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Works Hard / Runs Cool I Clearly Superior 
ALINCO's newest 2-Meter mobile, the DR-130T, 
packs a big punch. This compact radio delivers 50 
Watts of cool running power, and offers the dura- 
bilitv and reliability that Hams have come to expect 
from ALINCO. 

Standard features include 50 CTCSS Tones, 
Programmed Memorv scan, Programmable '!Time- 
Out" Timer, CTCSS ~ncode ,  and others. With the 
optional EJ-19U plug-in module, 100 memory chan- 
nels are available. A11 memory channels can store 
"odd-split" frequencies, and also store CTCSS 
Encode/ Decode status. 

CHECK OUT THE AFFORDABLE 
TECHNOLOGY OF THE 90's. 

CHECK OUT ALINCO. 

Ergonomic, rugged design, combined with excellent 
sensitivitv and great sound make this the radio of 
choice for demanding operators. 

This rig comes standard with CTCSS encode 
decode. Ten memory channels come standard, and 
the unit can be upgraded to 50, or even 3 0  Memorv 
Channels with optional plug-in chips. 

Odd Splits! This radio can store repeater offsets 
from 0 to 15.995 MHz. A different offset can be 
stored in each memory channel, and most other 
functions can also be stored independentlv in each 
memory channel. 

For brochures and operation manuals, 
try our new 24 hour Hot Line. 

I . 
438 Amapola Ave., #I30 Torrance, CA 90501 

k&d ELECTRONICS INC. 



ICS turns out the 
... Counters 

... with the new 10 digit LCD Minicounter. 
More PERFORMANCE 

In a SMALLER package 
1 MHz - 2.8GHz Frequency Range New Model 3300 Minicounter breaks 

Direct Count Range From 1MHz to the LED counter tradition. From our 
250MHz with 1 HzISec first Model FC50 (1976) 
high resolution 
display. to our latest Model 

Prescaled Range 2300, we have always 

from 10MHz to had quality LED 
2.8GHz for virtually counters. But LEDs 
all two way 
communications are power hungry, 

Select up to 6 failure prone and 
GateIMeasure- unreadable in sun 
ment Periods light. So the LED 

10MHz counter has now 
Industry 
Standard gone the way of 
Time Base the LED 

Ultra wristwatch- 
Compact - 
true pocket replaced by 

size LCD. The LCD 
Maximized advantages 

sensitivity for include lower power, 
picking up radio . 

I*' 
r 

transmissions 1 - 

better reliability, 
from the greatest . . smaller package, 

more information displayed 
and better viewing characteristics. 

ACTUAL SIZE! 
(Actual Size Hand!) 

Model M1 & 3000A Hottest on the Market with 
Digital Filtering for the fastest method to reduce false n - e m  F-n-fim W m P F  counts-no loss of sens~tiv~ly & Digital Auto Capture that - -- -- -- - - 
auto holds and stores - working even near strong RF fleldsl u b  1 Irn-1 1- 

3000A-Multifunction HandiCwnteP 
15 gate times ~lectable 7 hrs Bart life 

MI-Full Range HandiCounter" 
10 Gale times 6 hrs Battery life 

Both offer: 
OElO Ultra Fast & Rel~able Counter IC 
Standard Backlit 10 d~a~t  LCD Display 
16 Segment S~gnal Strength Bargraph 
3 Data Storage Reg~sters 
1 3'6 of a second bleasurement Rate 
1Hz Resolut~on in 1 Sec up to 250MHz 
2 Wire JI for Data Logg~ng 

3oooA ..... ..- ..... -....$329. 
Mi  ..... ....... , ............ $229. 

TOLL FREE ORDER LINE 

305-771 -2050 FAX 305-771 -2052 
5821 NE 14th Ave, Ft. Laud., FL 33334 
5% ShipIHandling (Min $5 & Max $10) U.S. & Canada. 
15O/0 outside cont~nental U.S. 
Visa. Master Card. C.O.D., Cash or Money Order only. 
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EDITORIAL 
Seamless Communications 
The FCC has shaken up the commercial Land using a protocol that is now outdated, excruciat- 

Mobile Radio industry with its proposed ingly slow, and overloaded by modern digital 
rewrite of Part 90 rules governing the LMR standards. The demands for more VHF spectrum 
spectrum. Part 88 would replace the existing will not abate. The recent influx of new amateurs 
Part 90 rules in two stages; by the year 1996, attests to that. Another commercial claim on our 
LMR users in the 150 to 174-MHz band will VHFIUHF spectrum, mirroring the loss of the 
need to reduce deviation from 5-kHz to 3 kHz, 220 to 222-MHz amateur spectrum, could bring 
and to 2 kHz by the year 2006. The 421 to 5 12- the whole house of cards tumbling down around 
MHz users (excluding amateurs, who are gov- us as repeater owners, packet operators. ATV 
erned under Part 97 of the rules) will be limited operators, and narrowband mode proponents 
to a maximum 2.5-kHz deviation in the last scramble over whatever spectrum isleft of our 
stage. The Part 88 rules, if enacted, will lead to finite frequency resources. 
a $40 billion economic stimulus package. By There are two sides to every coin. Is there a 
the year 1996, amateurs could be reaping a real need for amateur radio to keep in lockstep 
windfall of prime used commercial mobile and with every new advancement in the communi- 
repeater equipment that no longer meets FCC cations field? CW communications is as old as 
type acceptance-and at firesale prices. Will radio itself, and after nearly 100 years of exis- 
this potential windfall benefit amateur radio, or tence it is rapidly fading from use. The Coast 
will it delay the inevitable by further locking us Guard has recently suspended all monitoring of 
into outmoded technology? the CW distress frequencies. However, many 

Combining the best of technologies now in use hams continue to find CW to be a relaxing and 
for cellular and 800-MHz trunking systems with enjoyable mode. It remains the mode of choice 
the new digital communications modes that must for EME. scatter, and other communications 
be developed to meet the requirements of the needs-and is spectrum efficient. Amateur 
new Part 88 rules in its last stages of implemen- radio is still a hobby. 
tation. could lead amateurs into a new era. Only twenty-five years ago, who would have 
"Seanlless Transportation" is the latest buzzword dreamed that VCRs, cellular phones, fiber optic 
in the transportation industry. In effect, it means technology, or powerful home computers 
a shipper is assured of timely and efficient deliv- would be so commonplace? Twenty-five years 
ery of his product between points A and B by ago, most of our VHF and UHF spectrum was 
dealing with a single vendor-despite the num- an unused wasteland. Now there doesn't seem 
ber of shippers handling the product en route. to be enough to go around. FCC rule changes 
Should amateur VHF operators be working led to the influx of cheap and readily available 
toward developing a "Seamless Communica- wideband communications equipment that 
tions" systern, where we can communicate with changed the face of and populated the amateur 
friends over large distances through a complex, VHFIUHF bands in the early '60s? just as the 
digital mode trunking system, without concern- latest proposed FCC rules will sow the new 
ing ourselves with what "channel" or band we technologies that will change are amateur 
are on, or what clubs or satellites are offering the bands at some future date. One other thing is 
trunking and linking services providing the conl- sure- communication.^ Q~mrterly  will be here 
munications? The day when we can commute to to guide are readership through the latest 
work and talk with a VHF mobile station in advances in communications technology as we 
England heading home from a hard day at the head into the next quarter century. 
office isn't that far away. The lines dividing the Peter J. Bertini, KlZJH 
worlds between the analog RF and digital fields Senior ~~~~~i~~~ Editor 
are fading rapidly. 

Unfortunately. amateur claims on our limited An$ lest you repeater owners urld packet (per-  
VHFIUHF spectrum are presently territorial at trtor,sfefi.e/ ~ ~ t , f ~ ~  chu,sti.ypr?lrrlf, YOU need 
best. Repeater frequencies are coordinated, and to know that K l W H  is a trustee uritf origirlator 
then jealously g~~arded against intruders by their c!fthe 146.94 and 443.20 rqeutecs oti Mt. Tom 
"owners." In most metropolitan areas. repeater in H ( , I , ~ X ~ ,  ~ ~ ~ ~ , ~ ~ ~ h ~ ~ ~ ~ ~ ~ .   hi,^ is pro/,ubly O17c, 

pairs are assigned in crowded 15-kHz channel qf'the most used arid oldest rcywuter systems in 
spacings-a marginally workable comprolnise New Englarzd Peter ulso o l ~ e r ~ ~ t e s  a K-node 
for our present 5 kHz "narrowband" standard. packet digipeater on Soap.srorz~ Mountain in 
Frequencies once assigned for simplex FM voice Sotners, ConnecTicut on 145.09. 
operations are quickly being overrun by thc 
increasing demands of the packet community- KAlSTC, Editor. 
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Put yourself in the winner's circle 
with the PK-232MBX multi-mode controller. 

The PK-232MBX sets the pace for multi-mode 
controllers. While the competitors are racing to catch 
up, the PK-232MBX surges into the lead, winning 
more contests and providing the best value of any 
multi-mode controller on the market today. 

Leave the competition in the dust-with the highest 
quality filters available (seventeen-pole effective 
filtering), the PK-232MBX pulls signals out of the noise 
better than any other controller. 

Satisfy your drive for variety with PACTOR, Packet, 
AMTOR/SITOR, Morse, RTTY (Baudot/ASCII), WEFAX, 
NAVTEX, and TDM modes. 

You won't spin your wheels trying to identify a 

PACTOR, Packet and AMTOR mailboxes-with 
selective control of third party traffic--are standard to 
the PK-232MBX. 

Our extensive Host Mode control gives you un- 
matched power and versatility from computer support 
programs for DOS, Windows1\', Macintosh, and 
Commodore computers. 

Our highly trained service crew keeps you on track 
with helpful advice and in-depth knowledge of 
amateur radio. 

When you're ready for a multi-mode controller 
with a proven track record, the PK-232MBX is the 
choice of champions. 

signal. Our revolutionary SIAM';' technol- For more information on the 
ogy automatically identifies the incoming PK-232MBX, call AEA's Literature 
signals, switches the PK-232MBX to the Request Line at (800)432-8873 or 
recognized mode, and starts displaying contact your favorite ham radio 
the data. equipment dealer. 



TECHNICAL CONVERSATIONS 
At the request of our Consulting Technical Editor 

Bob Wilson, WAITKH, Jerry Sevick, W2FMI, 
e,uplains why he didn't use polarity dots in his recent 
articles on ba/uns that nzppeared in Communications 
Quarterly. 

Dear Editor: 
On several occasions I have been asked why I 

don't use the polarity dots common in the schematic 
diagrams of conventional transformers. They are 
used to show the polarity of the output voltage with 
respect to the input voltage or the direction of the 
currents for mutually aiding flux in the core. These 
dots are very popular in the amateur radio literature. 

A few years ago, I would have given the following 
two reasons: 1) My formal training didn't include this 
technique as part of the curriculum, which was known 
as Engineering Science and Applied Physics,* and 2) 
I learned about these broadband transformers from a 
colleague at Bell Labs, Clyde ~uthroff , '  who treated 
these devices with transmission line theory. There- 
fore, his classic 1959 paper, which became the indus- 
try standard, didn't use the dots. Furthermore, 
~uanel la~-who really started the concept of trans- 
mission line transformers with his classic 1944 
paper-didn't use the dots either. In fact, his coiled 
transmission lines didn't even use cores. 

But lately I would add another reason for not using 
polarity dots and that is perception. From contacts "on 
the air" and from reading the amateur radio literature, 
I see that practically everyone still perceives these 
devices as conventional transformers that transmit the 
energy from input to output by flux linkages. They 
don't look at these devices (as Ruthroff and Guanella 
did) as chokes that isolate the input from the output 
and then as transn~ission lines that transmit the energy 
by an efficient transmission line mode. In fact, very 
accurate insertion loss measurements3 on devices 
using low permeability ferrite and powered-iron cores. 
have shown losses as low as 0.02 to 0.04 dB. A graph- 
ic proof of this is seen when small transformers using 
transmission lines of no. 18 wire wound on I -inch OD 
toroids or 114-inch diameter rods handle 500 watts of 
power without any sign of thermal runaway. 

I have also been told lately that this class of 
matching devices known as transmission line trans- 
formers, is not an emerging technology. It is a tech- 
nology that came of age quite a few years ago. But, 
from my vantage point, I disagree with this view. 
This class of transformers has not reached its poten- 
tial in power, high-frequency performance, and 
applications because: I)  This class of transformers 
has not been included in the electrical engineering 
curriculums, and 2) companies are reluctant to pub- 
lish important technical papers for fear of aiding 
their competition. In fact, this latter reason is also 
prevalent in other technologies as is evidenced by 
the lack of application papers in the professional lit- 
erature. It has been reported that, in the last fifteen 
years, 85 percent of the technical papers are generat- 
ed by the colleges and universities, not industry! 

And finally, maybe a name-change would be help- 
ful in understanding these devices. Instead of trans- 
rnissioil line tran.sjbrmers, why not use broadband 

transmission line marching netn~or-ks? It would cer- 
tainly help in doing away with the polarity dots. 

Jerry Sevick, WZFMI 
Basking Ridge, New Jersey 

REFERENCES 
I .  C.L RuthroK "Some Bnjad~Band Trancfonner*." Pm~.ardirr,y\ IRE. Volume 
47. August 1959. page' 1137-1342. 
2.  G Guanella. "Novel Matchlng Systemr for Htgh Frequencies." Arown- 
Botr,rr Re,,iew. Volume 3 I ,  September 1944. pagec 327-329. 
3 J Sevlck. T,o~rr,nivrio,t Lute Tronr/ormerr.  2nd ediflon. Amateur  R a d ~ o  
Relay Lcaguc. Newtngton. Connecticut. IY90. Chapter 12. 

