SAMS =t
s = i = B e ———

Commodore 64 & 128"
Programs for
Amateur Radio

& Electronics




Commodore 64 & 128
Programs for Amateur
Radio & Electronics

JoserH ). CARR, K4IPV

Howard W. Sams & Co.

A Division of Mocmillan, Inc,
4300 West 62nd Street, Indianapolis, IN 46268 USA




% 1986 by Joseph |. Carr

FIRST EDITION
FIRST PRINTING—1986

All rights reserved. No part of this book shali be reproduced, stored in a retrieval
system, or transmitted by any means, electronic, mechanical, photocopying,
recording, or otherwise, without written permission from the publisher. No patent
Liability is assumed with respect to the use of the information cantained herein. While
every precaution has been taken in the preparation of this book, the publisher
assumes no responsibility for errors or omissions. Neither is any liability assumed for
damages resulting from the use of the information contained herein.

International Standard Book Number: 0-672-22516-6
Library of Congress Catalog Card Number: 86-60938

Acquired: Greg Michae!

Interior Design: T. R, Emrick

Mustrator: Don Clemons

Cover Art: Kevin Caddelf

Composition: Shepard Poorman Communications Corp., Indianapolis

Printed in the United States of America

Apple is a registered trademark of Apple Computer, Inc.

ATARI is a registered trademark of Atari, Inc.

Commedore 64 and Commodore 128 are registered trademarks of Commodore
Electranics, Limited.

1BM is a registered trademark of International Business Machines,

INTRODUCTION
PrOGRAM 1
PROGRAM 2
PROGRAM 3
ProGrRAM 4
ProGrRAM 5
PrOCRAM 6
PrOGRAM 7
PrOGRAM 8
PROGRAM O
Procram 10
ARTICLE 1
ProGrRAM 11
Procram 12
PrOGRAM 13
PrOGRAM 14

Contents

SecTion |
AMATEUR RADIO PROGRAMS

Coil Loaded Shortened Dipole Antenna 3

Antenna Calculations | —Haif-Wave Dipole and
Quarter-Wave Vertical 9

Antenna Calculations Il 14

Antenna Calculations 11—5/8 Wavelength
Vertical 19

More Antenna Calculations 25

Antenna Calculations IV —HF Beam Antennas
such as Quads, Yagis, or Delta Loops 32

VSWR Calibration from Forward and Reflected RF
Power 36

Standing-Wave Ratio (SWR) 39

Transmission Line—Characteristic
Impedance 44

Coaxial Cable—Characteristic Impedance and
Other Parameters 52

Impedance Matching Networks for Radio Antennas
Inverted-L Network 59

L-Section Network 65

Reverse |-Section Network 70

Split-Capacitor Network 75




Procram 15 Pi Network 81

Prockam 16 Three-Element L-Section Network 87
Procram 17 Quarter-Wave Matching Section 93

ProGgram 18 Custom Parallel Line 97

ProGram 19 Transmission Line Matching 'Q"" Section 102

Procram 20 Mobile and Other Short HF Antenna
Design i

ProGrRaM 21 Distance to VHF/UHF/Microwave Radio
Horizon 17

Procram 22 Satellite Dish Antenna 124

PROGRAM 23 Antenna Bearings Given Latitude/
Longitude 128

Secrion 1
BASIC PROGRAMS FOR GENERAL ELECTRONICS

ProGrRAM 24 Resistors in Series or Parallel 135

Procram 25 Capacitors in Series or Parallel 139
ProGRaM 26 Inductors in Series or Paralle! 143

ProGram 27 Zener Diode Voltage Regulator Design 747
Procram 28 RLC Networks 152

Procram 29 Decibel Calculations 160

ProGram 30 Evaluation of an LC Tuned Tank Circuit 166

Procram 31 Design of an Instrumentation Amplifier with a
Gainof 2101000 173

Procramv 32 Timer and Oscillator Circuits Based on the
LM-555 182

Procram 33 Operational Amplifier Circuits 188
ProcraM 34 Brute Force DC Power Supply Filter 792
Procram 35 RC Pi Network DC Power Supply Filter 797

Procram 36 Design of Simple Regulated DC Power
Supplies 202

Procram 37 Design of RC Phase-Shift Oscillator 211

PROGRAM
PROGRAM

ProOGRAM
PROGRAM

PROGRAM

PROGRAM

38
39

40
41

42

43

Design of RC Triangle-Function Oscillator 276

Design of Monostable Multivibrator ("One-
shot”y 221

Design of a Square-Wave Oscillator 225

Design of RC Low-Pass, High-Pass, and Bandpass
Filter Networks 237

Design of Active Bandpass Filter Using
Operational Amplifier 237

Section 11§
MISCELLANEOUS

BASIC Import 243

iv




Introduction

This book provides amateur radio operators and general elec-
tronics hobbyists with a collection of practical, workbench pro-
grams that will run on most standard computers—in most cases
with no modifications to the programs. It is based on earlier
pooks on the Apple® it series and 1BM® PC which 1 wrote for
engineers.

The book has two major sections; amateur radio and general
electronics. The first deals with radio programs, and covers
such matters as

« Antenna impedance matching networks
s Standing wave ratio
+ Sateliite antenna dimensions

The second section treats general electronics topics, and
includes programs for

» Operational amplifier designs
s Waveform generators
* RLC network solutions

A third section contains a program unrelated to radio or gen-
eral electronics but which has been popular with readers of my
earlier books. It is a BASIC import programn that imports a
BASIC program from any computer with a 300 baud RS-232C
serial port to either a Commodore 64® or a Commodore 128°
computer.

Since the Commodore 64 has become the de facto standard
computer in amateur radio and certain other hobbyist electron-
ics fields, the programs are designed for the Commodore 64
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Coil Loaded Shortened
Dipole Antenna

The half-wave dipole antenna is a popular and efficient anten-
na that is capable of considerable performance considering the
fow cost of the antenna. But half wavelength for some frequen-
cies is simply too long for all applications. For some of these sit-
vations we can use a shortened dipole such as Fig. 1.1. In this
type of antenna, loading coils are placed in each half of the
radiator to take up the missing length. Although the design of
these antennas can permit placing the coil anywhere along the
length of the radiators, simplicity in this program forces us to
place the coil at either the halfway point or at the feed point
{i.e., when dimension ‘B’ is zero). Discrete shortening factors
from 5 to 98 percent are allowed.

1'_1 = I'.z =1
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“w Shortened Dipole Antenna—cont.
o]
N orory
' RET
* * _ 53223 REM PRESS AND NUMBER KEY SUBROUTINE
| #9930 GOSUB 21000
8 8 | 29650 GOSEB 21000 )
. 2060 PRINT "PRESS CR TO CONTINUE...
1
an T 22080 INPUT S
22100 RETURN
23000 REM OPENING SUBROUTINE
20000
ggg;ggg?gg TAB(E};II************I‘t*':
23030 PRINT TAB{ E};"* *!
COAX TO 21040 PRINT TAB( E);"* COPYRIGHT 1386 J.J. CARR ful
O RECEWER 23050 PRINT TAB( E);"* "n
23060PRINT TAB{E):“***************“
FIG. 1.1, A SHORTENED DIPOLE ANTENNA. ggg;g %ggg giggg
23050 GOSUB 22000
23100 GOSUB 20000
. . 23120 PRINT “THIS PROGRAM HELPS YOU DESIGN"
Coil Loaded Shortened Dipole Antenna 23125 PRINT "A SHORTENED LOADED DIPOLE"
23130 PRINT "AT A SPECIFIED FREQUENCY. YOU"
10E =5 23135 PRINT "WILL BE ABLE TO SELECT THE"
20 GL = 5 23140 PRINT "LENGTH IN FEET, AND AN OPERATING"
30 62 = 25 23142 PRINT "FREQUENCY BETWEEN 0.1 AND 40 MHZ"
100 REM CLEAR SCREEN 23150 PRINT
110 GOSUB 20000 23160 PRINT "IF YOU ARE READY TO START..."
150 REM GET OPENING SUBROUTINE 23100 Gosub 22000
160 GOSUB 23000
200 REM CLEAR SCHEEN 23220 PRINT "ENTER OPERATING FREQUENCY"
210 GOSUB 20000 23222 PRINT "IN MEGAHERTZ (MHZ)"
23225 PRINT "{0.1 TO 40 MHZ):"
240 REM PROGRAM OPTIONS SELECTION 33230 PRINT
250 GOSUB 25000 33250 INPUT F
290 REM CLEAR SCREEN " "
292 REM MAKE CALCULATIONS L R oonnK YO
293 GOSUB 24000 53200 RETURN
300 GOSUB 20000
330 REM DISPLAY RESULTS g:ggg Efm_ €§ITHMETIC SUBROUTINE
340 GOSUB 28000 24020 13 = L1 / 2
400 GOSUB 29000 =
20000 REM CLEAR SCREEN SUBROUTINE %iggg g N éLi zoéOO} / L2
20020 FOR N = 1 TO 25 24060 P —  INT (P}
2o PRI 24070 P = P / 100
24080 X = L3 / 2
20080 RETURN - N
21000 REM CLEAR SMALL SPACE SUBROUTINE P e ; {2'32 * E{
21020 FOR N = 1 TO 3 e Ik oo
21040 PRINT -
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Coil Loaded Shortened Dipole Antenna—cont. Coil Loaded Shortened Dipole Antenna-—cont.

24120 1B = LB * 100 25435 GOTO 25900
24130 LA = INT (LA} 25440 LX = LD
24150 IB = INT (LB) 25441 BA = 2700
24160 LA = 1A / 100 25442 CA = 4800
24170 LB = LB / 100 25445 GOTO 25900
24300 RETURN 25450 LX = LE
25000 REM SELECTION SUBRCUTINE 25451 BA = 1450
25020 L2 = 468 / F 25452 CA = 2500
25025 LC = 0,05 * L2 25455 GOTO 25900
25030 LD = 0.1 * L2 25460 LX = LF
25035 LE = 0.2 * L2 25461 BA = 950
25040 LF = 0.3 * L2 25462 CA = 1750
25050 ILG = 0.4 * L2 25465 GOTO 25900
25055 LH = 0.5 * L2 25470 LY = LG
25060 LI = 0.6 * L2 25471 BA = 700
25065 LJ = 0.7 * L2 25472 CA = 1250
25070 LK = 0.8 * L2 25475 GOTO 25900
25075 LM = 0.% * L2 25480 LX = LH
25080 LN = 0.95 * L2 25481 BA = 500
25085 1O = 0.98 * L2 25482 CA = 900
25110 PRINT "PERCENT CF FULL-SIZE LENGTH (F)" 25485 GOTO 25900
25120 PRINT M —zcpz=====m=z==z======s-cs=====zz===" 25490 1TX = LI
25180 PRINT TAB( Gl1):"l. 5%: TAB{ G2);LC 25491 BA = 375
25190 PRINT TAB( G1}:"2. 10"; TAB( G2};LD 25492 CA = 700
25200 PRINT TAB({ Gl);"3, 20"; TAB( G2};LE 25495 GOTC 25900
25210 PRINT TAB( Gl):"4. 30"; TAB{ G2):LF 25500 LX = LJ
25220 PRINT TaB( Gl}:"5. 40"; TAB( G2);IG 25501 BA = 260
25230 PRINT TAB{ Gl);"6., 50"; TAB( G2);LH 25502 CA = 500
25240 PRINT TAB{ G1)};"7. 60"; TAB{ G2):LI 25505 GOTO 25900
25250 PRINT TAB( Gl);"8. 70%"; TAB({ G2);LJ 25510 1LX = LK
25260 PRINT TAB( Gl);"9, 80"; TAB( G2}:LK 25511 BA = 160
25270 PRINT TAB{ G1):"10. 90"; TAB( G2):IM 25512 CA = 310
25280 PRINT TAB( G1):"11l. 95"; TAB{ G2);:IN 25515 GOTO 25900
25230 PRINT TAB( Gl);"12. 98"; TAB( G2);LO 25520 LY = IM
25300 PRINT TAB( G1);"13. 100"; TAB{ G2};L2 25521 BA = B0
25330 PRINT 25522 CA = 155
25340 PRINT 25525 GOTC 25900
25350 PRINT "SELECT 1 - 13 FROM ABOVE..." 25530 L = LN
25360 PRINT 25531 BA = 45
25370 INPOT W 25532 ca = 70
25380 IF W < 1 THEN GOTO 25000 25535 GOTO 25900
25390 IF W > 13 THEN GOTQ 25000 25540 LY = L{
25400 IF W = 13 THEN GOTO 25800 25541 BA = 10
25410 ON W GOTO 25430,25440,25450,25460,25470,25480, 25542 CA = 32
25490,25500,25510,25520,255 25545 GOTO 25900
25430 LX = 1LC 25550 GOT025900
25431 BA = 5000 25800 REM FULL~-SIZE MESSAGE
25432 CA = 8500 25810 GOSUB 21000




Coil Loaded Shortened Dipole Antenna—cont.

25820 PRINT "YOU HAVE SELECTED 100-PERCENT"
25825 PRINT "...WHY DO YOU NEED THIS PROGRAM?"
25830 PRINT "MAKE ANTENNA “;L2;" FT. LONG."
25840 GOSUB 21000

25850 GOSUB 22000

25860 GOTC 29000

25%00 RETURN

28000 REM DISPLAY SUBROUTINE

28050 PRINT "OPERATING FREQUENCY: ";F;" MHZ"
28070 PRINT "LENGTH OF FULL-SIZE DIPOLE AT
28075 PRINT “THIS FREQ.: ";L2:;" FT."

28076 -30000

28090 PRINT )

28100 PRINT "SPECIFICATIONS FOR"

28105 PRINT "SHORTENED LOADED DIOPLE..."
28110 PRINT

28120 PRINT "OVERALL LENGTH: ";L1;" FT."
28130 PRINT "EACH ELEMENT LENGTH: ";L3;" FT."
28140 PRINT “LENGTHS ARE ";P;" PERCENT"
28142 PRINT "OF FULL-SIZED DIPCLE."

28180 PRINT "LOADING COIL DATA:"

28200 PRINT

28210 PRINT "INDUCTANCE: ";LA:" UH AT FEEDPOINT"
28220 PRINT "INDUCTANCE: ";LB;" UH AT "
28222 PRINT X;" FT. FROM FEEDPCINT."

28250 GOSUB 22000

28400 RETURN

29000 REM ENDING SUBROUTINE

29040 GOSUB 20000

29060 PRINT “ARE YOU FINISHED 2?22?27

29080 PRINT

29090 PRINT "l1. YES"

29100 PRINT “2. WNO"

29110 PRINT

29120 PRINT "ENTER ONE SELECTION FROM"
29122 PRINT "ABOVE AND PRESS CR..."

29130 INPUT 55

29150 IF SS > 2 THEN GCTC 29000

29160 IF SS < 1 THEN GOTC 29000

29200 ON S5 GOTQ 29500,100

29500 GOSUB 20000

29520 PRINT "PROGRAM ENDED"

29530 END

PrOGRAM 2

Antenna Calculations I—
Half-Wave Dipole and Quarter-
Wave Vertical

This program calculates the length in either English (feet/inches)
or Metric (meters} units; either form of units may be selected by
the user. When you run the program, you will be asked to
enter the operating frequency and select the type of units. The
program will then return the length in the units selected for the
type of antenna selected.

The program will ask you whether the antenna is in free space
or close to the earth’s surface. While all antennas use one ren-
dering or the other of the speed of light for the velocity con-
stant, this constant is distorted a little if the antenna is closer
than several {usually taken to be three) wavelengths from the
earth. Thus, most amateur antennas in the HF bands will be
considered close to the earth’s surface, and the velocity con-
stant is approximately 5 percent smaller than free space. A VHF
antenna, however, is a lot shorter than HF antennas of the
same type. Those antennas can easily be more than three

wavelengths above the earth’s surface without the need for sky-
scraper towers.




100
110
180
190
200
210
22¢
230
240
250
260
262
270
280
282
290
292
300
310
320
330
350
360
370
375
380
390
400
410
420
430
440
450
470
471
472
475
478
480
485
49¢
500
510
520
525
530
535
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Antenna Calculations 1—-Half-Wave Dipole and
Quarter-Wave Vertical

REM THIS IS PROGRAM NO. 2 PROG2

REM ANTENNA CALCULATIONS PROGRAM
GOSUB 400

GOSUB 570

GOSUB 400

GOSUB 450

GOSUB 400

GOSUB 510

GOSUB 400

GOSUB 630

IF X = 1 THEN C = 492

IF X > 1 THEN C = 150

LET L=C/F

IFV=1THENL = L

IFV >1 THEN L = 0.9512 * L
IFY=2THENL = L

IFY=1THENL = L / 2

IF X = 1 THEN GOTO 730

IF X = 2 THEN GOTO 800

GOSUB 400

PRINT "YOU MUST HAVE GOOFED SOMEWHERE!"
PRINT

PRINT

PRINT "ANSWER ALL QUESTIONS WITH THE"
PRINT "PROPER KEYSTROKE...."

PRINT "I.E. 1 OR 2, BUT NOT 3 OR K"
GOTO 730

REM SUBROUTINE TO CLEAR THE SCREEN
FOR N = 1 TO 30

PRINT

NEXT N

RETURN

REM FREESPACE SUBROUTINE

PRINT "SELECT ONE FROM BELOW..."
PRINT

PRINT "1. ANTENNA IN FREESPACE"
PRINT "2. ANTENNA CLOSE TO EARTH"
PRINT

PRINT "IF YOU DON'T KNOW WHAT I'M"
PRINT "TALKING ABOUT, SEE TEXT OF BOOK."
INPUT V

RETURN

REM METRIC/ENGLISH UNITS

PRINT “SELECT ONE FORM OF UNITS..."
PRINT

PRINT "1. FEET/INCHS (ENGLISH UNITS)"
PRINT "2. METERS (METRIC UNITS)"

Antenna Calculations {| —cont,

540
545
550
560
570
580
585
5980
600
605
606
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
B30
840
850
860
862
865
866
B70
880
B90
200
905
908
510
920

PRINT

PRINT "ENTER SELECTION:"

INPUT X

RETURN

REM SELECT VERTICAL/HORIZONTAL

PRINT "WHICH TYPE OF ANTENNA DO YOU WANT?"

PRINT

PRINT " 1. QUARTER WAVELENGTH VERTICAL"
PRINT " 2, HALF WAVELENGTH DIPCLE"
PRINT

PRINT "ENTER SELECTICN..."

INPUT Y

RETURN

REM SUPPLY OPERATING FREQUENCY

PRINT "“ENTER OPERATING FREQUENCY IN MEGAHERTZ
PRINT "FOR EXAMPLE, 21.380"

INPUT F

GOSUB 400

FOR 2 = 1 TO 35

PRINT "OH THE{SI)ANK You!lilii™

NEXT Z

GOSUB 400

RETURN

REM USER WANTS ANSWER IN FEET/INCHS

LET M L — INT (L)

LET M M* 12

LET M INT (M}

LET K INT (L}

PRINT K;"FT.";M;"IN."

GOTO B60

REM THIS SUBROUTINE PRINTS ANSWER IN METERS
IET L = L * 100

LET L. = INT (L)

IET L = L / 100

PRINT L;"™ METERS"

GOTO 860

PRINT

PRINT

PRINT "WANT TO DO ANOTHER 272"
PRINT -

PRINT " 1. YES"

PRINT " 2. NO"

INPUT R

IF R = 1 THEN GOTO 910
IF R = 2 THEN GOTC %80
IF R > 2 THEN GOTO 860
GOSUB 400

FOR K = 1 TO 30

(MHZ) "

11




Antenna Calculations 1—cont,

936 PRINT "HEEERRRRRRRRR WE GO AGAINIl!!t™
340 NEXT K

950 FOR K = 1 TC 30

960 NEXT K

970 GOTO 110

980 GOSUB 400

990 PRINT "THANX, SEE YOU NEXT TiME"
1000 FOR K = 1 TO 30

1010 PRINT "GOING NOW"

1020 NEXT K

1030 GOSUB 400

1040 PRINT "GONWE"

1050 END

Example

WHICH TYPE OF ANTENNA DO YOU WANT?

1. QUARTER WAVELENGTH VERTICAL
2. HALF WAVELENGTH DIPOLE

ENTER SELECTION...
2

SELECT ONE FROM BELOW...

1. ANTENNA IN FREESPACE
2. ANTENNA CLOSE TO EARTH

IF YOU DON'T KNOW WHAT I'M

TALKING ABOUT, SEE TEXT OF BOOK.
2

SELECT ONE FORM OF UNITS...

1. FEET/INCHS (ENGLISH UNITS}
2, METERS (METRIC UNITS)

ENTER SELECTION:
1

12

Antenna Calculations | —cont.

ENTER OPERATING FREQUENCY IN MEGAHERTZ (MHZ)
FOR EXAMPLE, 21.380
14.1

OH THANK YOQU!!!!!
OH THANK YOU!!!l!
OH THANK ¥YOU!1!1!

33 FT. 2 IN.

WANT TO DO ANOTHER 2?7?72

1. YES
2. NO
2

THANY, SEE YOU NEXT TIME
GOING NOW
GOING NOW
GOING NOW

13




ProGraM 3

Antenna Calculations 1l

Program 3 will calculate and print out a table of lengths {in feet)
for the following six different types of radio antenna:
1/2-wavelength in free space

1/4-wavelength in free space

1/2-wavelength dipole

1/4-wavelength vertical

wos W=

5/8-wavelength vertical
6. 1/2-wavelength inverted-vee

You will be asked to input the lower edge of the band of inter-
est (in kilohertz—any other units of frequency will result in
wrong answers), the upper edge of the band (in kilohertz), and
the frequency increment {again, in kilohertz) between succes-
sive measurement points. In the example that follows the pro-
gram listing, the frequency band was 4000 to 4500 kilohertz,
with a length calculation made every 25 kilohertz. Theoreti-
cally, you could set the lower edge of the band near DC
(0.0001 Hz) and the upper edge of the band at daylight (10'°
hertz) with increments every 100 cycles (0.1 kHz). Of course,
the printer would run out of paper.

14

100
140
150
160
170
180
190
200
210
220
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
392
394
400
410
420
430
440
450
460
470
480
490
492
434
500
510
515
516
520
530
532
534
540
550

Antenna Calculations I

REM THIS 1S PROGRAM NO. 3 PROG3

LET S = 8

IET Q=5

GOsUB 790

PRINT TAB{S);“**************"
DRINT TAB{ $);"* BANTENNA CALCULATIONS  *"
PRINT TAB{ S);"* PROGRAM **
PRINT TAB( S};"* COPYRIGHT 1986 BY LA
PRINT TAB({ S);"* J.J. CARR L
PRINT TAB(S}:"**************"
PRINT

ERINT

PRINT

GOSUB 830

GOSUB 790

PRINT "SELECT TYPE OF CALCULATION FROM MENU BELOW:™
PRINT

PRINT "1. 1/2-WAVELENGTH (FREE SPACE)"
PRINT "2. 1/4-WAVELENGTH (FREE SPACE)"
PRINT "3. 1/2-WAVELENGTH DIPOLE"

PRINT "4, 1/4-WAVELENGTH VERTICAL"

PRINT "5. S/B-WAVELENGTH VERTICAL"

PRINT "6. 1/2-WAVELENGTH INVERTED-VEE"
PRINT

PRINT "SELECTION?"

INPUT A

PRINT A

GOSUB 750

JF A =1 THEN C = 492000

IF A = 2 THEN C = 246000

IF A = 3 THEN C = 488000

IF &2 = 4 THEN C = 234000

iF A = 5 THEN C = 585000

IF A = 6 THEN C = 496000

IF A > 6 THEN GOTO 300

GOSUB 750

PRINT "ENTER LOWER BANDEDGE IN KILOHERTZ:"
INPUT F1

PRINT F1

GOSUB 750

PRINT "ENTER UPPER BANDEDGE IN KILOHERTZ:"
INPUT F2

PRINT F2

GOSUB 750

PRINT "ENTER FREQUENCY INCREMENT IN KILOHERTZ:"

F3
F3
780
/ Fl

15




Antenna Calculations 1l—cont. Antenna Calculations 1l—cont.

E60 L = L * 100 PRESS CR TO CONTINUE...

570 L = INT {L)

580 L = L / 100

590 PRINT Fl:" KHZ";" L = ";L;" FT."

600 LET F1 = F1 + F3 SELECT TYPE OF CALCULATION FROM MENU BELOW:
610 IF F1 > = {F2 + F3) THEN GOTO 620

620 IF F1 < (F2 + F3) THEN GOTC 550 1. 1/2-WAVELENGTH (FREE SPACE)
630 PRINT 2. 1/4-WAVELENGTH (FREE SPACE)
€35 PRINT 3. 1/2=-WAVELENGTH DIPOLE

640 GOSUB 830 4., 1/4-WAVELENGTH VERTICAL

650 GOSUB 790 5. 5/8~WAVELENGTH VERTICAL

£60 GOSUB 750 6. 1/2-WAVELENGTE INVERTED-VEE
670 PRINT "l. FIN1SHED"

680 PRINT “2. DO ANOTHER OF THE SAME TYPE" SELECTICN?

690 PRINT "3. SELECT ANOTHER TYPE OF ANTENNA" 5

700 PRINT

710 PRINT "WHICH IS YOUR PLEASURE?"

715 INPUT H

716 PRINT H

720 IF H > 3 THEN GOTO 660 ENTER LOWER BANDEDGE IN KILOHERTZ:
730 ON H GOTC 860,480,290 7000

740 END

750 FOR I = L TO S

760 PRINT ENTER UPPER BANDEDGE IN KILOHERTZ:
770 NEXT 1 7300

780 BRETURN

790 FCR I = 1 TC 30

800 PRINT ENTER FREQUENCY INCREMENT IN KILOHERTZ:
810 NEXT 1 20

820 RETURN

830 PRINT "PRESS CR TO CONTINUE..."
840 INPUT KK

850 RETURN 7000 KHZ L = 83.57 FT.
880 GOSUB 790 7020 KHZ L = B83.33 FT.
870 PRINT "GONE BYE-BYE" 3340 KHZ L = 83.09 FT.
60 KHZ L= B82,8 FT.

7080 KHZ L = 82.62 FT.

7100 KHZ L = 82.3% FT,

Example 7120 KHEZ L = 82.16 FT.
7140 KHZ L = B1.%3 FT.

k &k k k k& % Kk Kk & * kh * ¥ N ;igg Egz L= 81.7 FT.

Z L = B8l,47 PT.

: ANTENNAPESEERﬁATIONS : 7200 KHZ L = 81,25 FT.

*  COPYRIGHT 1986 BY  * 7240 Ka L 0.8 .

* J.J. CARR * T oen .

e s kR Rk kA 7260 KHZ L = 80.57 FT.
7280 KHZ L = 80.35 FT.

7300 KHZ L= 80.13 FT.

i6 17




Antenna Calculations ll—cont.

PRESS CR TO CONTINUE...

1. FINISHED
2, DO ANOTHER OF THE SAME TYPE
3, SELECT ANOTHER TYPE COF ANTENNA

WHICH IS YOUR PLEASURE?
1

GONE BYE-BYE

Procram 4

Antenna Calculations 111-—5/8
Wavelength Vertical

This program is designed to create a series of tabies of antenna
lengths as a function of frequency. Although this program is
designed for a 5/8-wavelength vertical, it can easily be modified
for 1/4-wavelength vertical or 1/2-wavelength dipole antennas,
Two lines of programming are affected if you want to change
this program. Line 160 contains the velocity constant 585,000
for a 5/8-wavelength vertical. Change this line as follows:

1. For 1/4-wavelength vertical, change line 160 to K1 =
234000.

2. For 1/2-wavelength dipole, change line 160 to K1 =
468000.

The other line to change is 940. This line must be changed to
either 1/4-wavelength vertical or 1/2-wavelength dipole.

The program cycles through all of the common amateur radio
and international shortwave broadcast bands, including the
new WARC bands. The program will calculate lengths as a
function of frequency for the entire band (see example for 3500
to 4000 kHz that follows program listing). Each chart is headed
with the frequency range in kilohertz, and the normal use of
that band. Following each printout, the program will offer you
two choices: whether to continue or end the exercise,




Antenna Calculations 111—5/8 Wavelength Vertical

130 1IET R
140 LET 2
150 LET ¥

100 REM THIS IS PROGRAM NO. 4 PROG4

160 LET K1 = 585000

170 F1 = 3500
180 F2 = 4000
190 LET X = 1
200 GOTC 9230
210 F1 = 5500
220 F2 = 6000
230 LET X = 2
240 GOTO 930
250 F1 = 6000
260 F2 = 6500
270 LET X = 2
280 GOTO 930
290 F1 = 7000
300 F2 7300
3IC LET X = 1
320 GOTO 93¢
330 F1 = 9500
340 F2 = 10000
350 LET X = 2
360 GOTO 930
370 F1 = 11500
380 F2 = 12000
390 LET X = 2
400 GOTO 930
410 F1 = 14000
420 F2 = 12450
430 LET X = 1
440 GOTOQ 930
450 F1 = 15500
460 F2 = 16000
470 LET X = 2
480 GOTO 930
4%0 F1 = 16500
500 F2 = 17000
5i0 LET X = 2
520 GOTO 930
530 F1 = 18500
540 F2 = 19000
550 LET X = 2
560 GOTO 930
570 F1 = 21000
S80 F2 = 21450
590 LET X = 1
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Antenna Calculations Ill—cont.

600 GOTO 930

610 F1 = 25500

620 F2 = 26000

§30 LET X = 2

§40 GOTO 930

§50 F1 = 26500

660 F2 = 27000

670 LET X = 2

680 GOTO 930

630 F1 = 28500

700 F2 = 29000

710 LET X = 1

720 GOTC 930

730 F1 = 29000

740 F2 = 29500

750 LET X = 1

760 GOTG 930

770 F1 = 29500

780 F2 = 30000

790 LET X = 1

800 GOTO 930

810 F1 = 10100

820 F2 = 10150

830 LET X = 1

840 GOTO 930

850 ,890

860 F2 = 18500

870 LET X = 1

880 GOTO 930

890 F1 = 24500

900 F2 = 25000

910 LET X = 1

920 GOTO 930

930 PRINT "TABLE ";%;"-";Y
940 PRINT "5/8-WAVELENGTH VERTICAL"
950 PRINT F1;" = ";F2;" KILOHERTZ"
960 IF X = 1 THEN GOTG 980
970 IF X = 2 THEN GOTO 1000
980 PRINT "USE: AMATEUR RADIO"
gggocomo 1010

PRINT "USE:

1000 PRINT SE: INTERNATIONAL BROADCASTING"
1020 PRINT
1030 PRINT
1040 FORQ = L TO 3
1050 F{Q) = F1
1060 L{Q} = K1 / F(Q
1070 L{Q} LiQ) * 13)0
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Antenna Calculations 1il—cont,

1080 L(Q) = INT (L{Q})
1090 L{Q) = L{Q)} / 100
1100 A = L{1)
1110 B = L{2)

1120 C = L{3}
1200 F1 = F1 + 2
1210 NEXT Q
1220 PRINT F(1):" ":A;" “:B:" ":C
1230 IF F1 F2 THEN GOTO 1260
1240 IF Fl1 F2 THEN GOTO 1040
1250 IF F1 F2 THEN GOTO 1040
1260 R = R
1270 ¥ = ¥
1280 PRINT
1290 PRINT
130C PRINT
1310 PRINT
1320 PRINT ™I'YPE 1 TO END, 2 TO CONTINUE"
1322 INPUT A
1330 IF A > 2 THEN Gogg iggg
IF A = 1 THEN GO
iggg ON R GOTOQ 210,250,290,330,370,410,450,490,530,5?0,
610,650,690,730,770,810,

+ + ANl Y

1
1

1360 END

Example

TABLE

5/ 8-WAVELENGTH VERTICAL
3500 = 4000 KILOHERTZ

USE: AMATEUR RADIC

Freq Length of Increments

3500 167,14 167,04 166.95
3506 166.85 166.76 166,66
3512 166.57 166.47 166.38
3518 166.28 166.19 166.09
3524 166 165.91 165.81
3530 165.72 165.62 165.53
3536 165.44 165,34 165.25
3542 165.16 165.06 164.97
3548 164.88 164.78 164.69
3554 164.6 164.51 le4.41
3560 164.32 164.23 164.14
3566 164.04 163.95 163.86
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Antenna Calculations 11l —cont.

3572
3578
3584
3590
3596
3602
3608
3614
3620
3626
3632
3638
3644
3650
3656
3662
3668
3674
3680
3686
3692
3698
3704
3710
3716
3722
3728
3734
3740
3746
3752
3758
3764
3770
3776
3782
3788
3794
3800
3806
3glz
3818
3824
3830
3836
g4z
3848
3854

163.77
163.49
163.22
162.95
162.68
162.4

162.13
161.87
161.6

161.33
161.06
160.8

160.53
160.27
160.01
159.74
159.48
159.22
158.96
158.7

158,45
158.19
157.92
157.68
157.42
157.17
156,92
156.66
156.41
156.16
155.91
155.66
155.41
155.17
154.92
154.68
154.43
154.19
153.94
153.7

153.46
153.22
152.98
152,74
152.5

152.26
152.02
151,79

163.68
163.4

163.13
162.86
162.59
162.31
162.04
161.78
161.51
161.24
160.97
160.71
160.44
160.18
159.92
159.66
159.4

159.14
158.88
158,62
158.36
158.1

157.85
157.59
157.34
157.08
156,83
156.58
156.33
156.08
155,83
155.58
155.33
155.09
154.84
154.59
154.35
154.1

153.86
153.62
153.38
153.14
152.9

152,66
152.42
152.18
151.94
151.71

163.59
163.31
163.04
162.77
162.5
162,22
161.96
161.69
161.42
161.15
160.89
160.62
160.36
160.09
159.83
159.57
159.3L
159.05
158.79
158.53
158.27
i58.02
157.76
157.51
157.25
157
156.75
156.5
156.25
156
155.75
155.5
155,25
155
154.76
154.51
154.27
154.02
153.78
153,54
153.3
153.06
152.82
152.58
152.34
152.1
151.86
151.63
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Antenna Calculations I11—cont.

3860
3ge6
3872
3878
3884
3890
389%6
3902
3508
3914
3920
3926
3932
3938
3944
3950
3956
3962
3568
3974
3580
3986
3992
3998

151.55
151.31
151,08
150.85
150.61
150.38
150.15
149.92
149.69
149.46
149.23
149
148.77
148.55
148,32
148.1
147.87
147.65
147.42
147.2
146.98
146.76
146,54
146,32

151.47
151,24
151
150.77
15C.54
150.3
150.07
149,84
149.61
149.38
149.15
148.93
148.7
148.47
148.25
148.02
147.8
147.57
147.35
147.13
146.91
146.69
146.46
146.25

151.39
151.16
150.92
150.69
150.46
150.23
150
149.76
149.53
149.31
149,08
148.85
148.62
148.4
148.17
147.95
147.72
147.5
147.28
147,05
146.83
146.61
146.39
146.17

TYPE 1 TQ END, 2 TO CONTINUE
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PROGRAM 5

More Antenna Calculations

This program is similar to Program 4 and creates tables of fre-
quencies versus lengths for a collection of popular antennas.

Figures 5.1A through 5E show the construction details of these
antennas.

{A) 12-wavelength dipole,

FIG. 5.1. SHOWS THE CONSTRUCTIQON DETAILS OF THESE ANTENNAS.
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TRANSMITTER

INSULATED END
END — SUPPORT  INSULATOR
INSULATOR

GROUND

(B) 1/2-wavelength inverted-vee.

4:1 BALUN INSULATED
. — SUPPORT

INSULATOR —O6

GROUND

(C) 3/4-wavelength inverted-vee.

Fi1G. 5.1. SHOWS THE CONSTRUCTION DETAILS OF THESE ANTE NNAS—CONT.

‘ COAX TO
TRANSMITTER

GROUND

(D) 1/4-wavelength vertical.

MATCHING
NETWORK

COAX TO
TRANSMITTER

GROUND

(E) 5/8-wavelength vertical.

FiG. 5.1. SHOWS THE CONSTRUCTION DETAILS OF THESE ANTENNAS—CONT




More Antenna Calculations More Antenna Calculations—cont.

100 REM THIS IS PROGRAM NO. 5 PROGS 590 X = 2
140 R = 0 600 GOTC 129%0
150 2 = 5 §10 F1 = 6000
160 ¥ = 1 620 F2 = 6500
170 GOSUB 1770 630 X = 2

180 PRINT "THIS PROGRAM ALLOWS YOU To" £40 GOTO 12890
185 PRINT "GENERATE CHARTS OF ANTENNA" 650 F1 = 7000
190 PRINT "LENGTHS GIVEN CERTAIN FREQUENCIES." 660 F2 = 7300
200 PRINT 70 X = 1

210 GOSUB 1810 680 GOTO 1250
220 GOSUB 1730 690 F1 = 9500
230 PRINT “SELECT THE TYPE OF ANTENNA" 700 F2 = 10000
235 PRINT "FROM MENU BELOW..." 710 X = 2

240 PRINT 720 GOTO 1290
250 PRINT "1. 1/ 2-WAVELENGTH DIPCLE" 730 F1 = 11500
260 PRINT "2. 1/2-WAVELENGTH INVERTED-VEE" 740 F2 = 12000
270 PRINT 3. 3/ 4-WAVELENGTH INVERTED-VEE" 50 X = 2

280 PRINT "4. 1/ 4-WAVELENGTH VERTICAL" 760 GOTG 1290
590 PRINT "5. 5/8-WAVELENGTH VERTICAL" 770 F1 = 14000
300 PRINT "6. 3/4-WAVELENGTH VERTICAL" 780 F2 = 14450
310 PRINT 780 X = 1

320 PRINT WSELECTION?Z" 800 GOTO 1290
322 INBUT P 810 F1 = 15500
330 IF P > 6 THEN GOTO 220 820 F2 = 16000
340 ON P GOTC 350,370,390,410,430,450 830 X = 2

350 K1 = 468000 840 GOTO 1290
360 GOTC 460 850 F1 = 16500
370 K1 = 468000 * 1.06 860 F2 = 17000
380 GOTO 460 870 X = 2

390 K1 = 702000 880 GOTO 1290
400 GOTO 460 890 F1 = 18500
410 K1 = 234000 900 P2 = 19000
420 GOTO 460 510 ¥ = 2

430 K1 = 585000 920 GOTO 1290
440 GOTC 460 930 F1 = 21000
450 K1 = 702000 940 F2 = 21450
460 GOSUB 1730 950 X = 1

470 IF P = 1 THEN A$ = "1/2-WAVELENGTH DIPOLE" 960 GOTO 1290
480 IF P = 2 THEN AS$ = nq / 2-WAVELENGTH INVERTED-VEE™ 970 F1 = 25500
490 IF P = ) THEN AS = "3/ 4-WAVELENGTH INVERTED~VEE" 980 F2 = 26000
500 IF P = 4 THEN A$ = r1 /4-WAVELENGTH VERTICAL" 990 X = 2

510 IF P = 5 THEN A$ = “5/8-WAVELENGTH VERTICAL® 1000 GOTO 1290
520 IF P = 6 THEN A$ = "3/4-WAVELENGTH VERTICAL" 1010 F1 = 26500
530 F1 = 3500 1020 P2 = 27000
540 F2 = 4000 1030 ¥ = 2

550 X = 1 1040 GoTO 1290
560 GOTC 1290 1050 71 = 28500
570 F1 = 5500 1060 F2 = 29000
580 F2 = 6000Q 1070 ¥ = 1

28
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More Antenna Calculations—cont.

1080 GOTO 1290

1090 F1 = 29000
1100 F2 = 29500
1110 X = 1

1120 1290
1130 F1 = 29500
114¢ F2 = 30000
1150 Xx = 1

1160 GOTO 1290
1170 ,1210,1250
1180 F2 = 10150
1190 X =1

1200 GOTO 1290
1210 F1 = 18000

1220 F2 18500
1230 X = 1

1240 GOTO 1290
1250 F1 = 24500
1260 F2 = 25000
127¢ 1

x:
1280 GOTO 1290
1290 PRINT "TABLE “:;Z;"-":iY
1300 PRINT AS
1310 PRINT Fl;" - ":;F2;" KILOHERTZ"
1320 IF X = 1 THEN GOTO 1340
1330 IF X = 2 THEN GOTO 1360
1340 PRINT "USE: AMATEUR RADIO"
1350 GOTO 1370

1360 PRINT "USE: INTERNAT ICNAL BROADCASTING"

1370 PRINT

1380 PRINT

1390 PRINT

1400 FOR @ = 1 TO 3

1410 F(Q} Fl

1420 L(Q) KL / F{Q)

1430 L{Q) L{Q} * 100

1440 L{Q) INT (L{Q}}

1450 L LiQ) / 100

1460 & = L(1)

1470 B L{2)

1480 € = L(3)

1560 F1 = F1 + 2

1570 NEXT Q

1580 PRINT F(1);" ":A:" v.p;" ":C
1590 IF F1 F2 THEN GOTO 1620
1600 IF F1 F2 THEN GOTC 1400

1610 IF Fl F2z THEN GOTO 1400
1620 R = R 1

hogowonou

nonn

~

+ ~ N
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More Antenna Calculations—cont.

