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Model DJ-FIT 

This is truly the hest %Meter HT you'll find on the 
market. It is the smallest one with all the latest useful 
functions. 
The tiny DJ-FIT is a powerful communication station 

with wide band receiving range from 138-174 MHz. 
t AM Mode: 118-136 MHz after simple mod. ) 

"THE SURVTVOR This "bullet-proof' HT sets a new 
standard for durahility. The aluminum frame and 
tough Poly-Plastic case can take the kind of abuse that  
destroys lesser radios. 

The innovative Ni-Cd battery locks to the back of the 
HT, and comes with drop-in charging stand. The full- 

size speaker produces unbelievably great sound. 
The unit has a full-size illuminated keypad for easy 

operation and programming. The standard features 
include 40 memory channels, DSQ for papng, 3-stage 
power, various scan modes, APO. Auto Dialer, Reverse, 
Beeper On/Off, and other useful functions. 

Check out the affordable technology of the 90's. 
Check out ALINCO. 

IQLINCOI ELECTRONICS INC. 

ALINCO ELECTRONICS INC. Two Year Limited Warranty. 
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EDITORIAL 

It's Time To Clean Up Our Act 

Obscenity, indecent language, profanity. General Class operator from Tennessee, is 
There used to be a time when these words charged with using obscene and indecent 
had clear-cut definitions. When Clark Gable language during an on-the-air argument on 
as Rhett Buttler spoke those immortal the 20-meter ham band on June 29, 1992, 
words, "Frankly, my dear, I don't give a between the hours of 3:53 and 4:22 p.m.-a 
damn," to Vivian Leigh's Scarlett O'Hara time when children might be listening in. 
in MGM's rendition of Gone With the Although the Supreme Court has ruled 
Wind in the 1940s, it was considered scan- that obscene speech is not protected by the 
dalous. Now, even G-rated movies have First Amendment, rulings concerning inde- 
children making lewd gestures and using cent language and profanity are somewhat 
off-color words that would have sent my more nebulous. 
mother rushing for a bar of'soap to wash In an interview with W5YI's Fred Maia, 
out my mouth. Mary Beth Richards, Chief of the FCC's 

What ever happened to the "Seven Dirty Enforcement Division, stated that: "The 
words" you couldn't say on the air-radio court has said that obscene speech is not 
or television? protected by the First Amendment. In inde- 

How many of us have become inured to cent speech, the government has to find a 
obscenity, indecent language, and profanity compelling interest in order to take action 
because of its pervasiveness in our culture? against indecent speech. The Commission 
How does our apathy affect the youngest has found that the compelling governmental 
members of our society? interest is to protect children and that has 

Just last night, at my son's soccer game, been upheld. If you can show that there is a 
several of the children (fifth and sixth grad- likelihood of children listening, then the 
ers) complained to the coaches and referee Commission can take action against inde- 
about a teammate who was swearing on the cent speech." 
field. The child, who happened to be the According to Richards, the Commission 
ref's son, should have received a yellow has not taken action against any of the les- 
warning card for foul language that, if re- ser language violations (i.e., profanity) list- 
peated, would have resulted from his expul- ed in the FCC's rule Section 97.113(d) at 
sion from the game. The ref let the incident this time. She said that the FCC's recent 
go, the coaches stewed on the sidelines, and ruling was an indication that the Commis- 
the children seemed demoralized by the lack sion would continue to take action on 
of adult intervention. obscene or indecent transmissions that oc- 

As most of us know, some amateur radio cur when there is a reasonable certainty that 
operators are not immune to letting fly with children are in the audience-reviewing 
a few on-air expletives. Bul those who do, each violation on a case-by-case basis. 
might wish to choose their words more care- As is true of many of the dilemmas peo- 
fully in the future. ple tend to get themselves into, we can be 

A recent issue of the "WSYI Report" our own worst enemies when i t  comes to 
featured as its lead story a piece about an bad language. I myself have used inappro- 
amateur radio operator who was issued a priate words or phrases in front of my 12- 
$2,000 fine for indecent language.* The year-old son. DO 1 want my son to use such 
newsletter noted that it is believed this is the language? Of course not! Am I surprised to 
first monetary forfeiture ever issued for an hear such language is commonplace to my 
over-the-air amateur service speech viola- son and his peers? Not really. But what, be- 
tion not linked t~ an additional, easier t~ sides monitoring my own speech, can 1 do, 
prove offense. The amateur in question, a can any of us do, to ensure that our chil- 

dren are protected form obscene and inde- 
cent language. 

*"Amateur Issued $2,000 Fine for Indecent amateur radio operators, we can both 
Language," W.5 YI Report, Vol. 14, Issue 
#19, October 1, 1992, page 1. (Conlinued on page 8) 
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AEA. When you choose either the 
dual port DSP-2232 or single 
port DSP-1232, you'll have just 
what you need to couple HF or 
VHFIUHF (or both) transceivers 
with a personal computer or 
computer terminal. Each converts 
incoming analog signals into dig- 
ital data by means of a 12-bit, 
high speed converter. 

Developed by AEA - with 
over 10 vears of multi-mode con- 
troller development experience - the 
DSP-223211232 are the most advanced 
and versatile controllers available any- 
where. They give you the capability to 
control all legal Amateur digital modes 
popular on both HF and VHF. New 
modems only require new software 
which can be installed with an EPROM 
chip, or downloaded from a telephone 
BBS binary file into the DSP's RAM. You 
won't need to replace your DSP-2232 or 

.NAV 
IR FEC .TDI 

11 -sag, 
ldr! -- 
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SSn! 9600 bps K9NGlG3RUH for 
Single Port -3:~ :i-Mode controller +- terrestrial also offers and internal satellite RAM use. for Each up- 

. ~ o r r s  code loading modems, up to 36 
simultaneous packet connections, 
EPROM up to 2 Mbits, software 
selectable radio ports, Mailbox - 
accessible through both ports, 
dedicated printer port, RTTY digi- 
tal noise gate, ARQ tolerance 

9600 bps I command, etc. 

2400 bps 
w 
Shift Keying I 

The DSP-2232 adds even 
more control with its dual port 
gateway, front panel LCD showing 
connect and packets status, 

DSP-1232 as no new hardware or 
modifications will be needed as new 
modes become available. 

Whatever you've thought about 
doing in Amatuer radio, it's here in the 
DSP-2232 11232. All PK-232 MBX 
modems (Packet, AMTOR, etc.). All 
satellite modems (PSK, 4800 bps 
PACSAT, G3RUH 9600 bps, U022 equal- 
ized, 400 bps OSCAR-13). Analog 
modems for HF FAX, FAX APT, and 

retrieval, call sign connected to, last call 
monitored and "marquee" display of 
received RrrY signals. 

Get control of your digital operat- 
ing position with the DSP-2232 or 
DSP-1232 from AEA. You'll be on top of 
the Amatuer radio world, too. 

To connect with the AEA dealer 
nearest you or for product sheets, 
call (800) 432-8873. 

Advanced Electronic Applications, Inc. p-4 A, a PO Box C2160,2006 - 196th St SW, Lynnwood, WA 98036 Sales (206) 774-5554 
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HP 4 1  1A RF 
Millivoltmcter 

H P ~ I O R  Voltmeter 
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I Portable ,Scope Signal Generator -- 
4 Dual channel. 200 MHz 4 50 kHz 65 MHz 

@ I\ bench or portable scope 4 1 . heq accuracy 
4 Vert~cal deflect~on from 4 0 1 IIV 3 V output level 
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Two cont~nuously var~able capacitors glve you the preclse control you 
need to get your SWR down to a mlnlmum Plenty of inductance glves 

WrmalincO RF 
you the w~dest matchlng ran e poss~ble A new peak and average 
readln cross-needle SWRP%atlmeter makes tunlng qulck and easy 

Absoq~tiot~ \ V a f  tlleter 
Read ~ W R  forward and reflected power at a glance A new d~rect~onal 1s d~rrct-read~ng for testlnq 50 L) 
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Dlrect Access tunlng Bull1 In quartz clock 8 Sleep 4 Includes mono monitor 

Tmer 4 90 day warranty 
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Tucker 486-50 MHz Apple Macintosh Plus 
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support  a n d  work with tlie FCC in the ef- 
fort t o  clean u p  the  airwaves. This  is imper- 
ative if we wish t o  cont inue t o  p romote  h a m  
radio as  a n  exciting educational activity for  
children. H o w  will we convince more  teach- 
ers t o  incorporate  amateur  radio into their 
curriculums, if they have t o  worry what 
kind o f  l a n g ~ ~ a g e  their s tudents  will encoun- 
ter when they tune  in'? H o w  comfortable  
will parents feel about  introducing their 
children to a n  activity whose communica-  
Lions a r e  sprinkled with vulgarities? 

In all fairness t o  those o f  us w h o  use the 
ham bands,  there a re  sometimes only vague 
boundaries between what is acceptable o r  
unacceptable language. Because o f  the way 
o u r  language has changed over the last few 
decades, this can be extremely difficult t o  
determine. Words  that  were never before 
used in casual conversation a r e  now part of  
the  vernacular.  What  some might deem ac-  
ceptable language, others  [night consider 
profane,  indecent,  o r  even obscene. A m a -  
teur  radio operators  will need very specific 
instructions f rom the  FCC about  what con-  

stitutes obscene speech, indecent language, 
and  profani ty,  and  what consequences hams  
will face if they indulge in such speech o n  
the air.  

It's important  for  those o f  us w h o  a r e  
concerned about  this issue t o  work together 
with the FCC t o  decide what type of  lan- 
guage we as  amateurs  wish t o  tolerate o n  
the  air .  W e  a re  always q ~ ~ i c k  t o  write t o  the 
commission t o  defend o u r  privileges t o  op-  
erate  in certain ways, experiment, and  re- 
tain o u r  allotted spectrum. Should we be 
a n y  less diligent when faced with the  specter 
o f  obscenity? If we don' t  take a s tand ,  we 
a r e  abdicating o u r  responsibility to protect 
o u r  children from the  offensive speech that  
seems t o  be permeating o u r  lives-just as  
the  referee did at the  soccer game.  

It's sad t o  think o u r  children might be 
shocked by the language that  they hear o n  
the  ham bands.  It's even sadder  t o  think 
that foul language is s o  much a part  of  their 
lives that they won ' t .  

Terry Littlefield, KAl STC 
Editor 

LETTERS 
Please give crcdif M h~rin crcdif is d ~ r c  
I t  i$  a disappointment t o  \ec that some 
au thors  in ( 'ornmur~icat io~i$ Quarterly are  
ci~relcss about  gi\ ing crtclit to  au thors  
whose work they ha\ e uced, ancl t fiat solne 
authors  a re  using obsolete reference materi- 
al. T\ \o  papers in the Suriimcr 1992 issuc 
asc c x a r n p l e .  

H a \  ilancl gives much ric\v and  u$eful in- 
I'ormation in his article "Superyain Allten- 
nr15." But his I:iy. 3 is just Fig. I I .  l3a I'rom 
rlie 19.50 ecli~ion, o r  a n y  neucl- e d i ~ i o n  in- 
cluding 1988, of  the book "Antenna$" by 
Krairs. Although Haviland refer-enccs my 
early \vork on supertlirecti\c antenna$ ( the  
tct-rn supergain i j  incor-sect , ant1 is dcprecat - 
ecl), important  papers on " F ~ ~ n d a m e n t a l  
L.iniitations in Antennas,"  and on "Super- 
conducting Antenna\"  \\,ere occrlookcd.  
Sce $i~pel-dirccti\~ic). reference$ belo\\.  

Michaels. in "How Short ('ari You Make  
a I.oaded Antenna,"  repeats the calcula- 
tions and result6 in my seminal papers pub-  
lished in 1975, in the IEEE Transact ions on 
C'ommunications, and  in the T r a n u c t i o n s  
o n  Vehicular communicat ions;  sec refercnc- 

c\  helo\ \ .  Because I h e w  retcrencc~\ use rnor c 
,tccul,lte ~rnpedance  torniulas, tlie results 
should be more  useful than those given by 
Mrchacls. R e p r ~ n t j  a re  a \ a ~ l a b l e  f rom the 
aut ho t .  

Robert C'. H a n w n  
P . 0 .  Hox 570215 

rarlana.  C'A W357 
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Interceptor'" R I O  FM ~o%nunications 

Adaptrr, Antenna, Earphone) ............................... .............,.,. $359. 

OPTJONS 
Headphones (Lightweight personal headphones) ....................................................................... $ 15. 
Antenna Pak 2 (Five assorted rubber dt~ck antennas - save $32.) ............................................ $ 99. 
TC200 Tone Counter (CTCSS signalling tones) .......................................................................... $ 179. 
APS-104 (Extends RF detection distance lox) ............................................................................... $995. 
CFSOO Cellular Band Pass FilterlAm~lifier ............ .......................................... . ........................... 2 W .  

FACTORY DIRECT ORDER LINE 1-800-327-5912 
305-77l-2050 FAX 305-77l-2052 5821 NE 14th Ave., Ft. Lauderdale, FL 33334 
5'; Shipll-latdling (MaxSlO.) U.S. &Canada, 15"; outside continental U.S. V ~ M  Pr Mastcr Card acceptcd 



AsTRoN k?:::CA92718 
C OU PORAT ION (714) 458-7277 FAX (714) 458-0826 

SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 
SOLID STATE ELECTRONICALLY REGULATED INPUT VOLTAGE: 105-125 VAC 
FOLD-BACK CURRENT LIMITING Protects Power Supply OUTPUT VOLTAGE: 13.8 M C  f 0.05 volts 
from excessive current 8 continuous shorted output (Internally Adjustable: 11-15 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE Less than 5mv peak to peak (full load & 

THREE CONDUCTOR POWER CORD except for RS-3A 
ONE YEAR WARRANTY MADE IN U.S.A. 

7 x 19 x 12% 

3% x 6% x 9 
3% X 6'1s X 7% 
3% X 6'12 X 9 

4 X 7% X 10% 
4 X 7% X 10% 

4 S x 8 x 9  
4 x 7% x 10% 
5 x 9 x 10'12 

le volt and Amp meter 

volt and Amp meters 

6 X  13% X 11 



HAL Announces the 

For Fast, Bandwidth-Efficient HF Data 

The PCI-4000 uses the latest development in HF data transfer methods-CLOVER-ll. CLOVER-II is 
designed to maximize the amount of data which can be transferred in a narrow bandwidth over 
HF radio frequencies. It uses a combination of four tone frequencies with phase and amplitude 
modulation to achieve data transfer rates as high as 60  characters per second-about ten times 
faster than AMTOR. The PC-CLOVER system incorporates Reed-Solomon error correction, not simply 
a retransmission scheme. The PCI-4000 is a full-sized PC card which operates in a 80286-based 
PC or higher. 

The PCI-4000 PC CLOVER system features: 

A ~ i ~ h e r  throughput than RTTY, AMTOR, Packet, or PACTOR on similar HF channel 
simple pull-down menu operation 

&signal bandwidth of 5 0 0  Hz (@50  dB down) 
PIUQS into your PC (286,386SX 386, or 486 machines) - 

re as^ interface to your transceiver 
&~utomaticall~ adapts to HF band conditions 
fL Error correcting using Reed-Solomon error correction 
You've read about it in the articles. Now you can operate CLOVER! 
Order your PC-CLOVER system today from HAL Communications Corp. 

PCI-4000 PC-CLOVER System Only $995.00 

HAL Communications Corp 

Urbana, IL 61 801 
Phone (21 7) 367-7373 
FAX (21 7) 367-1 701 



"Best Communications Receiver" 
World Radio N Handbook 1 992 

"Unsurpassed DX Pe flormance" 
Passport to World Band Radio 1992 

Setting the industry standard once Phase-lock ECSS system for selectable-sideband AM 

for shortwave receivers. the N R D - ~ ~ ~ D  reception. 
Maximum IF bandwidth flexibility! The Variable 

is the most advanced HF communica- Bandwidth Control (BwC) adjusts the wide and 

tions receiver ever designed for the intermediate IF filter bandwidths from 5.5 to 2.0 kHz 
and 2.0 to 0.5 kHz-continuously. 

serious DXer and shortwave listener. Its stock fixed-width IF filters include a 5.5 k ~ z  (wide), 

unparalleled performance in all modes 
makes it the ultimate receiver for 
diversified monitoring applications. 

Designed for DXers by DXers! The 
NRD-535D (shown above with optional 
NVA-319 speaker) strikes the perfect 
balance between form and function with 
its professional-grade design and critically 
acclaimed ergonomics. The NRD-535D 
is the recipient of the prestigious World 
Radio T V  Handbook Industry Award for 
"Rest Communications Receiver." 

Japan Radio Company. Itd , New York Branch OHice - 430 Park Avenue (2nd 
Floor), New York, NY 10022, USA Tel. (212) 355- 1 180 / Fax: (212) 319-5227 

Japan Radio Company, Ltd. - Akosaka Twin Tower (Main), 17.22. Akasaka 2- 
chome, Minalo-ku, Tokyo 107, JAPAN Tel. (03) 3584-8836/Fax: (03) 3584-8878 

a 2.0 kHz (intermediate), and a 1.0 kHz (narrow). 
Optional JRC filters include 2.4 kHz, 300 Hz, and 
500 Hz crystal type. 
All mode 100 kHz - 30 MHz coverage. Tuning 
accuracy to 1 Hz, using JRC's advanced Direct Digital 
Synthesis (DDS) PLL system and a high-precision 
magnetic rotary encoder. The tuning i s  so smooth you 
will swear it's analog! An optional high-stability crystal 
oscillator kit i s  also available for k0.5 ppm stability. 
A superior front-end variable double tuning circuit i s  
continuously controlled by the CPU to vary with the 
receive frequency automatically. The result: 
Outstanding 106 dB Dynamic Range and +20 dBm 
Third-Order Intercept Point. 
Memory capacity of 200 channels, each storing 
frequency, mode, filter, AGC and ATT setfings. Scan 
and sweep functions built in. All memory channels are 
tunable, making "MEM to VFO" switching 
unnecessary. 
A state-of-the-art RS-232C computer interface is built 
into every NRD-535D receiver. 
Fully modular design, featuring plu it boards 
and high-quality surface-mount cor No other 
manufacturer can offer such profes~,,nu,, vuality design 
and construction at so affordable a price. 

g-in circu 
nponents. 
c;n"-l-"m ,. 



Paul E:. Krueger, N l J D H  
The MITRE Corporation 

202 Burlington Road 
Bedford MA, 01 730 

USING THE NASA 
ADVANCED 
COMMUNICATIONS 
TECHNOLOGY 
SATELLITE 
The Army technology demonstrations 

he history of  satellite communica-  
tions is that o f  extraordinary 
growth and  development of  new T. 

technology. Within the decade o f  the 1980s 
we watched the United States maintain its 
edge in sritellite technology, despite compe- 
tition f rom foreign governments a n d  i n d ~ ~ s -  
tries. We also witnessed many advances i l l  

cligital satellite c o n ~ ~ n ~ ~ n i c a t i o l i s .  \r.itll one  
llotable exception; the satcllitc t ransponder .  
In the IY9Os, the United States' ability to  
maintain i t 5  position as  the leader in satel- 
lite technology will require innovative think- 
ing a n d  a cornlnitrner~t by both government 
a n d  industry. T h e  National Aerol~aut ica and 
Space Administration ( N A S A ) ,  with the 
support ol' Congress, has  made  t hat com-  
mitment for  the government .  I t  is t ime for 
the commercial satellite industry t o  contrih- 
ute its I'air share. Although nially members  
ol' this nation's commercial hatellitc i ~ i d u s -  
try a r e  illvesting rerources and planning ex- 
pcrimerits for the ACTS p r o g r a n ~ ,  there a re  
some riotable exceptions. 

In this article, I will discuss the NASA 
advanced communicat ions technology satel- 
lite ( A C T S )  prograrn a n d  its el'l'ort5 t o  ad-  

vance satellite technology. O n e  o f  the r~ ia jor  
technological thrusts is the introduction o f  
digital technology to the satellite transponder 
in the fo rm of on-board  processing. I will 
also discuss the involvenient of  the United 
Stat125 Army's  Space C o m m a n d  with the 
AC'1'S program and its innovative uje  01' 
this r~ewly available technology. The  Unitecl 
States Army has been a leaclcr in the devcl- 
opmcnt  ancl ~ l s c s  ol' satellite tecli~iolagy t o  
\ L I ~ P O I - I  the clel'e~~se of thc United State3 and 
ir allies. 

Tht: NASA ACTS Program 
TIIC NASA ,ACTS program wa\  initiatecl 

t o  develop ancl prolnote advanced coni- 
rnunications sntellite technology t h r o ~ ~ g l i o ~ l ~  
the commercial satellite industry. A C T S  \ \ i l l  
appl! thih tech~lology i l l  multiple frecli~eric~y 
bands.  N.ASA believes that r c a l i ~ a t i o n  of  
this goal \i i l l  rcsult in growth in capacity 
and c.ffecti\,c use of  the frequency spec'rrilm. 
T h e  agency also hopes A C T S  will help 
maintain the  United States'  preeminence in 
satellite communicat ions.  

Tlie A C T S  system uses multiple, hopping 



spot beams, and on-board switching and 
processing systems. Technologies stimulated 
by the ACTS program and integrated into 
the ACTS system include: 

1. A multibeam antenna with rapidly 
reconfigurable hopping beam\, 

2. A baseband processor with individual 
circuit switched routing, 

3. A microwave \witch matrix \ + i t  h 
dynamic reconfiguration at inter- 
mediate frequencies, 

4. The use of Ka-band components, 
5 .  Implementation of demand as\igncd 

multiple access (DAMA) 
net work control. 

6. Implementation of adaptive 
compensation for signal level changes. 

The system consists of the ACTS, the 
NASA ground station and satellite control 
center, and esperimenter terminals. The sat- 
ellite's original launch date was February 
1993, but due to changes in shuttle mani- 
fests it's now schetlulcd for launch in Sunc 
1993. Residing in a geostationary orbit at 
100 degrees \vest longitude. ACTS will 
niaintaili its position within 0 . 0  degrees in 
latitude and longitude. Range variations 
won't escced + 20 kilometers and the drift 
rate won't escccd 2 1.2 meters per sccond. 
The satellite will riot compensate for Dop- 



Dual subreflectors 

2.2-rn, 30-GHz 
receiving antenna 

1-m steerable antenna 

Figure 1. ACTS spacecraft configuration. 

pler shift or timing variations, the earth sta- 
tions are responsible for those functions. 

ACTS has two basic operating modes- 
baseband processing or repeater-and three 
antennas. The two hopping beam antennas 
are stationary; one antenna transmits and 
the other one receives. These antennas pro- 
vide approximately the same gain and 
coverage to both the uplink and downlink. 
The hopping beam receive antenna is a par- 
abolic dish 2.2 meters in diameter and the 

hopping beam transmit antenna is a para- 
bolic dish 3.3 meters in diameter. The third 
antenna is a steerable type 1-meter in diam- 
eter and provides somewhat less gain. 
Figure 1 shows the ACTS spacecraft con- 
figuration; Figure 2 illustrates the ACTS 
multibeam antenna coverage. 

The NASA ground station, located at the 
NASA Lewis Research Center in Cleveland, 
Ohio includes the master control station, 
the reference terminal, two traffic termi- 

SIln Fmnciuo 

West Hopplng Beam 

Figure 2. ACTS mullihearn antenna coverage. 
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nals, and the Ka-band command transmitter 
and telemetry receiver. The master control 
station provides networking control for the 
baseband processor and also serves as the 
backup spacecraft control center. The satel- 
lite control center is located in East Wind- 
sor, New Jersey. 

When the ACTS is in repeater mode, the 
satellite operates as a classic transponder 
with two exceptions. The ACTS system con- 
troller can designate spot coverage by dy- 
namic assignment of the microwave switch 
matrix. The matrix lets the controller hop 
from one footprint to another in one micro- 
second. Also, the sharp focus of the spot 
beam provides very high gain on both the 
uplink and downlink allowing the operation 
of ultra-small aperture terminals (USATs). 
NASA is developing a LlSAT that can trans- 
mit and receive at a data rate of 2.4 kb/s--a 
handheld unit, capable of supporting low 
data rate digital voice. This handheld unit is 
approximately the size of a portable tele- 
phone and uses a small phased array anten- 
na (approximately three inches square). 

In baseband processor mode, the ACTS 
scans the eastern or western zones in a sin- 
gle millisecond. The beam switches from 
footprint to footprint, picking up data 
bursts from the T1 very small aperture ter- 
minals (VSATs), which are designed to 
operate with the ACTS processor. The 
amount of dwell time on a zone is depen- 
dent on the offered traffic load and is mea- 
sured in microseconds. The minimum dwell 
time is six microseconds and the maximum 
dwell time is one millisecond. The uplink 
data rate from these terminals is 27.5 Mb/s 
and the downlink data rate is 110 Mb/s. A 
terminal may use a maximum of 28, 64 kb/s 
channels. The user can send and receive 
packets from any zone. For example, a ter- 
minal using 12 64 kb/s channels would 
receive a dwell of approximately 28 micro- 
seconds. The formula for calculating dwell 
time is: 

Where: 
DT = Dwell time (s) 
BR = Burst rate (b/sj 
UT = User throughput (b/s) 

The TI VSAT uses an offset feed parabo- 
lic reflector either 1.2 or 2.4 meters in di- 
ameter. Using the 2.4 meter antenna, the 
terminal will have a peak effective isotropic 
radiated power (EIRP) of 66 dBW at duty 

cycles of 33 percent or less, and 64 dBW at 
duty cycles above 33 percent. When equipped 
with the small antenna, the earth station 
peak EIRP is 60 dBW at duty cycles below 
33 percent and 58 dBW at duty cycles above 
33 percent. Spectral variations in transmit 
power across the operating channel band- 
width won't exceed 1 dB. The EIRP is man- 
ually adjustable in nominal 1 dB increments 
to 9 dB below the peak levels. 

The TI  VSAT transmits carriers on either 
29,236.032 or 29,291.328 MHz and receives 
the downlink carrier on 19,440.000 MHz. 
The uplink's bandwidth is 41.5 MHz and 
the downlink's bandwidth is 165.9 MHz. 
The modulation format for both the uplink 
and downlink is serial minimum shift key- 
ing (SMSK). 

The earth station automatically applies or 
removes forward error correction coding 
(FEC) at the direction of the master control 
station. The FEC code is a rate 1/2, con- 
straint length 5, convolutional code. When 
the code is engaged the burst rate is halved, 
but the user throughput rate is unaffected. 
Although engaging the FEC code does not 
affect an individual user's throughput, it 
may affect the overall network. The master 
control station reserves time, within each 
frame, in a "rain fade pool." The master 
control station allocates time from the rain 
fade pool to terminals using the FEC cod- 
ing, thus increasing their dwell time. The in- 
creased dwell time allows the terminal to 
maintain its user throughput even though 
the burst rate is halved. Exhaustion of the 
rain fade pool results in a reduction in the 
overall satellite throughput. Rain or other 
atmospheric disturbances that could de- 
grade link performance will cause the mas- 
ter control station to initiate FEC coding on 
an uplink. (Operating with the FEC coding 
engaged is similar to operating in AMTOR 
mode B.) 

The bit error rate (BER) performance of 
the TI VSAT is at least 5 x 10-7 on both 
the uplink and downlink. During rain fades 
up to 10 dB the terminal will maintain a 
BER performance of at least 5 x 10-7. The 
earth station will operate over a 15-dB sig- 
nal range with dynamic level variations up 
to 0.5 dB per second without loss of data. 

The TI VSAT uses a rubidium timing 
source. This ensures that the earth station 
clock, used for timing uplink and downlink 
bursts, has a short-term (300 ms) stability of 
+ 1 part in 10-9 and a long-term (2-year) ac- 
curacy to within k 1.64 parts in 10-9. The 
short-term stability of the satellite clock, 
used for timing upIink and downlink bursts, 
will not exceed k2.2 parts in 10-9, and its 
long-term accuracy will be within + 4 parts 
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Y 

Transmltter Sequences Through Destination Buffers 

A 
Figure 3. ACTS baseband processing. 

in 10-10. The master control station will 
maintain the long-term accuracy of the sa- 
tellite clock with a Cesium standard. 

Figure 3 is a simple example of the base- 
band processing operation of ACTS. Earth 
stations time transmission bursts so the 
burst arrives at the satellite when the appro- 
priate feed horn is active. The satellite de- 
modulates the burst and sorts the packets 
into the destination buffers. When the satel- 
lite activates a feed horn for a given foot- 
print, the data buffer for that destination is 
burst on the downlink. The switching speed 
gives the terminal users a virtual circuit to 
any footprint. The processing delay in the 
satellite is on the order of 3 milliseconds- 
insignificant with respect to the round-trip 
path delay of approximately 250 seconds. 

In the baseband processing mode, the 
ACTS uses a time division multiple access 
(TDMA) frame that is 1.000 milliseconds 
duration with an accuracy of _+ 4.5 parts in 
10-6. All beam hopping sequences repeat 
frame-by-frame. Changes in beam hopping 
sequences take place at superframe boun- 
daries. A superframe contains 75 frames. 

Each frame contains 1,728 consecutively 
numbered time slots. Time slots are approx- 
imately 0.579 microseconds in duration; this 
corresponds to the time occupied by a single 
64-bit word clocked at 110 Mb/s. Antenna 

dwells and burst assignments occupy an in- 
teger number of slots. 

Guard slots prevent burst collisions and 
provide time for beam switching. Uplink 
bursts are nominally timed to arrive at the 
satellite within +- 60 nanoseconds of the ar- 
rival assignment. Terminal bursts arriving 
outside the normal timing interval receive 
an early or late indication, and the offend- 
ing terminal is notified. 

The master control station controls the 
duration and position of all bursts. Ter- 
minals receive instructions on outbound or- 
derwires and send circuit requests and status 
on inbound orderwires. The master control 
station maintains two reserved regions in 
each frame. The "fade pool" carries order- 
wires and provides the additional time slots 
needed by terminals operating in coded 
mode. The "satellite acquisition window" is 
used to bring terminals on line. 

A discussion of the 
United States Army's 
technology demonstrations 

The United States Army Space Command 
(USARSPACE) plans to use the ACTS sys- 
tem to demonstrate the capabilities that 
commercial processing satellite systems can 



provide the Army. In particular, Army 
Space Command's interest lies in highlight- 
ing the capabilities of VSATs and their ap- 
plication to tactical field units. To meet 
their objectives, the Army will use a T1 
VSAT terminal, modified into a transport- 
able configuration, and the ACTS baseband 
processor. Under contract to USAR- 
SPACE, The MITRE Corporation has de- 
signed and will build two prototype ter- 
minal systems for the Army technology 
demonstrations. These systems will include 
the Harris ruggedized terminal and all the 
demonstration equipment, packaged in a 
sturdy transportable configuration. 

The existing T1 VSATs consist of an out- 
door antenna unit and a small indoor rack 
unit. The indoor rack unit is a standard 
19-inch rack about four feet high. USAR- 
SPACE is planning to modify six terminals. 
Modifications include placing the indoor 
electronics into carrying cases and using a 
quick reaction antenna design. The Army's 
modified terminal will be transported by 
truck and require less than one hour to set 
up and make contact with the satellite. 

The Army will demonstrate: 

1 .  Connection of graphics workstations 
for imagery, 

2. Common-user, two-wire, facsimile and 
voice traffic with audio conferencing, 

3. Video teleconferencing, 
4. ACTS connection to the Army 

Maneuver Control System (MCS), 
5. ACTS connection to the Army Mobile 

Subscriber Equipment (MSE). 

The first demonstration involves transfer- 
ring imagery data between workstations. 
This imagery data will include satellite re- 
connaissance photographs, topographic 
maps, and computer enhanced images. The 
Army will show that the ACTS system can 
supply on demand communications capabil- 
ity for providing classified imagery data be- 
tween workstations. Tactical headquarters 
will use the workstations to exchange imag- 
ery data between commands, higher head- 
quarters, or intelligence organizations. 

A SUN SPARCstation using a high data 
rate serial interface card will interface the 
ACTS terminal. The high resolution image 
files will reside on the workstation's hard 
drive. When an image transfer is required, 
the ACTS terminals will request service 
from the satellite. Next the satellite will es- 
tablish a circuit between the sending loca- 
tion and the receiving location. The work- 
station will then synchronize the encryption 
units and send the file. Custom software 
controls the encryption unit and divides the 

image file into packets. Error detection and 
correction are performed on transmitted da- 
ta packets. If a packet arrives with uncor- 
rectable errors, the workstation will request 
a retransmission of the packet. The SPARC- 
stations will interface with the ACTS termi- 
nal via a channel service (CSU). This CSU 
is manufactured by Tylink and has four 
ports that can accomodate clear channel 
bandwidths from 64 kb/s to 1.544 Mb/s in 
increments of 64 kb/s. 

The second demonstration concerns pro- 
viding on-demand common-user, two-wire, 
telephone circuits with audio conferencing. 
Using secure telephone unit (STU) 111 in- 
struments, the Army will provide secure 
voice and facsimile for point-to-point cir- 
cuits. Audio conferencing requires a confer- 
encing "bridge." The audio conferencing 
bridge is a standard user-defined card that 
the Army will obtain from NASA, integral to 
the ACTS terminal. The conferencing bridge 
allows up to eight parties per conference. 

At this time, the Army requires only 
black and white facsimile transmissions. Of- 
fice facsimiles normally interface (CCITT 
V.27/29) with analog telephone loops. A 
number of facsimile manufacturers provide 
a digital interface (RS-232C) on their fac- 
similes. The Army is selecting a facsimile 
with a digital interface and will connect this 
unit to a STU 111. This will provide secure 
facsimile capability. 

The Army's third demonstration involves 
a video teleconferencing configuration that 
will support classified interactive video tele- 
conferencing between a video "monitor" 
and a designated viewer. Additional partici- 
pants receive classified audio and video 
from the monitor, but cannot respond. A 
CSU port for the video teleconferencing 
equipment will be configured to support 256 
kb/s. An encryption device will provide the 
required communications security for classi- 
fied conferences. 

The fourth demonstration makes use of 
the Army's maneuver control system 
(MCS)-a suite of equipment and ancillary 
software. At the core of the MCS lies the 
Miltope Bobcat rugged transportable com- 
puter unit (TCU). The Bobcat TCU is based 
on the Hewlett-Packard 9000 series 300 
computers. The Army will interface the 
ACTS terminal via a CSU to the Bobcat 
TCU at a serial 1/0 port. The serial I/O 
ports on the Bobcat TCU are RS-232C seri- 
al data ports that support data rates up to 
230 kb/s. The information transfer between 
MCS equipment is at a data rate of 192 
kb/s. This is the highest data rate that can 
be supported, as the CSU supports data 
rates in increments of  64 kb/s and the 
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Figure 4. Experiment configuration. 

RS-232C 1 / 0  port can support a maximum 
data rate of 230 kb/s. The CSU accepts 
data through its RS 449 I/O port, so an in- 
terface adapter will convert the RS-232C 
signals to an RS 449 format. 

The final USARSPACE demonstration il- 
lustrates the integration of Army's mobile 
subscriber equipment (MSE) with the ACTS 
terminal. The Army's MSE is similar to that 
of the civilian cellular telephone system; 
however, its cell sites aren't fixed but move 
as the Army advances. The Army will use 
the ACTS system to provide fixed trunking 
and demand-assigned circuits between MSE 
circuit switches. 

Figure 4 shows an artist's conception of 
the experiment configuration and Figure 5 
is a system level block diagram. The design 
configuration supporting the Army's dem- 
onstrations uses a customer service unit 
(CSU) to provide access ports with high da- 
ta rates (e.g., 256 kb/s). This configuration 
lets the operator choose any three of the 
following four high data rate experiments: 

High resolution imagery, 
Video teleconferencing, 
MCS interconnection, 
MSE interconnection. 

While supporting any three of the above 
experiments, the configuration will also 
provide secure facsimile, secure voice, and 
non-secure audio conferencing. 

The number of available time slots on the 

digital termination equipment (DTE) bus of 
the modular switching peripheral (MSP), 
and the number of available channel slots 
for the MSP, limit the number of experi- 
ments that can be conducted simultaneously. 

The DTE bus of the MSP has 30 avail- 
able time slots. Allocation of these time 
slots, to user defined cards in the MSP 
chassis, follows a simple priority algorithm. 
This algorithm assigns the highest priority 
to the user-defined card requiring the great- 
est number of time slots. User-defined cards 
requiring few time slots are assigned a low 
priority. For example, a T1 clear channel 
card set consists of only two cards. HOW- 
ever, each T1 card requires 12 time slots, 
while a line circuit card requires only 4 time 
slots. Consequently, the T1 cards' time slots 
are given a higher priority. 

Although the MSP has 30 time slots on 
the DTE bus, there are only 24 channel slots 
in the Army terminals. Therefore, there is 
routing for only 24 DTE time slots across 
the satellite (i.e., trunked), the remaining 
six must be either idled or programmed as 
local loops. The DTE time slots determine 
the type and quantity of user-defined cards 
that can be serviced, and the channel slots 
determine the number of 64 kb/s digital 
signaling zero-format channels (DSOs) that 
can be trunked. 
Example: Let the MSP be populated with a 
fully active T1 clear channel card set (i.e., 
two cards) and a single line circuit card. 
This configuration occupies 28 DTE time 
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Figure 5. System level block block diagram. 

slots; one time slot for each active 64 kb/s 
DSO in the T1 card set (24, since all are ac- 
tive) and 4 time slots for each of the four 
circuits in the line circuit card. However, 
only 24 of these circuits can be trunked over 
the satellite due to the availability of only 
24 channel slots. Any four circuits can eith- 
er be idled or assigned as local loops (for 
instance, 24 DSOs from the TI card are 
trunked and the line circuits are idled, or N 
line circuits are trunked and 24-N T1 DSOs 
are trunked and the remainder assigned as 
local loops). Figure 6 graphically illustrates 
these examples. 

In the Army's design configuration the 
MSP is populated and programmed as 
follows: 

(1) Clear channel T1 card set with one 
card active (12 DSOs active), 

( I )  Eight party additive conference 
board, 

( 1 )  Line circuit card. 

This configuration allocates 776 kb/s to 
the CSU (768 kb/s user throughput plus 8 
kb/s TI signaling overhead); 768 kb/s (12 
DSOs) are available to the user. The CSU 

can support any three of the high data rate 
experiments at the same time. The MSP 
conference board and line circuit card pro- 
vide the user with another 768 kb/s of 
capacity. The Army can simultaneously 
conduct audio conferencing, utilize three 
line circuits independent of the audio con- 
ference, and perform any three of the high 
data rate experiments. 

The four port CSU is programmed and 
controlled from the unit's front panel dis- 
play and keypad. The MSP programming is 
accomplished through a DTMF keypad 
associated with a line circuit interface. , 

Summary 
ACTS is a declaration of the resolve of 

the United States to meet the international 
challenge in satellite communications, and 
is a blueprint for telecommunications into 
the next century. This experimental system 
will provide telecommunications capabilities 
different from those of current sateIlite and 
fiber optic systems. The four-year experi- 
ment period will furnish an opportunity for 
government agencies, industry, academia, 
and other interested parties to explore new 
technologies and applications. 
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Figure 6. Time and channel slot assignments. 

