. For example: 

PRESS SEE 

4 STO 9 :> 9 

CLX :> 0 

7 ) 7 

RCL + 9 ) 11 

RCL - 9 ) 7 

RCL - 9 ) 3 

RCL 9 ) 0.75 

RCI. 9 ) 4 

It is worth noting that a ReL ~ 2 (for example) does exactly the same thing 

as a RCL 2 -'-, except that the stack is not moved up a position. This extends 

the number carrying capability of the stack. 

APPENDIX 

The flowchart which follows allows evaluation of any expression on a calculator 

using an operational stack and reverse "Polish" (Lukasiewicz) notation. Although 

the general case solution requires an operational stack of infinite length, 

the four register stack of the hand calculator program allows solutions of most 

expressions of normal complexity. Before using the algorithm, write the 

expression in serial form. For example 

7/(32 - (31/(6»). 

7 
31 

32 - (6) 
can be rewritten as 
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TITLE 

HAND CALCULATOR 

Do it 

Enter1' 

DATA STRUCT~TRES 

Memory Allocation to Variables 

736 Bytes 

Memory Allof"ation for Program 

8371 Bytes 

PAGE NO. 20 

ABSTRACT NUMBER 

51/00-6001/0 

Key in Next Number 

Do it 

c 
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TITLE 

HAND CALCULATOR 

VARIABLE MAP 

VARIABLE 

F 

G 

Il 

K 

M(9) 

S(4) 

B$ 

C$ 

D$ 

V$ 

X$ 

Z$ 

TAPE 
FILE 

PAGE NO. 21 

ABSTRACT NUMBER 

51/QO-6001/0 

USAGE 

Used in RCL and STO operations to determine whether 
register arithmetic is desired and if so, what type: 

F = 0 No register arithmetic 
F = 1 + 
F = 2 -
F = 3 x 

F = 4 -. 

Used to determine mode of operation. 

G = 1 Regular Function 
G = 2 Alternate (Colored) Function 
G = 3 STO Operation 
G = 4 RCL Operation 
G = 5 ARC Operation 

Work Variable 

On some keys, used to store key number struck. 

The nine storage registers M(l) is register 1, etc. 

The four-place Stack. S(l) = X register, S(2) = Y register, 
S(3) = Z register, S(4) = T register. 

Work String (72) 

Work String (72) 

Work String (72) 

Contains Backspace Character (1) 

Contains Current Number Entry String (72) 

Contains current function name (7) 
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TITLE 

HAND CALCULATOR 

USER PROGRAMMABLE KEYS 

KEY 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

liYX) 

2(IX) 

3(10x) 

4 )1%) 

5 :%) 

6 (l/x) 

7 (ARC) 

8(SIN) 

9(COS) 

o (TAN) 

• (LOG) 

CHS(LN) 

x 
EEX(e ) 

CLX(CLEAR) 

X(STO) 

~-(RCL) 

ENTERt(n) 

TAPE 
FILE 

ABSTRACT NUMBER 

51/00-6001/0 

FUNCTION 

The digit 1 and the function yX. 

The digit 2 and the function i'. 

PAGE NO 22 

The digit 3 and the base 10 antilog function. 

The digit 4 and the function "change in percent". 

The digit 5 and the percent function. 

The digit 6 and the reciprocal function. 

The digit 7 and the ARC trig function shift. 

The digit 8 and the SIN function. 

The digit 9 and the COS function. 

The digit 0 and the TAN function. 

The decimal point and the Base 10 Logarithm 
function. 

The "change sign" directive and the natural 
logarithm function. 

The "enter exponent" directive and the natural 
antilog function. 

The clear x function and the clear calculator 
directive. 

The color shift (alternate function) key. 

The Add function and the X-Y swap directive. 

The Subtract function and the roll stack 
directive. 

The Multiply function and the store register 
shift key. 

The Divide function and the recall register 
shift key. 

The Enter directive and the n constant. 
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TITLE ABSTRACT NUMBER 

HAND CALCULATOR 51/00-6001/0 

1 GO '10 100 
4 K=1 
5 GO '10 G OF 520,1890,2860,3000,520 
8 K=2 
9 GO TO G OF 520,1950,2860,3000,520 
12 K=3 
13 GO '10 G OF 520,1850,2860,3000,520 
16 K=4 
17 GO TO G OF 520,2000,2860,3000,520 
20 K=5 
21 GO TO G OF 520,2210,286O,3000,520 
24 K=6 
25 GO TO G OF 520,2250,2860,3000,520 
28 K=7 
29 GO TO G OF 520,2390,2860,300O,2390 
32 K=8 
33 GO TO G OF 520,2300,2860,3000,2340 
36 K=9 
37 GO TO G OF 520,2430,2860,3000,2470 
40 K=0 
41 GO 'ro G OF 520,2520,520,520,2560 

( 44 GO TO G OF 60O,1580,600,600,600 
48 GO TO G OF 890,1730,890,890,890 
52 GO TO G OF 760,1810,760,760,760 
56 GO '10 G OF 1300,1210,1300,1300,1300 
60 IF G=5 THEN 280 
61 G=2 
62 GO 'ro 280 
64 K=16 
65 GO TO G OF 1350,2050,2730,2730,1350 
68 K=17 
69 GO TO G OF 140O,214O,2730,2730,1400 
72 K=18 
73 GO TO G OF 1450,2600,2730,2730,1450 
76 K=19 
77 00 'ro G OF 1500,2660,2730,273~,1500 
80 GO TO G OF 420,470,420,420,42~ 
100 INI'r 
110 SET KEY 
120 SET DEGREE 
130 PAGE 
140 DIM 5(4) ,M(9) ,V$(1) ,Z$(7) 
150 V$=CHR (8) 
160 Z$= .... 
170 S=0 