1630 Y=Y + 1
1640 PRINT
1650 PRINT
1660 PRINT
1670 PRINT

1680 PRINT "TYPE 1 TO END, 2 TO CONTINUE: "

1682 INPUT A
1690 IF A > 2 THEN GOTO 1660
1700 IF A = 1 THEN GOTO 1720

1710 ON R GOTO 570,610,650,690,730,770,810,850,890,930,

g70,1010,1050,1090,1130,
1720 END
1730 FOR I = 1 TO 1
1740 PRINT
1750 NEXT [
1760 RETURN
1770 FOR I = 1 TO 2
1780 PRINT
1790 NEXT 1
1800 RETURN
1810 PRINT "PRESS CR TO CONTINUE..."
1820 INPUT AA
1830 RETURN
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. Antenna Calculations IV—HF Beam Antennas such as
Quads, Yogis, or Delta Loops
PrOGRAM 6 100 REM THIS IS
15 PROGRAM NO,
130 P = 0 6 PROGSE
140 2 = 8
150 Y =1
. 160 K1 = 1030000
Antenna Calculations IV—HF 130 K2 - 984000
180 K3 = 935000
Beam Antennas such as Quads, L A a0
3 200 F2 = 4000
Yagis, or Delta Loops 200
220 GOTD §50
. . . - . 230 F1 = 5500
This program 13 functionally similar to programs 4 and 5, with 240 F2 = 6000
the exception that these antennas are nominally designed three 250 X = 2
clement HF beam antennas (yagis, quads, or delta loops). 260 GOTO 930
270 F1 = 6000
The three elements are the driven, reflector, and director. The 280 F2 = 6500
driven element is a 1/2-wavelength dipole. The reflector ele- ggg X =2
ment is located behind (with respect to direction of transmis- 310 F31CI=O gggo
sion) the driven etement and is approximately 4 percent longer. 320 F2 = 7300
The director element is located in front of the driven element, 330 X = 1
and is approximately 4 percent shorter. Spacing between the ggg GOTO 930
antennas can be between 0.1 and 0.25 wavelength. The charts 360 g% - igggo
in the examples following the program listing are in feet. 370 % = 2
380 GOTC 950
390 F1 = 11500
400 F2 = 12000
410 X = 2
420 GOTO 95¢
430 F1 = 14000
440 F2 = 14450
460 GOTO 950
470 F1 = 15500
480 F2 = 16000
490 X = 2
500 GOTC 950
510 F1 = 16500
520 F2 = 17000
530 X = 2
540 GOTO 950
550 F1 = 18500
ggo F2 = 19000
00X =2
L J 380 GOTO 950

a2
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Antenna Calculations 1V—cont. Antenna Calculations IV—cont.

590 F1 = 21000 1080 PRINT

600 F2 = 21450 1090 D = K3 / F1

610 X =1 1100 L = K2 / F1

£§20 GOTO 950 1110 R = K1 / F1

630 F1 = 25500 1120 D = D * 100

640 F2 = 26000 1130 L = L * 100

650 X = 2 1140 R = R * 100

6§60 GOTO 950 1150 D = INT (D)

670 F1 = 26500 1160 L = INT (L)

680 F2 = 27000 1170 R = INT (R)

700 GOTO 950 1190 L = L / 100

710 ®1 = 28500 1200 R = R / 100

720 F2 = 2%000 1210 A = L*0.1

730 x = 1 1220 B = L*0,125

740 GOTO 950 1230 € = L*0.15

750 F1 = 29000 1240 E = L * ,22

760 F2 = 29500 1245 PRINT

770 X = 1 1250 PRINT "FREQ: ":Fl

780 GOTO 950 1254 PRINT "DIRECTOR:";D

790 F1 = 29500 1256 PRINT "DRIVEN ELEMENT: ":L
800 F2 = 30000 1258 PRINT "REFLECTOR: ";R
810 X = 1 1260 PRINT "0,1-L, SPACING:";A
820 GOTO 950 1261 PRINT "0.125~L SPACING: “;B
830 FL = 10100 1263 PRINT "0.15-L SPACING: ";C
840 F2 = 10150 1264 PRINT "0.22-L SPACING: ";E
450 X = L 1268 F1 = F1+20

860 GOTC 950 1270 IF F1 > F2 THEN GOTO 1300
870 ,910 1280 IF F1 = F2 THEN GOTO 1090
880 F2 = 18500 1290 IF F1 < F2 THEN GOTO 1090
g0 X = 1 1300 P =P + 1

900 GOTO 950 ) 1310 ¥ = ¥ + 1

910 BRI = 24500 1320 PRINT

920 F2 = 25000 1330 PRINT
930 X =1 1340 PRINT
940 GOTO 950 1350 PRINT "TYPE 1 n
950 PRINT "TABLE “;Z;"=";Y 1360 INPUT A TO END, 2 TO CONTINUE
960 PRINT nTHREE-ELEMENT QUAD & DELTA LOQP ANTENNAS" 1370 IF A = 2 THEN GCOTO 1380
970 PRINT F1;" - ";F2;" KILOHERTZ" 1375 IF A = 1 THEN GOTO 1390
98¢ IF X = 1 THEN GOTO 1000 1378 IF A = 0 THEN GOTO 1320
990 IF X = 2 THENAM%PTS 1%23 o 1379 IF A > 2 THEN GOTO 1320
1000 PRINT "USE: TEUR io" 380 ON P GOTO 230,270,310
1010 GOTO 1030 630,670,710,750,790 85350'390'430'470'510'550'590'
1020 PRINT "USE: INTERNAT IONAL BROADCASTING" 1390 END ! f
1030 PRINT
1040 PRINT
1050 PRINT
1070 PRINT
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PrOGRAM 7

- - d
VSWR Calibration from Forwar
and Reflected RF Power

i i te a custom calibration
ose of this program is {0 creale a
i tem given the maximum power output

hart for an antenna sys ve
'f:rom the transmitter and the minimum value of reflected power
but could be).

{which is not usually zero,

36

VSWR Calibration from Forward and
Reflected RF Power

100 REM THIS IS5 PROGRAM NO., 7 PROG?

140 GOSUB 510

150 PRIRT

160 PRINT

170 PRINT

230 PRINT “LOWEST POSSIBLE REFLECTED POWER IS: 277"
235 INPUT P2

240 PRINT

250 PRINT "MAXIMUM POSSIBLE FORWARD POWER IS: 722"
255 INPUT F1

260 PRINT

270 PRINT "POWER INCREMENT PER CALCULATION: 277"
275 INPUT P3

280 GOSUB 510

290 IF D = 2 THEN GOTQO 330

300 PRINT "REFL.PWR"," VSWR"

310 PRINT

350 R = SQR (P2 / Pl)
360 81 = 1 + R

3082 =1-R

380 § = 81 / 82

390 § = 8§ * 1000

400 § = INT (S)

410 s = § / 1000

440 PRINT P2,5;":1"

470 P2 = P2 + P3

480 IF P1 P2 THEN GOTO 550
450 IF P2 P1 THEN GOTO 350
500 IF P2 P1 THEN GOTO 550
510 FOR I 1 TG 30

520 FRINT

530 NEXT 1

540 RETURN

550 PRINT

560 PRINT

570 PRINT "PROGRAM ENDED"

580 END

N Al

Example

LOWEST POSSIBLE REFLECTED POWER 1S: 2?27
50

MAXIMUM POSSIBLE FORWARD POWER 1S5: 277
1000
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| VSWR Calibration from Forward and Reflected RF Power—cont.
l POWER INCREMENT PER CALCULATION: Fardrd

I

]

50
PrOGRAM 8
REFL.PWR VSWR

| 50 1.576 Standing-Wave Ratio (SWR)
' 100 1,924 :

150 2.264 : )

ggg 3-613 1 This rf)rogram permits calculation of standing-wave ratio from

290 3422 ;1 any of the following measurermnents:

350 3,897 :1 1. Volta i i L.

100 2 ael o ) ¢ Be max!ma and minima along transmission line

450 5.075 11 . Current maxima and minima along transmission line

F;(;g Zgis 1]: 3. Forward and reflected RF power

- : 4. Lead imped e .

600 7.872 : pedance and transmission line surge i

650 9.321 :1 rge impedance

700 11.244 :1

750 13.928 :1

800 17.944 :1

850 24.626 11

© 800 37.973 :1
950 77.987 :1

i PROGRAM ENDED
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standing-Wave Ratio (SWR)

100 REM THIS 18 PROGRAM NO. 8 PROGE
140 GOSUB 690

330 GOSUB 730

340 PRINT TAB( 20)3"F kR X K kX *okn
450 PRINT TAB( 20};"* L
360 PRINT TAB( 20) ;"* SWR PROGRAM *H
370 PRINT TAB( 20) ;"% *1
380 PRINT TAB({ 20) ;" ¥ X x ok * X L
390 GOSUB 690

400 GOSUB 770

410 PRINT "CALCULATE SWR FROM..."

420 PRINT

430 PRINT
440 PRINT 1. VOLTAGES ON TRANSMISSION LINE"

450 PRINT “2. CURRENTS ON TRANSMISSION LINE"
460 PRINT "3. FORWARD & REVERSE POWER"

470 PRINT "4. LINE/ANTENNA (LOAD} IMPEDANCE"
480 PRINT

490 PRINT

SO0 PRINT

510 PRINT "ENTER ONE OF ABOVE AND PRESS CR:
520 INPUT M

530 IF M = 1 THEN GOTO 820
540 IF M = 2 THEN GOTO 910
550 IF M = 3 THEN coTO 1000

560 GOSUB 730

570 PRINT "ENTER THE LOAD IMPEDANCE IN OHMS™"
580 INPUT Z1

590 GOSUB 690

600 PRINT "ENTER THE TRANSMISSION LINE"
605 PRINT "IMPEDANCE IN OHMS"

6§10 INPUT Z2

620 IF Z1 > 22 THEN GOTO 650

630 5 = z2 / 21

640 GOTO 1130

650 § = 21 / Z2

§60 GOTO 1130

6§70 2 = 22 / 21

680 END

630 FOR ¥ = 1 TO 15

700 PRINT

710 WEXT X

720 RETURN

730 FOR X = 1 TO 30

740 PRINT

750 NEXT X

760 RETURN

770 PRINT "PRESS CR TC CONTINUE..."
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standing-Wave Ratio (SWR)—cont.

780 INPUT B
800 GOSUB 730
g10 RETURN
820 GOSUB 730
830 PRINT "ENTER MAXIMUM "
B R v LINE VOLTAGE (VMAX):
g50 GOSUB 690
60 PRINT "ENTER MIN "
e R s IMUM LINE VOLTAGE (VMIN):
280 GOSUB 730
890 S = V1 / V2
900 GOTO 1130
910 GOSUB 730
920 PRINT "ENT
220 PRI ER MAXIMUM FORWARD LINE CURRENT (IMAX):"
540 GOSUB 690
950 PRINT "ENT
S ER MINIMUM LINE CURRENT {IMIN):"
970 GOSUB 730
980 5 = Il / I2
990 GOTC 1130
iggo GOSUB 690
0 PRINT "ENTER FORW v
1020 INPUT P1 ARD FOVER..-
1030 GOSUB 690
igég gRINT "ENTER REVERSE POWER..."
RINT "USE SAME UN : "
1052 PRINT “FORWARD Powég?"As USED FOK
1060 INPUT P2 ]
1070 FOR X = 1 TO 45
1080 PRINT "“THINKING"
1090 NEXT X
1100 LET H = P2 / P1
1110 LET H2 = SQR (H)
1120 8 = (1 + H2Y / (1 = H2)
1130 GOSUB 730
1140 5 5 * 100
1150 8 INT {S)
1%20 S =58/ 100
¢ PRINT "SWR IS ";S;":1"
1180 PRINT 8 st
1150 PRINT
}ggg PRINT
PR I * > —
153y PRI§$ DO ANOTHER?? YES = 1, NO = 2"
1230 PRINT
1240 PRINT
1250 INPUT C

4
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standing-Wave Ratio (SW Ry—cont.

1260 IF C = 1 THEN GOTO 330
1270 IF C = 2 THEN GOTO 1290
1272 IF C < 1 THEN GOTO 1200
1274 1F C > 2 THEN GOTO 1200
1280 GOTO 1180

1200 FOR X = 1 TC 30

1300 PRINT wRYE-BYE!!!"

1310 NEXT X

1320 END

Example

*******

SWR PROGRAM

» % ® ¥ ¥
w* % % W ¥

*******

PRESS CR TO CONTINUE...

¢

CALCULATE SWR FROM. ..

VOLTAGES ON TRANSMISSION LINE
CURRENTS ON TRANSMISSION LINE
FORWARD & REVERSE POWER

LINE/ANTENNA ({LOAD) IMPEDANCE

ENTER ONE OF ABOVE AND PRESS CR:

4

ENTER THE LOAD IMPEDANCE IN CHMS

37

ENTER THE TRANSMISSION LINE
IMPEDANCE IN OHMS

73

42

standing-Wave Ratio (SWR)—cont.

SWwR IS 1.97 sl

pO ANOTHER?? YES = 1, NO = 2




INSULATOR
OUTER

PROGRAM 9 CONDUCTOR m\_\ CO;NDTI%I:_OR d
Transmission Line—Characteristic \ﬂ N
Impedance SO Y cotbidion

The transmission line is the conduit between a source of RF
energy, such as a radio transmitter, and the load, such as an
antenna. There are several different types of transmission
lines—four are considered here:

OUTER
INSULATOR

1. Two-conductor coaxial cable

(A) Coaxial cable.

2. Parallel two-conductor line (B) Two conductors, parallel to

. ) each other (spaci
3. Shielded parallel two-conductor line pacing constant).

4. Microstrip line

Coaxial cable (Fig. 9.1A) is, perhaps, the most commonly found
form of transmission line, consisting of a round inner conductor
surrounded by a round outer conductor (which is usually either
a braided conductor or aluminum foil); the name coaxial is
derived from the fact that the longitudinal axis of the two
conductors is the same. The surge impedance of the line is
determined by the ratio of the outer conductor diameter to the

(C) Shielded twin-lead.

inner conductor diameter, according to the equation given in o POXYIFIBERGLASS O
Fig. 9.1B. LINE TEFLON PRINTED WIRING

BOARD

Parallel open-wire feeders were probably the first transmission
line that was not simply a piece of wire extending from one end
of the antenna. This type of transmission line (Fig. 9.1B) con-
sists of two conductors, parallel to each other (spacing con-
stant). The surge impedance is determined by the conductor
diameter and the spacing between the conductors (center-to
center). The dielectric constant (), is defined as 1 for air, so
drops out of the equation for open-wire feeders. If some other

B

Y WHERE: T IS BOARD T
coneln HICKNESS
copren W IS WIDTH OF STRIP
ROUN! €1 1S THE DIELECTRIC
CONSTANT OF BOARD

(D) Microstrip line is part of the printed circuit.

FiG. 9.1. DIFFERENT TYPES OF TRANSMISSION LINE.
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Transmission Line—Characteristic Impedance—cont.

type of dielectric is used, then the dielectric constant must be i 170 PRINT TAB( S)3"% * * % % % % % % % % ® % % % % % * % o
used (refer to a dielectric constants table). 180 PRINT TAB{ S);"* au
190 PRINT TAB{ S};"* PROGRAM TO CALCULATE CHARACTERISTIC *"

ince it i e . . ' 00 PRINT TAB{ S);"+* IMPEDANCE OF TRANSMISSION LINES =*"
Sll_'lce it is often less difficult to find the velocity factor, keep in i 210 PRINT TAB{ S} :"* .
mind that - 220 PRINT TAB( §);"* COPYRIGHT 1986 BY J.J. CARR an
: 230 PRINT TAB( S);"* xn
- * n

e = 1/\2 [9.1) 240 PRINT TAB( S) ™% * * % * * % & % & & % % % % & % % *

250 GOSUB 1530

; . - . 260 GOSUB 2010
_Shle[ded twin lead (Fig. 9.1C) adds something to the complex- 270 GOSUB 1970
|ty of our calculations. We have to take into consideration the 1 280 PRINT "THIS PROGRAM COMPUTES THE"
dielectric constant, the ratio between the inner conductor 290 PRINT "CHARACTERISTIC IMPEDANEE OF"
spacing and the diameter, and the ratic between the inner con- i 295 PRINT 'SEVERAL FORMS OF REDIO

300 PRINT "TRANSMISSION LINE."
310 GOSUB 1930
320 GOSUB 2010

ductor spacing and the diameter of the outer conductor.

Microstrip transmission line is a special type used in VHF, UHF

: op . . 330 GOSUB 1830 }
gnd microwave amplifiers (and other devices). The microstrip 340 PRINT TAB( Q);"SELECT ONE FROM MENU BELOW:"
line is part of the printed circuit (see Fig. 9.1D). You can find a JE 250 PRINT
clear and nearly comprehensive explanation of microstrip @ 355 PRINT TAB{ Q);"l. TWO-CONDUCTOR COAXIAL CABLE"
basics in James Hardy, High Frequency Circuit Design (Reston: 360 PRINT TAB( Q);:"2. PARALLEL FEEDERS {OPEN-WIRE}

370 PRINT TAB( Q}:"3, SHIELDED PARALLEL CONDUCTOR"

Reston Publishing Co., Inc., 1982). 380 PRINT TAB( Q):"4. MICROSTRIP (PC) PARALLEL LINE"

400 PRINT
7 = 276 | 25 [9.2) § 410 PRINT "SELECTION: ?7?"
o T 08 g 412 INPUT M

420 ON M GOTO 430,850,1140,1470
430 GOSUB 1930

Zy = 377 T (9.3] F 440 PRINT "COAXIAL CABLE SELECTED"
Je W ] 450 PRINT
T M 170 prInT
h | 480 PRINT "ENTER DIAMETER OF INNER CONDUCTOR:"
where. . 3 482 INPUT D1
T is board thickness, _ 490 PRINT
W is width of strip, . [ 500 PRINT "ENTER OVERALL QUTSIDE DIAMETER:"
er is the dielectric constant of board, . ggg égggg ]]3_330
e = 1 forair. 520 PRINT "SELECT DIELECTRIC MATERIAL"
530 PRINT
| 540 PRINT "1. FOAMED POLYETHYLENE"
. . . e | 550 PRINT "2. REGULAR POLYETHYLENE"
Transmission Line—Characteristic Impedance f 560 PRINT "3. TEFLON"
1 570 PRINT "4, AIR-SPACE POLYETHYLENE"
3 " [ 1]
100 REM THIS IS PROGRAM NO. 9 PROGY ! 259 TRINT "5. ALR INSULATED
1‘5‘8 8 = g ; 600 PRINT “SELECTION: 222"
- _ 602 INPUT §
160 GOSUB 1970 .
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Transmission Line—Characteristic Impedance—cont, - Transmission Line—Characteristic Impedance—cont.
610 IF S = 1 THEN V = 0.8 1 1060 GOSUB 2010

620 IF S = 2 THEN V = 0.66 1 1070 GOSUB 1930

630 IF S = 3 THEN V = 0.70 1 1080 PRINT "1. DO ANOTHER PARALLEL OPEN"
640 IF S = 4 THEN V = 0.86 1085 PRINT " WIRE LINE?Z?"

650 IF § = 5 THEN V = 1.00 1088 PRINT

660 IF 5 > 5 THEN GOTO S30 1090 PRINT "2. SELECT ANOTHER TYPE"

670 E = 1/ (V¥ ~ 2} , 1095 PRINT "  TRANSMISSION LINE?"

680 ZA = LOG (D2 / D1) 1098 PRINT

690 ZA = ZA * 0.4343 _ 1100 PRINT *"3. FINISHED?"

700 ZB = 138 / ( SQR {E}) - 1119 PRINT B} ]

710 20 = ZA * 7B - 1120 PRINT "SELECTION: 277

720 20 = INT (Z0) 1124 INPUT P

730 PRINT "2O = "3Z0 1130 IF P > 3 THEN GOTO 1110

740 PRINT "E = ":E B 1132 ON P GOTO 850,330,2040

750 PRINT "V = ";V 1140 GOSUB 1930

760 GOSUB 2010 ;o 1150 PRINT "SHIELDED PARALLEL CONDUCTCR"
770 PRINT 1 1155 PRINT "LINE SELECTED"

780 BRINT "1, DO ANOTHER COAXIAL CABLE?" b 1160 PRINT

790 PRINT "2. SELECT ANOTHER TYPE OF LINE?" 1 1170 PRINT "ALL DIMENSIONS IN SAME UNITS!"
800 PRINT "3. FINISHED?" ] 1180 PRINT

810 PRINT : 1190 PRINT "ENTER CONDUCTOR-TC-CONDUCTOR SPACING"
820 PRINT "SELECTION: 7???" - 1192 INPUT H

825 INPUT P ] 1200 PRINT

830 IF P > 3 THEN GOTC 770 - 1210 PRINT "ENTER INNER CONDUCTOR DIAMETER"
840 ON P GCTO 430,330,2040 1 1212 INPUT D1

850 GOSUB 1930 - 1220 PRINT

860 PRINT "PARALLEL, OPEN-WIRE FEEDERS SELECTED" B 1230 PRINT "ENTER OUTER-SHIELD DIAMETER:"
870 GOSUB 1530 7 1232 INPUT D2

830 PRINT "ALL DIMENSIONS IN SAME UNITS!" - 1240 PRINT

890 GOSUB 1930 - 1250 B = H / D2

900 GOSUB 2010 . 1260 A = H/ D1

910 GOSUB 1930 : 1270 C = 2 * A * ((1L -B ~2) / (1L +B"~ 2]}
920 PRINT "ENTER CCONDUCTOR DIAMETER (D):" -4 | 1280 F = LOG (C)

925 INPUT D . 1290 F = 0,4343 * F

928 PRINT g 1300 V = 0.80

530 PRINT "ENTER CONDUCTOR SPACING (S):" '} ’ 1310 E = 1 / SQR (V]

935 INPUT S . 1320 %20 = (276 * F) / SQR (E)

950 PRINT 1330 PRINT

960 ZA = {2 * S) / D - 1340 PRINT "ZO = ";Z0

970 ZA = LOG (ZAa) ¥ 1350 PRINT "V = ";V

980 ZA = 0.4343 * b4 1360 PRINT NE = "SE

990 Z0 = 276 * ZA - 1370 PRINT

10060 PRINT ] 1380 GOSUB 2010

1010 PRINT "zZC0 = ";Z0 ) 1390 GOSUB 1930

1020 PRINT A 1400 PRINT "1. DO ANCTHER SHIELDED"

1030 PRINT "VELOCITY FACTOR (V) AND DIELECTRIC CONSTANT (E)" 2 1404 PRINT "  PARALLEL CONDUCTOR LINE?Z"
1040 PRINT "DEFINED AS 1" - 1406 PRINT

1050 GOSUB 1930 3 1410 PRINT "2. SELECT ANOTHER TYPE OF LINE?"
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Transmission Line—Characteristic Impedance—cont. ' Transmission Line—Characteristic Impedance—cont.
1415 PRINT ] 1820 GOTO 1840
1420 PRINT "3. FINISHED?" 1830 PRINT "E = ";E;" FOR TEFLON-LOADED GLASS BOARDS"
1430 PRINT ; 1840 GOSUB 2010
1440 PRINT "SELECTION: 227" 3 1850 GOSuUB 1930
1442 INPUT M 1860 PRINT "1, DO ANOTHER MICROSTRIP LINE?"
1450 IF M > 3 THEN GOTO 1390 5 1870 PRINT 2. SELECT ANOTHER TYPE OF LINE?"
1460 ON M GOTO 1140,330,2040 1 1880 PRINT "3. FINISHED?"
. 1470 GOSUB 1830 f 1890 PRINT
| 1480 PRINT "MICROSTRIP (PRINTED-CIRCUIT)" ' 1300 PRINT "SELECTION: 222"
: 1485 PRINT "LINE SELECTED" ] 1905 INPUT P
i 1450 GOSUB 1930 191¢ IF P > 3 THEN GOTO 1850
1500 PRINT "ALL DIMENSIONS MUST BE IN SAME UNITS!!" _ 1920 ON P GOTO 1470,330,2040
1510 GOSUB 1930 ] 1930 FOR I = 1 TO 5
1520 GOSUB 2010 1940 PRINT
1530 GOSUB 1930 : 1950 NEXT I
1540 PRINT "ENTER PRINTED CIRCUIT BOARD THICKNESS:" ] 1960 RETURN
1542 INPUT T 3 1970 FOR I = 1 TO 30
1550 GOSUB 1830 ' 1580 PRINT
1560 PRINT "ENTER CONDUCTOR WIDTH:" r 1990 NEXT I
i 1562 INPUT W : 3 2000 RETURN
1570 GOSUB 1930 2010 PRINT "PRESS CR TO CONTINUE..."
1580 PRINT "SELECT BOARD TYPE:" ] 2020 INPUT GG
1590 PRINT E 2030 RETURN
! 1600 PRINT "1, GLASS-EPOXY" 1 2040 PRINT “END"
1610 PRINT "2. TEFLON-LOADED GLASS" - 2050 END
1620 PRINT i
1630 PRINT

1640 PRINT "SELECTION:"
1643 INPUT G

1650 IF G > 2 THEN GOTO 1570

1660 IFP 6 = 1 THEN E = 4.8

1662 IF G = 2 THEN E = 2.5 ;
1664 IF G < 1 THER GOTO 1570 ]
1670 zA = W * { SQR (E)) u
1680 ZB = T / ZA

1690 20 = 377 * ZB

1700 K = (W/ T) = = 0.836

1710 L = 1.735 * (E = - 0.724)

1720 J = K * L

1730 Y =1 + J

1740 20 = 20 / ¥

1750 20 = INT {20)

1760 GOSUB 1930

1770 PRINT "20 = ";20O

1780 PRINT "WIDTH {W): “;W

1790 PRINT "BOARD THIKNESS (T): “;T

1800 IF G = 2 THEN GOTO 1830

1810 PRINT "E = ":;E;" FOR GLASS-EPOXY BOARDS"
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PrOGRAM 10

Coaxial Cable—Characteristic
Impedance and Other Parameters

Coaxial cable is one of the most popular radio transmission
lines. A typical coaxial cable (refer to Fig. 9.1A} consists of a
cylindrical inner conductor surrounded coaxially by a cylindri-
cal outer conductor. The two conductors are separated by a
dielectic insulator of polyethylene, foamed poly, Teflon, air,
dry inert gas, or some other insulating material. This program
will calculate the most important parameters of coaxial cable
transmission lines:

Surge (*‘characteristic’’) Impedance
Capacitance in pF/ft
Inductance in gH/ft

W=

Time delay factor (TDF) in nanoseconds/ft
5. Cut-off frequency in gigahertz (GHz)

These parameters are defined according to the foilowing rules:

Surge Impedance, Z,. There are two ways to determine surge
impedance:

Z= 1000+ LIC [10.1]

where
{ is the inductance in pH/ft,
C is the capacitance in pF/ft.
and

Z = (138/e)(log(D/d)} [10.271

where
Z is the impedance in chms,
¢ is the dielectric constant. e is 1/V?, where V' is the
velocity factor,
D is the outer diameter,
d is the diameter of the inner conductor.
Capacitance, C. The capacitance in picofarads per foot is de-
fined as

C = (7.36¢) ! log (D/d) [10.3]

where
¢ is the dielectric constant twhich is 1/V3),
D is the diameter of the cuter conductor,
d is the diameter of the inner conductor.

inductance, L. The inductance in microhenries per foot is
defined as

L = 0.14 log (D/d) 110.4]

Time Defay Factor (TDF). This parameter tells us how much
delay to expect of an RF signal passing down the coaxial cable.
Radio technicians often use the TDF to incorporate delays
needed to test devices such as transponders, depth finders and
other instruments in which a delay is expected. The TDF is as
follows:

TDF = 1016V e [10.5]

Coaxial Cable—Characteristic
Impedance and Other Parameters

100 REM THIS IS PROGRAM NO. 10 PROGIO
110 GOsSUB 700

120 PRINT "SELECT DIELECTRIC TYPE FROM"
125 PRINT "MENU BELOW:"
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Coaxial Cable—Characteristic Impedance and Other Parameters—
cont.

130
140
150
160
170
180
190
192
200
210
220
230
240
250
260
262
270
280
282
290
300
303
310
320
33¢
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
S50

PRINT

PRINT "i. REGULAR POLYETHYLENE"
PRINT "2. FOAM POLYETHYLENE"
PRINT "3. TEFLON"

PRINT "4, AIR"

PRINT

PRINT "SELECTION? ™
INPUT P

IF P > 4 THEN GOTO 120
IF P = 1 THEN V = 0.66
IF P =2 THEN V = 0.80
IF P = 3 THEN V = .70
IF P =4 THEN V = 1.00
GOSUB 660

PRINT "ENTER DI{$1}AMETER OF INNER CONDUCTOR"
INPUT DI
PRINT
PRINT "ENTER DIAMETER OF OUTER CONDUCTOR:"
INFUT DO
PRINT
Do / DI
0.4348 * LOG (D)
1/ (v~ 2
{7.36 * E) / {J)
(0.14 * (D)
SQR (L / C)} * 1000
1.016 * SQR (E) * (DI + DO)
7.5 / { SQR (E} * (DI + DO))
C * 100
INT {C)
c / 100
L * 100
INT (L)
L / 100
FC * 100
INT (FC)
FC / 100
TD * 1000
INT (TD}
= TD / 1000
z * 100
INT (2}
=2 / 100
GOSUB 700
PRINT "PARAMETERS:"
PRINT
PRINT "SURGE IMPEDANCE {20): ";Z;" CHMS"

[ | Y N R |}

H

AaOomaEamEHEoEQD
|l g ag

[T T N}

FC
FC
FC
TD
TD
TD
Z
Z
Z

nmannwn

Coaxial Cable—Characteristic Impedance and Other Parameters—

cont.

560 PRINT "VELOCITY FACTOR (vi: ":V

570 PRINT

580 PRINT "CAPACITANCE (C): ".C:" PF/FT"

550 PRINT “INDUCTANCE (L): Ha:L;" UH/FT"
600 PRINT

€10 PRINT "TIME-DELAY FACTOR: ";TD;" NS/FT"
620 PRINT "CUT-OFF FREQUENCY: W.pC;" GHZ"
630 GOSUB 660

640 GOSUB 740

650 GOSUB 770

660 FOR I = 1 TO 5

670 PRINT

680 NEXT I

690 RETURN

700 FOR I = 1 TO 30

710 PRINT

720 NEXT I

730 RETURN

740 PRINT "PRESS CR TC CONTINUE..."
742 INPUT S8

760 RETURN

770 GOSUB 700

780 PRINT "WHAT'S YOUR PLEASURE?"
790 PRINT

800 PRINT "1. DO ANOTHER"

810 PRINT "2. FINISHED"

820 PRINT

B30 PRINT "SELECTION: 7?222"

840 INPUT L

850 IF L > 2 THEN GOTO 790

855 ON L GOTO 110,860

860 PRINT

870 PRINT "FROGRAM ENDED"

880 END

Example

SELECT DIELECTRIC TYPE FROM

MENU BELOW:

1. REGULAR PCLYETHYLENE
2., FOAM POLYETHYLENE

3. TEFLON

4. AIR
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Coaxial Cable—Characteristic iImpedance and Other Parameters—
cont.

SELECTICN?
p

ENTER DIAMETER OF INNER CONDUCTOR
.108

ENTER DIAMETER OF QUTER CONDUCTOR:
.406

PARAMETERS:

SURGE IMPEDANCE (20): 63.52 OHMS
VELOCITY FACTOR (V): .8

CAPACITANCE [C): 19.97 PF/FT

INDUCTANCE (L): .08 UH/FT
TIME~DELAY FACTOR: .652 NS/FT
CUT-OFF FREQUENCY: 11.67 GH2Z

PRESS CR 70 CONTINUE...

WHAT'S YOUR PLERASURE?

1. DO ANQTHER
2. FINISHED

SELECTION: 7?7?27

'PROGRAM ENDED
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Sams books cover a wide range of technical topics. We are
always interested in hearing from our readers regarding their in-

formational needs.

Please compiete this questionnaire and

return it 1o us with your suggestions. We appreciate your com-

ments.

1. Which brand and medel
of computer do you use?

OApple
CCommadore
CIBM
[O0ther {please specify)

2. Whers do you use your
computer?
O Home CWoerk

3. Are you planning to buy
a new complter?

C¥es [No
If yes, what brand are you planning
to buy?

4, Please spacify the brand/
type of software, operating

systems or languages you use.

[1Word Pracessing

T 18nreadsheets

[ Data Base Management
Cilntegrated Soltware _
['|0perating Systems
'Computer Languages

5. Are you interested in any
of the following electronics or
tachnical topics?

CiAmateur radic
CiAntennas and propagation
ClArtiticial intelligence/

expert systems
[ Audie
i~Dala commumcalions/

telecommunications
[ Electronic projects
[CInstrumentation and measurements
[ILasers
LIPower engingening
[1Robotics
T1Satellite receivers

Comments

6. Are you interested in ser-
vicing and repair ol any of
the following (please
spacify)?

CIVCRs
TICompact disc players
C:Microwave avens
[STelavision
OComputers
[TAutemotive electronics
OMohile tefephones
C0ther

7. How many computer or
electranics books did you buy
in the last year?

C0One or two [ 1Three or four
CIFive of six [TMore than six

8. What is the average price
you paid per book?
Cless than $10 ['1510-815
[1$16-$20 C%$21-825 [1%26+

9. What is your occupation?
T IManager
[ 1Enginger
[ 1Technician
[CProgrammer/analyst
T15tudent
C1Other

10. Please specify your
educational level.
[IHigh school

C1Technical schodl
[1Coliege graduate
T1Pastgraduate

11. Are there specific hooks
you would like to see us
publish?

Name

Address

City

State/Zip
225164
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Articee 1

Impedance Matching Networks for
Radio Antennas

In this subsection we are going to digress a moment to present
some information about antenna impedance matching. Follow-
ing this discussion we present several programs for computing
the values of components used in antenna matching networks.
But before we digress into the various programs, let's present
for the noninitiator some information on just what we are
doing.

Figure 10.1 shows a model for a radio transmitter/antenna sys-
tem. There is a radio frequency energy source—the transmit-
ter—that has a certain output impedance. Maximum power
transfer in such a system (or any other electrical system, inci-
dentally) occurs when the load impedance is identical to the
output impedance of the transmitter (which is often called the
source impedance). [n real world situations, however, we find
at least two problems. One, which is inside of the transmitter, is
that the natural output impedance of signal source devices
such as transistors and vacuum tubes rarely matches the anten-
na impedance. The output impedance of transistor circuits
tends to be lower than the typical load impedance, while the
output impedance of tubes tends to be much higher than typi-
cal load impedances, The other problem is that commercial
radio transmitters tend to offer a limited range of output imped-
ances. It is not unlikely, for example, that the nominal output
impedance of a typical transmitter will be 40 to 90 ohms. The
antenna, on the other hand, can have a resistive feed-point
impedance of 5 to 600 ohms, depending upon design and
location.
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Regardless of the problem, however, the solution is an inductor
capacitor matching network of some sort—the block diagram
of Fig. 10.1.

The circuits shown in this subsection are widely used. There
are other possible matching schemes, but these are the most
popular and most common.

Impedance is a complex parameter that contains both a real
(resistive) and imaginary (reactive)} component. The reactive
component consists of inductive reactance (X\} and capacitive
reactance (Xc). At resonance, these two reactances are equal,
but opposite, so will cancel each other leaving only the resis-
tive component. For our purposes, therefore, it is assumed that
the antenna is resistive at the feed point. Thus, the impedances
shown in Fig. 10.1 are labelled R1 and R2 for input and output
impedance, respectively.

Matching nonresistive impedances requires the matching net-

work to offer the complex conjugate of the feed-point imped-

ance. For example, if the antenna feed-point impedance is
Z=R+jX [10.6]

Then the matching network must provide an output impedance
of

Z=R —jXc (10.7)
While the input impedance remained resistive,
RI
A Lo < R
\Kw: S - R

Ay SOURCE {OUTPUT IMPEDANCE)
OF GENERATOR OR TRANSMITTER

Az LOAD WMPEOANCE IANTENNA IMPEDANCE)

Fic. 10.1. BLOCK DIAGRAM OF AN INDUCTOR / CAPACITOR MATCHING NETWORK.
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ProGram 11

Inverted-L Network

Figure 11.1 shows the inverted-L impedance matching net-
work. This network is just the opposite of the normal L-section
network, as demonstrated by the fact that the capacitor is
across the input impedance rather than the output impedance.
The main constraint of this network is that the input imped-
ance, R1, must be greater than the output impedance, R2:

Ry > R;

This program will calculate the inductive reactance and capaci-
tive reactance required to match R; and R;, using the equations
shown in Fig. 11.1. The program will ask you whether or not
you want to interpret these reactances as capacitances and
inductances for operation at a specific frequency.

R, > R;
XL=21I'F|_= N RIRz_Rz [11.1]
1 11.2
Xe = ———=R; (R/X) .2

Z‘N'FC
_ 1 (11.3]
ZTF);C

| = AL [11.4]

2aF
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Ay c

Fic. 11.1. AN INVERTED-1 IMPEDANCE MATCHING NETWORK.

100
130
140
145
150
155
160
170
180
190
200
210
220
230
240
250
260
270
280
2%0
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450

Inverted-L Network

REM THIS IS PROGRAM NO. 11 PROG1l
GOSUB 680

PRINT "THIS PROGRAM CALCULATES THE"
PRINT "REACTANCES, CAPACITANCES, RND"
PRINT "INDUCTANCE NEEDED TO MATCH THE"
PRINT "INPUT IMPEDANCE (R1) TQ THE"
PRINT "OUTPUT IMPEDANCE (R2}."

PRINT

PRINT "CONSTRAINT: R1 > R2"

PRINT

GOSUB 720

GOSUB 680

PRINT "ENTER R1 {INPUT IMPEDANCE):"
INPUT R1

PRINT

PRINT "ENTER R2 (QUTPUT IMPEDANCE - LOAD) ="
INPUT RZ

IF Rl > R2 THEN GOTO 300

GOSUB 750

GOTO 210

¥L = (Rl * R2) - (R2 " 2)
XL = SQR (XL)

XC = (Rl * R2) / XL
XC = INT (XC)

XL = XL * 100

XL = INT {XL)

XL = XL / 100

PRINT

PRINT

PRINT

PRINT "DESIGN FOR A SPECIFIC FREQUENCY?"
PRINT

PRINT "1. YES"

PRINT "2. NO"

PRINT

PRINT "ENTER ONE {1} AND PRESS CR:"

Inverted-L Network—cont.

460
470
475
480
490
500
510
520
525
530
540
550
560
570
580
5%0
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
B850
860
870
880
890
200
910

INPUT G
IF G > 2 THEN GOTO 350
IF G < 1 THEN GOTO 440
ON G GOTQ 490,810
PRINT .
PRINT
PRINT
PRINT "ENTER FREQUENCY (F) IN"
PRINT "KILOHERTZ (KHZ) AND PRESS CR:"
INBUT F
F=F * 1000
2 % 3.1415 * F
XL / W
L * (10 = 6}
L * 100
INT (L)
L / 100
1/ (Ww* XC)
c* (10 " 12)
C * 100
INT (C)
¢/ 100
F / 1000
GOTO 810
FOR I = 1 TQ 2
PRINT
NEXT I
RETURN
PRINT "PRESS CR TO CONTINUE..."
INPUT DD
RETURN
PRINT
PRINT
PRINT "ERROR! R1 MUST BE GREATER THAN R2"
PRINT
GOSUB 720
RETURN
GOSUB 680
PRINT "INPUT IMPEDANCE (R1)}: ";R1;" OHMS"
PRINT "OUTPUT IMPEDANCE {R2): ";R2;" CHMS"
PRINT
PRINT "INDUCTIVE REACTANCE (XL): ";XL;" OHMS"
PRINT "CAPACITIVE REACTANCE (XC): ":;XC;" OHMS"
PRINT
IF ¢ = 1 THEN GOTO 900
GOTO 940
PRINT "FOR A FREQUENCY OF ";F;" KILOHERTZ USE:"
PRINT "C = ";C;" PF"

nmnonounnun

moaoanNeoeRreE

FT T T LR [ |
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inverted-L Network—cont.

920 PRINT "L = ";L;" UH"

930 PRINT

940 GOSUB 720

950 GOSUB 680

960 PRINT "FINISHED?"

970 PRINT "1. YES"

980 PRINT “2. NO"

990 PRINT

1000 PRINT "ENTER ONE /1) AND PRESS CR:"
1010 INPUT M

1015 IF M > 2 THEN GOTO 960
1016 IF M < 1 THEN GOTO 960
1020 ON M GOTO 1030,100

1030 GOSUB 680

1040 FOR I = 1 TO 2

1050 PRINT "*&¥#*sxxk¥kkk PYE-BYEX¥¥k*hiknat
1060 NEXT I

1070 PRINT

1080 PRINT

1090 PRINT "PROGRAM ENDED"
1100 END

Example

THIS PROGRAM CALCULATES THE
REACTANCES, CAPACITANCES, AND
INDUCTANCE NEEDED TO MATCH THE
INPUT IMPEDANCE (R1) TO THE
QUTPUT IMPEDANCE (R2).
CONSTRAINT: R1 > R2
PRESS CR TO CONTINUE...
ENTER R1 (INPUT IMPEDANCE]) :
20
ENTER RZ (OUTPUT IMPEDANCE - LOAD}:
50
ERROR! R1 MUST BE GREATER THAN R2

PRESS CR TC CONTINUE...

inverted-L Network-—cont.

ENTER R1 (INPUT IMPEDANCE):
200

ENTER R2 {OUTPUT IMPEDANCE - LOAD):
50

DESIGN FOR A SPECIFIC FREQUENCY?