FOOTNOTE 
*Harvarcl Llntvers~ty Cir;~duate School 

Mason Logan, K4MT. had these comments on the 
use of trqnsforn~er:c. in noise bridges. 

Dear Editor: 
Existing noise bridges use a transformer whose 

input winding couples the unbalanced noise source 
to a center-tapped floating winding. This center- 
tapped floating winding forms the 1 : 1 ratio arms of 
the noise bridge. However, while transformers are 
very good, they are not ideal. For instance, lack of 
perfect equality in the two arms of the bridge and the 
effect of the uncontrolled parasitic winding capaci- 
tances result in built-in bridge errors. 

Because the transformer has been so crucial, 
almost every noise bridge article has a new trans- 
former design. ,233 

A transformer is not necessary. The circuit 
schematic for a noise bridge without a transformer is 
shown in Figure 1. A double-shielded floating noise 
source and a pair of matched metal film resistors 
replace the transformer. The matched resistors are an 
added load on the noise source, so more noise power 
is needed than for a transformer bridge. 

For illustration. the circuit arrangement in the 
lower part of the bridge is the same as that discussed 
in detail in References 1 and 3. Its operation is unaf- 
fected by the substitution of the double-shielded 
noise source. 

The small size of a noise source1,3,4 on its perfo- 
rated board (smaller than its 9-volt battery) is what 
makes this circuit practical. The inner shield box 
need not be much larger than just the battery. 

The inner shield is insulated from, and centered 
inside the outer shield. The outer shield is insulated 
from the bridge enclosure and grounded to the D 
corner of the bridge. 

The capacitance between ( I )  the inner and outer 
box shields, (2) between the battery switch wires and 
their shield, and (3) between the wire connecting the 
inner shield to the bridge corner C and its shield, are in 
parallel at corner C and grounded to corner D. They 
make up part of the center-balancing capacitor, Co. 

The capacitance from the wire connecting the 
noise source output to the bridge corner A, to its 
shield, is in parallel with the variable calibrated 
capacitor Cs and increases its minimum capacitance. 

The selection of the fixed capacitor C, takes all 
the shield capacitances into account. It ischosen to 
center the calibrated variable capacitor Cs when a 
resistor is measured as the unknown impedance. 

The floating double-shielded noise source does 
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Fipre 1. RF 1:l impedance hridge with a douhle-shielded noise generator. 

eliminate the bridge transformer errors. It will not REERENCES 
I .  I..nrre\t (ichrkr. K?RT. "A Prcu~\ion Nrrice Bridge." Host Rodirv. March eliminate problems in the lower part of the bridge 19x3. p;~gc 50.  

caused by inductance of the calibrated variable resis- z. Willred N .  C;lro11. - A  Simple anti Accurate Arlmillancc Bridge." 

tor, Rs. But all development effort now can he direct- C,,m,nu,rkorint~r Qtto,r,-rlu. Sunrrncr 1V1I?. pngcJ1. 

ed toward solving the problems of the lower part.4 3. A.E Poptdi. AA3KIOE?AI'M. "f31rilrllng the Pcrfcct N o ~ r e  Rridgc." 
C'nns,z11nicrrrir8~r~ Quorlrrlr. Spnng 1 W3. pipe 55 .  

Mason A. Logan, K4MT 4 ,   orr rest (;rhrkc. K?RT. "Technical Cnnvrr\;~tion<." C~~wnranicario,ls 

Sun City Center, Florida Q#urn~rlv. Winter 1W3. p;sgc9?. 

When we talked to technicians about 
servicing radios, they told us they were 
too busyto talk. 

Now the new HP 8920A RF Communi- 
cations Test Set solves test problems in 
less time, so you have more. 

Easy-to-use front panel 

Optional full-feature spectrum 
analyzer 

Rugged portable package 

Built-in computer with optional 
software for FM, cellular mobile 
and base station testing. 

Price $13,800 

Keeping you ahead in communications. 

For more information call: 1-800-344-3802 and HEWLETT 
ask for Charlie or Ken. PACKARD 



a Books and Videos 
The Quad Antenna 
Hams love antenna books 
and this book IS no excep- 
tion Wr~ t ten  by world 
renowned author Bob Haw- 
land. W4MB. The Ouad 
Antenna 1s the author~lattve 
techn~ca l  book on the 
des~gn constructton, char- 
acterlstlcs and appllcat~ons 
of Ouad Antennas Dlscover 
how lo eas~ly bulld a quad 
antenna for your stat~on that 
will help you ftll your loqbook 
w~th rare DX that you have or 1Iv 11 i 1 i t  I 

Order No. QUAD ..... S15.95 

Get t ing  Star ted I n  Packet  Rad io  Get t ing  Star ted i n  Amateur  Satel l i tes 

111, \ l , l l ? ( ~  '+'> 1 1 1  lhPl[l 
dc rnyst~fy the e~cl t lnq 
but somctlmes confus- 
Inq world of packet 
radlo Learn how to gel 
started ustng your 
computer on the rad~o 
Included are step-by- 
steD ~nstruct lons on 

Li ~ r ~ i  , 1111 ' 1 1  . vitlen 
how veteran operators 
set up the~r satrll~te sta- 
tlons F ~ n d  oul how to 
locate and track ham 
salelltles w ~ l h  ease 
Watch as operators 
access current satel- 
l ~ t e s  and contact far 

maklnq packel contactsand uslnq pnckcl hullctin hn irrlr, ranqlng countrlesaround the world Thlsv~dcots flllrci wllh 
nrtworks and satell~les easv lo understand adv~ce and !IDS that can 1 bc found 

Order No. VPAC.. $19.95 anywhere else Order NO: VSAT ..... $19.95 
The Packet Radio Operator's Manual 
Thls book 1s wrllten by CQ 
column~st and Amateur Rad~o Getting Started in Ham Radio Getting Started in DXing 
Packetauthorlty Buck Rogers. 
K4ABT An all new ~ntroduc- This 1s a last-paced Top DXers share thetr 

tlon and gu~de to packel oper- v ~ d e o  ~n t roduc t~on  to experience wtth equlp- 

ation. 11 1s the perfect stngle the fasclnaltng world of mcnt. antennas. oper- 
ham r a d ~ o  CO's a t ~ n g  skttls. and source, whether you're an ad- experts show how l o  OSLlng You'll see 

vanced user or lust startlng 
out Learn about packet radto select equipment and hams work rare DX 

without all the technical lar- antennas. whtch bands around the world If 

gon. Also tncluded are to use,  how to use you're new to DXlng. 

detailed hookups for dozens repeater stat~ons for thls v~deo 1s for you' All 

of rad~olpacket  controller1 ~mprovcdVHFcoverage, thclrnportanceofgro~~ndlngand th~s valuable ~nformalton r-nay well g~ve  you tlie co!ript.:~- 

compuler comb~naltons, maklng thts book thr 111 ' ' ~ ' t v c  
the baslcs of solder~nq How to qet the most Out 01 your tlve edge you need to master the excltlng world of DXir~g 

resource for the actlve packet user. 
stal~on. whether 11's home-based, rnob~le or hand-held Order No. VDX ..... $19.95 

Order No. PROM ..... $1 5.95 Order No. VHR ..... $19.95 

Ham Radio Horizons: The Book Getting Started in Contesting Ham Radio Horizons: The Video 

Wr~t ten  by Peter 0 Dell.  
WBPD, this 1s a book about 
ham rad~o thal every beglnner 
can enloyl If you want to get In 
on the fun and excltemenl of 
Amateur Radto Ham Rad~o 
Hortzons 1s the perfect way to 
get started HRH 1s full of t~ps 
from expert hams In DXlnq. 
Con tes t~ng  Servtng the 
Publ~c. Ham Rad~o In Space 
Exper~menttnrj D ~ g ~ t a l  Com- 
mun~catlons - you name 111 

Thts exclllng book 1s an excellel 
or for use In your clubs ltcens~ 

01 

i t  gtft tc~a prc):; l~t,( II'JG, I1;ani 
ng classes ant1 I~br,iry 
rder No. BHOR ..... $12.95 

For Ille newcomer to 
conlesllng or an expe- 
r~enced  veteran. thls 
v~dco 1s for you1 You'll 
get advlce and operat- 
Ing tips from some of 
conlest~nq's most suc- 
ccsslul c:ompet~tors. 
~ n c l u d ~ n u  K r n  Wolfl 
KIEA. ~ t c k  Newell. AKIA, and CQ's own contcc : , :.ri- 
nlst. John Dorr. K l  AR Here's litst a sample of whnl viirr'll 
see whal contesttnq's all about, cxpta~nlng coritest 
Iargon. l ~ p s  for beqlnncrs, how lo conipele from a small 
slatlon, operating secrcls from the "pros . llvc OSOs from 
world class stations, VHFIllHF contcstlng 

Order No. VCON ..... 51 9.95 

Th~s  ~nl roduct~on to Amateur 
Rad~o 1s an excellent comple- 
mcnt to the Ham Rad~o Hor~zons 
book Enjoy seelnq all aspects 
of ham rad~o ranqlrig from what 
11 lakes (and costs) lo  get start- 
ed to how you can get your ham 
llcense Dcslqned lor the qen- 
era1 publlc HRH 1s Ideal for pub- 
IIC rven ls  presentations to 
community groups and as an 
operilng to your club s llcenstnq 
courses1 There s no better way 
lo tntroduce someone to ham 
radlo 

Or der No. VHOR ..... $1 9.95 
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Rev up your HF data with the PC-CLOVER system from HAL. CLOVER is 
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Howie Cahn, WB2CPU 
295 Beacon Street #23 

Boston, Massachusetts 02 1 16 
Internet: howi @ world.std.com 

CONNECTING 
COMPUTERS 
TO RADIOS 
A PC interface for the Ramsey 2-meter 
transceiver 

I n a previous issue of Conzmunications 
Quarterly,l I talked about why I think ama- 
teur radio equipment should be more closely 

integrated with personal computers. A comput- 
er provides more power and is more flexible 
than the control circuitry inside a radio. This 
article discusses the hardware and software 
needed to operate a radio from a computer 
screenlkeyboard. I'll illustrate these concepts 
with an example: using a PC to set the frequen- 
cy of a Ramsey FX- 146 2-meter FM transceiv- 
er. Although the project specifically targets 
IBM-compatible PCs running either DOS or 
Windows, many of the ideas presented here 
should be adaptable to other radios, computers, 
and operating systems. 

Interfacing a computer to a radio involves the 
connectors, cabling, and circuitry to link the 
necessary control and data signals. Also neces- 
sary is the software to get the computer to gen- 
erate these signals, and to provide a user inter- 
face to communicate information between the 
computer and the operator. The hardware 
required depends on the radio. Many commer- 
cial radios and instruments these days contain a 
serial data port for computer access. Some of 
them use signals at "RS-232" voltage levels. 
For these radios no additional hardware is 
needed because just about all PCs also have an 
RS-232 serial port. Many popular transceivers 
use interface signals with the same functions as 
those i l l  a PC serial port, but at "TTL" voltage 
levels. In this case, simple level shifting circuits 
are needed for the interconnection. A compre- 
hensive discussion about interface circuits for 
commercial transceivers was presented recently 

by Blackburn in QST.2 Software of various qual- 
ity levels is available from many sources, both 
con~mercial and public domain. I'll concentrate 
more on equipment capable of digital control, 
but without a data port. Here, additional hard- 
ware is required. Typically, this is just a circuit 
to extract and format the requisite number of 
data signals from information available in the 
computer. The Ramsey transceiver described in 
the following paragraphs needs up to 19 signal 
I10 lines to determine its frequency. 

The techniques I'll present here also apply to 
homebrew equipment. There is a prevalent 
notion that the use of digital circuits is best left 
to commercial designers. Hams are reluctant to 
incorporate PLLs, DACs, counters, and so on, 
in circuits they design and build because they 
assume that getting digital data in or out 
involves excessive complexity. I will try to 
show that any concerns about the difficulties 
involved are misplaced. 

I think another reason that the connection 
between radios and computers has developed 
slowly is that much of the software presented 
for amateur radio use has been fairly primitive, 
particularly regarding the "user friendliness" of 
these programs. For this project, I will describe 
a Microsoft WindowsTM-based graphical user 
interface (GUI) created with newly available 
programming language tools-Microsoft's 
Visual B~rsicr" or Visual c++'M. These tools 
can generate professional looking results and 
don't require advanced software skills to use. 

The user interface I suggest for the transceiv- 
er follows the model of a "virtual in~trument."~ 
The idea is to approximate, on the computer 
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Figure 1. Sample controls. 

L I 

Figure 2. Ramsey 2-meter control panel. 

Figure 3. Memory recall box. 

screen, the functions normally found on the front 
panel of an actual piece of equipment. Options 
are selected using the keyboard and/or the mouse 
to manipulate "controls" present on the screen. 
For Windows-based systems, some of these con- 
trols, as adapted for representative radio func- 
tions, are shown in Figure 1. Here you see slider 
controls used to adjust passband characteristics. 
button controls used for band selection, and a 
"knob" to set the frequency. I'll use the term 
"virtual radio" for this type of display. There are 

*For Mtcro\olt Windows appl~cio~ol~s ace "Thc Wtadow, Intertiice An 
Application\ Dehign Guidr", M~ctwof t  Press, 1992. 

many more controls available to use. The color 
and dynamic character of the controls are lost in 
print. On the actual screen the knob turns, the 
passband graph changes to reflect its settings and 
the red S-meter "LEDs" vary with the signal. 
While some will find it hard to give up a real 
tuning knob, these new tools can actually be 
more efficient and convenient. 