( 
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TITLE ABSTRACT NUMBER 

HAND CALCULATOR 51/qO-6001/0 

180 M=0 
190 X$= .... 

200 G=1 
210 PRINT If CLEAR" 
220 PRINT S(1) 
230 GO TO 3.:,0 
241.3 X$= .... 

250 G=1 
260 PRINT " "; Z$ 
270 PRINT S(I) 
280 Z$="" 
290 RE'IURN 
300 GO TO 300 

310 REM PUSH SUBROUTINE --------------

320 S(4)=5(3) 
330 5(3) =S(2} 
341.3 S(2)=S(1) 
350 RE'IUR~ 

360 REM POP SUBROUTINE ---------------

370 S(1)=S(2) 
380 S(2)=S(3) 
390 S(3)=S(4) 
41.30 RE'IURN 

410 REM ENTERT SBCrION ---------------

420 roSUB 320 
430 X$=" II 

440 Z$="ENTERT" 
450 ro TO 250 

460 REM PI SECTION -------------------

470 roSUB 321.3 
480 S(l)=PI 
490 Z$=" PI" 
500 ro 'ro 240 

510 REM NUMBER SECTION ---------------

520 IF LEN(X$»0 THEN 540 
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TITLE ABSTRACT NUMBER 

HAND CALCULATOR 51/00-6001/0 

530 ooSUB 320 
540 B$=CHR(48+K) 
550 X$=X$&B$ 
560 S(l)=VAr,(X$) 
570 PRINT B$: 
580 00 TO 280 

590 REM • SECTION --------------------

600 Il=POS(X$,"." ,1) 
610 IF 11=0 THEN 630 
620 00 TO 730 
630 Il=POS(X$,"E",l) 
640 IF 11<>0 THEN 730 
650 IF LEN(X$»0 THEN 700 
660 ooSUB 320 
670 X$= ..... 
680 5(1)=0 
690 GO TO 720 
700 X$=X$&". II 

( 
710 5(1)=VAL(X$) 
720 PRINT " ... ~ 
730 G=1 
740 GO TO 280 

750 REM EEX 5ECTION ------------------

760 Il=P05(X$,"E",1) 
770 IF 11<>0 THEN 860 
780 IP LEN(X$»0 AND 5(1)<>0 THEN 830 
790 X$=X$&"lE0" 
80£1 PRINT "IE"; 
810 5(1)=1 
820 00 TO 860 
830 IF X$=" " THEN 790 
840 X$=X$&"E" 
850 PRINT "E"~ 
860 G=1 
870 GO TO 280 

880 REM CHS SECTION ------------------

890 Z$="CHS" 
900 IF LEN(X$)=0 THEN 920 

( 910 IF X$<>" M THEN 940 
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TITLE 

HAND CALCULATOR 

920 S(l)=S(J.)*-l 
930 GO 'IO 2~0 
940 Il=POS(XS,"E",1) 
950 IF 11=0 1HEN 1050 
960 C$=SEG(X$,1,I1) 
970 O$=S~(X$,I1+1,LEN(X$)-I1) 
980 B$=SEG(O$,l,l) 
990 IF 8$=.'.... THEN 1020 
1000 0$="_"&0$ 
1010 GO TO 1030 
1020 O$=SEG(D$,2,LEN(D$)-I) 
1030 X$=C$&D$ 
1040 GO 'IO 1100 
1050 B$=SEG'X$,I,I) 
1060 IF 8$="-" THEN 1090 
1070 X$="-"&X$ 
1080 GO 'ID 1100 
1090 X$=SEG\X$,2,LEN(X$)-1) 
1100 IF X$="." 'rHEN 1180 
1110 IF X$="_." 'rHEN 1180 
1120 IF X$="-" THEN 1180 
1130 S(I)=VAL(X$) 
1140 PRINT" II iZ$ 
1150 PRINT Ii "; X$ i 
1160 G=1 
1170 GO TO 280 
1180 S(1)=0 
1190 GO TO 1140 

1200 REM CLEAR SECTION ----------------

1210 S=0 
1220 M(5)=0 
1230 M(6)=0 
1240 M(7)=0 
1250 M(8)=0 
12610 PAGE 
1270 Z$="CLEAR" 
1280 GO TO 240 

1290 REM CLX SECTION ------------------

1300 S(1)=0 
1310 X$=" " 
1320 Z$="CLX" 
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ABSTRACT NUMB.ER 

51/00-6001/0 
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TITLE 

HAND CALCULATOR 

1330 00 TO 250 

1340 REM + SECTION --------------------

1350 S(I)=S(1)+S(2) 
1360 ooSUB 380 
1370 Z$="+" 
1380 00 TO 240 

1390 RE}Il - SECTION -------------------

1400 S(I)=S(2)-S(1) 
1410 ooSUB 380 
1420 Z$="_" 
1430 00 'ra 240 

1440 REM x SECTION --------------------

1450 S(I)=S(I)*S(2) 
1460 oo5UB 380 
1470 Z$="x" 
1480 00 TO 240 

1490 REM / 5ECTION --------------------

1500 Z$=V$ 
1510 Z$=Z$&":" 
1520 Z$="-"&Z$ 
1530 IF S(1)=0 'rHEN 1650 
1540 5(1)=5(2)/5(1) 
1550 G05UB 380 
1560 00 TO 240 