1. YES
2. NO

ENTER ONE (1} AND PRESS CR:
1

ENTER FREQUENCY (F) IN
KILOHERTZ (KHZ} AND PRESS CR:
21390

INPUT IMPEDANCE (R1): 200 OHMS
OUTPUT IMPEDANCE (R2): 50 OCHMS

INDUCTIVE REACTANCE (XL): B86.6 OHMS
CAPACITIVE REACTANCE (XC): 115 OHMS

FOR A FREQUENCY OF 21390 KILOHERTZ USE:
c 64.7 FPF
L .64 UH

PRESS CR TO CONTINIE...

FINISHED?
1. Y¥YES

ENTER ONE (1) AND PRESS CR:
2

THIS PROGRAM CALCULATES THE
REACTANCES, CAPACITANCES, AND
INDUCTANCE NEEDED TO MATCH THE
INPUT IMPEDANCE (R1) TO THE
OUTPUT IMPEDANCE {RZ).
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Inverted-L Network—cont,

CONSTRAINT: R1 > R2

PRESS CR TO CONTINUE,..

ENTER R1 (INPUT IMPEDANCE):
50

ENTER R2 {OUTPUT IMPEDANCE - LOAD):
15

DESIGN FOR A SPECIFIC FREQUENCY?

1. YES
2. NO

ENTER ONE (1) AND PRESS CR:

2
INPUT IMPEDANCE (Rl1): 50 OHMS
OUTPUT IMPEDANCE {R2): 15 CHMS

INDUCTIVE RERCTANCE (¥XL): 22.91 OCHMS
CAPACITIVE REARCTANCE (XC): 32 OHMS

PRESS CR TO CONTINUE,..
FINISHED?

1. YES

2. NO

ENTER ONE (1) AND PRESS CR:
1

KRR KAAh Ak Rk DYE-BYEX*hAatkddn
ARk R ARk kA hkE AYE-BYERARAkkkdk

PROGRAM ENDED

&

PrOGRAM 12

L-Section Network

This program is similar to Program 11, with the exception that it
requires the load impedance to be greater than the source
impedance,

Ri <R,y

The L-section network is shown in Fig. 12.1, along with the
design equations that are used in the program. Q is the quality
factor of the LC network and is constrained to values between
1 and 5 for the practical circuits covered by this program.

An example follows the program listing.

Ry <Ry
Xj_ = 2TF1_ = QR] [12.]]
X = 1T _R [12.2)
ZTFL Q
X _ Ry [12.3]

m3 I = 53

FIG. 12.1. L-SECTION NETWORK ALONG WITH THE DESIGN EQUATIONS
THAT ARE USED IN THE PROGRAM.




L-Section Network

100 REM THIS IS PROGRAM NO. 12 PROG12
130 GCSUB 670

140 PRINT "THIS PROGRAM CALCULATES THE"
150 PRINT "REACTANCES, CAPACITRNCES, AND
160 PRINT "INDUCTANCES NEEDED TO MATCH"
170 PRINT "THE INPUT IMPEDANCE (R1l} TC THE"
180 PRINT "OUTPUT IMPEDANCE (R2)."

190 PRINT "THE SIMPLE L-SECTICN NETWORK"
200 PRINT "MATCHES A LONG WIRE ANTENNA TO"
205 PRINT "A LOW-Z TRANSMITTER OUTPUT."
210 PRINT

220 PRINT "CONSTRAINT: R2 > R1"

230 PRINT

240 GOSUB 710

250 GOSUB 670

260 PRINT "ENTER Rl {(INPUT-Z):"

270 INPUT R1

280 PRINT

290 PRINT "ENTER R2 (OUTPUT-Z}:"

300 INPUT RZ

310 IF R2 > R1 THEN GOTO 340

320 GOSUE 740

330 GOTO 250

340 GOSUB 670

350 9 = (R2 / Rl) - 1

360 Q = SQR (Q)

370 XL = Q * R11

380 XC =R2 / O

390 PRINT "DESIGN FOR A SPECIFIC FREQUENCY?"
400 PRINT

410 PRINT "1. YES"

420 PRINT "2. NOQ"

430 PRINT

440 PRINT "ENTER ONE (1} AND PRESS CR:"
450 INPUT G

460 IF G > 2 THEN GOTC 390

465 IF G < 1 THEN GOTO 390

470 ON G GOTO 480,800

480 PRINT

490 PRINT

500 PRINT

510 PRINT "ENTER FREQUENCY (F) IN"

515 PRINT "KILOHERTZ AND PRESS CR..."

520 INPUT F

S30 F = F * 1000

S40 W = 2 * 3.1415 * F
550 L= XL / W

560 L = L * (10 " 6)
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L-Section Network—cont.

570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
B10
gz20
B30
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
9%0

L * 100
INT (L)
L / 100
1/ (w* XQ)
C * (10 = 12}
C'* 100
INT (C}
c / 100
F / 1000
GCTO 800
FOR I = 1 TO 30
PRINT
NEXT I
RETURN
PRINT "PRESS CR TO CONTINUE,.."
INPUT EE
RETURN
PRINT
PRINT
PRINT "ERROR!!! R2 MUST BE GREATER THAN R1"
PRINT
GOSUB 710
RETURN
GOSUB 670
PRINT "INPUT IMPEDANCE (Rl}: ";
PRINT "QUTPUT IMPEDANCE (R2}: "
PRINT
PRINT "INDUCTIVE REACTANCE (XL): ":;XL;" OHMS"
PRINT "CAPACITIVE REACTANCE (XC): ";XC;" OHMS"
PRINT
IF G = 1 THEN GOTC 890
GOTC 930
PRINT "FOR A FREQUENCY OF "“;F;" KHZ USE:"
PRINT “"C “;C;" PFY
PRINT "L “;L;" UH"
PRINT
GOSUB 710
GOSUB 670
PRINT "FINISHED?"
PRINT "1. YES"
PRINT "2. NO"
PRINT &
PRINT "ENTER ONE (1) AND PRESS CR:"

aooaoOoeren

Ny nnonnonn

" OHMS L]

R1;
sR2;" OHMS"

1000 INPUT M

1005 IF M > 2 THEN GOTO 940
1006 IF M < 1 THEN GOTO 940
1010 ON M GOTQ 1020,100

1020 GOSUB 670
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L-Section Network-—cont.

1030 FOR I = 1 TC 30

1040 PRINT "k*k*kkkhakdh BYE-RYE Awkhwswkkxkn

1050 NEXT I

1060 PRINT

1070 PRINT

108¢ PRINT "PROGRAM ENDED"
1030 END

Example

THIS PROGRAM CALCULATES THE
REACTANCES, CAPACITANCES, AND
INDUCTANCES NEEDED TO MATCH

THE INPUT IMPEDANCE (Rl) TO THE
OUTPUT IMPEDANCE (RZ2).

THE SIMPLE L-SECTION NETWORK
MATCHES A LONG WIRE ANTENNA TO
A LOW-Z TRANSMITTER OUTPUT.

CONSTRAINT: R2 > R1

PRESS CR TC CONTINUE...
0

ENTER R1 (INPUT-Z):
50

ENTER R2 (QUTPUT-Z}:
150

DESIGN FOR A SPECIFIC FREQUENCY?

1. YES
2. NO

ENTER ONE {l1) AND PRESS CR:
1

ENTER FREQUENCY (F) IN
KITOHERTZ AND PRESS CR...
14300
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L-Section Network—cont.

INPUT IMPEDANCE (R1): 50 OHMS
QUTPUT IMPEDANCE {R2): 150 OHMS

INDUCTIVE REACTRNCE (XL): 70.7106781 OHMS

CAPACITIVE REACTANCE (XC}: 106.066017

FOR A FREQUENCY OF 14300 KHZ USE:
o 104.93 FPF
L .78 UH

n

PRESS CR TO CONTINUE...
0

FINISHED?
1. YES
2. NO

ENTER ONE (1) AND PREES CR:
1

hkkdkkkddd RDYER_ROYE LR EEE L L L
Akkdkrkwatx RYE-RYE dr e e e e e e e e
kkkkkkddkd RYE-BYE o e o o e e e ke ok

PROGRAM ENDED

OHMS
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PrOGRAM 13

Reverse L-Section Network

The reverse L-section network shown in Fig. 13.1 is used when
the output impedance (R;) is greater than the source imped-
ance {Ry).

R; > R,
X, = Ry VRJR,—RY) [13.1]
Xe = Ry (RJXD) [13.2]
f
Ay " 1

Fic. 13.1. REVERSE .SECTION NETWORK.
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100
130
140
145
150
160
170
180
185
190
195
200
210
220
230
240
250
260
270
280
250
300
316
320
330
340
350
360
350
400
410
420
430
440
450
460
465
47C
480
450
500
510
515
520
530
540
550
560

Reverse L-Section Network

REM THIS IS PROGRAM NO. 13 PROGL3
GOSURBR 670

PRINT "THIS PROGRAM COMPUTES THE"
PRINT "REACTANCES, CAPACITANCES AND"
PRINT "INDUCTANCES NEEDED TQ MATCH"
PRINT "THE INPUT RESISTANCE (R1) TO"
PRINT "OUTPUT RESISTANCE (R2):"
PRINT

PRINT "THE CAPACITOR-INPUT L-SECTION"
PRINT “NETWORK IS USED TO MATCH AN"
PRINT "ANTENNA TO A LOW-Z TRANSMITTER CUTPUT."
PRINT

PRINT

PRINT "CONSTRAINT: R2 > R1"

PRINT

GOsSUB 710

GOSUB 670

PRINT "ENTER R1 {INPUT-Z}:"

INFUT R1

PRINT

PRINT "ENTER R2Z (QUTPUT-Z):"

INPUT RZ

IF R2 > Rl THEN GOCTO 340

GOSUB 748

GOTC 250

GOSUB 670

XL = R2 * { SQR (Rl / (R2 - R1)))

XC = (Rl * R2) / XL

PRINT "DESIGN FOR A SPECIFIC FREQUENCYZ"
FRINT

PRINT "1. YES"

PRINT "2. NO"

PRINT

PRINT "ENTER ONE {1) AND PRESS CR:"
INPUT G

IF G > 2 THEN GOTO 390

IF G < 1 THEN GOTO 390

ON G GOTO 480,800

PRINT

PRINT

PRINT

PRINT "ENTER FREQUENCY (F) IN"

PRINT "KILOHERTZ AND PRESS CR..."

INPUT F

F =F * 1000
W=2%*3,1415 * F
L=XL/W

L=L%* (10 " &)
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Reverse L-Section Network—cont.

570 L = L * 100

580 L, = INT (L)

590 L = L / 100

600 C = 1 / (W * XC)
610 C = C * {10 © 12}
620 C = C * 100

630 C = INT (C)

640 € = C / 100

650 F = F / 1000
660 GOTO 800

670 FOR I = 1 TO 30
680 PRINT

630 NEXT I

700 RETURN

710 PRINT "PRESS CR TO CONTINUE..."

720 INPUT EE

730 RETURN

740 PRINT

750 PRINT

760 PRINT "ERRCR!!! R2 MUST BE GREATER THAN R1"
770 PRINT

780 GOSUB 710

790 RETURN

800 GOSUB 670

810 PRINT "INPUT IMPEDANCE (R1): ";Rl;" OHMS"
§20 PRINT "OQUTPUT IMPEDANCE (R2): ";R2;" OHMS"
830 PRINT

835 GOSUB 1200

840 PRINT "INDUCTIVE REACTANCE (XL): ";X¥L;" QHMS"
850 PRINT "CAPACITIVE REACTANCE (XC): ";XC;" OCHMS"
860 PRINT

870 IF G = 1 THEN GOTO 890

880 GOTO 930

830 PRINT "FOR A FREQUENCY OF “;F;" KHZ USE:"
900 PRINT "C = ";C;" PF"

910 PRINT "L = ";L;" UH"

920 PRINT

9310 GOSUB 710

940 GOSUB 670

950 PRINT “FINISHED?"

60 PRINT "1. YES"

970 PRINT "2. NO"

980 PRINT

950 PRINT "ENTER ONE (1) AND PRESS CR:z"

1000 INPUT M

1005 IF M > 2 THEN GOTO 940

1006 IF M < 1 THEN GOTO 340

1010 ON M GOTC 1020,100
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Reverse L-Section Network—cont.

1020 GOSUB 670

1030 FOR I =1 TO 2

1040 PRINT "**x*kkkiksk RYE-RYE *hkhakdkkkan

1050 NEXT I

1060 PRINT

1070 PRINT

1080 PRINT "PROGRAM ENDED"

1090 END

1200 XL

1210 XL

1220 XL

1230 XC

1240 XC

1250 XC

1260 C

1270 C

1280 C

12930 L
L
L
RE

XL*1000

INT (XT)

XL/ 1000
XC*1000

INT (XC)
XC/1000
C*1000
INT{C)
C/1000
L*1000
INT (L)
L/1000
TURN

H 00w nn

1300
1310
1350

Example

THIS PROGRAM COMPUTES THE
REACTANCES, CAPACITANCES AND
INDUCTANCES NEEDED TC MATCH
THE INPUT RESISTANCE (R1l) TO
QUTPUT RESISTANCE (R2):

THE CAPACITOR-INPUT L-SECTICN

NETWORK IS USED TO MATCH AN

ANTENNA TO A LOW-Z TRANSMITTER CUTPUT.
CONSTRAINT: R2 > R1

PRESS CR TO CONTINUE...
G

ENTER R1 (INPUT-Z):
50

ENTER R2 (OUTPUT-2):
300
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Reverse L-Section Network—cont,

DESIGN FOR A SPECIFIC FREQUENCY?

1. YES
2. NO

ENTER ONE (1} AND PRESS CR:
1

ENTER FREQUENCY (F) IN
KILOHERTZ AND PRESS CR...
10160

INPUT IMPEDANCE {R1l): 50 OHMS
OUTPUT IMPEDANCE (R2): 300 OHMS

INDUCTIVE REACTANCE (XL): 134.164 OHMS
CAPACITIVE REACTANCE (XC): 111.803 OHMS

FOR A FREQUENCY OF 10100 KHZ USE:
C = 140.94 FPF
L= 2.11 UH

PRESS CR TC CONTINUE...
0

FINISHED?
1. YES
2. RO
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ProGram 14

Split-Capacitor Network

The split-capacitor network shown in Fig. 14.1 is used to trans-
form a source impedance that is less than the load impedance.
In addition to matching antennas, there is alse an application
for this network in matching receiver antennas to the inputs of
RF amplifiers. For example, a transistor FM receiver may use a
75 ohm antenna and have an input impedance of 470 ohms (as
determined by an emitter resistor of the grounded base stage}.

The caonstraint on this circuit is that the input resistance (R,)
must be less than the load resistance (R;).

R, < R;
R; [14.1]
Q> == —1
R,
X = [14.2]
Q
2
Xey = ,\/Rl Q@+n_, [14.3]
R,
Xe = R,Q (1 _ R ) [14.4]
QY+ 1 QXc;
G‘-["I"'
Fic. 14.1. SPUT-CAPACITOR NETWORK. | A3 Ly
Ay CZ::
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100
130
140
145
150
155
160
170
180
185
190
200
210
220
230
240
250
260
270
280
280
300
310
320
330
340
350
355
360
370
380
385
350
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
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Split-Capacitor Network

REM THIS 15 PROGRAM NO. 14 PROG14
GOSUB 790
PRINT "THIS PROGRAM COMPUTES THE"
PRINT “REACTANCES, CAPACITANCES AND"
PRINT "INDUCTANCES WEEDED TO MATCH"
PRINT "INPUT IMPEDANCE (R1l} TO CUTPUT"
PRINT "IMPEDANCE (R2}."
PRINT
PRINT “THE SPLIT-CAPACITOR NETWORK"
PRINT "IS USED TO MATCH ANTENNA TO A"
PRINT "LOWER IMPEDANCE TRANSMITTER QUTPUT"
PRINT
PRINT
PRINT "CONSTRAINT: R2 > R1"
PRINT
GOSUB 830
GOsSUB 790
PRINT "ENTER R1 {INPUT-Z}:"
INFUT R1
PRINT
PRINT "ENTER R2 (QUTPUT-2}:"
INPUT R2
IF R2 > Rl THEN GOTO 340
GOSUB 860
GOTO 250
GOSUB 790
PRINT "VALUE OF Q: ??2"
INFUT ¢
PRINT
IFQ > ( SQR ({(R2 / R1} ~ 1)) THEN GOTC 420
PRINT "VALUE OF Q TOO LOW, SELECT"
PRINT "HIGHER VALUE..."
PRINT
GOSUB 830
GOTC 350
XL =Rz / Q
A=14+(Q° 2)
(Rl * &) / R2
BB -1
SQR (BB)
Rl / BB
{(R2* Q) / A
= Rl / (Q * BB)
=1-B
= AR * B
PRINT “DESIGN FOR A SPECIFIC FREQUENCY?"
PRINT
PRINT "1. YES"

nm v s nn

EECERBES

Split-Capacitor Network—cont.

550
560
570
575
580
5%0
600
610
620
630
640

650
660
670
680
630
700
710
720
730
740
750
760
770
780
790
BOG
B10
820
B30
840
830
B60O
870
280
890
9Co
910
820
230
940
%45
950
960
970
980
990

PRINT "2, NO"
PRINT
PRINT "ENTER ONE FROM ABOVE AND"
PRINT "PRESS CR:"

INPUT G
IF G » 2 THEN GOTOQ 520
ON G GOTO 610,920
PRINT

PRINT

PRINT

PRINT "ENTER FREQUENCY {F) IN KILOHERTZ (KHZ) AND
PRESS CR:"

INPUT F

F * 1000

2 * 3,1415 * F
XL/ W
L * (10 = 8)
L * 100

INT (L)
L/ 100

1/ (Ww* Aan)

Cl * (10 © 12)

c2 1/ (W* BB)

c2 cz2 * (10 © 12)

F=F/ 1000

GOTC 920

FOR I = 1 TQ 30

PRINT

NEXT I

RETURN

PRINT "PRESS CR TO CONTINUE..."

INPUT GGG

RETURN

PRINT

PRINT

PRINT "ERRCR!!! R2 MUST BE GREATER THAN R1"
PRINT

GOSUB 830

RETURN

GOSUB 730

PRINT "INPUT IMPEDANCE {(R1): ";Rl;" OHMS"
PRINT "OUTPUT IMPEDANCE {R2): ";R2;" OHMS"
GOSUB 1300

PRINT

PRINT “INDUCTIVE REACTANCE (XL): ";XL:;" OHMS"
PRINT "CAPACITIVE REACTANCE (XCl}: ";Ah;" OHMS
PRINT "CAPACITIVE REACTANCE (XC2): ";BB;" OHMS"
PRINT

| [ T N (R I | I [}

ol el el ) e B ]

Cl
Cl

i oo
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Split-Capacitor Network—cont.

1000
1010
1020
1030
1040
1050
106¢
1076
1080
1090
1100
1110
1120
1130
1135
1140
1150
1152
1155
1160
1170
1180
11%0
1200
1210
1220
1230
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1500
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IF G = 1 THEN GOTO 1020
GOTO 1070
PRINT "FOR A FREQUENCY OF ";F;" KHZ USE:"

PRINT "Cl = ";Cl;" PF"
PRINT "C2 = ";C2;" PF"
PRINT "L, = ";L;" UH"

PRINT

GOSUB 830

GOSUBR 790

PRINT "FINISHED?"

PRINT “1. YES"

PRINT "2. NO"

PRINT

PRINT "ENTER ONE FROM ABOVE AND"
PRINT “PRESS CR..."

INFUT M

IF M > 2 THEN GOTQ 1090

IF M < 1 THEN GOTO 1090

ON M GOTO 1160,100

GOSUB 730

FOR I = 1 TO 30

PRINT "XXXXXX ~- BYE-BYE —-- XXXXXX"
NEXT I

PRINT

PRINT

PRINT "PROGRAM ENDED"
END

XL = XL*1000
XL = INT(XL)
XL = XL/1000
AA = AA*1000
AA = INT(AA)
BB = BB*1000
BB = INT({BB)
BB = BB/1000
€l = C1*1000
Cl = INT(C1}
cl = C1/1000
C2 = C2*1000
C2 = INTI(CZ)
c2 = C2/1000
L = L*1000
L = INT{L)

L = L/1000
RETURN

Split-Capacitor Network—cont.

Example

THIS PROGRAM COMPUTES THE
REACTANCES, CAPACITANCES AND
INDUCTANCES NEEDED TO MATCH
INPUT IMPEDANCE (R1l) TO OUTPUT
IMPEDANCE (R2).

THE SPLIT-CAPACITOR NETWORK
IS USED TO MATCH ANTENNA TO A
LOWER IMPEDANCE TRANSMITTER OUTPUT
CONSTRAINT: R2 > R1
PRESS CR TO CONTINUE...
o
ENTER R1 (INPUT-Z):
50
ENTER R2 (OUTPUT-Z):
300

VALUE OF Q: 722
3

DESIGN FOR A SPECIFIC FREQUENCY?

1. YES
2. NG

ENTER ONE FROM ABCOVE AND
PRESS CR:
1

ENTER FREQUENCY ({F) IN KILOHERTZ (KHZ) AND PRESS CR:

INPUT IMPEDANCE {R1): 50 OHMS
OUTPUT IMPEDANCE (R2): 300 OHMS




Split-Capacitor Network—cont.

INDUCTIVE REARCTANCE (XL)}: 100 OHMS
CAPACITIVE REACTANCE (XC1l)}: 65.505 OHMS
CAPACITIVE REACTANCE (XC2): 61.237 OHMS

FOR A FREQUENCY OF 14000 KHZI USE:

€1 = 173.552 PF
c2 = 185.647 PF
L = 1.13 UH

PRESS CR TO CONTINUE...
Y

FINLSHED?
1. YES
2. NO

ENTER ONE FROM ABCVE AND

PRESS CR-..
1

YXXAXX == BYE-BYE -- XXXXXX
YXXXXY <= BYE-BYE -- XAXXXX

PROGRAM ENDED

ProGram 15

Pi Network

The pi network (Fig. 15.1) is probably one of the most com-
monly found impedance matching networks. In vacuum tube
transmitters, where the plate resistance is much higher than the
load impedance, the pi network is the matching circuit of
choice for most designers. The constraint is that the source
resistance (R;) must be greater than the load resistance (R,).

9=Q=s15

Xey = R 115.1]
VRR, 1T+ @ =1

Xey = Ry (15.2]
Q
X, = Ry {Q + RifXch)) (15.3]
Q*F +1

Fic. 15.1. P NETWORK.
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Pi Network : Pi Network—cont.
100 REM THIS IS PROGRAM NO. 15 PROGLS 580 INPUT G
120 GOSUB 790 590 IF G » 2 THEN GOTC 520
130 PRINT "THIS PROGRAM COMPUTES THE VALUES" 60C ON G GOTO 610,920
140 PRINT "OF REACTANCES, CAPACITANCES AND" 610 PRINT
150 PRINT "INDUCTANCES NEEDED TC MATCH INPUT" 620 PRINT
160 PRINT “IMPEDANCE (R1) TO QUTPUT" 630 PRINT
170 PRINT "IMPEDANCE {R2)." 640 PRINT "ENTER FREQUENCY (F) IN"
180 PRINT 645 PRINT “KILOWERTZ AND PRESS CR..."
185 PRINT "THE PI-NETWORK IS USED TO MATCH" 650 INPUT F
190 PRINT "AN ANTENNA TO A TRANSMITTER OUTPUT" 660 F = F * 1000
200 PRINT 670 W =2 * 3,1415 * F
210 PRINT 680 L = XL / W
220 PRINT "CONSTRAINT: R1 > R2" 690 L = L * (10 ™ 6)
230 PRINT 700 L = L * 100
240 GOSUB 830 710 L = INT {L)
250 GOSUB 790 720 L = L / 100
260 PRINT "ENTER R1 (INPUT-Z}:" 730 C1 =1 / {W * AR)
270 INPUT R1 740 C1 = C1 * (10 ™ 12)
280 PRINT 750 C2 = 1/ (W * BB)
290 PRINT "ENTER R2 (QUTPUT-Z):" 760 C2 = C2 * {10 ~ 12}
300 INPUT R2 770 F = F / 1000
310 IF R1 > Rz THEN GOTO 340 . 780 GOTO 920
320 GOSUB 860 790 FOR I = 1 TO 30
330 GOTC 250 800 PRINT
340 GOSUB 790 ' 810 NEXT 1
150 PRINT "VALUE OF Q: ??22" 820 RETURN
155 INPUT Q 830 PRINT "PRESS CR TO CONTINUE..."
360 PRINT 840 INPUT GGG
170 IF Q@ > { SQR {{RL / R2) - 1)) THEN GOTO 420 850 RETURN
3180 PRINT "VALUE OF Q TOO LOW, SELECT" 860 PRINT
385 PRINT "HIGHER VALUE..." 870 PRINT
390 PRINT 880 PRINT "ERROR!!! R2 MUST BE GREATER THAN R1"
400 GOSUB 830 890 PRINT
410 GOTO 350 900 GOSUB 830
420 BA = R1 / Q 910 RETURN
430 A =1 +°{Q0 - 2) %20 GOSUB 790
440 BB = (R2 / R1) * A ' 930 PRINT "INPUT IMPEDANCE (R1): ";Ri;" OHMS"
450 BB = BB - 1 340 PRINT "OUTPUT IMPEDANCE {R2): ";R2;" OHMS"
460 BB = SQR [(BB) 950 PRINT
470 BB = R2 / BB 955 GOSUB 1300
480 XL = (RL * (O + (R2 / BB)}) / A 960 PRINT "INDUCTIVE REACTANCE (XL): ";XL;" OHMS"
520 PRINT "DESIGN FOR A SPECIFIC FREQUENCY?" 970 PRINT "CAPACITIVE REACTANCE (XCl): ";AA;" OHMS
530 PRINT ' 980 PRINT "CAPACITIVE REACTANCE (XC2): ";BB;" OHMS™
540 PRINT "1. YES" 990 PRINT
550 PRINT "2. NO" 10660 IF G = 1 THEN GOTO 1020
560 PRINT 1010 GOTO 1070
570 PRINT "ENTER ONE FROM ABOVE AND" 1020 PRINT "FOR A FREQUENCY OF ";F;" KHZ USE:™
575 PRINT "PRESS CR..." 1030 PRINT "C1 = ";Cl;" PF"
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Pi Network—cont.

1040 PRINT "C2
1050 PRINT "L
1060 PRINT
1070 GOSUB 830
1080 GOSUB 790
1090 PRINT "FINISHED?"

1100 PRINT "1. YES"

1110 PRINT "2. NO"

1120 PRINT

1130 PRINT "ENTER CNE FROM ABOVE AND"
1135 PRINT "PRESS CR..."

1140 INPUT M

1150 IF M > 2 THEN GOTO 1090

1152 IF M < 1 THEN GOTQO 1090

1155 ON M GOTC 1160,100

1160 GOSUB 790

1170 FOR 1 = 1 TO 30

1180 PRINT "#***%% ——BYE=BYE-— **k%wxd

l!;cz;lr PFH
“:L:“ UH"

1190 NEXT I

1200 PRINT

1210 PRINT

1220 PRINT "PROGRAM ENDED"
1230 END

1300 XL = XL*1000
1310 Ah = AA*1000
1320 BB = BB*1000
1330 €1 = C1l*1000
1340 c2 = C2*1000
1350 L = L*1000
1360 XL = INT{XL)
1370 AR = INT(AA)
1380 BB = INT(BB)
1390 C1 = INT({Cl)
1400 €2 = INT{C2)
1410 L = INT(L)
1420 XL = XL/1000
1430 AA = AA/1000
1440 BB = BB/1000
1450 C1 = C1/1000
1460 €2 = C2/1000
1470 L = L/1000
1500 RETURN

a4

Pi Network—cont.
Example

THIS PROGRAM COMPUTES THE VALUES
QOF REACTANCES, CAPACITANCES AND
INDUCTANCES NEEDED TO MATCH INPUT
IMPEDANCE (R1} TO OUTPUT
IMPEDANCE (RZ}.

THE FI-NETWORK IS USED TO MATCH
AN ANTENNA TO A TRANSMITTER QUIPUT
CONSTRAINT: R1 > R2
PRESS CR TO CONTINUE...
0
ENTER R1 {INPUT-2}:
3500
ENTER R2 {(OUTPUT-Z):
75
VALUE OF Qi 277
12

DESIGN FOR A SPECIFIC FREQUENCY?

1. YES
2. NO

ENTER ONE FROM ABOVE AND
PRESS CR...
1

ENTER FREQUENCY (F) IN
KILOHERTZ AND PRESS CR...
14250

INPUT IMPEDANCE (R1): 3500 OHMS
OUTPUT IMPEDANCE (R2): 75 OHMS

INDUCTIVE REACTANCE (¥L): 324.693 QOHMS
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Pi Network—cont.

CAPACITIVE REACTANCE (XCl): 291.666 OHMS
CAPACITIVE REACTANCE (¥C2): 51.667 OHMS

FOR A FREQUENCY OF 14250 KHZ USE:
Ccl 38.2594 PF

c2 216.174 FPF

L 3.62 UH

1n uw

PRESS CR TO CONTINUE...
o

FINISHED?
1. YES
2. NO

ENTER ONE FROM ABOVE AND

PRESS CR...
1

whkhkdk* —_RBYE=BYE== %**ikik
Khhiakk ——RYE-BYE=— *#*Wkx

PROGRAM ENDED

a6

ProGram 16

Three-Element L-Section Network

The three-element L-section network shown in Fig. 16.1 is used
when the input impedance (R,) is less than the load impedance
{Ry). This particular network is used in some transistorized RF
power amplifiers. It is also used in cases such as a grounded grid
power amplifier in which the input resistance is higher than the
typically 50-ochms driving impedance. The constraint is

Ry < R,
Xcr = Ry A [ R [16.1]
R, — R;
RiR
XL = 172 -+ XCI {16.2]
C2
Xa = QR [16.3]
NM=Q=12)
= L

.
A ¥

J. <
e ]‘Cz & fiz

Fit. 16.1. THREE-ELEMENT L-SECTION NETWORK.
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Three-Element L-Section Network .' Three-Element 1-Section Network—cont.

100 REM _ 560 INPUT G

130 GOSUB 830 570 IF G > 2 THEN GOTO 500

140 PRINT "THIS PROGRAM COMPUTES THE" - 572 IF G < 1 THEN GOTO 500

145 PRINT "REACTANCES, CAPACITANCES ARD® 580 ON G GOTO 590,960

150 PRINT "INDUCTANCES NEEDED TO MATCH" 590 PRINT

160 PRINT "INPUT IMPEDANCE (R1) TO OUTPUT” 600 PRINT

165 PRINT "IMPEDANCE {R2}." 610 PRINT

170 PRINT ' 620 PRINT "ENTER FREQUENCY {F) IN"
175 PRINT "THE L-NETWORK 1S USED TO MATCH" 625 PRINT "KILOHERTZ AND PRESS CR..."
180 PRINT "LONG-WIRE ANTENNAS TO A LOW-2" 630 INPUT F

190 PRINT PTRANSMITTER OUTPUT." 640 F = F * 1000

200 PRINT 650 W =2 * 3,1415 * F

210 PRINT 660 L = XL / W

220 PRINT "CONSTRAINT: R1 < R2" _ 570 L = L * (10 ~ 6)

230 PRINT 680 L, = L * 100

240 GOSUB 870 690 L, = INT{L)

250 GOSUB B30 700 L = L / 100

260 PRINT "ENTER Rl (INPUT-Z):" 710 C1 =1/ (W * AA)

270 INPUT R1 : 720 C1 = C1 * (10 © 12)

280 PRINT 730 €1 = C1 * 100

290 PRINT "ENTER R2 {(QUTPUT IMPEDANCE):" 740 C1 = INT (Cl)

300 INPUT R2 750 C1 = C1 / 10¢C

310 IF Rl < R2 THEN GOTO 340 760 C2 = 1 / (W * BB)

320 GOSUB 900 765 C2 = C2 * {10 © 12)

330 GOTO 250 710 C2 = C2 * 100

340 GOSUB 830 780 C2 = INT (C2}

350 PRINT "Q = 27?" 790 C2 = €2 / 100

355 INPUT Q 810 F = F / 1000

160 AA = Q * R1 820 GOTO 960

370 A = (Rl / {R2 - R1}) 830 FOR I = 1 TO 30

380 BB = R2 * ( SQR (A)) B40 PRINT

390 AR = AA * 100 850 NEXT I

400 AA = INT (AA) 860 RETURN

410 An = AA / 100 ' 870 PRINT "PRESS CR TO CCNTINUE..."
420 B = (Rl * R2) / BB 880 INPUT GGG

430 BB = BB * 100 890 RETURN

440 BB = INT (EB) 900 PRINT

450 BB = BB / 100 910 PRINT

460 XL = (AA + ({(RL * RZ} / BB)) 920 PRINT "ERROR!!! R2 MUST BE GREATER THAN R1"
470 XL = XL * 100 930 PRINT

480 XL = INT (XL) 940 GOSUB 870

490 Xt = XL / 100 950 RETURN

500 PRINT "DESIGN FOR A SPECIFIC FREQUENCY?" 960 GOSUB 830

510 PRINT 970 PRINT "INPUT IMPEDANCE (R1): ";Rl:" OHMS"
520 PRINT "1. YES" 980 PRINT "OUTPUT IMPEDANCE (R2): ":R2;" OHMS"
530 PRINT "2. NO" 390 PRINT

540 PRINT 995 GOSUB 1300

550 PRINT "ENTER ONE OF ABOVE AND PRESS CR:" 1000 PRINT "INDUCTIVE REACTANCE (XL): ";XL:;" OHMS"
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Three-Element L-Section Network—cont.

1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1126
1136¢
1140
1150
1160
1170
1175
1180
1183
1184
1180
1200
1210
1220
1230
1240
1250
1260
1270
1300
1310
1320
1330
1340
1350
1360
1370
1380
1400

90

PRINT "CAPACITIVE REACTANCE (XCl1): ":AA;" OHMS®
PRINT "CAPACITIVE REACTANCE (XC2Z): “:BB;" OHMS"
PRINT

IF G = 1 THEN GOTO 1060

GOTO 1110

PRINT "FOR A FREQUENCY OF ";F;" KILOHERTZ USE:"

PRINT "Cl = ";Cl;" PF"
PRINT "C2 = ";C2;" PF"
PRINT “L = "FL= [ 1} UH“

PRINT

GOSUB 870

GOSUB 830

PRINT "FINISHED?"

PRINT "1. YES"

PRINT "2. NO"

PRINT

PRINT "ENTER ONE FROM ABOVE AND"
PRINT "PRESS CR..."

INPUT M

IF M < 1 THEN GOTC 1130

IF M > 2 THEN GOTO 1130

ON M GOTO 1200,100

GQSUB 830

FOR I = 1 TO 20

PRINT "*%%%%* BYE=BYE *%#%&k¥"
NEXT I

PRINT

PRINT

PRINT "PROGRAM ENDED"
END

XL = XL*100

AA = AA*100

EB = BB*1Q0

XL = INT(XL}

AR = INT(AR)

BB = INT{EE)

XL = XL/100

AA = AA/100

BB = BB/100

RETURN

Three-Element L-Section Network—cont.
Example

THIS FROGRAM COMPUTES THE
REACTANCES, CAPACITANCES AND
INDUCTANCES NEEDED TC MATCH
INPUT IMPEDANCE (R1} TO OUTPUT
IMPEDANCE (R2).

THE L-NETWORK IS USEDR TO MATCH
LONG-WIRE ANTENNAS TO A LOW-Z
TRANSMITTER GUTPUT.
CONSTRAINT: Rl < R2

PRESS CR TO CONTINDE...
o

ENTER R1 (INPUT-Z):
50

ENTER R2 (QUTPUT IMPEDANCE):
75

Q = 227

DESIGN FOR A SPECIFIC FPREQUENCY?

1. YES
2. NO

ENTER ONE QF ABCVE AND PRESS CR:
1

ENTER FREQUENCY (F} IN
KILOHERTZ AND PRESS CR...
7000

INPUT IMPEDANCE (R1}: 50 OQHMS
OUTPUT IMPEDANCE (R2): 75 OHMS

a1




Three-Element L-Section Network—cont.

INDUCTIVE REACTANCE (XL):

285.35 COHMS

CAPACITIVE REACTANCE (XCl): 250 OHMS
CAPACITIVE REACTANCE (XC2}: 106.06 OHMS

FOR A FREQUENCY OF 7000

Cl = 90.94 PF
C2 = 214.37 PF
L = 6.48 UH

PRESS CR TO CONTINDE...
0

FINISHED?
1. YES
2. NO

ENTER ONE FROM ABOVE RND
PRESS CR...
1

* % % dr o W EYE-BYE *hkkdkdkkk
*kkkkd® RYF-BYE *%ddkkk

PROGRAM ENDED
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KILOHERTZ USE:

ProGram 17

Quarter-Wave Matching Section

Figure 17.1 shows two versions of the guarter-wave matching
section, which is a type of transmission line transformer used to
match an antenna feed-point impedance (resistive} to the char-
acteristic impedance of a transmission line. There are two ver-
sions shown here. In Fig. 17.1A we see a coaxial cable type and
in Fig. 17.1B an open-wire parallel feeder version.

In both cases, the impedance transformation follows the ex-
pression

Z =7}z, [17.1]

where
Z, is the source impedance, that is the characteristic
impedance of the transmission line from the transmitter,
Z, is the characteristic impedance of the line used to make
the quarter-wave section,
Z. is the load impedance.
For the coaxial version, we are a little more restricted because
it is impossible to find some values of impedance that might be
calculated by the program. For this case, you might want to cal-
culate several versions by varying the surge impedance of the
transmission line to the transmitter (using standard values) until
a combination of Z, and Z; is found that will provide a close
match. The physical length of the coaxial cable will be

L (ft) = 492 V/F (MHZz) {17.2]

The parallel feeders version is shown in Fig. 17.18, and this
method is a little more versatile than the coaxial type. The pro-
gram will calculate the characteristic impedance of the line
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used to make the matching section, and then you can use
another calculation (see Program 18) to design the transmission
line that will produce the desired impedance. The formula for

that transmission line is

s = (d/2) (107°/77%)

ANTENNA (Zg)

[17.3]

MATCHING
SECTION
Zo)

TRANSMISSION
LINE (Zg)

(A) A coaxial cable type.
ANTENNA
Zg) N

o

MATCHING
SECTION

=

hlr

L J—t
TRANSMISSION
LINE TO
TRANSMITTER
Zs)

(B) An open-wire parallel feeder version.

FiG. 17.1 SHOWS TWO VERSIONS OF THE QUARTER-WAVE MATCHING SECTION.

Quarter-Wave Matching Section

100 REM THIS IS PROGRAM NO. 17 PROGL7
110 GOSUB 230

120 PRINT "LOAD IMPEDANCE (ZR): 222"
122 INPUT ZR

130 GOSUB 190

140 PRINT "SOURCE IMPEDANCE (ZS): 222"
144 INPUT 28

150 20 = SQR (ZR * 2S)

160 GOSUB 190

170 PRINT "TRANSMISSION LINE IMPEDANCE ZO: "
175 PRINT ZO;" OHMS"

180 GOTO 270

190 FOR I = 1 TO 5

200 PRINT

210 NEXT I

220 RETURN

230 FOR I = 1 TO 30

240 PRINT

250 NEXT I

260 RETURN

270 GOSUB 190

280 PRINT "TRY ANOTHER?"

290 PRINT "1. YES"

300 PRINT "2. NO"

310 INPUT P

311 IF P < 1 THEN GOTO 280

312 IF P > 2 THEN GOTO 280

320 ON P GOTO 120,330

330 GOSUB 190

340 PRINT "PROGRAM ENDED"

350 GOSUB 190

360 END

Example

LOAD IMPEDANCE (ZR): 277
120

SOURCE IMPEDANCE (ZS): ?2?
50

TRANSMISSION LINE IMPEDANCE ZO:
77.459667 OHMS
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Quarter-Wave Matching Section—cont.

TRY ANOTHER?
1. ¥YES

2. NO

2

PROGRAM ENDED

9%

ProGram 18

Custom Parallel Line

This program will help you design a custom parallel transmis-
sion line—you will need to know the impedance. In some
cases, you will calculate the impedance from seme other con-
sideration—such as the impedance required for a quarter-wave
matching section {see Program 17). In other cases, the imped-
ance is dictated by the nature of the load being matched. Obvi-
ously, if you are trying to match a 300-ohm folded dipole or
150-ohm ) pole antenna, then that impedance is used for Z,..

You will also be required to tell the program the diameter of
the conductors. This will be determined from the type of con-
struction material being used.

1/4-inch aluminum or copper tubing

1/2-inch aluminum or copper tubing

3/4-inch aluminum or copper tubing

No. 10 copper wire

A

No. 12 copper wire
6. No. 14 copper wire

For those who desire to build with other than the materials
listed here, the program has an ""OTHER" selection on its
menu. If this number is selected, then the program branches to
a subroutine that asks you to input the conductor diameter in
inches.

The standard equation for the impedance of a parallel transmis-
sion line is shown as follows:

Zo = 276 log (2s/d) [18.1}
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Custom Parallel Line—cont.

This equation is soived to find spacings.