Although I've discussed in detail the Ar- High definition television (HDTV). 
my's use of the high data rate, baseband 
processing capabilities of the ACTS system, lllvestigation of weather effects on Ka- 
other experiments include: band satellite links. 

High speed data networks for linking 
Thin route voice and data services com- supercomputers. 

patible with the basic integrated services di- 
gital network (ISDN) protocols. Distance learning. 

Land mobile satellite communications. Medical imagery, data, consultation, and 
diagnostic assistance to remote locations 

Aeronautic and maritime applications. from urban medial centers. 
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The first ACTS experimenter working 
group meeting was held at the NASA Lewis 
Research Center in Cleveland, Ohio 8-9 Ju- 
ly 1992. Forty representatives from indus- 
try, universities, and other government 
agencies attended the meeting to present 
their experiment concepts. There are cur- 
rently 56 approved experimenets involving 
73 organizations. The success of the first ex- 
perimenter working group meeting repre- 
sents the commitment from these organiza- 
tions to the ACTS program. For informa- 
tion on how your organization can get in- 
volved, read the sidebar that accompanies 
this article. 

Attention Experimenters 
NASA will launch ACTS in the summer 

of 1993. The NASA ACTS Experiments Of- 
fice is working with industry, government, 
and academic organizations in the develop- 
ment of experiment concepts. I f  you are in- 
terested in experimenting and using the 
ACTS system, please contact Mr. Ron 
Schertler, Chief of the ACTS Experiments 
Office, at (216) 433-3527 or Ms. Joanne De- 
Vincent of Mitre at (202) 646-9177 for fur- 
ther details on opportunities and involve- 
ment in the ACTS Experiments Program. 
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PRODUCT INFORMATION 
Fluke offers guide to elect1 lrola Literature Distribution Center, 
troubleshooting Box 20924, Phoenix, Arizona 85063. 

booklet, "Electrical Troubleshoot- Ask for SG56/D, Revision 1 1. 
Fluke Multimeters," provides a 
of test techniques for troubleshoot- Spring-Loaded Needle-Point Prc 

ing electrical systems using Fluke DMMs. Pomona Electronics new Series 3 l a y  
The free 20-~age publication includes set- spring-loaded needle-point probe tips are 
tions on DMM safety and protection, basic for scanning test points on sMD and 
electrical measurements, troubleshooting high-density lead circuitry. The sharp, insu- 

V MAX recording, power measure- lated, steel needle-point tip allows 
id power factor, wiring and groun- positi lip probing of high-density 
;ine driven generators, motors and lead le under constant pressure. 

harmonics. The probe IS 1.42 mm in diameter and 89 
"Electrical Troubleshooting with Fluke mm long. 

Meters is available at Fluke authorized dis- 
tributor locations, or by contacting John 
Fluke Mfg. Co., Inc., Service Equipment 
Group, P.O. Box 9090, M/S 250-E Everett, 
Washington, 98206, (800)87-FLUKE. 

'0s 
rower MOSFET Selector Gu~ae  and Cross 
Reference Available 

Motorola announces its 'MOSO 
Power MOSFE T Selector 4 rl Cross 
Reference. The newly desigllcu r;ulJe in- 
cludes tables of the latest linear ICs avail- e probe tip can be attached to a variety 
able to drive power MOSFETs. t equipment and cable interfaces, and 

The selector guide also includes the new :cts to 0.64 mm diameter square or 
high-energy E-FETsTM, SMARTDIS- l sockets on test leads via gold-plated 
CRETETM products, surface mount devices The probes are rated at 50 volts, 1.5 
including SOT-23 and SOT-223, MOSFETs, maximum and weigh 0.66 grams. They 
isolated U.L. recognized devices and d~ailable in red or black. 
SENSEFETsTM, in addition to stanc For a free copy of Pomona's new 140- 
devices. page catalog, contact: Customer Service, 

To obtain a free copy of the TM( ITT Pomona Electronics, 1500 East Ninth 
Power MOSFET Transistor Selector Guide Street, P.O. Box 2767, Pomona, California 
and Cross Reference, call Motorola Litera- 91 769. Phone: (714) 469-2900. FAX: (7 14) 
ture Distribution at (800)441-2447, or write 629-3317. 
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Jerry Sevick, W2FMI 
32 Granville Way 

Basking Ridge, New Jersey 07920 

THE 4:l BALUN 
An in-depth look at this popular design 

he first article in this series on 
balunsl discussed the most popular 
of all baluns-the 1 : 1 balun de- 

signed to match 50 ohms unbalanced to 50 
ohms balanced. It not only gave a review of 
the history, theory, and design of these 
broadband transformers but also my view- 
point on recently published articles*-5 ad- 
vocating "new" designs using coaxial cable 
(wound around a toroid or threaded- 
through ferrite beads) as the transmission 
line. As was noted, I am in considerable dis- 
agreement with the claims advanced for 
these "new" 1 : 1 baluns. 

This article deals with the next most pop- 
ular balun-the 4: 1 balun designed to 
match 50 ohms unbalanced to 200 ohms 
balanced. I've also included the "step- 
down" balun matching 50 ohms unbalanced 
to 12.5 ohms balanced. Succeeding articles 
will describe many special baluns that have 
never been available before. Included are 
baluns with ratios of 1.5:1, 2:1, 6:1, 9:1, 
12: 1 and 16: 1.  Many of these baluns will 
match 50 ohms unbalanced to higher or 
lower balanced impedances. 

A little history 
There are really only two classic papers 

that have established the principles upon 
which the transmission line transformer (the 
balun being a subset thereof) is based. The 
first paper was by Guanella in 1944, who 
proposed the idea of coiling a transmission 
line to isolate the input from the output 
resulting in the (now-popular) current or 
choke balun.6 The second was by Ruthroff 
in 1959. His analysis of these transmission 
line transformers is the present standard.7 
Ruthroff also introduced the unun (unbal- 
anced-to-unbalanced transformer) and the 
hybrid transformer. 

Interestingly enough, Guanella and Ruth- 
roff both had different approaches to their 
1 : 1 and 4: 1 balun designs. Guanella used a 
two-conductor 1 : 1 balun design while 
Ruthroff used a three-conductor design. In- 
vestigators who followedz-5 failed to 
recognize that Ruthroff's third conductor 
(which increased the low-frequency 
response over the two-conductor balun) was 
located on a separate part of a toroidal 
core. Their comparisons were made with a 
three-conductor balun that had the third 
wire in parallel with the other two. This 
then gave rise to the term voltage balun-a 
trifilar-wound balun (an inferior design). 

But the differences between Guanella's 
ancl Ruthroff's approaches to 4: 1 baluns 
were even more striking. Guanella's tech- 
nique was to connect coiled transmission 
lines in a parallel-series arrangement, so in- 
phase voltages were summed at the high im- 
peclance side. Ruthroff obtained a 4: 1 trans- 
formation ratio by summing a direct voltage 
with a delayed voltage that traversed a 
single transmission line (in a phase-inverter 
cor1nectionl*8). His 4: 1 balun had a built-in 
high-frequency cutoff, while Guanella's 
didn't. This important difference was over- 
looked by practically everyone who followed. 

In this article, I'd like to review the two 
different approaches used by Guanella and 
Ruthroff in obtaining 4: 1 baluns. Of par- 
ticular importance are the descriptions of 
the potential drops along the lengths of the 
transmission lines (which account for the 
ohmic losses) and the low-frequency model 
of the Guanella balun. These descriptions 
were probably presented for the first time in 
the second edition of my book Trans~~zis- 
siorl Line Transforrners.8 I'll also present 
a single-core version of Guanella's 4: 1 
balun, which promises to have all of the 
properties of an efficient and broadband 
balun matching 50-ohm coaxial cable to a 
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Figure 1. Electrical models of the Guanella 4:l balun: (A) high-frequency model, (B) low-frequency model. 

floating 200-ohm balanced load. Finally, I'll 
discuss some high and low-power designs, 
and comment on other 4: 1 designs that are 
commercially available. 

The Guanella 4:l Balun 
Figures 1A and B show the high and low- 
frequency models of Guanella's method of 
connecting transmission lines in parallel-se- 
ries for obtaining a 4: 1 balun. The high-fre- 
quency model (Figure 1A) assumes that the 
choking reactances of the coiled (or beaded) 
transmission lines are sufficient to isolate 
the input from the output so only transmis- 
sion line currents are allowed to flow. This 
occurs when the reactance of windings 3-4 
and 5-6 (which are in series) is much greater 
than Rg (at least by a factor of 10).8 I f  two 
cores are used, the reactance is the sum of 
the reactances of windings 3-4 and 5-6. I f  a 
single core is used, the reactance is twice as 
large because of the mutual coupling be- 
tween the windings. The other advantage 
(besides only using one core) is that shorter 
transmission lines can be used, resulting in 
better high-frequency performance. 

As with all transmission line transform- 
ers, the objective is to have the transmission 
lines see loads equal to their characteristic 
impedances resulting in "flat lines." This 
yields the highest frequency response. Be- 
cause each transmission line in Figure 1A 
sees one-half of the load, RL, the optimum 
value of the characteristic impedance is 
RL/2. In any event, the input impedance, 
V1/I1, is simply the impedance of two iden- 
tical transmission lines connected in paral- 
lel. It then follows that the impedance 
transformation ratio is the load, RL,  divid- 
ed by the input impedance. 

Because the Guanella 4: 1 balun sums 

voltages of equal delays from identical 
transmission lines, his balun is only limited 
in high-frequency performance by the devi- 
ation of the characteristic impedance of the 
transmission lines from the optimum values 
and the parasitics not absorbed into the 
characteristic impedance of the lines. I (and 
practically everyone else) had overlooked 
the simple and important statement, "a fre- 
quency independent transformation," 
which appeared in Guanella's 1944 paper,6- 
a fact that is evidenced by the scarcity of his 
designs in the literature. Another interest- 
ing aspect of the Guanella 4: 1 balun is the 
analysis of his balun when the load is float- 
ing or grounded at different points. This 
leads to the determination of the voltage 
gradients that exist along the transmission 
lines and the various functions of which his 
4: 1 design is capable. Assuming a matched 
load or very short transmission lines result- 
ing in V2 = V 1 ,  they are: 

Floating load. With terminal 10 (which is 
at the center of RL) floating, the potential 
gradient along the top transmission line in 
Figure 1A (windings 5-6 and 7-8) is -1/2V1, 
and along the bottom transmission line 
(winding 1-2 and 3-4) it is -3/2 V l .  The volt- 
age to ground on terminal 9, V90, is - 1 /2V 1. 
Since the bottom transmission line (in Fig- 
ure 1A) has a voltage drop along its length 
three times greater than the top transmis- 
sion line, it results in three times more loss 
because losses in transmission line trans- 
formers are voltage dependent (dielectric- 
type losses).8 

Even though a single-core Guanella 4: 1 
balun maintains the voltages (stated above) 
when feeding a folded dipole (of about 200 
ohms) that has a virtual-ground potential at 
terminal 10, it still feeds equal currents to 
each side of the antenna because of the se- 
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ries-connection at its output. Furthermore, 
the choking reactance of the windings also 
prevents antenna currents from flowing on 
the outside of the coaxial cable feedline. 

Load grounded at center. When two 
cores are used and terminal I0 (the center of 
RL) is grounded, the voltage gradient along 
the top transmission line in Figure 1A is 
zero and along the bottom transmission line 
it is -V1. The voltage to  ground on terminal 
9 (V90) is also zero. In fact, the core for the 
top transmission line is not needed. It only 
acts as a mechanical support for the top 
transmission line, which now only operates 
as a delay line. Also, all of the loss now oc- 
curs in the core of the bottom transmission 
line, where a longitudinal potential gradient 
exists. Furthermore, the low-frequency re- 
sponse, as seen from Figure lR,  is now de- 
termined by the reactances of windings 1-2 
and 3-4. This means that the low-frequency 
response with a floating load is better by a 
factor of two over the case where the load is 
grounded at its center. 

The single-core case is a different matter. 
Because the potential at terminal 9 (VW) 
wants to be at -1/2V1, connecting a ground 
directly to the center of RLcauses an imbal- 
ance that renders the single-core balun un- 
usable. If the ground were placed at a point 
25 percent below terminal 8 (50 ohms from 
terminal 8 with a 200-ohm load), no differ- 
ence would be noted from a floating load. 
This condition also exists when two cores 
are used. 

Load grounded at the bottom. Probably 
the most interesting case is when the load is 

grounded at the bottom (at terminal 2). The 
4: 1 balun (with two cores) is now converted 
into a very broadband unun (unbalanced- 
to-unbalanced transformer). Since the bot- 
tom transmission line in Figure 1A has no 
potential drop along its length, it only acts 
as a delay line. The voltage to ground at ter- 
minal 9 (V9~)  is + V1 and the voltage gra- 
dient along the top transmission line is 
+ V1. This results in a voltage of 2VI across 
the load. The low-frequency response is 
now determined by the reactances of wind- 
ings 5-6 and 7-8. This is just the opposite of 
the balun case where the center of the load 
was grounded. A single-core 4: 1 Guanella 
balun can also be converted to an unun by 
adding a 1 : 1 balun (for isolation) in series.8 

The reason for claiming a very broad- 
band response for a Guanella unun (con- 
verted from his balun) is that two in-phase 
voltages are now summed at the high-impe- 
dance side. The only other competition for 
a 4: 1 unun design is that of Ruthroff's7 
where a direct voltage is summed with a de- 
layed voltage that traversed a single trans- 
mission line (and hence had a built-in, high- 
frequency cutoff). In fact, very little infor- 
mation can be found in the literature on a 
Guanella 4:1 unun. 

Photo A shows two high-power Guanella 
4: 1 baluns designed to match 50-ohm coaxi- 
al cable to loads of 200 ohms. They both 
use no. 14 H Thermaleze wire with a cover- 
ing of Teflonm tubing giving characteristic 
impedances very close to 100 ohms (the ob- 
jective). Their responses are flat from 1.5 
MHz to well beyond 30 MHz. Both can 

Photn A. Twn high-power versions of  the Guanella 4:l halun. The balun on the left uses a single care while the 
halun on the r i ~ h l  uses two cores. The connectors are nn the low-impedance sides. 
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Photo R. Two low-power versions of the Cuanella 4:l balun. The balun on the 
left uses a single core while the balun on the right uses two cores. The cnnnectors 
are on the low-impedance sides. 

easily handle the full legal limit of amateur 
radio power. 

The single-core version (on the left) has 8 
bifilar turns on each of its two transmission 
lines. The dual-core version (on the right) 
has 16 turns on each core. The wires are 
clamped together with strips of Scotch no. 
27 glass tape about every 3/4 inch. The 
cores are 2.4-inch OD ferrite toroids with a 
permeability of 250. The connectors are on 
the low-impedance sides. For ease of con- 
nection, the dual-core version has one wind- 
ing clockwise and another counter-clock- 
wise. Also, in the dual-core case, the spac- 
ing between the two cores (which is not cri- 
tical) can be as small as 1 /4 inch. 

These transformers can also be wound 
with ordinary no. 14 (solid) house wire. The 
several samples I tried yielded characteristic 
impedances close to 100 ohms (and thus 
were acceptable). The major difference is in 
the voltage-breakdown capability. Units 
wound with Teflon-sleeved no. 14 H Ther- 
maleze wire have been reported to with- 
stand 10,000 volts without breakdown! Ob- 
viously, this is beyond the capability of or- 
dinary house wire. 

Photo B shows two low-power Guanella 
4: 1 baluns designed to match 50-ohm coaxi- 
al cable to loads of 200 ohms. They both 
use no. 20 hook-up wire (solid) giving a 
characteristic impedance very close to the 
objective of 100 ohms. Their responses are 
flat from 1.5 MHz to well beyond 50 MHz. 
They are conservatively rated at 150 watts 
of continuous power and 300 watts of peak 
power. I have exposed these baluns to 500 
watts of continuous power (in a matched 

condition) for a considerable length of time 
during which they experienced virtually no 
rise in temperature. 

The single-core version (on the left) has 7 
bifilar turns on each of its two transmission 
lines while the dual-core version (on the 
right) has 14 turns on each core. The wires 
are clamped together about every 1/2 inch 
with strips of Scotch no. 27 glass tape. The 
cores are 1.25-inch OD ferrite toroids with a 
permeability of 250. The connectors are on 
the low-impedance sides. As in the previous 
case, the dual-core version has one winding 
clockwise and another counter-clockwise. 

Photo C is a step-down version of the 
Guanella 4: 1 balun. It uses two ferrite rod 
cores.3/8 inch in diameter and 3.5 inches in 
length. Their permeabilities are 125. It uses 
the schematic of Figure IA, but the genera- 
tor (which is grounded) is placed on the 
right side and the load (ungrounded) on the 
left side. This 4: 1 balun is designed to 
match 50-ohm coaxial cable (on the right 
side) to a floating load of 12.5 ohms. Each 
rod has 13.5 bifilar turns of no. 14 H Ther- 
maleze wire. Again, for ease of connection, 
one rod is wound clockwise and the other, 
counter-clockwise. The response is flat from 
1.5 MHz to well over 30 MHz. This balun is 
fully capable of handling the legal limit of 
amateur radio power. Also, the connector is 
on the high-impedance (50 ohms) side. 

It should be mentioned again that the 
three dual-core baluns mentioned here also 
make excellent broadband ununs. They only 
sacrifice a little in low-frequency response. 
But because of their conservative designs, 
they can still handle the 160-meter band. 
Furthermore, all of the components (as kits 
or completed units) are readily available.* 

The Ruthroff 4: 1 balun 
Figure 2 shows the high and low-frequen- 

cy models of Ruthroff's approach for a 4: 1 
balun. The high-frequency model (Figure 
2A) assumes that the choking reactance of 
the coiled (or beaded) transmission line is 
sufficient to isolate the input from the out- 
put in such a way that only transmission 
line currents are allowed to flow. This oc- 
curs when the reactance of winding 3-4 (or 
1-2 since they are the same) is much greater 
than R, (at least by a factor of ten).R 

As you can see in Figure 2A, the trans- 
mission line is connected in a phase-inverter 
function.1.s That is, a -V1 voltage gradient 
now exists along the length of the transmis- 
sion line. Therefore, the voltage across RL 

'Anildon 4\%oc1atcr. Inr . ??I6 1-arl Ci ladu~r l  Slrccl. I)om~npucz H1115. 
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now becomes VI + V2. Although Ruthroff 
analyzed his 4: 1 unun in his classic paper,7 
his results also apply to his balun because 
both devices sum a direct voltage with a de- 
layed voltage. In essence, he used loop 
equations on the input and output and 
transmission line equations to eliminate one 
set of variables (I2 and V2). He also used a 
maxima technique (setting a derivative to  
zero) to solve for the optimum characterist- 
ic impedance of the transmission line. As in 
the Guanella case, he found the optimum 
value to be 1 /2RL. 

An inspection of Figure 2A shows that 
the left side of RL (terminal 3) has a direct 
voltage, VI, to  ground and the right side 
(terminal 2) a delayed voltage, -V2, to 
ground which traveled the length of the 
transmission line. You can also see, that if 
the line is electrically one-half wavelength 
long, the output is zero. Therefore, Ruth- 
roff's design (which has a built-in cutoff) is 
sensitive to the transmission line length. 

I have recently found another interesting 
aspect of Ruthroff's design.8 If the center 
of the load is grounded, the high-frequency 
performance is vastly improved. The built- 
in high-frequency cutoff is eliminated be- 
cause the balun now takes on the character 
of a Guanella balun which sums voltages of 
equal delays. Therefore, with a load that is 
center-tapped-to-ground, Ruthroff's designs 
could be the 4: 1 balun of choice. 

Photo D shows a high-power (on the left) 
and a low-power (on the right) version of 
Ruthroff's 4: 1 balun. The high-power balun 
has 16 bifilar turns of no. 14 H Thermaleze 
wire on a 2.4-inch OD ferrite toroid with a 
permeability of 250. The wires are also cov- 
ered with Teflon tubing giving the optimum 
characteristic impedance of 100 ohms. With 
the load floating, the response is flat from 

Photo C. A dual-core (rods) 4:l Guanella step-down 
balun designed to match 50-ohm coaxial cable to a 
floating load of 12.5 ohms. The connector is on the 
50 ohm, unbalanced side. 

1.5 to 15 MHz. With the load center- 
tapped-to-ground, it's flat from 1.5 to over 
50 MHz! This balun can easily handle the 
full legal limit of amateur radio power. 

The low-power balun has 14 bifilar turns 
of no. 20 hook-up wire (solid) on a 
1.25-inch OD ferrite toroid with a 
permeability of 250. When the load is 
floating, the response is flat from 1.5 to 
about 2 1 MHz. When the load is center- 
tapped-to-ground, it's flat from 1.5 to over 
50 MHz! This small balun is conservatively 
rated at 150 watts of continuous power and 
300 watts of peak power. 

Figure 2. Electrical models of the Ruthrnff 4:l balun: (A) high-frequency. (B) low-frequency. 
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Photo D. High-power (left) and low-power (right) versions of RuthrofC's 4:l baluns. The connectors are on the 
low-impedance sides. 

Photo E. A typical 4:l rod-type voltage balun (HI-Q). 

Comparisons with other baluns 

After completing the study on 4: 1 baluns, 
I thought it would be interesting to  char- 
acterize other baluns that are commercially 
available o r  that have been recently de- 
scribed in the amateur radio literature. My 
findings are as follows: 

The 4:l rod-type Ruthroff balun. Photo 
E shows the typical rod-type 4: 1 balun, 
which has been practically the only one 
available over the past two to  three decades. 
The balun in the photograph happens to  be 
the HI-Q Balun. It is the Ruthroff design 
(now called a voltage balunz) with 10 bifilar 
turns of no. 14 wire on  a 1/2-inch diameter 
rod 2 inches in length. In terminating this 
balun with 200 ohms, I found the useful 
range to  be only from 7 to 15 MHz. Below 
7 MHz, the input impedance showed a con- 
siderable inductive component indicating 
autotransformer action and flux in the core 
(which could be harmful). Above 15 MHz, 

the transformation ratio increased and be- 
came complex. I found the optimum imped- 
ance level when matching 100 ohms to  25 
ohms (indicating a characteristic impedance 
of the windings of only 50 ohms). The use- 
ful frequency range at this impedance level 
increased to  3.5 to  30 MHz. 

When matching 50-ohm coaxial cable to  a 
20-meter folded dipole at  a height of 0.17 
wavelengths (resulting in a resonant input 
impedance of 200 ohms), I found the 
VSWR curve was indistinguishable from 
that of the best Guanella 4: 1 (current 
balun2) baluns. This balun also presented 
no difficulty in handling the full power 
limit. But, as was mentioned in the first ar- 
ticle in this series,' the rod-type balun has 
the following disadvantages: 1) It uses the 
Ruthroff design that is not recommended 
with a floating load; 2) it uses a rod core 
with only 10 bifilar turns, which gives insuf- 
ficient choking at the lower frequencies (80 
and 160 meters) to  prevent harmful core 



flux (and saturation); and 3) it is susceptible 
to voltage breakdown. This type of balun is 
certainly not recommended. 

4:l current baluns. I also characterized 
several so-called current baluns,2 that have 
recently appeared on the market. These are 
my findings: 

They are the dual-core (toroids) version 
of the Guanella balun that sums voltages of 
equal delays. 

The electrical performances of these 
baluns are vastly superior to the rod-type 
balun described earlier. 

These baluns should meet their electri- 
cal and power-rating specifications. 

The only criticism is that they could 
have more of a safety margin at the low-fre- 
quency end where excessive core flux (due 
to higher than expected impedances) could 
take place. I recommend more inductance 
in the windings. 

The beaded-coax 4:l balun. A recent de- 
sign in an amateur radio journal3 advocated 
using beaded coaxial cable (of 100 ohms) in 
a 4: 1 Guanella design. Various claims were 
advanced for this "new" approach. I con- 
structed one of these baluns using no. 14 
wire with Teflon sleeving resulting in the re- 
quired 100-ohm characteristic impedance. 
Here are my findings: 

The excellent electrical performance of 
this balun verified my analysis (expressed 
earlier) with the high and low-frequency 
models and the subsequent voltage gradi- 
ents. In fact, the high-frequency perform- 
ance exceeded the capability of my simple 
test equipment.8 

The major disadvantage is in efficiency. 
Because high-permeability (2500) beads are 
required in order to obtain the required 
choking reactance in the HF band, this 
balun had considerably more loss than 
coiled-type baluns using low-permeability 
(less than 300) ferrite toroids." soak-test8 

(transformers connected back-to-back and 
about 500 watts applied into a dummy load) 
with the dual-core low-power unit in Photo 
B showed that the smaller balun ran consid- 
erably cooler! The beaded transmission line 
technique is only recommended for baluns 
(and ununs) in the higher-frequency bands. 

And finally, other conclusions from this 
study which warrant repeating are: 

With sufficient choking, the major loss 
(ohmic) is voltage dependent. Therefore, 
even well-designed 4: 1 baluns can be very 
lossy when mismatched with high-im- 
pedance loads that present high voltage 
gradients. 

From an over-all standpoint, the dual- 
core 4: 1 Guanella design is the bdun of 
choice. It can provide the largest safety 
margin at the low-frequency end (against 
flux in the core) and is the least susceptible 
to mismatched and unbalanced loads. 

The single-core Guanella 4: 1 balun mat- 
ching into a floating load and the Ruthroff 
4: 1 balun matching into a center-tapped-to- 
ground load look very interesting. They also 
have the advantage of using only one core. 

The 4: 1 Guanella balun can easily be 
converted into an unun with the broadest 
possible bandwidth. rn 
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PRODUCT INFORMATION 
High-Speed CMOS ICs Available 

Philips ECG has added high-speed 
CMOS 1Cs to its semiconductor line. The 
line now includes 61 of the most popular 
HCMOS logic types. 

The 74HC and 74HCT device families are 
part of the ECG@ Replacement Semicon- 
ductors product line, which contains over 
4,000 distinct solid-state devices. The 74HC 
series is used in buffered, high-speed CMOS 
applications; the 74HCT series is used in 
TTL input-compatible applications, as well 
as for TTL and CMOS interface. 
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THE EXJAY 
Resonant mult i-band antenna system 

A lthough an H F  enthusiast, I have 
never regarded beam antennas a 
realistic possibility for normal sub- 

urban reasons. Equally, family and career 
commitments have caused patchy activity 
over the first twenty-odd years of my li- 
censed existence. 

However, 1989 was a high spot of activity 
with sunspots peaking, work load under 
control, and children as partially indepen- 
dent teenagers. Some time for radio was 
thus a distinct possibility. The antenna sys- 
tem which had evolved over a decade com- 
prised two delta loops (see later) strung in 
series by a traditional method from a chim- 
ney to a distant tree and fed with tuned 
feeders so that, by phasing, a degree of elec- 
tronic rotation was possible. 

My opinion was that it was quite competi- 
tive, but certainly it is difficult to describe 
(hence replicate!). The loops, however, con- 
tained the gem of the ideas outlined below. 

Then-from a radio point of view-dis- 
aster struck. The family vote was to move 
QTH to another suburban location! This 
clearly would involve the "education" of new 
neighbors and I would have to start with 
simpler arrays than previously in use. This 
approach also made sense as I wanted to be 
up and running as soon as possible after the 
move, so as not to miss the sunspot peak. 
Also little extra time would be available in the 
light of the painting, digging drilling, etc. re- 
quired at the new idyllic family home. 

What was required was a three-band HF 
antenna with general all round coverage. A 
commercial ground plane was quickly fitted 
to the chimney and commissioned. Equally 

Figure 1. Basic configuration for 14 and 21 MHz. 
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quickly a TVI problem appeared on a rather 
sensitive setup next door. It proved necessary 
to move to horizontal polarization, and a half 
size GSRV was utilized. The TVI was now 
gone and G3VKJ was free to operate, but in 
comparison with the ground plane, signals 
were significantly down-particularly on 21 
MHz. I decided to try something different. 

The first attempt-or, 
How things didn't work 
the first time. 

Fortunately, my junkbox always has 
plenty of slotted 300-ohm twin feeder in it, 
due to a history of antenna experimenting. 
This was used for all experiments, but any 
twin cable of suitable strength can be used. 
It was decided to try a 3X/2 for 21 MHz in 
parallel with a X/2 dipole from 14 MHz and 
then try to get 28 MHz going with "stop- 
ping stubs." The general arrangement is 
shown in Figure 1. 

This worked fine on 14 and 21 MHz, but 
with no amount of adjustment could I get 
this arrangement to resonate on 28 MHz. 

The second attempt-or, 
the discovery, 

The arrangement shown in Figure 1 im- 
plies that two sections of the twin feeder 
had been cut away. This, in fact, was not 
the case, and by a quirk of lazy serendipity, 
I had left the wire isolated between the 
14-MHz dipole and the 28-MHz stubs. In 
frustration, these 28-MHz X/4 lengths were 
connected to  the 21-MHz 3X/2 at the ends 
of the 14-MHz dipole and-bingo!-28 
MHz resonated. The design at this stage ap- 
peared as in Figure 2. 

The analysis-or, 
Why did it work? 

Although I had never seen any such ar- 



Frequency SWR 

14.0 1.9: 1 
14.15 1.4:l 
14.3 1.9: 1 
21 .O 1.4:l 
21.15 1 .O: 1 
21.3 1.6: 1 
28.0 1.1:l 
28.15 1.1:l 
28.3 1.2:1 
28.45 1.2: 1 
28.6 1.3:l 

i A 

8.5 ft. 

Figure 2. Stubs added for 28 M H z  operation. 

Table 1. Final dimensions and SWR performance fig- 
ures for the three-band horizontally polarized anten- 
na shown in Figure 3. Figure 3. Dimensions shown give low SWR on three bands. 

rangement published before, the 28-MHz 
operation appeared intuitively obvious. 
When several X/2 dipoles are connected to- 
gether onto a common feeder, the dipole for 
a selected band takes the power because it is 
fed from a low impedance current antinode 
into a resonant X/4. The 8.5-foot stub on 
the 21-MHz antenna provided a stub for 28- 
MHz operation at exactly an equivalent low 
impedance position, assuming the center 
feedpoint position to be a current antinode. 

If this theory was correct, X/4 stubs for 
any band could be positioned at the appro- 
priate current antinode position on a wire 
and resonance would occur. It was decided 
to try this out. 

Performance-or, Did i t  
really work? 

Having got the antenna resonant and in 
the air at 20 feet, some considerable time 
was spent listening, comparing the new an- 
tenria performance to the ground plane. 
Very little difference was noted in any direc- 
tion or on any band with the slight differ- 
ence illustrating the six peaks of the 3/2X 
radiation pattern shown in Figure 4, so the 
first objective of all round performance on 
three bands with horizontal polarization has 
been achieved. 

Now came the time to use the antenna in 
anger-after all, the original objective had 

The third attempt-or, 
When things really worked out. 

Just to remind ourselves, what was really 
needed was a three-band horizontally polar- 
ized antenna offering all round coverage. I 
decided that a 3/21 pattern mounted 
east/west (my only option) would be my 
best compromise. 

Using the new-found technique, the 
three-band version shown in Figure 3 was 
erected. The ends of the 21 and 28-MHz di- 
poles were turned down as shown for three 
reasons. First this facilitated tuning of the 
ends to bring each band to resonance. Sec- 
ond, separating the voltage node from ad- 
jacent wires reduced capacitive detuning. 
Finally, for 28-MHz, these turn downs al- 
low the 21-MHz A/4 to be connected at the 
right position. 

After some time adjusting the 3/21 lengths 
for each band, the final dimer~sions (shown 
together with SWR performance in Table 1) 
were achieved. The SWR was no surprise 
considering 3/21 center fed has an input im- 
pedance a little above the 50-watt feed. Figure 4. Radiation pattern with the antenna horizontally polarized. 
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Figure 5. Conversion to form a three-band double extended zepp. 

. . .  .. , .. .. baclc the center to give a norrn/sourn raala- 
tion pattern with a theoretical gain of 3 dB. 
Figure 5 shows the general arrangement and 
Figure 6 the theoretical radiation pattern. 

To bring the antenna to resonance the 
ends had to lengthened slightly as shown, 
but the SWR improved to 1.1: 1 on 14 MHz, 
1.2: 1 on 21 MHz, and 1.1 : 1 on 28 MHz. 
More importantly, the radiation pattern 
sharpened north/south, as predicted, when 
compared to the ground plane. 

A n  irl-9 nnt ; m n l ~ r n ~ n t ~ r l  at  C'.?VXT w a r  

to mechanize the change from 3/21 to dou- 
ble extended zepp format by the use of 
pulleys, as shown in Figure 7, so that the ra- 
diation pattern could be changed at will. 
However, my shack is not at the center! 

Another version I tried briefly was a loop 
version comprising a delta loop on 14 MHz 
and folded 3/21 for 21 and 28 MHz. (The 

Figure 6. Theoretical radiation pattern for the above 
antenna. 

been to get going quickly and simply at the 
new QTH. In the six months from Decem- 
ber 1989 to May 1990, the antenna was used 
with 100 watts of CW and 250 watts PEP of 
SSB. A "shout list" is not the best way of 
illustrating an antenna performance, but for 
illustration, the following half-dozen pre- 
fixes worked on each band is given: 

14 MHz: KHSJ, XU8, T32, FW, 3YS,ZD7 
21 MHz: ISO, 7 0 1 ,  JD1, 3W, V85, 3D2 Conway 
28 MHz: STO, ZZO Trindade, ZS8, VR6, FHS, XW8 

These results compared very well with 
other wire antennas used previously, as 
these were all new countries for me. 

Development- -or, What else 
can be done with that idea? 

It was noticed that the 14-MHz length 
was a little shorter than expected, and the 
28 MHz a little longer. I decided it was 
therefore possible to create a 2 x 5/8X 
three-band double extended zepp by folding 

arrangement had been used successfully at 
my original location.) The arrangement is 
shown in Figure 8, together with the current 
distributions for the 3/21 version. This was 
a little unsightly by my required standards 
and was quickly replaced. 

The eight bander-or, 
the ultimafe? 

Before starting to explain it should be 
noted that my garden is not long enough to 
accommodate this antenna, so dimensions 
reflect a "bent end" version of this arrange- 
ment. Others experimenting with a straight 
antenna in the clear will, no doubt, have to 
adjust dimensions. 

After experimenting with independent 
wires, the relationships shown in Table 2 
were developed. 

It can be easily seen that on bands marked 
with the same letters, a single wire will res- 
onate on both bands. For instance, note A 
shows a length which resonates at 3.6 MHz 
and 18.1 MHz. Length B was selected to 
support the system as the end effects short- 
ened the length a bit. From this, the eight- 



Frequency Length Notes 
MHz X Feet 
3.6 1/2 131.2 A 

18.1 5/2 134.8 A 
10.1 3/2 134.9 B Corrected length 

for end insulators 
24.9 7/2 133.8 B Corrected length 

for end insulators 
28.3 7/2 121.0 C 
14.1 3/2 103.3 D 
7.05 1/2 67.0 E 

21.1 3/2 69.0 E 
I 

Table 2. Relationships developed as a result of exper- 
imentation with independent wires. (See text for ex- 
planation of  notes.) 

band antenna shown in Figure 9 was built. 
The overlap shown at * in Figure 9 was 

made by threading an additional third wire 
through the slotted 300-ohm feeder. This 
stub provides the 18-MHz X/4, while the 
overall length including the stub is the 
3.5-MHz antenna. 

The antenna exhibited an SWR of 2.5:1 
or better on all eight bands (after some 
trimming). I am confident that in a straight- 
forward environment a better result would 
be achieved, but I returned to the three- 
band version which fits the garden. 

Conclusion-or, Was it  really 
a good  idea? 

I have not seen the simple use of X/4 
stubs in my thirty years of amateur radio, 
but little is new under the sun, so maybe it 
has been used before. It seems to work well 
in a number of antenna applications and 
hence, no doubt, it can be used by others to 
help in multi-banding where required. From 
my point of view, the basic three-band HF 
variant has been reinstated and continues to 
serve me well. 

Many multi-band dipole antennas have 
been proposed over the years. What is dif- 
ferent about this technique is that the anten- 
na is truly resonant on each band. This is 
achieved without the use of traps (which in- 
troduce losses) and provided correct match- 
ing to coax feeder reducing other losses. 

I I 
I I 

I 

1 PULL ROPE 

Figure 7. Suggested mechanical arrangement to change characteristics. 

Figure 8. Loop version of the antenna uses a 28-MHz 
trap. 

When correctly adjusted, the antenna can 
be directly connected to rigs with solid-state 
power amplifiers. 

At G3VXJ there are other criteria. The 
three-band antenna was an important part 
of solving a TVI problem while at the same 
time providing horizontal polarization and 
good all round coverage. 

13robably equally important is that it is 
"scenic" in the suburban environment. 
Three-hundred ohm twin feeder shows little 
more than a single wire at 30 feet, and the 
turned down ends are equally minimal in 
their visual impact. In particular, no ad- 
verse comments have been received from 
the new neighbors. 

*4.8f  t q  1- r'"" 
k 8  ft. 17.4 ft-34.9 f t . 3 0 . 5  ft.--+ F13.8 f t . y f t l  p3 .3 f t .  

- - - - - + 1 

Figure 9. Final dimensions of the eight-band version. 
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LONG-PATH 
PROPAGATION 

Background, introduction, and 
details of the study 

A side from the inherent curiosity 
bred by "long path" (LP), it has 
provided determined DXers on the 

West Coast with those rare Middle Eastern 
zones that are so elusive when working with 
just short-path propagation. I wonder how 
many of us who are interested in long path 
have thought about how it really works and 
may vary within a year or even a solar cy- 
cle. I started pondering those questions a 
while back and finally decided to work out 
answers as best I could, on the air and with 
my computer. I t  took almost twelve months 
on the 20-meter CW band working nothing 
but long path and performing some com- 
puter exercises. 

This is a condensation of the details of 
my year-long study of long-path propaga- 
tion from the northwest corner of the Unit- 
ed States. During this time, from April 1 ,  
1991 to March 21, 1992, 1 made almost 
1,700 long-path contacts on the 14-MHz 
CW band in the early morning hours. 

I analyzed these long-path contacts by 
groups according to the level of geomagnet- 
ic disturbance and the season in which they 
were made-either spring/summer or 
fall/winter, when the sun was above or 
below the equator. The data show the time 
distribution of long-path contacts and how 
their frequency of occurrence was affected 
by geomagnetic activity during months 55 
to 67 in Solar Cycle 22. 

When making LP contacts, I used a Ten- 
Tec Corsair as my transceiver, a linear am- 
plifier running about 200 to 250 watts out- 
put, and a generic 3-element tri-band Yagi 
at 38 feet above ground. All this amounts to 
a midscale DXer's setup. However, my 
QTH is a bit different in that it's located on 
an island-truly a low-noise site! 

At the same time I was operating, I was 
collecting all the solar and geophysical data 
that NOAA and others had to offer; infor- 
mation I'd need to interpret the results. Us- 
ing my computer to work out regression 
analyses and various details like distance, 
heading, and paths to DX stations, I think 
I've pulled the various aspects of long-path 
propagation into a coherent whole. In what 
follows, I'll summarize my own experience 
and suggest some guidelines for others to 
use in working with this fascinating mode. 