In creating the graphical user interface for a 
particular piece of equipment you select the 
controls that seem most appropriate for their 
intended functions. To promote consistency, 
consider the standards and conventions used by 
other programs in the same operating system 
environment, so what you, or anyone else, 
learned using those other programs can be 
applied to this one." I'll describe later how easy 
it is to create these displays with Visual Basic. 
Because there are no parts to buy or holes to 
drill, an initial "prototype" can be modified 
repeatedly based on the experience gained by 
using it. Through this process the screen can be 
optimized to suit your own preferences. 

The FX- 1 46 GUI 

For the interface to the Ramsey transceiver, 
I've created the virtual radio panel shown in 
Figure 2. It provides the operator with several 
ways to change frequency. You can use the "+" 
and "-" buttons under each digit to 
incrementldecrement that digit. If you click on 
the arrow to the right of the "Memory Recall" 
box, it expands as shown in Figure 3. This pre- 
sents a list of frequencies you've previously 
programmed in to select from. Typically, 
you've associated names with these frequen- 
cies; for example, the FOOBAR repeater on 
146.68. Just select the name from the list with 
the mouse-no more having to remember the 
actual frequency or even a memory number. 
Also associated with the name is a repeater fre- 
quency offset, if any. For frequencies not 
already programmed, the "Offset Select" box, 
in the lower right of the window and in Figure 
4, selects the transmitlreceive frequency split. 
You can also enter information directly from 
the keyboard. If you type "Ctrl-F 145.50," that 
frequency will be sent to the transceiver and 
displayed in the center box. If the offset default 
is qet to "Auto," the correct transmit offset will 
be used, following standard conventions. 
Typing "Ctrl-M" followed by enough of the 
memory location name to be uniquely distin- 
guishable is equivalent to selecting that name 
with the mouse. Us~ng  the names shown in 
Figure 3, you'll note that "Ctrl-M B" is enough 
to pick the Boston Amateur Radio Club, but 
"Ctrl-M Na" is needed to select the National 
Simplex Calling frequency. "Ctrl-0" and "Ctrl- 
S" are used to select the offset default and to 



add a new frequency to the "Memory Recall" 
list, respectively. 

The transceiver 
Memory Recall: 

The Ralnsey FX-146 is a popular and inex- 
pensive kit that, along with its predecessor, the 
FTR- 146, has been described favorably in sev- 
eral ham publications.4 Frequency generation is 
performed using a PLL synthesizer providing 
the potential for covering any frequency 
between 140 and 180 MHz. As supplied, how- 
ever, the user can only select among any twelve 
specific frequencies using a front panel switch 
that enables one of the user-programmed diode 
groups that determine the frequency. Ramsey 
used this somewhat limited method to hold 
down the price and give users the flexibility to 
add whatever additional frequency selection 
system they choose. Ramsey made it easy to 
access the signals necessary to program the 
PLL; this makes the transceiver a good candi- 
date for computer control. 

The PLL-based synthesizer section of the 
transceiver is interesting and instructive in its 
own right and deserves description. This is par- 
ticularly true of the method used to handle 
repeater frequency splits. Figure 5 shows the 
synthesizer portion of the transceiver. It's based 
on the Motorola MC145 152 parallel input PLL 
frequency synthesizer, U6 on the schematic. 
Part of the 145 152 is the equivalent of a 16-bit 
counter used. along with U3, to divide a 2- 
meter signal generated by a voltage controlled 
oscillator (VCO) down to 5 kHz. This is com- 
pared to a 5-kHz reference, and the difference 
produces a signal used to keep the PLL locked 
on frequency. The 16 inputs to the counter 
determine its divider ratio. For example, a 
145.00-MHz signal would need to be divided 
by 29000 (decimal), which is 01 1 1  0001 0100 
1000 when expressed as a 16-bit binary word, 
to produce a 5-kHz output. Therefore. this is 
the value the counter is programmed with to 
generate 145.00 MHz. The schematic shows 
several rows of the diode frequency selection 
matrix that programs the divider value. 
Connecting a diode in the appropriate position 
causes a "1" to be programmed in that position 
of the binary word. Positions without diodes 
are 0's. A 12-position switch selects one of the 
rows of diodes. 

The situation is slightly more complicated 
because of two factors. First. for operation at a 
given frequency, the synthesizer must be able 
to generate two frequencies: one at the actual 
transmit frequency and one at the receiver local 
oscillator (LO) frequency. Because the first IF 
of the receiver is 21.4 MHz. using the 145.00 
MHz example, the synthesizer must also gener- 
ate 123.60 MHz for the LO when the transceiv- 

I I 

Figure 4. Offset select box. 

er is receiving. Second, is the need to accom- 
modate frequency offsets for repeater splits. 
The FX- 146 handles the standard offsets of 
2600 kHz and one additional user-defined, non- 
standard frequency split. If you're using a -600 
kHz transmitter offset, you still need 123.60 
MHz from the LO to receive 145.00 MHz, but 
now you also need 144.40 MHz for the trans- 
mitter. Ramsey's clever solution for keeping 
track of both the offset required by the receiver 
LO and the transmit offset is to use a second 
diode matrix, seen on the left-hand side of the 
schematic. Four 74283 4-bit adders are used to 
combine the two matrices. You may have to 
stare at it a bit to figure out what's going on, 
but eventually you'll see that the diodes repre- 
senting the -2 1.4-MHz LO offset are switched 
in on receive, and diodes for plus or minus 600 
kHz can be activated for transmitting. In addi- 
tion to the 16 bits to program the receive fre- 
quency, the second matrix requires three more 
bits to select the correct offset. Thus, a total of 
19 bits form the frequency control word neces- 
sary to completely determine the frequency of 
the PLL over its full frequency range. 

Interface hardware 

Programming the frequency of the FX- 146 
from an external computer requires only that 
the frequency control word be generated by the 
conlputer instead of by the diode matrix, and be 
sent to the transceiver using an appropriate 
interface technique. Within the transceiver, the 
signals are applied at the locations I've marked 
with small circles on the schematic. The trans- 
ceiver pc board conveniently has a row of holes 
on 0.1" centers connected to these points to 
allow you to do this via a pin header and ribbon 
cable. If you leave one of the matrix rows free 
of diodes and select it with the front panel 
switch, the computer can set the frequency. A 
simple program can be written to calculate the 
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Figure 5. Portion of the Ramsey transceiver containing the synthesizer. 



Figure 6.8255-based bus interface hoard. 

J2 
50-conductor 

+5" +5V ribbon 
connector 

value of the frequency control word from the 
frequency and offset information supplied by 
the operator. The question is: What type of data 
interface should you use to get this word from 
the computer to the transceiver? 

There are three general mechanisms avail- 
able: using a computer serial data port, using a 
parallel data port, or taking the data directly 
from the computer bus. Each is appropriate for 
different situations. I've surnr~larized the three 
methods, along with some of their advantages 
and disadvantages, in the sidebar "Serial, 
Parallel, Or Bus?." For this project, I'll 
describe two alternative circuits. One approach 
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is a board that plugs into a PC bus slot. This 
avoids having to add circuitry inside the trans- 
ceiver box and doesn't tie up a port on the co111- 
puter. The second technique takes data from the 
computer parallel port. This saves a bus slot 
and avoids going into the computer. 

Suitable bus interface boards are available 
commercially. I've used the Prairie Digital. Inc. 
DAS Model 30." which costs about $80. This 
board not only contains 3-4 general purpose dig- 
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Figure 7. Parallel port interface board. 

12-bit counter. Other boards, such as the 
Computer Boards, Inc. CIO-DI024* for about 
$60, also seem adequate. If you want to build 
your own, a similar circuit is given in Figure 6. 

The bus interface in Figure 6 consists of an 
8255 parallel peripheral interface5 chip and an 
address comparator. The 8255 is capable of 
inputting or outputting 24 lines of binary data 
to or from the computer. It's organized as three 
8-bit readtwrite data ports: A, B, and C, plus a 

- 

*Computer Boards, Inc.. 44 Wood Avenue. Manqfield, Massachucetts. 02048, 
(508)261 - I  123. 

write-only control port. The four ports can be 
accessed as sequential locations by using the 
chip's two address lines, A1 and AO. A 74521 
8-bit address comparator is used to put the 
8255 ports at a specific place, the base address 
(BA), in the machine's VO address space. Port 
A is at the base address, port B at an address 
location one byte higher, port C at BA + 2, and 
the control port at BA + 3. The base address is 
determined by eight user-programmed jumper 
wire positions on the board that connect to 
eight inputs on the 74521 (the P inputs). Each P 
input has a pull-up resistor and will be at logic 



"1" if nothing else is connected to it, so a 
jumper is only needed to program a "0." The 
jumper positions represent the most significant 
bits of the desired 10-bit base address. Eight 
address lines, A9 to A2, from the PC bus are 
connected to the 74521 Q inputs. If the value of 
each P input matches the value of its corre- 
sponding Q input, the bus address matches the 
base address set by the jumpers and an output 
of the 7452 1 goes TRUE. This signal is used to 
activate the 8255 using its chip select (CS-) 
input. Any of the 1024 I10 locations that is a 
multiple of four can be used as the base 
address, as long as it doesn't conflict with an 
address already in use. Addresses between 
300H and 320H (768 to 800 decimal) are often 
available." 

To output a byte of data, the computer is pro- 
grammed to send it to the of the desired port. In 
BASIC this is done with the "OUT" statement. 
For example, assume base address 768H has 
been set with jumpers (I 1000000) and the 8255 
has been set up so that its 24 signal lines are all 
outputs. When the BASIC statement "OUT 
769,170" is executed, the machine's ten lowest 
address lines will go to " I  I 0000 000 1" (=769 
decimal). This matches the jumper settings, so 
the 8255 will be enabled. Port B will be select- 
ed by the lower two bits, "01 ." Simultaneously, 
the data bus will go to "1010 1010" (=170) and 
the bus write signal, [OW-, will go TRUE. This 
will cause the value of "170" to be written and 
stored in Port B of the 8255 and sent out over 
lines PB7 through PBO. The full frequency con- 
trol word is composed of the outputs of Port A, 
Port B, and the least significant 3 bits of Port C. 

If you want to connect to the computer paral- 
lel port instead of taking data from the bus, you 
can use the circuit in Figure 7. I've designed it 
using discrete TTL logic circuits, instead of the 
more integrated 8255, although either approach 
is fine for either circuit. The 8255 is replaced 
by a 74 138 address decoder and three 74373 
octal latches. As mentioned in the sidebar, the 
parallel port is really three I -byte registers: a 
data register. a status register, and a control 
register. These are located at three consecutive 
addresses in the PC's 110 space. The interface 
circuit uses only the data and control registers. 
The parallel port has an address in the 
machine's 110 space. The port is often at base 
address 378H and is called "LPT I :." Verify 
that this is the address used by consulting your 
computer's instruction manual. The circuit is 
wired so information written to the data register 
of the parallel port can be written into one of 
the 74373s. Two lines from the control register. 
I N I T  (=AO) and S L C T  (=A I )  are decoded by 
the 74 138 to select one of the three 74373 
ports. Control port signal STB- connects to the 
common latch enable line. C. to latch the eight 
data bits into the selected latches. The board 

can either be mounted in the transceiver or 
placed in a box between the computer and the 
radio. 

For those using an 8255-based interface 
board, there's an additional consideration I 
should mention. If you turn the front panel fre- 
quency switch to a position that connects one 
of the programming diodes to a port pin when 
the interface is attached to the transceiver, you 
could destroy the 8255. If that bit is pro- 
grammed to be LOW, there is a low resistance 
path from +5 volts through the diode and a port 
driver output transistor to ground. The resulting 
excessive current could damage the portlparts. 
The series resistors shown on the 8255 outputs 
in the schematic (Figure 6) will prevent this 
from happening, but the problem still exists for 
commercial I/O boards. Even with the limiting 
resistors, if the interface board is connected, the 
transceiver can only be controlled by the com- 
puter; none of the other switch positions will 
work correctly. To restore this function, the 
interface must be disabled by setting the 8255 
port pins to a high impedance state. 1'11 
describe software to do this later. 

For interface boards built using separate TTL 
ICs, the problems described in the previous para- 
graph can be bypassed easily. The 74373s in- 
clude an output enable (OE-) pin, pin 1. Because 
the Ramsey frequency select switch enables a 
diode row by connecting +5 volts to it, you can 
wire the switch so it also enables the interface- 
but only when the appropriate switch position 
(corresponding to a diode row intended for use 
with this interface) is selected. The "interface 
enable" input shown in Figure 7 is used for this. 
If you want to permanently enable the interface, 
either tie this pin HIGH, or, ground the OE- pins 
and omit the inverter (IC-5d). 

Whether you choose the bus or parallel inter- 
face, test it independently of the transceiver to 
make sure the computer can control the output 
lines, before complicating things by connecting 
the radio. The simplest way to send data to a 
location in I10 address space is by using a 
BASIC interpreter in its "immediate" mode. In 
immediate mode, commands are executed as 
soon as the line is typed in, without having to 
run a complete program. Recent versions of 
MS-DOS have included the program QBASIC. 
The following example uses QBASIC com- 
mands to send the three bytes "0 10 10 101 ," 
" 10 10 10 10," and "00000000 to ports A, B, 
and C of the interface board, respectively. 