1570 REM LOG SECrION ------------------

1580 Z$="r.cx;" 
1590 IF S(1) <=0 THEN 1660 
1600 IF 5(1)=1 THEN 1630 
1610 5(1)=LGT(S(1» 
1620 IX) TO 240 
1630 5(1)=0 
1640 00 TO 240 

1650 REM ERROR ROUTINE ----------------
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ABSTRACT NUMBER 

51/00-6001/0 
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TITLE 

HAND CALCULATOR 

1670 X$="" 
1680 PRINT II ": Z$ 
1690 PRINT II ERROR! -- ":0 
1700 S(1)=0 
17113 ro TO 2813 

1720 ~l LN ROUTINE ------------------

1730 Z$="LN" 
1740 IF S(I)<=0 THEN 1660 
1750 IF S(l)=1 THEN 17813 
17613 S(I)=LCS(S(l» 
1770 ro TO 2413 
1780 S(1)=0 
1790 00 TO 240 

1800 REM eTx SECTION ------------------

1810 Z$="eTx" 
18205(1)=2.71828182846TS(1) 
1830 m TO 240 

1840 REM 1f21TX SECTION -----------------

1850 Z$="10Tx" 
1860 S(1)=10TS(1) 
18713 ro TO 240 

1880 REM YTX SECrION ------------------

1890 Z$="yTX" 
1900 IF S(2)<=0 THEN 1660 
19113 S(1)=5(2)T5(1) 
19213 GOSUB 380 
1930 ro TO 240 

1940 REM SQRT SECTION -----------------

1950 Z$="SQRr·' 
19613 IF S(1)<0 THEN 1660 
1970 S(1)=5(1)T0.5 
1980 m TO 240 

1990 REM DELTA % SECTION --------------

PAGE NO. 28 

ABSTRACT NUMBER 

51/00-6001/0 
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TITLE ABSTRACT NUMBER 

HAND CALCULATOR 51/00-6001/0 

2000 Z$="DELTA %" 
2010 IF S(2)=0 THEN 1660 
2020 5(1)=(5(1)-S(2»/S(2)*100 
2030 00 TO 240 

2040 REM X<>Y SECTION -----------------

2050 Z$=CHR(127) 
21360 Z$=Z$&V$ 
2070 Z$=Z$&"TY" 
2080 Z$="X"&Z$ 
2090 Il=S(2) 
2100 S(2) =S(1) 
2110 5(1)=Il 
2120 GO TO 240 

2130 REM ROLL STACK SECTION ----------

2140 Z$=CHR(127) 
2150 Z$="R"&Z$ 

( 2160 Il=S(l) 
2170 OOSUB 3713 
2180 5(4)=Il 
2190 00 'ro 240 

2200 REM % SECTION --------------------

2210 Z$="%" 
2220 5(1)=S(I)*S(2)/100 
2230 00 ill 240 

2240 REM l/X SECTION ------------------

2250 Z$="l/X" 
2260 IF' S(1)=0 THEN 1660 
2270 S(1)=I/S(I) 
2280 00 TO 240 

2290 RPM SIN SECTION ------------------

2300 Z$="SIN" 
2310 S(1)=SIN(S(1» 
2320 00 '1'0 240 
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TITLE 
) 

HAND CALCULATOR 

2340 Z$="SIN" 
2350 IF S(l»l THEN 1660 
2360 S(1)=A8~(S(1» 
2370 00 TO 240 

2380 REM ARC SECTION ------------------

2390 G=5 
2400 PRINT .. ARC"; 

2410 00 TO 280 

2420 REM COS SECTION ------------------

2430 Z$="CO~" 
2440 S(1)=ooS(S(1» 
2450 00 TO 240 

2460 REM ARC COS SECTION --------------

2470 Z$="COS" 
2480 IF S(1»1 THEN 1660 
2490 S(l)=ACS(S(l» 
2500 00 TO 240 

2510 REM Tfu~ SECTION ------------------

2520 Z$="TAN" 
2530 S(1)=TAN(S(1» 
2540 00 TO 240 

2550 REM ARC TAN SECrION --------------

2560 Z$="TAN" 
2570 S(l)=ATN{S(l» 
2580 00 TO 243 

2590 REM STO SECTION ------------------

2600 G=3 
2610 F=1 
2620 X$= .... 
2630 PRINT " STO": 
2640 00 TO 280 
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TITLE 

HAND CALCULATOR 

26513 REM RCL SECTION ------------------

26613 G=4 
2670 F=l 
2680 IF X$=" " THEN 27130 
26913 X$="n 
27130 PRINT .. RCL": 
2710 GO TO 2813 

2720 REM STO,RCL FUNCTION SECTION -----

2730 F=K-14 
2740 IF X$=" II THEN 2760 
2750 X$= .... 
2760 GO TO F OF 280,2770,2790,2810,28313 
2770 PRINT " +": 
27813 00 TO 280 
2790 PRU1'f II -": 

281313 GO TO 280 
28113 PRIN'r .. x": 
28213 GO 'ro 2813 
2830 PRINT II -":V$:":": 
28413 GO TO 2813 

2850 REM STO REG S8CrION --------------

2860 Z$=CHR(K+48) 
2870 GO TO F OF 28813,291313,29213,29413,2960 
28813 M(K)=S{l) 
2890 GO TO 24~ 
291313 M(K)=M{K)+S(I) 
2910 00 TO 240 
2920 M{K)=M(K)-S(I) 
2930 GO TO 2413 
29413 M(K)=M(K)*S(I) 
29513 00 TO 240 
29613 IF S(I)=e THEN 1660 
29713 M(K)=M(K)/S(I) 
29813 00 TO 2413 