Some details of the study 
In dealing with LP propagation, it's nec- 

essary to discuss details of the great-circle 
paths, some solar astronomy, and invoke 
properties of ionospheric charts-those crit- 
ical frequency maps for FoF2 used in the 
past. Let's take the matter of the great-cir- 
cle paths first, followed by solar astronomy. 
After that, we'll take a closer look at 
geomagnetic indices. 

To begin, note that at my QTH (48.5 N, 
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122.6 W) in the northwest corner of 
Washington, one looks southward to  work 
LP into Africa and beyond. For the time 
period mentioned, about 1200 to 1500 
UTC, I made contacts with 4S7s, VU2s, 
and 3B9s in the spring/summer season by 
pointing the beams somewhat east of south 
toward the sunlit hemisphere. I contacted 
the rest of that southerly region, from Mau- 
ritius (3B8) to  Capetown (ZSl), by pointing 
the beam west of south toward the dark 
hemisphere. Note that there are seasonal ef- 
fects here-especially for the 4S7s, VU2s. 
and the 3B8s-which 1'11 discuss later. 

For those areas where amateur operators 
are most active, say in the African region as 
well as off into the Indian Ocean and to- 
ward Southern Asia, one can calculate the 
beam headings and distances, all in excess 
of 20,000 km, for each DX site. One can 
even calculate details of the great-circle 
paths to the locations, including the dis- 
tance of closest approach to the southern 
geographic and geomagnetic poles. 

As the seasons change, illumination along 
the paths will also change, affecting signal 
strength. This is a slow steady process, but 
H F  propagation can often be disrupted sud- 
denly, frequently without warning, by 
disturbances of solar origin. Thus, there's 
also a question as to whether signals follow- 
ing those great circle paths will be adversely 
affected if they enter the far reaches of the 
Southern Hemisphere. 

The experienced DXer knows the evils of 
which I speak: magnetic storms, auroral ab- 
sorption (AA), and polar cap absorption 
(PCA) events. They take their toll on HF 
signals without regard to hemisphere, but 
not always equally. So the next task is to ex- 
plore those possibilities as well, finding how 
close the great-circle paths come to the 
southern magnetic pole (78.98 S, 109.1 E) 
before turning northward again toward Af- 
rica, the Indian Ocean, or Europe. 

For this discussion, paths were categor- 
ized as being sub-auroral in latitude, in the 
auroral zone, or into the polar plateau-ac- 
cording to their maximum southerly excur- 
sion. The dividing lines are taken as below 
60 degrees southern geomagnetic latitude 
for sub-auroral (Sub-AZ) paths, from 60 to 
70 degrees for auroral zone (AZ) paths, and 
finally from 70 to 90 degrees southern geo- 
magnetic latitude for (Polar) paths into the 
geomagnetic polar plateau. This is a natural 
separation for paths as auroral absorption 
(AA) events occur largely in the 60 to 70-de- 
gree range and polar cap absorption (PCA) 
events affect H F  propagation paths which 
go across the polar plateau. 

Antipodal considerations 
I should proceed by presenting more of 

the results, but I'd like to digress to  make 
an interesting point. In particular, great-cir- 
cle paths are the locus of intersections of 
planes which pass through the center of the 
earth. For a particular point of reference, 
say my QTH at 48.5 N, 122.6 W here in 
Northwest Washington, all great circles that 
pass through this location also pass through 
its antipodal point located diametrically op- 
posite my QTH at 48.5 S, 57.4 E. Indeed, 
one can think of all the great circles through 
my location, no matter what their heading, 
as having a common diameter on the line 
joining my QTH and its antipodal point. 

So what's so special about antipodal 
points? Well, Crozet Island (FT4W) is close 
to being antipodal to my QTH! Its coordi- 
nates are 46.4 S, 51.9 E-only 465 km from 
my antipodal point. In essence, all the 
great-circle paths from my location pass 
close to that location. Put another way, 
Crozet Island is close to being along all the 
paths toward my QTH for signals from all 
the other stations in the long-path directions 
I'm interested in! 

This alone put Crozet Island in a special 
category, but it was also important because 
of the near-constant activity of Jean, 
FT4WC, during the spring/summer season. 
In The DX Bulletin, Jean was listed as one 
of the "Resident Amateurs on Regularly" 
and, being near the focus of the paths to my 
QTH, he served as a beacon for me. More 
important, it has been suggested that anti- 
podal focusing is involved in LP contacts- 
so I examined contacts in the same manner 
as other contacts over larger areas, say Afri- 
ca, the Indian Ocean, and Europe. 

In a more general sense, the azimuthal 
equidistant map in Figure 1 can be used to 
distinguish between the categories of paths. 
Thus for this QTH, great-circle paths that 
go across the polar plateau are found at 
headings between 158 and 23 1 degrees east 
of south, and between 231 and 254 degrees 
west of south. Finally, paths with headings 
less than 135 or more than 254 fall in the 
sub-auroral zone category. 

And some solar astronomy 
We all know the sun creates the ionosphere 

and that there are seasons for the ionospheric 
layer, as well as for the neutral atmosphere, 
depending on whether the subpolar point is 
above or  below the equator. In presenting 
the results of the LP study, 1'11 consider 
only two seasonal divisions-spring/sum- 
mer and fall/winter. These divisions have a 
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Figure 1. Azimuthal equidistant map showing path categories. 

bearing on regions of ionospheric absorp- 
tion in the D region as well as the details of 
the critical frequency maps for FoF2. To 
proceed, let's start with the gray line-a 
region of twilight along the terminator. 

The gray line has enjoyed a prominent 
role in long-path discussions. One can ex- 
plore that role in detail using the GEO- 
CLOCK program or, more simply, by using 

the plastic slides of The DX Edge. I pre- 
pared Figures 2 and 3 from The DX Edge 
using the months of June and December, 
respectively, choosing times corresponding 
to those when the mean monthly terminator 
or gray line passed close to my QTH. 

As Figure 2 indicates, paths to India and 
Sri Lanka are close to the gray line around 
1230 UTC in June, and it's not surprising 

* S 
AURORAL 

ZONE * S  

POLAR 
PLATEAU 

JUNE 0400 P S T  

Figure 2. Gray line for June, as shown by The DX Edge. 
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that I was able to contact both 4S7s and 
VU2s regularly at the outset of an LP ses- 
sion during the early months of the LP 
study. Those contacts were consistent with 
what might be called "conventional 
wisdom," the path being sheltered from 
solar illumination by its location in the 
twilight along the gray line. 

However, there were differences with sea- 
sons of the year and levels of geomagnetic 
activity. While the seasonal effects were 
gradual, the changes weren't small or sub- 
tle, and were quite evident when you look at 
the times when LP DX was coming in and 
consider the prefixes heard on the band. 
Geomagnetic activity, however, was 
sporadic in time, varied markedly in degree, 
and had an effect on the ionospheric 
conditions. 

The main change with seasons was that 
stations in the Indian Ocean area, say in Sri 
Lanka and India, were no longer heard 
when the Southern Hemisphere went into its 
summer season. This was the result of in- 
creasing ionospheric absorption as their 
long paths to my location became more il- 
luminated. Thus, paths that went off into 
the east from here, toward the sunlit 
hemisphere, soon became ineffective as the 
summer season progressed in the Southern 
Hemisphere. 

That same shift of the subsolar point re- 
sulted in the winter season in the Northern 
Hemisphere, and had another effect on LP 
signals that went to the west from this 
QTH. In particular, for signals to and from 
Europe, the shift in seasons actually re- 
duced the illumination on the portions of 

the paths over Europe. As a result, more of 
Europe was open and those contacts on LP 
became much more frequent. Figure 3 il- 
lustrates December sunlight conditions. 

All in all, the loss of the signals from the 
Indian Ocean area, as well as the ap- 
pearance of more European signals, had the 
effect of shifting the time distribution of LP 
contacts toward later hours. This result was 
quite striking, as seen in Figure 4 where the 
time distribution of contacts for the two 
seasons are displayed in 15-minute intervals. 
That shift also involved a change in the calls 
contacted, from those in Eastern Europe to 
those in Western Europe. Part of the shift is 
sociological in origin, having to do with the 
difference in time of the end of a work day. 

Geomagnetic indices 
From the standpoint of principle, it 

would be more desirable to use indices from 
the Am network, with its extended distribu- 
tion of magnetometers, in examining mag- 
netic disturbances of LP propagation. As a 
practical matter, however, the application 
of those results would be difficult to bring 
down to the level of everyday operations. 
Part of this is due to the fact that the Am 
network isn't well known outside the tight 
circle of professional geomagneticians. Fur- 
ther, even though it is prepared under the 
auspices of IAGA by the Institut de Physi- 
que du Globe in Paris, the assembly and 
analysis of data takes a good deal of time. 
As a result, the tables for the Km, Am in- 
dices reach NOAA about 2 to 3 months 
after data collection is completed. 

* S  

DECEMBER 0700 PST 

Figure 3. Gray line for December, as shown by The DX Edge. 
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Figure 4. Time distribution of long-path contacts. 

On the other hand, the Ap index is better 
known and Ap estimates are forecast three 
days in advance on the NOAA BBS-a dis- 
tinct advantage to the DXer. With a strong 
statistical correlation between Ap and Am, 
one can use the Ap index with confidence. 
Thus, if the DXer has a sense of the Ap 
values that will support propagation, it 
should be possible to adopt a plan of opera- 
tion, be it for contesting or DXing, that 
takes into consideration possible changes in 
conditions. 

With those remarks, I'll conclude my dis- 
cussion of geomagnetic indices. From this 
point onward, I'll use only the Ap index in 
my analysis. Those who are interested in the 
question of three-hour K indices and daily 
A indices might like to read the article by 
Menvielle and Berthelier.1 It might also be 
interesting to review the other geomagnetic 
data that the NOAA BBS provides: K and 
A indices from over 20 observatories, albeit 
usually 3 to 4 days after the fact and with- 
out any sort of overall analysis or 
interpretation. 

Long-~ath propagation 
in a nutshell 

The serious DXer knows that LP is a 
dawn-dusk affair-one that is essentially 
controlled by ionospheric absorption in the 
D region. Thus, the times of any LP open- 
ing or closing are set by solar illumination 
on the extreme ends of the path. More spe- 

cifically, competing factors are: 1 )  sunrise 
on the F region in the winter hemisphere, 
which raises the MUF and opens the path, 
and 2) signal absorption in the D region on 
the morning portion that grows at a faster 
rate than the absorption decreases on the 
dusk end, ultimately closing the path. 

Any sort of geomagnetic activity that de- 
creases the ionization in the F region at re- 
fraction points along the path can only 
shorten the duration of the opening or close 
it altogether. The same is true of any solar 
event that increases the ionization in the D 
region-say a sudden burst of solar X-rays 
(SID), or the  arrival of solar protons in the 
polar cap (a PCA event). But during quiet 
conditions, the local times of LP openings 
will shift with the seasons. Openings will oc- 
cur earliest near the summer solstice and 
latest around winter solstice, starting about 
2 to 3 hours later for a path that's open 
year round, as is the case from the West 
Coast to Europe. 

Long-path openings vary in duration, 
from about 3 to 4 hours in the spring/sum- 
mer season to 1 to 2 hours in the fall/winter 
season. During the spring/summer season, 
a dawn opening is really a series of shorter 
openings that overlap in time. Here on the 
West Coast, it starts with signals from 80 
degrees East Longitude-say UJ8s, VU2s, 
or 4S7s-and then moves steadily westward 
with the sun toward stations in Central 
Europe-say UBSs, YUs, or LZs. With that 
variety of locations, some paths from the 



West Coast go off to  the east of south and 
toward the sunlit hemisphere, but are pro- 
tected by the winter darkness in the South- 
ern Hemisphere. The other paths toward 
Europe go off to the west of south into the 
dark hemisphere and depend on the level of 
solar activity for critical frequencies to sup- 
port propagation. 

During the fall/winter season, the more 
easterly stations are just not heard on LP as 
their signals have been wiped out by solar il- 
lumination on the portions of the paths in 
the southern hemisphere. The other paths, 
that went westward across a darkened iono- 
sphere in the spring/summer season, now 
come close to fitting the conditions for gray 
line propagation. As a result, the majority 
of LP  contacts during this period are with 
Europe, opening with UBSs and HAS and 
then finally closing with Fs, Gs and LAs in 
Northern Europe. 

From the standpoint of propagation, 
however, contacts with the southern por- 
tions of Africa are still possible, simply few 
in number. This is because intense after- 
noon thunderstorm activity shifts from the 
equatorial regions of Africa into the south- 
ern and eastern portions of the continent 
with the coming of their summer. 

For LP DXing from other locations, like 
the East Coast or elsewhere, the possibilities 
and problems are best examined using a 
propagation program like the new MINI- 
PROP PLUS. Of course one can cite pos- 
sibilities, say the East Coast to Australia 
and Japan, as noted in ARRL publications, 
but those are only individual cases and 
somewhat limited when it comes to variety 
of DX. More general cases, offering greater 
opportunities, are from Australia to Europe 
or Indonesia to South America. 

In any event, whatever the path, the ex- 
perience from month 55 to month 67 in So- 
lar Cycle 22 indicates that LP contacts can 
be made year-round on 14 MHz, the only 
exception being days during major magnetic 
storms. Thus, there will be days when the 
LP signal strengths are amazing and other 
days when LP signals, or ANY signals for 
that matter, are not heard. 

Between these two extremes of LP propa- 
gation, there's a moderate negative correla- 
tion ( -  0.43) with magnetic activity, at least 
on paths that go through the auroral zone. 
Thus, when the Ap index rises, LP signals 
are weaker and less numerous. Consequent- 
ly, the number of contacts one can make in 
a day will decrease. However, some LP will 
still be open; you just have to work harder 
at it. 

The problems that lead to weaker and less 
numerous L,P signals result from ionization 

changes in the auroral and polar F regions, 
when solar wind and plasma impinges on 
the outer boundary of the earth's magnetic 
field. A separate analysis of LP contacts 
during the recent spring/summer season in- 
dicates that paths which only reach sub-aur- 
oral latitudes (from Southern California to 
South Africa, for example) are more suc- 
cessful for LP propagation than the other 
paths which run more poleward, as is the 
case for the northwest. 

Given that the spring/summer season is 
the most rewarding time for working "New 
Ones," any operation on LP in the fall/ 
winter season is like weight training; it 
keeps you in shape for the upcoming DX 
season. A bit of practice busting through 
pileups won't hurt either! 

At this point in Cycle 22, the sunspot 
number is high enough that MUF consider- 
ations are important only on the higher 
bands like 21 and 28 MHz. That situation 
will gradually change as we move closer to 
the solar minimum. Long path contacts on 
14 MHz will become more spotty in time 
and LP DXing will slowly shift to 7 MHz. 
Seven-MHz LP DXing is already a "winter 
sport" with its own loyal following, but be- 
cause of the lower frequency, it's only feasi- 
ble from QTHs where the DX paths stay 
within darkness in the Southern 
Hemisphere. 

The mention of paths and their relation 
to darkness brings up another important 
point in LP DXing: one really needs a good 
atlas, The DX Edge, or better yet, a good 
propagation program like the MINIPROP 
PLUS. While The DX Edge is helpful in 
giving rough indications of the geometry in 
LP propagation, a program like MINI- 
PROP PLUS goes further and gives not on- 
ly MUF information, but also signal- 
strength data. It also shows the geometry 
for both short and long paths in relation to 
the terminator. 

With the aid of a computer and a good 
LP program, it's possible to understand 
what's on hand at any moment, and to plan 
ahead for future DXpeditions. The "back 
door" via LP can be quite effective in 
avoiding short-path QRM from stations be- 
tween you and the DX in those difficult 
zones. Additionally, all the tools mentioned 
in the preceding paragraph are essential for 
operators who wish to explore the LP pos- 
sibilities from their locations, say Australia 
to Europe or Europe to the Orient. 

As for the other tools needed to be effec- 
tive in the pursuit of LP DX, at a minimum 
they start with a good transceiver, complete 
with RIT and XIT, and a beam antenna 
(for example, a 3-element Yagi that is at 
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least a half-wavelength above ground and 
well removed from nearby objects). With 
that sort of setup, you're in business, ready 
to leap out of bed when the alarm goes off 
and start looking for LP DX. 

The LP signals you hear will have that 
"DX sound," but they are quite steady con- 
sidering they often pass through high mag- 
netic latitudes in the south. From time to 
time, however, you'll hear various forms of 
multipathing. This happens most often in 
the fall/winter season when both short and 
long-path propagation can be in effect 
simultaneously. 

Finally, we come to the marvel of the 

strength of LP signals, from more than half 
the way around the world. When you hear 
them, you can think of the challenge that 
they present to theoretical understanding. 
There are ideas of focusing and chordal 
hops to consider, but they cannot be in- 
voked willy-nilly as some sort of ionospher- 
ic structure must be involved, like that 
found with the equatorial anomaly. So pon- 
der the signals you hear and think of how 
they can be explained. It's a challenge! . 

A Bit About the Author and His Work 

Who is Bob Brown? First licensed as of the study ends Part 1 .  
W6PDN in 1937 and later as N7GDZ, Rob Part 2 covers the data obtained during 
became NM7M in 1981. He is best known the study in more detail. I t  discusses some 
for his "Propagation" column in U'orld- of the analyses, as well as factors affecting 
radio. Bob was an instructor and professor long-path propagation. The second instal- 
of physics from 1952 to 1982. During this lment also explores special topics like Gray 
time he wrote 80 papers on atmospheric and Line, Off-Great-Circle paths, and Extreme 
ionospheric physics. Long Path, and presents a detailed quanti- 

In its original form, Bob's study on long- tative summary of the data. 
path propagation covered more than 60 For those readers interested in obtaining 
pages. Consequently, I have divided the a typeset and bound copy of the full  report, 
work into two parts. This first section pre- copies are available from Rob Brown, 
sents some details about how the study was NM7M, 504 Channel View Drive. Anacor- 
done and under what conditions. A qualita- tes, Washington 98221. 
five summary covering the basic conclusions de NOAX 

P R( CT INFORMATION 
 on-L~C Gas Duster 

Philips ECG has an ozone-conserving aer- 
osol duster with easy control of gas flow. 

021 100 Jet Air Cleaner is a CFC-free, dry, 
inert, nonabrasive, nonflammable gas duster 
equipped with a human-factors engineered 
trigger valve. The product can be wed to 
remove dust, lint, oxide particles, and other 
particulate matter in applications where con- 
ventional solvents can't be employed. It is 
safe for most delicate instruments, sensitive 
equipment, memory disks, tapes, and films. 
The cleaner is available in a 12-ounce aerosol 
can, complete with trigger valve and exten- 
sion tube for difficult-to-reach areas. 

For more information on 02 1 100 
Cleaner, look for your nearest ECG 
distributor under "Electronic Equipmenr ar 
Supplies" in the telephone directory yellow 
pages or call (800) 526-9354. 
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SIMU LATOR" 
FOR 6-METER FM 
OPERATION 
Use surplus 2-way commercial 
equipment to operate on 6 meters 

S ix meters is a largely under-used 
band that provides a wide range of 
propagation capabilities. Amateur 

radio manufacturers are just starting to re- 
discover 6 meters, but equipment tends to 
be on the pricey side. Used 2-way commer- 
cial equipment is available at reasonable 
cost, but the majority is crystal controlled 
and,  as a result, has limited frequency flexi- 
bility. Also, i t  often lacks the "bells and 
whistles7' wc're accustomed to  seeing on the 
latest FM equipment. The synthesizer-sim- 
ulator is a 2-to-6 meter transverter, opti- 
mized for operation with used 2-way com- 
mercial service transceivers. The unit effec- 
tively translates your 2-meter FM equip- 
ment's capability to 6 meters. You can also 
use this approach without a commercial 
transceiver (more 011 that later). 

The Solution 
In the early days of 2-meter FM, the lack 

of frequency flexibility was circumvented by 
adding an external synthesizer. Because of 
the current proliferation of synthesized 
equipment, external synthesizers are gener- 
ally not available to help with the 6-meter 
flexibility problem. I think the synthesizer- 
simulator provides a unique solution. 

The synthesizer-simulator, used with a 
synthesized 2-meter transceiver, (see Figure 
I ) ,  provides the same drive to a crystal-con- 
trolled transmitter that an  external synth- 
esizer would have. O n  receive, the front end 
of the commercial rig is used as the RF  
stage in a converter that converts 6-meter 
signal:, to 2 meters. By using this approach, 
you obtain all the bells, whistles, and capa- 
bilities of the latest 2-meter rigs plus the 
quality of the critical RF  sections of com- 
mercial-grade equipment (that is, Motorola, 
General Electric, and RCA). The approach 
requires minimum modification of the com- 
mercial equipment. 

G o o d  used commercial 
equipment is available 

Used conlmercial 2-way rigs in operating 
condition are often available at hamfests 
(even solid-state units!). Many have simply 
been retired from service in favor of newer 
equipment. I won't address the realignment 
and tuneup of  used commercial equipment 
because this subject is beyond the scope of 
this article, but you'll find summary infor- 
mation for selecting equipment for conver- 
sion in a later section. 



Figure 1.  Synthesizer-simulatur/interface diagram. 
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When you use your 2-meter rig in conjunc- 
tion with the synthesizer-simulator, operate 
just as you normally would in the low-power 
position. Program the CTSS and repeater 
split required by the 6-meter repeaters you 
plan to use. Table 1 shows the relationship 
between the 6- and 2-meter frequencies. 

When connected to  a dual-band (144/444 
or  144/222) transceiver with cross-band re- 
peat capability, the synthesizer-simulator 
approach can also provide you with "re- 
mote-base" type operation. Since 6-meter 
HTs aren't readily available, this approach 
can add H T  accessibility to 6 meters. 
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4- Commercial 
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Figure I is a block/interface diagram of 
the synthesizer-simulator. Figure 2 is a top 
level schematic of the unit. The 2-meter rig 
is found on the left side o f  the diagrams 
shown in Figures 1 and 2. The used com- 
mercial rig, which has been realigned for 
6-meter operation, is on  the right side. In 
transmit, the signal from the 2-meter 
transmitter is mixed to  52.01 MHz. After 
bandpass amplification, it is divided by the 
factor needed to provide the required 
equivalent crystal frequency for the com- 
mercial rig's transmitter. The receive side of 
the synthesizer-simulator operates just as re- 
ceive converters normally do.  A 90-MHz lo- 
cal oscillator simplifies the frequency trans- 
lation process between 2 and 6 meters; for 
example, 52.00 MHz becomes 142.00 MHz. 
A more detailed discussion of transmit and 
receive operation, and the workings of the 
individual circuit elements, follows. 

Receive operation 
During receive, the 6-meter receive signal 

(53.01 MHz) from the 6-meter antenna is 
routed via the commercial rig's internal 
T /R  relay to the R F  amplifier. The output 
of the R F  amplifier is connected to  the 
receive side of the synthesizer-simulator T/R 
relay. From the T/R relay, the signal is con- 
nected to the DBM, where it's mixed with the 
90-MHz local oscillator injection signal, 
creating sum and difference signals at 143.01 
MHz and 36.99 MHz, respectively. These 
signals are routed to the T/R switched at- 
tenuator connected to the 2-meter rig. The 
2-meter rig rejects the 36.99-MHz signal and 
receives the 143.01-MHz signal with 
minimum attenuation. 

Transmit operation 
The 2-meter transmit signal (142.01 MHz) 

is input to the synthesizer-simulator's T/R 
switched attenuator, where it's attenuated 
by approximately 33 dB and passed to the 
DBM. The 142.01-MHz signal is mixed in 
the DBM, creating outputs of 52.01 MHz 
and 232.01 MHz. The DBM outputs are 
connected via the T /R  relay to the input of 
the bandpass amplifier, which amplifies the 
52.01-MHz signal and attenuates the 
232.01-MHz signal. The bandpass amplifier 
raises the 52.01-MHz signal to  a level suffi- 
cient to trigger the first CMOS buffer in the 
digital divider. 

The 52.01-MHz signal is divided by 6 in 
the digital divider, producing a 8.6683-MHz 
signal. This signal is routed through the 
output filter of the synthesizer-simulator to  
the modified transmit channel element of 



Table I. Typical synthesizer-simulator operation frequencies. 

the commerciaI rig, where it's processed just Detailed functional block circuit 
as an original crystal-generated signal would 
have been. This results in a commercial rig 
output on 52.01 MHz. Table 1 shows the 
typical frequencies associated with operat- 
ing the synthesizer-simulator with a 90-MHz 
local oscillator frequency. 

The 2-meter rig transmit signa. also acti- 
vates the transmit DC switch that dpplies 
+ 12 volts DC to the T / R  relay bandpass 
amplifier and output frequency divider in- 
terface. The T/R relay provides a contact 
closure for the commercial rig's PTT line to 
actuate the commercial rig's transmitter. 

operation description 
Input altenuator/RF switch (see Figure 

3). The input of the synthesizer-simulator 
consists of a quarter-wave transmission 
line/diode-switched RF  attenuator, D4-D8, 
and TTI and TT2. The quarter-wave trans- 
mission line/diode switch bypasses the at- 
tenuator during receive operation. I designed 
the attenuator using approximate resistor 
values found in The ARRL Handbook' to 
provide approximately 33 dB of attenua- 
tion. 'This reduces 2 watts of input power to 
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Figure 2. Synthesizer simulator schematic. 
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Parts List: Input Attenuator/RF Switch 

Capacitors 
All capacitors are 16 to 20-volt disc ceramic unless otherwise noted. 

Diodes 
D2-D8-1 N914 silicon 

Resistors 
All resistors are 1/4-watt carbon film unless otherwise noted. 
Transistors 
Q1 ,Q2-MPS6561 (NPN) 
Q3-MPS6563 (PNP) 

TTI,  TT2 Electrical 1/4-wavelength of 50-ohm coax at center of intended 2-meter 
transmit operating band. 

Figure 3. Input attenuator/RF switch schematic. 

the recommended maximum linear rated in- 
put of the DBM, which is 1 mW or 0 dBm. 
The attenuator input section consists of 4 
paralleled 220-ohm 1/2-watt resistors, 
R7-R10. Mount these resistors for easy ac- 
cess in case they get fried by an accidental 
application of high input power (that is, in 
case you forget to set your equipment to the 
low power position). 

The RF sensing circuit consists of a cir- 
cuit using a diode voltage doubler, D2 and 
D3, and a Darlington transistor configura- 

tion, Q1 and 4 2 .  A PNP transistor, Q3, 
acts as the Transmit B + DC switch that 
keys K1,  the PTT keying and 53-MHz 
switching relay. 

Mixer (see Figure 2). The mixer circuit 
takes advantage of the DBM's bidirectional 
performance characteristic. This allows IF 
and RF port mixing to occur in either di- 
rection, with minimum performance differ- 
ence. The DBM's ports are selected to 
match the appropriate frequency ranges of 
the circuit. The IF, or lowest frequency, 
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Figure 4. Local oscillator schematic. Except as indicated, decimal values of  capacitance are in microfarads (PI;); others are in picofarads (pF); 
resistal~ces are in ohms: k = 1.000. 

TO FILTEREO 
+lZ VOC (FIGURE 3 )  

U 1 
OUT 7805 IN f - 

REG - 

port (Pins 3 & 4) is used as the 50-MHz 
port. The LO (Pin 8) is connected to the 
"LO port" and the 2-meter side is con- 
nected to the "RF port" (Pin 1). 

Local Oscillator (see Figure 4). The 
90-MHz local oscillator circuit is taken 
from a QST article.2 I substituted Mini- 
Circuits Labs' MAR-4 MIMIC for the 
MSA-0304 specified in the article.* You can 
use the circuit's capability to "free" 

R 1 

oscillate with a 47-k resistor in place of the 
crystal and L2, to get the oscillator L1 and 
C1 components on frequency to ensure 
crystal oscillation. Use a frequency counter 
or FM broadcast receiver to check the 
operating frequency. L1 is non-critical. The 
best approach is to make a coil like that 
specified, try it, and if it doesn't give you 
the desired frequency oscillation range with 
C1, adjust its size. If you have an ap- 
propriate variable slug-tuned coil, try that. I 
used the same approach for L2, the crystal 
frequency trimming inductor. Once the 

c 1 4 ) h  4 GND R6 R8 
670 120 

112 W 
C6 

1k 0.1 C 9 C16 

AMPLIFIER 

Parts List: Local Oscillator 

Capacitors 
C1-8 to 10-pF trimmer 
C12-C15-1,000-pF feedthrough bypass 

All capacitors are 16 to 20-volt disc ceramic unless otherwise noted. 
Crystals 
Y I-90-MHz, 5th-overtone, series-resonant crystal (see text). 

Inductors 
Ll-Five turns no. 28 enamel wire, 3/16-inch ID close wound 
L2-Three turns no. 28 enamel wire, 3/16-inch ID slug-tuned coil form. 
L3-0.22-pH miniature RF choke. 
L4,LS-0. I-pH miniature RF choke. 
Integrated Circuits 
U1-5-volt, 3-terminal regulator, 7805 or equivalent 
U2-Mini-Circuits Labs MAR-4 MMIC 
Resistors 
All resistors are 14-watt carbon film unless otherwise indicated. 
Transistors 
Q1 ,Q2-2N3563 or equivalent 



TO TRANSMIT 
SWITCHED + lZVDC 

R 1 R2 
(FIGURE 3 )  

1 R4 
220k lOOk 100 - - - - - 

A-) : 1 F;o loo p0 R3 - 0 

--C7 

q 
R 5 

1.5k 

8 I F 0  %:t C 10 
0.05 

0 2  I 
2N3563 - + ' + T O  U1B 

(FIGURE 6 ) 

IK 
(FIGURE 2 )  

a1 
BOTTOM VIEW 

Parts List: Bandpass Amplifier 

Capacitors 
C1-Ceramic or  piston trimmer, 20 to  25 pF  maximum 
C2,C3-500 to 1,000-pF feedthrough, solder-in type preferred. 
C4-500 to 1,000-pF feedthrough 
C5-100 to  200-pF silver-mica or  ceramic 

Inductors 
L1 -Ten turns no. 24 enamel on  1/4-inch slug-tuned coil form 
L2,L3-Ten turns no. 28 enamel wire on 3/16-inch slug-tuned coil form 
FB-Ferrite Bead 
Transistors 
Q1-Dual-gate MOSFET such as the 3SK5 1 or  3N204 
42-2N3563 or equivalent 

Figure 5. Bandpass amplifier schematic. Except as indicated, decimal values of capacitance are in microfarads 
(IF); olhers are in picofarads (pF or IFF); resistances are in ohms: k = 1,000, M = 1,000,000. 

oscillator free-runs in the right range, 
remove the 47-k resistor and install the 
crystal and L2. Monitor the current to the 
oscillator and adjust C1 for a peak in cur- 
rent drain that indicates that oscillation is 
occurring. Adjust L2 for  on-frequency 
operation and peak C1 for maximum cur- 
rent (there is some interaction between these 
adjustments). There's a 5-section lowpass 
filter (L4, L5, C12, C13, and C14) between 
the output of the oscillator (Q1 and 4 2 )  and 
the MIMIC (U2). 

On-frequency performance is important 
not only for the obvious reasons, but also 
to obtain maximum noise rejection by the 
2-meter receiver. Six meters is considered by 
some to be the "optimal" band for suscep- 
tibility to rnanmade interference. This is one 
area where the synthesizer-simulator ap- 

proach may suffer if you plan mobile oper- 
ation. Most commercial low-band VHF 
transceivers contain receiver noise blankers. 
I have found that acceptable performance is 
obtainable on  most, but not the weakest sig- 
nals, with on-frequency operation. 

I chose a 90-MHz, 5th-overtone crystal, 
Y 1, for the oscillator, so the receive range 
for 53 to  54 MHz would convert to 143 to  
144 MHz and simplify frequency readout. 
This also minimizes the feedthrough of  
high-level 2-meter signals during receive. 

T/R Relay (see Figure 2). The only relay 
used in the synthesizer-simulator, K1, fol- 
lows the DBM. I used a relay because I 
wanted a universal interface for keying the 
comnlercial rig's push-to-talk (PTT) circuit. 
PTT circuit keying requirements aren't the 
same in all equipment. In Motorola equip- 
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Table 2. Output interface divider selection. C-Rig stands 
tion factor. 

ment, like Motracs, the P T T  operation is 
accomplished by grounding the P T T  line. In 
the RCA 700/1000 equipment series, the 
P T T  function is implemented by keying 
+ 12 volts DC to the P T T  line. Using a 
relay was one simple way to meet both re- 
quirements. I selected a Radio Shack 12 
volts DC DPDT unit (RS 275-249) and used 
the extra set of contacts to switch the 
53-MHz RF connections to  the DBM. Both 
P T T  lines are bypassed to ground with 
0.05-pF disc ceramic capacitors. The diode 
across the relay coil suppresses the relay's 
generated inductive spike. 

The receive side of the 53-MHz RF comes 
from the output of the commercial rig's RF  
amplifier circuit. In the RCA Model 1000 
that I modified, I made a small cut in the 
output circuit trace of the RF  amplifier and 
connected a small piece of coax cable from 
the amplifier output to a phono connector 
marked "receive" on the transceiver case. 

Bandpass amplifier (see Figure 5). The 52 
to 53-MHz transmit side of the relay goes to 
a bandpass amplifier consisting of Q I  and 
(22 .  1 derived the bandpass amplifier from 
the 6-meter dual-gate MOSFET preamplifi- 
er in The 1987 ARRL Handbook, substitut- 
ing a parallel-tuned circuit for the source 
100-ohm resistor in the handbook circuit. 
This stage is followed by a single-stage bi- 
polar amplifier that raises the voltage out- 

for commercial rig; X-Factor is the crystal multiplica- 

put to a level sufficient to  trigger the CMOS 
divider circuitry and provides bandpass filt- 
ering of the output of the DBM. The filter- 
ing requirement isn't severe because the sum 
of the 2-meter drive signal and the 90-MHz 
LO is 232 Mhz-sufficiently high that the 
CMOS divider circuitry won't trigger. The 
difference of the 2-meter signal and the sec- 
ond harmonic of the 90-MHz LO is typ- 
ically in the 38-MHz range. I f  this signal 
level is high enough to trigger the divider, it 
will be divided by 6, generating output at  
approximately 6.3 MHz-outside the band- 
pass of the transmit stages of the commer- 
cial rig tuned for 6-meter operation. 

Digital divider/transmitter output inter- 
face (see Figure 6). The transmitter output 
section of the synthesizer-simulator uses an  
initial divide-by-two circuit consisting of 
one half of a 74HC73 dual J-K flip-flop, 
U2a, to bring the 52 to 53-MHz output of  
the DBM into the 26 to  26.5-MHz range. 
The sections of a dual J-K flip-flop 
(74HC73, U3) are connected to select the 
correct output frequency to match the fre- 
quency/multiplier characteristics of the 
commercial rig transmitter (see Table 2 for 
typical divider selections). The divider 
shown is connected to  provide a divide-by-3 
factor. The output of the divider is fed to  
paralleled buffer stages U l c  and U l d  
(74HC00), which drive the output filter. 

U l  74HC00 
U2.  u 3  74HC73 

OUTPUT 10 
COMMERCIAL RIG 

BANDPASS A TRANSMIT CHANNEL 

Figure 6. Output digital interface. 
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Figure 7. Channel element schematics. (A) Typical unmodified Motorola-style channel element (no. TLN 1083). 
(B) Modified channel element. 

MOTOROLA # M9190 
I H E P - I  OR HEP-52) 

This output provides sufficient drive to a 
modified channel element in the commercial 
rig's transmitter. I've had good luck coupl- 
ing the synthesizer-simulator output to the 
base of the channel-element oscillator trans- 
istor via a O.OI-/LF coupling capacitor. I also 
modified the channel element by removing 
the oscillator feedback capacitor usually 
found connected between the base and emit- 
ter of the channel-element oscillator trans- 
istor, as in Reference 3. Figure 7A shows 
the schematic of a typical transmit channel 
element from Reference 3. Figure 7B shows 
how the channel element is modified to in- 
terface with the synthesizer-simulator. 

i 

Construction 
The synthesizer-simulator may be con- 

structed in sections to ease the building 
task. Use construction techniques appropri- 
ate for each individual section. My unit fits 
nicely in a 9 X 7 X 2-inch aluminum chas- 
sis. Figure 8 shows an approximate layout 
of the unit in this chassis. Descriptions of 
the construction approach used for each 

I 

-- 
II -- 

~ < 5 - 2 5  
N P O  

a 

section follow. Small diameter 50-ohm coax 
such as RG-174 (RG- 188 Teflonm prefer- 
red) is used for RF interconnection of the 
subassemblies. 

Input attenuator/RF switch. I built the 
input attenuator/DC switch on an old pc 
board that had circuit pads in most of the 
desired places for the RF components. I 
soldered terminal strips to the ground foil 
to support construction of the DC switch 
components. Mount the input attenuator re- 
sistors so you can access them easily in case 
they are damaged by an accidental applica- 
tion of high input power. 

Local oscillator. In building the local os- 
cillator, I employed a technique I've used 
for several years for RF circuits. With a 
piece of double-sided G-10 circuit board 
material as the base, I glued small pieces of 
single-sided board material cut to the size 
required for the particular pads. I used 
feedthrough bypass capacitors for bypass 
requirements. When using this approach, 
the primary DC power distribution is exe- 
cuted on the opposite side of the circuit 
board from the RF components. Grounding 
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is accomplished by soldering directly to the 
ground plane, keeping the RF circuit 
ground leads as short as possible. If a 
change is required, you can pry the desired 
pad loose and glue it in the new location. 

Bandpass amplifier. The bandpass ampli- 
fier follows the layout in The ARRL Hand- 
book. I chose this layout because the pre- 
amplifier could be used with the bipolar 
stage added per the previously mentioned 
technique using scraps of pc board material 
for pads. 

Output interface digital divider. I built 
the output interface digital divider using a 
Radio Shack number 276-891 circuit board. 
I used low-profile sockets and made the re- 
quired interconnects with jumper wires. 
Then I glued quarter-inch wide strips of 
single sided pc board rnaterial to the long 
dimension, component side edges of the 
main board. These strips are used for RF 
ground connections. I built the 5-volt regu- 
lator for the digital circuitry on a 3-terminal 
strip mounted on the input side pc board 
strip. The output lowpass filter components 
are mounted on the output side strip using 
the glued pad construction technique. 

Check-out tips 
As mentioned in the local oscillator dis- 

cussion, you can check LO operation with a 
broadcast FM radio. You can also use an 
FM broadcast receiver to monitor the out- 
put of the synthesizer-simulator in the 
transmit mode (tuned to the second har- 
monic). The synthesizer-simulator can serve 
as a receive converter with just the LO and 
DBM connected. 

Two-meter equipment 
considerations. 

Output power. The input attenuator for 
the synthesizer-simulator is designed to han- 
dle 2 to 3 watt power levels. This cor- 
responds to typical HT output levels. 
Base/mobile rigs usually have a higher low 
power setting-typically 5 watts. My Ken- 
wood 4100A originally had a 5-watt low 
power setting. I found from reviewing the 
manual that both high and low power set- 
tings of the rig were independently ad- 
justable, so I adjusted the low power output 
to approximately 2.5 watts. Before you 
change the synthesizer-simulator input at- 
tenuator to handle 5 watts, check to see i f  
the rig's power level is adjustable. 