470 PRINT
. 480 PRINT “"CONDUCTOR DIAMETER: ";D;" "
— 20i276 : ";D;" INCHS
s = {df2) (10°°<") (18.2] 490 PRINT "CONDUCTOR SPACING: ";S;" INCHS"

220 GOSUB 530
L ] 0 GOSUB 610
An example follows the program listing. 520 GOTO 640
530 FOR 1 = 1 TG 5
540 PRINT
550 NEXT I
i 560 RETURN

Custom Parallel Line 570 GOSUB 530

580 PRINT "ENTER CONDUCTOR DIAMETER IN"
3 585 PRINT "INCHS {IN.):"

110 REM THIS IS PROGRAM NO. 18 PROGLS 590 INPUT D

140 GOSUB 530 600 RETURN
150 20 = 0 €10 PRINT "PRESS CR TO CONTINUE..."
160 5 = 0 620 INPUT UUU
170 D = 0 630 RETURN
180 PRINT "ENTER REQUIRED CHARACTERISTIC" 640 GOSUB 530
185 PRINT "IMPEDANCE (2Z0):" 645 PRINT “"FINISHED??2"
130 INPUT ZO 650 PRINT
200 GOSUB 530 €60 PRINT "1. YES"
210 PRINT "SELECT TYPE OF CONDUCTCR:" 670 PRINT "2. NO"
220 PRINT 680 PRINT
730 PRINT "1. 1/4-INCH ALUMINUM TUBING" 690 INPUT A
240 PRINT "2. 1/2-INCH ALUMINUM TUBING" 706 IF A > 2 THEN GOTO 640
250 PRINT "3. 3/4—-INCH ALUMINUM TUBING" 702 IF A < 1 THEN COTC 640
260 PRINT "4. NO. 10 WIRE" 710 CN A GOTQ 720,110
270 PRINT "5, NO. 12 WIRE" 720 GOSUB 530
280 PRINT "6. NO. 14 WIRE" 730 PRINT "PROGRAM ENDED"
290 PRINT "7. OTHER"
300 PRINT
3110 PRINT "ENTER ONE FROM MENU ABOVE:"
320 INPUT K Example
330 IF K > 7 THEN GOI TO 200
40 IF K = 1 THEN D = Q.25
350 IF K = 2 THEN D = 0.50 ENTER REQUIRED CHARACTERISTIC
360 IF K = 3 THEN D = 0.75 IMPEDANCE (ZO} :
370 IF K = 4 THEN D = 0.102 250
380 IF K = 5 THEN D = 0.0808
390 IF K = 6§ THEN D = 0.0641
403 i? K = 7 THEN GOSUB 570 SELECT TYPE OF CONDUCTOR:
= * - 2?
iég 2 = éD* 1é$0 (z0 / 14 /2 1. 1/4-INCH ALUMINUM TUBING
430 § = INT (8) 2. 1/2-INCH ALUMINUM TUBING
440 S = § / 100 3- §é4—igcs ALUMINUM TUBING
. . IRE
A50 GOSUB 530 e No. 1> WIRE

460 DRINT "FOR A CHARARCTERISTIC IMPEDANCE OF ",Z0;" OHMS:"
6. NC. 14 WIRE
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Custom Parallel Line—cont. ' Custom Parallel Line—cont.

7. OTHER CONDUCTOR DIAMETER: 1 INCHS
CONDUCTOR SPACING: 4.02 INCHS
ENTER ONE FROM MENU ABOVE:

6
PRESS CR TO CONTINUE...
Q
FOR A CHARACTERISTIC IMPEDANCE OF 250 OHMS:
CONDUCTOR DIAMETER: .0641 INCHS FINISHED???
CONDUCTOR SPACING: .25 INCHS
i. YES
2. NO
PRESS CR TO CONTINUE...

0 ; 1
FINISHED??? PROGRAM ENDED
1. YES
2. NO

2

ENTER REQUIRED CHARACTERISTIC
IMPEDANCE (Z0) :
250

SELECT TYPE OF CONDUCTOR:

1., 1/4-INCH ALUMINUM TUBIRG
2. 1/2-INCH ALUMINUM TUBING
3. 3/4-INCH ALUMINUM TUBING
4. HNO. 10 WIRE

5. NC. 12 WIRE

6. NO. 14 WIRE

7. OTHER

ENTER ONE FROM MENU ABOVE:
7

ENTER CONDUCTOR DIAMETER IN
INCHS (IN.):
1

FOR A CHARACTERISTIC IMPEDANCE CF 250 OHMS:
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ProGrAM 19

Transmission Line Matching
“Q'’ Section

A “Q-section’” is a transmission line impedance transformer
comprised of three different lengths of line. Figure 19.1A shows
a model of the Q-section, while Fig. 19.1B shows the physical
arrangement when coaxial cable is used.

The transformer consists of two sections of transmission line
designated as L1 and L2. Section L1 is connected to the anten-
na and is of the same kind of transmission line as the third
length—which goes to the transmitter {in other words, Z, for L,
is the same as Z, for the line to the transmitter). The second
part of the transformer, L, consists of a transmission line with a
characteristic impedance that is different from the other two
sections.

The program calculates the line length in electrical degrees,
and from that data we can also calculate the physical length
given the operating frequency and the velocity factor of the
transmission lines. It is important that both types of transmis-
sion line (Z, and Z,) have the same dielectric material.

The physical lengths, which are generated when you indicate
that you want to design to a specific frequency, are given in feet.

The example following the program listings asks to calculate [,
and L,, plus the physical lengths, for an antenna impedance of
Z, = 30 + j 5 ohms, a frequency of 14 MHz, a source imped-
ance (Z.} of 50 ohms, and a matching section impedance (Z)) of
75 ohms. A second example foilows.

102

HZ, =R XX

Tanl, =B = r- v+ X [13.1]

AN — L — = 1 = X
N

N— D)8+ X (19.2]
Tanl; = A= N
r+XNB) -1
where
N =Z|J|rZD
- RL/ZO
X =XL/ZO

X; = reactive component of ZL
R; = resistive component of ZL

CONSTRAINTS

> LN SWR
ar

Zy < ZyNSWR

IfL, <0, add 180°
If B < 0, 7, is too close to 7y
L #+ 4
(ZoV SWRY < Zy < (ZgN SWR)

PHYSICAL LENGTH IN FEET

Ly =Ly X/360
Ly =L ni360

where
_ 984 velocity factor
F {iMHZz)
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Transmission Line Matching ‘‘Q’’ Section

160 LET PI = 3.141593
170 GOSUB 840
180 PRINT "LOAD IMPEDANCE RESISTIVE"
185 PRINT "COMPONENT (RL)?"
187 INPUT RL
190 GOSUB 800
200 PRINT "LOAD IMPEDANCE REACTIVE"
201 PRINT "COMPONENT (XL):?2?272"
(A) A model of the Q-section. i 202 INPUT XL o
210 GOSUB 800
220 PRINT "SOURCE IMPEDANCE (ZQ): ?222"
222 INPUT ZO
230 GOSUB 800
240 PRINT "MATCHING SECTION SURGE IMPEDANCE (Z1): 222"
242 PRINT " (TRIAL VALUE)"
244 INPUT Z1
250 GOSUB 800
260 IF (RL / Z0O) > 1 THEN SWR
270 IF (RL / Z0O) < 1 THEN SWR
272 IF RL = Z0 THEN SWR = 1
280 IF Z1 < (20 * SQR (SWR)) THEN GOTO 1170
290 zZ1 / 20
300 RL / Z0
XL / Z0
(R=-1) = 2
(N - (1/N)) ~ 2
M+ (X~ 2)
(R*J) =M= (X" 2)
K/ Y
Z
(N - (R/ N))
X*N*B
(B *D) +X
R+E-~-1
H/C
ATN (B)
ATN (A)
450 L1 L1l * (180 / PI)
460 L2 L2 * (180 / PI)
470 IF L1 < 0 THEN L1 = L1 + 180
480 GOSUB 800

ANTENNA
)

RL / 20
Z0 / RL

nn

COAX NO. 1
Zo)

320
330
340
350
360
370
380
390
400
410
t  COAXNO.1 _' 420
ol ] 430 L2

' 440 L1

FPODIODOODNKROIXKDZ

L[ (| A |y [ | | I 1}

nmononon

(B) Physical arrangement when coaxial cable is used. _ 490 L1 = L1 * 100
: 500 L1 = INT (L1)

FiG. 19.1. TRANSMISSION LINE MATCHING “Q"" SECTION. 510 L1 = L1 / 100
1 520 L2 = L2 * 100

530 L2 = INT (L2)

540 L2 = L2 / 100

550 PRINT "DESIGN FOR A PARTICULAR FREQUENCY?"

105

104




Transmission Line Matching */Q’’ Section—cont.

555 PRINT

560 PRINT "1. NO"

570 PRINT "2. YES"

580 PRINT

590 PRINT "SELECT ONE OF ABOVE AND PRESS CR:"
595 INPUT Q

600 GOSUB 910

605 IF Q 1 THEN GOTO 580

606 IF Q 2 THEN GOTO 580

610 IF Q 2 THEN GOSUB 970

620 IF Q 1 THEN GOSUB 640

630 IF Q 1 THEN GOTO 1260

640 GOSUB 800

650 WL (984 * V) / F

660 LP (L1 * WL) / 380

670 LR (L2 * WL} / 260

740 BRINT “LENGTH L1: “;LP;" FEET"
750 PRINT "LENGTH L2: ";LR;" FEET"
760 GOSUB 800

770 GOSUB 880

780 GOSUB 840

790 GOTO 1240

B00O FOR I = 1 TO 5

810 PRINT

820 NEXT 1

830 RETURN

840 FOR I = 1 TO 30

850 PRINT

860 NEXT 1

870 RETURN

880 PRINT "PRESS CR TO CONTINUE..."
890 INPUT XXX

900 RETURN

910 GOSUB 800

920 PRINT "LENGTH OF THE MATCHING SECTION"
925 PRINT “"(L2): ";L2; " DEGREES"
930 PRINT "DISTANCE FROM THE LOAD {L1) "
935 PRINT L1;" DEGREES"

940 GOSUB 800

950 GOSUB 880

960 RETURN

970 GOSUB 800

980 PRINT "OPERATING FREQUENCY IN"
985 PRINT "MEGAHERTZ ({MHZ}:"

487 INPUT F

990 GOSUB 800

1000 PRINT "SELECT TRANSMISSION LINE TYPE:"

BN VA
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Transmission Line Matching /Q’’ Section—cont.

1010 PRINT

1020 PRINT "1. FOAM-FILLED COAXIAL CABLE"

1030 PRINT "2, REGULAR POLYETHYLENE COAXIAL CABLE"
1040 PRINT "3. TEFLON-FILLED COAXIAL CABLE"

1050 PRINT "4. 300-0OHM TWIN-LEAD"

1060 PRINT "5. OTHER"
1070 PRINT

1080 PRINT "SELECTION
1682 INPUT T

1090 IF T > 5 THEN GOTC 950
1100 IF T = 1 THEN V = 0.8
1110 IF T = 2 THEN V = 0.66
1120 IF T = 3 THEN V = {0.70
1130 IF T = 4 THEN V = 0,82
1140 IF T < 5 THEN GOTO 1160

1150 PRINT "ENTER VELOCITY FACTOR (V): "

1152 INPUT ¥

1160 RETURN

1170 GOSUE 800

1180 IF 21 ¢ {20 / ( SQR (SWR))) THEN GOTO 2380

1190 PRINT "SELECT ANOTHER VALUE OF SURGE IMPEDANCE FOR
THE "

1200 PRINT "MATCHING SECTION TRANSMISSION LINE"

1210 PRINT

1220 GOSUB 880

1230 GOTC 230

1240 GOSUB 800

1250 PRINT

1260 PRINT "FINISHED?2?"

1270 PRINT

1280 PRINT "1. YES"

1290 PRINT "2. NO"

1300 PRINT

1310 PRINT "ENTER SELECTION THEN PRESS CR:"

1312 INPUT E

1314 IF E < 1 THEN GOTQ 1270

1315 IF E > 2 THEN GOTO 1270

1320 ON E GOTO 1330,170

1330 GOSUB B840

1340 PRINT "PROGRAM ENDED"

Example

LOAD IMPEDANCE RESISTIVE
COMPONENT (RL) ?
30
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Transmission Line Matching /Q’’ Section—cont.

LOAD IMPEDANCE REACTIVE
COMPONENT {XL}:727
5

SOURCE IMPEDANCE (Z0): 22272
50

MATCHING SECTION SURGE IMPEDANCE (Z1): 2?27
{TRIAL VALUE)
75

DESIGN FOR A PARTICULAR FREQUENCY?

1. NO
2. YES

SELECT ONE OF ABOVE AND PRESS CR:
2

LENGTH OF THE MATCHING SECTION
(L2): 39.69 DEGREES

DISTANCE FROM THE LOAD (L1)
105.21 DEGREES

PRESS CR TO CONTINUE...
0

QPERATING FREQUENCY IN
MEGAHERTZ (MHZ):
14

SELECT TRANSMISSION LINE TYPE:

1. FOAM-FILLED COAXIAL CABLE

2. REGULAR PCLYETHYLENE COAXIAL CABLE
3. TEFLON-FILLED COAXIAL CABLE

4, 300-OHM TWIN-LEAD

5. OTHER

108

Transmission Line Matching /"’ Section—cont.

SELECTION: 22272
H

LENGTH L1i: 16.4328 FEET
LENGTH L2: 6.,1%%2 FEET

LOAD IMPEDANCE RESISTIVE
COMPONENT (RL}?
29

LCAD IMPEDANCE REACTIVE
COMPONENT (XL):77?
o

SOURCE IMPEDANCE (20): 777?72
50

MATCHING SECTION SURGE IMPEDRNCE {Z1): ?7
{(TRIAL VALUE)
75

DESIGN FOR A PARTICULAR FREQUENCY?

1. NC
2. YES

SELECT ONE OF ABOVE AND PRESS CR:
2

LENGTH OF THE MATCHING SECTION
(L2): 41.43 DEGREES

DISTANCE FROM THE LOAD (Ll)
113,13 DEGREES

PRESS CR TO CONTINUE...
0

?
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Transmission Line Matching ‘Q’’ Section—cont,

COPERATING FREQUENCY IN
MEGRHERTZ {MHZ):
21,39

SELECT TRANSMISSION LINE TYPE:

1., FOMRM~FIILLED COAXIAL CABLE

2. REGULAR POLYETHYLENE COAXIAL CABLE
3. TEFLON-FILLED COAXIAL CABLE

4, 300-OHM TWIN-LEAD

5. OTHER

SELECTION: ?27?7
5

ENTER VELOCITY FACTOR (V):
.95

LENGTH L1: 13.7335624 FEET
LENGTH L2: 5.02944834 FEET

PRESS CR TC CONTINUE...
0

FINISHED???

1. YES
2. NO

ENTER SELECTION THEN PRESS CR:
1

PROGRAM ENDED
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ProGram 20

Mobile and Other Short HF
Antenna Design

A vertical antenna with a radiator less than a quarter wavelength
is usually used for mobile and portable communications. An
example of such an antenna is shown in Fig. 20.1. The lack of
length in this antenna is made up by inductance (L) placed in
series with the radiator. This inductor is used to cancel the
capacitive reactance caused by using a radiator that is too short
for the resonant frequency. The transmission line center conduc-
tor is connected to one end of the inductor, while the transmis-
sion line shield is connected either te ground (which could be
earth ground or the body of a vehicle depending upon whether
operation is mobile or portable) or 10 a quarnter-wave radial. The
radial consists of one or more parallel wires connected to the
shield. The wires have a length of L (ft) = 246/F (MHz).

C= 1 17! . [20.1}
[ ()= ][ ]
d 234
where

| is antenna length in feet,
d is average antenna diameter in inches,
¢ is antenna capacitance.
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Mobile and Other Short HF Antenna Design

1 (20.2}

27 FC 160 REM THIS IS PROGRAM NO. 20 PROG20
: 110 REM

) 120 REM THIS PROGRAM WILIL CALCULATE THEE
where E 125 REM CAPACITANCE AND THE INDUCTOR

Xc is capacitive reactance in ohms, _ 130 REM NEEDED FOR A MOBILE HF ANTENNA

F is operating frequency in hertz, ] igg gg}squgE‘s;gon QUARTER WAVELENGTH
C is capacitance in farads. j 160 PRINT "OPERATING FREQUENCY (CENTER-"
XL==XC L 162 PRINT "BAND) IN MEGAHERTZ:"
! 165 INPUT F

L (92 + 10b) [20.3] ] 170 PRINT
N = — 1 180 PRINT "ANTENNA HEIGHT IN FEET?"
a’ - 182 INPUT M
150 N = 234 / F
: 200 GOSUB 740
where o = 210 IF N < M THEN GOSUB 1200
L.y is inductance in microhenrys, : 260 GOSUB 740
a is coil radius in inches, 270 PRINT “AVERAGE RADIATOR DIAMETER IN"
N is number of turns, 272 PRINT “INCHS (IN,): 277"
is €O hin inches. 275 INPUT D
b is coil lengt 280 PRINT
290 P
62 i
= AN [20.41 300 0
9a + 10b - 310 C
- 320 ¢
C
C
RR

LOG ((24 * M) / D)
({{F * M) / 234} © 2)
(L7 *M) / ({P-1) * (1 -0
C * 100
INT (C)
C / 100
273 * 107 =8 * {(M* 12 * F} © 2)
RR * 100
INT (RR)
RR / 100
380 XC 1/ (2 * 3.14155 * F * ()
400 XL XC
410 L = XL / (2 * 3,14159 * F}
420 L =L * 10 ~ &
430 GOSUB 740
44C PRINT "SELECT COIL DIAMETER (NOTE: *
445 PRINT "USE 3 OR 4 INCHS FOR > 500-W"
450 PRINT "OPERATION, AND NOT LESS THAN"
455 PRINT "1 INCH FOR 100-WATT OPERATICN)"
460 PRINT
3 470 PRINT "COIL DIAMETER IN INCHS (IN.): ???"
% _ CcoaxTo 474 INPUT D
L TRANSMITTER 3 480 A = D / 2
450 PRINT

) 500 PRINT "FIRST TRIAL - COIL LENGTH IN"
Fi1G. 20.1. A VERTICAL ANTENNA WITH A RADIATOR } 502 PRINT "INCHS (IN.): 227"

LESS THAN A QUARTER WAVELENGTH. 505 INPUT B

Lun

1 : 330
' 340
350
360 RR
370 RR
380 RR

manmnonon

RADIATOR <=

Hmmnatnn

L e
LOADING ™
coIL
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Mobile and Other Short HF Antenna Design—cont.

510 PRINT

520 IF B < D THEN PRINT "LENGTH MUST BE > DIAMETER"

530 IF B < D THEN GCSUB 820
540 IF B < D THEN GCTO 430

550 N = ( SQR (L * ({9 * A) + (10 * B}}}} / &
560 N = N * 100
570 N = INT {N)
S0 N = N / 100

590 PRINT "CAPACITANCE: ";C;" PF"
6§00 PRINT "CAPACITIVE REACTANCE: ":XC;" OHMS"

610 PRINT "FOR RESONANCE, XL = XC = ";XC;" OHMS"

620 PRINT

6§30 PRINT "INDUCTANCE OF LOADING COIL: ";L;" UH"

640 PRINT

650 PRINT "LOADING COIL DIMENSIONS"
6§60 PRINT "LENGTH: ";B;" INCHS"

6§70 PRINT "DIAMETER: "“;D;" INCHS"
680 PRINT "NO. OF TURNS: ";N

690 PRINT "RADIATION RESISTANCE: "iRR;" OHMS"
700 PRINT

710 GOSUB 820

720 GOTC 850

730 GOTO 1000

740 FOR 1 = 1 TO 5

750 PRINT

760 NEXT I

770 RETURN

780 FCR 1 = 1 TO 30

790 PRINT

800 NEXT I

810 RETURN

820 PRINT "PRESS CR TO CONTINUE..."
830 INPUT HHH

840 RETURN

B50 GOSUB 780

860 PRINT "WHAT'S YOUR PLEASURE?Z?"
870 PRINT

880 PRINT "1. DO ANOTHER"

890 PRINT "2. FINISHED"

500 PRINT

910 PRINT "SELECTION; 227"

912 INPUT V

920 IF V > 3 THEN GOTO 860

922 IF Vv < 1 THEN GOTC 860

930 ON V GOTO 150,940

940 GOSUB 780

950 FOR I = 1 TO 20

960 PRINT "#*#**%* —_GOOD DX—— t¥**xx!

114

Mobile and Other Short HF Antenna Design—cont,

970 NEXT I

980 GOSUB 740

990 PRINT "PROGRAM OVER"

1000 END

1200 PRINT "LENGTH > (.25 WAVELENGTH,"
1205 PRINT "SC USE A 0.25 WAVELENGTRE"
1210 PRINT "ANTENNA, WHICH IS ":N
1212 GOSUB 820

1214 GOTO 150

1215 PRINT "“FEET IN LENGTRH"

1220 RETURN

Example

OPERATING FREQUENCY (CENTER-
BAND) IN MEGAHERTZ:
21

ANTENNA HEIGHT IN FEET?
8

AVERAGE RADIATOR DIAMETER IN
INCHS {IN.): 2?7
.33

SELECT COIL DIAMETER (NCTE:
USE 3 OR 4 INCHS FCR > 500-W
OPERATICN, AND NOT LESS THAN
1 INCH FOR 100-WATT OPERATION)

COIL DIAMETER IN INCHS (IN.}: 22?2
1

FIRST TRIAL = COIL LENGTH IN
INCHS (IN.): 227
2.5

CAPACITANCE: 52.3 PF
CAPACITIVE REACTANCE: 1.44910386E-04 OHMS
FOR RESONANCE, XL = XC = 1,44910386E-04 OHMS
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Mobile and Other Short HF Antenna Design—cont.

INDUCTANCE OF LOADING COIL: 1.09824875 UH
LOADING COIL DIMENSIONS

LENGTH: 2.5 INCHS

DIAMETER: 1 TINCHS

NO. OF TURNS: 11.38

RADIATION RESISTANCE: 11.09 OHMS

PRESS CR TO CONTINUE...
o

WHAT'S YOUR PLEASURE?

1. DO ANCTHER
2. FINISHED

SELECTICN: 222
2

kkkkkk ——GOO0D DY=— ER R LR
kkkkk* —COOD D¥Y=—— LR £ X3

PROGRAM OVER

116

ProGram 21

Distance to VHF/UHF/Microwave
Radio Horizon

VHF, UHF, and microwave radio signals are said to be “line of
sight” signals because they travel only by ground wave to a
point somewhere just beyond the optical horizon. The distance
to the radio horizon is dependent upon the height of the trans-
mitting antenna above ground, assuming that the receiving
antenna is at the earth’s surface (see Fig. 21.1), This program
will permit you to work in either metric or English units for
antenna height and either kilometers {metric), English miles, or
nautical miles for the distance.

Fic. 21,1, DISTANCE TO THE RADIO HORIZON IS DEPENDENT UPON THE HEIGHT OF
THE TRANSMIT ANTENNA ABOVE GROUND,

17




Distance to VHF/UHF/Microwave Radio Hotizon Distance to VHF/UHF/Microwave Radio Horizon—cont

600 INPUT H
610 D = 1.23 * { SQR (H}}
620 GOSUEB 900

100 REM THIS IS PROGRAM NO. 21 PROGZ2L
140 REM GROUND

170 H = 0
180 D = O 630 RETURN
190 GOSUB 900 640 GOSUE 200
200 DRINT "% * % % % % & & % ¥ % & & Ll 650 PRINT

660 PRINT

210 PRINT "* DISTANCE TO THE RADIO *n
220 PRINT "* HORIZON GIVEN THE w1
230 PRINT "* ANTENKA HEIGHT ABOVE *"

670 PRINT "DISTANCE WILL BE GIVEN IN KILOMETERS"
680 PRIRT "WILL YOU ENTER ANTENNA HEIGHT"

240 PRINT "* GROUND o 685 PRINT "IN FEET OR METERS?"

250 PRINT "“* *n 690 PRINT " 1. FEET"

260 PRINT "*  COPYRIGHT 1984 BY L 700 PRINT " 2. METERS"

270 PRINT "* J.J. CARR * 710 PRINT

580 DRINT "* % #® % % % % * & & & % & &0 z 720 PRINT "SELECT ONE AND PRESS CR:"
290 PRINT ' 740 INPUT Q

300 PRINT 750 IF Q > 2 THEN GOTO 670

310 PRINT i 755 IF Q < 1 THEN GOTO 670

320 PRINT “USE STATUTORY MILES, NAUTICAL" ; 760 ON Q GOTO 770,830

325 PRINT "MILES OR KILOMETERS" ] 770 PRINT

330 PRINT 3 780 PRINT

340 PRINT : 790 PRINT "ENTER ANTENNA HEZ .
350 GOSUB 940 : 800 INFUT H GHT (H} IN FEET:
360 GOSUB 900 810 B = H / 3.28

370 PRINT "SELECT ONE FROM MENU ABOVE:" I 820 GOTO 870

380 PRINT " 1. STATUTORY MILES (5280 FT/MI)" ' 830 PRINT

290 PRINT " 2. NAUTICAL MILES (6000 FT/MI}" ' 840 PRINT

400 PRINT " 3. KILOMETERS" ¥ 850 PRINT "ENTER HEIGHT (H) IN METERS:"
410 PRINT i [ 860 INPUT H

420 PRINT "SELECT ONE AND PRESS CR:" o 870 H = H / 1000

430 INPUT K F 880 D = 130 * { SQR (H})

440 ON K GOSUB 430,570,640 890 RETURN

450 IF K > 3 THEN GOTC 370 900 FOR I = 1 TC 30

455 IF K < 1 THEN GOTG 370 910 PRINT

460 IF K = 3 THEN GOSUB 270 920 NEXT I

470 IF K = 3 THEN GOTO 1180 930 RETURN

480 GOTO 1120 4 940 PRINT "PRESS CR TO CONTINUE..."

490 GOSUB 300 B 950 INPUT JJJ

500 PRINT "DISTANCE WILL BE GIVEN IN" 3 960 RETURN

505 PRINT "STATUTORY MILES" : 70 D = INT (D)

510 PRINT "ENTER HEIGHT (H) IN FEET:" S80 PRINT

520 INPUT H ! 990 PRINT

530 D = SQR (2 * H) 1000 PRINT “DISTANCE TC RADIO HORIZON IS"
540 GOSUB 900 1005 PRINT D;" KILOMETERS"

550 RETURN L 1010 IF @ = 2 THEN GOTO 1060

560 GOTO 1120 ] 1020 H = H * 1000

570 GOSUB 900 E 1030 H = H * 3.28

580 PRINT “DISTANCE WILL BE GIVEN IN NAUTICAL MILES" : 1040 PRINT "WHEN THE ANTENNA IS ";H

590 PRINT "ENTER HEIGHT (H) IN FEET:" - 1045 PRINT "FEET ABOVE GROUND"
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Distance to VHF/UHF/Microwave Radio Horizon—cont, f Distance to VHF/UHF/Microwave Radio Horizon—cont
1050 GOTO 1100 ; PRESS CR TO CONTINUE...
1060 H = H * 1000 | 0

1070 PRINT "WHEN THE ANTENNA IS ";H
1075 PRINT "METERS ABQVE GROUND"

1080 PRINT :

1090 PRINT : SELECT ONE FROM MENU ABOVE:

1100 GOSUB 940 ] 1. STATUTORY MILES {5280 FT/MI})
1110 RETURN _ 2. NAUTICAL MILES (6000 FT/MI})
1120 D = INT {D} i 3. KILOMETERS

1130 PRINT "DISTANCE TO RADIO HORIZON IS ";D;" MILES" 1

1140 PRINT "WHEN ANTENNA IS ";H;" FEET ABOVE GROUND" - SELECT ONE AND PRESS CR:

1150 PRINT i 1

1160 PRINT '

1170 GOSUB 240
1180 GOSUB 90C

1190 PRINT :FiNiSHED?" 1 DISTANCE WILL BE GIVEN IN
iggg ggigg “é. ng : STATUTORY MILES

. : ENTER HEIGHT (H) IN :
1220 PRINT ' 200 t FERT

1230 PRINT "SELECT ONE AND PRESS CR:"
1240 INPCT L
1242 IF L < 1 THEN GOTC 1180

120

121

i%gg ég i éo%ngggo ?ggo 1180 - DISTANCE TO RADIO HORIZON IS 20 MILES
, _ WHEN ANTENNA IS 200 FEET
1260 GOSUB 900 i ABOVE GROUND
1270 PRINT "PROGRAM ENDED" !
1280 PRINT 3 PRESS CR TO CONTINUE,..
1230 PRINT &= 0
1300 PRINT "GONE!!!" .
1310 END
| FINISHED?
| 1. YES
Example » 2. NO
|
Wk ok ok ok ok ok ok k% Rk ok ok ok % SELECT ONE AND FRESS CR:
* DISTANCE TO THE RADIC * i 2
* HORIZON GIVEN THE * |
*  ANTENNA HEIGHT ABOVE * i
» GROUND * i
* * I * k & Kk Kk * % * %k ¥ *k *x &k &
*  COPYRIGHT 1984 BY * * DISTANCE TO THE RADIC *
* J.J. CARR * * HORIZON GIVEN THE *
 k k ok k % % k k Kk k k % % w ANTENNA HEIGHT ABOVE *
* GROUND *
L *
< L
USE STATUTORY MILES, NAUTICAL _ , CoPYRIGHT 1984 BY 1
MILES OR KILOMETERS - Nttt et
1
1




Distance to VHF/UHF/Microwave Radio Horizon—cont, ] Distance to VHF/UHF/Microwave Radio Horizon—cont,
USE STATUTORY MILES, NAUTICAL ' SELECT ONE AND PRESS CR:
MILES OR KILOMETERS . 1

PRESS CR TO CONTINUE...
0 _ PROGRAM ENDED

SELECT ONE FROM MENU ABOVE:
1. STATUTORY MILES (5280 FT/MI)
2. NAUTICAL MILES (6000 FT/MI) ' READY.
3. KILOMETERS

SELECT ONE AND PRESS CR:
3

DISTANCE WILL BE GIVEN IN KILOMETERS
WILL YOU ENTER ANTENNA HEIGHT
IN FEET OR METERS?

1. FEET

2. METERS

SELECT ONE AND PRESS CR:
2

ENTER HEIGHT (H) IN METERS:
22

DISTANCE TO RADIC HORIZON IS
19 KILOMETERS

WHEN THE ANTENNA IS 22

METERS ABOVE GROUND

PRESS CR TO CONTINUE...
0

FINISHED?
1. YES
2. NO

122
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ProGRrRAM 22

Satellite Dish Antenna

Satellite television signals are transmitted on microwave frequen-
cies ithat is those above 1000 MHz, or 1 GHz). These signals are
weak when they arrive on earth, so they must be amplified by a
high gain antenna feeding a low noise ampilifier. The antenna
usually selected is the parabolic dish (see Fig. 22.1).

This program allows you 10 calculate the gain, beam width, and
focal length of a parabolic dish antenna, assuming that you
know or can specify the dish diameter, depth, and the operat-
ing frequency. This program will permit you to determine how
much gain is available, thus how much gain the tNA and rest
of the system must provide in order to receive a specified
microwave signal from outer space.

F = focal point

G = 0.557D? [22.1]
A
. Db? [22.2]
16DE
70°
¢ = A
D

=+ X

FiG. 22.1. A PARABOLIC DISH,

100
110
120
125
130
140
150
160
170
180
185
190
200
210
220
222
230
240
245
250
260
270

Satellite Dish Antenna

REM THIS IS PROGRAM NO, 22 PROG22Z
REM THIS PROGRAM CAICULATES THE GAIN
REM BEAMWIDTH AND FOCAL LENGTH OF A
REM PARAROLIC DISH ANTENNA

GOSUB 630

PRINT "SATELLITE ANTENNA COMPUTATIONS"
PRINT

GOSUB 670

GOSUB 590

PRINT "FREQUENCY OF OPERATION IN MEGAHERTZ:"
INPUT F

WL = 300 / F

WL = WL * 3.28

GOSUB 590

PRINT "ANTENNA DIAMETER IN FEET. (FT.):"
INPUT D

GOSUB 590

PRINT "DEPTH OF ANTENNA IN FEET {FT.):"
INPUT DE

GOSUB 590

Gl {3.1415 * D} " 2

G2 = 0.55 * Gl




Satellite Dish Antenna—cont.

280 G = G2 / WL

290 G = LOG {(G)

300 G = 0.4343 * G
310 G =10 * G

320 G = INT (G)

330 FL = FL * 100
340 FL = INT (FL)
380 FL = FL / 100
360 PHI = {70 * WL} / D
370 PHI = PHI * 100
180 PHI = INT (PHI}
390 PHI = PHI / 100

400 FL = (D ~ 2) / (16 * DE)

410 PRINT "GAIN: ";G;" DB OVER ISOTROPIC SOURCE"
420 PRINT "GAIN: ";G — 2.1;" DB OVER SIMPLE DIPOLE"

430 PRINT "BEAMWIDTH: ";PHI;" DEGREES"
440 PRINT "FOCAL LENGTH: ";FL;" FEET"
450 PRINT

460 PRINT "DISH DIAMETER: ";D;" FEET"
470 PRINT "DEPTH OF DISH: “;DE;" FEET"
480 PRINT "FREQUENCY: ";F;" MHZ"

490 PRINT

500 PRINT

51C¢ GOSUB 670

520 GOSUB 630

530 PRINT "1. DO ANOTHER?"

540 PRINT "2, FINISHED?"

550 PRINT

560 PRINT "SELECTION?2?"

565 INPUT H

570 IF H > 2 THEN GQTO 530

580 ON H GOTO 100,700

590 FOR I = 1 TO 5

600 PRINT

610 NEXT 1

620 RETURN

630 FOR I = 1 TO 30

640 PRINT

650 NEXT I

660 RETURN

€70 PRINT "PRESS CR TO CONTINUE..."
680 INPUT KK

690 RETURN

700 GOSUB 630

710 PRINT "PROGRAM ENDED"

720 END

126

satellite Dish Antenna—cont.
Example

SATELLITE ANTENNA COMPUTATIONS

PRESS CR TO CONTINUE...
Q

FREQUENCY OF OPERATION IN MEGAHERTZ:
3515

ANTENNA DIARMETER IN FEET (FT.):
12

CEPTH OF ANTENNA IN FEET (FT.}:
1.5

GAIN: 34 DB OVER ISOTRCPIC SOURCE
GAIN: 31.9 DB OVER SIMPLE DIPOLE
BEAMWIDTH: 1.63 DEGREES

FOCAL LENGTH: 6 FEET

DISH DIAMETER: 12 FEET

DEFTH OF DISH: 1.5 FEET
FREQUENCY: 3515 MHZ

PRESS CR TO CONTINUE...
&

1. DO ANOTHER?
2, FINISHED?

SELECTION???
2

PROGRAM ENDED
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Antenna Bearings Given Latitude/Longitude

100 REM THIS IS PROGRAM NO. 23 PROG23
' 140 REM
ProGrAm 23 150 REM SET CONSTANTS
160 PI = 3.1415926
170 R = 57.295779
180 Q = 2
. . ] 190 REM
Antenna Bearmgs Given 200 REM OPENING DISPLAY
. . ] 210 REM
Latltudellongltude 220 DIM B${30)
: 230 GOSUB 1350
240 PRINT TAB{ Q"% * % % * & % % % % % & * & & % % & &0

This program calculates the great circle bearing between any 245 PRINT TAB{ Q);"* .
two points on the earth’s surface. You will be asked to enter 250 PRINT TAB{ Q) ;:* ANTENNA BEARINGS CALCULATION %0
the latitude and longitude of your location, and the latitude and ggg ggﬁg gﬁ} g; f..: COPYRIGHg JlQSiRR BY ::
longitude of the other location. The program will then ca.lculate 280 PRINT TAB( Q) ;"* e .
the bearing in degrees relative to true north and the distance 300 PRINT TAB( Q);"% % # % % % % & % % % % % & % # % % #»
between the two points. This program is used mostiy for posi- 318 PRINT
ioning directi i 320 PRINT
tioning directional radio antennas. 390 DRINT
Use decimal degrees, that is 27.33 instead of 27 degrees 20 340 GOSUB 13390
minutes 350 GOSUB 1350
: 360 REM

370 REM GET INFORMATION FOR CALCULATIONS

380 REM

3%0 PRINT "YOUR LATITUDE IN DECIMAL DEGREES:"

392 INPUT A

400 GOSUB 1310

410 PRINT "YOUR LONGITUDE IN DECIMAL DEGREES:"
412 INPUT L1

420 GOSUB 1310

430 PRINT "NOW ENTER THE LATITUDE AND LONGITUDE"
440 PRINT "OF THE OTHER CITY CR COUNTRY:"

450 PRINT “IF YOU DO NOT KNOW THE LAT/LONG THEN"
460 PRINT "CONSULT AN ATLAS"

470 PRINT

480 GOSUB 1310

490 PRINT "ENTER THE NAME OF THE CITY COR COUNTRY:"
500 INPUT BS$

510 GOSUB 1310

520 PRINT "ENTER LATITUDE OF ";BS$

530 INPUT B

540 GOSUB 1310

550 PRINT "ENTER LONGITUDE OF ";B$

560 INPUT L2

570 REM CALCULATE THE DIFFERENCE IN LONGITUDE
580 L3 = L1 - L2
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Antenna Bearings Given Latitude/Longitude—cont. Antenna Bearings Given Latitude/Longitude—cont.
590 IF ABS {L3) = 180 THEN GOTO 650 1 1080 IF G » 0.5 THEN S1 = INT (S1) + 1
600 IF ABS {L3) < 180 THEN GOTC 650 ' 1090 IF G < 0.5 THEN S1 = INT (51)
10 IF L3 > 180 THEN L3 = L3 - 360 . 1100 B = §2 - INT (582}

620 IF L3 ¢ - 180 THEN L3 = L3 + 360 - 1110 IF HE = 0 THEN §2 = §2

630 REM o 1120 IF H > 0,5 THEN 82 = INT (52} + 1
640 REM CONVERT FROM DEGREES TO RADIANS 2= 1130 IF H ¢ 0.5 THEN S2 = INT (52}
650 L = L3 / R | 1140 REM

660 A = A / R ¥ 1150 REM OUTPUT DATA

670 B =B /R E 1160 GOSUB 1310

680 REM - 1170 PRINT BS

650 REM CALCULATE ANGULAER DISTANCE 4 1180 PRINT "LAT. ":B:" "?“LONG. “.'.L2
700 DL = SIN (A} * SIN {B) 1 1180 PRINT S1;" MILES":;S2;" KILOMETERS"
710 D2 = COS (A} * COS (B) * COS (L) i 1200 PRINT

720 REM F 1210 PRINT "BEARINGS: ";C;" DEGREES"
730 REM ! 1220 GOSUB 1310

740 REM D3 IS COSINE D 1230 GOSUB 1390

750 BREM 1 1240 GOSUB 1350

760 D3 = D1 + D2 1250 PRINT "1. FINISHED?Z?"

770 B = - ATN (D3 / SQR ( - D3 * D3 + 1)) + 1.5708 1260 PRINT "2. DO ANOTHER?"

780 REM CALCULATE BEARING ] 1270 PRINT

790 C1 = SIN (B) ; 1280 PRINT "SELECTION????"

BOO C2 = SIN (A) * D3 - 1282 INPUT J

810 C3 = COS {(A) * SIN (D} ! 1290 IF J > 2 THEN GOTO 1250

820 C4 = {(Cl - C2) / C3) - 1300 ON J GOTO 1420,350

830 REM g 1310 FOR LI = 1 TO 5

840 REM : 1320 PRINT

850 C = - ATN (C4 / SOR ( - C4 * C4 + 1}) + 1.5708 - 1330 NEXT I

B60 I = L3 ; 1340 RETURN

870 IF I > 0 THEN C = C . 135¢ FOR I = 1 TQ 30

880 IF I < O THEN C = {2 * PI) = C : 1360 PRINT

890 REM RECONVERT ANGLES FROM RADIANS TO DEGREES | 1370 NEXT I

900 C = C * R 5 1380 RETURN

910 A = A * R - 1390 PRINT "PRESS CR TO CONTINUE"

920 B = B * R 1400 INPUT KK

930 D =D * R ; 1410 RETURN

940 REM ROUND-OFF BEARINGS _ ; 1420 GOSUB 1350

950 M = C - INT (C) - 1430 PRINT "PROGRAM ENDED"

960 IF M > 0.5 THEN C = INT (c) +1 i 1440 END

970 IF M =0 THEN C = C 3

980 IF M < 0.5 THEN C = INT {(C)

990 REM CALCULATE LINEAR DISTANCE i
1000 REM S1 1S MILES, 52 IS KILOMETERS

1010 S1 = D * 60 * 1.15078 ;
1020 S2 = D * 60 * 1,852

1030 REM

1040 REM ROUND=-OFF ALL DISTANCES

1050 REM

1060 G = S1 - INT (S1} ,
1070 IF G = 0 THEN S1 = S1 ;
130
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ProGrAM 24

Resistors in Series or Parallel

Resistors can be combined in either series or parallel or in a
combination of these two circuits (Fig, 24.1}, This program asks
for the number of resistors and whether they are in series or
parallel circuit configuration. The following equations apply:

SERIES RESISTORS
R=R,+R;+R;+..+ R, [24.1]

TWO RESISTORS IN PARALLEL

_ _RiRy [24.2)
R, + R,
“N"" RESISTORS IN PARALLEL
= 1 [24.3}
1,1, 1 1
X + 2 + R, +"'+R_n
A, Ry Ry Ay A O _
l o I md m3 o
A B 8o ———
{A) Series. (B) Parallel.

Fic.. 24.1. RESISTORS CAN 8E COMBINED IN EITHER SERIES OR PARALLEL.
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Resistors in Series or Parallel Resistors in Series or Parallel—cont.