2990 REM RCL REG SECTION --------------

313130 Z$=CHR(K+48) 
30113 00 TO F OF 30213,3060,3080,31013,31213 
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TITLE ABSTRACT NUMBER 

HAND CALCULATOR 51/00-6001/0 

302e! IF X$=" .. THEN 3040 
3030 OOSUB 3:l0 
304121 3(1) =M(K) 
312150 GO TO 2/~0 

3060 S(l)=S(l)+M(K) 
3070 GO TO 24121 
3080 S(l)=S(l) -M(K) 
31219121 00 'l() 240 
31121121 S(l)=S(l)*M(K) 
311121 GO 'l() 24121 
312121 IF M(K)=12I THEN 166121 
3130 S(1)=S(1)/M(K) 
314121 GO 'l() 2-10 
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TEKTRONIX., '- APPLICATION LIBRARY PROGRAM 

TITLE 

PLANE TRIANGLE SOLUTIONS 

AUTHOR 

ABSTRACT NUMBER 

51/00-5501/0 

MEMORY REQUIREMENT 

16K 

PERIPHERALS 

DAN TAYLOR, G S Software Engineering 

ABSTRACT 

PLANE TRIANGLE SOLUTIONS is an interactive program which graphically demonstrates the 
relationship between sides and angles of a triangle. 

The user enters any three of the three sides and three angles of a triangle. The program solves for the 
unknown sides and/or angles and prints their values. It then draws the triangle with the sides and 
angles labeled with their values. 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, Inc., assumes no responsibility and 
shall have rio liability, consequential or otherwise, of any kind arising from 
the use of this program material or any part thereof. 



c' 
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TITLE 

PLANE TRIANGLE SOLUTIONS 

LIMITATIONS 

I ABSTRACT NUMBER 

i 51/00~5501/0 

PAGE NO.1 

All angles are in decimal degrees. A user angle in degrees, minutes, seconds must be converted to decimal 
degrees by the user before it is entered. 

For example: 

X deg Y min Z sec = X + Y /60 + Z/3600 decimal degrees. 

10 deg 30 min = 10.5 degrees. 

However, the program is designed so that you need delete only two lines of code to change input and 
output of angles to deg, min, sec. form. Angles are then represented as deg. min sec. For example: 

10 deg 30 min 15 sec = 10.3015 

10 deg 30 min 15.28 sec = 10.301528 

10.3015 would be the "number" the user enters and would receive printed back. Line No. 1800 and 
No. 3130 are the two lines which must be deleted. Both are preceeded with remark statements to that 
effect. 

METHODOLOGY 

Standard trig formulas such as the "Iaw of sines" and "Iaw of cosines" are used. 

With angles A, B, C and opposite sides a, b, c 

lawofsines _a_ = _b_ = _c_ 
sin A sin B sin C 

law of cosines a2 = b2 + c2 - 2bc cos A 

REFERENCES 

Selby, Samuel M. Ph.D., editor, Standard Mathematical Tables, Fourteenth Edition, Cemical Rubber Co., 
Cleveland, Ohio. 

Wilson, Jeff, Plane Triangles, Abstract No. 3558/001-00 (Tektronix 31 Demo Library) Systems Analyst, 
Palo Alto, Calif. 

MAN/MACHINE INTERFACE 

This program is a turn-key package and requires no user programming. You simply type RUN and follow 
the instructions. 
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TITLE ABSTRACT NUMBER 

PLANE TRIANGLE SOLUTIONS 51/00-5501/0 

OPERATING INSTRUCTIONS 

LOADING THE PROGRAM 

Type in the program from the listings or OLD it from tape. 

RUNNING THE PROGRAM 

Type RUN and press "RETURN". Follow the instructions printed on the screen. Note: a side or angle 
entered as 0 is treated as an unknown. Also, "side" always refers to the length of that side. 

As soon as three (non-zero) values have been entered the program will attempt to find a solution. 

If the values you have entered (or failed to enter) result in an error condition then: 

1. One of the following messages is printed: 

NO SOLUTION 

NO SIDE ENTERED. TRY AGAIN. 
or LESS THAN 3 ENTRIES. TRY AGAIN. 

2. The program pauses for a few seconds while the bell rings. 

3. The program starts over from the beginning. 

If a solution is found then: 

1. The values for the unknown sides and/or angles are printed. 

2. At the bottom of the screen it prints: Press "Return" for the graph. A blinking "?" appears. 
This causes execution to stop until you press "RETU RN". 

3. After you press "RETURN" it pages, draws the triangle, labels the vertices, and then labels the sides. 
The triangle is always oriented so that side A is horizontal and vertex A is above it. The window and 
viewport are adjusted so that all triangles are drawn distortion free (Le., 90 degrees always looks like 
90 degrees). 

4. At the bottom of the screen it prints the message: Press "Return" to continue. When you're done 
looking at the picture press "RETURN". 

5. If there was only one solution triangle the program starts over from the beginning. If there were two 
solutions the second solution is provided as in 1 through 4, above, and then it starts over. 

MEMORY ALLOCATION FOR PROGRAM 

The program itself requires 7.5K bytes. It was not designed to be broken into segments and overlayed 
on a 6K machine, and therefore requires at least an opt. 1 4051. (16K) 

\ 
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TITLE ABSTRACT NUMBER 

PLANE TRIANGLE SOLUTIONS 51/00-5501/0 

VARIABLE MAP 

VARIABLE 

J,J1 
KO, K1, K2 
K5,----K9 
K 

K3 

K4 

K$ 
RO,-----, R9 
R$ 
SO,-----, S6 

TAPE 
FILE USAGE 

Scratch indexes 

Scratch 

A linear array, K(6), containing the values for the sides and angles. K(1), K(2), 
K(3) are sides A, B, C K(4), K(5), K(6) are angles A, B, C. 