Frequency coverage. To take advantage 
of the 90-MHz frequency local oscillator 
approach to readout translation, your 2-me- 

ter rig needs extended coverage capability. 
Coverage should extend down to 142 
Mhz-lower if you want to take advantage 
of the new lower frequency repeater sub- 
band. If your rig doesn't have this capabili- 
ty use a 93-MHz LO crystal for Y1 instead. 

Odd-offset split capability. The synthesiz- 
er-simulator doesn't have built-in transmit 
offset capability. Any receive-transmit off- 
set must come from the 2-meter rig. Be- 
cause the standard repeater offset for 6 me- 
ters is 1.0 MHz, rather than the standard 
2-meter 0.6-MHz offset, you'll need to op- 
erate the 2-meter rig in a nonstandard or 
odd offset split mode to access the typical 
6-meter repeater. This shouldn't be a prob- 
lem because many manufacturers now pro- 
vide 2-meter rigs that can handle an odd 
offset on every channel. Even some of the 
earliest synthesized equipment could handle 
odd offsets. 

Interfacing the synthesizer- 
simulator to commercial 
equipment 

Transmitter interfacing. To interface the 
synthesizer-simulator to the commercial 
equipment transmitter, you must select the 
synthesizer-simulator's divide ratio and con- 
nect the divider's output to the transmitter. 
Depending on the type of commercial 
equipment you use, it may also be necessary 
to make adjustments in the deviatiodmic- 
rophone/CTCSS sections. As a final step, 
connect the synthesizer-simulator to the 
commercial equipment's PTT circuit. 

Output divide ratio. Make sure the divide 
ratio of the synthesizer-simulator's output 
divide circuitry matches the frequency range 
of the original crystal oscillator operation. 
My RCA Model- 1000 uses a channel-ele- 
ment crystal of 8.718333 MHz for 
52.3 1-MHz transmit operation (which 
means the transmitter has a multiplication 
factor of 6). This means that my synthesizer- 
simulator output divide circuitry must also 
be connected provide a 8.718333-MHz out- 
put when the transmit input signal to the 
unit is 52.3 1 + 90 MHz (see Table 1 for 
typical frequency values). In this example, 
the output divide ratio is 3. Table 2 lists 
output interface divide ratios. 

Microphone/CTCSS/modulation consid- 
erations. The transmitter acts on the synthe- 
sizer-simulator output in the same manner 
as i t  would the output from the original 
crystal oscillator. Consequently, the original 
modulation circuitry in the commercial 
equipment may still be functioning. This is 



true of equipment using phase modulators; 
the modulator circuitry usually follows the 
crystal oscillator/channel element. In equip- 
ment using direct FM modulation, the 
modulation is often applied to the channel 
element and synthesizer-simulator operation 
will disable the original modulation func- 
tion. By not using the original microphone 
with a phase-modulation transceiver, you 
have essentially disabled the original 
modulation function. But the internal tone 
generation circuitry is still functional. You 
can disable this by removing the tone reed 
or turning down the tone modulation level 
adjustment. If you don't disable these func- 
tions, the modulation generated by the com- 
mercial equipment might be mixed with the 
modulation from the 2-meter transceiver. 
This could cause a problem (tone beating) if 
the repeater requires CTCSS access. 

PTT interface. I used a spare microphone 
connector to connect to the PTT circuit 
through the now unused matching connec- 
tor on the control head. 

Receive interface. The RCA equipment 
mentioned in the preceding paragraphs uses 
internal phono style connectors to connect 
the T/R relay to the input of the receiver. 
This sim~lifies the receiver interface to the 
synthesizer-simulator. 

Cross-band repeat operation 
You can operate the FM synthesizer- 

simulator with a dual-band transceiver that 
has cross-band repeat capability, to  create a 
"poor-man's" 6-meter remote base. In this 
mode, you can access 52.525 MHz or any 
other simplex frequency compatible with 
the synthesizer-simulator frequency scheme 
and your dual-band transceiver cross-band 
repeat capability. Repeater remote access 
may be possible depending on your receiver's 
cross-band repeat capability. Be sure to re- 
view the FCC requirements and regulations 
before initiating this kind of operation. 

Two-meter rig frequency range-local 
oscillator crystal frequency. Many of to- 
day's 2-meter rigs will operate, or can be 
modified to operate, down to 142 MHz- 
permitting the approach described using a 
90-MHz crystal LO. If your rig won't make 
this range, I recommend using a 93-MHz 
crystal. This will translate the most active 
6-meter repeater output section of the band 
(usually the lower half of the 53.01 to 53.97 
range) to the repeater input/simplex section 
of the 146 to 147-MHz band. My original 
version of this synthesizer-simulator uses a 

94-MHz oscillator that puts this section of 
the band in the low end of the 147 to 
148-MHz range-the repeater output sec- 
tion of the 2-meter band. Local 2-meter 
signals are often strong enough that you 
may notice some bleed-through during base 
operation with an outside antenna, if you 
use this frequency scheme. 

Stand-alone operation. There's no reason 
why the synthesizer-simulator couldn't be 
used for 6-meter operation without a used 
commercial rig; just add dedicated receive 
and transmit circuitry. One approach would 
be to use a 6-meter preamplifier for the re- 
ceiver front end and add transmitter power 
stages following the DBM like those in Ref- 
erence 4. 

Commercial rig considerations. 
The expression "commercial equipment" 

in this article refers to FM radio equipment 
used for commercial communications serv- 
ice; i.e., police, fire, business, and so on. 
Used commercial equipment is commonly 
available at hamfests and varies in vintage 
and condition. Equipment for this service 
has been manufactured by a number of 
companies, but the best documentation and 
experience base exists for equipment manu- 
factured by General Electric, Motorola, and 
RCA. (Though RCA is no longer in this 
business, used RCA equipment has been 
plentiful.) The following sections discuss 
equipment characteristics you should con- 
sider when selecting commercial rigs. 

Equipment selection. I recommend that 
you ask around at your ham club meetings, 
or build the receive converter part of the 
FM synthesizer-simulator and listen in on 
local 6-meter activity, to find out what type 
of commercial equipment enjoys local 
popularity. Usually there's a source for us- 
ed commercial equipment and/or local 
hams who are familiar with particular 
equipment types and sources. Because 
relatively little equipment is manufactured 
for amateur service on 6 meters, the use of 
commercial service equipment is still quite 
popular on this band. 

Equipment identification. Used commer- 
cial equipment is usually available in three 
bands corresponding to the commercial ser- 
vice bands normally referred to as VHF 
low, VHF high, and UHF. VHF low typi- 
cally covers 25 to 54 MHz, VHF high covers 
from 138 to 174 MHz, and UHF covers 
from 402 to 5 12 MHz. It's important to be 
aware of this because the equipment often 
looks the same externally, no matter what 
band it covers. The other variable associat- 
ed with commercial equipment is frequency 
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Figure 8. Approximate synthesizer-simulator layout. 

TIR Swltched Anenuator 

channel capacity. Older equipment typically 
has one to two channel capacity standard 
with some equipment having four channel 

Dlgltal Dlvlder 1 
Transrnlt Oulput Interface 

capability. Some newer equipment provides 
capacity for eight channels and up. You on- 
ly need one channel for use with the synthe- 
sizer-simulator, so channel capacity is not 
an issue. 

To complicate matters, the low VHF 
band is usually subdivided into three band 
splits: low, middle, and high. For conver- 
sion to 6 meters you'll want low VHF band, 
high-split equipment. The best way to tell 
what band the equipment is on is to look at 

Ampllfler 

90 Mhz LO 

the installed crystals. Usually, your best bet 
is to choose equipment that has just been 
removed from service (replaced with more 
modern equipment), which should still have 
the original crystals installed and be opera- 
tional. Equipment which is operational 
in approximately the 43 to 50-MHz range 
can probably be converted by simple 
realignment. Some equipment requires com- 
ponent value changes in some circuits for 
6-meter operation. 

Before obtaining equipment, be sure you 
have a source for the tune-up information 
you'll need for ham-band realignment. If 
you can borrow a set of crystals for tuneup, 
the realignment will be simplified. Before 
beginning realignment, establish that the 
equipment is operating properly with the in- 
stalled crystals on its original frequency. 

Beware of any equipment that has visible 
rust or missing parts. Sometimes transceiv- 

ers that were too difficult to repair became 
spare parts sources for the repair of other 
units. These "bone-pile" transceivers can 
find their way to hamfests, and the person 
selling the units may not know much about 
them-so buyer beware! 

Equipment configurations. Commercial 
equipment is usually designed for two types 
of installations: "trunk-mount" and "dash- 
mount." Trunk-mount equipment designs 
permit the large bulky part of the equip- 
ment to be installed at a distance from the 
operator's location-often in the trunk. In 
addition to the main equipment, trunk- 
mount rigs come with "accessories," which 
consist of a "control-head" and intercon- 
necting cable, along with a microphone and 
speaker. In the dash-mount configuration, 
the control head is integrated into the main 
equipment package as it is in most 2-meter 
equipment. (It's interesting to see the num- 
ber of new multi-band FM transceivers that 
provide a kind of remote or "trunk-mount" 
installation capability.) When making an 
equipment deal, be sure all the components 
for the unit (i.e., trunk/main unit, control 
head, cable, microphone, and speaker) are 
included. These accessories are usually not 
interchangeable, so be sure you get the cor- 
rect components. 

Operating bandwidth. One disadvantage 
of the older commercial equipment is limit- 
ed transmit operating bandwidth. This is es- 
pecially true of older total-tube equipment 
that is typically limited to 200 to 500-kHz 



transmit bandwidth. This could be a prob- 
lem if the repeater inputs in your area are 
widely separated in frequency and/or wide- 
ly separated from 52.525, the national sim- 
plex frequency. Transmit stages can be stag- 
ger-tuned to obtain some wider operational 
capability, but each piece of equipment has 
its own quirks. The later model solid-state 
equipment provides wider operating 
capability. My Model-1000 RCA is all solid- 
state and provides acceptable operation 
over the entire 52 to 53-MHz transmit range 
when used with the synthesizer-simulator. 
(The synthesizer-simulator by itself has 
transmitter drive capability from under 51 
to over 54 MHz when driven by the proper 
2-meter rig frequency.) Receive bandwidth 
limitations aren't as much of a problem. 
Receiver front end bandwidth can usually 
be widened by increasing the value of in- 
terstage coupling capacitors, or by adding 
an external pre-amplifier. 

Interface considerations. The synthesizer- 
simulator has been used successfully with 
RCA Model- 1000 and Motorola US 1 LHT 
Motrac equipment. Interfacing shouldn't be 
a problem with any similar equipment, es- 
pecially that which uses channel elements 
for frequency control. A channel element 
consists of circuitry dedicated to providing 
crystal-controlled operation on one channel. 

It typically has a single transistor crystal os- 
cillator and associated circuitry for trim- 
ming the oscillator on-frequency and com- 
pensating the oscillator for temperature 
changes. Figure 7 shows the schematic of a 
typical Motorola transmit channel element 
oscillator before and after modification. 
The 700 and 500 RCA series use the same 
channel elements, so interfacing should be 
easy. (Note that some 500 series models used 
"quick-heat" tubes that are very expensive 
to replace.) 

Summary 
The synthesizer-simulator provides a new 

approach to obtaining "synthesizer-like" 
o~era t ion  on 6 meters when interfaced with 
a 2-meter rig and a used commercial rig 
realigned for 6-meter operation. Because of 
the unique transmitter interface circuitry in 
the synthesizer-simulator, minimal modifi- 
cations to the commercial rig are required. 
I've been using this approach for over four 
years and find it's flexibility hard to beat! 
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PRODUCT INFORMATION 
I leshooting automc 
t ; available 

J v r r r l  Fluke Mfg. Co., Inc. offers "Beat 
the Book with Fluke Meters," a new, up- 
dated application note on automotive elec- 
trical troubleshooting. This free 16-page 
color booklet describes and illustrates time- 
saving procedures for servicing electrical 
systems safely and accurately using DMMs. 

In addition to DMM informatio- ''D--' 

the Book" also includes sections o, 
motive electrical diagnosis, the cha 
tem, the starting system, the ignitic 
tern, current drains and shorts, cooling sys- 
tems, and computer sensors. 

This free publication is available at Fluke 
authorized distributor locations, or bv con- 
tacting John Fluke Mfg. Co., Inc., 
Equipment Group, P.O. Box 9090 
250-E, Everett, Washington, 9820t 
(800)87- ----2rimental ham spread spectrum com- 

~ications. The newsletter carries infor- 
Newslel ion on new products, how-to articles, 
Enthusi c technical information, and industry 

Spread Spectn s. For a free sample, send S.A.S.E. to 
PCN/PCS, digit dy Roberts, KC6YJY, P.O. Box 2199, 
CDMA/TDMA, iranada, California 9401 8-21 99. 
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Peter 0. Taylor 
AAVSO Solar Division 
P.O. Box 5685 
Athens, Georgia 

THE SOLAR SPECTRUM 
Gamma rays and solar flares 

0 ne of the more interesting and 
exciting aspects of the current 
astronomical scene is the ability of 

today's advanced space technology to pro- 
vide information about some of the more 
exotic ramifications of solar and stellar 
phenomena. These special techniques have 
radically altered the science of astronomy, 
especially in the ways that the universe is 
viewed and research is conducted. 

A graphic example of this sophisticated 
approach to data gathering was recently an- 
nounced by NASA.' During April 1991, the 
space shuttle Atlantis deployed the Comp- 
ton Gamma Ray Observatory, a project 
developed and managed by Goddard Space 
Flight Center in Greenbelt, Maryland. Since 

Photo A. NOAA/USAF Sunspot Region 6659 photographed on June 10.1991, by 
Dr. Jean Dragesco from the South of France. 

that time, radiation sensors aboard the 
Compton Observatory have obtained an ex- 
traordinary amount of information about 
the gamma ray sky, some of which is then 
computer processed into images that closely 
resemble conventional photographs. 

The work is carried out by the Energetic 
Gamma Ray Experiment Telescope and Im- 
aging Compton Telescope. Operation of the 
instruments is a cooperative effort by the 
Max Planck Institute for Extraterrestrial 
Physics in Germany, and the University of 
New Hampshire. 

Normally, these instruments collect data 
from stellar and extra-galactic sources. 
However, when the situation calls for it 
-say, the eruption of an intense solar flare 
or the prediction of unusually high solar ac- 
tivity to come-the equipment is automatic- 
ally signaled to direct its attention toward 
the Sun.2.3 

The Compton Telescope is capable of ob- 
serving flare activity in two modes: imaging 
(0.8 to 30 Megaelectronvolts or MeV) and 
burst (0.1 to 10 MeV). When the equipment 
is alerted to a strong flare, the telescope 
mode is readjusted so solar neutron events 
carry a high priority in the data collection 
process. Meanwhile, the burst mode contin- 
ually integrates gamma ray spectra from 
two detector modules. One operates in the 
low 0.1 to 1.0 MeV range, and the other in 
the high energy, 1 to 10 MeV, arena. The 
system is fully capable of detecting upward 
and downward motion, and of separating 
gamma rays from neutrons through an an- 
alysis of their respective electron or proton 
energy loss. 

Solar flare associated gamma rays have 
been monitored from satellites since the ear- 
ly 1970s, but only in the high energy range.4 
Gamma ray spectra were first detected in 
the great flares that occurred during early 
August 1972 (Chupp, 1973)5 by an instru- 



ment designed by Professor E.L. Chupp of I 
the University of New Hampshire, and 
flown on the OSO-7 spacecraft. In the 
period 1980-89, a number of these events 
were detected with the Gamma Ray Spec- 
trometer aboard the Solar Maximum Mis- 
sion satellite. However, for a variety of 
reasons-both technical and opportun- 
istic-imaging gamma ray telescopes have 
never before been directed toward the Sun 
(Kambach et al., 1992).2 

During the past year and a half, NASA's 
Compton Observatory has filled this gap by 
gathering data on many of these events. 
Especially intriguing are the effects that 
were spawned by the powerful class X flares 
that occurred in NOAA/USAF Sunspot Re- 
gion 6659 (Photo A) during June 1991. 
During this unusual opportunity, the space- 
craft itself was reoriented and its instru- 
ments configured into the solar fare mode. 
Thus, the equipment was not dependent 
upon an automated response to the dramat- 
ic surge in activity. 

Three class X solar flares were observed 
by the Compton Observatory instruments 
during June.-' These were extremely intense 
phenckena, ranked from XI0 to ~ 1 2  + . 
(X12 is the most powerful X-ray classifica- 
tion for a flare event. Flares that exceed this 
intensity swamp the GOES satellite detec- 
tors.) The events that occurred on the 9th 
and 1 lth were observed beginning with their 
impulsive phases, since both erupted during 
orbital sunrise. Because of orbital consider- 
ations, observations of the June 15th flare 
began 50 minutes after the event began. 

Perhaps most intriguing of all, the im- 
pulsive stages of the flares that occurred on 
the 1 Ith and 15th were followed by a gam- 
ma ray "afterglow" that lasted for more 
than five hours after the first event, and for 
more than ninety minutes after the June 
15th flare. Photos R and C demonstrate 
how the mighty flare eruption (X12 + ) on 
the I I th caused the Sun to become an extra- 
ordinarily bright object in the gamma ray 
sky. (See "Outlining June's Strong Flare 
Activity," in the Summer 1991 issue of 
Comrnlrnicarions Quarterlv for additional 
information about these events and their 
terrestrial consequences.) 

According to Dr. James Ryan of the Uni- 
versity of N ~ W  Hampshire, co-principal in- 
vestigator of the Compton Telescope pro- 
ject,' one explanation for this phenomenon 
seeks to tie the long duration afterglow to 
protons raised to extremely high energies by 
the flare explosion, and stored in a series of 
magnetic loops-a type of coronal arcade 
or "magnetic slinkyv-in the solar atmos- 

Photos R and C'. Two images from the Encrgctic Gamma Hay Evperiment Tcle- 
scope onhoard the Compton (;amma Ray Ohwrvnlory. Thc lop picture was taken 
hefore the powerful class X flare cn~ptcd. The symhols r c p m n t  (A) the gamma ray 
pulsar Gcminga. ( ) the ('rah Ncbula-bclicved l o  he Ihc remnants of a star that 
cvploded in A.1). 1054, and ( + ) the quasar PKS052R + 134. The second image 
is a 4-hour cvposctrc that hcgan ovcr an hour after the June 11th flare. Thc Srln 
(0) shows up prominently in this picturc, demonstrating the slrcngth and per- 
sislcncc of  gamma ray cmiqsinn from Ihc flare. Image.; courtesy of  NASA.  



I'hoto 1). 4 few hour4 ;~ f l r r  the . l l~nr  15th flare endecl. thew I~ril l ianl promlnence4 wrre photographed h\ I)r. 
I)ragesco using a tele~copc equipped with a narrowhand Hrr filter. 

MAJOR PROTON 
FLARES EVENTS 

I I 

Figure 1. A comparison o f  major flare ( r m5 X-ray 
intensity) and proton evcnts through the first 69 
months o f  solar cycles 21 and 22. Proton events arc 
associated with the emission from large flares; they 
can dramatically affect the Earth's environment. 

phere. The brilliant Ha loop prominence 
system that appeared above Region 6659 
shortly after the June 15th event is shown in 
Photo D. This structure could represent a 
type of magnetic storage mechanism. 

Dr. Ryan believes that if this theory is 
correct, protons are stored at the Sun in a 
manner similar to  the way they are in the 
Earth's Van Allen radiation belts. On the 
Sun however, they slowly escape, causing 
the long-lasting glow observed by the Comp- 
ton instruments. Such a scenario could 
substantially increase our  knowledge of the 
behavior of particles at the Sun. 

The Compton Observatory has also se- 
cured the first image of a celestial object 
(the Sun) in the "light of neutrons."l,h The 

neutrons were produced in nuclear colli- 
sions at the Sun. When they arrived at 
Compton, the neutrons spawned flashes of 
light that were first recorded by photomulti- 
pliers in the project and then computer- 
processed into an  image. Dr. Ryan believes 
that such an  image capture-through the 
transmission of matter rather than electro- 
magnetic radiation-is a true "technologic- 
al breakthrough."' 

We wish to  express our  appreciation to 
Dr. James Ryan for providing us with de- 
tailed information concerning the Compton 
Observatory and observations, and to 
NASA for furnishing the photographs of 
gamma ray activity. 

Recent activity and 
short-term outlook* 

As predicted by Space Environment Ser- 
vices Center forecasters, the Sun became 
more active during the fall. However, the 
increased level of activity that began during 
September with the occurrence of thirty- 
three class M and two class X flares, is ex- 
pected to  be relatively short-lived. The pro- 
duction of major solar flares and number of 
proton events for the first 69 months of 
cycles 21 and 22 (through June 1992) is 
compared in Figure 1. 

Hereafter, a general decline to  a mini- 
mum sometime in 1996 or  1997 is expected. 
Some prediction models suggest an  even 
earlier minimum-perhaps up to  one  year 
earlier. However, cycles of such short dura- 
tion (nine years) are fairly rare in the his- 
torical record of the solar cycle. 

KT1 I.RFNCI-S 
I % 4 \ A  Ncus Kclcn\c 9:-11? (7 I!  '1:). \\'ashtnpton. D C .  
: (i Kamh;lch. rt a1 . .I~rr,,t~onrv X .,l~rn,pht.oc% Ptpplr~trrnl Smrq I .  
1-99 (?(WII I. IW2 
3 .  \ I .  \lc<'c>nncll, cl al . ('OSP,.IR Puprr E 1-S 5 On. IW?. 
4 14 I t r ~ n .  .,lsrrophs~rr.~ of rhr 9 m .  Cnmhradpc llnlrers~lb Prcrs. Ncu 
Yorh. Nca Y o r l ,  lVR8 
5 . F . l  ('hupp. Vurarr.?4I. 7 7 7 .  1971 
h J Rban Ipr~\atc  comnillnlcnlson and prcprtnl*). IW? 



L.B. Cebik, W4RNL 
1434 High Mesa Drive 

Knoxville, Tennessee 37938-4443 

THE EFFECTS OF 
ANTENNA HEIGHT 
ON OTHER 
ANTENNA 
PROPERTIES 
A computer study 

w hile examing the properties of 
some interesting antennas based 
on the extended double Zepp 

(EDZ), I had occasion to review a 12-meter 
phased array consisting of two EDZ ele- 
ments cut to the standard formula (0.64 
wavelength each side of center feed), spaced 
1/8 wavelength (4'1 1 "), and fed 180 degrees 
out of phase. At 35 feet, a reference dipole 
using copper wire showed a calculated gain 
of 6.9 dBi, while a single wire EDZ showed 
a gain of 9.6 dBi. The phased array had a 
gain of 12.6 dBi, which was 3.0 dB better 
than the simple EDZ and 5.7 dB better than 
the simpler dipole. I was surprised at the 
relatively large gain of the array over the 
single wire antennas. It wasn't consistent 
with results I had calculated for variations 
on the EDZ theme. Then it hit me: 35 feet 
was 7/8 of a wavelength on the 12-meter 
band. In examining the characteristics of 
antennas at low heights typical of those 
used by amateurs with limited funds and 
space, I had learned that the results of cal- 
culations performed at 7/8 wavelength 
weren't alwavs consistent with those achieved 

series of calculations via ELNEC for a col- 
lection of 12-meter wire antennas at heights 
of 20 to 70 feet (in 1-foot increments) above 
medium ground (average earth), using cop- 
per wire losses.* My present stock of mo- 
dels, logged into a Quattro spreadsheet file 
for convenience, includes dipoles, 2 and 
3-element Yagis, Zelement 180-degree phased 
arrays, 135-degree phase-fed beams, and delta 
and quad loop beams. Data gathered in- 
cludes main-lobe take-off angle, gain, feed- 
point impedance, and front-to-back ratio, 
wherever relevant. Gain figures use the 
lowest main lobe at its maximum. Except 
for the lowest heights investigated (20 to 25 
feet), the differences in take-off angles 
varied too little to note in the body of this 
study, but see Appendix 1 for a few notes 
on the subject. In any event, this study 
makes no claim as to the DX performance 
of any antenna. In fact, many of the models 
are far from optimized, having been chosen 
to test hypotheses related to their properties 
at various heights. 

Taking the time to study the patterns of 

above and below that height. 
'ELNEC I\ avarlablc frorn Ro) I ewallcn. W7E1 , P 0 Box h658, Bea 

TO confirm my suspicion, I performed a vertcn, Oregon 97007 
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ANTENNA HEIGHTS BETWEEN AND 1% WAVELENGTH, 
20 THROUGH 10 METERS 

Frequency Antenna Height in Feet per % Wavelength Increase 

in MHz I, 
1 % Y4 x I 1 %  1% 1 % 1 :! 1% 1% 

I I 
Table 1. %-wavelength increments of antenna height for a selected frequency within each ham band from 20 through 
LO meters. 

I Dipole DPR, DR. DS, DL 24.95 MHz 

1 H i  s .  G i n :  5 1.8 vvavelenqth 

I A n t m r ~  heior' r ,  FEE I 
Figure 1. Gain variations in dipoles DPR, DR, DS, and DL from 20 to 70 foot 
heights. 

I Ante' r l  I t l ~ ~ r l t l  I r et' I 
Figure 2. Gain versus resistance and reactance for a 1/2-wa\elength dipole from 
20 to 70 foot heights. 

antenna properties as the height of the an- 
tenna is varied has proven very instructive 
to me. Antenna specifications, whether 
presented by hams or commercial manufac- 
turers, usually appear as a single set. Some- 
times writers use free space numbers, some- 
times real earth numbers. Some specify gain 
in dBi, others use dBd, still others use a real 
dipole at the same height as their standard. 
None, however, specify antenna perform- 
ance over a range of heights, but perhaps 
they should. In any event, if we understand 
how the performance of various types of 
antennas varies with height, we can have 
more realistic expectations when we build or 
buy an antenna and install it at home. 

Twelve meters is an interesting band to 
use for calculating antenna performance at 
the heights of typical amateur installations. 
In the United States, we tend to work in in- 
crements of 5 feet, which is close to 1/8 
wavelength at 12 meters. Table 1 lists the 
heights that correspond to 1/8-wavelength 
increments from 1/2 to 1-3/4 wavelengths 
for a selected point in each of the ham 
bands from 20 through 10 meters. The re- 
sults derived for the antenna models at 12 
meters can be translated to other bands with 
adjustments for height. The effects of yard 
clutter, uneven terrain, and other variables 
limit the precision with which models can be 
realized in practice. So, too, do construc- 
tion practices. Hence, gain and other fig- 
ures are useful only for generalized compar- 
isons. Their absolute values are relatively 
unimportant. Indeed, most of the informa- 
tion in this study appears in graphic form, 
as the shape of the curves may be more edu- 
cational than tables of numbers from which 
the graphs derive. For reference, each an- 
tenna model type is accompanied by one or 
more free space azimuth pattern. Where 
relevant, some elevation patterns also ap- 
pear. In the end, the line graph gives you an 
indication of antenna performance. 

Applying the figures from this study to 
other bands requires conversion by refer- 



ence to wavelengths and fractions of wave- 
lengths above ground. Extrapolating the 
12-meter results to other bands is necessari- 
ly limited by at least two factors. First, 
practical building limitations restrict 
extrapolations to 20 through 10 meters. On 
6 and above, the lowest antennas are 
typically higher than 1-3/4 wavelengths up. 
Similarly, on 80, the highest antennas are 
below the half-wavelength point. Second, 
the average or medium soil model from 
which these figures result becomes 
nonlinear at the lower HF frequencies. To 
this second factor we may add the problem 
of changing depths to which antenna cur- 
rents penetrate in the lower HF region, 
which troubles any assumption of coherent 
soils underlying an antenna system. Appen- 
dix 2 provides some additional details on 
these limitations of extrapolation. 

Any study like this, undertaken in spare 
time, is subject to specific data point errors. 
Modeling each antenna for between four 
and seven data points per step and 51 steps 
per model opens the door to transcription 
errors. Only gain numbers were allowed the 
three decimal places given by ELNEC in or- 
der to smooth gain curves. Other data were 
rounded on the fly to one decimal place- 
except for the takeoff angle and certain very 
high reactances, which were recorded as in- 
tegers. A second opening for transcription 
error occurs in manually entering the data 
into a spreadsheet for analysis (a time con- 

suming and fatiguing task).* Simple anten- 
nas, like the dipoles, took about 1 minute 
per step to run and record; simplified quad 
and delta loops took about 3.5 minutes per 
step. Fully tapered-element loop antennas 
took close to 9 minutes per step, even with a 
coprocessor on a 20-MHz computer; 
therefore, they were only spot checked for 
coincidence with the substitute models. None- 
theless, what I learned in the process made 
the fatigue worthwhile, and I apologize in 
advance for any data point errors. 

Dipoles 
As long as I can remember, amateur liter- 

ature on 1 /2-wavelength dipoles has record- 
ed the fact that the feedpoint resistance and 
reactance change as one moves the antenna 
upward. Less prominent (indeed, invisible) 
in most literature is the fact that dipole 
gain, as a function of a comparison to an is- 
otropic source, also changes with height. In 
fact, gain minima and maxima may be 
greater than 1.3 dB apart. Unlike NBS stan- 
dards for length and weight, the dipole is a 
highly variable standard. 

.For those who would l ~ k e  to examine the data, a copy of the aprcadsheet 
flle 1s a\ailablc. ~f you can read a compressed Quattru falcon your own 
spreadsheet. Tn recctve the file, send a prcforn~atred IBM d~sk In a relf~ 
addre5sed mailer wtth sufficient return postage. If you send a disk cap- 
able o f  more than 600 K R .  I shall supply the unrompressed file as bell, if 
you rcqucst it. Regretlahly. I can not format the file for other bpread5heet 
systenls or to non-IBhl-compatible computers, nor can I take the respon- 
sihilitv for the readab~lity o f  the file. I can only copy the file and hope for 
the best. 

Table 2. Dipoles modeled in this study. 

DIPOLES: (all antennas computed at 30 segments per wire) 

Antenna Designator Material Element Length Free Space Characteristics Source 
Description Gain dBi R X 

Dipole, DPK #I8 Cu Only 19.2 feet 2.066 73.5 + 1.9 Formula 
resonant 

persect ground 

Dipole, DR #I8 Cu Only 19.2 feet 2.066 73.5 + 1.9 Formula 
resonant 

Dipole, DS #I8 Cu Only 19.0 feet 2.057 71.1 - 13.6 Formula 
short 

Dipole, DL #18 Cu Only 19.4 feet 2.075 75.9 + 17.5 Formula 
long 

Dipole, DT X-inch A1 Only 19.4 feet 2.1 16 76.3 + 21.0 Formula 
thick 

Dipole, DVT I-inch A1 Only 19.4 feet 2.156 79.8 f 2 7 . 5  Formula 
very thick 

Extended EDZ #I8 Cu Only 25.25 feet 4.905 124.9 -678 Formula 
Double 
Z ~ P P  
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Dipoles DK, DT, DVT, EDL @ 24.95 MHz 
Height vs. Gain: 5'=ca 1 /8 wavelength 

202?242628303234 36384042M,464850EC!54%%606264666870 
21 13 2: 27 19 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 60 

Anrenno helqhl n fee; 

Figure 3. Gain variations in dipoles DR, DT, DVT, and E;DZ from 20 to 70 foot 
heights. 

Table 2 lists the dipole models evaluated 
via ELNEC. The reason for the large 
number of models is simple: they answer 
some interesting newcomer questions about 
variations in dipole performance. First, 
does the quality of ground make a dif- 
ference in the position of maxima and 
minima? Second, does the length of a 
1/2-wavelength dipole make a difference? 
Antenna models DPR, DR, DS, and DL 
answer these two questions unequivocally. 
No! Figure 1 graphs the gain of four no. 18 
copper dipoles at 24.95 MHz over medium 
ground. The upper curve traces the gain 
change of DPR, the dipole over perfect 
ground. We may note in passing that 
gathering data on any antenna over perfect 
ground is more difficult than over real 
ground. The reason is that higher angle 
lobes may show higher gain figures than the 
lowest lobe when above perfect ground. The 
current state of MININEC programs re- 

Dipole, resonant DR W7EL 
EWEC 2.21 

03-25-1992 21 : 14 :38 (c)  1991 
Freq = 24.95 NHz 

8 deg. 

Outer Ring = 2.066 dB1 Azinuth Plot 
Hax. Galn = 2.866 dB1 Eleuation Angle = 8.8 deg. 

I I 
I W7EL ELNEC 2.21 Dipole ,  r e eonan t  OR 03-25-1992 21:14:38 1 
I I 
I Azmu th  p l o t  I Frequency = 24.95 MHz I Max Gain = 2.066 dB1 I 
I E l e v a n g l e = O . O d e g  I A n t H t = O . O O O f t  I Source 1 mpedance  = ( 
I Outer  r i n g  = 2.066 dBi I Wire Lome: Copper 1 73.465 + J 1.941 I 
I Reference  - 0 dBi  I R s tv ty  - 1.743-08 1 SWR (50 ohm) = 1.471 1 
I 1 Re1 Perm = 1 I ( 75  ohm) = 1.034 1 
I I I 

1 Gain: 2.066 d ~ i  
I 

I 1 w i r e  I F r ee  space  I 
I Wire 1: 30 aegmente I I Angler 90 deg 

I F / s ide :  99.990 dB 
I 

I Length - 19.200 f t  I I 
I 1 s o u r c e  I I Bmwldth: 78 deg I 
I No l oade  I I -3dB: 51, 129 deg I 
I 1 ( Slobe: 2.066 dBi 1 
I 1 I Angle: 270 deg 

1 F/Slobe: 0.000 dB 
I 

I I I 
I I I I 

Figure 4. Free space pattern for a 1/2-wavelength dipole. 
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Figure 5. Free space pattern for an extended double Zepp dipole. 

Extended double Zepp ED2 W7EL 
ELNEC 2.21 

03-25-1992 21: 11:30 ( c )  1991 
Freq = 24.95 MHz 

0 deg . 

Outer Ring = 4.905 dB1 kzinuth Plot 
!ax. Gain = 4.905 dBi Elevation llngle = 0.0 deg. 

I - I 
I W7EL ELNEc 2.21 Extended double Zepp ED2 03-25-1992 21:11:30 1 
I I 
I Azlmuth plot ) Frequency = 24.95 MHz 1 Hax C a m  = 4.905 dBi 1 
I Elev angle = 0.0 deg I Ant Ht = 0.000 ft I Soul.ce 1 impedance = 1 
1 Outer rlng = 4.905 dB1 I Wire Loss: Copper 1 1:!4.902 - J 677.960 1 
( Reference = 0 dB1 ( Rstvty = 1.74E-08 1 SWR (50 ohm) = 76.484 1 
1 I Re1 perm = 1 1 (75 ohm) = 51.312 1 
I I _I- I 
I 1 Wire 1 Free space 1 Garn: 4.905 d ~ i  I 
I Wire 1: 30 segments I ( Angle: 90 deg I 
I Length = 50.500 ft I I F/S ~de: 99.990 dB I 
I 1 source I I Bmw~dth: 30 deg I 
I No loads I ( -3dB: 75, 105 deg I 
I I I Slobe: 4.905 dB1 1 
1 1 1 Angle: 270 deg I 
I I I F/SLobe: 0.000 dB I 
I I _I- I 

quires that one go hunting for the gain of 
the lowest lobe. 

The lower curve of Figure 1 is actually 
three traces so close together as to be insep- 
arable. Antenna DR is roughly resonant in 
the sense of having its reactance alternate 
between capacitive and inductive as the an- 
tenna goes up. DS presents a varying capac- 
itive reactance at all heights, while DL pre- 
sents an inductive reactance at all heights. 
Regardless of whether the antenna is slight- 
ly short or slightly long, the gain maxima 
and minima remain in the same places. 
Small but significant amounts of reactance 
don't displace these points any more than 
does the nature of the ground. In general, 
for 1/2-wavelength dipoles, the gain maxi- 
ma coincide with the minima of the resistive 
component of the feedpoint impedance, as 
shown in Figure 2. 

A related question concerns the effect of 
element thickness upon maxima and mini- 
ma. Antennas DT and DVT used l/8-inch 

1 

Ant EDZ: Gn, 9, X @ 24.95 MHz 

Height vs. Gn, R, X 5'=ca. 1/8 wave 

I I 

2022242628303234363840424446485052545658606264666870 
21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 

A n t m  Heighl in Feet 
L I 

Figure 6. Gain versus resistance and reactance for an extended double Zepp di- 
pole from 20 to 70 foot heights. 
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180-DEGREE PHASE-FE:D ARRAYS: (all antennas computed at 10 segements per half 
wavelength) 

Antenna 1)esignator Material Element Length Space to Free Space Characteristics Source 
1)escription Previous 

Element Gain dBi R X 

Double W8JK DXJKP #I8 Cu DE 19.7 feet 6.847 1455 6 7 8 6  Formula 
180 degree Refl. 19.7 feet 4.9 feet 
phase fed 

Double EDZ DEDZP #I13 Cu DE 25.25 feet 7.695 19.3 - 654 HB, 92, p 33-1 1 
180 degree Refl. 25.25 feet 4.9 feet 
phase fed 

Double Quad DQLp #IX Cu DE 40.32 feet 5.830 19.7 +8 .5  Formula 
Loop Reil. 40.32 feet 5.0 feet 1005/f 

180 degrees 
phase fed 

Double Quad DQL.p-A #IX Cu DE (41.60 feet) 5.880 20.2 +6.5 Sub. model 
Loop Refl. (41.60 feet) 5.0 feel for DQLP 

180 degrees 1038/f 
phase fed 

Nolrs: HB = 1992 A R R L  Handl~ook. 

Table 3. 180-degree phase-fed arrays modeled in this study. 

and I-inch diameter aluminum elements, re- 
spectively. Figure 3 shows the results of 
modeling these thick and very thick dipoles. 
Although gain increases enough to be barely 
visible, nothing else changes in the variation 
of gain as a function of' antenna height. 

For resonant or near-resonant 1/2-wave- 
length dipoles, the actual positions of the 
gain maxima and minima are slightly short 
of true 1/8-wavelength points. Maxima oc- 
cur near, but before the 5/8, 1-1/8, and 
1-5/8 wavelength points, while minima oc- 
cur just before the 7/8 and 1-3/8 
wavelength points. The difference is 
roughly 1 foot at 12 meters, or about 0.025 
wavelength. The next question is whether 
this holds true for all dipole antennas. 

Figure 4 shows the free space pattern of a 
1/2-wavelength dipole, with its well-known 
pinch-waisted pattern. Figure 5 shows a 
much longer dipole, the extended double 
Zepp (EDZ), also modeled on no. 18 copper 
wire. Each leg of this dipole is about 0.64 
wavelength long. Because the antenna is 
nonresonant, it exhibits a large reactance at 
the feedpoint. At a total length of 5/4 
wavelengths, the reactance is capacitive. 
This effective antenna shows a displacement 
of maxima and minima between 2 to 3 feet 
lower-more than 0.06 wavelength lower- 
than the 1/2-wavelength antenna, as seen in 
Figure 3. As Figure 6 shows, the maxima 
and minima are not directly related to either 

the resistance or reactance at the feedpoint, 
but to intermediate points. 