100 REM THIS IS PROGRAM NO. 24 PROG24 - 470 GOSUB 520
110 REM RUNS ON C-64 OR C-128 1 480 PRINT "TQTAL PARALLEL, RESISTANCE ";RTP;" OHMS"
120 REM : 430 PRINT
125 REM THIS PROGRAM CALCULATES THE 500 PRINT "TOTAL SERIES RESISTANCE ":RSUM;" OHMS"
126 REM VALUE OF N RESISTORS IN PARALLEL130 DIM R(1000) _ 510 GOTO 560
140 DIM G(1000) 3 520 FOR I = 1 TO 30
150 GSUM = 0 p 530 PRINT
160 RSUM = 0 3 540 NEXT 1
170 GOSUB 520 550 RETURN
180 PRINT "HOW MANY RESISTORS ARE THERE?" ' 560 PRINT
190 INPUT N 1 570 PRINT “PRESS CR TO CONTINUE..."
192 IF N = 1 THEN GOTO 8GO0 580 INPUT KK
193 IF N < 1 THEN GOTOQ 900 : 590 GOSUB 520
200 GOSUB 520 1 600 PRINT "FINISHED"
210 FOR I = 1 TO N 3 610 PRINT TAB{5):"1. YES"
220 PRINT "ENTER R(";I;") IN CHMS:" _ 620 PRINT TAB({5):"2. NO"
230 INPUT R{I} 1 630 PRINT
240 G(I} = 1/R(I) 3 €40 PRINT "SELECT ONE FROM ABQVE AND
250 GSUM = GSUM + G(I) 3 645 PRINT "PRESS CR..."
260 RSUM = RSUM + R({I) ] 650 INPUT F
270 NEXT 1 660 IF F > 2 THEN GOTO 600
280 GOSUB 520 670 IF F = 2 THEN GOTO 150
290 RTP = 1/GSUM } 675 IF F < 1 THEN GOTO 600
291 RTP = RTP*100 680 GOSUR 520
292 RTP = INT (RTP) j 690 PRINT "PROGRAM ENDED..."
293 RTP = RTP/100 1 700 PRINT
294 RSUM = RSUM*100 ] 710 PRINT
295 RSUM = INT (RSUM) 720 GOTO 1000
296 RSUM = RSUM/L100 ] 800 REM ONE RESISTOR ERROR MSG.
300 PRINT "PARALLEL OR SERIES?" ' 810 PRINT "ONE RESISTOR IS A TRIVIAL"
310 PRINT TAE(5):"™l. PARALLEL" 1 820 PRINT "CASE ...TRY AGAIN"
320 PRINT TAB(5);"2. SERIES" 3 830 PRINT
330 PRINT TAB(S};"3. BOTH PARALLEL & SERIES" 840 PRINT
340 PRINT ] 850 PRINT "PRESS CR TO CONTINUE..."
350 PRINT "SELECT ONE FROM ABOVE " 1 860 PRINT
355 PRINT "AND PRESS CR" ; 870 PRINT
360 INPUT D : 880 GOTO 180
370 IF D > 3 'THEN GOTO 300 . 300 PRINT "LESS THAN 1 RESISTOR?"
380 IF D = 2 THEN GOTC 410 920 PRINT “TRY AGAIN..."
3%0 JF D = 1 THEN GOTO 440 940 PRINT
400 IF D = 3 THEN GOTO 470 950 PRINT "PRESS CR TO CONTINUE..."
405 IF D < 1 THEN GOTO 300 - 960 INPUT EFE
410 GOSUB 420 970 PRINT
420 PRINT "SERIES OF TOTAL OF ";N;™ RESISTORS IS ";RSUM;" 980 PRINT

OHMS" 990 GOTO 180
430 GOTO 560 ' 1000 END

440 GOSUB 520 :
450 PRINT "PARALIEL TOTAL OF ";N;" RESISTORS IS ";RTP;" OHMS"
460 GOTC 560
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Resistors in Series or Parallel—cont.

Example

HOW MANY RESISTORS ARE THERE?
3

ENTER R( 1 ) IN QHMS:
igoo

ENTER R( 2 } IN OHMS:
2000

ENTER R{ 3 ) IN QHMS:
1000

PARALLEI, OR SERIES?
1. PARALLEL
2. SERIES
3. BOTH PARAILEL & SERIES

SELECT ONE FROM ABOVE

AND PRESS CR
k)

TOTAL PARALLEL RESISTANCE 545.45 OHMS
TOTAL SERIES RESISTANCE 6000 OHMS

PRESS CR TO CONTINUE...

FINISHED
1. YES
2., NO

SELECT ONE FROM ABOVE AND
PRESS CR...

1
PROGRAM ENDED...

138

PrOGrRAM 25

Capacitors in Series or Parallel

Capacitors can be combined in either series or paralle!l or in a
combination of these two circuits {Fig, 25.1). This program asks
for the number of capacitors and whether they are in series or
parallel circuit configuration. The following equations apply:

CAPACITORS IN PARALLEL
C=cC +C2+C3 +..+ C, [25.1]

TWO CAPACITORS IN SERIES

_ GG [25.2]
G+ G,
“N" CAPACITORS IN SERIES
- 1 25.3]

LIV I L
& GG TG

s TTTITL
[ 1 1117

{A) Series. {B) Paraflel,

Fic.. 25.1. CAPACITORS CAN BE COMEINED [N EITHER SERIES OR PARALLEL.
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100

110
120
125
130
150
160
170
180
190
205
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
580
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Capacitors in Series or Parallel

REM THIS 1S PROGRAM NO. 25 PROG25
REM IT WILL CALCULATE THE VALUES OF
REM N CAPACITORS IN SERIES OR

REM PARAIILEL.

DI1M C(1000)

GSUM = 0

CSUM = 0

GOSUB 550

PRINT "HOW MANY CAPACITORS ARE THERE??2?" 1
INPUT N f
GOSUB 550 b
FOR I = 1 TO N -
C(I) =0 :
NEXT 1 ,

FOR I = 1 TON
PRINT "ENTER C{";I;"): "

INPUT C({I}

G(I) = 1/C(1)

GSUM = GS5UM + G(I)
CSUM = CSUM + C{I)
NEXT 1

GOSUB 550

CTP = 1/GSUM

PRINT "PARALELL OR SERIES???"

PRINT TAB(5);"1. PARALLEL"

PRINT TAB(S5):;"2. SERIES"

PRINT TAB(5);:;"3. BOTH SERIES & PARALLEL"

PRINT

PRINT "SELECT ONE FROM ABOVE..."

INPUT D

IF D > 3 THEN GOTO 330

ON D GOTC 470,440,500

GOSUB 550

PRINT "SERIES TOTAL OF ";N;" CAPACITORS: "“;RTP:" UF"
GOTC 590

GCOSUE 550 !
PRINT "PARALLEL TOTAL OF ":N;" CAPACITORS: “;RSUM;" UF" |
GOTQ 590 !
GOSUB 550

PRINT "TCTAL PARALLEL CAPACITANCE: ";CSUM;" UF"

PRINT

PRINT "TOTAL SERIES CAPACITANCE: ";CTP;" UF"

GOTO 590

FOR I = 1 TCO 30

PRINT

NEXT I

RETURN

PRINT

Capacitors in Series or Parallel—cont.

600 PRINT "PRESS CR TO CONTINUE..."
610 INPUT KK

620 GOSUB 550

630 PRINT “FINISHED (Y/N)?7?%"

640 PRINT TAB{5):;"1. YES"

650 PRINT TAB(5);"2. NO"

660 PRINT

670 PRINT "SELECT ONE FROM ABOVE AND"
675 PRINT "PRESS CR....."

680 INFUT F

690 IF F > 2 THEN GOTO 630

700 IF F = 2 THEN GOTQ 150

710 GOSUB 550

720 PRINT "PROGRAM ENDED....."

730 PRINT

740 PRINT

750 END

Example

HOW MANY CAPACITCRS ARE THERE?77
3

ENTER C{ 1 }:

300

ENTER C{ 2 ):
200

ENTER C{ 3 }:
300

PARALELL, OR SERIES???
1. PARALLEL
2. SERIES
3, BOTH SERIES & PARALLEL

SELECT ONE FROM ABOVE...
3

TOTAL PARALLEL CAPACITANCE: 85.7142858 UF
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Capacitors in Series or Parallel—cont.

TOTAL SERIES CAPACITANCE: 8G0 UF

PrOGRAM 26
PRESS CR TO CONTINOE...
0
CINISHED (¥/N) 7772 ] Inductors in Series or Parallel
1. YES
2. Mo _ Inductors can be combined in either series or parallel (Fig.
SELECT ONE FROM ABOVE AND 3 26.1) or in a combination of these two circuits. This program
PRESS CR..... 1 asks for the number of inductors and whether they are in series
1 : or parallel circuit configuration; zero mutual inductance is
assurned. The following equations apply:
PROGEAM ENDED. . . . . INDUCTORS IN SERIES
ll.=l'_| +L2+1’.3 +..+ Ln i26.]]

TWO INDUCTORS IN PARALLEL

L [26.2]
Lo+ L

L=

N7 INDUCTORS IN PARALLEL

. 1 [26.3]
1 1 1 1
— -ttt
Ly L, Ly Lo
Ly iz b
£11k A11N AL
l l A Dt p———m-CB
L
A B \1!21;
{A) Series. {B) Parallef.

FiG. 26.1. INDUCTORS CAN 8E COMBINED IN EITHER SERIES OR PARALLEL.
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100
110
115
120
125
130
146
150
160
170
180
150
1985
200
210
220

225
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
465
470
500
510
520
530
540
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Inductors in Series or Paralle!

REM THIS IS5 PROGRAM NO. 26 PROG26
REM THIS PROGRAM WILL CAICULATE

REM THE VALUE OF N INDUCTORS IN

REM EITHER SERIES OR PARALLEL

REM ASSUMING NGO MUTUAL INDUCTANCE

DIM L.{1000)

DIM G(1000)

GSUM 0

RSUM 0

GOSUB 610

PRINT "THIS PROGRAM WILL CALCULATE THE SERIES"
PRINT "OR PARALLEL INDUCTANCE OF A"
PRINT "NETWORK, PROVIDED THAT"

PRINT "THERE IS 2ERC MUTUAL INDUCTANCE"
PRINT

PRINT "ALIL INDUCTANCE VALUES SHOULD BE ENTERED IN SAME
UNITS, E.G."

PRINT "MICRCHENRYS {UH}"

PRINT

PRINT "HOW MANY INDUCTORS ARE THERE?"
INPUT N

GOSUE 610

FOR1 =1TON

L{(I) =0

NEXT I

FORI =1 TO N

PRINT "ENTER L{";I;"}:"

INPUT L(I)

G(I) = 1/L{I}
GSUM = GSUM + G(I})
RSUM = RSUM + L{I}
NEXT I

GOSUB 610

RTP = 1/GSUM

PRINT "PARALLFEL OR SERIES?"

PRINT TAB(5):;"1. PARALEL"

PRINT TAB{5);"2. SERIES"

PRINT TAB(5);"3. BOTH PARALEL AND SERIES"
PRINT

PRINT "SELECT ONE FROM ABOVE AND PRESS CR..."
INPUT D

IF D > 3 THEN GOTQO 390

IF D < 1 THEN GOTC 390

ON D GOTO 530,500,56C

GOSUB 610

PRINT "SERIES TOTAL OF ";N;:;" INDUCTORS IS: ";RSUM;" UH"

GOTO 650
GOSUB 610

PRINT "PARALLEL TOTAL OF ";N;" INDUCTORS IS: ";RTP;" UHM

Inductors in Series or Parallel--cont.

550 GOTC 650

560 GOSUB 610

570 PRINT "TOTAL PARALLEL INDUCTANCE: “;RTP;" UH"
580 PRINT

590 PRINT "TOTAL SERIES INDUCTANCE: ";RSUM;" UH"
600 GOTO &50

610 FOR I = 1 TO 30

620 PRINT

630 NEXT I

£40 RETURN

6§50 PRINT

660 PRINT "PRESS CR TO CONTINUE..."

670 INPUT KK

680 GOSUB 610

690 PRINT "FINISHED?"

700 PRINT TAB(5);"l. YES"

710 PRINT TAB(5);"2. NC"

720 PRINT

730 PRINT "SELECT ONE FROM ABOVE AND PRESS CR..."
740 INPUT F

750 IF F > 2 THEN GOTO 650

755 IF ¥ < 1 THEN GOTO 690

760 IF F = 2 THEN GOTO 150

770 GOSUB 610

780 PRINT "PROGRAM ENDED"

790 PRINT

BQD PRINT

B10 ERD

Example

THIS PROGRAM WILL CALCULATE THE SERIES
OR PARALLEL INDUCTANCE OF A

NETWORK, PROVIDED THAT

THERE IS ZERO MUTUAL INDUCTANCE

ALL. INDUCTANCE VALUES SHOULD BE ENTERED IN SAME UNITS, E.G.
MICROHENRYS (UH}

HOW MANY INDUCTORS ARE THERE?
3

ENTER L( 1 ):
20
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Inductors in Series or Parallel—cont.

ENTER L{ 2 }:
25

ENTER L{ 3 ):
10

PARALLEL OR SERIES?
1, PARALEL
2. SERIES
3. BOTH PARALEL AND SERIES

SELECT ONE FROM ABOVE AND PRESS CR...
3

TOTAL PARALLEL INDUCTANCE: 5.2631573 UH
TOTAL SERIES INDUCTANCE: 55 UH

PRESS CR TO CONTINUE...

1
FINISHED?
1. YES
2. NO

SELFECT ONE FROM ABOVE AND PRESS CR...
1

PROGRAM ENDED
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PROGRAM 27

Zener Diode Voltage Regulator

Design

Figure 27.1 shows the basic circuit of a simple voltage regulator
based on the properties of the zener diode (D,). The series
resistor {(Ry) is used to limit the current to a safe value. Other-
wise, when the zener operated, it would draw excessive cur-
rent. This program calculates the value of this resistor as well as
the power dissipation of the resistor and the zener diode.
When specifying the power rating of these components, use

the next higher standard value,

Three conditions are taken into account by this program:

1. Variable input voltage, constant load current
2. Constant input voltage, variable load current
3. Variable input voltage, variable load current

Ay

AAA

®

=ty f&

L ¢y
AN

1k

O

FIG. 27.1, CIRCUIT OF A SIMPLE VOLTAGE REGULATOR BASED ON THE PROPERTEES

OF THE ZENER DIQDE,
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10

12

13

14

20

30

40

50

55

60

65

70

75

80

130
140
145
150
160
170
180
150
200
210
220
230
240
250
260
270
271
272
280
290
300
310
320
350
360
361
362
365
366
370
380
390
395
356
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Zener Diode Voltage Regulator Design

REM THIS IS5 PROGRAM NO, 27 PROG27
REM THIS PROGRAM ALLOWS YOU TO
REM DESIGN SIMPLE ZENER DIODE
REM VOLTAGE REGULATOR CIRCUITS
vz = 0
MIN = 0O
MARX =0
I =20
V=20
PD = 0
R=20
PRMIN = 0O
IMAX = O
H=20
GOosuB 770
PRINT "THIS PROGRAM IS A DESIGN AID"
PRINT "FOR ZENER DIODE VOLTAGE"
PRINT "REGULATCR CIRCUITS.™
PRINT
PRINT "THERE ARE THREE CONDITIONS:"
PRINT
PRINT
PRINT TAB(5};"1. VARIABLE V,CONSTANT I"
PRINT
PRINT TAB(5);"2. CONSTANT V, VARIABLE 1"
PRINT
PRINT TAB(5)};"3. VARIABLE V, VARIABLE 1"
PRINT
PRINT "SELECT ONE FROM ABCVE AND PRESS CR...."
INFUT N
IF N > 3 THEN GOTO 160
IF N < 1 THEN GOTO 160
GOSUB 770
FRINT "ENTER REGULATED CQUTPUT VOLTAGE: 277"
INPUT VZ
GOSUB 770
ON N GOTO 350,490,600
PRINT "ENTER MINIMUM VALUE OF INPUT VOLTAGE: 2?2?"

INPUT MIN

IF MIN = VZ THEN GOSUB 3000
IF MIN = VZ THEN GOTO 280
IF MIN < VZ THEN GOSUB 2000
IF MIN < VZ THEN GOTC 280
PRINT

PRINT "ENTER MAXIMUM VALUE OF INPUT VOLTAGE: ?727?"
INPUT MAX

IF MAX < VZ THEN GCSUB 2000

IF MAX < VZ THEN GOTO 370

Zener Diode Voltage Regulator Design—cont.

397 IF MAX = VZ THEN GOSUB 3000
358 IF MAX = VZ THEN GOTO 370
400 PRINT

410 PRINT "ENTER LOAD CURRENT"
420 INPUT I

430 R = (MIN - VZ)/{1.1*I}

440 PD = {{MAX - VZI}"2}/R

450 PRMIN = PD

460 PD = PD - (I*VZ)

470 GOSUB 840

480 GOTO 950

490 PRINT "“ENTER VALUE OF CONSTANT INPUT VOLTAGE: 727"
500 INFUT V

510 PRINT

520 PRINT "ENTER MAXIMUM VALUE OF LOAD CURRENT: 222"
530 INPUT I

S40 R = (V = VZ2)/(1.1*])

550 PD = {{V - VZ}~2}/R

560 PRMIN = FD

570 PRMIN = PD + (I*VZ)

580 GOSUB 840

590 GOTO 950

600 PRINT "ENTER MINIMUM VALUE OF INPUT VOLTAGE: ??2"
610 INPUT MIN

614 IF MIN = VZ THEN GOSUB 2000

615 IF MIN = VZ THEN GCTO 600

616 IF MIN < VZ THEN GOSUB 3000

617 IF MIN < VZ THEN GOTQ 600

620 PRINT

630 PRINT "ENTER MAXIMUM VALUE OF INPUT VOLTAGE: ?7?2"
640 INPUT MAX

644 IF MAX < VZ THEN GOSUB 3000

645 IF MAX < VZ THEN GOTO 620
646 IF MAX = VZ THEN GOSUB 2000
647 IF MAX = VZ THENE GOTC £20
650 PRINT

660 PRINT "ENTER MAXIMUM VALUE OF LOAD CURRENT: 222"
670 INPUT IMAX

680 PRINT

650 PRINT

700 R = {MIN = VZ}/(1l.1*IMAX)
710 PD = ((MAX - VZ2)"2)/R

720 PRMIN = PD

730 PD = PD - (IMAX*VI)
740 GOSUB 840

750 GOTO 950

760 GOTO 1050

770 FOR 1 = 1 TO 30
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Zener Diode Voltage Regulator Design—cont.

780 PRINT

800 RETURN

810 PRINT "PRESS CR TO CONTINUE..."

B20 INPUT KK

230 RETURN

840 PRINT

850 R = R*100

860 R INT (R}

870 R = R/100

880 PRINT

890 PRINT "RESISTOR R1: ";R;" OHMS"

900 PRINT

510 PRINT "RESISTOR R1 POWER DISSAPATION 1s5:"
915 PRINT PRMIN;" WATTS"

$20 PRINT

8930 PRINT "ZENER DIODE DISSAPATION: ";PD;" WATTS"
940 RETURN

950 PRINT "FINISHED?Z"

960 PRINT TAB(5}:"1. YES"

970 PRINT TAB(S):"2. NO"

98¢ PRINT
890 INPUT
1000 IF H
1005 IF H
1010 IF H
1620 PRINT
1040 PRINT "PROGRAM ENDED"

1050 END

2000 REM INPUT LESS THAN QUTPUT??7?
2020 PRINT

2030 PRINT

2040 PRINT

2050 PRINT "CUTPUT VOLTAGE CANNOT BE”
2060 PRINT "LESS THAN INPUT VOLTAGE!"
2070 PRINT "TRY AGAIN"®

2080 PRINT "PRESS CR TO CONTINUE,..."
2090 INPUT 22

2100 RETURN

3000 REM TRIVIAL CASE MESSAGE

3010 PRINT

3020 PRINT

3030 PRINT "WHEN INPUT = OUTPUT NO“
3040 PRINT "REGULATOR IS POSSIELE!™
3050 PRINT

3060 PRINT "TRY AGAIN"

3070 PRINT

3080 PRINT "PRESS CR TC CONTINUE..."
3030 INPUT ZZ

3100 RETURN

131}

2 THEN GOTC 950
1 THEN GOTC 950
2 THEN GOTO 10

n oA m
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Zener Diode Voltage Regulator Design—cont.

Example

THIS PROGRAM IS A DESIGN AID
FOR ZENER DIODE VOLTAGE
REGULATOR CIRCUITS.

THERE ARE THREE CONDITIONS:

1. VARIAELE V,CONSTANT I
2. CONSTANT V, VARIABIE I
3. VARIABLE V, VARIABLE I

SELECT ONE FROM ABOVE AND PRESS CR....
1

ENTER REGULATED OUTPUT VOLTAGE: 277%
6.8

ENTER MINIMUM VALUE OF INPUT VOLTAGE:
11

J
)
-J

ENTER MAXIMUM VALUE OF INFUT VOLTAGE:
15.8

)
J
)

ENTER LOAD CURRENT
07
RESISTOR R1: 54.54 OHMS

RESISTOR R1 PCWER DISSAPATION IS:
1.485 WATTS

ZENER DIODE DISSAPATION: 1.009 WATTS

FINISHED?
1. YES
2. NO
1

PROGRAM ENDED

151




ProGram 28

RLC Networks

This program evaluates an RLC network (see Fig. 28.1) and will
provide the following:

Total reactance

Total impedance

Phase angle between [ and V

Parallel-to-Series Canversion {Equivalent Circuit)
Series-to-Parallel Conversion {Equivalent Circuit)

6. Quality Factor {Q)

SERIES RLC

ok W

Z=~R + (X[ - XC) (28.1}
Xy =Xy — Xc [28.1)
PARALLEL RIC

7= Rx [28.2]
R+ (X, — Xo)?

x;_ - Xc

XT=

POWER FACTOR

[26.4)

-
-
It

N

152

PHASE ANGLE
f = tan™! (X/R)
8 =sin~' (X{2) [28.5}
8 = cos ' (RIZ)
SERIES-TO-PARALLEL CONVERSION
RE+ X2 [28.6]
Rp = ==
Rs
R} + X? [28.7]
X.P =
Xs
PARALLEL-TO-SERIES CONVERSION
R = Re {28.8]
(%)
1+ £
Xp
Xs = RsRe {28.9]
Xp
Cl
ad} i b R1
T Fg 119 o —

{A) Series.

L

L— 000, —
{B) Paraflel.

FtG. 28.1 PROGRAM EVALUATES AN RLC NETWORK.
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270
275
280
290
300
310
320
330
340
350
355
360

380
385
390
395
400
410
420
422
430
440
450
455
460
470
480
490
495
500
510
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RLC Networks

REM THIS IS5 PROGRAM NO, 28 PROG28

REM THIS PROGRAM WILL CAICULATE THE

REM TOTAL RERCTANCE, IMPEDANCE AND

REM PHASE SHIFT ANGLE OF RLC NETWORKS

REM IT WILL ALSO FIND RESCNANT FREQ.

REM AND PERFCRM PARALLEL-SERIES CON-

REM VERSIONS,

0

0

0

GOSUB 1420

GOSUB 1420

GOSUB 1500

GOSUB 1460

PRINT "TH1S PROGRAM CALCULATES CERTAIN "
PRINT "PARAMETERS OF NETWORKS CONTAINING "
PRINT “"RESISTOR, CAPACITOR AND INDUCOR "
PRINT "ELEMENTS. NO SINGLE NETWORK NEED"
PRINT "CONTAIN ALL THREE ELEMENTS."

PRINT

PRINT “FOLLOW DIRECTIONS GIVEN ON THE SCREEN,..."
GOSUB 1420

GOSUB 1500

GOSUB 1460

PRINT TAB(K):"TYPE OF RLC NETWORK:?2?"
PRINT

PRINT TAB(X}:;" 1. SERIES RLC"

PRINT TAB(K};" 2. PARALLEL RIC"

PRINT

PRINT "SELECT ONE FROM ABCOVE"

Y
nnan

FRINT "AND PRESS CR..."
INPUT T

PRINT T

IF T > 2 THEN GOTO 340
GOSUB 1460

PRINT TAB(Y);"ENTER THE VALUES OF RIC "
PRINT TABI(Y);"NETWORK COMPONENTS (IN CHMS,.."
PRINT

PRINT TAB(Y) ;"RESISTANCE R IS: 222"

INPUT R

PRINT R

PRINT

PRINT TAB({Y):;"CAPACITIVE REACTANCE IS: ?7?"
INPUT XC

PRINT XC

PRINT

PRINT TAB(Y);"INDUCTIVE REACTANCE 1S5: 222"
INPUT XL

REC

515
520
530
535
540
550
560
570
580
590
600
610
620
630
635
640
641
642
643
644
645
650
660
670
672
673
680
690
700
710
711
712
720
730
740
750
760
770
780
790
800
g10
820
830
84¢
B50
860
870

Networks—cont.

PRINT XL

GOSUB 1460

PRINT TAB(Y) :"PERFORM THE FOLLOWING

PRINT TAB(Y);"CALCULATION..."

PRINT

PRINT TAB(Y);"1. TOTAL REACTANCE XT"

PRINT TAB(Y);"2. TOTAL IMPEDANCE ZT"

PRINT TAB(Y):"3. PHASE ANGLE"

PRINT TAB(Y):"4. SERIES-PARALLEL CONVERSION"

PRINT TABI(Y);"5. PARALLEL-SERIES CONVERSICNK"
PRINT TAE(Y);"6. QUALITY FACTOR (Q)"
PRINT

PRINT TAB({Y);"SELCT ONE FROM ABOVE AND PRESS CR.,."
INPUT S

PRINT S

IF & = 1 THEN GOTO 650

IF & = 2 THEN GOTC 760

IF 5 = 3 THEN GOTC 860

IF § = 4 THEN GOTO 950

IF § = 5 THEN GOTOQ 1060

IF S = 6 THEN GOTO 1190

GOSUB 1420

IF T = 1 THEN GOTQ 710

XT = (=XL*XC)/ [¥L~XC}

IF XL, = XC THEN XT = 0

IF XL = XC THEN GOTO 680

GOSUB 1460

GOTO 720

GOTC 750

IF XI. = XC THEN XT = 0

IF XL = XC THEN GOTO 720

XT = XL~-XC

PRINT "TOTAL REACTANCE IS:; ";XT;"™ OHMS"
PRINT

GOSUB 1500

GOTO 1530

GOSUB 1420

%2 = (R™2) + [XL - XC)}~2

Z = SQR(Z)

IF T = 1 THEN GOTO 820

X = XL - XC

Z = (R*X)/Z

PRINT "IMPEDANCE IS: ":Z:" OHMS"
PRINT

GOSUB 1500

GOTO 1530

GOSUB 1480

THETA = ATN((XL - XC}/R})
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RLC Networks—cont.

880 PRINT TAB(Y}):"PHASE ANGLE IS: ";THETA:" RADIANS"
890 PRINT

900 THETA = THETA*(180/3.141593}

910 PRINT TAB(Y);"PHASE ANGLE 1S: ";THETA;" RADIANS"
920 PRINT

930 GOsuB 1500

940 GOTO 1530

950 GOSUB 1460

960 IF T = 2 THEN GOTO 1040

970 X = XL - XC

980 RP = {(R™2) + (X"2)}/R

985 IF X = O THEN GOTO 1000

8990 XP = {RP*R)/X

1000 PRINT TAB(Y};"PARALLEL EQUIVALENT RESISTANCE: "
1005 PRINT TAB{Y};RP;" OHMS"

1010 PRINT TAB(Y);"PARALIFL EQUIVALENT REACTANCE: "
1015 PRINT TAB(Y};XP;" OHMS"

1020 GOSUB 1500

1030 GOTO 1530

1040 GCSUB 1280

1050 GOTO 520

1060 GOSUE 1460

1070 IF T = 1 THEN GOTO 1170

1080 X = XL - XC

1090 XP = X*2
1100 RS = R/ {1l + XP}
1110 X5 = (R*RS)/X

1115 GOSUB 5000¢

1120 PRINT TAB{Y);"SERIES EQUIVALENT RESISTANCE: "
1125 PRINT TAB(Y);RS;" OHMS"

1130 PRINT TAB{Y):;"SERIES EQUIVALENT REACTANCE: "
1135 PRINT TAB{Y);XS5;" CHMS"

1140 PRINT

1150 GOSUB 1500

1160 GOTO 1530

1170 GOSUEB 1350

1180 GOTC 520

1190 GOSUB 1460

1200 IF T = 2 THEN GOTO 1230

1210 Q = (XL -~ XC)/R

1220 GOTO 1240

1230 Q = R/{XL = XC}

1240 PRINT TAB(Y);"Q = ";Q

1250 PRINT

1260 GOSYB 1500

1270 GOTO 1530

1280 PRINT

1230 PRINT "ERROR: SERIES~PARALLEL CONVERSION"
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RLC Networks—cont,

1292
1300
1310
1320
1330
1340
1350
1360
1362
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1450
1500
1510
1515
1520
1530
1540
1550
1560
1570
1590
1600
1605
1610
1611
1612
1620
1630
1640
1650
1660
1670
1680
5000
5010
5040
5050

PRINT "SELECTED FOR A PARALLEL CIRCUIT."
PRINT "RETURN TC MENU AND SELECT NO. 5 FOR"
PRINT "PARALLEL-SERIES CONVERSION."

PRINT

GOSUB 1500

RETURN

PRINT

PRINT "ERROR: PARALLEL-SERIES CONVERSION"
PRINT "SELECTED FOR A SERIES CIRCUIT"
PRINT "RETURN TO MENU AND SELECT NO. 4 FOR"
PRINT "SERIES-PARALLEL CONVERSION,™

PRINT

GOSUB 1500

RETURN

FORI =1 T0 5

PRINT

NEXT I

RETURN

FORI = 1 TO 30

PRINT

NEXT I

RETURN

PRINT "PRESS CR TC CONTINUE..."

INPUT KK

PRINT KK

RETURN

GOSUB 1460

PRINT TAB(Y};"1. MORE CALCULATIONS ON SAME NETWORK"™
PRINT TAB(Y);"2. DO ANOTHER PROBLEM"
PRINT TAB(Y);"3. FINISHED - EXIT PROGRAM"
PRINT

PRINT

PRINT TAB(Y);"ENTER ONE FROM ABOVE AND PRESS CR..."
PRINT U

INPUT U

PRINT U

IF U >3 THEN GOTO 1540

ON U GOTO 520,330,1630

FOR I = 1 TO 20

PRINT “**********BYE_BYE**********“

NEXT I

GOSUB 1420

PRINT "PROGRAM ENDED..."

END

PRINT "X = ";X

PRINT "XP = ";XP

PRINT "R = ";R

BRINT "XL = ";XL
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RLC Networks—cont.

5060 PRINT "XC = ";XC
6000 RETURN

Example

PRESS CR TO CONTINUE...
o

THIS PROGRAM CALCULATES CERTAIN
PARAMETERS OF NETWCRKS CONTAINING
RESISTOR, CAPACITOR AND INDUCCR
ELEMENTS. NO SINGLE NETWORK NEED
CONTAIN ALL THREE ELEMENTS.

FOLLOW DIRECTIONS GIVEN ON THE SCREEN...

PRESS CR TC CONTINUE...
0

TYPE OF RLLC NETWCRK:??7

1. SERIES RIC
2, PARALLEL RIC

SELECT ONE FROM ABOVE
AND PRESS CR...
1

ENTER THE VALUES OF RLC
NETWORK COMPONENTS {IN OHMS...

RESISTANCE R 1S: 227
22000

CAPACITIVE REACTANCE 15: 2?77
4000

INDUCTIVE REACTANCE IS: 2?7
2300
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RLC Networks-~cont.

PERFORM THE FOLLOWING
CALCULATION. ..

1. TOTAL REACTANCE XT

2. TOTAL IMPEDANCE 2T

3. PHASE ANGLE

4. SERIES-PARALLEL CONVERSION
5. PARALLEI~SERIES CONVERSION
6. QUALITY FACTOR (Q}

SELCT ONE FROM ABOVE AND PRESS CR...
2

IMPEDANCE IS: 22065,5841 OHMS

PRESS CR TO CONTINUE...
0

1. MORE CALCULATIONS ON SAME NETWORK
Z. DO ANOTHER PROBLEM
3. FINISHED - EXIT PROGRAM

ENTER ONE FROM ABCVE AND PRESS CR...
0
3

kXXX KKK A X XRYF—RYEX* kb kkhk ko
kkkhkkkhkkkkRYF—RYE*X*Akuudhad
kkkkkkkkHABYE-BYE**kkkkk ks k
kkkkkkkhkkBYE—DBYE***khhhi kb
kkkkkhhk N RBYE-DBYE** ki hkkhhk

PROGRAM ENDED...
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PrROGRAM 29

Decibel Calculations

This program is designed to do either of two calculations:

1. The number of decibels represented by some specified
voltage, current, or power ratio.

2. The voltage, current, or power required to produce a
specified number of decibels.

The following equations are used:

[29.7]

[29.21
dB = 20 log(!,/1)

[29.3]

dB = 10 log(P,/Py)

... Plus these same equations solved for V\/V,, I1/f;, or Py/P,
when given the dB.

1664

100
105
166
107
108
109
110
120
130
140
145
146
147
150
155
158
160
170
18¢
185
180
200
210
220
230
240
250
260
270
280
290
295
300
310
320
330
340
345
347
350
360
365
367
370
380
390
400
410

Decibel Calculations

REM THIS IS PROGRAM NO. 2% PROG29
V1
V2
Il
I2
Pl
P2
PRINT "WHICH OF THE FOLLOWING IS REQUIRED?"
PRINT

PRINT "1. DECIBEL CONVERSION GIVEN

fun e T v B e v B ]

" nn

PRINT " VOLTAGE, CURRENT OR POWER"
PRINT * RATICS."
PRINT

PRINT "2, VOLTAGE. CURRENT CR POWER"

PRINT " RATIOS NEEDED FOR GIVEN

PRINT " DECIBEL LEVEL."

PRINT

BRINT "SELECT ONE FROM ABOVE AND PRESS CR..."
INPUT S

PRINT 5

IF § >2 THEN GOTC 120

ON S GOTC 210,600

GCSUB 1000

PRINT "WHICH CALCULATION IS DESIRED?"
PRINT

PRINT "1, VOLTAGE RATIO"
PRINT "2. CURRENT RATIO"
PRINT "3, POWER RATIO"
PRINT

PRINT "SELECT ONE FROM ABOVE AND PRESS CR..."
INPUT Q

PRINT Q)

IF Q >3 THEN GOTO 220

ON Q GOTC 320,350,460

GOSUB %60

PRINT "ENTER V1:"

INPUT V1

PRINT V1

PRINT

PRINT "ENTER V2:"

INPUT V2

PRINT V2

PRINT

DB = 20*(LOG(VL1/VZ)/LOG(10}})
GOTC 520

GOSUB 960

PRINT "ENTER I1:"

INPUT I1
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Decibel Calculations—cont. 1 Decibel Calculations—cont.

415 PRINT I1 ] 790 RA = (107 {DB/10}}

418 PRINT . 800 PRINT

420 PRINT "ENTER I12:" : 810 RA = RA*100

430 INPUT 12 820 RA = INT(RA)

435 PRINT 12 1 830 RA = RA/100

438 PRINT 1 840 PRINT

440 DB = 20%(LOG(I1/12}/LOG{10}) [ 850 PRINT DB;" DB REPRESENTS A"

450 GOTO 520 E 860 ON L GOTC 870,890,910

460 GOSUB 960 ] §70 PRINT "VOLTAGE RATIC OF ";RA;":1"
470 PRINT "ENTER P1l:" : 880 GOTO 930

480 INPUT P1 : 890 PRINT "CURRENT RATIC OF ";RA;":1"
485 PRINT P1 ; 900 GOTO 930

488 PRINT ; 910 PRINT "POWER RATIO OF ";RA;™:1"
490 PRINT "ENTER P2:" i 920 GOTO 930

500 INPUT P2 ; 930 PRINT

505 PRINT P2 1 940 GOSUB 1040

S08 PRINT 950 GOTC 1070

516 DB = 10*(LOG(PL1/P2)/1L0OG{10})) : 960 FOR 1 = 1 TO 5

520 PRINT ' 970 PRINT

530 DB = DB*100 ] 980 NEXT I

540 DB = INT(DB) ' 990 RETURN

550 DB = DB/100 1000 FOR I = 1 TO 30

560 PRINT "RATIO REPRESENTS: ";DB;" DB ] 101¢ PRINT

570 PRINT 3 1020 NEXT I

S80 GOSUB 1040 3 1030 RETURN

590 GOTC 1070 1040 PRINT "PRESS CR TO CONTINUE..."
600 GOSUB 1000 - 1050 INPUT KX

610 PRINT “SELECT ONE FROM MENU BELOW:" 1055 PRINT KK

620 PRINT s 1058 PRINT

630 PRINT "1. VOLTAGE RATIO" _ 1060 RETURN

640 PRINT "2. CURRENT RATIQO" ] 1070 GOSUB 1000

650 PRINT "3. POWER RATIO" ' 1080 PRINT "FINISHED?"

660 PRINT f 1090 PRINT

670 PRINT "ENTER ONE FROM ABOE AND PRESS CR..." - 1100 PRINT "1. YES"

680 INPUT L : 1110 PRINT "2. NO"

685 PRINT L ] 1120 PRINT

688 PRINT ] 1130 PRINT "SELECT ONE FRCM ABOVE AND PRESS CR..."
690 IF L >3 THEN GOTO 610 _ 1140 INPUT 2

700 GOSUB 960 _ 1145 PRINT Z

710 PRINT "ENTER NUMBER OF DECIBELS:" - 1150 IF 2 > 2 THEN GOTO 1080

720 INPUT DB - 1160 ON 2 GOTO 1170,110

725 PRINT DB 3 1170 GOSUB 1000

738 PRINT ] 1180 FOR I = 1 TO 20

740 ON L GOTO 750,770,730 1130 PRINT "“*#*#**knikkn BYE-BYE Whrwanisn
750 RA = (10" (DB/20)) 1200 NEXT I

760 GOTQ 800 1 1210 GOSUB 960

770 RA = (10" (DB/2C)) 1220 PRINT "PROGRAM ENDED"

780 GOTO 80D ] 1290 END
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Decibel Calculations—cont.

Example

WHICH OF THE FOLLOWING 1S REQUIRED?

1. DECIBEL CONVERSION GIVEN
VOLTAGE, CURRENT OR POWER
RATIOS.

5. VOLTAGE. CURRENT OR POWER
RATIOS NEEDED FOR GIVEN
DECIBEL LEVEL.

SELECT ONE FROM ABOVE aND PRESS CR...
1

WHICH CALCULATION 15 DESIRED?
1. VOLTAGE RATIO
2. CURRENT RATIO
3. POWER RATIO
SELECT ONE FROM ABCOVE AND PRESS CR.. s
3
ENTER Pl:
1000
ENTER P2:
500
RATIO REPRESENTS: 3.01 DB

PRESS CR TO CONTINUE...
0

FINISHED?

1. YES
2. NO
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Decibel Calculations--cont.

SELECT ONE
1 FROM ABCVE AND PRESS CR...

RhhhhAdkh® BYE-BYE #httkddkhk
bekkerrrns DYD-BYE Sansrens

EYE=BYE *#%Xassk
kkkkkkkhkdkd DYE-RYE *hdunddd
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Procram 30

Evaluation of an LC Tuned
Tank Circuit

An LC tuned tank circuit consists of a coil {inductor) and capac-
itor connected in either series or parallel. Each componemnt
exhibits reactance (opposition to alternating current}, and when
the reactance of the coil is equal to the reactance of the capaci-
tor, the condition of resonance exisis. Figure 30.1 shows the
two principal configurations with the equations that are used to
find frequency, inductive reactance, and capacitive reactance.
In Fig. 30.1C we see the vector relationship between the resis-
tance, inductive reactance (X,) and capacitive reactance(Xc).
When the circuit is at resonance with the applied AC signal,
reactance components X; and Xc are equal and opposite and
therefore cancel out to zero. Figure 30.10 shows the relation-
ship between frequency and impedance for the series and par-
allel RLC circuits.

This program offers the following options:

1. Resonant frequency when L and C are known.

2. Inductance needed for specified frequency when Cis
known.

3. Capacitance needed for specified frequency when L is
known.

4. Inductive reactance when F and [ are known.
5. Capacitive reactance when F and C are known.

F= 1 [30.1]
2x v ILC
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X, = 27fL [30.2]
1
X = [30.3]
27FC
[a
Ly &
I | Cr= iy
G
{A) Series circuit, (B} Paraflel circuit.
X
'y
.'
I
1 I
I
I
I
Ny . < - R
¥
- X

{C) Vector refationship between the resistance, inductive reactance, and
capacitive reactance.

FARALLEL
RESONANT

SERIES
RESONANT

IMPEDANCE

: —
FREQUENCY
{D} Refationship between frequency and impedance for the series and paralle!
RLC circuits.