Enter QBASIC and activate the lower portion 
of the screen with the mouse to enter immedi- 
ate mode. 

*The PC cn\lronmrnt has heen callcd .I "non\tand.lrd ~randnrd"  Many con- 
br.nrion\. like pol-I addrc\i a\vgnmmt\. : ~ u  adhered 10 hy mme. hul not all. 
manulhclu!ct\ 
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For a bus interface with the 8255 at a base 
address of 772 (=304H) type: 

out 775,128 (write 10000000 to control 
port to set all ports as 
outputs) 

out 772,85 (write 01010101 to Port A) 
out 773,170 (write 10101010 to Port B) 
out 774,O (write 00000000 to Port C) 

For a parallel printer port interface at address 
888 (=378H) type: 

out 890,O 

out 888,85 

out 890,l 
out 890,O 
out 888,170 

out 890,3 
out 890,2 
out 888,O 

out 8903  
out 890,4 

(disable latch inputs using 
control port pin STB-) 
(set up data for Port A: 
01010101) 
(latch into A) 
(disable latch) 
(set up data for Port B: 
10101010) 
(latch into B) 
(disable latch) 
(set data for Port C: 
00000000) 
(latch into C) 
(disable latch) 

You can verify correct operation by looking 
at frequency control signals at the appropriate 4 
port pins of the 8255 or 74373s, or, at the trans- 
ceiver end of the interface cable with a scope or 
voltmeter. The pins you set to "1" should be 
greater than 3 volts (8255 pins 38,40,2,  and 4 
in port A for the example above). The pins set 
to "0" should be less than 1 volt. You may want 
to build a test circuit with LEDs to confirm the 
output of a port visually. 

To use the interface board to control the 
transceiver, you could just expand these test 
instructions into a standard BASIC program. 
With just a little more effort, you could create 
the much more powerful program I'll describe. 

A graphical user interface? 

One of the major trends in computers in 
recent years, and one of the reasons personal 
computers have become so widespread, is the 
use of graphical rather than command-line pro- 
gram interfaces. The graphical user interface 
(GUI) first became popular on the Apple 
Macintosh and is now available on almost all 
machines. Graphical interfaces receive user 
input from a pointing device, such as a mouse, 
along with the keyboard, and present informa- 
tion via visually oriented screen elements like 
menus and icons. 

GUIs are usually easier to learn and use. You 
can appreciate this if you've ever started up a 
non-graphical program that you've never used 

before and found yourself facing a nearly blank 
screen, containing perhaps some cryptic 
instructions, with no idea what to do or how to 
exit the program. GUI-based programs try to 
ensure this doesn't happen. Within an environ- 
ment like Windows. OS/2. or the Macintosh 
System 7 operating systems, there is a high 
degree of consistency among different applica- 
tion programs. There are standard mechanisms 
for doing things such as opening files, scrolling 
through text, selecting options or getting help. 
You should only have to learn to do these 
things once. GUIs are more intuitive to use 
because they are based on models that corre- 
spond to everyday activities. A commonly used 
metaphor is the "office desktop," with pictorial 
representations of checkbook registers to fill 
out, "trash cans" for disposing of data, or file 
cabinets to "open." Granted, these may seem 
cartoonish, but they are effective because they 
trigger behavior that has already been learned 
in a noncomputer context. 

Similarly, GUIs are often more efficient 
because they have a higher information band- 
width than command-line only interfaces. 
There are more "channels" of communications 
between the computer and the user: pictures, 
controls, menus, the keyboard, the mouse, etc., 
and the one appropriate for the information to 
be conveyed can be used. For instance, key- 
board entry is usually the most efficient way to 
input text, but a mouse is a better way to draw a 
line. There are fanatics on both sides: some 
want to do everything from the keyboard and 
some want to do everything using the mouse, 
but a compromise that gives the user several 
options is probably optimal. 

For radio-related use, a better paradigm than 
the office desktop is the "virtual instrumentlvir- 
tual radio," that I described earlier. By recreat- 
ing the look of a familiar piece of equipment 
there should be almost no "learning curve." 
The major objections to GUIs have been that 
they are harder to create, have tended to run too 
slowly, and need more powerful computers to 
run them. However, these obstacles are quickly 
disappearing. 

Visual programming tools 

Until recently, the tools available to create 
graphical interfaces were limited. Software 
packages like National Instrument's 
LabViewTM, described in Reference 3, produce 
elegant looking results and are easy to use. 
Unfortunately, they typically cost as much as an 
average HF transceiver and are aimed at VXI or 
IEEE bus interfaces found mostly in laboratory 
or industrial instrumentation. The only other 
alternative previously available, using standard 
language compiler packages, requires a low- 



Figure 8. Visual Basic design environment. 

level knowledge of the operating system. 
Fortunately, new products have appeared that 
make things much easier. The most popular of 
these is a family of tools from Microsoft: Visual 
Basic for DOS, Visual Basic,for Windows, and 
Visual c++. The two Visual Basic products are 
almost identical in function. The output from 
the Windows version looks better because it's 
able to take advantage of Windows' higher 
screen resolution. Visual c++ is more power- 
ful, but harder to use. By taking advantage of 
"competitive upgrade" offers that are fairly easy 
to qualify for, each package can be purchased 
for a street price of under $100. The description 
of the process for creating the Ramsey interface 
that follows uses Visual Basic for Windows, but 
largely applies to Visual Basic for DOS, and, to 
a lesser extent, Visual c++. However, I have 
only implemented and tested the Visual Basic 
.for Windouls version. 

Programming in Visual Basic 

Using traditional programming methodology, 
called procedural programming, the coding to 
handle the operator inputs necessary to support 
GUIs is usually messy. One of the strengths of 
Visual Basic is that it provides an intuitive and 
powerful means for creating program code to 
respond to these user inputs. Conventional pro- 
gramming is based on using algorithms to 
manipulate data. You define variables that rep- 
resent pieces of information and write formulas 

to process this data. Visual Basic employs an 
"event-driven" programming model. Two ele- 
ments are added to the datalalgorithms para- 
digm: forms and events. A "form" is merely the 
collection of the visual components of the win- 
dow seen by the user. The form contains the 
buttons, list boxes, menus, scroll bars, etc., 
mentioned earlier. The characteristics of each 
control, such as its type font, color, or border 
are defined using its "Properties Box." Even if 
you've never programmed before, it should 
only take an hour or so to master the process 
and create a rough version of the form you 
want. One or more "event" is also associated 
with each control or menu item. Examples of 
events are: "Click" (pressing and releasing the 
primary mouse button while the mouse cursor 
is on the control), "DoubleClick" (as the name 
implies), or "MouseDown" (holding down the 
primary mouse button over a control). Visual 
Basic provides a very easy-to-use mechanism 
for connecting an event to the specific section 
in the program that you want to execute when 
the event happens. 

All programming languages have ways to 
break up the program code into modules. These 
units are variously called subroutines, func- 
tions, or procedures, with minor differences 
among them, depending on the language. In 
addition Visual Basic contains a specific type 
of procedure called an "event procedure". An 
event procedure is a program module that is 
automatically executed when its corresponding 
event takes place on its associated control. For 
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Offset Select: 

Figure 9. Control Panel with Disable Button and Zero Offset. 

example, if your form has a button switch 
called "Preamp-On" there would be an event 
procedure "Preamp-On-Click" that would be 
activated whenever you mouse clicked on that 
control on the form. There would also be an 
event procedure for every other event defined 
for that control. The code portion of a Visual 
Basic program consists of the event procedures 
for all the controls plus as many general (non- 
event) procedures as you want to add. Visual 
Basic sets up templates for all the event proce- 
dures. A template is an outline of the procedure 
containing statements that define the start and 
end of the procedure. All you have to do is sup- 
ply whatever additional BASIC code you want 
to run when the event occurs. 

Figure 8 shows the Visual Basic design envi- 
ronment. The largest box is the form that's 
being created. I've given it the title "Three- 
Band Receiver." So far, I've placed a button 
control named "40M" and a label with the cap- 
tion "Band Select" in it. To the left of the form 
you'll find "Tool Bar." Each of the boxes in the 
Tool Bar represents different controls that can 
be added to the form. Scanning down from the 
upper right box in the Tool Bar, the first five 
boxes are for the controls: "Picture Box," "Text 
Box," "Command Button," Option Button," 
and "List Box." You use the mouse to select 
the box corresponding to the control you want 
and drag it onto the form. Once the desired 
control is placed in roughly the correct location 
on the form it can be adjusted with the 
Properties Box, part of which is shown in the 
lower left of the figure. Properties are altered 
by editing the linein this box for the character- 
istic you would like to change. The illustration 
shows the "Caption" property being modified. 
Finally, to the lower right of the whole screen 
is the Code Window. Any procedure in the pro- 
gram can be viewed and edited here by select- 
ing that procedure using the control at the top 

of this box. Visual Basic defined much of the 
procedure "Button-4OM-Click" for me. The 
only things I've added are an assignment state- 
ment to set the global variable "Band" to " 4 0  
and a subroutine call to the general procedure 
"SelectBand." Obviously, I can't cover all the 
information given in the Visual Basic reference 
manuals, but I will try to at least outline the 
steps that are involved in creating the Ramsey 
transceiver interface. 

Designing the Ramsey GUI 

The first step in creating the interface pro- 
gram is designing the form. I've chosen to 
deviate in at least one respect from what might 
typically be found on a physical piece of equip- 
ment. One often-used method of frequency 
selection involves the use of a pair of buttons- 
one to increase the frequency and one to 
decrease it-together with a switch to select the 
frequency step. For a VHF radio these steps 
might be 1 kHz, 10 kHz, 100 kHz, and 1 MHz. 
The system I've chosen to implement has a pair 
of buttons (up and down) for each of the step 
sizes. After trying both approaches on my vir- 
tual radio panel, I've found I can change the 
frequency faster this way. I used small 
"Command Button" controls for these eight 
buttons. The buttons are named with the step 
size (in kHz) prefixed with either "Plus" or 
"Minus;" e.g., "MinusTens." Because the FX- 
146 has a minimum 5-kHz frequency resolu- 
tion, the right-most buttons have this step size 
too. "ComboBox" controls are used for the 
Memory Select and Offset Select boxes. Both 
frequency display boxes are "Label" controls. 
If there is a non-zero offset, the larger box is 
the receive frequency and the smaller one 
shows the transmit frequency. If the offset is 
zero, there's no need for both displays, so I 



make the smaller box disappear (property 
"Visible = False") and the remaining display 
shows the common receiveltransmit frequency 
as seen in Figure 9. The whole virtual radio 
panel takes up only about an eighth of an 
SVGA screen. 

Program data variables are either "global" 
(available to all program modules) or "local" 
(available only within the program unit in 
which they are defined). Three significant glob- 
al variables are: "RxFreq," "Offset." and 
Memlndex." "RxFreq" and "Offset" store the 
receive frequency (in MHz) and transmit offset 
frequency (in kHz) as their names imply. 
"Memlndex" is used to store a number corre- 
sponding to the user-programmed memory 
assignment currently selected. "Memlndex" is 
given the value of "-1" if none of the preas- 
signed channels is currently chosen. The data 
stored for each user-defined frequency consists 
of the frequency, the offset, and the name given 
to the frequency. These are stored in three 
arrays: "MemFreqs," "MemOffsets." and 
"MemNames." respectively, with a common 
access index. "Memlndex." The arrays are 
local to a procedure called "MemStore." 

In the event procedure associated with the 
"Click" event for each of the frequency step 
buttons, you incremenudecrement the variable 
"RxFreq" by the amount associated with that 
button-for example, "RxFreq = Rxfreq + .I" 
for the "PlusHundreds-Click" procedure. These 
event procedures, and anything else that 
changes the frequency, call the procedure 

a lzes UpdateFrequency. This procedure centr 1'  
many of the support functions required when- 
ever the frequency changes. such as updating 
the frequency display(s) and sending the encod- 
ed frequency control word to the transceiver. 
The parallel port interface version of the proce- 
dure "UpdateFrequency" is shown in Figure 10 
and illustrates what a typical Visiinl Basic. mod- 
ule looks like. 

When testing the interface board, you used 
the BASIC "OUT" statement to transmit data to 
the transceiver. Near the bottom of 
"UpdateFrequencyV (Figure 10) you see the 
section of the transceiver interface code that 
performs a similar output function. Instead of 
an OUT statement, there is a subroutine called 
"port-out." The "port-out" subroutine is used 
because, at least in the current version of Visrrol 
Basic.for Windows (v2.0). there is no OUT 
function in the language. The only way to send 
data to a location in the 110 address space is to 
create a routine to do this using another pro- 
gramming language and call i t  as a subroutine 
from the Visual Basic program. The mecha- 
nism by which external modules can be 
invoked by a Visucrl Rmsicfi)r Windonss pro- 

gram requires placing them in "Dynamic Link 
Libraries" (DLLs). If you have access to a 
Windows C or PASCAL compiler you may be 
able to create the necessary DLL routine by 
encapsulating whatever system call is provided 
to perform this 110 operation. If not, I'll pro- 
vide it  to anyone who needs i t-ei ther by post- 
ing i t  to an accessible BBS. or, by mail. OUT is 
included in Visrrnl Rosicfir DOS so there's no 
problem in that environment. 

Several other loose ends remain. A method is 
needed for the computer to disable the interface 
hardware for boards using the 8255 IC. As 
mentioned. the port pins interfere with normal 
(noncomputer controlled) use of the transceiver 
if they are left on. An additional button, labeled 
"Disable Interface." shown in the lower left of 
the form (Figure 9). can be added. The associ- 
ated event procedure "Disable-Click" toggles 
the interface between enabled and disabled 
states. Disabling simply consists of sending a 
code to the 8255 that makes all the port pins 
inputs rather than outputs. 