Another more subtle difference between 
the 1/2-wavelength dipole and EDZ appears 
in Figure 3. All 1/2-wavelength dipoles dis- 
play their highest gain at about 5/8 wave- 
length and their lowest gains at 7/8 wave- 
length. The graph approximates the voltage 
curve for a dampened oscillator. Above 3 
wavelengths of antenna height, the differ- 
ence between maxima and minima drops to 
about 0.2 dB or less. The EDZ follows a 
slightly different gain pattern, reaching its 
maximum level at 1-1/8 wavelength. The in- 
crease of gain with height between the 5/8 
and 1-1/8 wavelength points is common for 
many other antennas that lack the oscilla- 
tion of values shown by the dipoles. The 
EDZ shows characteristics of being a 
mixed-breed antenna. 

There are some lessons to be learned 
from even the limited analysis performed 
here. The lessons apply to almost any an- 
tenna design one might disseminate to 
others. In the real world of antennas, there 
are perhaps no standard antennas, not even 
the 1/2-wavelength wire dipole. There are 
only ceteris paribus references; that is, ref- 
erences if all other things are equal. Hence, 
even the wire dipole is not a blank standard 
for horizontal antennas. Rather, the dipole 
serves as a reference at the same frequency, 
at the same height, over the same type of 
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earth, in the same orientation, and made of 
the same material. As a baseline for com- 
parisons, it is not a number, but a graph 
against which other antennas can be plotted. 

180-degree phase-fed arrays 
If dipole antenna configuration has little 

or no effect upon the variations in main 
lobe gain until we reach the very high reac- 
tance of the EDZ, even though feedpoint 
resistance and reactance display similar but 
displaced variations, then another question 
arises. What creates the variations in gain? 
The question receives a partial answer from 
the group of antennas listed in Table 3. All 
the antennas have two elements, fed 180 de- 
grees out of phase with each other. The 
double W8JK is a classic and has been built 
with spacing from 1/8 to 1/4 wavelength. 
The double EDZ is of more recent vintage 
and appears in The ARRL Handbook. The 
double quad loop is a conceptual invention 

designed to add one more antenna to the 
lot; its performance doesn't justify con- 
struction by anyone. In fact, because loops 
require so much computer time to run when 
accurately modeled (using the element tap- 
ering feature of ELNEC), 1 ran a substitute. 
Its parenthetical model-only dimensions al- 
lowed me to track the same performance 
within reasonable limits while using only six 
segments per wire. 

Figures 7 and 8 show the free space azi- 
muth patterns for the D8JKp and DEDZp 
antennas, respectively. Analysis of the di- 
mensions of the double W8JK would show 
its elements to be slightly long under any 
conditions, even though they are tradi- 
tionally considered to be 1 wavelength long. 
A precise 1-wavelength dimension for any 
given amateur frequency would yield an 
antenna without reactance at that frequen- 
cy. However, even a small frequency excur- 
sion would cause a reactance jump. Similar- 
ly, small changes of length, such as those 

Double WBJX Array DBJKp W7EL 
ELNEC 2.21 

03-25-1992 21 : 17 :El (c)  1391 
Freq = 24.95 IlHz 

0 deg. 

Outer Ring = 6.847 dBi Azimuth Plot 
Ilax. Gain = 6.847 dBi Elevation Angle = 0.0 deg. 

I I 
I W7EL ELNEC 2 . 2 1  Double W8JK Array 08JRp 03-25-1992 21:17:01 ( 

I I 
I Azmuth p l o t  I Frequency = 24.95  M H Z  I Max Garn = 6.847 dB1 1 
I E l e v  a n g l e  = 0 . 0  deg  I Ant H t  = 0.000  ft I Source 1  impedance = I 
I Outer rrng = 6.847  d 8 i  ( Wire Loss: Copper ( 1455.37  - J 6786.10  1 
( Reference = 0 dBi I R s t v t y  = 1.743-08 1 SWR ( 5 0  ohm) > 100 

I Re1 Perm = 1 1 ( 7 5  ohm) > 100 
I 

I I 
I I I I 
1 2 wrres I Free apace I Galn: 6 .847  ~ B L  

( Angle: 90 d e g  
I 

I Wire 1: 20 segments I 
I F/Sids:  9 9 . 9 9 0  dB 

I 
1 Length = 39.400  f t  1 I 
I 2 s o u r c e s  I 1 ~ r n w ~ d t h :  42 deg 
I No l o a d s  I I -3dB: 69,  111 deg I 

I 

I I I Slobe:  6 .847  dB1 I 
I I I Anqle: 270 deg 1 
1 1 I F/Slobe: 0.000 dB 1 
I I I I 

Figure 7. Free space pattern for a double W8JK array. 
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Double EDZ DEDZp W7EL 
ELNEC 2.21 

83-25-1992 21 :23: 19 (cl 1991 
Freq = 24.95 IlHz 

-18 

8 deg. 

Outer Ring = 7.695 dBi Azinuth Plot 
Ilax. Gain = 7.695 dBi Elevation angle = 0.8 deg. 

I 
I W7EL ELNEC 2.21 Double ED2 DEDZp 

I 
03-25-1992 21:23:19 1 

I I 
I Azlmuth p l o t  ( Frequency = 24.95 MHz I Max Garn = 7.695 dBi I 
1 Elev  a n g l e  = 0 . 0  d e g  I Ant Ht = 0.000 f t  I Source  1 m p e d a n c e  = I 
I o u t e r  r i n g  = 7.695 d B i  I Wire Loss:  Copper 1 1 9 . 3 0 8 - J 6 5 4 . 2 6 8  1 
I R e f e r e n c e  = 0 d ~ i  I ~ s t v t y  = 1 . 7 4 ~ - 0 8  1 SWR (50  ohm) > 100 

1 Re1 Perm = 1 1 (75  ohm) > 100 
I 

I I 
I I 
1 2 wires I F r e e  s p a c e  

I 
I Garn: 7.695 dB1 

I 

I wire 1: 30 segments  I I Angle: 90 deg  
I 

I Length = 50.500 f t  I I ~ / s r d e :  99.990 dB 
I 

1 2 s o u r c e s  I Bmwidth: 28 deg  
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Figure 8. Free space pattern lor a double extended Zepp array. 
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Figure 9. Gain variations in antennas DR, EDZ, DBJKp, DEDZp, and DQLp-A 
from 20 to 70 foot heights. 

created by element sag due to gravity, create 
the same effect. Varying the model element 
length between 37.6 and 37.8 feet produced 
a resistive feedpoint impedance component 
around 30,000 ohms, while the reactive 
component went from 10,700 ohms induc- 
tive to 4,400 ohms capacitive-a change of 
more than 15,000 ohms in about 2-1/2 in- 
ches. The longer 39.4-foot elements produce 
a large, but stable, capacitive reactance 
without pattern distortion. In contrast, the 
double EDZ array has more gain, but a 
more complicated pattern of radiation. 

Figure 9 shows the results of modeling 
these arrays with their 180-degree feed sys- 
tems. Resonant 1 /2-wavelength dipole and 
EDZ patterns are shown for the contrast. 
With all three phase-fed arrays, the gain 
patterns show little peaking and may be 
considered "well-behaved." These same 
patterns also show up in the impedance fig- 
ures. Above three quarters of a wavelength 
(30 feet at 12 meters), both the resistive and 



Figure 11. E:levations pattern of the double EDZ array at a height of 40 feet. 
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1 
reactive components of the double quad 
loop vary less than 1 ohm each. The peaks 
and valleys in the patterns of the other two 
arrays vary only slightly, but do show an in- 
verted co-variance with the resistive com- 
ponent. That is, feedpoint resistance peaks 
as gain dips. Figure 10 shows the phenome- 
non for the double WSJK. The double EDZ 
isn't worth graphing in this regard, since its 
reactance varies back and forth by 1 ohm 
throughout the height range investigated. 

There seems to be a pretty good reason 
for the lack of gain and impedance varia- 
tion among the antennas of this group. Fig- 
ure 11 shows the elevation pattern of the 
double EDZ antenna at the 40-foot level. 
Compare the high angle radiation immedi- 
ately above the antenna to Figure 12, the 
elevation pattern of the resonant dipole at 
the same height. Without high angle radia- 
tion to reflect off the ground and back to 
the in antenna currents 
and phase angles, with con~eq~ent ia l  altera- 20 to 70 foot heights. 
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Figure 10. Gain versus resistance and reactance for a double W8JK array from 
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Figure 12. Elevation pattern of'the resonant dipole (DR) at a height of 40 feet. 

tions of antenna feedpoint impedance and 
gain, aren't possible. The 180-degree feed 
system cancels high angle radiation (both up 
and down). The dipole near the (real) 
ground treats the ground as a lossy "im- 
age" element (that is, a driven element with 
the horizontal component of the current 180 
degrees out of phase with that in the real 
antenna element). As we shall see, the addi- 
tion of parasitic elements to the antenna can 
add further complexities to the variations in 
antenna performance with height. 

Comparing the performance of a dipole 
or EDZ with either the W8JK or the double 
EDZ array can be misleading unless one is 
clear about the gain variables involved. 
Table 4 illustrates the point by showing gain 
comparisons at the 7/8-wavelength point 
and the 1-1/8 wavelength point. The arrays 
show about 3/4 dB better comparative per- 
formance at the lower height than at the up- 
per. Of course, both numbers are equally 
wrong as single value corr~parisons. The 

comparisons simply are not transferrable 
from one height to another. Only compara- 
tive graphing reveals the true picture of one 
antenna over another. Even if we add the 
qualification that the exact figures cannot 
usually be obtained in practice, numbers 
lead to expectations, and rational expecta- 
tions require full explanations. 

2-element Yagi beams 
As Table 5 shows, this study modeled 

four 2-element Yagis to get a sense of their 
gain patterns with changing height. All the 
Yagis in this study used 1-inch diameter 
aluminum elements to simplify modeling. 
The Yagis added a new specification to 
check: front-to-back ratio. Some may find 
results of the modeling surprising; others 
may not. 

Of the four models, two used reflectors 
and two used directors. The reflector Yagis 
included a close-spaced model (about 1 /8 
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COMPARISON OF ANTENNA GAIN EXTREMES AT 2 SELECTED HEIGHTS 

Height Gain Gain Gain Gain W8JK DEDZ W8JK DEDZ 
Feet Wavelength Dipole EDZ Double Double Over Over Over Over 

W8JK llDZ Dipole Dipole EDZ EDZ 

3 5 7/8 6.91 9.73 11.83 12.68 4.92 5.77 2.10 2.95 
45 1 1/8 8.08 10.97 12.22 13.11 4.14 5.03 1.25 2.14 

Difference in Gain Advantage Due lo Height Change from 35 to 45 feel: 0.78 dB 0.74 dB 0.85 dB 0.81 dB 

Table 4. Comparison of antenna gain extremes at 2 selected heights. 

wavelength) and a wide-spaced mode1 (a bit 
under 1 /4 wavelength). The close-spaced 
model had been designed for a gamma 
match by Bill Orr, W6SA1, and showed 
considerable capacitive reactance. The wide- 
spaced model proved to be a close match 
for 50-ohm coax, with a consequent reduc- 
tion in both gain and front-to-back ratio. 

The results of setting the beams through 
I-foot steps appear in Figure 13. The gain 
curves for both Yagis are "well-behaved," 
with only small ups and downs. Like the 
phased arrays, the curves show a relatively 
steady increase in gain with height (contrary 
to the collection of dipoles). It's interesting 
to note that the small peaks for both anten- 
nas occur in the same place as those for di- 
poles: about 0.025 wavelength prior to the 
5/8, 1-1/8, and 1-5/8 wavelength points 
(25, 45, and 65 feet at 12 meters). Gain 
maxima coincide closely with the lowest 
values for the resistive component of the 
feedpoint impedance. However, the minima 
occur up to 3 feet earlier. Nonetheless, the 
presence of a parasitic element appears to 

protect the gain from much of the variation 
induced in dipoles. 

Front-to-back ratio, however, is another 
matter. As Figure 13 demonstrates, both 
Yagis show great fluctuations in front-to- 
back ratios as height increases, although the 
maxima and minima decrease with height. 
Roughly, the peaks and valleys occur at the 
1 /4-wavelength marks. Y2R-2, the 50-ohm 
model with near resonance, more closely 
hits those marks, while the heavily reactive 
model, Y2R-1, leads by a consistent foot 
(0.025 wavelength). 

The director models of the 2-element 
Yagi were designed by reference to formulas 
taken from two different handbooks with- 
out regard to whether they were good an- 
tennas to build. Their overall gain and 
front-to-back ratio figures compare favor- 
ably with the reflector models, but matters 
such as bandwidth were not checked. Both 
models are fairly close-spaced, with one ex- 
celling in gain, the other in front-to-back 
ratio. More importantly, one was signifi- 
cantly capacitively reactive, the other in- 

2-ELEMENT YAGl BEAMS 

Antenna Designator Material Element Length Space to Free Space Characteristics Source 
Description Previous 

Element Gain dBi F-B dB R X 

2-element Yagi Y2R-I 1-inch A1 DE 17.8 feet 6.716 10.1 23.0 2 7 . 7  CQ, 12-90, 
DE + Refl. Refl. 19.6 feet 4.8 feet p. 83, scaled 

2-element Yagi Y2R-2 I-inch A1 DE 18.2 feet 6.442 8.7 50.2 1 0 . 3  AB, 16 Ed, 
DE + Refl. Refl. 19.4 feet 8.7 feet p. 11-2 ff 

?-element Yagi Y2D-1 I-inch Al Dir. 18.04 feet 6.640 10.2 27.7 -9.7 RHb,  21 Ed, 
DE + Dir. DE 19.08 feet 4.81 feet p. 29.4 

2-element Yagi Y2D-2 1-inch Al Dir. 18.50 feet 7.208 8.8 18.4 +24.0 AB, 16 Ed, 
DE + Dir. DE 19.88 feet 3.94 feel p. 11-7 

Nores: CQ = CQ Magazine, December, 1990, p. 83; AB = ARRL Antenna Book, 
16th Ed.; Rhb = Radio Handbook, 2lst Ed. 

Table 5. 2-element Yagi beams modeled in this study. 
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I Y2R-I & Y2R-2 Grr & F-B 62 24.95 MHz 

I Antenna He~qht m Feet 

Figure 13. Gain and front-to-back ratio versus height for two 2-element Yagis 
with reflectors. 

ductively reactive. For reference and com- 
parison, Figures 14 and 15 show free space 
patterns of Y2R-1 and Y2D-1. 

Figure 16 displays the results of modeling 
the director Yagis. Like their reflective cou- 
sins, these antennas display well-behaved 
gain curves, with maxima and minima 
closely placed at the 1/8-wavelength posi- 
tions. However, the gain maxima and mini- 
ma of these directive Yagis coincide directly 
with the peaks and valleys of the resistive 
component of the feedpoint impedance, in 
direct opposition to both dipoles and 2-ele- 
ment Yagis with reflectors. The higher the 
antenna, the more closely feedpoint resis- 
tance coincides with gain peaks. 

Again, like their reflective cousins, the 
directive Yagis show front-to-back ratios 
that vary widely over the range of antenna 
height. Y2D-2, the significantly inductive 
model, reaches its peaks 1 to 2 feet ahead of 
the gain peak. The capacitively reactive 
model tends to be late, reaching its front-to- 
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Figure 14. Free space pattern for YR2-1, a 2-element Yagi with reflector. 



back ratio peaks after the gain peak. In this 
model, where the reactive component is ap- 
proximately equal to the resistive compo- 
nent, the front-to-back ratio peaks coincide 
even more closely with the resistive peaks 
than the gain peaks do. In the case of 
Y2D-1, where the feedpoint resistance is 
about 3 times the reactance, the gain, front- 
to-back ratio, and resistance peaks tend to 
cluster together. 

The most significant difference between 
the reflective and the directive Yagis is the 
position of the front-to-back ratio peaks. 
Roughly speaking, they are out of phase 
with each other. Where the directive Yagi 
peaks its front-to-back ratio, the reflective 
Yagi hits a valley. We may ignore gain, 
which changes little with height, but like the 
arrays, climbs slowly. A directive 2-element 
Yagi will tend to show a better front-to- 
back ratio than its reflective cousin in the 
following ranges: 25 to 30 feet, 45 to 50 
feet, and 65 to 70 feet (5/8 to  3/4, 1-11'8 to 

1-1/4, and 1-5/8 to 1-3/4 wavelength high). 
The reflective 2-element Yagi shines at 
under 25 feet, 35 to 42 feet, and 55 to 62 
feet (1/2 to 5 / 8 ,  7/8 to 1, and 1-3/8 to 
1-1 /2 wavelengths high). These performance 
notes, of course, are relative to the general 
performance capabilities of 2-element Yagis. 

3-element Yagis 
The 3-element Yagi holds the potential 

for much superior performance with respect 
to both gain and front-to-back ratio. In this 
day of computer-optimized Yagis, I had 
some difficulty coming up with a variety of 
designs to test. Table 6 shows the three 
models used. The first, Y3-1, is scaled from 
an ARRL Antenna Book design. The sec- 
ond, Y3-2, uses formulas from an older 
handbook and represents a wide-spaced 
model. The third, Y3-3, derives from form- 
ulas in the ARRL book, but strives for 
equal close-spaced elements. Figure 17 pre- 
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. . . . .  . . . . .  . . . 
. . . . 

. . . 
OuterRing=6.640dBi ' .  ,; . ' lhinuth Plot 
flax. Gain = 6.640 dBi . .  . . . . . . ' ' Elevation Angle = 0.0 dag. 

I I 
I W7EL ELNEC 2.21 2-Element Yagi OE + Dir Y20-1 03-25-1992 21:33:48 1 
I 
I Azimuth plot 

I 
I Frequency = 24.95 XHz I Max Gain = 6.640 dBi I 

I Elev angle = 0.0 deg [ ~ n t  Ht = 0.000 ft 1 Source 1 impedance = 1 
( Outer ring - 6.640 dBi ( Wire Loasr Aluminum 1 27.719 - J 9.689 
I Reference = 0 dBi I Retvty = 4E-08 

I 
I SWR (50 ohm) = 1.899 1 

I I  el perm = I I (75ohm)= 2.758 1 
I 
I 2 Wirea 

I 
I Free apace 

I 
I Gain: 6.640 dBi 

I 

1 Wire 1: 10 segments ] ) Angle: 90 deg 
I 

I Length = 18.040 ft I I F/B: 10.180 dB 
I 

I 1 source I Bmwidth: 66 deg 
I 

I 
I NO loads ( -3dB: 57, 123 deg 

I 
I 

1 Slobe: -3.540 dBi 
I 

I I I 
I I I Angle: 270 deg 

I F/slober 10.180 dB 
I 

I I I 
I I I I 

Figure 15. Free space pattern for Y2D-1, a 2-element Yagi with director. 
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sents a free space azimuth pattern of Y3-3 
for reference. The three models together 
yield both higher and lower resistive com- 
ponents to the source impedance and both 
inductive and capacitive reactance, distrib- 
uted among the various models. 

The 3-element Yagi is a fairly complex 
antenna in terms of element interaction. 
Many builders have despaired of having 
gain, front-to-back ratio, and bandwidth 
merge. Other properties of the antenna also 
diverge as one changes dimensions. Interest- 
ingly, the model antennas tend to split ac- 
cording whether their elements are close- 
spaced or wide-spaced. 

Like the 2-element Yagis and the phased 
arrays, the gain of the 3-element Yagis 
climbs rapidly between the 1/2-wavelength 
height and the 3/4-wavelength point, as 
shown in Figure 18. For models Y3-1 and 
Y3-3, the close-spaced beams, the gain con- 
tinues to rise, changing only in the rate of 
increase. The wide-spaced beam, Y3-2, 
shows an overall increase in gain, but passes 
through peaks and valleys in the process. In 
fact, its rapid rise phase is delayed by 118 
wavelength compared to the other 3-element 
Yagis. It would appear that wide element 
spacing does not permit the parasitic ele- 
ments as effectively to isolate the gain from 
the effects of reflected high angle radiation. 
This condition is also confirmed in the vari- 
ations of feedpoint resistance and reac- 
tance, both of which vary by up to 20 per- 
cent. In contrast, the close-spaced Yagis ex- 
hibit a total resistance and reactance range 
of around 1.5 ohms, which reduces to a 
range of 1 ohm or less above the 3/4-wave- 
length height. 

Turning to Figure 19, we discover an ob- 

verse condition in the front-to-back ratios. 
The wide-spaced beam, Y3-2, shows the 
least variation in front-to-back ratio values, 
although they are the lowest of the group. 
The close-spaced Yagis exhibit significant 
maxima and minima, with the optimized 
model, Y3-1, showing sharp peaks just 
above the progressive half-wave heights. In- 
terestingly, both the close-spaced beams 
have front-to-back maxima that coincide 
closely with the feedpoint resistance maxi- 
ma, while Y3-2 shows a reasonable coinci- 
dence between inductive reactance maxima 
and front-to-back ratio peaks. 

The complex interactions among the ele- 
ments of these Yagis permit no unqualified 
generalizations. Element spacing around 
1/8 wavelength produces beams with certain 
consistent characteristics, but those proper- 
ties change as the element spacing ap- 
proaches a quarter wavelength. Whether 
even computer optimization can produce a 
3-element Yagi that performs consistently 
with respect to gain and front-to-back ratio 
at all reasonable heights may be doubtful. 
The lesson, if any, is this: a beam optimized 
for one height requires reoptimization be- 
fore installation at another. 

135-degree phase-fed 
antennas 

An interesting class of antennas consists 
of two elements, the rear of which is fed 
135 degrees out of phase with the front. 
Standard element spacing is 1/8 wave- 
length. Traditionally made of twinlead ele- 
ments with a twisted 1/8-wavelength twin- 
lead phasing line from the front element, 

3-ELEMENT YAGI BEAMS: 

Antenna Designator Material Element Length Space lo Free Space Characteristics Source 
Description Previous 

Elemenl Gain dBi FB dB R X 

3-element Yagi Y3-1 I-inch Al Dir. 18.6 feet 7.957 16.6 8.9 7 . 9  AB, 16 Ed, 
handbook DE 19.0 feet 4.0 feet p. 11-11 

design Refl 19.8 feet 6.0 feet 

3-element Yagi Y3-2 I-inch Al Dir. 18.04 feet 8.649 7.3 38.1 +48.5 Rhb, 21 Ed, 
0.25 wave- DE 18.96 feet 9.86 feet p. 29.6 

length Refl. 20.08 feet 9.86 feet 

3-element Yagi Y3-3 I-inch Al Dir. 18.44 feet 8.771 12.6 9.8 + 10.4 AB,  16 Ed, 
0.15 wave- DE 19.05 feet 5.91 feet p. 11-11 

length Refl. 19.88 feet 5.91 feet 
spacing 

Notes: A B  = ARRL Antenna Book, 16th Ed.; Rhb = Radio Handbook, 21.~1 Ed. 

Table 6. 3-element Yagi beams modeled in this study. 
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these are the notorious ZL-Specials. They 
come in two varieties. ELNEC originator 
Roy Lewallen, W7EL, created his Field Day 
Special by using two elements of equal 
length. Older ZL-Special designs tended to 
make the rear element longer to optimize 
gain and front-to-back ratio. A typical ZL- 
Special free space pattern appears in Figure 
20. Both models appear in Table 7: the 
W7EL model (scaled) as FDSP, the older 
model as ZLSP. 

In modeling the ZL-Specials, I followed 
the lead of ELNEC's originator and made 
each element from a single fat wire, 0.145 
inches in diameter. This simulates the thick- 
ness of twinlead without the difficulties in- 
herent in directly modeling closely-spaced 
parallel wires. However, the resultant feed- 
point resistance and reactance values will 
not be those associated with twinlead mod- 
els. The patterns of rise and fall, i f  any, will 
parallel twinlead values. Figure 16. Gain and front-to-back ratio versus height for two 2-element Yagis 

In general, the Field Day and ZL-Special with directors. 
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Figure 17. Free space pattern for Y3-3, a 3-element Yagi with 0.15 wavelength element spacing. 
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Figure 18. Gain variations in Yagis Y3-1, Y3-2, and Y3-3 from 20 to 70 foot 
heights. 

. 

variations have little to distinguish them. 
The traditional ZLSP shows a marginally 
higher gain and a seemingly significant in- 
crease in front-to-back ratio at any height, 
but that is an artifact of comparing an 
idealized model to a scaled actual antenna.* 
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*W7EL uses a program capable of  evaluating Field Day and ZL Special 
d e s ~ g n ~  us~ng equal or unequal element lengths, so long as the elements 
are lolded dipoles. The program yields clement current calculations that 
are very accurate, as verified by actual clement current measurements. 
His work i5 testimony to the fact that, while we may never eliminate the 
cut-and-try aspect of antenna constructlon, dedicated antenna speclalists 
with a knack for computer programming can put us much closer to preci- 
sion performance than at any time In radio history. 

Y3-1, '1'3-2, Y3-3 F-B @ 24.95 MHz 

Height vs. F-B 5'=ca. 1 /8 wavelength 
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Figure 19. Front-to-back ratio variations in Yagis Y3-1, Y3-2, and Y3-3 from 20 
to 70 foot heights. 

Moreover, front-to-back ratios higher than 
about 20 dB may be of little use unless an 
offending station is aligned directly to the 
rear of the antenna. ZL-Specials show two 
rear side lobes, down about 20 dB from the 
main forward lobe. The calculated front-to- 
back ratio affects only the midpoint of the 
rear lobe, pulling it inward at higher values. 
The rejection of most rearward QRM is 
most likely to depend upon the lobes and 
less likely to depend upon the peak front-to- 
back ratio figures. 

Nonetheless, 20 dB of rearward rejection 
is admirable not only for a 2-element beam, 
but for any 3-element beam as well. In 
crowded bands, the rejection may be more 
important for some hams than the half dB 
gain advantage offered by the 2-element 
Yagi. These much neglected antennas very 
likely deserve more attention than they cur- 
rently receive, even if construction requires 
more ingenuity. Special attention is needed 
on feed methods to obtain the proper phas- 
ing. Models suggest that performance does 
not significantly suffer as the phase angles 
move from about 130 degrees to nearly 140 
degrees. However, achieving even this 
broad condition at less that the high imped 
ances offered by folded dipole construction 
seems to have eluded the literature. Never- 
theless, even in the abstract, these are in- 
teresting antennas to model. 

Both versions of the ZL-Special reverse 
the patterns of gain and front-to-back ratio 
offered by the 2-element Yagi. Whereas the 
Yagi exhibits a well-behaved gain curve, the 
gain of the ZL-Special resembles a dipole 
with a rising gain figure, as Figure 21 
shows. Peaks and valleys occur at the same 
heights as for the dipole, and in about the 
same amount: the I .  1 to 1.4 dB range. Gain 
in both models appears to be roughly in- 
versely co-variant with the feedpoint reac- 
tance. In contrast to the 2-element front-to- 
back ratio curve, which shows semi-sinusoi- 
dal characteristics, the ZL-Special front-to- 
back ratio curves (Figure 22) are coarser, 
but upward bound. Model ZLSP shows 
some noticeable peaks and valleys which are 
much flattened in the FDSP curve. None- 
theless, no decline goes more than a fourth 
of the way down to the preceding valley, 
which makes the dips of little design con- 
cern. The craggy or erratic nature of the 
small steps in the curve make correlation 
with any impedance factor more speculative 
than certain. 

The use of 135-degree phased feed sys- 
tems for elements spaced 1/8 wavelength 
apart does not guarantee a smooth front-to- 
back ratio curve. As a design exercise, I 
made up a phase-fed double extended dou- 



135-DEGREE PHASE-FED ANTENNAS 

Antenna Designator Material Element Length Space to Free Space Charac(eristics Source 
Description Previous 

Elemenl Gain dBi F-B dB R X 

"Field Day Special" FDSP 0.145-inch Cu DE 18.12 feet 5.976 22.8 29.8* - IS.[* ELNEC file scalcd 
(fat-wire Refl. 18.12 feet 4.79 feet 22. I* - 99.4* *R&X indicators, 

dipole elements) not twinlead values 
135 degree 
phase fed 

ZL-Special ZLSP 0.145-inch Cu DE 18.4 feet 6.238 42.5 26.7* - 0.4* Ant Rndp, 
(fat-wire Refl. 18.9 feet 4.9 feet 23.7* -50.5% v2, p.66 

dipole elements) *R&X indicators, 
135 degree not  winl lead values 
phase fed 

Double EDZ-ZL DEDZP #I8 Cu DE 48.32 feet 8.898 24.8 89.3 -824 Exp. design 
135 degree Refl. 51.06 feet 4.9 feet 30.9 -680 
phase fed 

Notes: At11 Kndp = Anienna Rorrtidup, vol. 2, 1966, p. 66. 

Table 7. 135-Degree phase-fed antennas modeled in this study. 

ZL-Spec ia l ZLSP W7EL 
ELNEC 2.21 

83-26-1992 11 :34 :58 (c)  1991 
Freq = 24.95 NHz 

8 dog. 

Outer Ring = 6 2 3 8  dB1 h i n u t h  Plot 
flax. Gain 6.238 dB1 Elevation Angle = 0.8  dog. 

I I 
I W7EL ELNEC 2.21 ZL-Specla1 ZLSP 03-26-1992 11:34:50 1 
I I 
I Azunuth plot ( Frequency = 24.95 MHz 1 Max Galn = 6.238 ~ B L  I 
I Elev angle = 0.0 deg I Ant Ht = 0.000 ft I source 1 impedance = I 
I outer ring = 6.238 d8i 1 wire LOSE: Copper 1 26.739 - J 0.437 I 
I Reference = 0 dBi I Rstvty = 1.743-08 1 SWR (50 ohm) = 1.870 1 
I 1 Rel perm = 1 1 (75 ohm) = 2.805 1 
I 
1 2 Wires 

I 
I Free space 

1 
I Gain: 6.238 dBi 

I 

I Wire 1: 10 segments I I Mgle: 90 deg 
I 
I 

( Length = 18.400 ft 1 1 F/B: 42.519 dB 
1 2 sources I I Bmwidth: 70 deg I 

I 

I No loada I I -3dB: 55, 125 deg I 
I I ( Slobe: -12.161 dB1 

( Angle: 327 deg 
I 

I I 
1 ~/Slobe: 18.398 dB 

I 
I I I 
I I I I 

Figure 20. Free space pattern for ZLSP-a ZL-Special model using a single thick radiator to replace the folded 
dipole for each element. 
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FDSP, ZLSP, DEDZP @ 24 95 MHz 

He~ght vs Ga~n; 5'=co I /8 wovelength 
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versely co-variant with feedpoint reactance 
(when we treat the values as negative num- 
bers so that the least capacitive reactance is 
a maxima; that is, the most inductive reac- 
tance). Unlike its ZL-cousins, DEDZP does 
not exhibit a smooth front-to-back ratio 
curve; in fact, just the opposite. The sharp 
peak values in Figure 22 are exceptions, and 
the more average value is somewhat below 
the values for FDSP. 

On the assumption that one can build and 
feed this antenna, perhaps its most signifi- 
cant use would be as a fixed wire beam set 
at a height to maximize front-to-back ratio. 
The high capacitive reactance of both ele- 
ments strongly suggests a narrow band- 
width, and its pattern, shown in Figure 23, 
points to a narrow beam width. However, 
the multiplicity of side lobes limits absolute 
rejection of QRM. As a passing note, 
DEDZP derives from a varasitic version de- 

Figure 21. Gain variations in 135-degree phase-fed antennas FDSP, ZLSP, and 
signed by Brian Egan, Z L ~ L E .  It has simi- 

DEDZp from 20 to 70 foot heights. lar gain figures, but requires an inductive 
load in the reflector. That factor, which re- 

ble Zepp (DEDZP) of unequal elements. 
The calculated gain of the antenna appears 
in Figure 21 with those of the ZL-Specials. 
The curve parallels the lower curves in just 
the way in which the EDZ curve parallels 
those of the dipoles. The maxima and mini- 
ma appear a foot or two lower, which sug- 
gests a high value of capacitive reactance at 
the feedpoints, verified by Table 7. Like the 
ZL-Specials, gain appears to be roughly in- 

1 

FDSP, ZLSP, DEDZP @ 24.95 MHz 

Heght vs. F-B; 5'=ca. 1 /8 wavelength 

'G 

0 
# 

w 
m 
L L  

2022242628303234363840424446485052545658606264666870 
21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 

Antenna He~ght ~n Feet 

Figure 22. Front-to-back ratio variations in 135-degree phase fed-antennas 
FDSP, ZLSP, and DEDZp from 20 to 70 foot heights. 

quires optimizing at each height step, ex- 
cluded the ZLlLE antenna from this study. 
However, for raw low-price gain in a fixed 
beam, these designs are worth considering. 

Delta and quad loop antennas 
The last group of basic ham antennas in- 

cludes delta and quad loops. I have includ- 
ed a single delta and a single quad, each 
modeled as a parasitically fed and as a 
phase-fed beam. It is short and simple to al- 
ter the feed system in computer antenna 
modeling: it is the initial mutual impedance 
calculations that take so long. Had I used 
fully tapered elements to provide the most 
accurate dimensions and impedance figures, 
the task would have required over 7-1/2 
hours per antenna. I cut that to about 3 
hours per antenna by using substitute de- 
signs with fewer segments per wire. I al- 
ready had a collection of quad and delta 
loop designs modeled in fully tapered form, 
but only for 7 steps between 25 and 55 feet. 
I chose the substitute designs with larger 
element dimensions for their relative coin- 
cidence of free space values and the accur- 
acy of track with the tapered antennas. The 
delta loop model uses 8 segments per wire, 
while the quad model uses 6 segments per 
wire. The resulting patterns can be used 
with confidence, but the dimensions may 
not. Table 8 lists both the substitutes and 
the their more accurate models. Note that 
the designs were selected for their close ele- 
ment spacing and for resonance. A further 
difficulty of modeling loop beams is that 
most builders design them for field adjust- 



ment of the reflector. That element is there- 
fore normally too long (capacitive adjust- 
ment) or too short (inductive or fold-back 
adjustment) for modeling without optimiz- 
ing a load for every one of the 5 1 height 
steps. The only generalization I have noted 
in my modeling efforts is that the tradition- 
al element formulas of 1005/f and 1030/f 
never appear in the same antenna. A com- 
parison of QC-3 and DL-2 in Table 8 illus- 
trates the point. 

Deltas and quads present special prob- 
lems for analysis. Reflected high angle radi- 
ation must intercept multiple elements at 
different heights. Indeed, determining the 
height of a delta loop and a quad is itself 
problematic. For convenience, I used the 
boom or hub altitude. The quad boom is 
vertically centered between elements. How- 
ever, takeoff angle readings suggest that the 

effective center of radiation is about a foot 
or 0.025 wavelength higher. Had I used this 
height, takeoff angles would have coincided 
closely with those for 2 and 3-element 
Yagis. Using the boom-hub height yields a 
takeoff angle lower than that of compar- 
able antennas. 

The situation is somewhat simpler for the 
delta loop. If one uses spider construction, 
with the triangle apex at the top (which is 
also the feedpoint), then the hub is about 
1/3 the vertical dimension of the antenna. 
Using this figure, 1 found that takeoff 
angles paralleled closely with those for 
Yagis. Different construction methods, of 
course, will result in different relationships 
between the boom and the antenna. Because 
there is little difference in the patterns of a 
delta and a quad loop beam, Figure 23, 
which shows the free space pattern of the 

r 

DELTA AND QUAD LOOP ANTENNAS: (all antennas use substitute models) 

Antenna I)esignator Material Element Length Space to Free Space Characteristics Source 
Description Previous 

Element Gain dBi F-BdB H X 

2-element Quad QC-3 #I8 Cu DE 39.68 feet 7.180 21.6 95.0 4.7 Experimental 
(tapered Refl. 41.60 feet 5.0 feet design 

element model) 990/f, 
(parasitic 1037/f 

values shown) substitute 
below 

2-element Quad QC-3A #I8 Cu DE (40.80 feet) 7.261 22.5 96.9 4.3 Substitute 
(6 segment/ Kefl. (42.88 feet) 5.0 feet model for 
wire model) QC-3 

parasitic 6 segments/ 
feed wire 

2-element Quad QCP-3A #I8 Cu DE (40.80 feet) 7.203 27.3 101.8 1.0 Substitute 
(6 segment/' Refl. (42.88 feet) 5.0 feet -3.3 - 4.6 model 
wire model) for QC-3 
135 degree 6 segments/ 
phase fed wire 

2-element DL-2 #I8 Cu DE 40.26 feet 7.080 18.4 77.8 4.7 Experimental 
Delta Loop Kefl. 41.88 feet 5.0 feet Design 

(tapered 1005/f, 
element model) 1045/f 

(parasitic substitute 
values shown) below 

2-element DL-2A #18 Cu DE (41.40 feet) 7.139 18.4 88.8 - 1.7 Substitute 
Delta Loop Refl. (43.26 feet) 5.0 feet model 
(8 segment/ for DL-2 
wire model) 8 segments/ 

parasitic wire 
feed 

2-element DLP-2A #I8 Cu DE (41.40 feet) 6.967 26.7 102.2 - 2.5 Substitute 
Delta Loop Refl. (43.26 feet) 5.0 feet -2.1 - 13.1 model 
(6 segment/ for DL-2 
wire model) 8 segments/ 
135 degree wire 
phase fed 

Table 8. Delta and quad loop antennas modeled in this study. 
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ness," it tends to level off at the 40-foot or 
1-wavelength mark. The phase-fed quad is a 
paradigm of a well-behaved front-to-back 
curve. Nevertheless, as in the case of the 
ZL-Specials, there may be a limit as to the 
usability of extreme front-to-back ratios in 
antennas with rear side lobes. The lobes 
may better mark the limits of effective 
QRM rejection than the tiny but deep inset 
of the 180-degree front-to-back point. 

If MININEC programs or computers be- 
come more efficient or more automated, 
further study of loop beams is both desir- 
able and necessary. A single model of each 
type of loop beam is insufficient to certify 
the patterns as reliable enough to use. In- 
deed, one should at least double the number 
of antenna models used in this study before 
counting its results as more than preliminary. 

Nevertheless, if this study has brought 
about an acquaintance with and an appreci- 
ation of the ways in which antenna per- 
formance changes with antenna height, then 
it has been worth the time and energy. List- 
ing antenna specifications accurately and 
comparing them sensibly have always been 
arduous and tricky tasks. Unfortunately, I 
have the feeling that these notes may make 
the tasks a bit more difficult, even if the re- 
sult is a more rational set of expectations. 

Appendix 1:  Take-off Angles of 
the Modeled Antennas 

As noted early in the report, all antenna 
data collected refer to the lowest main lobe 
of radiation. As the height of any horizon- 
tal antenna is increased, the angle of maxi- 
mum radiation from this lobe decreases. At 
the lowest heights investigated, antenna pat- 
terns show a single lobe (as viewed on an 
elevation plot between ground and 90 de- 
grees straight up). As antenna height in- 
creases, other lobes appear-while the low- 
est lobe grows narrower. These multiple 
lobes may give an antenna at a set height 
good performance on both long skip paths 
and shorter domestic ones. 