A linear array, K3(3) containing the X-coordinate values when the triangle 
is situated on the X, Y plan-e. 
A linear array, K4(3), containing the V-coordinate values. 
Vertexes Band C are always on the X axis. B is always at the origin and C is 
always to the right of B (positive X). 
Scratch string variable 
Scratch 
String variable used for the entry of user sides and angles and for scratch 
Scratch 
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TITLE ABSTRACT NUMBER 

PLANE TRIANGLE SOLUTIONS 51/00-5501/0 

lee REM PLANE TRIANGLE SOLUTIONS -- 4e51/MATH-eel 
1113 REM SEPT. 1975, DAN TAYLOR, GS SOFl'WARE ENGINEERI~ 
1213 REM TEKTroNIX INC., BEAVERl'ON, OREGON 

11300 PRINT "L******PLANE TRIANGLE SOLUTIONS******" 
113113 PRINT "!!ENTER SIDES AND/OR ANGLES AS THEY ARE REQUESTED." 
11320 PRINT "IF UNKNOWN, PRESS "01 R8'lURN""wI':C i10£Jr MAKI~ AN ENTRY." 

PAG.E NO. 4 

10313 PRINT ItJ ALL ANGLES ARE ASSUMED TO BE IN DECIMAL DEGREES.J" 
11340 INIT 

1050 REM 

1060 ON SIZE THEN 2220 
1070 DIM K(6) ,K3(3),K4(3) 
113813 SET DEGREES 
10913 R0=e.5 
11130 K0=0 
11113 Rl=0 
1120 R2=0 
1130 K=0 
11413 K$="SIDE II 

11513 J1=64 
1160 GOSUB 1320 
11713 IF K0<>0 THEN 12013 
11813 PRINT "JJNO SIDE ENTERED. TRY AGAIN.GGGGGGGGGGGG" -11913 RUN 
12013 K$=" ANGLE .. 
1210 Jl=61 
1220 GOSUB 1320 
1230 PRINT "JJJ" -
1240 R0=0 
12513 Kl=0 
12613 IF Ke=3 THEN 1290 
1270 PRINT "JJLESS THAN 3 ENTRIES. TRY AGAIN.GGGGGGGGGGGG" -
1280 RUN 
1290 IF K(4)=0 AND K(5)=e ~~D K(6)=e THEN 271313 
1300 00 TO 1540 

13113 R~l ************************************ 

13213 FOR J=65 TO 67 
1330 GOSUB 13813 
1340 K(J-J1)=K8 
1350 NEXT J 
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TITLE 

f)LANE TRIANGLE SOLUTIONS 

1360 RE'IURN 

1370 REM DATA EN'rRY OF SIDES/ANGLES 

1380 R0=R0+R0 
1390 K8=0 
1400 IF K0<3 'rHEN 1420 
1410 RE'lURN 
1420 R$=CHR(J) 
1430 PRINT "~":K$:R$:" = ": 
1440 INPOr R$ 
1450 R$=R$&" 0" 
1460 K8=ABS(VAL(R$» 
1470 IF K8>0 THEN 1490 
1480 RE'lURN 
1490 K0=K0+1 
1500 R2=R2+R0 
1510 RE'IURN 

ABSTRACT NUMBER 

51/00-5501/0 

1520 REM ************************************ 
1530 REM ANGLE CALCULATIONS 

1540 K0=0 
1550 FOR J=4 TO 6 
1560 GOSUB 1740 
1570 NEXT J 
1580 IF K0=1 THEN 2550 
1590 FOR J=4 TO 6 
1600 IF K(J)<>0 THEN 1630 
1610 IF K(J-3) <>0 THEN 1630 
1620 GO TO 2100 
1630 NEXT J 
1640 FOR J=1 TO 2 
1650 IF K(J)<>0 THEN 1670 
1660 GOSUB J OF 1870,1960 
1670 NEXir J 
1680 K(3)=SQR(K(1)T2-2*COS(K(6»*K(I)*K(2)+K(2)T2) 
1690 GOSUB 2040 
1700 K(5)=180-K(4)-K(6) 
1710 GOSUB 2770 
1720 RUN 

PAGE NO. 5 

1730 REM CHANGE DEG.MIN TO DECIMAL DEGREE(IF LINE BELOW IS REMOVED) 

1740 IF K(J)<>0 THEN 1770 
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PLANE TRIANGLE SOLUTIONS 51/00-5501/0 

1750 K0=K0+1 
17 60 RE'IURN 
1770 K7=K(J) 
1780 IF K7=>180 'rHEN 2220 

1790 REM REMOVE THE NEXrr LINE FOR ANGLES = DEG. MINSE(; 

1800 00 'IO 1850 
1810 K8=INT(K7) 
1820 K7=100*(K7-K8) 
1830 K9=IN'f(K7+1.0E-10) 
1840 K(J)=«K7-K9)/0.6+K9)/60+K8 
185~ RE'IURN 

1860 REM CYCLE ANGLES AND SIDES 

1870 R0=RfHl 
1880 FOR Jl=l TO 4 STEP 3 
1890 K0=K(J1) 
1900 K (J1) =K (J1 + 1) 
1910 K (J1 + 1) =K (Jl +2) 
1920 K(J1+2)=K0 
1930 NEXT J1 
1940 RE'I'URN 

