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Preface

Occasionally, a new technology is developed which is destined to produce significant changes in the way
people think and conduct their business. For many decades, scientists and engineers havestruggled with
unmanageable equations and data using trial and error techniques, employing logarithmic tables and
inadequate slide rule calculations. Then came the advent of the digital computer.

In the 1950s and 1960s, physically large and expensive computing machines (that were relatively slow
with limited capability compared to today’s standards) became available to a few. At first, stored
programs were accessible through direct connection of individual terminals at ashort distance away. The
revolution had begun.

In the 1970s, technologists rushed to convert proven algorithms into computer programs or develop new
algorithms useful for efficient computer programming, for use as analysis and synthesis tools by the
scientific and engineering community. Thesetools, for the most part, required the support of large central
machines. In the meantime, slide rules were being replaced by hand-held calculators with trigonometric
functions and which could be programmed for simple repetitive algorithms.

Today, large central processing systems are being replaced or at least supplemented with small, but
powerful, mini and microcomputers. The development of the low cost microprocessor chip means that
computers with capabilities that equal or exceed the earlier machines of the 1950s are now available in
compact sizes. Sizes range from suitcase or desk top machines to file cabinet machines that can be
expanded or configured to meet specialized needs. The microcomputer is becoming more and more
affordable as a personal computing tool. The microcomputer or the “home computer” will bethe engineer-
ing and scientific tool of this decade and the next! In addition, there is the widespread use of computer
networking, making a wide variety of computer facilities dispersed around the country accessible to
anyone with a microcomputer or terminal with an acoustic coupler and telephone, as well as a virtually
limitless source of information.

Microcomputer Tools for Communication Engineering is intended to provide a set of invaluable tools for
the design and operation of communication circuits. In many instances extensive, complicated computa-
tions are necessary for an enhanced design. This implies the use of large, sophisticated programs on large
mainframe computer systems. In many problems the extensive capability of a sophisticated program is
not required, where the communication circuit and its environment are not very complex, or the informa-
tion sought only requires a simplified model. Viable alternatives include “stripped down” versions of
sophisticated analysis tools that retain only the basic solution and the most frequently used options.
These basic tools could be run on a mini or microcomputer. Microcomputer Tools for Communication
Engineering is aset of these basic tools with the microcomputer in mind. The tools can also be implement-
ed on mini or large computers that have the BASIC language capability. An attempt has been made to
keep the programming straightforward with no machine dependent program statements. Thus the tools
will be compatible with most BASIC languages.

Microcomputer Tools for Communication Engineering provides a series of automated capabilities (com-
puter programs) directly oriented to communication engineering. These capabilities include the ability to
analyze networks, filters, transmission lines, baluns, and antennas. A special capability is provided for
the broadband matching of antennas. Radio operation will be enhanced through the use of the propaga-
tion and radio frequency interference tools.

A set of twenty-five programs are contained in this book. Each program is well-documented with theory,
sample calculations, and computer listings. The programs are organized into the general areas of anten-
nas, circuits, filters, impedance matching, propagation, radio frequency interference, and station opera-
tion. Chapters 1 through 5 deal with antenna design and analysis. Chapter 1 and Chapters 6 through 10
provide a series of automated circuit analysis tools. Chapters 11 through 13 give programs for filter
design. Chapters 14 and 15 discuss impedance matching techniques. Chapters 16 through 19 are con-
cerned with propagation and communication link analysis. Chapters 20 and 21 treat radio interference
caused by intermodulation frequencies. Chapters 22 and 23 are related to satellite communications.



Chapters 24 and 25 provide practical tools and information for amateur radio operation. The latter
chapter may be adapted to other frequency management applications. The appendix contains a descrip-
tion of the BASIC language used in the programs. This appendix will aid in any reprogramming
necessary in the implementation on a particular computer, or aid in modifications to suit a special
application.
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ce, inpugAmpedance, and coupling (power gain) for a
two-port network with a given load. The progra also determine the load for maximum coupling.
This analysis is useful for calculating coupling between antennas and coupling through an electric
circuit.

Chapter 2 Impedance of FoldedAntenna ...~~~ 9

This program can be used to design folded dipole antennas. The program calculates the input
impedance of folded dipoles or monopoles. The folded antenna is a very popular wire (or tubular)
antenna. The reasons for this are its impedance properties and ease of construction. The equal size
conductor, half-wave folded dipole has an input impedance very close to that of a 300 ohm twin-line
transmission line.