Fig. 30.1. EVALUATION OF AN LC TUNED TANK CIRCUIT.
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Evaluation of an LC Tuned Tank Circuit 3 Evaluation of an LC Tuned Tank Circuit—cont.
100 REM THIS IS PROGRAM NO, 30 PROG30 1 640 F = L*C
110 REM PROG7 WORKS RESOANCE PROBLEMS 1 650 F = SQR(F)
120 REM IN LC TANK CIRCUITS. E 660 F = 2*3,1415%F
140 AS = "YOU HAVE SELECTED TC CALCULATE" . 670 F = 1/F
150 BS = "FOLLOW INSTRUCTIONS AT LOWER LEFT" i 680 F = F/1000
160 C$ = "ENTER CAPACITANCE IN PICOFARADS" _ 630 F = INT({F)
170 F$ = “ENTER FREQUENCY IN KILOHERTZ (KHZ)" ' 700 PRINT "F = “;F;" KHZ"
180 L = "ENTER INDUCTANCE IN MICROHENRYS" { 710 GOSUB 1740
190 GOSUB 1440 E 720 ON K GOTC 490,300,1810
300 GOSUB 1440 3 750 RETURN
310 PRINT "AVAILABLE PROGRAM FUNCTIONS ARE:" 1 760 PRINT A$
320 PRINT k 762 PRINT "INDUCTANCE WHEN F AND C ARE KNOWN"
330 PRINT "1. RESONANT FREQ. WHEN LC KNOWN" 4 770 PRINT
340 PRINT "2. INDUCTANCE NEEDED FOR F WHEN C KNOWN" 780 PRINT
350 PRINT "3, CAPACITANCE NEEDED FOR F WHEN L KNOWN" o 790 GOSUB 1400
360 PRINT "4. INDUCTIVE REACTANCE" 1 810 PRINT C$%
3170 PRINT "S5. CAPACITIVE REACTANCE" : 820 INPUT C
380 GOSUB 1400 1 825 PRINT C
400 PRINT "SELECT ONE FROM ABOVE" 827 PRINT
401 PRINT "AND PRESS CR..." 830 GOSUB 1400
410 INPUT A ] 840 PRINT Fs
415 PRINT A 1 850 INPUT F
417 PRINT 855 PRINT F
420 GOSUB 1440 857 PRINT
430 IF A < 1 THEN GOTO 310 - 860 Cl1 = 1E+12
440 IF A > & THEN GOTO 310 1 870 C = C/C1
450 ON A GOTO 49%0,760,960,1200,1520 ] 880 F = F*1000
480 END 3 890 L = 4%(3.14157 2} *(F~2)*C
490 PRINT AS _ 900 L = 1/L
491 PRINT "RESONANT FREQUENCY WHEN L&C" ' 910 L = L*1000000
492 PRINT "ARE KNOWN." 520 GOSUB 1400
500 PRINT . 930 PRINT "L = ";L;" UH"
510 PRINT BS 940 GOSUB 1740
520 GOSUB 1400 950 ON K GOTO 760,300,1810
540 PRINT C$ _ 960 PRINT AS
550 IRPUT C _ 962 PRINT "CAPACITANCE WHEN F AND I, ARE KNOWN"
555 PRINT C 970 PRINT
557 PRINT 980 PRINT BS
560 C1 = 1E+12 ] 990 GOSUB 1400
570 C = C/C1 , 1010 PRINT LS
580 GOSUB 1400 1020 GOSUB 1400
590 PRINT L$ 1030 INPUT L
600 INPUT L 4 1035 PRINT L
605 PRINT L i 1037 PRINT
607 PRINT : 1040 L1 = 1000000
610 L1 = 1000000 4 1050 L = L/L1
620 I = L/L1 1060 PRINT FS$
630 GOSUB 1400 : 1070 GOSUB 1400
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Evaluation of an LC Tuned Tank Circuit—cont. 3 Evaluation of an LC Tuned Tank Circuit—cont.
1080 INPUT F 3 1550 GOSUB 1400

1085 PRINT F . 1570 PRINT C$

1087 PRINT i 1580 INPUT C

1090 F = F*1000 5 1585 PRINT C

1100 € = 4*(3.141572)*(F 2)*L 4 1587 PRINT

1110 ¢ = 1/¢C 3 1590 C = C/(1E+12)

1120 C = C*{lE+12} 1 1600 GOSUEB 1400

1130 C = INTI(C) ; 1610 PRINT F$%

1140 PRINT "C = ";C:" PF" 1 1620 INPUT F

1150 GOSUB 1740 1 1625 PRINT F

1160 ON K GOTO 960,300,1810 3 1627 PRINT

11%0 RETURN ] 1630 F = F*100¢

1200 PRINT A% 1 1640 GOSUB 1400

1202 PRINT "INDUCTIVE REACTANCE" 3 1650 XC = 2*3,.1415*F*C

1210 PRINT E 1660 XC = L/XC

1220 GOSUB 1400 : 1670 XC = INT{XC)

1240 PRINT LS 7 1680 PRINT "XC = “;XC;"OHMS"
1250 INPUT L 1 1690 GOSUB 1740

1255 PRINT L 3 1700 ON K GOTC 1520,300,1810
1257 PRINT - 1730 RETURN

1260 L = L/1000000 : 1740 GOSUB 1400

1270 GOSUB 1400 : 1750 BRINT "l1. DO ANOTHER OF THE SAME"
1280 PRINT F$ 1760 PRINT "2. RETURN T(O MAIN MENU"
1290 INPUT F 1 1770 PRINT "3, FINISHED"

1300 F = F*1000 1780 PRINT

1310 GOSUB 1400 1785 PRINT

1320 XL = 2%3.1415*F*L ] 1790 INPUT K

1330 XL = INT({XL) 3 1795 PRINT K

1340 PRINT "XL = ";XL:" OHMS" _ 1797 PRINT

1350 GOSUB 1740 ] 1800 RETURN

1360 ON K GOTO 1200,300,1810 ] 1810 GOSUB 1440

1390 RETURN 1820 PRINT "PROGRAM ENDED"

1400 FOR B = 1 TO 5 i

1410 PRINT

1420 NEXT B 3

1430 RETURN ] Example

1440 FOR B = 1 TO 30 i

1450 PRINT .
1460 NEXT B AVAILABLE PROGRAM FUNCTIONS ARE:

1470 RETURN
1480 PRINT "ENTER ONE FROM ABOVE AND PRESS CR..."

1490 INPUT B
~ 3. CAPACITANCE NEEDED FOR F WHEN L KNOWN
1500 IF B = 1 THEN GOTO 1510 ELSE 1480 4. INDUCTIVE REACTANCE

1510 RETURN :

1520 PRINT A3 3 5. CAPACITIVE REACTANCE
1522 PRINT "CAPACITIVE REACTANCE"
1530 FRINT

1540 PRINT B$

1. RESONANT FREQ. WHEN LC KNOWN
2. INDUCTANCE NEEDED FOR F WHEN C KNOWN
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Evaluation of an LC Tuned Tank Circuit—cont.

SELECT ONE FRCM ABOVE
AND PRESS CR...
1

YOU HAVE SELECTED TO CALCULATE
RESONANT FREQUENCY WHEN L&C
ARE KNOWN,

FOLLOW INSTRUCTIONS AT LOWER LEFT

ENTER CAPACITANCE IN PICOFARADS
100

ENTER INDUCTANCE IN MICROHENRYS
1590

F = 399 KHZ

. DO ANOTHER OF THE SAME
. RETURN TO MAIN MENU
. FINISHED

W N =

PROGRAM ENDED
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ProGram 31

Design of an Instrumentation
Amplifier with a Gain of
2 to 1000

The instrumentation amplifier solves many routine signal
amplification andfor acquisition problems. The classical instru-
mentation amplifier circuit shown in Fig. 31.1A uses three
operational amplifiers. For best results, these amplifiers (or
especially A; and A;) should be in the same package. The
advantage of this circuit is that it provides high gain coupled
with extremely high input impedances. If BIMOS or BIFET
operational amplifiers are used for A; and A,, then input imped-
ances on the order of 10'2 ohms are realizable.

This program will calculate the value of resistor R needed to
provide the voltage gain that you selected. Also calculated, if
the AC-coupled option is selected, is the value of capacitance
C, and C, needed for the specified value of low frequency (—3
dB) response.

The following constraints are to be observed in this circuit for
balance:

R, =R,
R; =R,
Rs; =R,
R;=Rsg
C,=0C;
In the context of these constraints, “="" means within T or 2

percent, depending upon the required common mode rejec-
tion ratio.
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In the AC-coupled input circuitry in Fig. 31.1B, each of the - 1o in , \
instrumentation amplifier inputs has a series capacitor in order - N Ay -
to prevent DC signal components from affecting the input. The f : Ry 210 M2
10 megohm resistors are used to keep input bias currents of the - 1 .
operational amplifiers from charging the capacitors and thereby N A~
latching up the amplifier. 2 gn
b : ra R
2R 31.1 E A
Ay = “,'51 + 1 B1.1 1
40 K 1 o i >
Av=—+1 W i
R 4
3 Ry 10 Mt
10° [31.2] +
Fo=——or :
2710 8] AC-coupled input circuitry.
where FIG. 31.1. INSTRUMENTATION AMPLIFER—CONT.
F; is low frequency,

107 is in chms,

C is in microfarads,

Design of an Instrumentation Amplifier with a
Gain of 2 to 1000

T A SN |
3 1 Kit 10 Ky 1 110 REM TH1S PROGRAM WILL COMPUTE
] 112 REM 1. THE VALUE OF RESISTOR R THAT
Ay E 113 REM WILI, PRODUCE GIVEN VOLTAGE GAIN
—ia 115 REM 2. THE VALUE OF INPUT CAPACITCR
>R 2~ ] 118 REM REQUIRED FOR A GIVEN LOWER -3 DB
com 2 |9k TEXT) a8 _ 120 REM FREQUENCY RESPONSE
_i ” al, , 140 U = 5
) A e ] 150 § = 5
20K : 160 DIM BS(50)
ro 170 GOSUB 1010
ZB\KRJ R A = i 180 PRINT TAB({ S):™kF % % & % & & & % % # % % % 0
3|, PHaas e | 190 PRINT TAB{ §);'* o
‘I;‘O—”__/ - 3 200 PRINT TAB( S);"* PROGRAM FOR DESIGNING AN *"

210 PRINT TAR( S);"* INSTRUMENTATION AMPLIFIER *"

V+ ONPIN NG, 7 ¥— DN PINHD. 4 i 220 PRINT TAB({ S);"* WITH A VOLTAGE GAIN FROM *"

) 230 PRINT TAB{ S):"* 2 TO 1000 xR

tA) Classical instrumentation arnplifier circuit using three aperational amplifiers. . gig ;gig g:g: g:;:: ek xR et E ok n ::
FIG. 31.1. INSTRUMENTATION AMPLIFIER, ] 250 PRINT

260 PRINT TAB( U)};"COPYRIGHT 1983 BY J.J. CARR"
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’

Design of an Instrumentation Amplifier with a Design of an Instrumentation Amplifier with a
Gain of 2 to 1000—cont. 3 Gain of 2 to 1000—cont.

280 GOSUB 970 1 660 GOSUB 1050

290 GOSUB 1050 1 670 GOSUB 1010

300 GOSUB 1080 : 680 IF ¢ = 1 THEN GOTO 560

310 GOSUB 1010 ¥ 590 R = 40 / (aV - 1}

320 PRINT "HELLOD ";BS - 700 R = R * 1000

325 PRINT "IT'S GOOD TO MEET YOU." 1 710 R = INT (R)

330 PRINT 3 720 R = R/ 10090

340 PRINT "THIS PROGRAM CALCULATES:" 3 730 IF B = 1 THEN GOSUB 1120

345 PRINT "1. RESISTOR NEEDED FCR GAIN" 3 740 PRINT

348 PRINT "2. CAPACITOR NEEDED FOR LOW" _ 750 PRINT

350 PRINT "END -3 DB FREQUENCY RESPONSE" 3 760 PRINT "RESISTOR OF ";R;" KOHMS YIELDS"
370 PRINT ; 765 PRINT "GAIN OF ";AV

380 PRINT "YOU WILL BE ASKED TO SELECT" 3 770 PRINT

385 PRINT "EITHER AC OR DC COUPLED VERSION." 4 780 GOSUB 1050

390 PRINT "AND TC ENTER THE DESIRED VOLTAGE GAIN." 3 790 GOSUB 1010

395 PRINT "IF THE AC-COUPLED VERSION" ; 800 PRINT "FINISHED?"

400 PRINT "IS SELECTED, THEN YOU WILL" ] 810 PRINT "1. YES"

405 PRINT "ALSC BE ASKED" N 820 PRINT "2. HNO“

407 PRINT "TO SELECT THE" 830 PRINT

410 PRINT "FREQUENCY FOR THE LOW-END CF" } 840 PRINT

412 PRINT "THE RESPONSE CURVE {-3 DB)" 1 850 PRINT "ENTER SELECTION FROM ABOVE"
420 PRINT 855 PRINT "AND PRESS CR..."

430 PRINT 3 860 INPUT P

440 GOSUB 1050 1 870 IF P > 2 THEN GOTO BGO

450 GOSUB 1010 ! B75 IF P < 1 THEN GOTO 800

460 PRINT "SELECT CONFIGURATION" 4 880 IF P = 1 THEN GOTO 1360

465 PRINT "FROM MENU BELOW:" ] 890 GOTO 450

470 PRINT TAB( 5)};"l. AC-COUPLED" 3 300 PRINT

480 PRINT TAB{ 5);"2. DC-COUPLED" 1 910 PRINT

490 PRINT - 920 PRINT "VALUE SELECTED IS QUT OF"
500 GOSUB 970 3 925 PRINT "ALLOWED RANGE ~— TRY AGAIN"
510 PRINT : 930 PRINT

520 PRINT "ENTER SELECTION AND PRESS CR:" ; 940 GOSUB 1040

530 INPUT B 1 350 Q0 =1

540 IF B > 2 THEN GOTC 510 ; 260 RETUEN

550 GOSUB 1010 ] 970 FOR 1 = 1 TO 5

S60 Q@ = 0 i 980 PRINT

570 PRINT "SELECT VOLTAGE GAIN REQUIRED:" i 990 NEXT I

580 PRINT " (VALUE MUST BE BETWEEN 2 AND 1000)" . 1600 RETURN

590 PRINT "ENTER SELECTION:" s 1010 FOGR I = 1 TC 30

600 INPUT 2V ] 1020 PRINT

610 GOSUB 1010 1 1030 NEXT 1

§20 PRINT B$:", YOU HAVE SELECTED A" 1040 RETURN

625 PRINT "VOLTAGE GAIN OF: “;AV - 1050 PRINT "PRESS CR 70 CONTINUE,.."
630 PRINT 1060 INPUT KK

640 IF AV < 2 THEN GOSUB 900 . 1070 RETURN

650 IF AV > 1000 THEN GOSUB %00 : 1080 GOSUB 1010
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Design of an Instrumentation Amplifier with a Design of an Instrumentation Amplifier with a
Gain of 2 to 1000-—cont. 3 Gain of 2 to 1000—cont.

1090 PRINT "ENTER YOUR NAME:"
1100 INPUT BS

1110 RETURN Example

1120 PRINT "ENTER LOW-END -3 DB FREQUENCY™

1125 PRINT "RESPONSE POINT IN HERTZ (HZ):" ] R E R B EEE R EE
1130 PRINT 3 * *
1140 PRINT 1 -* PROGRAM FOR DESIGNING AN *
1150 INPUT F 1 * INSTRUMENTATION AMPLIFIER *
1160 ¢ =1 / {6.2832 * 10 = 7 * F) i * WITH A VOLTAGE GAIN FROM *
1170 C = C * 10 ~ 12 1 * 2 TO 1000 *
1180 GOSUB 1010 : * -
1190 IF € < 1000 THEN GOQTO 1210 k k k Kk * % R k k Kk k k k k *
1200 IF C > = 1000 THEN GOTO 1250

1210 C = INT (C) ] COPYRIGHT 1983 BY J.J. CARR
1220 PRINT "-3 DB FREQUENCY RESPONSE OF " 1

1225 PRINT F;" HZ REQUIRES C OF: ";C;" UF" .

1226 PRINT 4 PRESS CR TC CONTINUE...

1230 PRINT "FOR Cl AND €2 (USE NEXT HIGHER"

1235 PRINT "STANDARD VALUE"

1240 GOTC 1350 3

1250 C=C /10 © 6 3 ENTER YOUR NAME:

1260 C = C * 100 ;

1270 ¥ = INT {C)

1280 IF X < = 0 THEN GOTO 1310 ;

1290 IF X > O THEN GOTO 1300 ; HELLO

1300 € = INT (Q) Z IT'S GOOD TO MEET YQU,

1310 C = ¢ / 100 ;

1320 PRINT "-31 DB FREQUENCY RESPONSE OF " i THIS PROGRAM CALCULATES:

1325 PRINT F;" HZ REQUIRES R C OF: ";C;" UF.” 3 1. RESISTOR NEEDED FOR GAIN
1327 PRINT 2. CAPACITOR NEEDED FOR LOW
1330 PRINT "USE NEXT HIGHER STANDARD VALUE." END -3 DB FREQUENCY RESPONSE
1340 GOTO 1350

1350 RETURN _ YOU WILL BE ASKED TO SELECT
1360 GOSUB 1010 ! EITHER AC OR DC COQUPLED VERSION,
1370 PRINT "PROGRAM ENDED" f AND TO ENTER THE DESIRED VOLTAGE GAIN.
1380 GOSUB 970 1 IF THE AC-COUPLED VERSION

1390 END j IS SELECTED, THEN YOU WILL

ALS0 BE ASKED

TO SELECT THE

FREQUENCY FOR THE LOW-END OF
THE RESPONSE CURVE (-3 DB}

PRESS CR TO CONTINUE...
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Design of an Instrumentation Amplifier with a
Gain of 2 to 1000—cont,

SELECT CONFIGURATION
FROM MENU BELOW:
1. AC-COUFLED
2. DC-CCUPLED

ENTER SELECTION AND PRESS CR:

SELECT VOLTAGE GAIN REQUIRED:
{VALUE MUST BE BETWEEN 2 AND 1000)
ENTER SELECTION:

, YOU HAVE SELECTED A
VOLTAGE GAIN OF: 100

PRESS CR TO CONTINUE...

ENTER LOW-END -3 DB FREQUENCY
RESPONSE POINT IN HERTZ (HZ):

-3 DB FREQUENCY RESPONSE OF
.05 HZ REQUIRES A C OF: .31 UF.

USE NEXT BIGHER STANDARD VALUE.
RESISTOR OF .404 KXCHMS YIELDS
GAIN OF 100

PRESS CR TO CONTINUE...

FINISHED?
1. YES
2. NO

180

Design of an Instrumentation Amplifier with a
Gain of 2 to 1000—cont.

ENTER SELECTION FRCM ABOVE
AND PRESS CR...

EROGRAM ENDED
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PROGRAM 32 ] % A
= i
! 1. |
Timer and Oscillator Circuits | , 4
Based on the LM-555 . | B et
. TRIGGER Pl
The LM-555, or simply 555, is a resistor-capacitor timed inte- _: '|_|' - -
grated circuit that will function as either a monostable multivi- o

brator (one-shot) or as an astable multivibrator. In the former
maode, the 555 produces one output pulse of constant amplitude k : -
and duration for each input pulse applied to the “trigger” line. (Al Monostable.
In the latter case, the astable multivibrator, the 1M-555 device
will produce a chain of square waves at the output (pin 3). In
both cases, the output waveform is timed by an RC network.

01 uF
{TYPICAL)
LR XN

Figure 32.1 shows both the monostable and astable configura- . I
tions for the LM-555 device. The program allows you to review :
the definitions of the pinouts.

THIGH = 0.693 (R] + Rz} C]

-
Lib] ::

Tiow = 0.693R,C, 5

Ly
LM-5SS
QUTPUT

144 (32.1)
Ry + R G4

01 uF

il
&2 I (TYPICAL)

1—3

(B} Astable.

FiG. 32.1. MONQSTABLE AND ASTABLE CONFIGURATIONS FOR THE 1M-555 DEVICE,
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Timer and Oscillator Circuits Based on the LM-555

100 REM THIS IS PROGRAM NO. 32 PROQG32
110 REM THIS PROGRAM CAICULATES THE

115 REM THE VALUE OF RC COMPONENTS

120 REM NEEDED TO FORM IC TIMER CIRCUITS
125 REM BASED ON THE LM-555 DEVICE.

127 PRIRT

128 PRINT

130 GOSUB 1050

140 PRINT "THE 555 IS A MULTIPURPOSE IC TIMER"
145 PRINT "THAT USES BIPOLAR TECHNCLOGY."
148 PRINT "THE 7555 IS A CMOS VERSION THAT"
150 PRINT "IS PIN-FOR-PIN COMPATIBLE."
155 PRINT

160 PRINT "THE 555 IS TTL, CMOS AND"

165 PRINT "TRANSISTOR COMPATIBLE."

170 PRINT "THE 555 USES VOLTAGES OF"

180 PRINT "+4.5 TO +18 vbC"

130 PRINT

200 PRINT "WOULD YQU LIKE TC REVIEW LM-555 PIN-QUTSZ?"
210 PRINT “i. YES"

212 PRINT "2. NO"

213 PRINT

214 PRINT "SELECTION IS: ?2??"

215 INPUT S

220 PRINT

230 IF S > 2 THEN GOTO 190

240 ON S GOSUB 1120,250

250 GOSUB 1050

260 PRINT "SELECT LM-555 MODE:"

270 PRINT

280 PRINT "1. MONOSTABLE MULTIVIBRATOR"
290 PRINT "2. ASTABLE MULTIVIBRATOR"

300 PRINT

310 PRINT "SELECTION: ?72?"

312 INPUT X

320 IF X » 2 THEN GOTO 260

330 ON X GOTO 340,620

340 GOSUB 1050

350 PRINT "MONCSTABLE (ONE-SHOT) MULTIVIBRATOR MODE SELECTED!

360 PRINT

370 PRINT "ENTER ONE-SHOT DURATION IN MILLISECONDS:"
375 INPUT T

O Y = 0

390 PRINT

400 PRINT "ENTER FIRST TRIAL VALUE OF CAPACITOR (UF): "
405 INPUT C

410 IF € < 0.0005 THEN GOTO 380

420 IF Y = 1 THEN GQOTO 380
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Timer and Oscillator Circuits Based on the LM-5535—cont.

430 PRINT

440 TL = T / 1000

450 C1 = C / (10 ™ 6)

460 R = T1 / (1.1 * Cl)

470 R = INT (R)

480 IF R < 1000 THER GOTO 580

490 IF ¥ = 1 THEN GOTO 580

500 PRINT "FOR A DURATION OF ";T:" MILLISECONDS,"
510 PRINT "YCU NEED A RESISTANCE OF ":R;" OHMS"
520 PRINT

530 GOSUB 1030

560 IF ¢ = 2 THEN GOTO 250

570 IF Q = 3 THEN GOTQ 1540

580 PRINT "RESISTANCE LESS THAN 1000 OHMS NOT PERMITTED"
530 PRINT

600 GOSUB 1090

610 GOTC 340

620 GOSUB 1050

630 PRINT "ASTABLE MODE SELECTED"

640 PRINT

650 PRINT "OPERATING FREQUENCY IN HERTZ (HZ)}: 222"
555 INPUT F

660 PRINT

670 ¥ = 0

680 PRINT "FIRST TRIAL VALUE OF CAPACITOR (UF):"
685 INPUT C

690 IF C < 0.0005 THER GOSUB 1470

700 C1 =C/ {10~ 6)

710 IF Y = 1 THEN GOTQ €60

720 PRINT

730 ¥ = 0

740 PRINT "FIRST TRIAL VALUE OF RESISTOR RL (OHMS):"
745 INPUT R1

750 PRINT

760 IF R1 < 1000 THEN GOSUB 1470

770 IF ¥ = 1 THEN GOTC 720

780 Y = 0

790 R2 {{1.44 / (F * C1)) - R1} / 2

BOO R2 = INT (R2Z)

810 IF R2Z < 1000 THEN GOSUB 1470

820 IF Y = 1 THEN GOTO 950

830 GOSUB 1050

840 PRINT "FOR A FREQUENCT OF ";F;" HERTZ:"

850 PRINT

860 PRINT "C = ™;C;" UF"

870 PRINT "Rl = ";R1;" CHMS"

880 PRINT "R2Z = ";R2;" OHMS"

890 PRINT
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Timer and QOscillator Circuits Based on the LM-555-—cont. 1 Timer and Oscillator Circuits Based on the LM-555—cont.
300 GOSUB 1090 . 1430 PRINT
910 GOSUB 1370 - 1440 PRINT "SELECTION: 222"
920 IF @ = 1 THEN GOTO 620 - 1445 INPUT O
930 IF Q = 2 THEN GOTO 250 1 _ 1450 IF @ > 3 THEN GOTO 1380
940 IF Q = 3 THEN GOTO 1540 e 1460 RETURN
950 GOSUB 1010 1470 PRINT
960 PRINT "VALUE OF R2 LESS THAN 1000 OHMS." ; 1480 PRINT
970 PRINT "TRY ANOTHER COMBINATION OF R1 AND C, OR CHANGE |/ 1490 PRINT "ERROR: COMPONENT VALUE OUT OF TOLERANCE RANGE"
FREQUENCY" ]
1500 PRINT
980 PRINT 1510 GOSUB 1090
390 GOSUB 1090 1520 ¥ = 1
1000 GOTO 670 1530 RETURN

1010 FOR I =1 TO 5

1020 PRINT

1030 NEXT I

1040 RETURN

1050 FCR I = 1 TO 30

1060 PRINT

1070 NEXT 1

1080 RETURN

1090 PRINT “PRESS CR TO CONTINUE,..."
1100 INPUT KK

1110 RETURN

1120 GOSUB 1050

1130 PRINT "LM-555 PIN-OUT DEFINITIONS"

1540 GOSUB 1050

1550 PRINT "PROGRAM ENDED”
1560 GOSUB 1010

1570 END

1140 PRINT

1150 PRINT "THE LM-555 COMES IN AN 8-PIN MINIDIP IC
PACKAGE"

1160 PRINT

1170 PRINT "PIN NO. FUNCTION"

1180 PRINT " "

1182 PRINT

1185 PRINT " 1 GROUND OR COMMCR"

1200 PRINT " 2 TRIGGER"

1210 PRINT " 3 ouTPUT"

1220 PRIKT " 4 RESET"

1230 PRINT " 5 CONTRCL VOLTAGE"

1240 PRINT " & THRESHOLD VOLTAGE"

1250 PRINT " 7 DISCHARGE"

1260 PRINT " 8 v+ (POSITIVE POWER SUPPLY)

1270 PRINT

1350 GOSUB 14850

1360 RETURN

1370 GOSUB 1050

1380 PRINT "WHAT'S YOUR PLEASURE?"

1390 PRINT

1400 PRINT "1, ANOTHER TRIAL SAME CIRCUIT"
1410 PRINT "2, RETURN TO MODE SELECT MENU"
1420 PRINT "3. FINISHED"
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A e
PROGRAM 33 1 o
Yin
= —0o
. l. A ——o v
- - L4 - - 1 - - vo D
Operational Amplifier Circuits | ., ) — 1
Figu rg_33.1 shows the two main configurations for operational : {A) Inverter follower., {B) Noninverter follower with gain.
amplifiers used as voltage amplifiers: inverting follower (Fig. ] r 1T L AMPLIFIERS
33.1A) and noninverting follower with gain (Fig. 33.1B). The 4 e 33:1. WOMm:s:zﬁ::lfgmg?:;ﬁ;g::.‘unom ™
transfer equation for each circuit is shown with the respective 1
diagram. An in-depth study of operational and other amplifiers 2 .

can be found in Joseph ]. Carr, Efements of Microcomputer
Interfacing (Reston: Reston Publishing Co., Inc., 1983} and
Howard M. Berlin, Design of Op-AMP Circuits with Experi-
ments (Indianapolis: Howard W, Sams & Co., 1977, 1985). This g THIS PROGRAM WILL CAICULATE THE
program will permit you to calculate values for the resistors 3 120 g: VALUES OF FEEDBACK AND INPUT RE-
needed to set a specified gain. In addition, for the inverting fol- 3 120 REM RESISTANCES NEEDED FOR A GIVEN
lower configuration, you will be able to specify the minimum : 125 REM VOLTAGE GAIN IN AN OP-AMP.
input impedance. i 130 GOSUB S10
E 140 PRINT "ENTER GARIN REQUIRED"

145 PRINT
Voo = _ 150 PRINT "USE MINUS SIGN TO INDICATE THE"
o= —AVjN 155 PRINT "INVERTING CONFIGURATION. E.G."

f 160 PRINT "™ -10 FOR A GAIN OF 10 WITH 180"

_ R [33.1] 4 165 PRINT "DEGREE PHASE-SHIFT, CR 10 FOR"
Vo=~ — Vi 170 PRINT "A GAIN OF 10 AND NO PHASE SHIFT"
IN . 180 PRINT "aND OUTPUT."

] 190 PRINT
Vo = A Vin 200 PRINT "ENTER GAIN:"

] 205 INPUT A
Ry ) (33.2] | 210 IP A 0 THEN GOTO 250

Operational Amplifier Circuits

220 IF A = 1 THEN GOTO 330

230 IF A < 0 THEN GOTO 410

240 IF A > 0 THEN GOTO 720

250 GOSUB 870

260 PRINT "GAIN OF ZERO ENTERED"

270 PRINT "THIS GAIN IS IMPRACTICAL"
280 PRINT

290 PRINT "PLEASE ENTER ANOTHER SELECTION..."
300 BRINT

310 GOsUB 950

320 GoTO 130
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QOperational Amplifier Circuits-—cont.

330 GOSUB 870

340 PRINT "GAIN OF ONE (1) ENTERED"

350 PRINT "A GAIN OF +1 CAN BE OBTAINED FROM THE"
360 PRINT "NONINVERTING FOLLOWER CIRCUIT, AND NO"
370 PRINT "CAICULATIONS ARE NEEDED"

380 PRINT

390 GOSUB 3950

400 GOTO 980

410 GOSUB 910

420 PRINT "INVERTING FOLLOWER SELECTED"
430 PRINT

440 PRINT "THIS CONFIGURATION PRODUCES A"
445 PRINT "PHASE REVERSAL OF 180 DEGREES"
450 PRINT "BETWEEN INPUT AND OUTPUT."

460 PRINT

470 Y = 0

480 PRINT “MINIMUM ALLOWABLE INPUT"

485 PRINT "“IMPEDANCE (IN OHMS}...?72"

488 INPUT RI

450 IF RI < 500 THEN GOTO 620

500 & = ABS {A)

510 RF = A * RI

520 GOSUB 870

530 A= - B

540 PRINT "FOR A VOLTAGE GAIN OF ";A;" USE: "
550 PRINT "FEEDBACK RESISTOR OF ";RF;" COHMS"
560 PRINT "INPUT RESISTOR OF ";RI;" OHMS"
570 PRINT

580 PRINT "INPUT IMPEDANCE IS ";RI;" OHMS"
590 PRINT

600 GOSUB 950

610 GOSUB %80

620 GOSUB 870

630 PRINT "INPUT IMPEDANCE OF LESS THAN"
635 PRINT "500 COHMS ARE INADVISABLE."

640 PRINT "DO YOU WANT TO RECONSIDER?"

650 PRINT

660 PRINT "1. YES"

670 PRINT "2. NO"

630 PRINT

630 PRINT "“SELECTION: 222"

635 INPUT X

700 IF X > 2 THEN GOTQ 620

710 ON X GOTQ 460,500

720 GOSUB 910

730 PRINT "NONINVERTING FOLIOWER SELECTED"
740 PRINT

750 PRINT "SELECT TRIAL VALUE FOR INPUT"
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Operational Amplifier Circuits—cont.

755
758
760
770
780
790
800
B8Y¥0
820
830
840
850
860
870
880
890
500
910
920
930
240
950
960
870
880
530
395

PRINT "RESISTOR (IN CHMS)..."
INFUT RI

PRINT

RF = (A - 1) *RIL

RF = INT (RF)

GOSUB 870

PRINT "FOR A GAIN OF ";A;" USE:"
PRINT

PRINT "RIN = ";RI:;" OHMS"

PRINT "RF = "“;RF;" OHMS"

PRINT

GOSUB 550

GOSUB 280

FOR I =1TO 5

PRINT

NEXT I

RETURN

FOR I = 1 TO 30

PRINT

NEXT I

RETURN

PRINT "PRESS CR TO CONTINUE..."
INPUT KK

RETURN

GOSUB 910

PRINT "WHAT'S YOUR PLEASUREZ?Z?"
PRINT

1000 PRINT "1. TRY ANOTHER VALUE FOR SAME CIRCUIT"
1010 PRINT "“2. DO ANOTHER PROBLEM ENTIRELY"

1020 PRINT "3. FINISHED"

1030 PRINT

1040 PRINT "SELECTION: ?72"

1045 INPUT J

1050 IF J > 3 THEN GOTC 990

1060 ON J GOTO 1070,130,1100

1070 IF A > 0 THEN GOTO 720

1080 IF A < O THEN GOTO 460

1090 RETURN

1100 GOSUB 910

1110 FOR I = 1 TC 30

1120 PRINT Mx*khakaxkcdns BYE-BYE **#kwwhhhntarinn
1130 NEXT 1

1140 GOSUB 870

1150 PRINT "PROGRAM ENDED"

1160 END

i




A Brute Force DC Power Supply Filter
3 100 REM THIS IS PROGRAM NO. 34 PROG34
PrOGRAM 34 101 GOSUB 1240
E 102 PRINT "A 'BRUTE-FORCE' FILTER 1S DESIGNED"
E 105 PRINT "IN WHICH A SINGLE LARGE-VALUE"
110 PRINT "CAPACITCR IS CONNECTED"
1 120 PRINT "IN PARALLEL WITH THE LOAD."
3 130 PRINT
Brute Force DC Power 230 TRINT
1 4 150 GOSUB 1280
Supply Fllter 160 GOSUB 1240
170 PRINT "SELECT TYPE OF CALCULATICON TO BE PERFORMED:"
) . - , . 1 PRINT
The Brute Force filter circuit shown in Fig. 34.1 consists of a sin- ] ]l'gg PRINT "1. RIPPLE FACTOR OF A GIVEN"
gle, large-value electrolytic capacitor in parallel with the load A 192 PRINT "  POWER SUPPLY."
resistor (R;) and the output of the rectifier. This program calcu- 4 195 PRINT
lates the capacitance needed to achieve a specified ripple fac- 3 200 PRINT 72. CAPACITANCE NEEDED FOR R®
tori . i E 205 PRINT "  SPECIFIED RIPPLE FACTORI(R).
or in the DC output, the ripple factor to expect from a given fil- _ 220 PRINT
ter capacitor, or the input voltage required of a specified filter f 240 PRINT "3, INPUT VOLTAGE TO PRODUCE A"
to achieve a given output voltage. Both full-wave rectifier and : 245 PRINT "  REQUIRED OUTPUT VOLTAGE"
half-wave rectifier cases are considered. 250 PRINT
F 260 PRINT "CHOICE: 222"
FULL WAVE 265 INPUT A
1 270 IF A > 3 THEN GOTO 170
1 [34.1 3 280 ON A GOTQ 290,580,860
p= n | 290 GOSUB 1240
416 R, C, 3 300 PRINT "NOW, LET'S COLLECT SOME INFORMATION —-—— OK2?"
310 PRINT
HALF WAVE 4 320 PRINT "QUTPUT VOLTAGE AT FULL LOAD:™
3 325 INPUT VO
330 PRINT
.= L [34.2] 1 340 PRINT "MAXIMUM LOAD CURRENT (IN AMPERES):"
208 R, C : 345 INPUT I
L ; 350 PRINT
360 PRINT "VALUE OF FILTER CAPACITOR IN UF: "
365 INPUT C1
370 PRINT
380 C =C1/ {10 © 8)
380 RL = VO / 1
‘o ) ! 400 RH = 1 / {208 * RL * ()
410 RH = RH * 100
cROM ok % | 420 RH = INT (RH)
RECTIFIER 17 s 1 430 RH = RH / 100
T y 440 RF = 1 / {416 * RL * (C)
-o -. 450 RF = RF * 100
_ 460 RF = INT (RF)
FiG. 34.1. BRUTE FORCE FILTER CIRCUIT. : 470 RF = RF / 100
480 GOSUB 1200
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Brute Force DC Power Supply Filter—cont. Brute Force DC Power Supply Filter—cont.
490 PRINT "FULLWAVE RIPPLE FACTOR: “;RF ] 9720 PRINT

500 PRINT 4 530 PRINT "FILTER CAPACITANCE BEING USED: ?77?"
510 PRINT "HALFWAVE RIPPLE FACTOR: ":;RH [ 935 INPUT C

520 PRINT 1 940 PRINT

530 GOSUB 1280 ] 950 C1l =C / 10 7 &

540 GOSUB 1310 3 960 VH = VO + (1 / (240 * C1))

550 IF 5 = 1 THEN GOTO 2%0 3 980 VF = VO + (1 / (120 * (1))

S60 IF 5 = 2 THEN GOTO 160 g < 1000 PF = ((VF - VO) * 100} / VF

570 IF S = 3 THEN GOTO 1410 ; 1020 PH = {(VH - VO) * 100) / VH

580 GOSUB 1240 E 1040 GOSUB 1200

590 PRINT "LET'S COLLECT SOME INFORMATION -- OK?2" 1 1050 PRINT "REQUIRED PEAK PULSATING DC VOLTAGE:"
600 PRINT ; 1060 PRINT

610 PRINT "OUTPUT VOLTAGE AT FULL LOAD:" 4 1070 PRINT “HALWAVE CASE: ";VH

615 INPUT VO _ 10680 PRINT "FULILWAVE CASE: “;VF

620 PRINT % 1090 PRINT

630 PRINT "MAXIMUM LOAD CURRENT (IN AMPERES):" 3 1100 PRINT "VOLTAGE REGULATION:"

635 INPUT I 3 1110 PRINT

640 PRINT 3 1120 PRINT "HALFWAVE CASE: ";PH;" %"
650 RL = VO / I . 1130 PRINT "FULLWAVE CASE: ";PF:" %"
660 PRINT "DESIRED RIPPLE FACTOR (R}:" i 1140 PRINT

665 INPUT RF 3 1150 GOSUB 1280

670 PRINT 3 1160 GOSUB 1310

680 CH = 1 / {208 * RL * RF) ; 1170 IF S = 1 THEN GOTC 860

690 CF = 1 / {416 * R, * RF) 1180 IF § = 2 THEN GOTO 160

700 GOSUB 1200 ] 1190 IF 5 = 3 THEN GOTO 1410

710 CH = CH * 10 ~ ¢ 1200 FOR 1 = 1 TO 5

720 CH = INT {CH) ! 1210 PRINT

730 CF = CF * 10 = 6 3 1220 NEXT I

740 CF = INT {(CF) _, 1230 RETURN

750 PRINT "TO ACHIEVE A RIPPLE FACTOR OF “;RF 3 1240 FOR I = 1 TO 30

760 PRINT "USE A CAPACITOR AS FOLLOWS:" ; 1250 PRINT

770 PRINT 3 1260 NEXT 1

780 PRINT "FULLWAVE CIRCUIT: “;CF;" UF" 5 1270 RETURN

740 PRINT "HALFWAVE CIRCUIT: ":CH:" UF" { 1280 PRINT "PRESS CR TO CONTINUE..."
800 PRINT 4 1290 INPUT KK

810 GOSUB 1280 ) 1300 RETURN

820 GOSUB 1310 4 1310 GOSUB 1200

830 IF 5 = 1 THEN GOTO 580 1 1320 PRINT "WHAT'S YOUR PLEASURE?"

840 IF § = 2 THEN GOTO 160 3 1330 PRINT

850 IF S = 3 THEN GOTO 1410 1 1340 PRINT "1. DO ANOTHER OF THE SAME SORT"
860 GOSUB 1240 1345 PRINT

870 PRINT "NOW LET'S COLLECT SOME INFORMATION ~- OK?" 1 1350 PRINT "2. RETURN TO MAIN MENU TO"
880 PRINT 3 1355 PRINT ™ MAKE ANOTHER SELECTION"
890 PRINT "REQUIRED CUTPUT VOLTAGE UNDER FULL LOAD:" 1358 PRINT

895 INPUT VO 1360 PRINT "3. FINISHED"

900 PRINT ﬂ 1370 PRINT

910 PRINT "MAXIMUM IOAD CURRENT {IN AMPERES}:" ' 1380 PRINT "SELECTION: 222"

915 INPUT I ' 1385 INPUT S
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Brute Force DC Power Supply Filter—cont.

1350
1391
1400
1410
1420
1430

196

IF S > 3 THEN GOQTO 1310
ON 5 GOTO 270,140,1410
RETURN

GOSUB 1200

PRINT "PROGRAM ENDED"
END

ProGrAM 35

RC Pi Network DC Power
Supply Filter

Figure 35.1 shows a dual power supply filter section. Output
voltage V, is higher than V, and is derived directly from the rec-
tifier output as filtered by capacitor C,. This output uses the
same sort of “brute force’’ filter as in the previous circuit. Qut-
put V, produces a lower voltage, but at substantially better rip-
ple factor. This program calculates the capacitances of C, and
C, and the resistance of R, required to produce the voltages
and ripple factors that you specify.

fipy

fy
4o A

b ’
*J_
c

- &

ALz

e =

FROM
RECTIFIER

o =

— O— g

FiG. 35.1. A DUAL POWER SUPPLY FILTER SECTION.
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100
140
150
155
160
170
175
180
185
198G
200
205
210
220
230
240
250
255
260
270
275
280
290

300
310
315
320
330
335
340
350
355
360
370
380
380
400
410
420
430
440
450
460
470
471
472
473
480
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RC Pi Network DC Power Supply Filter

REM THIS IS PROGRAM NO. 35 PROG35
GOSUB 830

PRINT "THIS PROGRAM 1S USED TO SELECT"
PRINT "VALUES FOR AN RC POWER SUPPLY"
PRINT "FILTER CIRCUIT. YOU WILL NEED"
PRINT "TO SELECT THE OUTPUT VOLTAGES"
PRINT "{V1 & V2) AND CURRENTS (Il &12)",
PRINT "IN ADDITION TO THE DESIRED RIPPLE"
PRINT "FACTORS FOR THE TWQ VOLTAGE"
PRINT “QUTPUTS. IN GENERAL,THE "

PRINT "RIPPLE FACTOR FOR THE LOWER"
PRINT "VOLTAGE OUTPUT (V2) IS"

PRINT "CONSIDERABLY LOWER THAN FOR V1"
GOSUB 790

GOSUBR 870

GOSUB 830

PRINT "HIGHER VOLTAGE CUTPUT (V1): ?2?2"
INPUT V1

PRINT

PRINT "QUTPUT CURRENT FROM V1 IN AMPERES: ??2"
INPUT 11

PRINT

PRINT "RIPPLE FACTOR AT Vi: 222"

INPUT F1

PRINT

PRINT "LOWER VOLTAGE OUTPUT (V2): 272"
INPUT V2

PRINT

PRINT "OUTPUT CURRENT FOR V2 IN AMPERES: 277"
INPUT 12

PRINT

PRINT "RIPPLE FACTOR AT V2; 222"

INPUT F2

GOSUB 830

11 vl / Il

L2 = Vv2 / I2

Cl 1/ (416 * L1 * FL)

Rl = ((V2 - V1) / I2} + {1/ (120 * C1)}
Rl = - Rl

C2 = {2 *10 " -8} / {(ClL * Rl *LZ *F2)
ClL =¢Cl *10 ~ 6

€2 =C2 *10 " 8

€1 = INT {Cl)

£2 = INT {(C2)

Rl = INT (R1l}

Cl = BABS (Cl)

C2 = BABS (C2)

Rl = ABS {Rl)

PRINT "CAPACITANCES GIVEN BELOW ARE"

RC Pi Network DC Power Supply Filter—cont.