1950 REM SWITCH ELEMENTS OF K 

1960 Rl=-ABS(Rl-l) 
1970 FOR Jl=2 TO 5 STEP 3 
1980 K0=K(Jl) 
1990 K(J1)=K(Jl+1) 
2000 K(Jl+l)=K0 
20Hl NEXT Jl 
2020 RE'I'URN 

2030 REM CALCUIATE ANGLE 

2040 K(4)=0.5*(K(2)T2-K(1)T2+K(3)T2)/(K(2)*K(3» 
2050 IF ABS(K(4»>1 THEN 2220 
2060 K(4)=ACS(K(4» 
2070 RETURN 

2080 REM OOTH AN ANGLE AND ITS ASSOCIATED SIDE ARE MISSIN:; 
2090 REM ************************************ 

.-
~ 
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TITLE 

PLANE TRIANGLE SOLUTIONS 

2110 ooSUB 1870 
2120 GO ro 2100 
2130 IF K(4)<>0 THEN 2160 
2140 OOSUB 1870 
2150 00 ro 210!2l 
2160 IF K(2)<>0 THEN 2180 
2170 GOSUB 1960 
2180 K9=SIN(K(4»*K(2)/K(1) 
2190 IF K9<=1 THEN 2240 
2200 K9=K(l) 
2210 IF K9<=1 THEN 2240 
2220 PRINT ",JJNO SOLUl'IONGGGGGGGGGGGG" -2230 RUN 
2240 K(5)=ASN(K9) 
2250 Sl=K(5)-K(4) 
2260 K(6)=180-K(5)-K(4) 
2270 K(3)=SIN(K(6»*K(1)/SIN(K(4» 
2280 IF Sl=>0 THEN 2310 
2290 GOSUB 2770 
2300 RUN 

ABSTRACT NUMBER 

fi1/00-550l/0 

2310 PRINrr "JJTHERE ARE 2 SOLUl'IONS. THE FIRST IS:J fI 

2320 S0=180-K(5) 
2330 R8=SIN(Sl)*K(1)/SIN(K(4» 
2340 R6=K(1) 
2350 R7=K (2) 
2360 R9=K(4) 
23710 R3=R0 
2380 R4=Rl 
2390 R5=R2 
2400 ooSUB 2770 
2410 PRINT "LTHE SECOND SOLUl'ION IS:J" -
2420 R0=R3 
2430 Rl=R4 
2440 R2=0 
2450 K (1) =R6 
2460 K(2)=R7 
2470 K(3)=R8 
2480 K(4)=R9 
2490 K(5)=S0 
2500 K(6)=:31 
2SU GJSUd ').77'11 

2520 RUN 

C, 2530 REM *****************k~ddtJ<l<kk}fkkkk,l(ld<kk* 
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TITLE ABSTRACT NUMBER 

PLANE TRIANGLE SOLUTIONS 51/00-5501/0 

2540 REM ONE QUANTITY LEFT UNKNOWN 

2550 IF K(I)<>0 THEN 2580 
2560 GOSUB 1870 
2570 GO ro 2550 
2580 IF K(5)<>0 THEN 2600 
2590 GOSUB 1960 
2600 IF K(4)<>0 THEN 2620 
2610 K(4)=180-K(5)-K(6) 
2620 K9=K(I)/SIN(K(4» 
2630 K(2)=K9*SIN(K(5» 
2640 IF K(6)<>0 THEN 2660 
2650 K(6)=180-K(4)-K(5) 
2660 K(3)=K9*SIN(K(6» 
2670 OOSUB 2770 
2680 RUN 

2690 REM ALL THREE SIDES ARE GIVEN 

2700 FOR J=1 ro 3 ~ 

2710 OOSUB 2040 
I"-

2720 GOSUB 1870 
2730 NEXT J 
2740 roSUB 2770 
2750 RUN 

:r 
\ 
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TITLE ABSTRACT NUMBER 

51/00-5502/0 
CIRCLE SOLUTIONS 

MEMORY REQUIREMENT 

8K 

AUTHOR PERIPHERALS 

DAN TAYLOR, G S Software Engineering 

ABSTRACT 

CIRCLE SOLUTIONS is an interactive program which graphically demonstrates the relationship between 
a sector and its circle. 

The user enters any two of the angle, radius, chord, or arc of a sector. The program solves for the 
unknowns and prints their values. It then draws the circle and the sector and labels the portions of the 
sector. 

The program material contained herein is supplied without warranty or 
representation of any kind. Tektronix, Inc., assumes no responsibility and 
shall have no liability, consequential or otherwise, of any kind arising from 
the use of th is program material or any part thereof. 
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TITLE ABSTRACT NUMBER 

CI RCLE SOLUTIONS 51/00-5502/0 

LIMITATIONS 

The angle of the sector is in decimal degrees. A user angle in degrees, minutes, seconds must be converted 
to decimal degrees by the user before it is entered. For example: 

X deg Y min Z sec = X+Y/60 + Z/3600 decimal degrees. 

10 deg 30 min = 10.5 degrees 

METHODOLOGY 

The standard formulas relating the portions of a sector are used: 

arc = radius * angle * 1T /180 

chord = 2 * radius * sin (angle/2) 

radius = chord/ (2 * sin (angle/2)) 
= (arc/angle) * 18011T 

The only complication arises when the user enters the arc and the chord. 