Chapter 3 Log-Periodic Antenna ... 15

This program can be used to design a log-periodic dipole array optimized for maximum directive gain.
Input information required is bandwidth and desired gain. Output includes the number of dipole
elements required, dipole element length, spacing, and overall array length. The program includes the
design of a suitable two-wire feeder line for any specific impedance. Input requirements for the feeder
design are the impedance desired and the dipole element length to diameter ratio. The output is the
required feeder spacing to diameter ratio.

Chapter4 MININEC ... 21

This program can be used for the design and analysis of wire antennas. The Mini-Numerical Electro-
magnetics Code (MININEC) analyzes thin wire antennas, solving an integral equation representa-
tion of the electric fields using a method of moments technique. MININEC solves for the currents,
impedance, and patterns for antennas composed of wires in arbitrary orientations in free space and
over perfectly conducting ground.

Chapter 5 Patterns of Long-Wire Antennas ... 53

This program can be used to design long-wire antennas. It calculates the pattern gain functions for
long-wire, traveling wave dipole, VEE, and rhombic antennas. The effect of a ground plane on the
patterns can be included.

Chapter 6 AC Circuit Analysis ... ... 65
This program calculates the node voltages, gain, and input and output impedances for linear ac
(alternating current) circuits under steady state conditions. Dependent current sources are used to
model active circuits.

Chapter 7 Component ToolbOX ... 81

This program is a collection of handy little algorithms that can be very helpful in identifying and
selecting components when building or repairing electronic circuits. Toolbox is a multiple menu
driven program with main menu options for (1) component color codes, (2) resistor tools, (3) capacitor
tools, and (4) inductor tools. Selection of any one of the main menu options leads to a sub-menu, or
component menuy, listing the available component options. The menus are interlaced so that the main
menu and the color codes are both accessible as options from any of the component menus.

Chapter 8 DC Circuit Analysis ... 97

This program calculates the node voltages, resistor voltages and currents, and coupling for dc (direct
current) circuits. Dependent current sources are used to model active circuits.



Chapter 9 Phasor Calculations ........................ 105

This program can be used to perform the complex arithmetic for steady-state ac circuit analysis, or for
other calculations requiring complex numbers. In ac circuits, all electrical quantities (e.g., voltage,
current, and impedance) can be represented as complex numbers called phasors. This program
performs phasor calculations by following the rules of complex algebra. Operations such as transfor-
mations back and forth between polar form and rectangular form, addition, subtraction, multiplica-
tion, division, and raising to a power are included. Combinations of these operations may be defined
by the user and performed by the program.

Chapter 10 Transmission LINeS ... 115

This program calculates the characteristic impedance of different line configurations. It then calcu-
lates the input impedance for a given line length and load at a specified frequency.

Chapter 11 Butterworth Filter Synthesis ................................................... T G s w4 5 1 R 123
This program calculates the attenuation characteristics and elements of a Butterworth filter.

Chapter 12 Chebyshev Filter Synthesis ... 131
This program calculates the attenuation characteristics and elements of a Chebyshev filter.

Chapter 13 Image Parameter Filter Synthesis ... 139

This program calculates the attenuation characteristics and elements of a composite image parameter
filter.

Chapter 14 Broadband MatChing ... 147

This program is a valuable asset for designing a broadband matching network. The performance of a
broadband antenna can beimproved through the use of a matching network at the antenna feed point.

Chapter 15 Stub MatChing ... 159

This program is used for a single stub matching of aload to a lossless transmission line. Small lengths
of transmission line, short-circuited or open-circuited at one end, are often used as reactances in
impedance-matching circuits.

Chapter 16 Ground Wave Transmission LOSS ..................ooooiiii 173

This program calculates a basic transmission loss for a given smooth earth distance. The program is
applicable to (a) any type of earth surface (planar and spherical), (b) frequencies between 1 and 1000
MHz, and (c) vertical and horizontal polarization. The program is valid for low to medium antenna
heights.