A full discussion of antenna elevation 
plots would unnecessarily lengthen this re- 
port, and several studies already exist. 
However, as an adjunct to this report, 
Table 9 reports the take-off angles of the 
lowest main lobe for the antennas investi- 
gated. Antennas were grouped together if 
they varied from the stepping points in no 
more than two places. To keep the table 
from becoming a mere morass of numbers, 
I have included only the angle value when it 
first appears as antenna height increases. 
The blank spaces beneath a number have 
the same value. The actual angle decreases 

Quad & Delta Loop Gar  @ 24.95 MHz 
Height vs. Gain; 5'=ca 1 /8 wavelength 
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Figure 24. Gain variations in DL-ZA, DLP-ZA, QC-JA, and QCP3A from 20 to 
70 foot heights. 

smoothly: the stepped appearance of the 
columns is an artifact of giving the angle 
value in integers. 

Above three-quarters of a wavelength, 
the actual difference in the take-off angle 
among the different antennas is quite small. 
The dipoles, the 2-element Yagis, the 
135-degree antennas, and the delta loop 
show a close coincidence in their values, as 
do the 180-degree antennas, the 3-element 
Yagis, and the quads. The angles shown for 
the delta loop and the quad are functions of 
their mounting points, as described above. 
Nonetheless, the differences between the 

r (%ad & Delta Front-to-Back @ 24.95 MHz 
Height vs. Gain; 5'=ca 1 /8 wavelength 
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Figure 25. Front-to-back ratio variations in DL-ZA, DLP-ZA, QC-3A, and 
QCP-3A from 20 to 70 foot heights. 
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two groups are too small at higher mount- 
ing points to make a significant difference 
in antenna choice. 

More significant are the differences in 
take-off angle for the lowest heights investi- 
gated. At 1/2 wavelength (about 20 feet at 
24.95 MHz), the 4 degree difference be- 
tween a dipole and a 3-element Yagi or a 
2-element quad may make a significant 
difference in long-range performance. 
However, in all cases, the lobes show con- 

siderable power radiation above and below 
the angle of maximum radiation from the 
lobe. In addition, evaluating a proposed 
antenna and mounting height requires that 
one consider a number of other variables, 
such as the desired type of operating, the 
overall azimuth and elevation patterns, and 
the ability to  install and maintain the anten- 
na. I have added these notes only to  verify 
the validity of comparing the antennas 
models investigated and to give a general 

Table 9. Comparison of antenna take-off angles for selected antennas. 

I 

78 Fall l992 

TAKE-OFF ANGLES FOR THE LOWEST LOBE OF SEVERAL TYPES OF ANTENNAS 
Take-off Angle in Degrees 

Height Dipoles DIJK 2-element 3-El. Yagis FD/2LSP DL-2A QC-3A 
Feet Wavelengths +ED% +DEDZ Yagis Y3-1 Y3-2 Y3-3 +DED2P DLP-2A QCP-3A 

20 I /2 28 25 26 25 24 24 26 26 24 
2 1 27 24 25 24 23 23 25 25 24 
22 25 23 24 23 22 23 24 24 23 
23 24 22 23 22 21 22 23 23 22 
24 23 2 1 22 22 21 21 22 22 2 1 
25 5/8 22 21 21 20 20 2 1 2 1 20 
26 2 1 20 20 20 20 
27 19 19 19 19 20 20 19 
28 20 19 18 18 19 19 
29 19 18 18 18 18 
30 3/4 18 17 17 18 18 17 
3 1 17 17 17 17 17 
32 17 16 16 16 
3 3 16 16 16 16 16 
34 16 
3 5 7/8 15 15 15 15 15 15 
36 15 15 15 
37 14 14 14 14 14 
38 14 14 14 
39 14 
40 1 13 13 13 13 13 
41 13 13 13 
42 13 
43 
44 12 12 12 12 12 12 12 
45 1 1/8 12 12 
46 
47 
48 11 I I I1 11 11 I I 11  
49 I I 11 
50 1 1/4 
5 1 
52 10 10 10 10 10 
5 3 10 10 10 10 
54 
5 5 1 3/8 
56 
57 
58 9 9 
59 9 
60 1 1/2 
61 
62 
63 
64 
65 1 5/8 8 8 
66 8 
67 
68 
69 
70 1 3/4 



impression of how take-off angle varies 
with antenna height. 

Appendix 2: Size, Soil, and the 
Limits of Extrapolation 

As briefly noted in the text, the ability to 
extrapolate the results of this study to 
generalities about all H F  antennas, 
whatever their type, is limited. The patterns 
are reliable at best over the range from 14 
to 30 MHz, and only if one assumes an 
obstruction-free coherent medium or 
average earth beneath the antenna. 

Perhaps the most obvious limitation to 
extrapolation is that antennas below 20 me- 
ters and above 10 meters rarely hit the ele- 
vation range used in this study. The lowest 
limit, 1/2 wavelength, is above 140 feet at 
80 meters and 70 feet at 40 meters. Like- 
wise, 20 feet is already greater than a wave- 
length at 6 meters. Hence, for bands outside 
the upper HF frequencies, the study does 
not cover typical antenna heights. 

There are also limitations imposed by the 
assumption of a coherent medium or aver- 
age earth beneath the antenna. Average 
earth is sometimes defined as having a con- 
ductivity of 5 milliSiemens per meter 
(mS/M) and a dielectric constant of 13. 
These figures represent the default values 
used in ELNEC 2.21, which automatically 
takes into account modifications to antenna 
patterns created by soil conditions. One 
may choose other soil values most like one's 
home QTH by modifying the ground con- 
stants in the program. Figure 26 demon- 
strates the changes in values for a half- 
wavelength dipole occasioned by selecting 
other earth constants. Included are perfect 
soil, very good soil of a rich pastoral nature 
(C = 30.3 mS/m, DC = 20), medium or aver- 
age soil (C = 5 mS/m, DC = 13), poor sandy 
soil (C = 2 mS/m, DC = lo), and very poor 
industrial city soil (C = I mS/m, DC = 5 ) . *  

The only significant change among the 
lines is the gain value for each given height. 
For a selected frequency, in this case 24.95 
MHz, the maxima and minima of gain ap- 
pear at the same heights above ground. As 
the soil grows poorer, the take-off angle of 
the lowest lobe of  radiation decreases slight- 
ly for any elevation, but above 5 / 8  wave- 
length, the difference is always less than a 
degree. The decrease in gain more than off- 
sets the seeming take-off angle advantage. 
From the comparison one may conclude 
that soil type, while affecting antenna gain 
at any height, does not affect the trends 
under study. Nonetheless, precise analysis 
for any particular site will require, for pre- 
cision, replication of the exercise. 

24.95 MHz Dipoles over Various Grounds 
Height vs. Gain; 5'=ca. I /8 wavelength 
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Figure 26. Gain variations in half-wavelength dipoles over various types of 
ground from 20 to 70 foot heights. 

In addition to the differences occasioned 
by soil type, we must take into account the 
varying characteristics of soils in any typical 
site and the degree to which antenna cur- 
rents penetrate the soils. One standard by 
which penetration is measured is skin depth, 
which increases as soils grow poorer. In the 
upper HF range, penetration depths to the 
standard measure vary from 5 to 6 feet for 
very good soil to nearly 40 feet for very 
poor soil. Consequently, scratching the sur- 
face to ordinary garden depths is insuffici- 
ent to analyze the soils underlying an anten- 
na system. Too, the assumption of coherent 
soil of constant characteristics is usually un- 
warranted by subsurface conditions. 

Treating the soil as if it were a conductive 
surface rather than a medium is thus dan- 
gerous below the VHF range. Moreover, the 
degree of penetration increases rapidly at 7 
MHz and below. Although the effects of 
ground differ according to the polarization 
of antennas under investigation, it cannot 
be ignored and becomes very significant 
from 160 through 40 meters. Extrapolating 
the results of this study to the lower H F  re- 
gion is thus not recommended. Rather, the 
study should be replicated for those fre- 
quency ranges.* 

'These values are taken fro111 a 1939 Federal Register on the subject of 
"Standards o f  Good Engineering Practice Concerning Standard Broad- 
cast Stations" as reprinted by Terman in the Radio Engineer's Hundbook 
(New York. McGraw Hill. 1943). page 709, and further reprinted in 
Gerald Hall, Editor, The A R R L  Anrenno Book. 16th Edltion (Newing- 
ton, ARRL), page 3-3. 

'Further information on antenna ground modeling can be derived from 
the excellent instruction set included with ELNEC as a starter. Lewallen 
references the current edition of The ARRL Anfenno Book, previously 
noted. which in turn will lead the reader to Terman, and perhaps beyond. 
All of which demonstrates that the formulas required to perform this 
study have been around a very long time: only the drudgery of perform- 
Ing them manually has deferred studies o f  antenna performance versus 
height for many antenna types. 
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TECHNICAL CONVERSATIONS 

Here's some feedback generated by Cor- 
nell Drentea's article "Z~nproving Receiver 
Performance in Modern Transceivers" 
(Communications Quarterly, fall 1991). 

Dear Cornell: 
I have been meaning to write you for 

some time since your article appeared in 
Communications Quarft~rly about using 
PIN diodes to replace PN diodes in switch- 
ing. Good job. We need more nuts and 
bolts type of articles like that. 

I have been doing sonie experiments 
here on diode isolation. My investigation 
began when I was unable to obtain ade- 
quate isolation when switching filters in 
my old FT902DM. So having the resources 
available at work, I made a fixture and 
tested the filter board on the network an- 
alyzer. (The FT902 uses all plug in boards 
for major functions.) The problem became 
abundantly clear as shown in Figure I. 

With the CW filter selected, the SSB and 
AM filters were definitely not out! (Back 
in September 1981, Johnson, W4ZCB, 
wrote an article for 73 Magazine about the 
FT902 filter isolation problem, blaming 
the filters themselves and not recognizing 
the real problem.) At that point, I began 
testing various PIN diodes because of their 
supposedly excellent off isolation. Figure 2 
shows a small collection of diodes I have 
tested. Stay away from the MPN3404s 
which were in the board when Figure 1 
was generated! Replacing the MPN3404s 
with H P  1N5719s did the trick, as shown 
in Figure 3. 

Another factor in the filter isolation 
problem is the diodes switch typically in a 
500-ohm environment, which further re- 
duces their isolation effectiveness by 20 dB 
per port over the 50-ohm system plotted in 
Figure 2. However, pulling all the filters out 
only resulted in a noise floor of - 78 dBm. 

Figure 1. FT902DM filter board, using HP8753C network analyzer. 
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Figure 2. Isolation of PIN and PN diodes. 
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Figure 3. FT902DM filter board in test fixture using IN5719 PIN diodes. 

The culprit must be radiation across the 
edge connector. So I ran another test using 
a piece of blank edge connector material 
plugged into the socket and only achieved 
95 dB of isolation. So much for the thought 
of getting 100 dB isolation with the real fil- 
ter board plugged in. the poor isolation de- 
terred me from trying to switch the diodes 
in a 50-ohm system. However, the diode 
changes on the board plus rewiring the 
socket in the mainframe have made a sub- 

stantial improvement in filter response. 
Anyway, have you run across the prob- 

lems I have just stated? I would like to mea- 
sure the diodes that you wrote about in the 
article for isolation and insertion loss if you 
have one to spare. I would also be curious 
about the reader response you received. Al- 
so, where and when do these technical in- 
formation nets meet? 

Currently, I am in the UHF transceiver 
design section at Motorola GEG doing fre- 
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quency synthesizer work. Looking forward 
to hearing from you. Again, good article. 

Hardy Landskov, N7RT 
Phoenix, Arizona 

Dear Mr. Landskov: 
Thank you for sharing your research. 

With your permission, 1 would like to for- 
ward the information you provided to Com- 
niunications Quarterly for publication un- 
der the "Technical Conversations" column. 

You asked about isolation. It has been 
my experience that 95 dB isolation at the 
board level is quite a remarkable achieve- 
ment, especially without any complex 
shielding which can even go inside the fil- 
ters. While I have not seen anyone doing 

INSERTION LOSS 
CHI  Spl  log MAG 0.2 dB/ REF OdB 1: -0.2907dB 

C 

t 

1 1 1 1 I 1 1 
START 1.000 0 0 0  MHz STOP 31.000 000 MHz 

ISOLATION 
CHI Spl  log MAG 10 dB/ REF OdB - 1: -54.609 dB 

C 

t 

START 1.000 000  MHz STOP 31.000 000 MHz 

Figure 2 

100 dB, I would say that more often an 80 
to 85-dB isolation is what is achievable 
across an open frame board. 

About the technical nets, I am not a part 
of them, but I have heard them in the win- 
ter on 14.3 18 MHz on Sunday afternoons. I 
have no idea if they operate during the sum- 
mer, but you can try this frequency. 

1 am sending you two PIN diodes, an HP  
5082-3080 and 5082-3081 for your tests. I 
do not have any MA4P1200s since I have 
contributed my entire supply to a good 
cause. If you find anything interesting, 
please share your findings with us. 

Regarding the reader response, some of 
the comments can be found in the "Tech- 
nical Conversations" column of Communi- 
cations Quarterly. 

Congratulations on being involved with 
transceiver and UHF frequency synthesizer 
work. It does indeed sound like fun. Synth- 
esizers are one of my strongest areas of ex- 
pertise as I have done much with them from 
systems to hardware implementation in my 
consulting career. Again, thanks for sharing 
your information, and I am looking for- 
ward to hearing from you again. 

Cornell Drentea, WB3JZO 
JZO Research 

Minneapolis, Minnesota 

Dear Cornell: 
I just wanted to close the loop on the PIN 

diodes. Here's the data from the two diodes 
you sent me. Same conditions as before. IF 
= 10 mA (insertion loss) as shown in Figure 
1 and VR = 10" (isolation) as shown in 
Figure 2. 

Hardy Landskov, N7RT 
Phoenix, Arizona 

"Quarterly Devices" author Rick Little- 
field, KlBQT, received these comments on 
his spring 1992 column. 

Dear Rick: 
I enjoyed your "Quarterly Devices" col- 

umn on low-power audio amplifiers in the 
spring Communications Quarterly. You 
mention muting the LM386 by removing 
Vcc. I wonder if you have tried the method 
using the decoupling pin (pin 7)? G 3 R 0 0  
and I tried this, with success, in a recent 
project in SPRAT. See pages 21-29. 

I look forward to trying the devices you 
described in the article. I must check out 
their UK availability. 

Always enjoy reading your work, Rick. 
Keep the ideas and the circuits coming. 

Rev. George Dobbs, G3RJV 
Rochdale, England 



Figure 1. Muting the LM386 by using the decoupling pin (pin 7). 
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Reviewed by: Joseph L. Lynch, N6CL** 
P.O. Box 73 
Oklahoma City, OK 73 101 

OBSERVING THE SUN 
A new book by Peter 0. Taylor * 

A s amateur radio operators, we take 
a keen interest in the Sun. In many 
respects, we are closet Sun wor- 

shippers. We decide whether or not to turn 
on the radio on a particular day based on 
what's happening on the Sun. Hams who 
operate on H F  frequencies want to know if 
a solar event has happened, so they can de- 
cide whether to bother turning on the radio. 
Conversely, hams who operate on VHF and 
above want to  know about the same event 
because it may stimulate an aurora which 
may provide propagation for terrestrial 
communications or, may disrupt EME 
(earth-moon-earth) communications. 

For so many facets of our hobby, we 
look to the Sun for its influence. Peter 0. 
Taylor, an author whose work appears reg- 
ularly in this publication, has provided a 
guide for our ponderings in his book, 0b- 
serving the Sun. 

In the first chapter, Taylor introduces the 
reader to the historical roots of solar obser- 
vation. He recounts that the ancients looked 
at the Sun as " . . . more like that of a slave 
than that of a master." He cites 12th cen- 
tury BC Chinese writings as the first reports 
of what we now perceive as sunspots. 

In Chapter 2, while continuing to exa- 
mine the history of solar observation, 
Taylor discusses the invention of the 
telescope and how the Sun apparently 
stymied initial research of itself during the 
Maunder Minimum.' He goes on to cite the 
first scientific investigation into the proper- 
ties of sunspots published in 1769, by Alex- 
ander 0. Wilson, of the University of 
Glasgow, as the basis for modern research 
into sunspots. Taylor refers to amateur 
astronomer, Heinrich Schwabe's work as an 

accidental discovery of the cyclical nature 
of the recurrence of sunspots. 

The author uses Chapter 3 to lay the 
groundwork for what we now know as the 
various cycles of the Sun. He states that the 
beginning of the record solar cycles, starting 
with Cycle Number One, is based on a sys- 
tem devised by the Swiss Federal Observa- 
tory in Zurich, Switzerland (and the work 
of Schwabe). He continues by discussing the 
periodicity and characteristics of the sun- 
spot cycle, as we have been able to deter- 
mine i t  to date. Taylor examines recent cy- 
cles and compares the even-numbered with 
the odd-numbered cycles. He concludes that 
the even-numbered cycles have longer ex- 
tended maxima than the odd-numbered cy- 
cles. However, he also points out that re- 
cent odd numbered cycles have had higher 
maxima than their counterpart even- 
numbered cycles. And then he makes a 
prediction. While cautioning the reader, 
Taylor speculates that, based on recent 
history, ". . . if the odd-even relationship 
continues, the maximum of cycle twenty- 
three should also be a very strong one, 
perhaps with a peak strength which ap- 
proaches 200 (in mean sunspot numbers)."2 

Did you ever think that counting sunspots 
was easy? It's not. Sunspots are not individ- 
ual dots on the Sun. Rather, they are often 
found in groups, or  clusters, that appear at 
various locations on the Sun's surface. How 
large the cluster is and where it appears is 
meaningful to the Sun's observers. For ex- 
ample, sunspots from a new cycle will gen- 
erally appear high in latitude, while sun- 
spots from an old cycle will appear lower in 
latitude. In Chapter 4, Taylor describes the 
two methods of sunspot counting, the Zur- 
ich and Mount Wilson sunspot group classi- 
fications. and the differences and similari- 

'Cambridge University Press. 1991. 159 pages. $29.93. 
"Mr. Lynch is the VHF editor for out sister publication CQ magazine. 

ties between the two. 
His rev~ew of Mr. Taylor's book apprars here courtesy of that publica~ In Chapter 5 ,  Taylor begins his discussion 
tion. Though it is not generally our p~,licy to run book reviews, we 
thought those of  you who enjoy Mr. 'Taylor's column "The Solar Spec- 

of the effects of the Sun on the Earth. 
trum" might also be interested in his Ik~test book. ~ d .  Among the topics covered are the Solar 
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wind, solar flares, and coronal holes, and 
their relative effects on the earth's geomag- 
netic field. Taylor discusses the A and K in- 
dices and how they are derived.3 He also ex- 
amines the visible effect, the aurora, and its 
relationship to high geomagnetic indices, 
and why aurorae are more likely to occur 
during the decline of the solar cycle. Be- 
cause we are in the decline of Cycle 22, one 
can imagine what we have to look forward 
to over the next few years. We have already 
seen some samples with the fireworks show 
during the period of 8-10 November 1991.4 
Taylor continues by discussing the Sun's ef- 
fects on the Earth's weather patterns. The 
reader is left to  contemplate the possibility 
of changes in the Earth's average tempera- 
ture in relationship to the changes in the 
sunspot cycle.5 

In Chapter 6, Taylor looks at the equip- 
ment needed for naked eye observation of 
the Sun. He warns us that solar filters, and 
not polarizers, must be used for direct nak- 
ed eye observation. The reader is cautioned 
that use of the wrong equipment can severe- 
ly damage one's eyesight. Taylor considers 
actual pieces of equipment used for obser- 
vation and gives the pros and cons for each. 
Among the types of telescopes discussed are 
the catadioptric and the Newtonian reflec- 
tor. Taylor also addresses direct viewing of 
the Sun and the differences between photo- 
graphing versus drawing the image of it. In 
addition, he describes the use of hydrogen- 
alpha (Ha) filters. These filters, which 
transmit light centered around 6563 ang- 
stroms, in the red portion of the spectrum, 
have become relatively inexpensive, and thus 
more available to the amateur observer. By 
using these filters, the observer can view so- 
lar flares, coronal holes, sunspot regions, 
prominences, and filaments6 from a dif- 
ferent perspective. Taylor also examines the 
safest way of observing the Sun, that of 
projecting its image onto a surface, and 
how to use this indirect method of observa- 
tion with the most success. 

In order to keep accurate records of posi- 
tions of sunspots and other objects of inter- 
est, it is necessary to  know how to view the 
Sun and its orientational relationship with 
Earth. In Chapter 7, Taylor addresses ori- 
enting the image of the Sun in relationship 
to the observer. Among the topics covered 
are the projected image, the direct image, 
and the determination of a sunspot's posi- 
tion mathematically. 

Chapter 8 covers what to look for and 
how to look for it when observing sunspots. 
The reader is taught how to count the sun- 
spot groups and k advised to be consistent 
when making daily observations. 

In Chapter 9, Taylor discusses the use of 
the Porter Disk for aligning the Sun's 
equator with the observer's equatorial posi- 
tion relative to the Sun. 

Chapter 10 focuses on the rare white so- 
lar flares. Taylor notes that when such 
flares occur, they can cause massive effects 
on Earth. Known as WLFs, these flares 
have been known to trigger immense 
aurorae. Taylor states that WLFs that occur 
in the Northern Solar Hemisphere tend to 
begin between one and two years before the 
peak of the sunspot cycle. He also explains 
that Southern Hemisphere WLFs tend to 
begin approximately one year after the 
peak. (This is yet another aspect of the Sun 
we can look forward to during this cycle's 
decline.) The reader who is serious about 
abserving WLFs is given information on 
where to send documentation of such 
observations. 

In Chapters I I and 12, Taylor deals with 
detecting solar flares electronically. Chapter 
I I discusses the effects on the magnetic 
field. We, as amateur radio operators, 
should find most of the contents of this 
chapter very familiar. How well we know of 
polar cap absorptions, sudden ionospheric 
disturbances (SIDSs), and the effects of so- 
lar activity on the F and E layers of the at- 
mosphere. However, we know less about 
the effects these events have on the D layer. 

We do know that the D layer begins to 
materialize after sunrise, increases in inten- 
sity during the daytime to a maximum 
around local noontime, and then declines 
towards sunset. When present, it absorbs 
signals in the MF and low HF range (ab- 
sence of long distance communications on 
80 anti 160 meters). At night the D layer 
disappears, making long distance (or skip 
type) communications on these frequencies 
more probable. Conversely, what is not as 
well known to amateurs, is that within the 
VLF spectrum, the D layer acts as a wave- 
guide, providing ducting for signals to  
travel long distances. Because the D layer 
does not hold ionization well without the 
Sun's (or other) reinforcement, the effect of 
solar flares on that layer is one of rapid 
ionization and deionization. These changes 
can be detected on receivers tuned to VLF 
radio stations7 set up, for just such pur- 
poses, within the 5 to 50 kHz range. Using a 
strip chart recorder, one can detect a change 
in amplitude in the signal during such 
ionization and deionization of the D layer. 

Those who'd like to build just such a 
VLF receiving station will be interested in 
Chapter 12. Here Taylor describes how to 
construct such a station and gives the fre- 
quencies to listen for while conducting your 
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VLF observations.8 He also describes how 
to make a magnetometer for detecting dis- 
turbances in the Earth's magnetic field. 

In Chapter 13, Taylor exposes the reader 
to equations used for calculating relative 
sunspot numbers, the Sun's relative rota- 
tion, and other statistical factors. 

In the last chapter, Taylor covers eclipses 
of the Sun. While the ancients regarded the 
event with suspicion and mistrust, modern 
research into the phenomenon has contrib- 
uted much to the study of the Sun. Taylor 
quotes two stories as examples of the his- 
torical misgivings associated with eclipses. 
First, Taylor recounts one incident where 
two Chinese astronomer's apparently lost 
their heads for being too consumed with 
wine and failing to "drive off the dragon," 
or accurately forecast a particular eclipse. 
In the second incident, Taylor reports that 
the five year war between the Medes and the 
Lydians ended abruptly after an eclipse. 

Taylor discusses various types of eclipses 
(partial, annular, and total) and what is 
necessary for each to occur. For example, a 
total eclipse can only occur when the moon 
is at perigee. Taylor proceeds to compare 
the lunar orbit with the Earth's and the 
Sun's. He states that total eclipses are rare 
sights for the casual observer because most 
occur over water. The one recent exception 
was the total eclipse of 11 July 1991, which 
occurred over several large metropolitan 
areas. (I just missed seeing the eclipse in 
Costa Rica, arriving some six hours after 
the event.) He gives instructions and warn- 
ings on how to view an eclipse safely (the 
same warnings on viewing the unblocked 
Sun apply9) and what to expect when view- 
ing it. Taylor reports that the appearance of 
Baily's Beads, the streams of the remaining 

sunlight around the lunar limb, during the 
total portion of the eclipse is one of the 
more fascinating aspects of the event. 

Taylor's book provides an excellent prim- 
er for those amateur radio operators who 
want to know more about the most influen- 
tial aspect of our hobby of communications. 

Can we harness the Sun and make it a 
slave for our hobby as the ancients attemp- 
ted to do? Probably not. However, we can, 
with Taylor's book, make new, more res- 
pectful observations of the Sun. 
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PRODUCT INFORMATION 
NHT Symbol Libraries 

New Horizons Technologies, Inc. is now Microstation (3 and 4) and include both 
shipping NHT Symbol Libraries 2.1, which screen and tablet menus, complete docu- 
are tailored to the industrial and facilities mentation and instructions, and a user- 
engineering fields. Libraries for architec- friendly installation program. The libraries 
turd,  electrical, structural, AWS weld sym- are also available in DXF format for use 
bols, piping, valves, instrumentation, hyd- with other CAD programs. However, the 
raulic, pneumatic, and geometric tolerant- DXF set does not include menus or installa- 
ing symbofs are included. There are over tion program. 
2300 symbols in all for facilities layout, de- For more information on NHT Symbol 
tail, and schematic drawings. Libraries contact New Horizons Technolo- 

NHT Symbol Libraries are available in gies, Inc, at (5 17) 789-6908, FAX (5 17) 
versions for AutoCAD (9 through 12) and 789-6973. 
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Rick Littlefield, KIBQT 
109 A McDaniel Shore Drive 

Barrington, New Hampshire 03825 

QUARTERLY DEVICES 
Solve RF design problems with 
elegant simplicity using MMICs. 

L ike a good political candidate, the 
MMIC (acronym for Monolithic 
Microwave Integrated Circuit) has 

achieved widespread name recognition. 
However, MMICs are still new enough so 
that most of us haven't had the opportunity 
to actually apply them in circuits we have 
designed. In this edition of "Quarterly 
Devices," I'll explore the essentials you 
need to know to put these little powerhous- 
es to work. 

Gain block 
The MMIC is a multi-stage bipolar RF 

amplifier housed in a small transistor-like 
package. Typically, a MMIC provides: 

*broad frequency response-DC to over 
1 GHz, 

*near-constant gain over the entire 
operating range, 

lies in the precise nature of the manufactur- 
ing process. Mini-Circuits literature notes 
that MMICs are "fabricated with nitride 
self-alignment ion-implantation for precise 
control of doping and passivation to achieve 
high reliability." According to Mini- 
Circuits, this process yields the close 
tolerances and unit-to-unit uniformity re- 
quired for an amplifier of this type. Suffice 
it to say, this alchemy works-and works 
economically. Most MMICs are priced from 
below $1 in quantity. 

Although the MMIC comes in a four-lead 
package, a close look at Figure 2 reveals 
that it's really a three-pin device. One tab 
provides an RF-input connection to the base 
of Q1. A second tab handles both RF-output 
and IIC power at Q2 (an externally-con- 
nected bias network at R, and C,,, provides 
the necessary isolation between the DC and 
RF paths). The remaining two tabs provide 

050-ohm Zi,/ZOut without external 
matching networks, 

*drop-in convenience, few external 
components, 

*good immunity against damage 
from static, 

*high stability, 
*excellent directivity. 

These building block qualities allow the 
MMIC to satisfy a variety of amplification 
functions in cellular phones, two-way radi- 
os, data links, antenna preamps, line driv- 
ers, mixer followers, instrumentation ampli- 
fiers, and much more. 

An inside view 
Looking inside (see Figure I), the MMIC 

schematic reveals nothing mysterious; only 
a simple two-stage bipolar DC-coupled 
amplifier. The real magic behind the MMIC Figurt: 1. General schematic for MAR amplifier. 
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Figure 2. Pinout and biasing configuration for 
MMIC amplifier. 

Figure 3. Effects of emitter inductance on amplifier gain for 
the MAR-1. 

a low-inductance path to the pc-board 
ground plane. 

When designing and laying out MMIC 
circuitry, there are five key areas to take in- 
to account. These are: 

-pc groundplane, 
*input and output R F  paths, 
*bias resistor, 
*RF choke, 
*DC blocking capacitors. 

We'll take a more detailed look at each of  
these areas. 

The groundplane 
MMlCs deliver a lot of gain at extremely 

high frequencies (well beyond the 1 to 2 
GHz cutoff). This means your layout will 
require a large and solid groundplane to 
keep return paths as short as possible. If 
platethroughs are used for these returns, 
Mini-Circuits recommends they be located 
directly below the ground leads, and as 
close to the device body as possible. If you 
prototype with standard two-sided board, 
use wire feedthroughs. 

Providing a good groundplane is essenti- 
al. At 1 GHz, only 2 nH of stray emitter in- 
ductance will result in over 1 dB of loss. As 
the graph in Figure 3 illustrates, stray in- 
ductance very quickly becomes a major prob- 
lem above 1 GHz. 

The type of pc board you select can affect 
MMIC amplifier performance. Standard 
G-10 glass board generally works well 
through the UHF range, but you should 
choose a more suitable "microwave" ma- 
terial when working at higher frequencies 
(PTFE-woven glass is recommended for ap- 
plications up to 2.5 GHz). Always avoid 
hygroscopic pc materials that pick up and 
retain moisture. 

RF signal paths 
At higher frequencies, 50-ohm stripline is 

the best way to feed R F  in and out of the 
MMIC (almost anything else will introduce 
parasitic inductances that adversely affect 
amplifier performance). Table 1 provides 
line widths for etching 50-ohm stripline on- 
to various pc-board materials. 

Here are some tips for laying out your 
signal path: 

*Avoid angles and bends in stripline un- 
less you are familiar with proper chamfer- 
ing techniques to prevent unwanted 
reactance. 

*Provide tapered transitions down to 
MMIC tabs, RF connectors, or other nar- 
row component contact surfaces (a 45-de- 
gree angle is good). Abrupt or ragged trans- 

- 

Board Dielectric Board WIH Track 
Material Constant Thickness Ratio Width 
G-10 Glass Epoxy 4.80 0.62" 1.75 .108" 
PTFE-Woven Glass Fiber 2.55 0.010" 2.55 ,025" 

2.55 0.031 " 2.55 ,079" 
2.55 0.062" 2.55 ,158'' 

RTlDuroid 5870 2.30 0.015" 2.90 ,044" 
AlurninalElO 10.00 0.025" 0.95 ,024" 

10.00 0.050" 0.95 ,048 

i 

Table 1. 50-ohm stripline width for various pc board materials. 
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itions introduce parasitic inductance. Also, 
provide the correct stripline gaps for any 
chip components (capacitors, resistors, 
inductors). 

*When mounting the MMIC, keep tabs 
on an even plane with the stripline and sur- 
rounding land area by drilling a hole in the 
pc board to accommodate the MMIC case. 

Selecting a bias resistor 
In order to hold operating current con- 

stant over a wide range of temperatures, the 
MMIC's internal transistors require an ex- 
ternal collector resistor (R, in Figure 1). 
This "stabilization resistor" compensates 
for changes in transistor beta as a function 
of temperature by adjusting the collector 
voltage. Mini-Circuits recommends a drop Table 2. Effects of Rc on Performance over Temperature 
of around 2 volts across R, to ensure flat 
gain response over the widest possible tem- 
perature range ( -  10 to + 100°C). As 
Table 2 illustrates, without bias compensa- 
tion, the MMIC fails to  amplify at low tem- 
peratures and self-destructs at high temper- 
atures. Mini-Circuits recommends using a 
standard carbon-composition resistor for R,. 
These have a positive temperature coeffici- 
ent that complements the negative-coeffici- 
ent of the chip resistors inside the MMIC. 

When calculating the correct resistive 
value for the MMIC stabilization resistor, 
use the formula: Table 3. Typical Values for R, at Common VCc's 

MAR-1 Operating Voltage = 5.07 V 

Vcc - Vd 
RC = Ohms 

Id 
( 1 )  

Power Gain 
@ 100 MHz, 

dB 

-0.5 
18.8 . . 
17.0 
18.3 
19.0 

18.5 
18.9 
19.0 

18.3 
18.1 
17.5 

Voltage Resistor Temperature 
degrees 

C 

0 -10 
25 

100 

82 -10 
2 5 

100 

-10 
25 

- 
100 

-10 
7 5 - - 

100 
. . 

where: 

Devdce destroyea due to excesslve current draw 

Bias 
Current, 

mA 

9.5 
18.4 . . 
14.2 
17.3 
24.1 

16.3 
18.9 
24.6 

16.1 
78.6 
18.3 

Resistor 
Dissipation 

(Watts) 

+ V c c = l Z V  

.12 

.18 

.25 

.30 

.14 

.18 

.14 

V,, = power supply voltage applied to R, 
in volts, 

Vd = voltage at the DC input terminal of 
the MMIC in volts, 

Id  = quiescent bias current drawn by the 
MMIC in amps. 

Approximate Bias 
Resistor (Ohms) 

+5V +9V +12V +15V 

- 235 412 588 
- 1 6 0 2 8 0 4 0 0  
- 114 200 286 
- 60 120 180 

98 344 531 719 
45 227 364 500 
- - 111 134 

Amplifier 
-- 

MAR-1 
MAR-2 
MAR-3 

Recommended levels of Vd and Id for 
each MMlC device are provided in the 
specification sheet. Most often, a 1/4-watt 
resistor will provide sufficient dissipation at 
R,. However, to calculate dissipation, use 
the formula: 

Pdis = Id* x R, watts 

Bias I Bias 

Selecting a choke 

Current 

le (mA) 

17 
25 
35 

MAR-4 50 

In low-frequency applications, the resis- 
tance provided by R, may be sufficient to 
isolate the MMIC's RF signal path from 
ground. However, as frequency increases, 
carbon-composition resistors become in- 
creasingly reactive-potentially degrading 
amplifier performance by 3 dB or more. To 
counter this, you must install an RF choke 
in series with R,. As a rule-of-thumb, 
choose a value which provides at least 500 
ohms of reactance at the lowest frequency 
of operation. In practice, a 10-pH molded 
inductor will isolate the amplifier's signal 
path down to 10 MHz. For VHF and higher 
frequencies, a few turns of enameled wire 
on a ferrite bead will do the trick. 

In addition to installing the choke, Mini- 
Circuits suggests providing a ground path 
for any AC signals leaking through the 
choke by installing 1-pF capacitor from the 
junction of the choke and R, to ground. 

Voltage 

+VO 

-5 
-5 
-5 
-6 

See the chart in Table 3 for recommended 

MAR-6 -3.5 
A :: -4 
MAR-8 36 -8 

resistor values at various levels of V,, for 
MAR-series amplifiers. Note that R, dis- 

DC blocking capacitors 
sipation may exceed 1/4 watt for some Because the MMIC is DC coupled, you 
MMICs operating at higher supply voltages. must install external DC blocking capacitors 
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HOLES 

Figure 4. Recommended layout for MMIC amplifier stage. 

Table 4. Broadband monolithic umplifiers. 

Broadband Monolithic Amplifiers 

Case Styles: -;. 

x a X c /  .d 

RAM MAR MAR-SM MAV VAM 

Specifications: 

90 Fall 1992 

MODEL NO 

MAR-1 
MAR-2 

pC MAR-3 
<MAR-4 

MAR-6 
MAR-7 
MAR-8 

MAR-1% 
5 MAR-2% 
V) MAR-)% 
a MAR-4SM 
<MAR-6% 

MAR-7% 
MAR-8SM 

RAM-I 
RAM-2 

Z R A M - 3  < RAM-4 
=RAM-6 

RAM-7 
RAM-8 

MAV-1 
> MAV-2 
a MAV-3 
S M A V - 4  

MAV-14 

VAM-3 < VAM-6 > VAM-7 

- 8  models not 

.FG€Q 
M H 2  

4 iu 

DC-ZWO 
D C - I W  
DC-XXX) 

DC-1000 

DC-1000 
DC-ZWO 
DC-MOO 
DC-1000 

DC-MOO 
DC-1000 

DC-1000 
DC-MOO 

D C - I W  

D C - 1 W  

DC-1MX) 
DC-1- 
DC-1500 
DC-1000 
DC-1000 

DC-2000 
DC-MOO 
DC-2003 

50 ohms, 

GAP(, dB 
lvpcol (ot W )  

100 500 1000 2000 rm 
D C - 1 0 0 0 1 8 5 1 7 5 4 5 5  - 130 
D C - Z W O l 2 5 1 2 3 1 2 0  I 1 0  8 5  

125 122 120 105 8 0  
8 3 8 2  8 0  - 7 0  

200 485 160 110 9 0  
D C - Z W O 1 3 5 1 3 1 1 2 5  I 1 0  8 5  

32 5 28 0 22 5 - 190 

185 175 155 - 130 
125 123 120 I 1 0  8 5  
125 122 120 105 8 0  
8 3  8 2  8 0  - 7 0  

D C - ~ 2 0 0 1 8 5 1 6 0  110 9 0  
135 131 125 110 8 5  
32 5 28 0 22 5 - 190 

190 175 155 - 130 
125 120 118 110 8 5  

D C - Z W O 1 2 5 1 2 2 1 2 0  105 8 0  
8 5 8 2 8 0  - 7 0  

D C - 2 0 0 0 2 0 0 1 9 0 1 6 0  140 9 0  
DC-ZLXX)135131125 110 8 5  

32 5 28 0 23 0 - 190 

185 170 150 - 125 
125 120 110 100 7 5  
125 120 110 r o o  7 5  
8 3  8 0  75  - 7 0  

127 120 105 - 9 0  

115 115 110 9 5  7 5  
195 180 150 100 8 0  
130 126 120 9 8  78  

see rn~n~-c~rcul ts data 

MAXMUln 
POWER, dBm 

outprt rput 

$ 1  [A] 
+ 1 5  +20 
+ 4 5  +20 
+ I 0 0  +M 
+ I 2 5  +20 
+ 2 0  +X) 

+ 5 5  +M 
+125 +M 

+ 1 5  +M 
+ 4 5  +M 
+ I 0 0  +M 
+ I 2 5  +M 
+ 2 0  +M 
+ 5 5  +M 
+ I 2 5  +M 

+ 1 5  +20 
+ 4 5  +20 
+ I 0 0  +M 
+125 +M 
+ 2 0  +M 
+ 5 5  +20 
+ I 2 5  +20 

+ 1 5  +20 
+ 4 5  +20 
+ I 0 0  +z 
+ 1 ? 5  +20 
+175 + M  

+ 9 0  + z  
+ 2 0  +M 
+ 5 5  +XI 

DYNAMIC 
RANGE 

w P3 
dB d m  

5 5  + I 4 0  
6 5 + 1 7 0 1 3 1 1 4 1  
6 0  +230 
6 5  t 2 5 5  
3 0  + + 4 5  
5 0 + 1 9 0 1 4 1 1 5 1  
3 3  +270 

5 5  
6 5  + I 7 0  
6 0  +230 
7 0  
3 0  
5 0  +?PO 
3 3  +270 

5 5  + I 4 0  
6 5  + I 7 0  
6 0 + 2 3 0 1 6 1 1 7 1  
6 5  +255 
2 8  
4 5 + 1 9 0 2 0 1 1 8 1  
3 0  +270 

5 5  + I 4 0  
6 5  +470 
6 0  +230 
7 0  +245 
3 6  

6 0  +220 
3 0  + I 4 0  
5 0  + I 8 0  

VSWR 

an 
1 3 1 1 3 1  

1 5 1 1 7 1  
1 6 1 2 0 1  
1 5 1 1 4 1  

+ + 

+ I 4 0 1 3 1 1 2 1  
1 5 1 1 4 1  
1 5 1 1 7 1  

+ 2 5 5 1 5 1 1 9 1  
+ 1 4 5 1 7 1 1 7 1  

1 7 1 1 7 1  
# + 

1 3 1 1 3 1  
1 2 1 1 4 1  

1 4 1 1 9 1  
+ I 4 5 1 4 1 1 3 1  

+ + 
1 4 1 1 3 1  
1 3 1 1 4 1  
1 3 1 1 6 1  
1 4 1 1 8 1  

+ 3 0 0 1 5 1 1 7 1  

1 5 1 1 7 1  
1 6 1 1 5 1  
1 5 1 1 5 1  

MAXhllN 
RATNG 

(2S'C) 
4mwl 

40 X X )  
60 325 
70 400 
85 500 
50 200 
60 275 
65 500 

40 200 
60 325 
70 4M) 
85 500 
50 200 
60 275 
65 500 

40 200 
60 325 
80 425 

100 540 
50 200 
60 275 
65 420 

40 200 
60 325 
70 
85 500 
80 550 

60 240 
40 125 
50 175 

DC 
POWER 
at Pn 3 

C m t  Vdl 
(mA) 

17 5 0  
25 5 0  
35 5 0  
50 525 
16 3 5  
22 4 0  
36 7 8  

17 5 0  
25 5 0  
35 5 0  
50 525 
16 3 5  
22 4 0  
36 78  

17 5 0  
25 5 0  
35 5 0  
50 525 
16 3 5  
22 4 0  
36 78 

17 5 0  
25 5 0  
35 5 0  
50 525 
60 5 5  

35 4 7  
16 3 3  
22 3 8  

- 



to keep MMIC bias levels off the signal 
path. Always use high-Q chip capacitors for 
this purpose, as even very short component 
leads introduce parasitic inductance onto 
the stripline. In addition to eliminating un- 
wanted lead inductance, chip capacitors 
self-resonate at much higher frequencies- 
increasing the top-end operating range of 
the amplifier. 