485
488
489
490
495
500
510
512
515
520
530
540
550
560
570
580
590
600
610
€20
630
640
650
660
670
680
690
700
705
710
720
730
740
750
755
760
770
780
790
8OO
8§10
820
830
840

-850

860
870
880

PRINT "MINIMUM VALUES -— USE HIGHER"

PRINT "VALUES IF DESIRED."

PRINT

PRINT "SELECT A WORKING DC VOLTAGE (WVDC)"
PRINT "RATING THAT IS 150-PERCENT OFTHE"
PRINT "OUTPUT VOLTAGE, OR MCRE"

PRINT

PRINT

GOSUB 870

PRINT “********t*****t*********tt*******"
PRINT "MAIN OUTPUT VOLTAGE [(V1): ";V1;" VOLTS"
PRINT "MAIN QUTEUT CURRENT (Il): ";I1;" AMPERES"
PRINT

PRINT “FILTER CAPACITOR Cl: ";Cl:" UP"
PRINT "RIPPLE FACTOR AT Vi: ";F1

PRINT "****t*tt*t-l-**i************ttt****"
PRINT “LOWER OUTPUT VOLTAGE (V2)}: ":v2;" VOLTS"
PRINT "LOWER OUTPUT CURRENT (I2}: ";I2:" AMPERES"
FRINT

PRINT "FILTER CAPACITOR C2: ";C2:;" UF"
PRINT "SERIES RESISTOR Rl: ":R1;" OHMS"
PRINT "RIPPLE FACTOR: ";F2

PRINT "**************t*****t*t**********“
PRINT

PRINT

GOSUB 870

GOSUB B30

PRINT "SELECT ONE FROM MENU BELOW"

PRINT "AND PRESS CR..."

PRINT

PRINT "1, DO ANOTHER”

PRINT "2. FINISHED"

PRINT

PRINT "SELECTION: 227"

INPUT K

IF K > 2 THEN GOTCO 710

ON K GOTO 100,900

END

FOR I =1 TO 5

PRINT

NEXT I

RETURN

FOR I = 1 TO 30Q

PRINT

NEXT 1

RETURN

PRINT "PRESS CR TO CONTINUE..."

INPUT LK
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RC Pi Network DC Power Supply Filter—cont.

890 RETURN

900 GOSUB 830

910 PRINT “PROGRAM ENDED"
520 END

Example

THIS PROGRAM 1S USED TO SELECT
VALUES FOR AN RC POWER SUPPLY
FILTER CIRCUIT., YOU WIL{ NEED
TO SELECT THE OQOUTPUT VOLTAGES
(vl & V2) AND CUDRENTS (I1 & I2)
IN ADDITION TO THE DESIRED RIPPFLE
FACTORS FOR THE TWO VOLTAGE
OUTPUTS. IN GENERAL,THE

RIPPLE FACTOR FCR THE LOWER
VOLTAGE QUTPUT (V2) IS
CONSIDERABLY LOWER THAN FCR V1

PRESS CR TO CONTINUE...

HIGHER VOLTAGE OQUTPUT (V1): 222
18

QUTPUT CURRENT FRCOM V1 IN AMPERES: 7?27
1.2

RIPPLE FACTOR AT V1: 227
.6

LOWER VOLTAGE OUTPUT (V2): 227
12

OQUTPUT CURRENT FOR V2 IN AMPERES: 227?
.25

RIPPLE FACTOR AT V2: 727
2E-03

CAPACITANCES GIVEN BELOW ARE
MINIMUM VALUES -~ USE HIGHER
VALUES IF DESIRED.

200

RC Pi Network DC Power Supply Filter—cont.

SELECT A WORKING DC VOLTAGE (WVDC)
RATING THAT IS 150-PERCENT OFTHE
QUTPUT VOLTAGE, CR MORE

PRESS CR TC CONTINUE...

ARAAENE AR AR K AR AN AN IR AR AR R

MAIN OUTPUT VOLTAGE (V1): 18 VOLTS
MAIN OUTPUT CURRENT (Il): 1.2 AMPERES

FILTER CAPACITOR Cl: 267 UF

RIPPLE FACTOR AT V1: .6

¢ e o o 9 e e ok e e vk ok o vl it ok e ok ok e o e e e e e e ek ke

LOWER OUTPUT VOLTAGE (V2): 12 VOLTS
LOWER OUTPUT CURRENT (I2}: .25 AMPERES

FILTER CAPACITOR C2: 10834 UF

SERIES RESISTOR Rl: & OHMS
RIPPLE FACTOR: 2E-03

T3 2333233333332 3302 30032 dds s

PRESS CR TO CONTINUE...

SELECT ONE FROM MENU BELOW
AND PRESS CR...

1. DO ANOTHER
2, PINISHED

SELECTION: 227

PROGRAM ENDED
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Design of Simple Regulated DC Power Supplies

F 100 REM THIS IS5 PROGRAM NO. 36 PROG26
PrOGRAM 36 110 REM
2 120 REM THIS PROGRAM WILL SELECT
] 125 REM COMPONENTS FOR A STANDARD POWER
E _; 130 REM SUPPLY, GIVEN YCUR REQUIREMENTS
Desi . E ] 140 DIM BS$({15)
esign of Simple Regulated DC - 150 DI C5 (15)
Power Supplies 170 C§ = "7
pp - 180 BS = "LM-340"
. 150 GOSUB 1480

Two simple voltage regulator circuits are shown in Fig. 36.1; B 200 BRI L OF REGULATED Be”

both are three terminal integrated circuit regulators. The fixed B %23 §§§ﬁ$ OUTPUT VOLTRGE:

voltage version is shown in Fig. 36.1A. In this circuit, the output 220 PRINT "1. 5-VOLTS"

voltage is fixed by the type of regulator inserted inta the regula- 230 PRINT "2. 6-VOLTS"

tor slot. There are several families of devices, and which is k 240 PRINT :3' 12'VOLTS:

selected by the program depends upon the maximum output [ 3§ ggg ggigg ..g' ig:ggﬁgu

current requirements. The adjustable voltage version is shown | 270 PRINT "6. 24-VOLTS"

in Fig. 36.18. This circuit is based on the LM 317 device. Poten- » 280 PRINT "7, ADJUST{$1}ABLE (1.2 TO 35 VOLTS)"
tiometer R1 can be adjusted to determine the output voltage. 3 290 PRINT

300 PRINT "SELECTION: 222"

305 INPUT VO
+0 Y recuaton |2 i 4 310 IF VO > 7 THEN GOTO 200
J_ a4 B 320 GOSUB 1480
v, . cal. 1 330 PRINT "SELECT MAXIMUM QUTPUT CURRENT LEVEL:"
FROM g ‘|‘ a T ot . - 340 PRINT
RECTIFIER : s v 3 350 PRINT "1. 100 MA®
3 360 PRINT "2. 500 MA"

-o o- = 370 PRINT "3. 750-MA"
[ § 380 PRINT "4. 1-AMPERE"
390 PRINT "5. 1.5~AMPERES

{A} Fixed voltage version. . § 400 PRINT "6. 3-AMPERES"
L 4 410 PRINT "7. 5-AMPERES”
N 2 m CASE (3) 2 420 PRINT
. LM-317 + 430 PRINT "SELECTION: 727"
FR’E{M C1+ Ca 0.1 4F 1 C+ 1 uF 435 INPUT 1
RECTIFIER am ] 440 IF I > 7 THEN GOTO 330
- o I - 450 GOSUB 1480
[ 2ot } ! 460 PRINT “PERMISSABLE REGULATOR TYPES:"
L AS ; 470 IF VO = 1 THEN GOSUB $80
f - ‘ 480 IF VO = 2 THEN GOSUB 1060
- 490 IF VO = 3 THEN GOSUB 1160
1B} Adjustable voftage version. ; 503 IF VO = g THgg GO§UB iggg
- 510 IF VO = 5§ TH GOSUB
FIG. 36.7. TWO SIMPLE YOLTAGE REGULATOR CIRCUITS, ] 520 IF VO = 6 THEN GOSUB 1350

530 IF I = 1 THEN Cl = 500

202
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Design of Simple Regulated DC Power Supplies—cont. Design of Simple Regulated DC Power Supplies—cont.

540 IF I = 2 THEN C1 = 1000 : 99¢ IF I = 2 THEN GOSUB 1990
55¢ IF I = 3 THEN Cl = 1000 & 1000 IF I = 3 THEN GOSUB 2000
560 IF I = 4 THEN C1 = 2000 ' 1010 IF I = 4 THEN GOSUB 2010
570 IF I = 5 THEN C1 = 3000 1020 IF I = 5 THEN GOSUB 2020
580 IF I = 6 THEN C1 = 5000 1030 IF I = 6 THEN GOSUB 2030
590 IF I = 7 THEN Cl = 10000 3 1040 IF I = 7 THEN GOSUB 2040
600 IF I = 1 THEN C4 = 10 g 1050 RETURN
610 IF I = 2 THEN C4 = 50 1060 PRINT
620 IF I = 3 THEN C4 = 100 1070 IF I = 1 THEN GOSUB 2070
630 IF I = 4 THEN C4 = 100 3 1080 IF I = 2 THEN GOSUB 2080
€40 IF I = 5 THEN C4 = 150 8 1090 PRINT
650 IF I = & THEN C4 = 300 3 1100 IF I = 3 THEN GOSUB 2100
660 IF I = 7 THEN C4 = 500 L 1110 IF I = 4 THEN GOSUB 2110
670 IF I < 5 THEN €2 = 0.1 X 1120 IF I > 4 THEN GOSUB 2220
680 TF I > 4 THEN C2 = 0.47 ;| 1130 IF I > 4 THEN GOSUB 2230
690 IF VO = 1 THEN V = 5 F 1140 IF I > 4 THEN GOSUB 2240
700 IF VO = 2 THEN V = & & 1150 RETURN
710 IF VO = 3 THEN V = 12 1160 PRINT
720 IF VO = 4 THEN V = 15 | 3 1170 IF I = 1 THEN GOSUB 2170
730 IF VO = 5 THEN V = 18 | § 1180 IF I = 2 THEN GOSUB 2180
740 IF VO = 6 THEN V = 24 B 1190 IF I = 3 THEN GOSUB 2190
750 IF I = 1 THEN IO = .1 = 1200 IF I = 4 THEN GOSUB 2200
760 IF I = 2 THEN IO = .5 | 1210 IF I > 4 THEN GOSUB 2210
770 IF 1 = 3 THEN 10 = (.75 & 1220 RETURN
780 IF I = 4 THEN I0Q = 1 » 1230 PRINT
790 IF I = 5 THEN IQ = 1.5 t 1240 IF I = 1 THEN GOSUB 2240
800 IF I = 6 THEN 10 = 3 E | 1250 IF I = 2 THEN GOSUB 2250
810 IP I = 7 THEN I0 = 5 - 1260 IF I = 3 THEN GOSUB 2260
820 IF VO = 7 THEN GOTO 1550  : 127¢ IF I = 4 THEN GOSUB 2270
830 PRINT "Cl: ";Cl;" UF" 3 1280 IF I > 4 THEN GOSUB 2280
840 PRINT "C2: ";C2:" UF" p o 1290 RETURN
850 PRINT "C4: ";C4;" UF" - 4 1300 PRINT
860 PRINT ¢ 8 1310 IF I < 4 THEN GOSUB 2310
870 PRINT "MINIMUM INPUT VOLTAGE TO REGULATOR: “;V : 1320 IF I = 4 THEN GOSUB 2320
+ 2.5;" VOLTS™ - 1230 IF I > 4 THEN GOSUB 2330
880 PRINT 3 1340 RETURN
890 PRINT "MINIMUM WVDC RATING OF Cl: “;{(V + 2.5) * 1,5; E 1350 PRINT
* YOLTS" 2 1360 IF I = 1 THEN GOSUB 2360
900 PRINT "MINIMUM WVDC RATING OF C2: ";(V * 1.5); F 1370 IF I = 2 THEN GOSUB 2370
" VOLTS™ 3 1380 IF I = 3 THEN GOSUB 2380
910 PRINT "2 WVDC RATING SAME AS C1, C3 SAME AS C4" 3 1390 IF I = 4 THEN GOSUB 2390
920 PRINT b ] 1400 IF I > 4 THEN GOSUB 2400
930 PRINT “RATINGS: ";V;" VOLTS, @":IO;:"AMPS" E 1410 RETURN
940 PRINT 4 1420 PRINT “ENDED"
950 PRINT y: 1430 END
960 GOSUB 1520 1 1440 FOR Q = 1 TO S
970 GOTO 1730 b3 1450 PRINT
980 IF I = 1 THEN GOSUB 1980 3 1460 NEXT Q
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Design of Simple Regulated DC Power Supplies—cont.

1470
14890
1490
1500
1510
1520
1530
1540
1550
1560
157¢
1580
1590
1600
1510
1615
1620
1630
1640
1650
1660
1670
1680
1690
1695
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1845
1850
1860
1870
1880
1890
1980
1985
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RETURN

FOR Q = 1 TO 30

PRINT

NEXT Q

RETURN

PRINT "PRESS CR TQO CONTINUE...
INPUT KK

RETURN

PRINT

IF I < 5 THEN GOSUB 2560

IF I > 4 THEN GOSUB 2570
PRINT

IF I < 5 THEN R2 = 240

IF I > 4 THEN R2 = 120

PRINT "MAXIMUM CUTPUT VOLTAGE
INPUT MAX

IF MAX > 35 THEN GOQOSUB 2620
FRINT

IF MAX > 35 THEN GOTO 1610
GOSUB 1440

Rl = R2 * ((MAX / 1.25) - 1}
VINMIN = MAX + 3

{ <= 35 VvDC): "

PRINT

PRINT "POR ADJUSTABLE POWER SUPPLY"
PRINT "OVER THE RANGE 1.2 vDC TO"
PRINT MAX;"VDC USE THE FOLLOWING:"
PRINT

PRINT "R1: “;R1;" OHMS"

PRINT "Cl: ™;Cl;" UF"

PRINT

PRINT "MINIMUM INPUT VOLTAGE; “;VINMIN;" VOLTS"
PRINT

GOSUB 1520

GOTO 1790

PRINT

PRINT "WHAT'S YOUR PLEASURE?”

PRINT "1. DO ANOTHER"

PRINT "2. FINISHED"

PRINT

PRINT "SELECTION: 2777"

INPUT D

IF D > 2 THEN GOTO 1750

ON D GOTO 190,18B70

GOSUB 1440

PRINT "PROGRAM ENDED"

END

FRINT "LM-309H, LM-340LAH-05, LM-340T~05 OR 7805"
RETURN

Design of Simple Regulated DC Power Supplies—cont.

1990 PRINT "LM-34QT-05, 7805"

1995 RETURN

2000 PRINT “ILM~340T-{5, LM-340K-05 OR 7805"

2005 RETURN

201G PRINT "LM-340K-05 OR 7805 (K-PACKAGE ONLY)}"

2015 RETURN

2020 'PRINT “LM-340K-05, LAS-1505 OR 7805 (XK-PACKAGE ONLY) "

2025 RETURN

2030 PRINT "LM-323K"

2040 PRINT "LAS-1905"

2045 RETURN

2070 PRINT "LM~-340H-06 CR LM-340T-06"

2075 RETURN

2080 PRINT “LM~340T-06 OR LM-340K-08"

2085 RETURN

2100 PRINT "LM-340T-06 OR LM-340K-06"

2105 RETURN

2110 PRINT "LM-340K-06"

2115 RETURN

2120 PRINT "CURRENT REQUIREMENT TOC HIGH FOR THIS SERIES
OF L

2130 PRINT "VOLTAGE REGULATOR (SELECT A LOWER CURRENT OR
UsSE"

2140 PRINT "AN AFPROPRIATE ADJUSTABLE REGULATOR)™

2170 PRINT LM - 34Q0H - 12 OR 7812"

2175 RETURN

2180 PRINT “LM-3407-12 OR 7812"

2185 RETURN

2190 PRINT “LM-340T-12 OR 7812"

2200 PRINT "LM-340K-12 OR 7812 {K-PACKAGE ONLY)"

2205 RETURN

2210 PRINT "USE IM-317 OR IM-338 ADJUSTABLE VOLTAGE
REGULATOR"

2215 RETUERN

2240 PRINT "LM-340H-15, LM-340T-15, LM-340K-15 OR 7815"

2245 RETURN

2250 PRINT "LM-340T-15, ILM-340K-~15, OR 7815"

2255 RETURN

226G PRINT "LM-340T-15, LM—-340K-15 OR 7815"

2265 RETURN

2270 PRINT "LM-340K-15 OR 7815 {K-PACKAGE ONLY)"

2275 RETURN

2280 PRINT "USE LM-317 OR LM-338 ADJUSTABLE VOLTAGE
REGULATOR"

2285 RETURN

2310 PRINT "LM-340T7-18, LM-340K-18 OR 7818"

2315 RETURN

2320 PRINT “LM-340K~18 OR 7818 (K-PACKAGE ONLY)"
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Design of Simple Regulated DC Power Supplies—cont.

2325
2330

2360
2365
2370

2375
2380

2385
2390
2395
2400

2405
2560
2565
2570
2575
2620
2625

RETURN

PRINT "USE IM-317 OR LM-338 ADJUSTABLE VOLTAGE
REGULATOR"

PRINT "LM-34CH-24, IM-340T-24, IM~340K-24 OR 7824"
RETURN

PRINT "LM-340T-24, ILM-340K-24 CR 7824 (K-PACKAGE
ONLY} "

RETURN

PRINT "LM-340T-24, LM-340K-24 04 7824 (K~PACKAGE
ONLY} "

RETURN

PRINT "LM-340K-24 OR 7824 (K-PACKAGE ONLY)"
RETURN

PRINT "USE LM-317 CR LM-338 ADJUSTABLE VOLTAGE
REGULATOR"

RETURN

PRINT "LM-317K"

RETURN

PRINT "LM-338K"

RETURN

PRINT "VOLTAGE OUT OF RANGE™

RETURN

Example

SELECT VALUE OF REGULATED DC
OUTPUT VOLTAGE:

1. 5-

‘VOLTS

2. 6-VOLTS
3, 12-VOLTS
4. 15-VOLTS
5. 18-VOLTS
6. 24-VOLTS
7. ADJUSTABLE {1.2 TO 35 VOLTS)

SELECTION: 277

SELECT MAXIMUM CUTPUT CURRENT LEVEL;:

1. 100 MA
2. 500 MA
3, 750-MA
4. 1-AMPERE

208

Design of Simple Regulated DC Power Supplies—cont,

5. 1.5-AMPERES
6. 3-AMPERES
7. 5-BMPERES

SELECTION: 277

-

PERMISSABLE REGULATOR TYPES:

LM-340T-12 OR 7812
Cl: 1000 UF

¢cz2: .1 UF

C4: 50 UF

MINIMUM INPUT VOLTAGE TO REGULATOR: 14.5

MINIMUM WVDC RATING COF Cl: 21.75 VOLTS
MINIMUM WVDC RATING OF C2: 18 VOLTS
C2 WVDC RATING SAME AS Cl, C3 SAME AS C4

RATINGS: 12 VOLTS, @ .5 BAMPS

PRESS CR TO CONTINUE,..

WHAT'S YOUR PLEASURE?
1. DG ANOTHER
2. FINISHED

SELECTION: 27772

PROGRAM ERDED

SELECT VALUE OF REGULATED DC
OUTPUT VOLTAGE:

1. 5-VOLTS
2. 6=VOLTS
3. 12-VOLTS
4. 15~-VOLTS
5. 18-VOLTS
6. 24-VOLTS
7. ADJUSTABLE {1.2 TC 35 VOLTS}

SELECTION: 2272

VOLTS
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Design of Simple Regulated DC Power Supplies—cont.

SELECT MBXIMUM OUTPUT CURRENT LEVEL:

. 100 MA

500 MA

. 750-MA
1-AMPERE

. 1.5-AMPERES
. 3-AMPERES

. 5-AMPERES

] L ks Lk B
. »

SELECTION: 2?7272

PERMISSABLE REGULATOR TYPES:
LM-338K

MAXIMUM OUTPUT VOLTAGE { <= 35 VDC):

FOR ADJUSTABLE POWER SUPPLY
OVER THE RANGE 1.2 VDC TO
20 VDC USE THE FOLLOWING:

R1: 1800 CHMS
cl; 5000 UF

MINIMUM INPUT VOLTAGE: 23 VOLTS
PRESS CR TO CONTINUE...

WHAT'S YOUR PLEASURE?

1. DO ANOTHER

2. FINISHED

SELECTION: 277272

PROGRAM ENDED
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ProGRAM 37

Design of RC Phase-Shift
Oscillator

The RC Phase-Shift Oscillator (Fig. 37.1) is a simple circuit that
will produce a sine-wave output at a frequency determined by
the components in the RC feedback network (R;, R, Ry, and
C,, C3, C3). This network consists of three RC elements (R,/C,,
R,IC,, and Ry/C,) each of which produces a 60 degree phase
shift at some specific frequency. The other 180 degrees re-
quired for oscillation occurs because the operational amplifier
is used in the inverting configuration.

This program will allow you to select values for the capacitors
and resistors of the RC phase shift network and for the feed-
back resistor as well, In addition, if the variable frequency
option is selected, it will calculate the minimum and maximum
values of R that will vield the desired frequency range.

R]':RQ:R;:R
R4=30R

G=C=0,=C

f=_ | (37.1)
27~/ 6RC

B 1 137.2]
15.391CF
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Design of RC Phase-Shift Oscillator—cont.

A 370 PRINT
N 380 PRINT "FIRST TRIAL CAPACITANCE IN MICROFARADS (UF);:“
2 385 INPUT C
;V 390 C =C / (10 ™ 6)
—— o 200 R = 1 / (15.391 * C * F)
I QuTPLT _ 410 R INT {(R)
6 o | i a0 c s 106
=c
' 440 GOSUB 900
450 R4 = INT (R4)
460 PRINT "RC PHASE-SHIFT OSCILLATOR"
465 PRINT "COMPONENT VALUES FOR FIXED"
470 PRINT "FREQUENCY OPERATION."
2 480 PRINT
FIG. 37.1. RC PHASE-SHIFT QSCILLATOR. S 490 PRINT "OPERATING FREQUENCY: ";F;" H2Z"
500 PRINT "CAPACITORS C1 = C2 = C3 = ";C;" UF"
510 PRINT "RESISTORS R1 = RZ = R3 = ";R;" OHMS"
3 520 PRINT "FEEDBACK RESISTOR R4 = ";R4;" OHMS"
! 530 PRINT
Design of RC Phase-Shift Oscillator - | 540 PRINT
L 550 GOSUB 980
1
100 REM THIS IS PROGRAM NO. 37 PROG3? : 280 ot e
izg gogug 540 4 580 PRINT "VARIABLE FREQUENCY OPTION SELECTED"
. . ' 590 PRINT
150 PRINT TAB( 5);"* * * *x * % & * % % % % # ¥ 600 PRINT "SET UPPER AND LOWER OPERATING"

.Mk on ]
170 SRINT TAB( S)}"+ PHAE-SHIFT OSCILLATOR +" 1 10 BRIND | o Ty LIMITS
igg R g:gg g;:;: COPYEéGgiRégaﬁ . 3 620 PRINT "LOWER FREQUENCY LIMIT IN HERTZ (HZ):"
200 PRINT TAB{ S):"k * * % % & & & & » % & & &¥ 3 ggg ;g?§$ FL
gég ggggg ggg F | ggg PRINT ;gPPER FREQUENCY LIMIT IN HERTZ (HZ}:"
ggg ggill?g "SELECT ONE FROM MENU BELOW:" :'.: i ggg égsgg ;031 * FLL THEN GOSUB 1010
260 PRINT "1, FIXED-FREQUENCY OSCILLATOR® 1 680 PRINT "FIRST TRIAL VALUE OF CAPACITANCE?"
260 PRINT 2 VARIASLETEISQUNEY TR - 70 BRINT "CAPACITANCE IN MICROFARADS: 277"
130 Tamy meemon 77 § s, -
300 IF A > 2 THEN GOTO 240 1 - £ co*
310 ON A GOTO 320,570 4 353 gi - lléT[%ELfgl c*
320 GOSUB 200 “ 740 RH = 1 / (15.391 * C * FH)
330 PRINT "FIXED-FREQUENCY OPTION SELECTED" 3 -
340 PRINT 1 760 R4 < 30 % RH
350 PRINT “OPERATING FREQUENCY IN HERTZ (HZ):" ] 370 R4 = INT (Rd)
o e F ] 780 C=C*10 " 6

790 GOSUB 900
213
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Design of RC Phase-Shift Oscillator—cont. | Design of RC Phase-Shift Oscillator—cont.
800 PRINT "RC PHASE-SHIFT OSCILLATOR" . iggg gg L GOEO 320,240,1280

805 PRINT “COMPONENT VALUES FOR VARIABLE" 2 128 sUB g 0 A i

810 PRINT "FREQUENCY OPERATICN." F 3} 1308 ggéNT PROG ENDED

820 PRINT L o

830 PRINT "OPERATING FREQUENCY RANGE: ";FL;" TO “:FH;" HZ"
840 DRINT "CAPACITORS Cl = C2 = C3 = ";C;" UF" 3
850 PRINT "RESISTOR RANGE: ";RH;" TO ";RL;" OHMS" 3
860 PRINT "FEEDBACK RESISTOR R4: ":R4:" OHMS"

870 GOSUB 900

880 GOSUB 980

890 GOTO 1180

500 FOR I = 1 TO 5

910 PRINT

920 NEXT I

930 RETURN

940 FOR I = 1 TO 30

950 PRINT £
960 NEXT I ¥
370 RETURN ] [
$80 PRINT "PRESS CR TO CONTINUE..."
990 INPUT LI

1000 RETURN

1010 GOSUB 900

1020 PRINT "FREQUENCY RANGE SELECTED 1S" |
1025 PRINT "GREATER THAN ONE DECADE" &
1030 PRINT "(I.E. 10:1}. IT WOULD BE" !
1035 PRINT "BETTER IN MOST CASES TO BRERK" :
1040 PRINT "THE RANGE INTO TWO BANDS --"
1045 PRINT “SELECT ONE FROM BELOW:®

1050 PRINT

1060 PRINT "}, LEAVE IT A5 IS"

1080 PRINT :
1090 PRINT "2, LET'S BREAK IT INTC TwWO" F
1130 PRINT )
1140 PRINT "SELECTION: 27222"

1145 INPUT W

1150 IF W > 2 THEN GOTO 1010

1160 ON W GOTO 1170,230

1170 RETURN

1180 PRINT

1190 PRINT "WHAT'S YOUR PLEASURE?Z?"

1200 PRINT

1210 PRINT "1. DO ANOTHER COF THE SAME TYPE"
1220 PRINT "2. RETURN TO OPTICNS MENU"

1230 PRINT "3. FINISHED"

1240 PRINT »
1250 INPUT L u
1260 IF L > 3 THEN GOTO 1180
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PrOGRAM 38

Design of RC Triangle-Function
Oscillator

Figure 38.1 shows the circuit of a triangle waveform osciliator
that is based on two operational amplifiers. The output opera-
tional amplifier (A, works as a Miller integrator, while the other
device operates as a comparator. When the output of A, is
high(+), the output of A; charges toward V— at a constant
rate. When a certain voltage is reached, which is determined
by R, and R,, the comparator (A;) output snaps to high{—), and
this forces the output of A, to discharge toward V- {again, at a
constant rate). The result of these two slopes at V;, is a triangle
waveform with a period that is determined by R, Cy, Ry, and R,.

The program allows you to select either fixed frequency or vari-
able frequency options. The latter results in a resistance range
that will produce the required frequency range

L4
At
1t
L e 1 KE a
ﬁ!
+ .Us
QD
by H
i
L

a3

op

Fic. 38.1. CIRCUIT OF A TRIANGLE WAVEFORM OSCILLATOR THAT IS BASED
ON TWO OPERATIONAL AMPLIFIERS,

R
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100
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
2%0
300
305
310
320
330
340
350
360
370
375
380
330
400
405
408
410
420
430
440
450
460
470
480
485
4990
500
510
520
530
540

Design of RC Triangle-Function Oscillator

REM THIS 1S PROGRAM NO. 38 PROG38

§s=5

GOSUB 940

PRINT TAB[S):"**************"
PRINT TAB{ 5);"* PROGRAM TC DESIGN AN RC *"
PRINT TaB( S):"* TRIANGLE WAVEFORM xn

PRINT TAB( S);"* GENERATOR L
PRINT TAB( S5);"* COPYRIGHT 1986 L
PRINT TAB( S);"* JJ CARR L
PRINT TAB{ S):™% * * & % & % % & % % & * #0
GOSUB 3500

GOSUB 580

GOSUB 540

PRINT “SELECT ONE FROM THE MENU BELOW:"
PRINT

PRINT "1. FIXED-FREQUENCY OSCILLATCOR"
PRINT "2. VARIABLE-FREQUENCY OSCILLATOR"
PRINT

PRINT "SELECTION: 777"

INPUT A

IF A > 2 THEN GOTO 250

GOSUB 1340

ON A GOTO 340,580

GOSUB 900

PRINT "FIXED-FREQUENCY OPTICN SELECTEDR" -
PRINT

PRINT "OPERATING FREQUENCY IN HERTZ (HZ):"
INPUT F

PRINT

PRINT

PRINT "FIRST TRIAL CAPACITANCE IN"

PRINT "MICROFARADS (UF): 272"

INPUT C

c=C/ (10 " @)

IF K=1THEN R = 0.25 / (F * C)
IF K = 2 THEN GOSUB 11890

R = INT (R)

C=C*10 ~ 6

GOSUB 900

PRINT "RC TRIANGLE WAVEFORM GENERATOR"
PRINT "FOR FIXED-FREQUENCY OPTION:"
PRINT "FREQUENCY CPERATION,"

PRINT "OPERATING FREQUENCY: ";F;" HZ"
PRINT "CAPACITOR Cl1 = “;C;" UF"

PRINT "RESISTOR = ":R;" OHMS"

IF K = 2 THEN GOSUB 2000
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Design of RC Triangle-Function Oscillator—cont. . 4 Design of RC Triangle-Function Oscillator—cont.
550 PRINT 990 INPUT KK

560 GOSUB 980 1000 RETURN

570 GOTO 1050 1010 PRINT "SELECTION: 272?"

580 GOSUB 940 3 1015 INPUT W

590 PRINT "VARIABLE-FREQUENCY OPTION SELECTED" ;. 1020 IF W > 2 THEN GOTO 1010

600 PRINT - 1030 ON W GOTO 1040,240

610 PRINT "SET UPPER AND LOWER FREQUENCY LIMITS" 1 1040 RETURN

620 PRINT 1050 PRINT

630 PRINT "LOWER FREQUENCY LIMIT IN HERTZ (HZ): 222" _ 1060 PRINT "WHAT'S YOUR PLEASURE?"

635 INPUT FL E ) 1070 PRINT

640 PRINT ' 1080 PRINT "1. DO ANOTHER OF THE SAME TYPE"
650 PRINT "UPPER FREQUENCY LIMIT IN HERTZ (HZ): 222" 3 1090 PRINT "2. RETURN TO THE OPTIONS MENU"
655 INPUT FH - 1100 PRINT "3. FINISHED"

660 PRINT - 1110 PRINT

670 GOSUB 900 - 1120 INPUT L

680 PRINT "FIRST TRIAL VALUE OF CAPACITANCE: " - 1130 IF L > 3 THEN GOTO 1050

690 PRINT 3 1140 ON L GOTO 340,250,1150

700 PRINT "CAPACITANCE IN MICROFARADS (UF): 223" ¥ 1150 GOSUB 940

705 INPUT C F 1160 PRINT "PROGRAM ENDEDR"

710 C=C/ 10 © 6 n 1170 GOTO 1430

720 IF K = 2 THEN GOSUB 1260 - 1180 GOSUB 900

730 IF K = 1 THEN RL = 0.25 / (FL * C} 3 1190 PRINT "VALUE OF Rl: 227"

740 IF K = 1 THEN RH = 0,25 / (FH * O} - 1195 INPUT R1

750 C =C * 10 T 6 3 1200 PRINT

760 GOSUB 900 o 1210 PRINT "VALUE QF R2: ?7?"

770 RL = INT (RL) u 1215 INPUT R2

780 RH = INT {RH) n 1220 PRINT

790 PRINT "RC TRIANGLE WAVEFORM GENERATOR" | 1230 R =Rl / {4 * R2 * C * F)

795 PRINT "CCOMPONENT VALUES FOR VARIABLE" 3 1240 R = INT (R)

800 PRINT "FOR VARIABLE-FREQUENCY OPERATION:" 5 1250 RETURN

810 PRINT - 1260 PRINT

820 PRINT "OPERATING FREQUENCY RANGE: ";FL;" TO “;FH:;" HZ : 1270 PRINT "VALUE OF R1 IN OHMS: ?7237"

830 PRINT "CAPACITOR C1 = ";C:;"™ UF" = 1275 INPUT R1

840 PRINT "RESISTOR RANGE: ":RH;" TO ";RL;"™ OHMS" ; 1280 PRINT

850 PRINT ! 1290 PRINT "VALUE OF R2 IN OHMS: ??2?"

860 IF K = 2 THEN GOSUB 3000 1295 INPUT R2

870 GOSUB 500 : 1300 PRINT

880 GOSUB 980 3 1310 RH = Rl / (4 * R2 * C * FH)

890 GOTO 1050 ] 1320 RL = R1 / (4 * R2 * C * FL)

900 FOR I = 1 TO 5 i 1330 RETURN

510 PRINT . 1340 GOSUB 900

920 NEXT I i 1350 PRINT "SELECT ONE FROM MENU BELCW:"
930 RETURN 4 1360 PRINT

940 FOR I = 1 TO 30 3 1370 PRINT "1. STANDARDIZED VERSION (Rl = R2)"
950 PRINT ; 1380 PRINT "2. SELECT CUSTOM VALUES FOR R1 AND R2"
960 NEXT I ] 1390 PRINT

970 RETURN 3 1400 PRINT "SELECTICON: 2?2"

980 PRINT "PRESS CR TO CONTINUE..." F 1405 INPUT K
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Design of RC Triangle-Function Oscillator—cont.

1410 IF K > 2 THEN GOTO 1340

izgg RE‘[T)URN i ProGRAM 39
EN £

2000 PRINT "Rl = ";R1;" OHMS, R2 = "“;R2;" OHMS"
2005 RETURN
3000 PRINT "Rl = ";R1;" OHMS, R2 = ";R2:" OHMS™
3005 RETURN

Design of Monostable
Multivibrator (‘‘One-Shot”’)

The circuit in Fig. 39.1 is a one-shot, or monostable multivi-
brator. The name one-shot derives from the fact that this circuit
- produces one and only one output pulse for every applied
& input trigger pulse. The name monostable multivibrator derives
' from the fact that this circuit has only one stable output state.
When a negative-going trigger pulse is applied to the trigger
input, the output snaps to the unstable state for a period of
time, T, and then reverts automatically back to the stable state.
The duration of the output pulse thereby obtained is a function
of the RC time constant.

This program will ask you to enter a trial capacitance vaiue
(select a value from the standard values), and it will then calcu-
late the required resistance. !f this value is absurd {(or too hard
to obtain), try again with another trial capacitance value.

G A
[i "
—"i‘ W
L
™
o
=

Ay 210 KY [0
100 pF oy 1
o} I
1 L e
£ Dd
TRIGGER S4r0 K2 |
14 A, S 10 KD
3
= - =

Fic. 39.1. CIRCUIT OF A ONE-SHOT, DR MONOSTABELE MULTIVIBRATOR.
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100
150
160
170
180
190
200
210
220
230
240
250
255
260
270
275
280
290
300
310
312
315
320
330
340
343
345
350
360
370
380
390
400
410
420
425
430
440
450
460
470
486
490
500
510
515
520
530
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Design of Monostable Multivibrator (‘“One-Shot"’)

REM THIS 1S PROGRAM NO. 39 PROG39

GOSUB 610
PRINT "* % % % % x % % % % % * % % %7

PRINT "* MONOSTABLE MULTIVIBRATCOR *"
PRINT "* DESIGN * N
PRINT "* COPYRIGHT 1986 *
PRINT "* JJ CARR *
PRINT "* * * % % % & % % % % * % & wn
GOSUB 570

GOSUB 650

GOSUB 610

PRINT "THIS PROGRAM CALCULATES THE"

PRINT"RESISTOR AND CAPACITCR VALUES"
PRINT "FOR A MONOSTABLE MULTIVIBRATCR"
PRINT ™({ONE-SHOT) BASED ON AN OPERATIONAL"
PRINT "AMPLIFIER ACTIVE ELEMENT."

GOSUB 570

GOSUE 650

GOSUB 610

PRINT "DURATION OF QUTPUT PULSE IN"
PRINT "MILLISECONDS {(MS): ?2%"

INPUT T

T =T/ 1000

GOSUB 570

PRINT "FIRST TRIAL VALUE OF CAPACITANCE"
PRINT "IN MICROFARADS (UF): 722"

INPUT C

c=C /1076
R=T/ (0.693 » C)
R = INT (R)
C=Cc™*10 " 6
GOBUB 570

T =T * 1000

PRINT "FOR A DURATION OF ";T;” MS USE”
PRINT "A RESISTANCE OF ";R;" OHMS"

PRINT "AND A CAPACITANCE OF ":C:;" UF"
PRINT

GOSUB 650

GOSUB 610

PRINT "WHAT NOW?"

PRINT

PRINT "1. DO ANOTHER?"
PRINT "2. FINISHED?"
PRINT

PRINT "SELECTION: 227"
INPUT D

IF D > 2 THEN GOTO 460

CN D GOTO 300,540

Design of Monostable Multivibrator (““One-Shot’*).—cont.

540 GOSUB €10

550 PRINT "PROGRAM ENDED"
560 GOTO 680

570 FOR I = 1 TO 5

580 PRINT

530 NEXT I

600 RETURN

610 FOR I = 1 TO 30

620 PRINT

630 NEXT I

640 RETUEN

650 PRINT "PRESS CR TO CONTINUE..."
660 INPUT KK

670 RETURN

680 END

Example

* % * k h hk Kk Kk k * h * ¥

MONOSTABLE MULTIVIBRATOR
DESIGN
COPYRIGHT 1986

JJ CARR
* k kK k k k k %k k X kX Kk %

¥ 4+ ® X X W
* ¥ ¥ % % *®

PRESS CR TO CONTINUE...

THIS PROGRAM CAICULATES THE
RESISTOR AND CAPRCITCR VALUES

FOR A MONOSTABLE MULTIVIBRATOR
{(ONE-SHOT) BASED ON AN OPERATIONAL
AMPLIFIER ACTIVE ELEMENT.

PRESS CR TO CONTINUE...

DURATION OF OUTPUT PULSE IN
MILLISECONDS (MS): 227
10
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Design of Monostable Multivibrator (“One-Shot’")—cont.

FIRST TRIAL VALUE CF CAPACITANCE
IN MICROFARADS ({UF): 27?7
.22

FOR A DURATICN COF 10 M5 USE
A RESISTANCE OF 655%0 CHMS
AND A CAPACITANCE OF .22 UF

PRESS CR TC CONTINUE...

WHAT NOW?