Chapter 17 Ground Wave Distance ... 183

This program calculates a smooth earth distance for a given basic transmission loss. The program is
applicable to (a) any type of earth surface (planar and spherical), (b) frequencies between 1 and 1000
MHz, and (c) vertical and horizontal polarization. The program is valid for low to medium antenna
heights

Chapter 18  SKYWAVE ... e e 191

This program calculates the MUF and LUF for skywave propagation.
Chapter 19 Skywave Signal and NOISe ......................... 205

This program calculates thereceived signal strength over a given skywave propagation path, the field
noise intensity for different noise paths, and the signal to noise ratio at the receiver.

vi



Chapter 20 Intermodulation ANalySis ... 215

This program calculates the intermodulation order on a given frequency produced by a set of transmit
frequencies. Two or more collocated transmitters tend to produce an interference signal known as
intermodulation interference. The order of the intermodulation relates inversely to the effect of the
interference. As order goes down, the level of the interference goes up. A capability for finding the
lowest order of intermodulation is useful for evaluation of any frequency plan.

Chapter 21 Intermodulation FreqUenCIes ... 221

This program calculates the intermodulation frequencies of a given intermodulation order produced
by a maximum of three transmitters.

Chapter 22 ANGIE/RANGE .................cociiiimiiiii bbb 227

This program calculates the distance between two points on the earth’s surface and the bearing. In
addition, the program calculates the distance between a ground station and a satellite, and the zenith
and bearing angles at the ground.

Chapter 23 Satellite Ground TFACE ..ottt i 235

This program obtains ground trace and altitude for communication satellites from known satellite
ephemeris data.

Chapter 24 MoOrse €ode TUROT ...t 245

This program provides a self-teaching, computer-aided course on the International Morse Code. This
program provides for practice in receiving or copying Morse Code.

Chapter 25 U.S. Amateur Frequency/Mode Allocation ... 259
This program gives the authorized frequency bands and emission types for the different amateur
licenses

Appendix BASIC Language Description ... 267

vii



Chapter 1
Coupling

ELECTRIC FIELD LINES

ANTENNA 1 ANTENNA 2

MAGNETIC FIELD
LINES
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Mutual coupling betwen two monopoles in proximity to each other

DESCRIPTION

This program calculates the input admittance, input impedance and coupling (power gain) for a two-port
network with a given load. The program will also determinethe load for maximum coupling. This analysis
is useful for calculating coupling between antennas and coupling through an electric circuit.

THEORY

When two or more antenna systems are in proximity to each other, power from a transmitting system can
be coupled into the other systems. This problem can be analyzed using network “Y” parameters [1]. Any
two antennas can be treated as a two-port network. In the figure below, terminals 1-1’ would be the
feedpoint of the first antenna and terminals 2-2’ would be the feedpoint of the second antenna. By
convention, the currents I, and I, are assumed into the network.

In general, of the four variables shown (V. 1.,V2,15), only two are independent. Thus the following
functions may be written
I = £ (V1, V2) v
L=£f(Vh,V2) (1-1)
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Two-port network definition

Assuming the functions are linear,

I1 = Yu V1 * Y12 V2
L=Ysu Vi+Y V2

These admittance parameters are defined by

Yuz%;? V2=0
Y“:% V.20
Yz‘z% V220
YZ"’:\I?Z Vi=0

(1-2)

(1-3)

(1-4)

(1-5)

(1-6)

V. or V; equals zero implies that the terminals associated with these voltages are short circuited. An

arrangement whereby these admittances might be computed (or measured) is shown below.

I [

TWO-PORT
NETWORK

1 | 2

Arrangement for determining Y31 and Yz

TWO-PORT
NETWORK V2

Arrangement for determining Y22 and Yi2

For the antenna coupling problem, the program in Chapter 4, MININEC, can be used to find the
admittance parameters. The feedpoint of one antenna is excited and the feedpoint of the second antennais
short circuited. The calculated currents from MININEC are used with equations (1-3) and (1-5) to deter-
mine Yy; and Yz:. In a similar manner Y;; and Y;; can be determined [2].

If coupling through a circuit is of interest, the program in Chapter 6, AC Circuit Analysis, would be used to
determine the required admittance parameters.
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Two-port network with a given load

Once the admittance parameters have been found, the input admittance and coupling can be calculated
for arbitrary loads.

The output power is

Po=| Vz|* Re [YL] 1-7
where V. is the output voltage (port 2), and Re [YL]is the real part of the load admittance, Y.
The input power is

P:=|Vi|* Re [Yin] (1-8)
where V, is the input voltage (port 1), and Re [Yin ]is the real part of the input admittance of port 1.
The power gain is then the ratio of (1-7) to (1-8):

o Po_|Val’Re[Y]_Re[¥i]
P, |Vi[*Re[Yu] Re[Yin]

n
Vi (1-9)

Notice that this ratio is dependent on the input admittance, Y., which can be calculated from equation
(1-2) by solving Yin =1, /V1 with I, = - V2 Yo. Then

Yo Yi2
Yo +Ys (1-10)

Yin = Y-

Note that Yin depends on the load Yi..