When choosing a value for DC blocking 
capacitors, you may tailor Ci,, Gout to roll- 
off the MMIC's low frequency response. 
For example, to prevent strong local FM 
stations from overloading a 800-MHz scan- 
ner preamp, select a value for C that is reac- 
tive at 100 MHz but flat at 800 MHz (33 pF, 
for example). Note that installing a low-in- 
ductance decoupling choke at R, will fur- 
ther roll off unwanted LF response. 

The layout-putting it 
all together 

Figure 4 shows a typical single-stage UHF 
amplifier layout following Mini-Circuits 
guidelines. The layout occupies about 1.5 x 
1.0 inches, providing ample land area 
around the device. Note that a number of 
platethrough holes (or wire feedthroughs) 
are provided on each side of the stripline to 
solidify the groundplane. If you lay your 
MMIC amplifier out carefully and select the 
right parts, you'll have little trouble imple- 
menting your design. 

Choosing the right MMIC 
for the job 

Not all MMICs are created equal. A 
quick scan of the specification chart shown 
in Table 4 reveals some devices with attrac- 
tive preamp noise figures, others with par- 
ticularly high third-order intercepts, and 
even some that deliver transmitter-strip 
power levels. The one you choose depends 
upon what you need to accomplish. 

By way of example, suppose you want to 
make an inexpensive mast preamp for a 
400-MHz UHF-band scanner antenna. 
Looking at the numbers, you can see the 
MAR-6 develops 18.5 dB gain at 500 MHz 
with a noise figure under 3.0 dB. Although 

slightly noisier than a GaAsFET, the 
MAR-6 should do a respectable job of over- 
powering feedline loss and delivering a de- 
cent signal to the other end of your feed- 
line. In another situation, you may want a 
block of RF gain to boost the output of a 
synthesizer board to the recommended drive 
level for a UHF-FM power module. For this 
job, the MAV-I 1-which provides a 12-dB 
boost and over 50 mW of output ( +  17.5 
dBrn)-might just be the ticket! Look for 
eve11 more diversity in the future, as MMlCs 
continue to evolve. 

The bottom line 
I f  you work (or play) with RF networks, 

the MMIC could become a great addition to 
your design repertoire. For more detailed 
MMIC technical data, order the Mini-Cir- 
cuits RF/IF Designer's Handbook. In addi- 
tion to MMICs, the handbook covers the 
full range of Mini-Circuits products, includ- 
ing mixers, splitters, amplifiers, chip capaci- 
tors, attenuators, terminations, directional 
couplers, filters, phase detectors, switches, 
and RF transformers (a veritable smorgas- 
bord of products for the RF designer). To 
obtain a free copy, direct your request to 
Mini-Circuits, P.O. Box 350166, Brooklyn, 
NY 1 1235-0003. 

Mini-Circuits also offers several MMIC 
designer kits to help you get started. The 
DAK-3 kit provides the widest variety of 
MhlIC samples-a total of 48 pieces for 
$59.95. Specifically, you get six each of the 
following devices: SM-1, SM-2, SM-3, 
SM-4, MAR-6, MAR-7, MAR-8, MAV-11. 
Three of each type have standard mounting 
tabs, and three of each type have special 
surface mount tabs. 

Conclusion 
The MMIC is a miniature gain block that 

drops into 50-ohm networks without the 
need for transformers or tuned matching 
circuits. Whether you are building a simple 
preamp for your scanner, or a state-of-the- 
art military communications transceiver, 
MMICs can be real problem solvers. Best of 
all, they are inexpensive, forgiving, and 
very easy to use. 
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Scott D. Prather, KB9Y 
2776 S. Monroe Street 
Denver, Colorado, 80210 

THE DRAKE R-8 
RECEIVER 

Evolution in des.ign and simplicity 

E lectronics is an evolutionary art. 
Good designs often involve the 
reuse of time-proven circuits and 

the implementation of current state-of-the- 
art designs. With the release of the R.L. 
Drake R-8 receiver last year, Drake's engi- 
neering department took this evolutionary 
concept to heart. The R-8 is a blend of old 
and new technology, with some elegant sim- 
plicity thrown in for good measure. In this 
article, I'll take a close look at the design 
similarities and differences between the 
Drake R-8 and its highly respected predeces- 
sors, the R-7 and the SPR-4. 

The Drake R-8: an overview 
The R-8 is a communications receiver de- 

signed to cover 100 kHz to 30 MHz contin- 

uously. An optional VHF converter pro- 
vides additional coverage from 35 to 55 
MHz and from 108 to 174 MHz. The receiv- 
er will demodulate AM, SSB, CW, RTTY, 
and FM transmissions. Five degrees of se- 
lectivity are available: 6.0 kHz, 4.0 kHz, 2.3 
kHz, 1.8 kHz, and 0.5 kHz. The IF band- 
width can be selected independently of 
mode with the exception of FM, where it is 
fixed at 12 kHz. The unit features a total of 
100 memories, into which the user may pro- 
gram not only a given frequency, but also 
the mode, bandwidth, AGC hang time, 
preamp/attenuator setting, synchronous de- 
tector mode, noise blanker mode, step size, 
notch filter, and antenna. The user may 
view and select information in memory 
through a 16-key pad or through a con- 
ventional rotary tuning knob. An RS-232 

Photo courtesy of R.L. Drake 
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Figure 1. R-8 Image rejecting mixer. 

1 / 0  port provides control over all major 
functions of the R-8, as well as enhanced 
memory capabilities. Communication with 
the receiver over this port is possible with 
any communications program, or Drake 
can supply special IBM-compatible software 
at a nominal cost. 

On the surface, the unit looks like most 
other communications receivers of recent 
vintage. But a close look inside reveals some 
very interesting and innovative circuit designs. 

The front end 
Most of the front end in the R-8 appears 

to have been borrowed from the design of 
the R-7. Nine PIN-diode switched Cheby- 
shev bandpass filters provide selectivity for 
the RF preamp and mixer. Drake also used 
the same transistor for the RF preamp in 
the R-8 as they did in the R-7. A roofing 
filter to improve the first IF rejection 
precedes the first mixer. As was the case in 
the R-7, Drake used a double-balanced mix- 
er (DBM) to  up-convert to a 45-MHz IF 
(the R-7 used 48.05 MHz). A non-AGC 
controlled JFET amplifies the 45-MHz IF 
from the DBM before it's routed to a four- 
pole crystal filter. This 45-MHz filter pro- 
vides a 12-kHz bandwidth at the - 3 dB 
points. From the crystal filter, the 45-MHz 
IF signal is routed either to the AM or the 
FM IF chain. I'll return to the FM portion 
of the receiver later, for now I will concen- 
trate on the AM IF. 

A unique mixer design 

Conventional up-conversion receiver de- 
sign has typically dictated conversion from 
an 11: in the 45 MHz (or above) range to a 
second IF in the 2 to 9 MHz range, and a 
second mixer to take the IF down to 455 
kHz or lower. In the R-8, the 45-MHz IF 
signal is further amplified and routed to a 
pair of double-balanced mixers set up as an 
image rejecting mixer (IRM, see Figure 1). 
In this configuration, the local-oscillator 
(LO) injection frequency to the IRM is 
45.05 MHz, converting to a second IF of 50 
kHz directly. 

One of the benefits of eliminating a mid- 
IF stage is an improvement in the receiver's 
dynamic range. Although a number of de- 
sign factors affect dynamic range, it is di- 
rectly related to the overload characteristics 
of the nonlinear stages in a receiver. Mixers 
are nonlinear by design. Eliminating an ad- 
ditional mixer stage and its associated IF 
amplifiers helps to improve the dynamic 
range and minimize the generation of spuri- 
ous responses. 

Another benefit gained from the elimina- 
tion of an additional mixer stage is that by 
converting to a 50-kHz IF directly, no ex- 
pensive bandpass filters are required for a 
second IF in the 2 to 9-MHz range. L/C fil- 
tering that provides exce1Ient selectivity is 
easy to design for an IF frequency this low, 
eliminating the cost of expensive mechanical 
or crystal filters in the IF altogether. 
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Figure 2. lmage rejecting mixer block diagram. Reprinted 
Bahl and Prakash Bhartia (see Reference 2). 

IFLB Real 

The IRM design used in the R-8 isn't a 
new concept. An original paper describing 
this mixer design for microwave frequencies 
in the 1 to 12 GHz band was presented in 
1970 by Kurpis and Taub in the IEEE Trans- 
actions on Micro wave Theory and Tech- 

I F U  lmaqa 

LO 

niques.' However, Drake's adaptation of 
this design is the first I've seen in a con- 

+-.-* 

sumer communications receiver. 

Real I F  

How the image rejecting 

Output 3 d~ \ lnput 
90" 0' 

Hybrid Hybrid 
4 

mixer works 

3 d~ 
90" 

Hybrid 

The IRM consists of two gain and phase 
matched double-balanced mixers fed in 
phase from the LO (see Figure 2). A 
45-MHz hybrid network feeds the signal in- 
put to DBM A with no phase shift while 
DBM B is fed - 90 degrees out of phase 
with the incoming signal. Since DBM A is 
fed in phase with the incoming signal, its 
output displays a 0 degree phase shift for 
both the desired and the image frequency. 
However, the output from DBM B has a 
+ 90 degree phase shift for the desired 
signal and a - 90 degree phase shift for the 
image (the R-8 uses high-side LO injection, 
therefore these angles are reversed from 
Figure 2). The outputs from the two DBM 
are then combined in a second 45-MHz 
hybrid network. Here, the desired signals 
from each DBM combine in phase at the IF 
port of the hybrid and are passed on to the 
IF stages. However, the image signals from 
DBM B cancel with those from DBM A at 
the image port, where a resistive load is used 
to terminate the image power.2 

According to Kurpis and Taub, this mixer 
design will provide a minimum of 20 dB of 
image rejection. In the Drake alignment 
procedure, they claim a minimum image re- 
jection at 45.1 MHz of 30 dB, which can be 

- - - 
IF  LO -90 Real 

from Microwave Solid- State Circuit Design by lnder 

lmage 

- - 

considered typical for this mixer in a nar- 
rowband application. This degree of rejec- 
tion can only be realized with DBMS and 
hybrids that are carefully phase and amp- 
litude matched.3 Figure 3 shows the critical 
relationship between these two parameters 
and image rejection of the mixer. 

IF  LO +90 lmapr 

Assuming Low Side LO 

Second IF 
Drake's concept of simplicity didn't end 

at their design of a dual conversion receiver 
with a 45-MHz first IF and a 50-kHz second 
IF. They took advantage of the low-fre- 
quency second IF to provide selectable 1F 
bandwidth without the high cost of crystal 
or mechanical filters. In the R-8, the 
50-kHz second IF signal is amplified by an 
AGC-controlled IF amplifier and routed 
through one of five four-pole Chebyshev 
L/C filters. These filters are very similar to 
the second IF filters used in the SPR-4. 

The 6.0, 4.0, 2.3, and 1.8 kHz filters in 
the R-8 were designed for a - 60/ - 6 dB 
shape factor of better than 2.2. The 500-Hz 
filter is limited to a - 60 - / - 6 dB shape 
factor of less than 4.0. Response curves for 
the IF filters are available. Send an S.A.S.E. 
to Communications Quarterly, P.O. Box 
465, Barrington, NH 03825. Insertion loss 
varys widely according to the filter selected; 
passband ripple is less than 2.9 dB peak-to- 
peak on the widest bandwidth, and the ulti- 
mate selectivity exceeds - 95 dB. Shape fac- 
tor performance and insertion loss were 
somewhat compromised with this design; 
however, these are impressive numbers for 
L/C filters. By comparison, mechanical fil- 
ters typically provide a - 60/ - 6 dB shape 
factor of between 1.5 and 2.5 for - 6 dB 
bandwidths in the 2 to 6 kHz range, and 1.7 
to 3 for a - 6 dB bandwidth of 500 Hz. 
Mechanical filters typically display pass- 
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band ripple of about 2 dB, and an insertion 
loss of between 3 and 6 dB. 

The crystal filters in the R-7 provide a 
- 60/ - 6 dB shape factor comparable to 
mechanical filters, except at the 500-Hz 
bandwidth, were they approach 2.2. Again, 
careful circuit design provided the R-8 with 
an IF filter whose performance approxi- 
mates that of mechanical filters, at a frac- 
tion of the cost. 

After passing through the selected 50-kHz 
L/C filter, the signal is amplified by an 
AGC-controlled IF amplifier stage and 
routed to a second set of five L/C filters. 
From there, the signal is routed to the final 
stages of IF amplification and on to the 
AGC circuitry and AM/SSB detector. The 
AGC was designed to compensate for the 
varying insertion loss presented by the L/C 
filters, maintaining a constant S-meter read- 
ing without regard to the setting of the band- 
width or passband tuning. 

AM synchronous detector 
Another area in which the R-8 differs 

from its predecessor is found in its AM syn- 
chronous detector. When AM signals are 
propagated through the ionosphere, the car- 
rier is sometimes lost while the sidebands re- 
main strong. In a conventional envelope de- 
tector, this results in apparent overmodula- 
tion, often creating extreme distortion. In a 
synchronous detector, a locally generated 
carrier is phase locked to the incoming car- 
rier frequency and injected into the de- 
tector. During periods of deep fading, this 
locally injected carrier replaces the "miss- 
ing" carrier, reducing distortion. Although 
advertised as having an AM synchronous 
detector, the Drake R-7 actually used a low- 
distortion envelope detector for AM with 
no recovered-carrier reinsertion. The result 
was a receiver that fared no better than 
most of its day on deeply fading signals. 

The synchronous detector in the R-8 is a 
true synchronous detector (see Figure 4). 
The frequency of the incoming 50-kHz car- 
rier is doubled by U109 sections B,D and 
routed to  the carrier-reinsertion phase- 
locked loop U112. In addition to tracking 
the incoming carrier frequency, the carrier- 
reinsertion PLL also tracks the setting of 
the passband tuning control (PBT), permit- 
ting the detector to stay in synch as the PBT 
is used to  suppress interference. The phase- 
locked regenerated 100-kHz carrier from 
U112 is then divided by two in U108 and 
applied to the carrier input of the SSB/AM 
detector chip U 103. 

The importance of an efficient synchro- 
nous detector shouldn't be underestimated. 

28 - 

2 24 
- 

0 

- 

Arnpl~tude unbalance (dB) 

Figure 3. Image rejection as a function of circuit ampli- 
tude end phase errors. Reprinted from Microwave Cir- 
cuit Design Using Linear and Nonlinear Techniques by 
George Vendelin, Anthony Pavio, and Ulrich Rohde (see 
Reference 3). 

In addition to greatly reducing distortion 
during periods of deep carrier fades, the 
synchronous detector is also effective when 
receiving two AM stations on the same fre- 
quency whose carriers are slowly beating 
against one another (such as during BCB 
DXing). The internally generated synchro- 
nous carrier eliminates this beat, dramati- 
cally improving intelligibility. The detector 
is also useful when trying to copy a weak 
signal adjacent to a strong local signal. The 
synchronous carrier tends to reduce the an- 
noying interference from sideband splatter, 
improving intelligibility. 

Noise blanker 
Another area in which the R-8 exhibits 

superiority over the R-7 and SPR-4 is in the 
receiver's noise blanker circuitry. In the R-7 
and SPR-4 the noise blanker was of a con- 
ventional design, employing a fixed-band- 
width, high-gain noise amplifier, and as- 
sociated blanking circuitry in the 
5.645-MHz second IF. However, the de- 
signers of the R-8 took a different ap- 
proach. The R-8 uses a unique noise 
blanker chip, which includes an internal 
amplifier with AGC, a peak detector, a 
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noise differentiator, an RF gate, and a 
audio circuit designed to fill in the blanking 
"holes" (see Figure 5). When the blanker is 
enabled, the differentiated noise pulses turn 
the RF gate off, suppressing their amplifica- 
tion by the remaining IF stages. At the same 
time the RF is gated off, audio from the 
detector is "held" for a predetermined time 
to prevent the creation of a "hole" during 
RF blanking. The result is an extremely effi- 
cient noise blanker that works better than 
anything 1 have ever heard before. On 
repetitive impulse noise (like that from 
fluorescent lights, SCR light dimmers, etc.) 
the blanker is so effective that enabling it 
sounds as though you have turned the in- 
terference source off! The only fault 1 could 
find in this circuit is that the blanker has no 
effect on weak noise pulses, because they 
cannot properly trigger the RF gate. 

FM IF and detector 
The inclusion of FM in the R-8 was 

unprecedented in Drake's prior receivers. 
The FM section is quite conventional, using 
a generic Motorola MC 3362 FM receiver 
chip of the type used in many portable FM 
transceivers. Incoming 45-MHz IF signals 
from the front end are mixed with an on- 
chip 34.3-MHz second LO. The result 
10.7-MHz second IF is mixed with another 
on-chip 10.245-MHz LO to provide a 
455-kHz third IF. Ceramic filters in the 
455-kHz IF provide additional selectivity. 
An on-chip demodulator and received signal 
strength indicator (RSSI) circuit round out 
the FM portion of the R-8. This section of 
the receiver is simple, but there's little sense 
in "reinventing the wheel" when custom- 
application chips of this type are readily 
available. 

Audio circuitry 
The audio amplifier portion of the R-8 is 

quite conventional in most respects. Again, 
simplicity is evident in Drake's judicious use 
of op amps and a generic audio amplifier 
IC. The notch filter design differs from that 
used in the R-7. In the R7, the notch filter 
was in the SO-kHz IF. The R-8 uses an 
audio notch circuit instead. Unique to the 
R-8 is the inclusion of a tone and a squelch 
control. The tone control either boosts or 
cuts the receiver's bass response by + 10 
dB. I found this control moderately useful 
during certain conditions. 

The squelch control works in any detec- 
tion mode. It can be set to trip at a certain 
"S-meter" reading, permitting the radio to  
scan a frequency band or through memory 

THIS DOCUMENT CONTAINS INFORMATION 
WHICH IS CONFIDENTIAL AND PROPRIETARY, 
AND IT IS NOT TO BE USED, COPIED OR REPRO- 
DUCED, IN WHOLE OR IN PART, OR DISCLOSED 
TO OTHERS WITHOUT THE EXPRESSED WRIlTEN 
PERMISSION OR R.L. DRAKE COMPANY. 

I COPYRIGHT01992 R.L. DRAKE COMPANY 

Figure 5. R-8 noise blanker. 
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looking for a signal whose strength exceeds 
a preset threshold. While I found the 
usefulness of this feature questionable in an 
H F  environment, it will no doubt come in 
handy for some special application of the 
scanner. 

VH F converter 
The optional VHF converter is also of a 

somewhat unique design. The converter 
covers 35 to 55 MHz and 108 to 174 MHz in 
two separate bands. The preselector for the 
35 to 55-MHz range uses a single wide-band 
bandpass filter. However, the preselector 
for the 108 to 174-MHz range is a 15-step 
voltage-tuned design. The receiver's 
microprocessor selects the appropriate 
front-end filter and one of six fixed- 
frequency synthesizers according to the fre- 
quency desired. The synthesized LO is then 
routed to a double-balanced mixer to con- 
vert the incoming signal to a range covered 
by the receiver front end. 

Construction 
Significant changes in the R-8 card 

construction and positioning make it possi- 
ble to service it without an extender card. In 
the R-7, a total of 12 printed circuit boards 
plugged into two card cages in the receiver. 
While this provided excellent isolation be- 
tween cards, it was a nightmare to repair. 
The Drake TR-7/R-7 extender card kit (or a 
homemade equivalent) was a necessity in 
order to work only any of the cards with 
power applied. 

The R-8 uses a total of four cards, two of 
which are stacked vertically. The front-end 
card can be removed and made to stand on 
end using tabs on the board that engage 
with slots in the back panel. All intercon- 
necting cables are designed to allow opera- 
tion of the front-end card in this position. 
Holes drilled in the front end card allow ac- 
cess to alignment points on the second 
IF/audio card below it with the front end 
card in place. 

All printed circuit boards in the R-8 are 
glass epoxy, and they are unusually thick. 
Ground-plane grids are used extensively to 
prevent ground loops and instability. 

Other than the obvious differences in the 
positioning of cards, the mechanical design 
is quite similar to the R-7. The chassis is of 
heavy-gauge anodized aluminum, with a 
black anodized front panel. The receiver 
width and height are almost identical to the 
R-7. One nice improvement is that the front 
legs are retractable. This allows the user to  

change the elevation of the front panel 
without removing the bottom panel. 

Ergonomics 
The R-8 was designed with careful atten- 

tion to the ergonomic aspects of its use. All 
controls with similar functions are grouped 
together, keeping hand motion across the 
front panel to a minimum. The keyboard is 
laid out in a conventional 10-key pattern. 
The keys' color coding readily identifies 
their secondary functions. Drake's use of 
the rotary tuning control as a conventional 
tuner or as a means for rapidly selecting 
memory locations is a very nice touch. 

RS-232 control 
Most functions of the R-8 are available 

via a 9600-baud serial I/O bus on the rear 
panel. Communication with the radio via 
this port can be through a computer run- 
ning almost any serial communications pro- 
gram or through a dumb terminal. A list of 
programming and interrogation codes is in- 
cluded in the owner's manual for those who 
would like to write custom software to sup- 
port the R-8. For those who would prefer to 
use computer control without writing their 
own software, Drake has available a quite 
user-friendly software package. The Drake 
software provides programming of up to 
10,000 memory channels (with name tags 
for easy identification), 100 memory blocks, 
100 VFO scans, and eight timer settings. 
The opening screen displays all the current 
settings on the R-8, including frequency to 
five decimal places. 

The most useful application of the soft- 
ware that 1 could come up with is in the 
study of propagation. The R-8 can be pro- 
grammed to turn itself (and a tape or chart 
recorder) on at a specific time on a specified 
frequency, and record a known station or 
beacon. It can then tune itself to WWV to 
record solar indices for that day, and then 
(if the VHF converter is installed) tune itself 
to NOAA on 162.55 MHz for recording lo- 
cal weather conditions. There are doubtless 
other applications for this versatile software 
package. 

Final observations 
Drake really did their homework when 

they designed this receiver. The design and 
features of the unit are such that it should 
appeal to a wide variety of users. The in- 
clusion of FM, optional VHF coverage, and 
RS-232 control opens up an entirely new 
suite of possibilities. However, the lack of a 
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narrow (300 Hz or less) IF filter takes the 
R-8 out of the CW competition-grade class. 

The Drake team took a close look at the 
various shortcomings in their earlier receiv- 
ers and designed these faults out of the R-8. 
In addition, they were well aware of the cir- 
cuitry that had worked well for them in the 
past, and used it again where appropriate. 

I used the receiver for almost one hun- 
dred hours on all frequencies and in all 
modes. I ran the receiver through a battery 
of on-air.tests that quickly show front-end, 
noise blanker, and synthesizer design faults. 
The R-8 performed better overall than 
many receivers costing two and three times 
as much. All in all, the engineers at Drake 
deserve praise for the design of the R-8. It is 
truly an example of electronics evolution 
and design simplicity intended to eclipse any 
of their prior equipment. 

Acknowledgements 
I would like to express my sincere apprecia- 

tion to  John Schlipp, Bill Frost, and Steve 
Whitefield with the R.L. Drake C o m ~ a n v  for . - 
their assistance in procuring and providing in- 
formation for this article. I'd also like to thank 
Lee Cornett with Rockwell International for 
supplying information on mechanical filters. 

REFERENCES 
I. G.P. Kurpirand J.J. Tauh. "Wide-Rand X-Rand Microstrip Image Rcjec- 
lion Mixer." IEEE Tran.wcIron.i on Micr,?wmv Thmrv and Tmhnif~uPc. IFEE 
Puhl~calion?. Dccemhcr 1970. pager I IXI-1182. 
2. lndcr Bahl and Prakarh Rhar~ta. Microwave Solid-Slaw Circuil Deshn. 
John Wiley & Sonr. New York. IYRR, pages 578-581. 
3. Gmrpc D. Vcndclin. Anthony M. I'avio, and Ulrich I.. Rohdc. Microwave 
Cirtxrr I l~s inn  Uimn LinmrandNonlrnrar Tmhnrqrres, John Wilcy & Sons. 
New York. 1WO. papcs 624.628. 

RIRLIOGRAPHY 
I. G.P. Kurpisand J.J. Tauh. "Wide-Rand X-Rand Microstrip lmapc Rcjec- 
lion Mixer." IEFE Tranmtronson Microwaw Throrvand Tchniqrre.~, IEEE 
Puhlical~onr. Ilcccmher 1970. 
2. Donald G. Flnk. Elmrronrr En,qin~~r'sHandhook. McCraw-Hill. 1975. 
3. l nder Rahl and Pra kash Rhart~a. Microwave Solrd-Slule Circ~rir lk.~rpn. 
John Wiley & Sons. IYRR. 
4. Gmrpe I). Vendelin. Anthony M. Pavio, and Ulrich 1.. Rohde. Microwatr 
Crrcurr k i r g n  U.vln~ Linmr und Nonltnpr Trchniq~re.~. John Wilev R Sons. 
1990. 
5.  lllrich L. R0hdeandT.T.N. Rucher. Commr~nilolron.iRrceiv~r.~Principl~s 
a n d a s a n  Mc(;raw.Hill. 1988. 
6. R.1,. I ~ r a k r ~ h m w r u n r r a r i o n s R ~ r ~ r ~ ~ e r S ~ r v i ~ ~ ~ M a n n a l .  R.I.. DrakeCom- 
pany. 1991. 
7. ('ornell Drenlea. Radio Communicarions Rrceiv~rs. TAB. 1982. 

PRODUCT INFORMATION 
QUALCOMM's Turnkey 40-MHz Output frequencies can range from DC to 
DDS System 14 MHz with exact 2.0 Hz step resolution. 

QUALCOMM introduces the Q0320-1 The Q0320-1 DDS System is fully as- 
40-MHz direct digital synthesizer (DDS) sembled and tested, and resides on a single 
system. At the heart of the 40320-1 DDS circuit card measuring only 3x3 inches. It 
system is the QUALCOMM Q2220I-50N needs only a + 5 volts DC power supply and 
DDS, which digitally generates sine waves, control interface for operation and requires 
as well as more complex synthesizer outputs less than 0.75 watts of power. The system 
like frequency hopping, frequency sweep- comes with a user's manual that includes 
ing, FSK and MSK digital modulation wave- schematic diagrams. 
forms. Also included are a high-perform- For more information contact QUAL- 
ance 8-bit DAC, clock reference, low-pass COMM Inc., VSLI Products Division, 
filter, sine wave to TTL square wave con- 10555 Sorrento Valley Road, San Diego, 
verter, and 40-pin dual in line (DIL) header. California 92121-1617. 
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TECH NOTES 

In search of a 
better mousetrap. . . 
With this issue of Communications Quart- 
erly, a new column premiers: Tech Notes. 
We often receive many good articles that 
are too short, or for 0thr.r reasons just 
aren't suitable for use as feature presenta- 
tions in the magazine. T t ~ h  Notes will 
showcase the best of these articles. Arrthors 
are encouraged to su bmit short original 
technical manuscripts for consideration. 
Peter Bertini, KIZJH, Senior Technical 
Editor. 

An Accessible Inductance 
Standard 
F. P. Hughes, VE3DQB 
In my youth, it was drummed into my head 
that any scientific work was only as good as 
the standards used in the measurements in- 
volved. This knowledge has stood me in 
good stead over the decades, enabling me to 
undermine rivals merely by checking their 
standards one against another. In an avoca- 
tion where the resources available may lim- 
ited, it's normal to use standards of a lesser 
accuracy than ideal. For instance, one uses 
fresh batteries from the store rather than 
Weston cells as voltage standards. 

Resistance standards are available as 
commercial resistors of ]I percent accuracy. 
Several of these, if consistent, are accept- 
able as a standard to radio amateur accura- 
cy. With a standard cell, or fresh battery, or 
perhaps a Zener diode, and a selection of 
standard resistors, one can verify the read- 
ings of multimeters. 

So much for DC. Standards of induc- 
tance and capacitance are harder to come 
by. Usually, a 5 percent capacitor is consid- 
ered a standard, as is a cut off the joint of a 
length of commercial inductor. I used these 
"standards" for many years, but always 
thought that there ought to be something 
better. At last I set myself a definite aim: I 
would make an L or C standard to 1 per- 
cent accuracy. 

Now, if you measure the resonant fre- 
quencies of two capacitors across two in- 
ductors (one at a time), what results is four 
equations with four unknowns. I set out to 
solve this on paper. Of course, it didn't 
work; however, it set me thinking. 

A review of ancient physics books, and 
my copy of the Handbook of Chemistry 
and Physics, brought out that I might be 
able to make an inductance standard of an 
accuracy better than 1 could buy on a slim 
ham budget. In particular, 1 could make a 
circular ring of round wire and perhaps cal- 
culate its inductance with sufficient accura- 
cy. A back-calculation told me that a ring 
of convenient size would give an acceptable 
resonant frequency with a 100-pF capacitor. 

Contrary to my usual experience, there 
were no false starts when I tried this out. 
My ring of 16 gauge wire about 13 centime- 
ters in diameter, soldered to a 100-pF 5-per- 
cent capacitor, resonated near 25 MHz. A 
larger ring and the same capacitor resonated 
near 22 MHz, and the calculation from 
both these standard inductors gave the same 
capacitance-within 1 percent. 

Construction of the standard 
The standard is constructed of bus wire- 

tinned copper of 16 gauge or near. The ring 
has to be suspended, and thinner wire might 
change shape perceptibly under the stress. 
Moveover, it's harder to measure the dia- 
meter of thin wire. The wire is formed into 
a circle with a diameter between 10 and 20 
centimeters. Cut an ample length of wire 
and secure one end in the bench vice. With 
the needle-nose pliers, straighten the wire by 
grasping it loosely with the pliers held at an 
angle, pulling the wire taut, and sliding the 
pliers up the wire. Bend the wire into a gen- 
tle S by holding the pliers at an angle, so the 
wire is bent first one way and then the other 
as the plier jaws pass. Repeat this with the 
pliers at a different angle, so that all kinks 
are completely removed. 

The end result is a length of wire with a 
graceful curve in it. Now take a circular ob- 
ject-a paint tin, or a bottle-of near the 
chosen diameter and wrap the wire most 
carefully round it and pull taut, so that the 
wire forms a circle. The two standing parts 
of the wire, the end in the vice and the one 
you're pulling on, should touch at the point 
at which they leave the cylinder. Release the 
pull carefully and remove the cylinder. 

The wire will spring out to a circle of 
rather greater diameter than the cylinder. 
Cut off the standing parts to leave an ac- 
curate circle of wire. 

Now solder a good quality capacitor of 
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near 100 pF to the ends of the circle. Cut 
the leads of the capacitor to half a centime- 
ter or so. Put the wire into the vice so one 
end sticks up enough to solder to conveni- 
ently, and solder one end of the capacitor to 
one end of the wire. Then bring the other 
end of the wire to the other end of the ca- 
pacitor and solder. The ring and the capaci- 
tor should, so far as possible, form a 
smooth circle. The capacitor outer plate 
then forms a part of the ring. 

Measure the approximate diameter of the 
inductor, and draw a circle of this diameter 
on a sheet of paper. Divide the circle dia- 
metrically at 45 degree intervals. Lay the 
standard inductor on the circle and measure 
the diameter four ways, guided by the pen- 
cilled diameters. I verified my centimeter 
rule by checking it against a good mechan- 
ic's steel rule. It was almost a millimeter out 
at ten inches. Aim for l/lOth millimeter ac- 
curacy. Average these four readings. 

From the remaining straightened wire, 
cut ten short lengths. Lay these side by side 
without gaps between them and measure the 
total of their diameters. Divide by ten to 
obtain the diameter of the wire. (Or you can 
use an optical micrometer, as I did.) 

Now calculate the inductance of the cir- 
cular ring of round wire from: 

Where a = radius of the ring, d = dia- 
meter of the wire, and 6 is the skin depth 
correction. For 25 MHz, use 6 = 0.12, for 
16 MHz use S = 0.14, and for 9 MHz use 6 
= 0.17. Interpolate if necessary. 

Using the standard 
The capacitor to be measured was sol- 

dered to the wire to form the ring, so the 
circuitry is all ready for measurement. Sus- 
pend the ring by two threads from the ceil- 
ing, to  keep the field as free as possible 
from interference from metallic objects. 

Measure the resonant frequency of the 
combination with a grid-dip meter. Move 
the meter as far away as possible while still 
getting an indication. Get a rough idea of 
the frequency first by dipping the meter 
near the ring, then moving it steadily away, 
swinging the tuning slightly to  get as accu- 
rate a dip as you can. 

Measure the GDO frequency with a receiv- 
er or counter. Calculate the capacitance C 
using Equation 2: 

Where F = frequency and L = 
inductance. 

Errors 
The inductance errors to be expected in 

measurement of the ring can be readily cal- 
culated from the formula for L given 
above-especially if you can perform the 
calculations on your computer. As I have 
the capability to do so, I can state that: 

An error in measurement of the diameter 
of 1 millimeter results in an error of 0.004 
pH in the inductance at 0.4 pH. Similarly, 
an error of 0.1 millimeter in the measure- 
ment of the diameter of the wire results in 
an error of 0.007 pH. Errors in the skin ef- 
fect allowance are negligible-approximately 
0.0001 pH. 

Errors in frequency measurement can be 
calculated from the formula F = 1 /27r x 
(LC)-1/2. Consequently, an error of 0.1 
MHz at 25 MHz leads to an error of 2 pF 
for a 100 pF nominal capacitor. Similarly, 
an error of 0.01 pH in the inductance of a 
standard of 0.4 pH leads to an error of 1.1 
pF in a 100 pF capacitor. 

Proof of the pudding 
I built a ring of 16 gauge wire 13.16 centi- 

meters in diameter. The calculated induc- 
tance was 0.3916 pH. I completed the ring 
with a 100 pF, 5 percent tolerance, capaci- 
tor. Ten measurements of its resonant fre- 
quency were made with an oscillator loosely 
coupled to it, the resulting mean of the 
measurements was 102.79 pF, with a stan- 
dard deviation of 0.015 pF. Thus, there is a 
95 percent probability that the true capaci- 
tance lies between 102.49 pF and 103.09 pF- 
well within the tolerance required for an 
amateur laboratory standard. 

I measured a 330 + 5 percent capacitor 
against two rings: one of 0.47723 pH, the 
other of 0.39246 pH. The calculated capaci- 
tances that resulted were 319.6 pF and 318.8 
pF, respectively. 

The much used "5 pH'' standard, to- 
gether with its screw-on terminals, turned 
out to be 4.26 pH. The 100-pF standard, 
complete with appendages, was 106.8 pF. 

Discussion 
These measurements assured me that I 

had attained my goal. I now have a system 
for constructing an inductance standard of 
good precision. It is certainly simpler to 
construct an inductance standard of high 
precision than a comparable capacitance 
standard. The capacitance calculated from 
the known inductance is a suitable secon- 
dary standard. 

While I don't know the accuracy of the 
standard, it must be fairly high. However, I 
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d o  know that two separately constructed 
standards give results for a given capacitor 
within the stated tolerance, the inductor is 
measured with an  accurate rule, and the in- 
ductance is calculated from a formula de- 
rived from an impeccahle theory. 

Another Look a1 Logic Gates 
Peter J. Bertini, KIZJfZ 
Most amateurs have had some experience 
with digital logic-it's hard not to  find in- 
teresting applications for these devices for 
our shacks, repeaters, or  mobile installa- 
tions. The radio world is merging more with 

I 1 

Figure 1. Symbol for NAND gate and its truth table. 

Figure 2. Symbol for A N D  gate and its truth table. 

1 J 

Figure 3. Symbol for NOR gate and its truth table. 

Figure 4. Symbol for OR gate and its truth table. 

the digital domain with each new generation 
of radio. If you like to  dabble with simple 
digital projects, I'm going to  show you a 
few tricks that will greatly reduce your de- 
sign time! 