1. DO ANOTHER?
2. FINISHED?

SELECTICN: 2?27
Z

PROGRAM ENDED

224

PrOGRAM 40

Design of a Square-Wave
Oscillator

The circuit of Fig. 40.1 will produce a square-wave output of a
frequency that is determined by R,, C, R, and R,. This circuit is
called an astable multivibrator. This program will permit you to
calculate the values of C and R, for a specified frequency. You
may also select either the standard configuration in which R, =
R, or the custom configuration in which you set the values of
R; and R;. The program allows you to select duty factors of 25

to 75 percent,

(
¢

[t

Fic. 40.1. CIRCUIT WiLL PRODUCE A SQUARE-WAYE OUTPUT.
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Design of a Square-Wave Oscillator

100 REM THIS IS PROGRAM NO. 40 PROG40

150 GOSUB 880
lGUPRINT"*****************"

170 PRINT "* PROGRAM TO DESIGN A SIMPLE bl

180 PRINT "* SQUAREWAVE GENERATOR ol :
190 PRINT "* COPYRIGHT 1986 xH i
200 PRINT "* BY JJ CARR * N

210PR]_NT"***'&*************“

220 GOSUB 840 o
230 GOSUB 920
240 GOSUB 880
250 PRINT "THIS PROGRAM CALCULATES THE"
255 PRINT "COMPONENT VALUES USED TO SET"
260 PRINT "OPERATING FREQUENCY IN AN"
265 PRINT "OPERATIONAL AMPLIFIER SQUAREWAVE" .
270 PRINT "GENERATOR CIRCUIT." E
272 PRINT P 1
275 PRINT "SELECT A TRIAL VALUE QF" ]
280 PRINT "CAPARCITANCE (IN UF), AND THEN"
285 PRINT "THE PROGRAM WILL CALCULATE THE"
295 PRINT “THE REQUIRED RESISTANCE."
330 PRINT
340 GOSUB 920
350 GOSUB 880 -
360 REM SELECT VARIABLE OR FIXED FREQUENCY OPERATION
370 GOSUB 480
380 REM SELECT STANDARD OR CUSTOM CONFIGURATION
390 GOSUB 620 B
400 REM SET DUTY FACTOR 25 TO 75 PERCENT (NORMAL = 50%) |
410 GOSUB 710 -
420 REM CALCULATE THE VALUE OF RESISTANCES i
430 IF M = 1 THEN GOSUB 950 :
440 IF M = 2 THEN GOSUB 1290 :
450 PRINT
460 GOSUB 320
470 GOTO 1720
480 GOSUB 840
490 PRINT "SELECT ONE FROM MENU BELOW:"
500 PRINT
510 PRINT "1. FIXED-FREQUENCY CPERATION"
5230 PRINT "2. VARIABLE-FREQUENCY OPERATION"
530 PRINT
540 PRINT "SELECTION: 72?22"
545 INPUT M
550 IF M > 2 THEN GOTQO 500 E
560 RETURN |
570 GOSUB 840 i
580 PRINT "FIRST TRIAL CAPACITANCE IN MICROFARADS (UF):

777"
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Design of a Square-Wave Oscillator—cont,

585 INPUT C

50 C=C/ 10~ &

600 GOSUB 840

610 RETURN

620 GOSUE 840

630 PRINT

640 PRINT "SELECT ONE FROM MENU BELOW:"

650 PRINT

660 PRINT "1. STANDARD CONFIGURATION (R1 = R2)"
670 PRINT "2. CUSTOM CONFIGURATION"

680 PRINT

630 PRINT "SELECTION: 277"

635 INPUT K

700 RETURN

710 GOSUB B40

720 PRINT "SET DUTY FACTOR 25 TO 75 PERCENT):"
730 PRINT "USE DECIMAL FORM, E.G, '0.25' FOR 25 PERCENT"
740 PRINT

750 PRINT "DUTY FACTOR;: 2?7?"

755 INPUT D1

760 D2 = 1 - D1

710 IF D1 > 0.75 THEN GOSUB 2000
780 IF D1 > 0.75 THEN GOSUB 520
790 IF D1 > 0.75 THEN GOTO 710
800 IF D1 < 0.25 THEN GOSUB 2000
810 IF D1 < 0.25 THEN GOSUB 920
820 IF D1 < 0.25 THEN GOTO 710
830 RETURN

840 FOR I = 1 TO 5

850 PRINT

860 NEXT I

870 RETURN

BBO FOR I =1 TO 30

890 PRINT

900 NEXT I

910 RETURN

320 PRINT "PRESS CR TO CONTINUE..."

930 INPUT KK

540 RETURN

950 REM

960 GOSUB 840

970 PRINT "FIXED-FREQUENCY OPTION SELECTED"
980 GOSUB 840

990 PRINT "OPERATING FREQUENCY IN HERTZ"
9%3 PRINT " (HZ}: 2?2"

835 INPUT F

1000 PRINT

1010 REM SELECT TRIAL CAPACITANCE
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Design of a Square-Wave Oscillator—cont.

1020 GOSUB
1030 T =1
1040 IF K

570
/ F
THEN RA = T / (2.1972 * C)

=1
1050 TF K = 2 THEN GOSUB 1080

1060 IF D1
1070 IF D1
1080 GOSUB
1090 PRINT
1095 INPOT
1100 PRINT
1110 PRINT
1115 INPUT
1120 PRINT

= 0.5 THEN GOTO 1180
< » 0.5 THEN GOTO 1160

840
"VALUE OF R1 IN OHMS; ?722"
R1
"VALUE OF RZ IN OHMS: 2??"
R2

1130 A = LOG (1 + ({2 * R1) / (R2)))
1140 RA =T / (2 * C * A)
1150 RETURN

1160 RB
1170 RA
1180 GOSUB
1130 ¢ = C
1200 PRINT
1210 RA =

1220 BB =

1230 PRINT
1240 PRINT
1250 IF DL
1260 PRINT

RA * D2
RA * D1

B840

* 10 7 6

“FOR A FREQUENCY OF ":F;" HZI, USE:"
INT (RA)

INT (RB)

o= rlgc;n UF"

"RA = ".'.RA,’" OHMS"

< > 0.5 THEN GOSUB 2100

"pUTY FACTOR: ";D1 * 100;" PERCENT"

1270 IF K = 2 THEN GOSUB 2200
1280 RETURN

1290 REM
1300 GOSUB
1310 PRINT
1320 GOSUB
1330 PRINT
1333 PRINT
1335 INPUT
1340 PRINT
1350 PRINT
1353 PRINT
1355 INPUT
1360 PRINT
1370 REM

1380 GOSUB
1390 TL =
1400 TH
1410 IF
1420 IF
1430 IF

mom R oo

228

840

"ARIABLE-FREQUENCY OPERATION SELECTED"
840

"IOWEST FREQUENCY OF OPERATICN"

"IN HERTZ (HZ): 7?2?27

FL

"HIGHEST FREQUENCY OF OPERATION"
"IN HERTZ (HZ): 222"
FH

SELECT TRIAL CAPACITANCE
570

/ FL

/ TH

1 THEN RL = TL / {2.1972 * C)
1 THEK RH = TH / (2.1972 * Q)
2 THEN GOSUB 1460

in

nnon+=

Design of a Square-Wave Oscillator—cont.

1440
1450
1460
1465
1470
1480
1485
1450
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1605
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1795
1800
1810
1820
1830
1840
2000
2002
2005

IF D1
IF D2
PRINT
INPUT
PRINT
PRINT
INPUT
PRINT

G.5 THEN GOTC 1580

< > 0,5 THEN GOTO 1540
"WALUE OF Rl IN CHMS: 272"
Rl

"WALUE OF R2 IN OHMS: 222"
R2

A= LOG {1 + {{2 * R1) / [R2)))

RL
RH

TH

TL ; (2 * C* A)

(2 *C * A)

RETURN

RZ
RX
RL
RH
GOSUB
c=cC
PRINT
PRINT
RL
RH
RZ
RX =
PRINT
PRINT
PRINT
IF D1
PRINT

H ftnn

nnn

RL
RH
RL
RH

* ¥ * %
=}
=

840

* 10 * 6

"FOR A FREQUENCY OF ":FL
"TO "“;FH;"™ HZ, USE:"

INT (RL)

INT (RH}

INT {RZ}

INT (RX)

"CAPACITANCE C = ";C;" UF"

"RESISTANCE RA: “;RL;" TO ";RH:" OHMS"
< » 0.5 THEN GOSUB 2400

"DUTY FACTOR: ":D1 * 100;" PERCENT"

IF K = 2 THEN GOSUB 2500
RETURN

GOSUB
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
INFOT
IF L >

880
"WHAT'S YOUR PLEASURE?"

"1. DO ANOTHER OF THE SAME SORT"
"2. RETURN TO MAIN MENU"
"3. FINISHED"

"SELECTION: 222"
L
3 THEN GOTO 1730

ON L GOTO 430,350,1820

GOSUB
PRINT
END
PRINT
PRINT
RETURN

880
"PROGRAM ENDED"

"ERROR! DUTY FACTOR OUT OF"
"LIMITS --- TRY AGAINI"




Design of a Square-Wave Oscillator—cont.

2100
2105
2200
2205
2400
2405
2500
2505

230

PRINT "RB = ":RB;" OHMS"

RETUEREN

PRINT "Rl = ";R1;" CHMS, R2 = ";R2;"OHMS"
RETURN

PRINT "RESISTANCE RB: ";RZ;" TO “:RX;" CHMS"

RETURN
PRINT "Rl = ";R1;" CHMS, RZ = ";R2;" OHMS"
RETURN

PrROGRAM 41

Design of RC Low-Pass, High-Pass,
and Bandpass Filter Networks

Figure 41,1 shows three simple RC networks: high-pass filter,
low-pass filter, and bandpass filter. These networks are used to
waveshape complex signals or to set the frequency response lim-
its for circuits such as audio and instrumentation amplifiers. The
high-pass and low-pass filters require you to select either the
high or low (—3 dB) frequency (respectively), while the band-
pass filter requires you to select both the upper and lower {—3
dB) frequencies. You will also supply the input and output resist-
ances, which generally must be matched to source and load
resistances, respectively. These circuits yield a rolloff of approxi-
mately —6 dBfoctave from the appropriate —3 dB point. Greater
slopes can be achieved by cascading sections, but this requires
care in that the output resistance (Rg} of a driving stage must
match the input resistance (R;} of a receiving stage.

fe [41.1]
2xRC

R, + Rg [41.2)
Ci=—"——
2 "ﬂ'FH RL RB

1 [41.3]

Ce=m———
2TFL{RL+RB}

F = 1 [41.4]
"7 27 Cc (R, + R

1 [41.5]

Fk= —m
T 2R CR R,
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| Design of RC Low-Pass, High-Pass, and Bandpass Filter

r c . 4 ' Networks—cont.
1 1
= 310 PRINT “SELECTION: 222"
Vi M3 Yo Vi C“T Yo . 3 315 INPUT N
o o — — = 320 IF N > 2 THEN GOTO 250
l_ E 4 330 ON K GOTO 340,510
- . « 340 GOSUB 1280
, - 350 PRINT "ENTER BREAKPCINT (-3 DB)"
(A) High-pass filter. (B) Low-pass filter. L 353 PRINT "FREQUENCY IN HERTZ (HZ):"
o 355 INPUT F
o T o | 360 PRINT
_ 370 PRINT "SELECT TRIAL VALUE OF CAPACITANCE"
2 c_l_ a v E 373 PRINT "IN MICROFARADS (UF}:"
IS ° ’ - 375 INPUT C
'T 1 30 C=C/ 10 6
o— — 1 30 R=1/ (2 *PIL *F *C)
l. ‘ 400 R = INT (R)
410 C=C * 10 ~ 6
: ] 420 GOSUB 1280
(€) Bandpass fler E | 430 PRINT "FREQUENCY: “;F;" HZ"
Fig. 41.1. THREE SIMPLE RC NETWORKS. J ; 440 PRINT "C = ";C;™ UF™
L__ & 450 PRINT "R = "“;R;" OHMS"
| 460 IF M = 1 THEN GOSUB 1600
| 470 IF M = 2 THEN GOSUB 1610
. _ 480 PRINT
Design of RC Low-Pass, High-Pass, and Bandpass Filter | 430 GOSUB 1360
Networks - 500 GOSUB 1390
510 GOSUB 1280
i 520 PRINT "ENTER RESISTANCE IN OHMS: "
100 REM THIS IS PROGRAM NO. 41 PROG41 ] 525 INPUT R
130 PI = 3.1415926 { 530 PRINT
140 GOSUB 1320 - 540 PRINT "ENTER CAPACITANCE IN"
150 PRINT "SELECT ONE FROM MENU BELOW:" 543 PRINT "MICROFARADS (UF):"
160 PRINT 545 INPUT C
170 PRINT "1. HIGH-PASS FILTER" ' 550 C =C / 10 = 6
180 PRINT "2. LOW-PASS FILTER" u 560 PRINT
190 PRINT "3. BANDPASS FILTER" = 570 F = 1/ {2 * PL * R * Q)
200 PRINT 2 580 C = C * 10 ~ 6
210 PRINT "SELECTION: 2?22 i 590 F = INT (F)
215 INPUT M - £00 GOSUB 1280
220 IF M > 3 THEN GOTO 150 ; §10 PRINT "FREQUENCY: ";F;" HZ"
230 ON M GOTC 240,240,660 _ 620 PRINT "C = ";C;" UF"
240 GOSUB 1280 630 PRINT "R = ";R;" OHMS"
250 GOSUB 1280 - 640 GOSUB 1360
260 PRINT "DESIGN OR EVALUATE?" £50 GOSUB 1390
270 PRINT 660 GOSUB 1320
280 PRINT "1. DESIGN" : 670 PRINT "DESIGN OR EVALUATE?"
290 PRINT “"2. EVALUATE" ; §80 PRINT
300 PRINT ._; 690 PRINT "1. DESIGN"
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Design of RC Low-Pass, High-Pass, and Bandpass Filter . . .
e ot , p - Design of RC Low-Pass, High-Pass, and Bandpass Filter

] Networks—cont.

700 PRINT "2. EVALUATE" .
710 PRINT - iggg INPUT CS

720 PRINT "SELECTION: ?2?" : PRINT _

725 INPUT N - 1080 cC = CC / 10 " 6

730 IF N > 2 THEN GOTO 670 ¥ 1080 €5 = C5 / 10 ~ 6

740 ON N GOTO 750,990 3 1100 FL = 1 / (2 * PL * CC * (RL + RB))

750 GOSUB 1320 ‘ 1110 ¥H = (RL + RL) / (2 * PI * C5 * RL * RB)
760 ERINT "ENTER LOWER CUT-OFF (-3 DB) FREQUENCY:" 2 1120 FL = INT (FL}

765 INPUT FL 3 1130 FH = INT (FH)

770 PRINT 1140 cC = CC * 10 " 6

780 PRINT "ENTER UPPER CUT-OFF {-3 DB) FREQUENCY:" 3 1150 C8§ = CS * 10 ~ 6

785 INPUT FH 3 1160 GOSUB 1320

790 PRINT | 1170 PRINT "INPUT IMPEDANCE (RL): ";RL;" OHMS"
800 PRINT "ENTER INPUT RESISTANCE (RL):II ' . 1180 PRINT "OUTPUT IMPEDANCE (RB): ":;RB;"™ OHMS"
805 INPUT RL % 1130 PRINT

810 PRINT 1200 PRINT "CAPACITANCE CS: ";CS;" UF"

820 PRINT "ENTER OUTPUT RESISTANCE (RB):" 1210 PRINT "CAPACITANCE CC: ";CC;" UF"

825 INPUT RB ] 1220 PRINT
§30 PRINT 4 1230 PRINT "LOWER -3 DB FREQUENCY: ";FL:" HZ"
8B40 C8 = (RL + RB) / (2 * PI * FH * RL * RB} F | 1240 PRINT "UPPER -3 DB FREQUENCY: ";FH;" HZ"
850 C5 = C3 * 10 ~ 6 | 1250 PRINT
860 CC =1/ (2 * PL * FL * (RL + RB}) - § 1260 GOSUB 1360
g0 CC = CC * 10 ~ 6 1270 GOSUB 1390
880 GOSUB 1280 1 1280 FOR 1 = 1 TO 5
890 PRINT "LOWER -3 DB FREQUENCY: ";FL;" HZ" 3 1290 PRINT
900 PRINT “UPPER -3 DB FREQUENCY: ";FH;" Hz" - 1300 NEXT I
) 1310 RETURN

910 PRINT

$20 PRINT "INPUT RESISTBNCE: ";RL:" OHMS" 1320 FOR I = 1 TO 30
930 PRINT "QUTPUT RESISTANCE: ";RB;" OHMS" 1330 PRINT
940 PRINT 1340 NEXT I

1350 RETURN

950 PRINT "CAPACITANCE €C: “;CC;" UF"
960 PRINT "CAPACITANCE CS: "“;CS;" UF"
970 GOSUB 1360

1360 PRINT "PRESS CR TO CONTINDE..."
1370 INPUT KK

980 GOSUB 1390 . 1380 RETURN

990 GOSUB 1320 ' 1390 GOSUB 1320

1000 PRINT "ENTER INPUT RESISTANCE (RL) IN OHMS:" - 1400 PRINT "WHAT'S YOUR PLEASURE?"
1005 INPUT RL : 1410 PRINT

1010 PRINT _ 1420 PRINT "1. DO ANOTHERZ?"
1020 PRINT "ENTER OUTPUT RESISTANCE (RB) IN OHMS:" 1430 PRINT "2. FINISHED?"
1025 INPUT RB ] 1440 PRINT

1030 PRINT . 1450 PRINT "SELECTION: 722"
1040 PRINT "ENTER CAPACITANCE (CC) IN" - 1455 INPUT V

1043 PRINT "MICROFARADS (UF):" : 1460 IF V > 2 THEN GOTO 1400
1045 INPUT CC _ 1470 ON V GOTO 140,1480

1050 BRINT - 1480 GOSUB 1320

1060 PRINT-"ENTER CAPACITANCE (CS) IN" 1 iggg ggéNT "PROGRAM ENDED"

1063 PRINT "MICROFARADS (UF):"
1600 PRINT "HIGH-PASS FILTER"
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Design of RC Low-Pass, High-Pass, and Bandpass Filter
Networks—cont,

1605 RETURN PrROGRAM 42
1610 PRINT "LOW-PASS FILTER®

1615 RETURN
7400 NN GOTO 750,990

Design of Active Bandpass Filter
Using Operational Amplifier

i The circuit for an operational amplifier active bandpass filter
and the equations governing this circuit are shown in Fig. 42.1.
The program will permit you to input and add low end (—3 dB)
frequencies and then center-band frequency. It will then calcu-
late the values of the resistances from the trial values of capaci-
tance that you selected. If the resistance values are too difficult
to obtain, try another trial value of C, If there is a combination
that results in a nearly perfect match to available “‘standard’’
resistor values, evaluate your actual need for precision in the
upper and lower {(—3 dB} frequencies. The slight degradation
may well be worth the ability to use easily available resistor
values,

Select:

Ci. G2, Q, Ay, and F

_ fo [42.1)
Q FH - FI_
42.2
R =_Q [42.2]
AV".IJC;
Q {42.3]
R, = —_——
(2Q - Av}wC1
4
R =22 2.4
(.IJC'[
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Design of Active Bandpass Filter Using Operational
Amplifier—cont.

R, = R, = 0.02R, !

290 R2 = ABS (R2}
w = 2uf . 300 R3 = (2 * Q) / (W *C)

5 310 R4 = 0.02 * R3

' 320 R5 = R4
' 330 C=C*10 - 6

N . f 340 C4 = C

]‘ 3 350 €5 = C
A, & 360 Rl = INT (R1)
o~ |- N ; 370 R2 = INT (R2)
- ;j;/f—‘ — # 380 R3 = INT (R3)
Lit] Vo % 390 R4 = INT [R‘I]
2 400 RS = INT (R5}

&fl " e e _[_O 410 GOSUB 620

420 PRINT "CENTER FREQUENCY: ";F0O;" HZ"

= ! 430 PRINT "LOWER -3 DB FREQUENCY: ";FL;™ HZI"
] 440 PRINT "UPPER -3 DB FREQUENCY: ":FH;“ HZ"
FiG. 42.1. CIRCUIT FOR AN OPERATIONAL AMPLIFIER ACTIVE BANDPASS FILTER. 450 PRINT "Rl ";R1;" OHMS"

' 460 PRINT "RZ ":R2;"™ OHMS"

470 PRINT "R3 ":R3;" OHMS"

480 PRINT "R4 ";R4;" QOHMS"

| LI O L | B L [ I |

. . . . % 490 PRINT "RS = ";R5;" OHMS"
Design of Active Bandpass Filter Using 500 PRINT "Cl = ";C;" UF"
Operational Amplifier 1 510 PRINT "C2 = ":C:" UF®

520 PRINT "VOLTAGE GAIN: ":;AV

] 2 ",
100 REM THIS IS PROGRAM NO. 42 PROG42 530 PRINT “Q ;0

3 540 PRINT
130 GOSUB 620 . | 550 PRINT
140 PRINT "ENTER CENTER FREQUENCY IN HERTZ: 3 560 GOSUB 660
igg ;§§g$ FO & 570 GOTO 690
160 PRINT "ENTER LOWER -3 DB FREQUENCY IN HERTZ:" 51 ggg 53?N$ =17T05
165 INPUT FL 3 §00 NEXT I
170 PRINT " 1 610 RETURN
180 PRINT "ENTER UPPER -2 DB FREQUENCY IN HERTZ: i 620 FOR I = 1 TO 30
igg ;:§§$ FH _ 630 PRINT

. 640 NEXT I

200 Q = FO / (FH - FL} i 650 RETURN
210 PRINT “SELECT VOLTAGE GAIN (AV): . 660 PRINT "PRESS CR TO CONTINUE...™
215 INPUT AV = 670 INPUT KK
220 PRINT N 680 RETURN

230 PRINT "SELECT TRIAL VALUE FOR Cl ANDC2"

232 PRINT "IN MICROFARADS (UFQ:" 690 GOSUB €20

700 PRINT "WHAT'S YOUR PLEASURE?"

235 INPUT C _ 710 PRINT
240 PRINT R 720 PRINT "1. DO ANOTHER?"
ggg ; - g i %014129 * FO f 730 PRINT "2. FINISHED?"
= ] 740 PRINT
270 Rl (AV * W * () =

750 PRINT "SELECTION: 772"

o/
280 R2 =0 / (((2*Q ™~ 2) —AV) * W * ()
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Design of Active Bandpass Filter Using Operational
Amplifier—cont.

755
760
170
780
790
800

240

INPUT K

IF K > 2 THEN GOTC 700
ON K GOTO 130,780
GOSUB 620

PRINT "PROGRAM ENDED"
END

Secmion 111

MISCELLANEOUS

The program in this section is included as a bonus. The pro-
gram allows you to “import” BASIC programs from other
computers that do not speak the BASIC dialect used by the
Commodore 64 and Commodore 128 computers.




ProGram 43

BASIC Import

In the equipment connection in Fig. 43.1, the receiving com-
puter that imports the BASIC programs is the Commodore 64 or
= Commodore 128 equipped with an Omnitronix Deluxe RS-232
3 ) Interface Unit. The exporting computer can be almost any
_& computer with a 300 baud RS-232C serial port available.

The program makes the Commodore computer think that com-
puter A" is a 300 baud keyboard. The BASIC programs are
tacked onto the end of Program 43, so it will only correctly
import programs with starting line numbers of 7 or higher.
Once the programs are imported into the Commodore com-
puter, they can be saved in the ordinary manner (be sure to
delete line numbers 0-6 before saving, however}.

The exporting computer must be capable of converting the
BASIC program on the screen into ASClH text, Most computers
store BASIC programs in the form of tokens or keyword frag-
ments, which are not exportable to other computers. Some
computers allow the disk drive to be designated as a de facto
printer; thus when you “print to disk,” the new file on the disk
will be in ASCII, not in token format. Alternatively, you can
often buy software that will convert BASIC programs into an
ASCIl file, Far example, the program called ASC!t Express for
Apple Il is basically a telecommunications program, but it con-
tains a utility program (“MPF.A”" on reverse side of disk) that is
designed to convert BASIC files into ASCII files,

Operation of Program 43 is as follows:

1. Convert BASIC program on Computer A’ to an ASCII
file.

2. Set up computer ‘A" telecommunications program to
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7.

8.

Note: The RS-232 Interface Unit is available from Omnitronix,
Inc., 6014 E. Mercer Way, POB 43, Mercer Island, WA, 98040,
or its authorized dealers.

send file to Commodore computer, but don’t transmit just
vel.

Load Program 1 into the Commodore computer.

Type RUN on Commodore computer and press return,

Transmit program from Computer “A’" to the Com modore
computer.

After transfer ends, type LIST on computer ‘A" keyboard
and press Computer A’ return.

On Commodore computer delete lines 0 through 6.
Save program on Commadore computer.

MONITCGR

OMNITRONIX
RS-232
INTERFACE

COMMODORE 84 OR 123

COMPUTER
LY

Fic. 43.1. EQUIPMENT CONNECTION,

s, i

BASIC Import

0 OPEN2,2,0,CHRS$ (6} : PRINTCHRS (147)
1 GET#2,A$:IFVAL({AS)=0THEN1
2 PRINTAS;

3 GET#2,AS:PRINTAS:

: IFA$<>CHRS (13) THEN3

4 PRINT:PRINT"POKE152,1:GOTO6"

5 POKE631,19:POKE632,13:POKE633,13:POKEE34, 13:PCKEG35,
13:POKE198,5;:END

& PRINTCHRS {147) ;:GOTO3
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MORE

FROM

SAMS

T Commodore 64* Programmer's
Reference Guide Commogore Computer
Includes a complgte dicilonary of atl Commodore
BASIC commands, statements, and functions. BASIC
program samples then show you how each item works,
Mix machine language with BASIC and use hires
elfectively wilh this sasyio-use guide.

ISBN: 0672-22056.3, $19.95

7 Commodore 6471128™ Assembly
Language Programming Mark Andrews

This step-by-step guide ID]erogramrmng the
Commodare B4, Merfin 4™ and Paniher C64™
shows you how to design your own character sel,
write action games, draw high-resolution graphics,
create animated sprite graphics, convert numbers, mix
BASIC and machine language, and program music and
sound.

ISEN: 0-672-22444-5, $15.85

G The Official Book for the Commodore
128™ Personal Computer

Mitch Waite, Robert Lafore, and Jerry Volpe,

The Waite Group

Leamn 1o créale detailed graphics and animation and Lo
run thousands of existing Commodorg 64 programs.
Find cut how to program in Ihree-voice scund and how
to use spreadshests, word processing, the database,
and much more.

ISEN: 0:672-22456-9, 31295

.. Commodore 64* Graphies and Sounds
Timottty Qrr Knight

Learn 10 exploil the powarful graphic and sound
capabilities of the Commodore 84, Create your own
spectacular roulings utilizing graphics and sounds
mngtantly. Loaded with sample programs, detailed
lustrations, and thorough explanations covering bit-
mapped graphics. three-voice music, sprites, sound
effects. and mulliple graphics combinations.

ISBN: 0472.22278-7, 38.95

.~ Leam BASIC Programming in 14 Days
on Your Commodora 647 Gif Schechter

A chapler a day. and you're an your way! Fourteen
clearly written and illusiraled chaplers will show you
how to program your Commeodars 64. Each lesson
contains sample programs ta build your programming
shills and knowlsdge. Designed for those who want 1o
learn to program quickly and painkessly!

ISBN: (-672-22278-5, $1295

7 Commodore 647 Starter Book

Jongthan A. Titus and Christopher A. Titus

An ideal deskiop companicn intended 1o get every
Commadors 64 swner and user up and running with a
rsnimumn of luss. Each chapter is packed with
experiments which you can perlorm immedialely,
Sample programs which load and run are perfecl toals
1o help the first-time user get acquainted with Ihe
Commodare 64.

1SBM: 0672-22293-0. $17.95

O Commodore 64% for Kids from 8 to 80
Michael Zabinski and Edward Horan

& large format, varied activities, a conversational
approach, and extensive graphics all combine to create
an excellent vehicle for introducing your childran to
migrocomputers. Special computercamp principles
help you learn fast. Mo background in microcomputers
is required.

ISBN: 0672.22340-8, $1295

”1 Personal Computer Troubleshooling &
Repair Guides

These easy-to-understand repair and maintenance
guides provide the instructions you need to sclve
problems unlque Lo the Apple™ e, IBM® PC,
Commadore® &4, and Commoxdore 1541 disk drive. The
books contain schematic dagrams, block diagrams,
photographs and troubleshooting flowchans 1o trace
\he probable cause of fallure. A linal chapter on
advanced troubleshooting shows you how 1o pardorm
more complicated repairs,

Apple Il + ke Roberd C. Brenner

ISBNM; :672-22353-8, $19.95

18M PC  Robert C. Brenner

ISBN: 0-672:22358.9, §19.95

Commodore 1541 Disk Drve  Mike Peflier

ISBN: (H672-22470-4, $1995

Commedore 64 Gober! C. Brennar

ISBM: 0-672-22363.5, $19.95

. Commodore 1541 Troubleshooting and
Repalr Guide Mike Peftier

This guide presents the thecry and general operation of
the disk drive and painis oul some of the common
problems that yau might encounter.

ISEN: (672224704, $19.95

1 How to Maintain and Service Your Small
Computer .john G. Stephenson and Bob Cahill
Simplg repairs can be disgnosed without a trip to the
repair store, This book shows you some easy
mainlenance and operaling procedures that will likely
reduce problems and downdtime. |f the problem is
major, then you can apply 1he skills learmed here when
dealing with the repair shop for professional sewvicing.
Some basic electronic knowledge 15 required.

ISEN: 0672220164, $17.95

™ John D. Lenk’s Troubleshooting &
Repair of Microprocessor-Based Equipment
John D Lenk

Here are general procedurss, technigues, and tips for
Iroubieshaoling equipment containing microprocessors
from one of the foremost authors on electronics and
troubleshaohng. In this general refergnce titte. Lenk
offers a basic approach to troublgshooting that is
repleta with concrete examples related to specific
equipment, including VCRs and compact disc playears.
He highlights test equipment and pays special allenion
to commoen problems encountered when
troubteshoating microprocessor-based equipment.
ISBN: D-672-22476-3, 321.95
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-1 Modem Connections Bible

Carolyn Cutis and Daniet L. Majhor. The Waite Group
Describes modems, how they work, and how 10 haok
10 weltknown modems to 9 name-brand
micracomputers. A handy Jumg Table shows where 10
find the conneclion diagram you need and applies the
illustrations to 11 more computers and 7 additional
modems. Also lealures an overview of communications
sottware, a glossary of communications terms, an
gxplanation of the RS-232C interface, and a section on
troublashooting.

ISBN: 0-672-22446-1, $16.95

LJ Printer Connections Bible

Kim G. House and Jeff Marble, The Waite Group

At 1ast, a book Ihat ingludes gxtensive diagrams
specilying exact wiring, DIP-gwitch setiings and
external printer details; a Jump Table of aszorted
printerfcomputer combinalions; Instructions on how to
rrake your own cables, and reviews of various prinlars
and how they funclion.

ISEM: (-672-22406-2, $16.95

I Computer Dictionary {(4th Edition)

Charles J. Sippl

This updated and expanded version of one of SAMS
most popular relerences is two books inone — &
"prowsing” dictionary of basic compulsr 1erms and a
handbook of computer-related topics, including fiber
optics, sensors and vision systems, compuler-aided
design, engingering, and manutacturing. Clarifies
micra, mini, and mainframe terminoiogy. Contains over
12,000 terms and definitions with scores of illustrations
and photographs. The 1,000 ngw entries in Lhis edillon
facus on 1he RAF classifications: robotics, artiticial
intelligence, and taciory automation.

(SBN: (LB72-22205-1, $24.95

~j Data Communications, Networks, and
Sysiems Thomas C. Bartee, Editorin-Chief

A comprenensive overview of slate-of-the-an
communications systems. how they operate, and whal
new options @rg open to syslem users, writlen by
experts in each given lachnology. Leam the
advantages and disadvantages of local area nelworks;
how modems, multiplexers, and concenirators operals;
the charactenstics of liber oplics and coaxiat cables;
and the forces shaping the structure and regulation of
common carigr operations.

15BN 0672222353, $30.95

i Electronic Telephone Projects

Anthony J. Cansti

Perform filteen fascinating tekphone projects with the
haip of this book, Through building. testing, and
connecting these projects, you will gain an
understanding of baslc elephone prinCiples. The
phone-user-to-phone-company relalionship is also
discussed.

ISBN: 0672216183, $8.95

|, General Radiotelephone License
Handbook (7th Edition) Edward M. Naolf

This completely updated study guide will prepare you
tor your FCC General Radiolelephane License. Special
attention is given to solid-stale circuits, bho-way
circuitry, and digilal and microprocessor fundamentzls.
Includes ORA drill and sample lesl with answers.
ISBN: 0672-21930-1, $18.95

" | Landmobile and Marine Radio Technical
Handbook Edward M. Noil

A complete allas and study guide 1o two-way radio
communication: private landmaobile services, rmaring
radictelephone and radiotelegraph, marine navigalion,
and Citizens Band radia. Beginning with the
fundamentals, this book covers everything from
maintgnance and inslallation 1o advanced systerns and
lechnology. N also discusses digital and
MiCrOprocessor electronics. repeatsr stations and
seliular radlo, FCE licensing intormation. equipment
testing and service, radar equipment, and satellite
communicalions, An excelignl text for radio
COMmMUNICAions CoUrses or nobbyisls.

ISBN; D-672-22427-5, §24.95

[t The Home Satellile TV Installation and
Troubleshooting Manual

Frank Baylin and Brem Gale

For the hobbyist or electronics buff, this book firovides
a comprehensive introduchion to salellite
communication theary, companent operation, and the
installation and troubleshooting of salgllite sysiems—
inciuding the whys and wherefores of seteciing satellite
egupment. The authors are reapected aulhorities and
sonsultants in the salzllite communication ndustry. 1t
you are among the 100,000 peophs per morih wha are
installing & satellite system, you'll want to have this
book in your reference library.

ISBM: 0-672-22496-0, 52995
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| * The Hidden Signals on Saiellite TV

{2nd Edition}

Thomas P. Harington and Bob Cooper

This is the authorilative guide thal delails salellile
services available and demonstrales how to access and
Lse such nonvideo 3ignals as audio channels, news
services, leletent services, and commodity and stock
market reports. Dan't pass up Ihe hidgden world
illurmnated For you by this valuable book.

ISBM; 0HF72-22491-7, 319.95

_ . Introduction to Satellite TV

Chris Bowick and Tim Kearney

Covers busingss and technical aspects of salellile
systems, receiving antennas (including leedtypes and
mounts), LNAg and converlers for home reception, and
recetver opgration. Appendices provide addilicnal help
on salallile location. antenna aiming, and the Direct
Broadeast System.
ISBN: 0-672.21978-6, $9.95

© . The Satellite TV Handbook

Amthony T. Easton

Learn how Lo legally and privately cul your cabie TV
cosis in hall, see TV shows thal may be blacked oul in
your city, and pick up live and unedited network ™
shpws. Shows how to buy or build and aim your own
satellite anlgnna.

1SBN; 0672220555, $16.95

! . Satellites Today Frank Baylin

Here are the history ot sateliite commumcations. the
cosls of salellite systems, system components, legal
questions thal have been and remain to be decided,
and up-todals coverage of the lales) developmems in
sataellites.

ISEN: 0672-22492-5, $12.95

... North American Radio.TV Station Guide
{15th Edition) Vane A, Jones

Sams brings you the only complete, up-to-date, pocket:
sized guide to every radic and TV staton in the US.
Canada, Mexico, and the Wasl Indies. The facls are
dexed by each station's geographic location, call
letters, and frequency. A handy referznce for pilots,
mariners, tourists, salesmen, truckers, and broadcasting
professionals.

ISEN: (672202965, $9.95

_1 CMOS Cookbook (2nd Edition)

Don Lancaster

Don Lancaster 15 back—and iC design engineers and
glectronics hobbyists will be delighted! This revision of
one ol his best-seiling tiles retains its cookbook recipe
tor a handy but comprehensive refersnee for GMOS, the
most popular and widely used digital logic Earmty.
Presented in the author's engaging writing style, this
new edition includes the fatest in inlegrated ¢irculls,
such as the T4HG series, as well as 1he older 4000
series and userprogramimable CMOS devices such as
EPFAOMs, PALs, and PLAS.

ISBMN: (-672-22450-3, $16.85

| TTL Cookbook Dor Lancaster

An early Lancaster etfort hat |s still 2 fech classic,

This is a complete look at TTL, inchuding what il1s, hows
it works, how it's interconnacted, how it's powered, and
how it's used in many practical applicalions, No
technician's library is complets wilhout it

15BH: (E72-21035-5, £14.95

. : Design of Op-Amp Circuits with
Experiments Howard M. Berlin

An exparimental approach to 1he underslanding of op
amp circuits. Thirly-five experiments iltustrate the
design and operation of linear amphfiers, differentiaters
and converters, voltags and curment converters, and
active filters,

ISBNM: 0-672-21537-3, $12.95

* . Design of Phase-Locked Loop Circuits
with Experiments Howard M. Berin

Learn mare about TTL. and CMOS devices. This book
containg a wide range of lab-type experiments which
reinforce the textual introduclion to the theory, design,
and implementation of phase-iocked loop circuits using
these technologies.

ISBN: 0672-215454, $12.85

| . IC Op-Amp Cookbook (3rd Edition)

Walter G. Jung

Hobbyists and design engineers will be especially
pleased at this new edition of the industry reference
standard on the praclicat use of IC op amps. This book
Was earned respect in the ndustry by its camprehensive
roverage of the praciical uses of IC op amps, including
design approaches and hundreds of working examphes.
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The third edition has been updated to include the latest
IC devices, such as chopper stabilized, dritt-trimmed
BIFETS. The section on instrumentation amps reflscts
1he mosl recent advances in the field.

ISBN; (672224534, $2195

L. AF Circuit Design Christopher J. Bowick
Enjoy Hw benefits of two books in one. Use this in
cookbook tashion as a catalog of usetul circuits or as a
reterence manual. [t clearly presenis a userriented
approach to design of RF amplillers and impedance
malching nelworks and fillers.

1SBN: (-672-21868-2, $22.95

"] How to Read Schematics (4th Edition)
Donald £, Herrington

More than 100.000 copies in print! This updale of a
standard reference features expanded coversge ol logic
diagrams and a chapter on flowcharts. Beginning with
a general discussion of slectronic diagrams, the book
systematically covers the varigus componants that
comprise a cireylt. 1 explains togic symbols and their
use in digital circuits, interprets sampie schematics,
analyzes the operalion of a radio receiver, and explaing
the various kinds of logic gales. Review questions end
each chapter.

ISBN: 0-672-22457.7, $14.95

[ Transister Fundamentals, Volume 2
Training and Retraining, inc., Charles A. Pike

This introductory lext explaing transistor principles,
voltage, ¢urrent resistance, inductance, capacitance,
ang circuitry. [t provides all information you'll need to
develop 3 Hem understanding of solid-stale electronics
and troubleshooling techniques.

ISBN: 0672-20642-0, $9.95

1 Understanding IC Operational Amplifiers
{2nd Edition) Roger Melen and Harry Garland
Technological advances are bringing us ever closer 1o
the ideal op amp. This book describes that ideal op
amp and takes up rmonolithic o Inlegrated circuit op
arnp design. Linear and nonlinear applications are
discussed, s are CMOS, BIMOS, and BIFET ap amps.
ISBN: 0672:21511-X, $9.95

~1 Commodore §4° Troubleshooting &
Repair Guide Robert C. Brenner

Fepalr your Commodore 64 yourself, simply and
nexpensiviey. Troublashooting Nowcharts let you
diagnose and remedy the probable cause of tailure. A
chapter on advanced troubieshopling shows the more
adventuresome how to perform compleyx repairs. Some
knowledge of electronics is required.

ISBN: 0672223635, $19.95

Look for these Sams Books at your local bookstore.

To order direct, call 800-428-SAMS o fill out the form below.

Plaase send me the books whose titles and numbers | have listed balow.

MNama jpiwpse prini)
Address

Enclosed is a check o monay order for $

tplus $2.00 postage and handling).

Charge my: [ viSA [ MasterCard

Agcount No, Expiration Date

City
StaleZip
Signature

[raquired Fov cradtt card purchaess;

Mail 1o Howard W. Sarns & Co., InC.
Dapt. DM
4300 West 62nd Street
Indlanapoiis, IN 46268

SAMS.

DCo44
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Commodore 64 & 128
Programs for
Amateur Radio

& Electronics

Here is a good selection of practical, task-oriented programs for
those who understand the analytical potential of the personal
computer. Forty-two programs on amateur radio and electronics
make this a valuable and time-saving tool. The programs have been
tested, and all work as presented on both the Commodore 64 and
the Commodore 128 in 64 mode.

Along with the programs the author provides:

e useful equations such as capacitance, impedance, inductance,
length, and reactance

e diagrams such as parabolic dish, voltage regulator, LC tuned tank
circuit, instrumentation amplifier, monostable & astable circuit,
triangle waveform oscillator, and operational amplifier

e sample runs for many programs

A final section shows how to import a BASIC program from any
computer with a 300 baud RS-232C serial port to either a
Commodore 64 or Commodore 128 computer.

Amateur radio hobbyists, engineers, serious programmers, and
technicians alike will find this book a useful addition to their
computer library.

Joseph J. Carr, an elecirical engineer, has authored over 43 books

and written more than 200 magazine articles for Electronic Digest,
Electronic Servicing, Ham Radio, Popular Electronics, and others.

l

262 16

A Division of Macmillan, Inc.
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Howard W. Sams & Co. ”
Indianapolis, IN 46268 USA 81
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