The two port admittance parameters in equation (1-2) can be used also to find the output to input voltage
ratio, V2 /Vi, as follows:

Ve
7

Yo
Y. + Yoo

(1-11)

Substituting (1-11) into (1-9), the gain becomes:

G= Re [YL] |Y21 |2
Re[Yin ]| Yo + Yoo |? (1-12)

The gain (or coupling) in dB is
Gas = 10log (G) see Note below (1-13)

A Y. can be found that maximizes the gain. This gain is the maximum possible power transfer ratio
provided that the generator is matched to the resulting Yin as given in (1-10).

Note: Throughout this book log(x) means logarithm of expression x with base 10, and In(x) means natural logarithm of expression x,
exceptin the program listings LOG(x) means natural logarithm of expression x as defined in the appendix for the BASIC language.
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It is exceedingly difficult to maximize gain directly by taking the derivative of (1-12) with respect to a
complex load admittance, Y., and setting it to zero. A more appropriate approach is the Linville Analysis
used in the design of RF amplifiers [3,4]. Using this approach, the maximum coupling is then
i} [1_ (1_ L)2 ]1/2
Smax I (1-14)
- | Y Y21|
2Re[Y::]Re[Y22]-Re[Yi2 Yai ]

The matched load admittance on antenna 2 for maximum coupling is

Y= [1"’+1] Re [Yzz]-Yae

1+p (1-15)
where -
- Gmax (Yi2 Yo1 )*
P™ T Yo Ya

and *indicates complex conjugate. The corresponding input admittance of port 1 (or antenna 1) is given in
(1-10):

Y21 Y12

Yo + Yo (1-16)

REFERENCES
[1] M.E. Van Valkenberg, Modern Network Synthesis, New York: John Wiley and Sons, Inc., 1960.

[2] J.C.Logan,et al., “Numerical Electromagnetic Code (NEC),” 1979 IEEE International Symposium on
Electromagnetic Compatibility, San Diego, CA, October 1979.

[3] G. Johnson, “High Frequency Amplifier Using Admittance Parameters,” Electro Technology, Dec.
1963, pp. 74-79.

[4] G.Johnson, “High Frequency Amplifier Using Admittance Parameters, Part 2,” Electro Technology,
Dec. 1963, pp. 66-73.

PROGRAM NOTES

a. This program can be used with the program in Chapter 4, MININEC, to determine the coupling
through antennas or with the program in Chapter 6, AC Circuits Analysis, for coupling between
circuits.

b. All impedances are in ohms and admittances in mhos.

SAMPLE PROBLEM

The two-port admittance parameters in this example have been determined using the MININEC program
of Chapter 4. Given this information, determine the maximum coupling and the coupling for a 50 ohm

load.

Yin = Yii-

COUPLING

THIS PROGRAM CALCULATES INPUT IMPEDANCE/ADVITTANCE
AND COUPLING FOR A TWO-PORT NETWORK.

Y1l (REAL,IMAGINARY)? .7738E-3,-.2022E-2
Y12 (REAL,IMAGINARY)? ,4451E-3,-.1005E-3
Y21 (REAL,IMAGINARY)? .4451E-3,-.1005E-3
Y22 (REAL,IMAGINARY)? ,7738E-3,-.2022E-2



TWO-PORT ADMITTANCE PARAMETERS
Yll= .7738E-03 +J -.002022
Yl12= .4451E-03 +J -.1005E-03
Y21= .4451E-03 +J -.1005E-03
Y22= .7738E-03 +J -.002022

CHANGE TWO-PORT PARAMETERS (Y/N)? N
LOAD IMPEDANCE (REAL,IMAGINARY)
IF 0,0 IS ENTERED, ONLY MAXIMUM COUPLING IS COMPUTED? 50,0