Then we use the formula: 

sin(angle/2) 1 (anglel2) = (chord/arc) * 1T /180 

This is a transcendental equation with the angle the unknown. An iterative method (bisection) is used 
to solve for the angle. 

midordinate = radius - ylradiust2 - chordt2 
4 

sector 

arc 
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TITLE ABSTRACT NUMBER 

CIHCLE SOLUTIONS 51/00-5502/0 

REFERENCES 

Lai, Leslie, Circle Solutions, Abstract No. 3558/004-000 (Tektronix 31 Demo Library) Irvine, Cal. 

Selby, Samuel M. Ph.D., editor, Standard Mathematical Tables, Fourteenth Edition, Chemical Rubber Co., 
Cleveland, Ohio. 

MAN/MACHINE INTERFACE 

This program is a turn-key package and requires no user programming. You simply type RUN and follow 
the instructions. 

OPERATING INSTRUCTIONS 

LOADING THE PROGRAM 

Type in the program from the listings or OLD it from tape. 

RUNNING THE PROGRAM 

Type RUN and press "RETURN". Follow the instructions printed on the screen. Note: a value entered 
as 0 is treated as an unknown. 

After two valid (non-zero) values have been entered the program will attempt to solve for the unknowns. 

If the values you have entered (or failed to enter) result in an error condition then: 

1. One of the following messages is printed 

NO SOLUTION 

or TWO ENTRIES REQUIRED 

2. The program pauses for a few seconds while the bell rings. 

3. The program starts over from the beginning. 

If a solution is found then: 

1. The values for the unknown parameters are printed. 

2. At the bottom of the screen it prints Press "Return" for the Graph and a blinking "?" appears. This 
causes execution to stop until you press "RETURN". 

3. It pages, draws the circles, draws the sector, and labels the portions of the sector. The size of the circle 
on the screen depends upon the radius of the circle as long as the radius is between 1 and 100. The 
circle is never allowed to appear too big or too small. 

I" 
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TITLE ABSTRACT NUMBER 

CI RCLE SOLUTIONS 51/00-5502/0 

4. At the bottom of the screen it prints Press "Return" to continue. After you press "RETURN" the 
program starts over from the beginning. 

MEMORY ALLOCATION FOR THE PROGRAM 

The program requires about 4K bytes and will therefore fit easily in a 8K machine. 

APPLICATION LIBRARY PROGRAM 
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TITLE ABSTRACT NUMBER 

CIRCLE SOLUTIONS 51/00-5502/0 

~" 

VARIABLE MAP 
~ 

VARIABLE 
TAPE 

USAGE FILE 

KO Used for the entry of the values. 

Kl Angle 

K2 Radius 

K3 Arc 

K4 Chord 

K5 180/1T 

K6 Midordinate and (chord/arc)/K5 when chord and arc are entered. 

K7,Rl,R2 Scratch 

K$ Used for entry of the values and as a scratch string variables. 

,; 
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TITLE ABSTRACT NUMBER 

CIRCLE SOLUTIONS 51/00-5502/0 

100 REM CIRCLE SOLUTION -- 4051/MATH-002 
110 REM SEPl'. 1975, DAN trAYLOR, GS SOFTWARE ENGINEERI~ 
120 REM TEKTfONIX INC., BEAVERTON, OREGON 

1000 PRINT "L******CIRCLE SOLVfIONS******J" - -
10U} PRINT "ENTER VALUES AS THEY ARE REQUESTED. II 
1020 PRINT "IF UNKNOWN, PRESS ''''RETURN'''' WITHCXJT MAKIN:; AN ENTRY." 
1030 PRINT "J ALL ANGLES ARE ASSUMED TO BE IN DECIMAL DEGREES.J" 
1040 INIT 
1050 K5=180/PI 
1060 SET DEGREES 
1070 ON SIZE THEN 2480 
1080 DEF FNK(X)=SIN(X)-K6*X 
1090 PRINT "~ ANGLE = ": 
1100 OOSUB 1470 
1110 K1=K0 
1120 IF K1=>360 THEN 2480 
1130 IF K1=0 THEN 1520 

1140 REM ******THE ANGLE, K1, HAS BEEN ENTERED****** 

1150 ooSUB 1340 
1160 IF K2=0 THEN 1220 
1170 K3=K1/K5*K2 
1180 PRINT "JJJI ARC = ";K3 
1190 K4=2*K2*SIN(0.5*K1) 
1200 PRINT "JI CHORD = .. :K4 
1210 00 TO 1880 
1220 ooSUB 1380 
1230 IF K3=0 THEN 1270 
1240 K2=K5/K1*K3 
1250 PRINT "JJJIRADIUS = ";K2 
1260 00 ro 1190 
1270 ooSIJB 1420 
1280 K2=0.5*K4/SIN(0.5*K1) 
1290 PRINT "JJJIRADIUS = .. ;K2 
1300 K3=K1/K5*K2 
1310 PRINT "JI ARC = II :K3 
1320 00 ro 1880 

, 

1330 REM ******FOUR UTILITY ROUTINES****** 

1340 PRINT "~RADIUS = "; 
1350 OOSUB 1470 

APPLICATION LIBRARY PROGRAM 



TITLE 
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1360 K2=K~ 
1370 REWRN 
1380 PRINT "J ARC = ": 
1390 GOSUB 14710 
14010 K3=K0 
1410 RE'lURN 
1420 PRINT "i! CHORD = ": 
1430 GOSUB 147~ 
1440 IF K0=0 THEN 25010 
1450 K4=KIO 
1460 RETURN 
14710 INPUI' K$ 
1480 K$=K$&" 0" 
1490 K0=ABS(VAL(K$» 
1500 RE'lURN 