For Windows (8955-based bus interface 
board): 
'assume 110 bus address of 768 (=300H) 

port-out(768, 155) 
'135(=9BH) is the code to make all 8255 

pins inputs 

For DOS, substitute "OUT' for "port-out.'' 

This guarantees the port pins will be in a 
high impedance state and not conflict with any- 
thing they are connected to. When disabled, I 
change the color of the frequency readout from 

Frequen ivider Rinar 

Table 1. PI,L divider ratin. 
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Sub UpdateFreq () 

Dim value As Integer 
Dim temp As Integer 
Dim CompareFreq As Double 

I ' H. Cahn, WB2CPU; 6-Jul-1993 

' This version for 13-bit frequency control word 
' and parallel printer port I10 ("LPT:" at 378H = 888 decimal) 
1 

' First, calculate frequency offset if present; 
' ... use offset from memory if a memory item is selected; 
' else, if 'auto' selected, calculate it, 
' else, use value from offset select box 

If Memlndex w= 0 Then 
Offset = MernOffsets(Memlndex) 
0ffsetSel.Text = MemOffsets(Memlndex) 

Elself (0ffsetSel.Text = "Auto") Then 
Eval Auto 

Else 
Offset = DefOffset 
0ffsetSel.Text = DefOffset 

End If 

' Figure out Tx value and setup to display both frequencies 
FreqDispCaption = Format$(Rx-Freq, "###.00OW) 
Tx-Freq = Rx-Freq + (Offset 1 1000) 
TxFreqCaption = Forrnat$(Tx-Freq, "###.00OW) 

' Show both Tx and Rx displays unless told otherwise 
TxFreq_label.Caption = "Tx Freq:" 
Rx-label.Caption = "Rx" 
TxFreq.Visible = True 

If Offset = 0 Then 
' Hide Tx offset display 

TxFreq-label.Caption = "" 
Rx-label.Caption = "Rx/Tx" 
TxFreq.Visible = False 

End If 

' Send it to xcvr here ... 
' 13 bits, 10 bits for main frequency, 3 bits for offset 
' ... lst, lower byte (low 8 bits of frequency) 

CompareFreq = Rx-Freq I 5000 
value = (CompareFreq 1000000) Mod 256 
' set up data 
temp = port-out(888, value) 
' select LS register 
temp = port-out(890, 1) 
' latch it in 
temp = porl-out(890,O) 
' disable latch 
temp = port-out(890,l) 

' ... then, upper byte of frequency code. 
' Upper 6 bits are hard-wired in xcvr to "01 11 00" 
' so mask out all but lower 2 bits. 

value = ((CompareFreq * 1000000) \ 256) And 3 
' Compute offset code to add; set only 1 of the 3 bits 
' for 600, -600, or simplex, respectively 

If Offset = 600 Then 
value = value + 4 

Elself (Offset = -600) Then 
value = value + 8 

Else 
value = value + 16 

End If 

' set up data 
temp = port-out(888, value) 
' select MS register 
temp = port-out(890, 5) 
' latch it in 
temp = port_out(890,4) 
' disable latch 
temp = port-out(890, 5) 

End Sub 

Figure 10. Module: "UpdateFreq." 

its normal green to gray by changing its 
"Color" property. 

One of a ham's most important responsibili- 
ties is to not interfere with other radio services. 
All equipment is capable of failures that can 
cause operation on an unintended frequency: a 
shorted inductor, an open capacitor, etc. With 
computer control, though, additional failure 
modes are possible as a result of programming 
bugs, interface faults, or control cable faults. 
Therefore, take precautions to ensure legal 
operation. An external means of verifying the 
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transmitter output frequency, such as a counter 
or a separate receiver, is one way to confirm 
legal operation. In addition, there is a way of 
modifying the interface that will almost guar- 
antee that any problems with it will not cause 
out-of-band operation. Table 1 shows the PLL 
divider ratio required to produce the listed fre- 
quencies. As explained, this value is just the fre- 
quency divided by 5 kHz. The ratio is given 
expressed both as a decimal number and its 16- 
bit binary representation. 

As you can see, over the entire range of 140 



to 163.835 MHz the most significant (left most) 
3 bits are always "0 1 1 ." In fact, over a range 
slightly larger than the 2-meter band, 143.360 
to 148.475 MHz, the left most six bits are 
always "01 1 100." This means, if you confine 
yourself to the ham band, these six bits can be 
hard-wired to this value and only 10 of the 16 
bits have to be determined by the computer. 
Instead of selecting a row completely free of 
diodes in the transceiver, you can program a 
row with "01 1100" in the upper six positions 
for use with the computer interface. If this is 
done a total of only 13 instead of 19 interface 
lines are needed to control the transceiver; ten 
for the main frequency plus three to program 
the offset. This has two advantages. First, it 
frees up I/O bits so you may be able to use 
them for other functions," and second, there's 
now little possibility that any error or failure in 
the program or interface can take the transceiv- 
er out of the frequency range of 143.360 to 
148.475 MHz. You can, of course, dedicate two 
of the twelve transceiver switch positions for 
interface control, one for the full range and one 
for two meters only, and only use the former 
for non-ham receiving. As an additional pre- 
caution the virtual radio can be programmed to 
display the frequency in red, instead of green, 
when the frequency is out of the band. 

Bells and whistles 

The virtual radio interface presented here has 
several advantages over a physical radio front 
panel: 

Expensive front panel components, such as 
knobs, switches, readouts, meters, and associat- 
ed circuitry, are eliminated. 

The user can configure their equivalents, 
the controls on the virtual panel, as desired. 

The resulting panel is often easier and faster 
to use. 

Perhaps most impressive, however, is the 
ability to add totally new features without 
adding new hardware. 

I'd like to speculate on some extensions to 
the Ramsey transceiver that could be added in 
this manner. Although I have not attempted 
them, they should be feasible and may stitnu- 
late additional ideas about what can be done. 
Assume that the transceiver interface was 
implemented using the Prairie Digital bus inter- 
face board mentioned earlier. The first thing 
you might do is use the built-in AID converter 
to report received signal strength. This reading 
could be fed to a virtual panel signal strength 
meter that looks like a conventional analog 
meter or an LED bar graph. The transceiver can 
now be used as a high-powered, completely 
configurable scanner. It could cycle through 
your already defined list of preprogrammed fre- 

quencies, or scan a specific range with any 
desired frequency step, or you could define 
another preprogrammed list just for scanning. 
Using the A D  output, you could add a squelch 
function to determine what channels to stop at. 
Visual Basic contains software timers. 
Consequently, you can easily program in when 
the computer is to turn the radio on and off, or 
tell it how long to stop at each channel. You 
can incorporate whatever type of control you 
want for any of these functions. One method 
for selecting the squelch level might be to click 
on the desired point on the S-meter. For unat- 
tended monitoring of a particular frequency or 
frequencies, the system could automatically 
record the signal level into a log file or to a 
simulated chart recorder graph at periodic inter- 
vals. This feature would be useful for tracking 
stations as part of a propagation study or for 
monitoring how heavily a frequency is used. 

The interface program can exchange data 
with other programs on the computer. Windows 
programs communicate with each other through 
a mechanism called Dynamic Data Exchange 
(DDE). With this facility, the user interface can 
be combined with Windows logging programs, 
database programs, packet control programs, 
etc., for an integrated operating environment. 
Entering a repeater's frequency could trigger 
the display of a list of its active stations or a 
map of the area. Windows' high resolution dis- 
play permits several windowsbf information to 
be displayed on the screen simultaneously. 

l 've tried to show how a powerful radio con- 
trol interface can be made with simple hard- 
ware and easy-to-create software. A computer- 
based programmable interface gives amateurs 
the ability to modify their equipment that has 
been lost in recent years with fixed program- 
med, closed transceiver boxes. I hope this arti- 
cle encourages others to undertake similar pro- 
jects with this radio or other equipment. Please 
feel free to contact me with any comments, 
questions, or descriptions of these projects. 
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Conventions used in this article 

Three different number systems, decimal, 
hexadecimal, and binary are used. A hexadeci- 
mal number ends with an upper-case "H" and a 
binary number consists of only 1's and 0's. All 
other numbers are decimal.. 

Digital signal names are in italics; a trailing 
undeFscore ("_") indicates that the signal is 

* The T1.L-bawd parallel port inlerfercnce ctrcuit dewrlbed can he hull1 In 
with two, lnatead of three. 74373 ocvill latches now because fewer than 16 out- 
put line, are needed 



active when it  is in the LOW state. For example 
the TTL based signal "RESET-" will perforni 
the reset function when driven to zero volts. 

Keyboard entry with the "Ctrl" key involves 
pressing two keys simultaneously. for instance, 
"Ctrl-A." Alphabetic keys are case-insensitive. 

specified). Contact me at the address given at 
the beginning ofthe article. 

An interface hoard kit and control software 
similar to what is presented here will be offered 
hy Ramsey Electronics. Inc. 793 Canning Park- 
way, Victor, New York 14564. (7 16)923-4560. 

Software available 
I .  Flowie Cahn. "Bnnplng Am:lteilr Rndlti in to  the Conlput'r Age." 
Co~rtmrmrtrrrrnrrrr ()tnrrrrrlv. \\'tntcr l'N1. page ')J. 
2 .  N'nllnce K. RI:tcLhum. "I'\rrythtnp You :\Iu:~y\ Wanted 10 

Know Ah~ut H;lrtl\\.lrc for C'~rmpo~r.r-contmlI~ng Slmlern R:ldlci\." 
05% F e h r u : ~ ~  I00 3 .  papis 37. 
1 R q u n  Rerpcmn. "Sl~cro-Cumputer-R;~\ed In\tn~mcnt:~tion." 
C~,~rtrnrtrtt~~itl~,rrtrr p~~itrr~rlv. N'1ntr.r 1902. p:~pe 7 6  
4 Klrh  1.1ttleficlcl. "'The Ramre) ?.Meter 'fr.tn\rcivcr KI~." 7.1 
,Arrrcrrrtrr Klrdrn 71,1/0\. Fchnr.~n IO',?. p:Ipe I X  

I will be happy to send interested readers a 
disk containing the program code. including the 
required "DL!,." necessary to create the user 
interface described. for a cost of 55. It requires 
Microsoft Visual Basic to use. Please specify 
the PC disk size required (3.5" supplied if not 
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Serial, Parallel, or Bus??-Three Data Interface Methods 

PCs are equipped with two ways for exchanging electronic data with the outside world. the seri- 
al port and the parallel port. They are typically used to connect the computer to printers, modems, 
etc. A third method for external interfacing involves communicating directly with the computer's 
internal bus. 11 

Serial Port 
Description: 

Serial transn ;erial data 
nals for two-w I (RXD). a 
other signals, like Data Set Ready (DSR) or Clear to Send (CI'S) are also provldetl tor addltlonal 
status and control functions. The data is grouped into characters of five to eight bits and sent using 
an asynchronous format. A Start bit is sent before a character, and the data line is held low for one 
clock period. After each character, one or more Stop bits (data line HIGH) are sent. The Stan and 
Stop bits are all that's needed to keep the source and destination circuits s 

The PC Serial Port is usually based on an 8250. or similar IC. The 82: ta from 
the computer bus and puts it into a serial format for transmission, and lil :oming 
serial data into parallel form. 

The serial port's transmit and receive dat 
volts, logic "1" = +I2 volts) for high noise 

Connector: A DB-25 (Male) or DB-9 (M) 
more common. 

Sign ignals on the DB-25 or DB-9 gure 1 1 .  

Logi !: "COM I :". for the first seri: litional se, ames. 
"COM1:", "COM3:", and "COM4:" are def~ned. but usually only tne rlrst two are ryplcally used. 

Rase Address ?OM I :) 

Register Addresses: 31: H 

Advantages: 
Provicles the highest noise immunity and allows the longest cable lengtn ot tne tnree methods. 
Fewest signal lines required. Serial data can be transmitted as tones ( hone lines or as 
light using fiber optics. 
Bi-directional data transmission supported. 

Disas S: 
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a, Status. and Contr 

I compute r bus slot. 

SignalsIRedsters: The parallel port is organized as three regi -01. The 
register signals are brought out to the DB-15 connector-see I 

Data register, outputs; 
8 lines: D7-DO 
Status register, inputs; 
5 lines: 
ERROR, SELECTED. 
'APER. ACK . BUSY 
:ontrol re! puts; 
lines: 

NIT-. SLL .-, . ., r0. STB- 

LOIT " (for 1st on), then LPT3:" 

Base address: One of the following: 378H, 278H. 3bcH 

Register Addresses: Data @base address (BA), 
qtatus @B 
lontrol @ 

Advantages: Higher speea aara transfers possible than with a senal po 
Relatively simple interface circuitry. 
Unlike bus interface, doesn't require a 

Dimu ranrrarr '" '  - Uses up a parallel port. 
Cable length limited. 
Poorer noise immunity than serial pon 
Only single direction (output) data transrers are generally possible. 