LOAD ADMITTANCE = .02 +J 0

LOAD IMPEDANCE = 50 +J 0

INPUT ADMITTANCE = .764419E-03 +J -.201861E-02
INPUT IMPEDANCE = 164.07 +J 433.26
COUPLING (DB) = -19.0292

NBEW LOAD (Y/N)? Y
LOAD IMPEDANCE (REAL, IMAGINARY)
IF 0,0 IS ENTERED, ONLY MAXIMUM COUPLING IS COMPUTED? 0,0

MAXIMUM COUPLING
LOAD ADMITTANCE .638287E-03 +J .196419E-02

LOAD IMPEDANCE = 149.641 +J -460.488
INPUT ADMITTANCE = .638287E-03 +J -.196419E-02
INPUT IMPEDANCE = 149.641 +J 460.488
OOUPLING (DB) = -9,819%4
NEW LOAD (Y/N)? N
VARIABLE LIST
G = coupling
L1,L2 =load admittance or impedance
Rl,Il =Yn
R2,12 = Y12
R3,I3 = Y21
R4,14 =Y,
Y1,Y2 = input admittance or impedance
PROGRAM LISTING
10 DIM BS(2)
20 BS(1)="MAXIMUM"
30 BS(2)="LOAD"
40 PRINT
50 PRINT " ", " OCOUPLING"
60 PRINT

70 PRINT "THIS PROGRAM CALCULATES INPUT IMPEDANCE/ADMITTANCE"
80 PRINT "AND COUPLING FOR A TWO-PORT NETWORK."

90 PRINT

100 PRINT "Y1l (REAL,IMAGINARY)";

110 INPUT R1,Il



120 PRINT "Y12 (REAL,IMAGINARY)";
130 INPUT R2,12

140 PRINT "Y21 (REAL,IMAGINARY)";
150 INPUT R3,I3

160 PRINT "Y22 (REAL,IMAGINARY)";
170 INPUT R4,I4

180 N1=R2*R3-I2*I3

190 N2=R2*I3+R3*I2

200 PRINT

210 PRINT "TWO-PORT ADMITTANCE PARAMETERS"
220 PRINT " Yll= ";RL;" +J "; 11

230 PRINT " Y12= ";R2;" +J "; I2

240 PRINT " ¥21= ";R3;:" +J "; I3

250 PRINT " Y22= ";R4;" +J “; 14

260 PRINT h
270 PRINT"CHANGE TWO-PORT PARAMETERS (Y/N)";

280 INPUT AS

290 IF AS="Y" GOTO 100

300 PRINT "LOAD IMPEDANCE (REAL,IMAGINARY)"

310 PRINT "IF 0,0 IS ENTERED, ONLY MAXIMUM COUPLING IS COMPUTED";
320 s=2

330 INPUT L1,I12

340 IF(L1+L2)=0 GOTO 680

350 D=L1*L1+L2*L2

360 L1=L1/D

370 12=-12/D

380 D1=L1+R4

390 D2=12+I4

400 D=D1*D1+D2*D2

410 T1=(N1*D1+N2*D2)/D

420 T2=(D1*N2-D2*N1)/D

430 Y1=R1-T1

440 Y2=I1-T2

450 N=R3*R3+I3*I3

460 IF S=1 GOTO 480

470 G=(L1*N)/(D*Y1)

480 G=10*LOG(G)/LOG(10)

490 PRINT

500 PRINT " "+BS(S);" COUPLING"

510 PRINT "LOAD ADMITTANCE = ";L1;" +J ";L2

520 D=L1*L1+L2*L2

530 L1=L1/D

540 L2=-L2/D

550 PRINT "LOAD IMPEDANCE
560 PRINT "INPUT ADMITTANCE
570 D=Y1*Y1+Y2*Y2

580 Y1=Y1/D

590 Y2=-Y2/D

600 PRINT "INPUT IMPEDANCE
610 PRINT "COUPLING (DB)
620 IF S=0 GOTO 680

630 PRINT

640 PRINT "NEW LOAD (Y/N)";
650 INPUT AS

"7Ll;" +J ";12
";Yl;" +] ";Y2

ll;Yl;ll +J ll;Yz

nn
=
<o
®



660 IF AS="N" GOTO 850
670 GOTO 300

680 N=SQR(N1*N1+N2*N2)
690 S=1

700 L=N/ (2*R1*R4-N1)

710 IF L>S GOTO 830

720 IF L<0 GOTO 830

730 IF L<0.01 GOTO 760
740 G=(S-SQR(S-L*L))/L
750 GOTO 770

760 G=(L+.25*L*L*L)/2
770 T1=G*N1/N

780 T2=—-G*N2/N

790 D=(S+T1)* (S+T1)+T2*T2
800 L1=R4*2* (S+T1)/D-R4
810 L2=-R4*2*T2/D-14

820 GOTO 380

830 PRINT "COUPLING CANNOT BE COMPUTED FOR PARAMETERS"
840 GOTO 90

850 END
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