I'd like to discuss gates in a practical 
manner, avoiding Boolean algebra and 
other math that may apply in a more tech- 
nical presentation. Like atoms in a mole- 
cule, gates are at the heart of any VLSl 
chip; counters, shift registers, memories, 
and even microcomputer chip circuitry are 
built around the humble gate. Figures 1 
through 4 show several common gates and 
their truth tables. These basic gate building 
blocks are available in pin-compatible D I P  
packages in diverse logic families as TTL, 
CMOS, LS, and a variety of others. I won't 
go into the electrical parameters o r  differ- 
ences between these families, instead I'm 
going to show you how to visualize gates in 
a way you may not have seen before. For 
simplicity, I'll only discuss dual-input gates, 
but the techniques shown are valid for any 
number of like inputs. Figure 1 shows a 
NAND gate; Figures 2, 3, and 4 show 
AND, NOR, and OR gates, respectively. 

We're all familiar with these devices. 
Most of us think AND gate functions re- 
quire that all inputs be in one state to en- 
able the output state, and that OR gates 
need a certain level on  one or  both inputs of 
the gate to enable the desired output state. 
However, this assumption is incorrect; gates 
aren't always what they appear to be! 

The symbols in Figures 5 through 8 may 
be unfamiliar to  many of you, but they 
were common back in the early days of digi- 
tal logic. Their names are  just as unfamiliar 
today. Figure 5 shows a negated-input O R  
gate; Figure 6 is a negated-input NOR gate. 
Figure 7 shows a negated-input AND gate 
and Figure 8 is a negated-input NAND gate. 
Carefully compare the truth tables of the 
devices in Figures 1 through 4 with those 
shown in Figures 5 through 8. If the truth 
tables match, the devices are the same. Each 
gate shown in the first four drawings has an  
unlikely equal in the last four drawings. 
Thus, the conventional NAND gate shown 
in Figure 1 is the same as the device shown 
in Figure 5, the negated-input O R  gate. 

You can change a gate from a n  O R  func- 
tion to  an  equivalent AND function by 
changing the symbol and inverting the in- 
puts and output. If the inversion bubble is 
present on  the input or  output, remove it, 
and if it isn't there, draw it in. If the sym- 
bol is an  OR, make it a n  AND. This works 
in both directions. 

Yes, you can convolute a n  exclusive OR 
gate into an  exclusive negated-input NAND 
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Figure 5. Negated-input O R  gate and its t ru th table. Device is ac- Figure 7. Negated-input A N D  gate and t ru th  table. Device is 
tually the same as a N A N D  gate. another function fo r  the N O R  gate. 

Figure 6. Negated-input N O R  and t ru th table. Device is the same Figure 8. Negated-input N A N D  gate and t ru th  table. Device is 
as an AND gate. rea l l j  an O R  gate i n  disguise. 

gate. The truth tables will match, but 
there's really no practical reason for doing 
so (see Figure 9). 

Let's look at a few applications. Suppose 
your club wants to PL the club repeater, 
and you wish to combine the low-going 
COR signal with the low-going signal from 
the PL decoder to produce a valid input sig- 
nal indication for the repeater controller. 
The output signal can be high or low, a sim- 
ple invertor will take care of this i f  need be. 
Draw the circuit exactly as the logic flow 

Figure 9. Exclusive O R  gate can be changed in to  ex- 
clusive negated-input N A N D  gate. 

Figure IOA. Ci rcu i t  senses PL and C O R  levels f o r  repeater. Ne- 
gated-input A N D  gives h igh output when carrier and subaudible Figure 10B. Same circuit  using negated-input N A N D  wi l l  give low 
tone are detected. active output when carrier and subaudible tone are present. 
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dictates. You'll want to  have two lows to 
obtain an output. Figures 10A and 1OB 
show two circuits that meet your require- 
ments. Note that the circuit is easier to read 
using the negated-input AND functions; 
you are looking for an output to  occur 
when the two inputs are both in a certain 
identical state. Our minds have been trained 
to think of this as an "AND" function. 
Redraw the circuit by changing the gate 
from the AND function to  an OR function 
and by inverting the inputs and outputs. 
This yields the more commonly found logic 
NOR or OR gate (Figure 11). However, 
the operation of the circuit is now no 
longer intuitive. 

Inverter symbols don't change, but the 
inversion bubble can be drawn at either end 
(Figure 12). The inverted input version may 
be viewed as needing an active low for a 

Figure 11. Conventional drawing of carrier and PL circuit uses high output. The standard type may be seen 
OR gate. The function of this device is not intuitive in this as looking for an active high to yield a  OW 
configuration. output. Buffers can be drawn with inversion 

bubbles at both ends. It's all a matter of 
perspective. If your circuit is looking for 
two active lows to give a high output, use 
the negated-input AND gate; but, if your 
circuit is looking for either (or both) of the 
inputs to go high for a low output, you'll 
need the NOR gate. The truth tables are the 
same, but each version can be used to make 

Figure 12. Inverters can he drawn either way. It's all a matter of the operation of a circuit that's much sim- 
perspective. pler to understand. 

PRODUCT INFORMATION 
Pomona Electronics Introduces Rotating spacings as small as I .2 mm and wire as fine 
MicrograhherTM Test Probe as 0.1 mm. The extended guide tube can 

Pomona Electronics has added the new reach into tight areas and can be bent and 
Rotating MicrograbberTM to their line of fixed in a 35-degree angle. 
miniature test probes and accessories. The The probe is rated at 42 volts, 2 amps 
Series 5790 Rotating Micrograbber is de- maximum, weighs 1.3 grams, and comes in 

black or red. 
For a free copy of the new 1992, 140-page 

catalog, contact Customer Serivce, ITT 
Pomona Electronics, 1500 East Ninth 
Street, P.O. Box 2767, Pomona, California 
91 769. Telephone: (7 14)469-2900. FAX: 
(714)629-33 17. 

Philips ECG Relay and Accessory Catalog 
Philips ECG introduces a new Relays and 

Accessories replacement catalog that cross 
references 39,500 industry part numbers 

signed for surface-mounted device (SMD) and 177 brands to over 535 ECGF' devices. 
and high-density lead testing, as well as for To  obtain a copy of this new catalog 
testing fine gauge wires. write to  Philips ECG, 1025 Westminster 

The probe's fine-pointed pincer and ro- Drive, Williamsport, Pennsylvania 17701 or 
tating finger grips and body let you access call 1 (800) 526-9354. 



VERSATILITY PLUS + 

L.L. Grace introduces our latest product, the DSP-12 Multi-Mode Communications Controller. The 
DSP-12 is a user programmable, digital signal processing (DSP) based communications controller. 

FEATURES 
lulti-tasking operating system built in 

r rC-compatible (V40) architecture allows devel- 
opment of custom applications using normal 
PC development tools and languages 
Motorola DSP56001 DSP processor 
Serial interface speeds from 110 to 19200 bps 
Optional 8-channel A-to-D & DAC for voice 
and telemetry applications 
12-bit conversion architecture 
V40 source code and schematics available 
RAM expandable to one megabyte. Useable for 
mailbox feature, voice mail and development 
EPROM expandable to 384k bytes 

DW power requirements: 10-1 5vdc, 750ma 
analog radio connectors. RX & TX can be 

>lit in any combination. Programmable tuning 
,utputs are available on each connector 
Many modems available in the basic unit, 
including Packet, RlTY,  ASCII, and PSK modems 
for high speed packet and satellite work 
Both V40 and DSP programs can be down- 
line-loaded from your PC or a bulletin board. 
You can participate in new development1 
Built in packet mailbox 
V40 and DSP debuggers built in 
Open programming architecture 
Free software upgrades 
Low cost unit 
Room for future growth 

APPLICA 
HF Packet 
HF R l l Y  & ASCII, inclua~ng tnv~?rted marw space 
and custom-split applications 
VHF Packet 
400bps PSK (satellite telemetry) 
1200bps PSK (satellite & terrestrial packet) 
V26.B 2400bps packet 
9600bps direct FSK (UO-14) 
Morse Code 

CUSTOM APPLICATIONS 

Voice compression 
Telemetry acquisition 
Message Store-and-Forward 
Voice Mail 

COMING ATTRACIIONS 
(Remember, software upgrades are free!) 

WEFAX and SSTV demodulators 
NAVTEX 
AMTOR and SITOR 
Multi-tone Modems 
ARlNC ACARS 

Commercial inquiries are welcomed. We offer rapid prototyping of custom commercial, civil, and government 
applications including intelligent radio, wireline, and telephone modems. 

......................................... DSP-12 Multi-mode Communications Controller $ 595.00 ................................................... One Megabyte RAM Expansion Option 149.00 ......................................................... Date/Time Clock Backup Option 29.00 ..................................... 8-Channel A-To-D Telemetry/Experimentation Option 49.00 ........................................... Wall-Mount Power Supply for DSP-12 (1 10 vac) 19.00 

We accept Mastercard & VISA and can ship C.O.D. within the USA. All orders must be paid in US Dollars. 
Shipping & Handling: $5 ($20 International). 

L. L. Grace Communications Products, Inc. 
41 Acadia Drive, Voorhees, NJ 08043, USA 

Telephone: (609) 751 -101 8 
FAX: (609) 751 -9705 

Compuserve: 72677,1107 

L. L. Grace also manufactures the Kansas City Tracker family of satellite antenna aiming systems. Call or write for more information. 



The Best Shortwave You Can Buy 
Comes From Drake 

The Drake K8 Communications Kece~ver.. .simply the best shortwave clarity 
and fidelity you'll find, outperforming receivers costing much, much more. 

Famous Drake technology gives you wide frequency coverage of 
all world bands and excellent dynamic range.. .in an uncluttered package 
with an  ergonomic front panel, featuring keypad entry of functions. 

For the best access to world events as they happen, buy yourself a Drake R 8  
shortwave receiver. Ask your dealer for more information, or  contact a 
Drake sales office today at 1-800-9-DRAKE-0 (1-800-937-2530). 

R. 1. DrAeCompanv, P.O. Box 3m, Miamisburg, OH 45343, LiSATel: 513-860-2421 
Drake Canada, 6 5 5  The Queensway #I(,, Peterhorou*, Ontario K9J 7M1, Canada 
Tel: 705-742-3122 
1 -800-9-DRAKE-0 (1-80-917-25.10) 
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1 Terrain Analysis andl VHF Propagation Software 
Unlike HF propogation which is primarily dctcrminctl hy the ionospbcrc, nqgicnhanccd VClF propagation is 
determined hy the local terrain. SoftWright's Terrain Analysis Packrigc (TAP ) is a comprchensivc system of 
programs which performs functions for retrieving and manipulating topographic elevation data, and for using that 
data for VHFIUHF radio path and coverage analysis. Among its many fcaturcs, this software allows you to: 

Coverage Map Plot a cross section of the terrain Compute Carey Curve Values and 
between two sites to identify major plot (FCC part 22) 

I \ I  obstructions ;rnd fresnel loss areas , and <-. 
Plot shadowing studies . ., . Model terrain i n  3-D to aid i n  site 

.., .... Compute field strengths. selection and evaluation 
,.. Plot field strength contour maps to Draw topo maps 

... show coverage areas Plot field strength i n  3-D to easily 
Calculate Height Above Average iuentify coverage holes 

I I. 

Terrain (H.4AT) Generate signal threshold plots to  ... 
; Compute FM/TV FCC Field and show base, mobile and handheld 
1 . I -  

plot rompr~ted contour (part 73) coverage areas 
: "The TAPsystcm isdivided into numerous 3,D Terrain Model 

*. ......................... .l.--modules which allow selection of only 
thosc functions nccdcd. Other modules 

can he added as requircd. The nccccssarv terrain data is availahlc on 
floppy disk in 1 x 1 dcgrcc blocks for use in limited arcas, or on CD-ROM 
for larger areas. Data is availrihle for thc entire LIS (except Alaska). 
This data contains sample points approximately every 300ft iind 
has hccn dcrived from thc US<iS 3-sccond datahasc. 

We also offer a low cost plotting servicve. For more information 
on this software andlor our scrviccs, please call or write. For a de 

please send S3.M and specify 3.5 " ' ; ~ N x ~ P  or 5 . 3  disk (,nu format only,. 

rhd 1 I I 1 I Electronics 321 East Shorc Trail, Spiirta. NJ 07571 (201) 729-6927 



Measure Up With W a l  Dynamics Model 

83000A RF Peak Reading Wattmeter 
Take a PEAK with Coaxial Dynamics "NEW Model 83000A. designed 
to measure both FWDlRFL power in CW 
and FM systems simply and quickly. 
Then with a "FLIP" of a switch, 
measure "PEAK POWER" in most 
AM, SSB or pulse systems. Our 
Model 83000A features a complete se 
lection of plug-in-elements plus a2  
year warranty. This makes the 
Model 83000A an investment worth 
looking at. So go ahead, take a 
"PEAK", you'll like "WAlT" you see! 

Contact us for your nearest autho- 
rized Coaxial Dynamics representa- 
tive or distributor in our world-wide 
sales network. 
Now Ava~lable With Elements 
Up To 1800 MHz! 

15210 lndustr~al Parkway 
Cleveland, Ohlo 44135 
21 6-267-2233 
180060AXIAL 
Telex 9&0630 Service and Dependability.. . a Part of Every Product 

CALL 

NEMAL 
FOR 

RF 
Connectors 
Adapters 
Cable Assemblies 
Coaxial Cable 

Manufacturer Of Custom 
Electronic Wire And Cable. 

Low Minimums Quick Delivery 

CALL US AT 
1-800.522-2253 

OR FAX YOUR REQUIREMENTS TO 
1-305-895-81 78 

Call lor your copy of our new 44paqe 
Cable 8 Conneelor Seleclion Gu~de 

More than 2.500 commeroal and OPL 
cable and conneclor products m stock 

NEMAL ELECTRONICS, INC. 
12240 N.E.l4thAVE., N. MIAMI, FL33161 

(305) 899-0900 

1 MICROWAVE ANTENNAS AND EOUIPMENT 

I L o o p V a g l ~  Power Dlr lden Dlsh Feeds 
C o m p l e t e  Antenna A r w s  . Llnear Amps . M~cmwaveTranmr ten  h Klls G.*s FETRMmps.n6  

Kit". Mlcmw.re Cmplnsnla 
Tropo . EME . WeaISlgnal OSCAR. FM . Packet ATV 

-802-  1269. 1298. 1681 .23U - 2 U a . 5 0 . 5 7 M  
10388MHz 

ANTENNAS 
M L V K  4501 LOOPYaQl K l l  1290MHz 
l Y 5 L Y K  45e1 LOOPYWI UII 2YMMHz 579 
3333 LVK 33el LoopVapl K l l  W M H z  595 
1844 LY U el LoopYapl Assambled 1091 MHz S105 
3 8  Fssd Trl Band Dlsh Feed 2 3.3 4.5 7 GHZ 515 
Many &en and w m b M  wnnlons nd1.M.. ShlPPiw aXlI. 

LINEAR AMPS AND PREAMPS 
m P A  121013GHz 3woul 138VDC $130 
2318PAM 124101 3GHz 2Orrwt 138VDC 1105 
2335PA 1 2 4 t o l  3GHr  35woul 138VDC UX 
2 M P A  12410 l 3 G H r  h~psln35rroul  I 3  8VDC 5355 
237OPA 1 2 4 1 0 1 3 G H z 7 C w w I  138VDCS685 
i w 2 P A  221025GHz 3woul 138VDC $430 
13LNA 231024GHz preamp 6 d E N F  $140 
23LNA 121013GHz preamp 8 d B N F  185 
ULNA K m t o a P M H r  preamp 6 d B N F  595 
1691 LNA WP 1891 MHz mast mounted E d 8  N F  (140 

preamp 
Klb. Wmdhmmmd V m  nd O l b l  F- A V d m h  I NO-TUNETRANSVERTERS TRANSVERTER KITS AND 

I €SO. 1288,1296.23%. 2400.3456.5780MHr 

SHF O(nK 902 MHz Tranavener 4OmW. 2m IF K11$138 
SHF 1ZBBK 1296 MHz Transuerter IOmW.2m IF Kl lSl49 
SHF2JYK 23% MHzTransrensr lOmW.2m IF K l ISX6 
SHFY56U 3156 MHzTransverter 10mW.2m I F  Kt1 1205 

O S W R  and other lreqwncles svall.ble, also Amps snd peck. 
.o. wmlons  wlmd and leatbd 
wrlm fat m m  lntonna~km. F m  ut*og .nW*. 

DOWN EAST MICROWAVE 
8111 01~0~. W3HQT 

RR1 Box 2310, Troy, ME 04987 
1 120n 948.3741 Fax: 207-948-51 57 



ELNEC 
Advanced Antenna 
Analysis Program 

FasI to learn and easy to use, ELNEC lets you ana- 
lyze nearly any type of antenna In Its actual overat- 
!g envlronmenl. Describe your antenna wlth 
ELNEC's unlque menu structure and spreadsheet- 
llke entry system and watch I! make azimuth and 
elevetlon plots, report beamwldth. f/b ratio, takeoff 
angle, galn, and more. Save and recall antenna 
files. Prlnt plots on your dot-matrlx or laser printer. 

ELNEC uses the tull paver of MlNlNEC code but 
makes descrlptlon, analysls. and changes worlds 
easler and faster. With ELNEC there's no messing 
with 'pulses' - JusI tell I1 where on a wlre you want 
a source or load to go, and ELNEC puts it there. 
And keeps It there, even If you change the anten- 
na. ELNEC has a host of other fealures to make 
analysls fan and easy. The M u P  optlon exlends 
ELNEC'S capablllIy to very complex antennas (up 
to 2 6 0  'pulses'). 

ELNEC runs on any PCcomp.tlble computer whh 
a leaat 5 1 2 k  RAM. CGA/EGA/VGWHercules. and 
819 or 24 pin Epron-compatlble or HP LaserJelI 
DeakJet printer. (The MaxP option requlres a hard 
disk, coprocessor, and 640k RAM.) 

There's no copyprotectlon hassle wlth ELNEC - 
It's not copy protected. And o! course there's ex- 
tendve docurnentallon. 

ELNEC Is only 549.00 poMpald. M u P  Is $25.00. 
(Please add 53.00 per order for alrmail outslde N. 
America.) VISA and Mastercard orders are accept- 
ed - please include card number and explration 
date. Spec~ycoprocessorornoncoprocessortype. 
Order or write for more Information from: 

Roy Lewallen, W7EL 
P.O. Box 6658 

Beaverton, OR 97007 

I Haw to r,ut MORE powpt Into your antenna and get better and hagher rognal strenqth 777 

- Use WZFMl Baluns and Ununs. the MOST OIJTSTANDING. HIGHFST EFFICIENCY (97% to 99q.l. and the BEST 1 RROAl~l3AND holuns < ~ n d  vnuns ava~lal>le. 

Amldon now offers the widest select~on of WZFMl Baluns and Ununs to meet all your require- 
ments lor boner and more conststen1 communication. Also available in do-it-yourstllf kits. 

All baluns and ununs are exclusively designed and optemized by Dr. Sevick (W2FMit for the 
hoghest ~!fficiency, widesf bandwidth. and best performance/prtce ratio. 

Use these transformers for matching 50-OHM cable to: 

12) 75-OHM cable. 
(31 A lunctlon of w o  50-OHM cables. 
(41 Shunt-Fed towers performing as venical antennas, and 

@@ 
11) Ven~cal antennas, invened Cs and ground fed slopers (all over good ground systemsl. a 
151 Thc outpul of a transceiver of class B Itnear amplllier when an unfavorable VSWR condition exlsts 

All designs, when used according to ~nstruclions, are gu8ranhad to give outstanding performances. Cornpat'hom wlth 
other matchlng transforrna are invlted. 

POWER RAnw n *.n Xw comln- hwn ?MHz to 40 M k  

W2FMI HIGt M R  UNUNS IMNOANCE MATCH COMRFlE UNIT PRICE 
2 25 1HUSO 50 22 22-OHMS $45 00 
2 1 HU50 50 25-OHMS $45 00 
2 1-HOU50 50 22 22.OHMS 8 0  W 

50 25-OHMS 
225 1-HL1112 5 112 5 50-OHMS $45 W 
2 1-HU100 100 50.0HMS S45 00 
2 1 HOUIW 112 5 50-OHMS $50 W 

100 50-OHMS 

W2MI HIGH M R  WUN! IMROWCE MATCH CWRRE UNIT PRICE 

1 1-HBL5O 50 50-OHMS $55 00 
4 1-HBM2W 200 50-OHMS $55 00 
6 1-HB3W 300 50-OHMS CALL 
9 1-HR450 450 50 OHMS CALL 
225 1 HR1125 112550 OHMS CALL 
4 1-HR50 50 12 5-OHMS $55 W 
NOTE OIMTR B*LUN b UNUN TRANSfDPMGR5 AVAIUBlf PLEASE 
CALL OR W I ~ F  ~ O R A ~ ~ I O S A I  a m 1 1  

178-1-HI150 50 28-OHMS S45 W 
1 5  I-HU!~O 50 32-OHMS $45 w ALSO AVAILABLE: 
15.1-HU!5 75 50-OHMS Q5.W 
4 1~HRUSO 50-12 5-OHMS $45 W 
4 1-HCU5O 50 12 5-OHMS $SOW 
9 1-HRUSO 50 5 56-OHMS 545 W 
9'1-HUH50 50 5 56-OHMS 545 00 
1 78 1-HIlU50 50 28-OHMS $50 W 

50 17 5-OHMS 
1.56.1-HIlU50 50.32-OHMS $50 W 

50 18-OHMS 

I HMMUSC(5 dm ral~os) MULTIMATCH UNUN CALL 
1 78 1-Ht1MU50 MULTIMATCH UNIJN CALL 
(8 d ~ H e r ~  11 ntlos) 

Uncond~r,nn,l m m  back ouarantae lor 1 vsar on comnleted unrl . - 
2216 East Gladw.ck Street. Dorningl,c~ ti Is, CA 90220 

TEL: (3101 763.5770 FAX: (3101 763-2250 

Everything to complete your project - 
From initial concept to finished product! 

Complete line of Enclosures in Aluminum, Steel or ~6 
Hardware, Silkscreen~ng, Tools, Custom Fabricabng 
Call for our FREE Full Color Catalog 
( 8 0 )  800-3321 or (2 16) 425-8888 (216) 425-1228 Fax 

A BS 

(project pro) 
1710 ENTERPRISE PKWY. 'I'WINSBURG, OHIO 44087 

I (VOICE OPERATED) I 

Fits inside most HF-SSB transceivers. 
Requires human voice to activate. 
Ignores static, noise and hetrodynes. 
Onloff switch only-no adjustments! 
Connects to audio leads and 9/12 VDC. 
Fully assembled and tested $129. Deluxe $149. 
Complete with comprehensive manual. 
Used worldwide in commercial and military 
transceivers. 

NAVAL ELECTRONICS, INC. 
541 7 Jetview Circle, Tampa, FL 33634 

(813) 885-6091 FAX: 81 3-885-3789 



- 
SIGNAL-TO-NOISE 
Voting Comparator 

- 

Improve coverage by adding receivers 

Expandable to 32 Channels 
Continuous Voting 
19" Rack Mountable 
SelectlDisable Switches for 
Manual Override 
Can be used with RF Links or 
Dedicated Lines 
LED Indicators 
Hundreds in Service 
More 

-Competitively Priced- 
For more information call or write: 

Doug Hall Electronics 
815 E. Hudson St. 

Columbus, Ohio 4321 1 (614) 261-8871 
FAX 614-261-8805 

1992 Antenna 
Buyer's Guide 

Looking for the latest In antennas? 
Afraid to approach the town about 
putting upa tower in yourbackyard? 
The 1992 Antenna Buyer's Gu~de is 
crammed full of information on all 
the latest antennas, towers and ac- 
cessories. Plus, t here's detailed in- 
formation on how to approach the 
town, who to see, what to say-and 
it is written by a top legal expert. Just 
starting out on VHF? We'll show you 
what to look for and what to avoid! 
Tough time making ends meet? Lew 
McCoy, WlICP, tells you which sim- 
ple wire antennas really work. Great 
articles with advice you need! Pages 
and pages of antenna charts! PIC- 
tures and descriptions of all the 
great antennaaccessories! Orderto- 
day before it is too late! The 1992 
Equipment Buyer's Guide is already 
sold out! 

------------ 
~ g p O g ! L ? Q D z  < 

CC-1 Capacitor Kit contains 365 
pieces, 5 ea. of every 10% value from 1 
pf to .33crf. CR-1 Resistor Kit contains 
1540 pieces; 1Oea. of every5% value from 
10R to 10 mego. Sizes are0805 and 1206. 
Each kit is ONLY $49.95and available for 
Immediate One Day Delivery! 

Order by toll-free phone, FAX, or mail. 
We accept VISA, MC, COD, or Pre-paid 
orders. Company P.O.'s accepted with 
approved credit. Call for free detailed 
brochure. 

I #COMMUNICATIONS 
~ S P E C I A L I S T S .  INC. 

- - 3 s r g 5 ~ 8 3  

i5[2z 2 r 

426 West Taft Ave. 
Orange, CA 92665.4296 

Local (714) 998.3021 
FAX (714) 974.3420 

Entire USA 1-800-854-0547 
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Low Cost RF Software 
Pm,qm/mrr  RF Design ma~azine. N's nm c m n m r ~ i o l  sojhuon, jw wrk in f  p m f m  
bv rhr hrrr RF rnfinrrrs i n  h r  wrld! Wr haw o w r  70pmfmmr owilablr; hr r r  a n  a 
fnvpacko~rs rhor w l l  l r r p  soar 20% offour n fuh rp r i c r  of SI5.OO for eorh pmgmm! 

FlLrrJlm- 
RFD~09Y2 - Actlvc Elliptic nnd m p l C d  lCWlUlOr filWlY 
RFD-M92 - F8lIks deslgn program and Elliptic LC filten 
RPD-0791 - Comprchcnilve filter des~gn program 
RFD-0740 - OPl lLT  Rastc program for act~vc fillen, dlpvr networks 
Rm-DR89 - Chebyshcv. Elllpf~c and Rultenvorlh filler deskgn 

m- 
RI:I>OR92 - Filtcn, attenuaton. cqualiurs, malchlng Wtworb 
RI:DO5V? - QMlX mixer analysis. evaluate conversion schemes 
RPDO291 - NOVA nodal clrcuil analysls pmgnm 
HI;[>-1 1119 - ACANAI. nodal analysts pmgnm. 50 mdfl. I 0  madell 
RFDOSI(9 - M ~ x c r  1plnw5 analyst% and plollsnp program 

4Jm- 
RI:D-0192 - VCO tuning range calculauon. coil winding program 
RI:I)-1291 - Ccaxial u h l e  clectnwl and mechanical pnmetcrs 
RPD-1091 - RF calculat~ars: rcumancc, panllellvries, microslnp 
RFD-0190 - RF no l v  lempmturc, no!= power. other panmeam 
RFD-W89 - 90degree phav shin mtworks 

LMPL.lETFR DESI- 
RI:I>-079? - DI:V('AIC RF amplifier design: gain, stability, matchinp 
RI:I)-0,7V2 - QSP1,OT S-prameler data, single-stage amplifier design 
RI:I>-0292 - Sm~th chan based match~ng, qu~ck m ~ c m l n p  malchlng 
RI:I)-IOW - CAI) pmgnm computes microstnp paramelen 
UFO-OW - Match~ng orcultr, carnded n o w  figure calculations 

EACII PACKAGE PRICE: $60.00 

Postpaid to U.S. and Canada; other forcign add S8.00 SBH. Order by pacbgc 
name. s p t ~ f y  3-112' or 5-114' disks. Muter Card. VISA, Amcnun lixprcsx 

accepted by alephone, nr m d  a chsk or money order to: 

RF Design Software Service 
P.O. Box 3702 

Littleton, Colorado 80161 
(303) 7704709 
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ATV CONVERTERS HF LINEAR AMPLIFIERS 
DISCOVER THE WORLD OF HF AMPLlf!m-S_~qer M O F R O U  BULLETINS UNIVERSAcMGITAL FREOUENCY3DOUT 

FAST SCAN TELEVISION Complete Pan3Ll3l lorHFAmpl!llers Described TK-1 ( W ~ ~ 1 I e ) l e d )  $149 95 
tn !he MOTOROLA Bulletins 
AN7583MW $154 15 AA313aOW ma) 
~ ~ 7 6 2  1 95 15 ~ ~ 3 0 5 3 0 0 ~  $34882 M0de l99Hea lS Ink (65~  12X 18)s 2400 

~ ~ 7 7 9 ~  2 0 ~  1 83 79 E863 1 4 0 ~  1 8965 C H S - ~ C O D P ~ ~ S P ~ - ~ ~ ~ I ~ X ~ X  2 2 W  

AN77OH 20W 1 9 3 M  E827A 3MW 1136 80 w e  also stock Hard t ~ F l n d  pans 
EBlC46WW 1371 65 

CHIP CAPS-KamallATC 
N s w l l  l K  W A l l  2-54 MHz Ampllller METALCLAD MICA CAPS-UnslcolSamCo 

AMATEUR TELEVtSION CONVERIERS POWER SPLITTERS and COMBINERS RF POWER TRANSISTORS 

ATV3 420-4% IGaAS FET) 1 49 85 Klt 
2-30MH: Mlnl Clrcull Mixers 

A N 4  902-928 IGar\S-FET) 1 59 95 K11 ~ ~ ~ l ~ ~ ~ ~ ; ! ~  I 8995 SBL-1 fl-500M?1 1 654 
1 7995 SBL-IXf lO IOOOMz] 1 765 

2-METER VHF AMPLIFIERS 12W Wal l  PEP 4-Potl $ 8 9 9 5  A ~ c O ~ R I M M E R ~ A ~ C l ~  

35 Wal l  Model 335A 1 79 95 I W  WATT-420950 MHz!USHjPUUNEAR VKm-2014B RF choke s 1 M 
75 Wal l  Model 87SA 1119 95 Kit A M P L ~ F ~ E R ~ S S B  FM-ATV 
Avellable In k l l  or wlrsdllested 

56-590-65-30 Ferrlle Bead 1 20 
KEB67-PK (Ki l l  $15985 Broadband HF Transformen 

For de ta i led  I n f o r m a t i o n  and prices. ~ E 0 6 7 - P c B  (PC Ward) LOW Pass FIIIers 

call or write f o r  our f r e e  c a t a l o g  KEB67-I (Manual) lor  Hannonlcs (Up lo 300W) 
(Om 15m, 2Om 4Om, Wm 6 IMk 

A<!  1 s  lm for shlpDlng and handling 

508 M ~ l l s t o n e  DIIVP Beavercreek. Ohlo 45434-5840 
(513) 426.8600 FAX (513) 429-381 1 

width Poles Price 
2125 P O M H I  l3~I.1y1.d ',*PCP 

,5410 ~:IMHI Dual 1,;tcn 
2t60 - 60MHz Dual Tlaco Oelevsd SWWP V.522. SOMHZ. OC 0110.1 

XF-9A SSB 2.4 kHz 5 $ 75.00 
inual ~ l m o  ~ a s c  1949 v.422. .OMHZ. oc ottss~ XF-9B SSB 2.4 kHz 8 105.00 

2190 - IWMHz Three Trace Dual fime Bare. v.222. ZOMHZ. DC Cnlrel 
oolayeu S w e ~  11.395 V . ~ O  - 6OMHz. D U ~ I  Tface XF-9B-01 LSB 2.4 kHz 8 145.00 

2522. XIMHI ) 10MSi~ Sl0,WB 1869 Y.6651- 60MHz.OT. w i C u r s o r 1 1 . 3 2 5  
1442 - 20MHz Ponable 11.229 v.1060. IOOMHZ. Dual Trace 1 1 . 3 1 5  

XF-98-02 US0 2.4 kHz B 145.00 
S-,325 25MHr $349 "43 4OMHz Batlorv I AC CQOrlSdrrith V.1065A - 10OMHz. 01. WlC~rXlr-11.649 

CUIX)I 6 R e s d O u l s ~  
XF-9B-10 SSB 2.4 kHz 10 185.00 

11.439 V-lo85 10OMHz. 01. w l ~ ~ r ~ 0 r 1 t . 9 9 5  
Dual Trace Oscilloscope V-IIOOA. IOOMHZ. a m  T , w s z . ~ ~ ~  XF-9C AM 3.75 k ~ z  8 110.00 

1.0GHz PORTABLE 
V-1150 - 150MH2. Quad Trace.12.695 

5-1340 40MHz $495 
XF-9ll AM 5.0 kHz 8 110.00 

Hitachi AS0 Series 
Dual Trace Oscllloscope . ,wh&mz;;, ~%;m,fl;w;y 

~ng, c u m  measurements 
0 Hz 4 80.00 

S-1360 60MHz 0 HZ 8 165.00 

kHz 2 20.00 

Write for full details of crystals and filters. 
Shipping: $7.00 Shipping: FOB Concord. MA 

, . ,; ,~\."rK*9- 



Phase 3 
a new 

Amateur Radio 
Satellite for the 21st Century! 

When AMSAT's Phase 30 satellite is launched by the European Space Agency's Ariane 
5 launch vehicle in late 1995, it'll not only be the most technically and operationally 
advanced Amateur Radio satellite ever - it'll also be a strong argument for the future of all 
Amateur Radio! That's because the Amateur Radio space program has always provided 
a high positive image for Amateur Radio for the key delegates at international frequency 
allocation conferences, the forums at which the future of allour bands is determined. 

What about Phase 3D itself - what will it be like? 
It'll be a giant "birdl " weighing over half a ton with a 25-foot wingspan! 
It1 cover every Amateur satellite band, 10 meters to 3 cm (10,000 MHz)! 
Its elliptical orbit will provide access for up to almost 16 hours a day! 
Its high receive sensitivify and downlink transmitter ERP will make it 

accessible by literally any Amateur on earth! 

Phase 3D is a truly international project with strong international support, but 
... it needs your help, too. An SASE to AMSATwill bring you moredetails and 

please, enclose a check to AMSATIPhase 3 0  so we can stay on schedule! 

AMSAT, Box 27, Washington, D.C 20044 
(301 ) 589-6062lFAX (301 ) 608-341 0 

lron Powder 
Ferrite 
Shielding Beads 
Ferrite Rods 
Split Beads 

Smal l  orders welcome. A l l  i t ems  
in s t o c k  f o r  immed ia te  delivery. 
L o w  c o s t  exper imenter 's  kits: 
lron Powder, Ferrite. T h e  de -  
p e n d a b l e  s o u r c e  f o r  t o ro ida l  
c o r e s  f o r  25 years. 

I Cal l  o r  wr i te  for  free cata log a n d  
t e c h  data sheet.  

HIGH-ACCURACY 
ANTENNA SOFTWARE 
MN 4.5 provides fast and accurate anal is of 
wire antennas with an enhanced MIENEC 
al dthm. MN corrects fundamental roblems in 
M%INEC for lmproved accuracy. MAeatures 3- 
D antennageometry and wire-cunent displays. 
polar and rectangular plots with overlays, 
automatic wire s mentation, automatic 
frequency sweep sy%%olic dimensions, skin- 
effect modelln . C;olarizatlon analysis, near-field 
anal is for ~Phazards and TVI, current sources 
for prased arrays, up to 256 ulses for com lex 
models, and pop* menus. RN 4.5. 585. ~RNC 
4.5 (much faster 01 10. MNH 4.5 (huqe-model 
option). 525. Gth 1.0 (guy-wlre modeler). 525. 

YO 5.0 automatically optlmlzes monoband Yagl 
deslgns for maximum forward ain best pattern 
and minimum SWR. YO modas .stacked ~agis: 
dual dnven elements, tapered elements. 
mountlng brackets, matching networks, skin 
effect. ground effects, and construction 
tolerances. YO works from HF to microwave 
wlth Ya IS of up to 50 elements. YO runs 
hundr3 of times faster than MININEC. YO is 
wllbrated to NEC for hi h accurac and has 
been extenslvel va~idatecfa~ainst rearantennas. 
YO is intuitive h7hl gra hlcal, and fun to use. 
YO 5.0, SIW: \o{ 58(,assemb1y language 
algorithm kernel. much aster, coprocessor 
required), $1 30. 

NEC/Ya is 1.0 rovldes hlghest-accura 
analysis o?Yagi desGns with the professlonz 
standard Numwlcal Electromagnetlcs Code. ,N,Ez 1.0. $50. Coprocessor, hard disk. 

memory required. 

MN and YO Include both coprocessor and 
noncoprocessor verslons as well as compre- 
hensive antennadesign Ilbrarles. All programs 
include extensive documentation. In ulre about 
commercial licenses. Add 7.252 CA, $5 
overseas. Visa MasterCard. U.S. chec+ cash, or 
money order. tor IBM PC. 3.5" or 5.25 disk 

Brlan Beezley. K6Sn 
507% Ta or Vista CA 92084 

619945-982$0+00-18b0 Pacific Tlme 

ADVt.:H'T'ISI.:R'S INDEX 
AEA/Adv. Elec. Applications. . . . .  . 5  

. . . . . . . . . . . . . . . . . . . . . . .  AMSAT 112 
. . . . . . . . . . . . .  Alfa Electronics.. ,108 
. . . . . . . .  Alinco Electronics. COV.11, 1 
. . . . . . . . . . . .  Amidon Associates. . lo9 
. . . . . . . . . . . .  Astron Corporation. .10 

. . . . . . . . .  Beezley, Brian, K6STI. .112 
. . . . . . . . . . . . . . . . . .  C & S Sales. . I 1 1  

. . . . . . . . . . .  Coaxial Dynamics.. . lo8 
Communications Concepts, Inc.. . 1 1  l 
Communications Specialists. . . . . .  I10 

. . . . .  CQ Antenna Buyer's Guide. .I10 
. . . . . . . . . . . . . . . . . .  CQ Magazine 106 

. . . . . . . .  Down East Microwave.. .I08 
Drake, R.L . . . . . . . . . . . . . . . . . . . . .  106 

. . . . . . . . .  HAL Communications. . I1  
Hall Electronics. . . . . . . . . . .  .107, 1 10 

. . . . . . . . . . . .  Japan Radio, JRC..  .12 
. . . . . . . . . .  Kenwood USA. COV.IV.2 

. . .  L.L. Grace Comm. Products. . lo5 
. . . . . . . .  Lewallen, Roy, W7EL.. .lo9 

. . . . . . . . . .  N.X.2.P. Electronics. .I07 
. . . . . . . . . . . . .  Naval Electronics. .I09 

. . . . . . . . . . .  Nemal Electronics.. . lo8 
. . . . . . . . . . . . . . . . .  OPTOelectronics 9 
. . . . . . . . . . . . . . .  PC Electronics. .I07 

. . . . . . . . . . . .  Palomar Engineers. .I12 
. . . . . . . . . . . . . . . . .  Project Pro..  . lo9 

. .  R.F. Design Software Service.. .I10 
Spectrum International, Inc.. . . . . .  11 1 

. . . . . . . . . . . .  Tucker Electronics. .6, 7 
. . . . . . . . . . . . . . . . . . . .  Yaesu COV.111 

We'd like to see your company listed 
here too. Contact Arnie Sposato, 
N2IQ0, at (516) 681-2922 or FAX at 
(5 16) 68 1-2926 to work out an advertis- 
ing program to suit your needs. 
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