Bus interfa 
Descriptior 
Bus signals are rne means usea ~y tne rL  L r u  to communicate wltn Its memory ana Internal 

peripherals. They can also be used for interfacing to external devices. A typical data transfer 
machine cycle is shown in Figure 13. To transfer data, the desired source or recipient of the data 
is selected using the address bus, and the data is presented on the data bus. The control signal 
MEMR-, MEMW-. IOR-, or IOW- is used to initiate the tran ched into 
destination by the rising edge of one of these signals. The add1 ,resents t~ 
buses that share the same physical signal lines-the memory a ~e 110 add 
space. If MEMR- is asserted. data will be read from memory by tne L r u .  11 MEMW- is assenea, 
data will be written to n r the CPU. Similarly, IOR- or IOW- will cause a read or write 
fromtto an I/0 device. 

Figure 13. CPU data transfer cycle. 
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Pin Signal Pin Signal 
A1 IOCHK- B1 GND 
A2 D7 B2 Reset 
A3 D6 83 +5V Pin Definitions 
A4 D5 84 lRQ2 Ax Address line x 
A5 D4 85 -5V AEN Address Enable 
A6 D3 86 DRQ2 ALE Address Latch Enable 
A7 D2 87 -12V Dx Data line x 
A8 D l  88 OWS- DACKx Data Acknowledge x 
A9 DO B9 +12V DRQx Data Request x 
A10 IOCHRDY B10 GND IOCHK- VO Channel Check 
A l l  AEN B l l  MEMW- IOCHRDY VO Channel Ready 
A12 A19 012 MEMR- IOR- VO Read 
A13 A18 813 IOW- IOW- VO Write 
A14 A17 814 IOR- lRQx Interrupt Request x 
A15 A16 815 DACK3- MEMR- Memory Read 
A16 A15 B16 DRQ3 MEMW- Memory Write 
A17 A14 817 DACK1- TIC Terminal Count 
A18 A13 818 DRQl 
A19 A12 B19 DACKO- 
A20 A l l  B20 CLK " ' indicates signal is active LOW 
A21 A10 B2l IRQ7 
A22 A9 B22 IRQ6 
A23 A8 823 IRQ5 
A24 A7 B24 IRQ4 
A25 A6 B25 IRQ3 
A26 A5 826 DACK2- 
A27 A4 827 TIC 
A28 A3 628 ALE 
A29 A2 829 +5V 
A30 A1 830 OSC 
A31 A0 B31 GND 
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GRAVITY WAVE 
COMMUNICATIONS 

The ultimate frontier? 

T ired of QSOs cut short by poor propaga- 
tion conditions? Frustrated with increas- 
ing congestion on the HF bands? 

Looking for a new challenge and a fresh area of 
technology to explore? The answer, in theory, 
could come some day from communications 
using gravity waves. Okay, so there are still a 
few practical details to be ironed out. But if 
present day researchers are successful, you may 
want to switch communication mediums-in a 
century or two. 

Like electromagnetic waves, gravity waves 
propagate at the speed of light. Unlike radio 
waves, gravity waves travel through matter 
with negligible attenuation-making global 
communications a theoretical possibility, inde- 
pendent of satellites and the ionosphere. More 
significantly, gravitational waves exist over a 
frequency spectrum totally empty of users, free 
of international regulations, and completely 
independent of the electromagnetic spectrum. 
Much like the early radio experimenters and 
SWLs of long ago, the first gravity wave listen- 
ers (GWLs) are currently experimenting with 
the reception of signals from space using this 
new medium. 

Sound great? Are you ready to build your 
own gravity wave transceiver? Well, there are a 
few not so minor complications aqsociated with 
gravity wave communications that I'll discuss 
momentarily; but first, let's cover a little histor- 
ical background. 

Einstein's bright idea 

Back in 1873, James Clerk Maxwell showed 
mathematically that radio waves exist across a 
wide electromagnetic frequency spectrum. 
Within fifteen years, Heinrich Hertz had turned 

Maxwell's theory into reality by transmitting 
and receiving electromagnetic energy in his 
laboratory. The world of communications 
hasn't been the same since. 

Less than thirty years after Hertz first detect- 
ed radio waves, Albert Einstein's general theo- 
ry of relativity showed theoretically that gravity 
waves should exist. When Einstein published 
his theory in 19 15, he showed that a stationary 
mass contains an amount of energy equal to 
E=mc2. This simple formula states that mass 
can be converted into energy and energy can 
likewise be converted into mass. If we put this 
equation into the form E / c ~ = I ~ ,  energy itself 
has a small but calculable mass. One of the 
implications of Einstein's theory is that because 
mass and energy are basically the same. then 
mass and energy can both produce gravity, and 
the acceleration of mass will generate waves in 
its gravitation field.' 

Evidence of gravity waves 

Astronomers first discovered firm physical 
evidence of gravity waves more than a decade 
ago. Binary stars are believed to be the largest 
sources of gravity waves in the universe. These 
astronomical objects consist of a pair of stars 
rapidly circling around and around each other 
with a rotational rate measured in years, days, 
or even just a few hours. 

If a binary star is radiating gravity waves as 
Einstein predicts, then the pair of stars should 
gradually be losing energy and spiraling in 
toward each other. In early 1979, Joseph Taylor 
and other radio astronomers operating the 
1000-foot radio telescope at Arecibo, Puerto 
Rico reported a significant discovery. 
Specifically, their discovery involved measure- 



ments of the eight-hour orbital period of binary 
pulsar PSR 1913 + 16. (A binary pulsar con- 
sists of a pulsar and a compact star spinning 
around each other.) Their measurements 
showed that this binary pulsar's rotation rate 
was gradually increasing, which meant that the 
star and pulsar were losing kinetic energy and 
slipping closer together. More significantly, 
this decrease in kinetic energy was equal to the 
amount of energy that the astronomers calcu- 
lated was being radiated in gravity waves.2 

Much like the atmospheric noise and static 
we all endure on the HF bands, the gravitation- 
al frequency spectrum has plenty of naturally 
occurring noise sources. These range from 
orbiting planets and spinning galaxies to super- 
novas. Just as with deep space microwave 
energy, traces of gravity wave radiation from 
the original Big Bang are estimated to still be 
present today.2 Figure 1 summarizes some of 
the major sources of gravity waves in our 
galaxy and where their predominant frequen- 
cies are believed to be on the gravitational 
spectrum. While some sources like binary stars 
and pulsars are continuously radiating gravity 
waves, others such as collapsing galaxies and 
supernovas occur infrequently and, as a result, 
are believed to release only occasional surges 
of gravitational radiation. As is apparent from 
the relatively low frequencies involved, many 
of these signals are the gravity wave equivalent 
of ELF radio transmissions with wavelengths 
of hundreds of thousands of kilometers. And 
weaker gravity waves being radiated by our 
spinning solar system cover a band of frequen- 
cies between 10-7 and 10-lO Hz. (Obviously, 
the gravity wave bit rate possible if we could 
modulate the speed of the earth's orbit around 
the sun would be extremely slow!) 

Physicists today are working to predict the 
unique signal characteristics of mass being 
swallowed by black holes and spinning neu- 
tron-star binaries. A collapsing binary is 
expected to generate a unique "chirp" of gravi- 
ty waves sweeping upward from 10 to 1000 Hz 
during the last three minutes before collapse. 

Such signals should reveal details about the 
masses, spin rates, and orbital paths of previ- 
ously unseen  object^.^ 

There is a major catch to communicating 
with gravity. Although any accelerating object 
radiates gravity waves, these waves are by their 
very nature extremely weak and difficult to 
detect. The electromagnetic force between two 
charged particles is far more powerful than 
their gravitational force. In fact, the electric 
force pushing on two protons is 1036 greater 
than their gravitational attraction. 

Communicating with gravity 

A gravity wave commun~cation link can be 
thought of in the same terms as a radio link.5 
Energy is used by a transmitter to generate a 
gravity wave that is later intercepted by a grav- 
ity wave antenna connected to a receiver. 
Whether it is a radio wave or gravity wave, the 
ratio of the power, Pro, out of the receiving 
antenna divided by the power, Pti, is given by 
the transmission formula: 

where: 

Pro = power out of the receiving antenna, W 
Pti = power into the transmitting antenna, W 
D, = directivity of the transmitting antenna 
E, = efficiency of the transmitting antenna 

(between 0 and 1) 
A, = aperture of the receiving antenna, m2 
E, = efficiency of the receiving antenna 

(between 0 and 1) 
r = distance between antennas, m 

One of the major differences between the 
radio and gravity wave versions of this equa- 
tion is the efficiency values of the antennas. In 
most radio communication links, the ohmic 
losses in the antennas are small and the anten- 
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Figure 1. Major signal sources in the gravitational frequency ~pectrurn.~?~ 
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Figure 2. A Weber-Bar gravity wave receiving antenna. 

nas are fairly efficient. In contrast, any gravity 
wave antenna presently conceived of is highly 
inefficient with an efficiency value close to 
zero. This antenna efficiency problem is the 
biggest obstacle preventing gravity-wave com- 
munications from occurring today. 

Another striking difference between radio 
and gravity waves has to do with the intrinsic 
impedance of space. While the impedance of 
free space for radio waves is 377 ohms, the 
comparable gravitational impedance is closer to 
10-19. This means that for gravity waves, space 
can be though of as a transmission line with a 
characteristic impedance very close to a short 
circuit. John Kraus, W8JK, points out that 
because of this incredibly small impedance, we 
would have an immense mismatch to contend 
with between the transmitting and receiving 
ends of a gravity wave cornmunications link.('* 

First you build a receiver 

If Hertz was detecting radio waves 25 years 
after Maxwell's theory of their existence, then 
why aren't researchers building gravity wave 
receivers today-over 80 years after Einstein's 
theoretical proof of their existence? In fact, 
physicists and astronotners have been listening 
for gravity waves since the 1950s. 

Gravity waves induce tiny vibrations in all 
sorts of objects. Gravity waves in the kilohertz 
range may be causing extremely subtle ringing 
in everything from metal girders to drinking 
glasses. The first person to seriously pursue the 
detection of gravity waves was Joseph Weber, a 
professor at the University of Maryland. His ini- 
tial approach to gravity wave reception was to 
construct a gravity wave antenna out of a large 
aluminum cylinder designed to resonate at a 
gravitational frequency of about I kHz. In order 
to detect extremely small distortions in the shape 
of the cylinder, a series of piezoelectric strain 
transducers was mounted on the surface of the 
cylinder as shown in Figure 2. Each transducer 
(containing a highly sensitive piezoelectric crys- 

tal) was connected to an amplifier and recorder. 
(One of Professor Weber's elastic solid receiv- 
ing antennas has been on display at the 
Smithsonian Institution in Washington, D.C.) 

A more advanced version of the Weber-Bar 
antenna constructed in 1968 used a pair of 1400 
kilogram (3000 pound) gravity wave receivers 
at Argonne National Laboratory near Chicago 
and at the University of Maryland. By compar- 
ing the signals being measured by the two sepa- 
rate receivers, Weber's team filtered out all the 
random vibrations in each (due to sound waves, 
floor vibrations, cosmic rays, and electromag- 
netic fields) and could look for only those 
cylinder distortions that occurred simultaneous- 
ly at both receiving sites. This spatial diversity 
receiving system could then discriminate 
between local noise sources and gravity wave 
signals from space. Between 1968 and 1982. 
Weber's team detected a number of gravity 
wave pulses using this receiving system in 
addition to a receiver pair located at the 
Universities of Maryland and Rome.7.8 These 
initial detections have been highly controversial 
and may in theory have been caused by ELF or 
VLF effects instead of gravity waves. How- 
ever, researchers operating the MarylandIRome 
gravity receivers recently reported detecting 
similar signals that coincided with a ma.jor 
~upernova .~  This supernova signal suggests that 
the Weber-Bar design does in fact work. 

We've already discussed the fact that gravity 
waves are very weak. There are two ways to 
increase the sensitivity of a gravity wave 
receiving antenna. The first is to reduce the 
thermal noise caused by naturally occurring 
molecular vibrations. Thermal noise reduction 
can be achieved by cooling the antenna and by 
increasing its mass. Gravity antennas based on 
Weber's metal bar design have used aluminum 
cylinders weighing up to 6 tons and cooled to 
temperatures approaching absolute zero-not 
the kind of antenna an amateur is likely to 
install in his basement. The best of these can 
measure vibration-induced deflections as small 
as one part in 10IX. (The reported supernova 
signal produced a deflection of 2 parts in 1017.) 

The second way to boost receiier sensitivity 
is to make the antenna significantly longer. A 
new antenna design based on this idea uses 
interferometric detectors and test masses linked 
by a laser beam to achieve an antenna up to 
several kilometers long. Gravity wave-induced 
vibrations in the test masses result in phase 
shifts in the laser beam. The effective length of 
the antenna can be further multiplied several 
orders of magnitude by reflecting the laser 
beam hundreds or thousands of times between 
the test masses. This type of antenna is sensi- 

'Many of the !dt.il\ ahout gravity wave c ~ ~ ~ n ~ n o n l c o f ~ o n \  d~scuh\cd Ihi, articlc 
werc ~nilially dcruribed by John Kraus. 



tive to signals over a much wider frequency 
range than Weber's bar antenna and is estimat- 
ed to have a bandwidth extending from a few 
hertz to several kilohertz. 

A working interferometric gravity antenna 
prototype tested recently at Caltech had a total 
length of 40 meters and was sensitive to dis- 
placements as small as 3x 10-l6 meters (equal 
to one-third the diameter of a proton).lO The 
United States recently appropriated $23.5 mil- 
lion to begin work on two 4-kilometer gravity- 
wave detectors, and France and Italy are draw- 
ing up plans for an interferometric gravity 
antenna of their own.3?l1 The U.S. design 
should be capable of detecting strain values of 
one part in and is scheduled for comple- 
tion during this century. 