ABSTRACT NUMBER 

51/00-5502/0 

15110 REM ******THE ANGLE, Kl, ~S NOT ~rERED.****** 

15210 GOSUB 1340 
15310 IF K2=0 THEN 16710 
1540 GOSUB 13810 
15510 IF K3=0 THEN 161010 
1560 K1=K5*K3/K2 
1570 IF Kl>360 THEN 2480 
15813 PRINT "JJJI A.."JGLE = "; Kl 
15910 GO TO 1190 
1600 GOSU8 1420 
1610 K1=0.5*K4/K2 
1620 IF Kl>1 THEN 2480 
1630 K1=2*ASN(K1) 
16410 PRINT "JJJI ANGLE = ":K1 
16510 GO 'ra 1300 

PAGE No.6 

1660REM ******NEITHER ANGLE NOR RADIUS (K1,K2) WERE ENTERED****** 

16710 GOSUB 1380 
1680 IF K3=~ THEN 250~ 
1690 GOSUB 142~ 
17~0 IF K4=)K3 THEN 2480 
17110 K6=K4/(K3*K5) 

17210 REM ******SOLVESIN(K1/2) = 

17310 Rl=1.~E-3~~ 
1740 R2=18~ 

(K1/2)*K6 BY BISECTION****** 

i' 
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TITLE 

CIRCLE SOLUTIONS 

1750 IF FNK(Rl).<0 THEN 2480 
1760 FOR K2=1 TO 50 
1770 Kl=0.5*(Rl+R2) 
1780 IF FNK(Kl)<0 THEN 1810 
1790 Rl=Kl 
1800 GO TO 1820 
1810 R2=Kl 
1820 NEXT K2 
1830 Kl=Kl+K1 
1840 PRINT "JJJI ANGLE = ":Kl 
1850 K2=K5/Kl*K3 
1860 PRINT "JIRADIUS = .. :K2 

ABSTRACT NUMBER 

51/00-5502/0 

1870 REM ******CALCULATE MIDORDINATE AND FIX SCREEN FOR PUOT***** 

1880 K6=K2-SQR(K2T2-0.25*K4T2) 
1890 PRIN'f "J MIOORDlNATE = .. :K6 
1900 PRINT "YKIIPRESS .... RE'IURN"" FOR THE GRAPH .GK -
1910 INPlJI' K$ 

II • , 

(CC 1920 REM **************DRAW LABELED CIRCLE ON SCREEN********** 
1930 REM lSf: AruUST WINOOW AND VIEWPORT 

1940 VIEWPORT 25,105,10,90 
1950 R1=2.2-0.011*K2 MAX 1.1 
1960 WINDOW -Rl,Rl,-R1,Rl 

1970 REM 2ND: DRAW CIRCLE 

1980 PAGE 
1990 MOVE 1,0 
2000 FOR R2=0 TO 360 STEP 6 
2010 DRAW COS (R2) ,SIN(R2) 
2020 NEX'f R2 

2030 REM 3RD: DRAW TRIANGLE TO SHOW ANGLE 

2040 R2=90-0.5*K1 
2050 K5=COS(R2) 
2060 K6=SIN (R2) 
2070 MOVE K5;K6 
2080 DRA.Y~ -K5,K6 
2090 DRAW 0,0 
2100 DIW'J K5,K6 
2110 K7=1+2T-6 

PAGE NO.7 
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:: CIRCLE SOL:Jrtlb~S~ ;' ;; 
~j 

51/00.:.;5502/0 

:f. 

~. ' 
l,' 

2120 FOR R2=R2 TO R2+Kl STEP 6 
2130 DRAW K7*ODS(R2) ,K7*SIN(R2) 
2140 NEx'r R2 
2150 DRAW -K5,K6 
2160 K$=CHR(8) 

2170 REM 4TH: LABEL TRIANGLE 

2180 R2=2*(Kl=>45)-1 
2190 MOVE 0,O.5 
2200 PRIN'I' USING "4(A) ,3D, .... DEG ...... :K$:K$:K$:K$:Kl 
2210 MOVE 0.5*K5,0.5*R2*K6 
2220 PRINT" R = u: 
2230 K7=K2 
2240 GOSUB 2390 
2250 MOVE 0,1.04 
2260 PRINT K$:K$:K$:K$:"ARC = ": 
2270 K7=K3 
2280 GOSUB 2390 
2290 IF ABS(K6-0.5»0.07 THEN 2310 
2300 R2=-1 
2310 MOVE 0,R2*K6 
2320 PRINT K$: 
23313 K7=K4 
2340 GOSUB 2390 
2350 PRINT "TKI 
2360 I NPl}!' £<$ 
2370 HUN 

PRESS "" RE'IURN"" 'IO CONTlNUE.GK 

2380 R&'V] ***************8U81-< ',IV':i PPH1T K7********** 

2392 IF K7=>1000 OR K7<1 THEN 2450 
2400 IF t\7<lU THEe,; 243:) 
241t,;t:l:d LlSING "3D,S" :K7 
2420 RE'IUR"J 
243GhUNT USING "D.D,S" :K7 
2440 RE'lURN 
2450 PRIN'I' USING "2E,S" :K7 
2460 REWRN 

2470 REM 

2480 PRINT "JJJNO SOLIJI'IO~" 
2490 RUN 
2500 PRINT It JJJTWO ENTRIES REr,JUIREDGGGGGGGGGGGG" 

., . 
I 
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TITLE ABSTRACT NUMBER 

CI RCLE SOLUTIONS 51/00-5502/0 

,. 
" 

2510 RUN 

I({." .. 
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