Russian researchers have even proposed a 
receiving device capable of detecting gravity 
waves in the gigahertz range.(' Their design, 
called a Braginsky-Mensky torodial-waveguide 
cavity detector, is based on a resonant wave- 
guide cavity in the shape of a ring. An extreme- 
ly stable RF signal generator would introduce a 
microwave signal into the cavity at its resonant 
frequency (say 1 GHz). Any small modulation 
of the waveguide walls by a passing gravity 
wave with a frequency of 2 GHz would cause a 
slight phase shift in the frequency of the res- 
onating radio wave. This design still would not 
be a simple project because it would require 
~uperconducting cavity materials cooled to near 
absolute zero to get the cavity's Q high enough. 
Even then, a 1 W/m2 gravity wave would only 
cause a phase shift of Hz. 

Then you build a transmitter 

If building a gravity wave receiver sounds 
daunting, the transmitter is an even bigger chal- 
lenge. Rotating a conventional Yagi antenna 
does produce a gravity wave signal--though an 
incredibly weak one. The key to gravity wave 
transmitting is that the larger an object's gravi- 
tational pull and the more rapid the accelera- 
tion, the more intense the resulting gravity 
waves will be. The amount of gravitational 
energy radiated by a rotating object is related to 
its length, mass, rotation rate, and how uneven- 
ly its mass is distributed. 

Even so, the amount of energy emitted in 
gravity waves often appears insignificant when 
compared to other more co~nmonly discussed 
types of radiation. While the sun itself radiates 
400,000 quadrillion megawatts of light, the 
motion of Jupiter orbiting the sun radiates only 
about 5.2 kilowatts in gravity waves. The most 
intense known source of gravity waves in the 
universe, a binary star called UV Leo, only 
radiates 0.15 percent as much energy in gravity 
waves as does our sun in ~ u n l i g h t . ~  Colnpared 

to these galactic gravity wave sources, any 
gravity wave transmitter we might fabricate on 
earth would be truly QRP. 

Let's suppose you have completed construc- 
tion of a 10 km long interferometric receiving 
system and decide to use a rotatable 550-ton 
steel beam for your transmitting antenna. Let's 
also assume your steel bar is 20 meters long 
and you have a motor capable of rotating it at 
speeds approaching 270 rpm-very close to the 
speed where the beam will literally explode 
from the centrifugal force. Even at this rotation 
rate, your antenna would only be radiating a 
mere 10-29 

What would the radiation efficiency of this 
monster be? As I mentioned earlier, most ham 
antennas are fairly effective radiators with effi- 
ciencies ranging from, say, 0.5 to 1 (50 to 100 
percent). If we assume that the motor requires 
about I00 kW to bring the steel beam up to 
speed, then our antenna's efficiency would be 
approximately: 

Gravity Output Power 
Transmitting Efficiency = 

Input Power 

Clearly, this wouldn't be the kind of trans- 
mitter you would want to power with solar pan- 
els. To make matters worse, a gravity wave 
amateur (GWA) attempting to pick up your 
10- 'hatt  signal would need a receiving anten- 
na capable of detecting displacements no larger 
than one part in 10AO. (I didn't say gravity- 
wave communications were going to be easy !) 

There is one other complication to be 
resolved-the bit rate. Because our whirling 
dervish would have a carrier below 10 Hz, the 
maximum bit rate possible would be extremely 
low. There's also the nontrivial question of 
how to modulate the rotation rate of such an 
awesome device. 

The bottom line 

If theoretical physics says that radio waves 
and gravity waves both exist, why is radio 
wave communication practical and gravity 
wave communication not? Within the past cen- 
tury, efficient methods have been developed for 
transmitting and intercepting electromagnetic 
waves-efficient methods that do not yet exist 
for gravity waves. 

People hundreds of years ago were familiar 
with static electricity, much as we are familiar 
with the "static" gravitational field of the earth. 
Yet if Isaac Newton had been presented with 
Maxwell's equations and asked to produce an 
electromagnetic signal (i.e., a radio wave), the 



only method available to him would have been 
to put a static charge on a piece of amber or 
rubber and to rapidly wave the charged materi- 
al back and forth over his head. Primitive as it 
may sound. the acceleration of the charged 
material by the back and forth motion would 
radiate an incredibly weak ELF signal. 

At present, our methods of producing gravity 
waves are as inefficient and impractical for 
communication as a charge waving radio trans- 
mitter would have been in Newton's day. But 
even though such a method is currently 
unworkable, the possibility exists that future 
breakthroughs in physics will make some form 
of gravity-wave communications feasible. 

Are gravity-wave communications likely to 
happen any time soon? No  jay. Is the concept 
of gravity-wave communications a theoretical 
possibility? Most definite!\: While gravity- 
wave communications may not look feasible 
today, scientists are continually surprised by 
breakthroughs in areas like superconductivity, 
antimatter, supergravity, and subatomic 
physics. New gravitational radiation detection 
techniques ranging from higher Q torodial cav- 
ities and pulsed-chirped generators to quantum- 
mechanical squeezed-state detectors may help 
pave the way.6 

When Henrich Hertz first started transmitting 

and receiving radio waves in 1888, the thought 
of global radio communications must have 
seemed totally implausible. Is it possible that 
hams (gravity wave amateurs, that is) of the 
future may look back on present gravitational 
radiation research in the same way? 
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PRODUCT INFORMATION 
New generation of high voltage DC relays vehicles, light rail transit. back plane power 
and contactors from Kilovac for computers, utility and factory control 

Kilovac Corporation announced the intro- power, distributed power systems, circuit pro- 
duction of a new generation of high voltage tection. and transfer switching. 
(up to I000 volts DC) relays and contactors Kilovac's new generation "PD series" relays 
for industrial applications including electric and contactors are designed to switch up to 

I000 volts DC, with current carry ratings of 5A, 
I OA, 90A. 150A and 250A, and overload capa- 
bilities as high as 1500A. All are available from 
stock, except the 250A model that will be avail- 
able in production quantities in the fourth quar- 
ter of 1993. Published prices in 100 piece quan- 
tities range from $84 each for the 5A relay to 
$637 each for the 250A contactor. 

For more information on Kilovac's vacuum- 
sealed technology and new generation "PD 
series" industrial relays and contactors: or to 
receive a copy of Kilovac's new 8-page DC 
relays and contactors product guide, contact 
Pat McPherson, Vice President Sales and 
Marketing, at 800-253-4560 or write to 
Kilovac Corp., P.O. Box 4422, Santa Barbara, 
CA 93 140. 
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THE UNI-DIRECTIONAL 
LONG WIRE 
ANTENNA 
A look at this useful alternative 
to the Yaai 

The effect of frequency on 

A n end-fed antenna has pattern distor- 
tion; the lobe in the direction of the far 
end is stronger than the lobe in the 

direction of the feed end. The effect is most 
noticeable in antennas several wavelengths 
long-those known as the long-wire antennas. 

I will examine this phenomena in detail, with 
an eye to determining the amount of directivity 
available. I'll then show how the directivity 
can be increased by introducing resistance 
loading at the end away from the feed point. 
Antennas with these characteristics are mem- 
bers of the class called traveling-wave anten- 
nas. The Beverage is the most common anten- 

antenna radiation patterns 
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When the of a signal fed a half- Figure 2. Free-space pattern of an end-current-fed 
wave dipole is increased above its resonance antenna 6 wavelengths long. The feed is '14 -wavelength 
value, the antenna lobe at right angles to the from the left end. 

na in amateur usage. Figure 1. Free-space pattern of a center-fed antenna 3 

Because the antenna analysis program wavelengths long. 

MININEC isn't designed for true end or volt- 
age feed, my analysis is based on current point 
feed. at one-quarter wavelength from the end. 
I'll show how this feed technique can be used 
to give low impedance feed while retaining the 
broadband capability of the end-fed long wire. 

Due to the space needed, the long wire isn't 
an appropriate antenna for everyone. For those 
with space, it is a useful alternative to the 
Yagi-providing good performance from a 
simple antenna. It's also a useful antenna for 
portable or emergency use. 
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Figure 3. Effect of radiator resistance on a long-wire Figure 4. RF resistance of a wire as a function of wire 
antenna. EMiciency, forward gain, and FIB ratio all size at 20 MHz. Multiply size in meters by 80,000 for 
decrease as wire resistance increases. Calculated by size in mils. Resistance varies as the square root of fre- 
MININEC with resistance load at each wire segment. quency. 
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Figure 5. Free space pattern for the antenna of Figure 
2, but with a 1000-ohm resistance located 114 wave- 
length from the end opposite the feed. Note the 
improvement in FIB. There is a 0.8 dB loss in gain of 
the main lobe. 

antenna pattern first develops a dimple at the 
90-degree point. With an additional increase, 
the lobe splits into two lobes that are narrower 
than the original, each at about 45 degrees to 
the original lobe. 

With a further increase in frequency, addi- 
tional lobes are formed. A step in this process 
is shown in Figure 1 for a frequency at which 
the antenna is essentially three wavelengths 
long. The general rule is that the number of 
lobes between 0 and 90 degrees is equal to the 
antenna length in wavelengths, for integer 
lengths. If there are fractional parts of a wave- 
length, there is also a lobe at 90 degrees. This is 
fully formed if the fraction is 'I,, and shows 
the dimple leading to two lobes for fractions 
between 'I2 and unity. 

The pattern created appears to be somewhat 
different from the construct usually shown in 
textbooks. These show a line parallel to the 0 to 
180 degree axis, tangent to the end lobes- 
illustrating that the intensity of the minor lobes 
is equal to gain of the end lobes in the direction 

Figure 6. Same as Figure 5 but with 333-ohm resistors 
at  ]I4, 'I2 , and -7/4 wavelengths from the end opposite 
the feed. Note the further improvement in FIB, and the 
added 0.2 dB loss in gain. 

at right angles to the antenna. The difference is 
due to the presentation, which is usually linear 
in textbooks, and is logarithmic here. 

Effect of end feed 

When the feed is off center, the pattern 
changes, becoming asymmetric. Figure 2 
shows what happens to a 6-wavelength anten- 
na, fed '1, wavelength from the left end. Note 
that there are six lobes between 0 and 90 
degrees and between 90 and 180 degrees. 
However, the two halves are different; the 
lobes away from the feed are the largest. 

The reason for the asymmetry lies in the radi- 
ation from the antenna. A wave starting from 
the feed point and traveling towards the far end 
is losing energy by radiation. As a result, the 
wave reflected from the far end back to the 
source is smaller than the exciting wave. The 
antenna is acting as a combination of a travel- 
ing-wave antenna and a normal antenna with a 
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Figure 7. Current distribution of the antenna of Figure 
2, with current value shown for each MININEC calcu- 
lating segment. The actual curve would have more 
rounded points, as for a sine wave. 

Figure 9. Current distribution for the antenna of Figure 
5. The dominant component is now that of a traveling 
wave progressing from the feed to the right. There is a 
small standing wave component impressed on this. 

standing wave present. I will consider the 
currents later. 

This feed location is convenient, as it gives a 
low-impedance feed point. On the other hand, 
nominally, it can be used only at one frequen- 
cy-losing the multiple frequency capability of 
a true end-fed antenna like the Zepp. It's also 
convenient from an analytical view. The pro- 
gram used for analysis, MININEC, has no pro- 
vision for direct voltage feed. This could be 
modeled by adding a transmission line section 
to form a Zepp, but at the expense of more 
complexity and time. I chose the simple 
approach here. 

Effect of antenna resistance 

The above patterns are for ideal conditions, 
for antenna conductors so large that their resis- 
tance can be ignored. When conductor resis- 
tance is appreciable, there are additional pattern 
changes. 

Figure 8. Phase of the current of Figure 7, showing that 
the standing wave predominates. The apparent spike is 
a phase of just over 180 degrees at segment 21. 
Compare to that at segment 44. 

Figure 10. Phase of the current of Figure 9. Primarily. 
the phase increases steadily along the antenna. The 
small standing wave component shows in the detail 
variation. 

I I 

Figure 11. Vertical plane pattern for the antenna of 
Figure 2, installed relatively high above earth. The 
azimuth choice makes the feed at  the right. 

The magnitude of these changes is shown in 
Figure 3. One direct effect is a decrease in 
antenna efficiency, due to the current squared 
loss. Another is fluctuations in lobe structure. 
The main effect of this change is a reduction in 
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Figure 12. Same as Figure 11, but with the antenna Figure 13. Horizontal plane cut pattern at  4 degrees 
installed as a sloper (see text). elevation for the sloper antenna (see Figure 14). 

Figure 14. Same as Figure 13, but for the cut 8 degrees 
above the horizon. Note that maximum gain at this ele- 
vation is at  40 degrees to the antenna axis. 

Figure 16. Drive-point resistance and reactance as in 
Figure 15. The antenna is easily fed with 300-ohm twin- 
lead or open-wire line. 

intensity of the main lobe-the one off the far 
end of the antenna. At the same time, the F/B 
ratio degrades. These effects are the reason 
very fine wire "invisible" antennas don't 
always perform well. And. of course. iron and 
stainless steel wire are poorer performers than 
copper. 

You can get a "feel" for wire size effect by 
looking at Figure 4. This shows the calculated 

Figure 15. Lobe gain versus frequency for the 6 wave- 
length antenna at 20 meters shown in Figure 5. 

Figure 17. Free-space pattern for the antenna of Figure 
5 at 2 MHz. 

RF resistance as a function of wire size. at a 
frequency of 20 MHz. Multiply the radius in 
meters by 80,000 to get the wire diameter in 
mils. For example. no. 12 wire has a radius of 
0.001 meters. 

Resistance loading 
Instead of using small wire to make the lobe 

changes, you can obtain superior results by 



placing a concentrated resistance at a point 
where it will affect the wave reflected from the 
far end of the antenna. A convenient place is 
the first far-end current maximum, at 'I4 wave- 
length from the end. 

Figure 5 shows the pattern with a 1000-ohm 
load resistance at this point. The far lobe gain is 
essentially unchanged; but the lobe at the feed 
end has decreased, giving a FIB of about 10 dB. 

Instead of a single loading resistor, you can 
use several. Figure 6 shows the effect of three 
333-ohm resistors, one at each high current 
point from the far end. Gain has decreased 
slightly, and the FA3 has increased further, to 
about 14 dB. 

The value of resistance giving best FIB is a 
function of antenna length and diameter, and 
also varies with height. The best ratio obtained 
in many trials is a FIB of 28 dB, with a resis- 
tance of 400 ohm, for a free mace antenna. 

It's not necessary to place the resistance at 
the antenna. It can be at the end of a transmis- 
sion line, which allows for placement of the 
resistance at ground level for convenient 
adjustment. Such a line can be placed at both 
ends of the antenna, giving voltage feed at one 
end and resistance loading at the other. The far 
end line can be made of resistance wire, cancel- 
ing the reflected wave as is common in rhom- 
bic installations. (I haven't studied this, but it 
would seem to eliminate the need for resistance 
adjustment when maximum FIB is desired.) 

Current on the antenna 

Figure 7 shows the current along the 6- 
wavelength end-fed antenna without loading; 
Figure 8 shows the phase of the current. There 
are essentially twelve half-waves of current 
along the antenna, alternating in phase by 180 
degrees, as illustrated in Figure 8. Note that 
the antenna isn't exactly at the 6-wavelength 
resonant point. This is shown by the fact that 
the current at the feed point isn't exactly at 0 
degrees phase, and by the changes in current 
magnitude along the antenna. The apparent 
"spike" in the phase plot comes from the plot 
routine's interpretation of slightly more than 
180-degree phase shift as compared to 
slightly less. 

Figures 9 and 10 show the corresponding 
plots for the same length antenna with a load- 
ing resistance at the far end. Now the current 
along the antenna is a combination of a major 
component, the wave traveling down the anten- 
na, and a standing-wave component created by 
the interaction of the small component reflected 
from the far end of the wire. The reduction in 
current along the wire is due to loss by radia- 
tion and resistance. As is true in terminated 
transmission lines, the phase of the current 
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Figure 18. Free-space pattern for the antenna of 
Figure 5 at 4 MHz. 

Figure 19. Free-space pattern for the antenna of Figure 
5 at 6 MHz. 

Figure 20. Free-space pattern for the antenna of Figure 
5 at 8 MHz. 

increases linearly along the antenna, to a good 
approximation. The antenna is acting as a trav- 
eling-wave antenna, akin to the Beverage and 
others of this class. 

Effect of ground 

Figure 11 shows the vertical plane pattern 
for a 6-wavelength long antenna placed 20 
meters, or 66 feet above ideal earth. Because 
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Figure 21. Free-space pattern for the antenna of Figure Figure 22. Free-space pattern for the antenna of Figure 
5 at 10 MHz. 5 at 12 MHz. 
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Figure 23. Free-space pattern for the antenna of Figure 
5 at 14 MHz.. 

Figure 25. Free-space pattern for the antenna of Figure 
5 at 18 MHz. 
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there is no loading, the FIB ratio is poor-about 
3 dB. As a result of the height, the main lobes 
are relatively strong. The pattern at lower ele- 
vations is similar, but with the low angle lobes 
reduced in size. 

Figure 12 shows the vertical plane pattern 
for this antenna installed as a sloper, with the 
high end at 35.8 meters or 1 17.4 feet, and the 
low end at 8 meters or 26.25 feet. While this 
antenna isn't loaded, the FIB ratio in the plane 
of the antenna has improved. to about 9 dB. 
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Figure 24. Free-space pattern for the antenna of Figure 
5 at 16 MHz. 

This improvement is also shown in Figure 13, 
a horizontal cut at 4 degrees above the horizon. 
Note that the reference angle is 180 degrees 
from that of the previous plot. 

However, this apparent improvement in F/B 
doesn't occur for other vertical planes or eleva- 
tion angles. This is illustrated by Figure 14- 
the same antenna but for the horizontal cut at 8 
degrees above the horizon. The maximum lobe 
intensity appears at 40 degrees to the line of the 
antenna. 

It's likely that other combinations of length 
and slope angle will provide better patterns. 
especially if two of these slopers are used back- 
to-back. Such an antenna becomes a half rhom- 
bic, in the vertical plane, and rhombic design 
factors apply. I won't explore these combina- 
tions further here. 

Broad band operation 
I've already mentioned use of these antennas 

at other frequencies. Figure 15 summarizes the 
main pattern features for a 90-meter long wire 
in free space, nominally designed for 20 MHz. 
Feed is a quarter wavelength from one end (at 
20-meter wavelength excitation), with a 400- 
ohm load resistance a quarter wave from the 
other end. 



Both maximum gain and maximum F/B 
occur for a frequency about 10 percent below 
the 20-MHz design value. Forward lobe gain 
equals or exceeds that of a dipole over the 
range 4 to 32 MHz. The lobe in the opposite 
direction is from 3 to 16 dB smaller. 

Figure 16 shows the drive-point impedance 
for the range of frequency. Drive resistance is 
close to 300 ohms for the range 8 to 30 MHz. 
and becomes large only above 30 MHz. Drive 
reactance varies less than 200 ohms from zero 
over the range from 1 1.5 to 30.5 MHz, becom- 
ing large below 8 MHz. The values are within 
range of a open-wire line antenna matcher of 
normal design. 

Figures 17 through 25 show the free-space 
patterns at frequencies of 4,6, 8, 10, 12, 14, 16, 
18 and 20 MHz. As frequency increases, the 
number of lobes increases, and the main lobes 
move closer to the axis of the antenna. At the 
same time, the FIB increases from about 4 to 
about 14 dB. 

This arrangement makes a useful multi-fre- 
quency antenna. It's probably not quite as good 
as a true end-fed, end-loaded design-the dou- 
ble-ended Zepp-but I haven't investigated this 
design. 

Other designs 

The data shown here is for a single antenna 
dimension, 90 meters or nominally 6 wave- 
lengths in length. To a close approximation, the 
petiormance of other lengths can be obtained 
by scaling. For example, for a .?-wavelength 
design, patterns and drive resistances are those 
for a frequency just twice the value for Figures 
15 through 25. This approximation neglects the 
effect of wire size, but this will be small unless 
"invisible antenna" wire sizes are involved. 

For more detail, calculate the performance of 
the specific design with MININEC. As no 
small angle wire intersections are involved, any 
version should give adequate answers. 

Concluding note 

There is little practical experience with dis- 
tributed resistance loading to increase F/B and, 
as far as a literature search revealed none with 
lumped far-end loading. Perhaps someone will 
undertake practical trials. It appears that per- 
formance approaching that of a rhombic is 
possible. rn 
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PRODUCT INFORMATION 
Integrarru meal-Time Simulation And 
Automated Testing 

The Real-Time Intelligent Systems (RTIS) 
Corporation has two new additions to its 
Activation Framework line of support tools for 
developers of C, C++, Ada, and Fortran soft- 
ware. These tools. called AFL and VVTEST, 
enable programmers to rapidly develop ~imula- Real- 1 Simulation. Modelling, 
tions and to perform automated test generation 4utomated Te 
and evaluation in support of all phases of their 

- - 
software development. tionships. They a15o specify how the resultant 

When used with RTIS's Integrated tests are to be evaluated. The resultant system 
Development Framework (TDF) these tools can is then capable of automatically generating, 
be used for real-time system simulation, test running. and evaluating thousands of random 
environment simulation, as well as automated tests. 
test generation and evaluation at the subrou- AFL is a compiler that takes simulation mod- 
tine, subsystem, and system level. They can els written in simple declarative rules and con- 
also be used for user training and for field verts these into C code modules for use with 
maintenance and support. IDF and VVTEST. These simulation models 

VVTEST is a compiler that takes test specifi- can include decision making, have statistical 
cations and converts these into C language properties. and call upon algorithms written in 
automated test generation and evaluation mod- C. C++. or Fortran. 
ules for use with IDF. The test specifications, For further information contact Peter Green 
written in a rules language called TSL, specify at the Real-Time Intelligent Systems Corpora- 
the constraints on the input variables such as tion, 30 Sever Street. Worcester. MA 01609, 
allowable values, timings. sequencing and rela- Tel: (508) 752-5567; FAX: (508) 752-549 I .  
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Joseph L. Lynch, N6CL* 
P.O. Box 73 
Oklahoma City, Oklahoma 73 101 

E CASE OF 
THE INVISIBLE 

METEOR STORM 
The shower that nobody saw 

B ecause of the possibility of a storm dur- 
ing this year's Perseids meteor shower, 
interest in meteor generated propagation 

is on the increase. However, as strong a possi- 
bility for a storm that the Perseids presents, it 
may not top the "invisible meteor storm" of 
June 1975. This shower, which no one is 
reported to have seen, took place over a ten day 
period between June 20 and June 30 and pro- 
duced daily meteoroid rates five to ten times 
higher than the normally observed rates. 

Historical meteor storms 

In the Spring 1993 issue of Communications 
Quarterly, I briefly described the two events 
that stand out in the history of meteor shower 
induced propagation. By way of introduction to 
the "invisible meteor storm," 1'11 present a 
quick review of these two meteor storms and 
their effects on VHF propagation. 

The first, the Giacobinid-Tuttle Comet in- 
duced meteor storm, occurred on October 9, 
1946. In a giant way it ushered in the ham radio 
operator's relationship with meteor vaporiza- 
tion induced ionization. 

The 6-meter ham band had been authorized 
only since May of that year, and the operators 
who used it did not know exactly what to ex- 
pect by way of propagation. They were aware 
of meteor generated ionization and called it the 
"shooting star" effect. However, no one knew 
what would happen the night of the forecasted 
meteor shower. Nevertheless, because of the 
huge publicity surrounding the event, hams 

*Mr. Lynch i* the VHF Editor for our %sler publ~cation CQ 

were prepared to be on the band. 
They were not disappointed. Ed Tilton, 

WlHDQ, the then editor of QSTs "The World 
Above 50 Mc," described in his December 
1946 column,l that the event "produced such 
bursts, occurring over a wider area and for a 
longer period of time than ever before in the 
history of VHF work." 

Twenty years later, on the night of November 
16-17, 1946, operators on 2 meters had set 
skeds in anticipation of a better than average 
Leonids shower for that year. They, in turn, 
were treated to what Sam Harris, WlFZJ, at that 
time the editor of the "World Above 50 Mc" 
column,2 headlined as "The Shower of a Life- 
time." Harris went on to report that: "Hundreds 
of contacts were made by calling CQ, or by 
breaking stations when their skeds were com- 
pleted, as most were (made) in the first minute 
or two of prearranged calls." The storm, which 
lasted less than two hours, did for 2 meters what 
the Giacobinid-Tuttle storm did for 6 meters in 
the way of VHF propagation generated by 
meteor vaporization induced ionization. Truly, 
these were once-in-a-lifetime events for many 
radio operators. 

The case for the invisible 
meteor storm 

What these two storms had in common were 
publicity and visibility. However, as was stated, 
the largest meteoroid storm ever observed was 
never known to have been seen by anyone. 

Detection of the storm first came by way of 
the moon. 



During the late 1960s, Apollo astronauts left 
seismometers on the moon to measure moon- 
quakes and meteorite impacts on the moon's 
surface.There were four passive seismometers. 
Three of them were arranged in somewhat of 
an equilateral triangle 1 100 km on a side. A 
fourth was located 180 km away from one of 
the other three-off a comer of the triangle. 
They gathered data between 1969 and 1977, 
when they were turned off because of lack of 
funding. 

Between January and March 1976, F.K. 
Duennebier and his associates at the University 
of Texas examined data taken from these de- 
vices over a period of 924 days from January 1 ,  
1973 to July 17, 1975. The results of their 
analysis were published in Science3 magazine. 

They found several random registrations of 
seismic activity on the moon's surface over the 
period analyzed. During that time they found 
significant registrations for the period of June 
20, 1975 to June 30, 1975, with a peak day of 
June 22, 1975. 

After determining that these events were in- 
deed impacts and not moonquakes, these scien- 
tists concluded that the impacts resulted from a 
cloud of meteors that the moon had passed 
through during that time frame. 

Following their conclusion, they set about to 
measure the density of the cloud. By comparing 
the measured data with the mass of the moon, 
they determined the mass of the cloud to be 
between 1013 and 10'". 

They then compared their observations with 
known meteor showers and found that this 
event did not match anything known. Their 
conclusion was that this was a sporadic meteor 
storm from a cloud of meteoroids that had "pre- 
viously gone undetected." 

Correlating VLF data 

Assuming that this storm must have had a 
corresponding effect on the earth, a group of 
Brazilian astronomers, headed by Pierre Kauf- 
mann, examined VLF data for the same period. 
The results of their investigations were also 
published in Science4 magazine. 

The researchers chose to study VLF records 
because of the effects meteor vaporization 
induced ionization have on the D and E-layers 
of the atmosphere. The D-layer forms a wave- 
guide effect on signals within the VLF frequen- 
cy range, transporting them for long distances 
across the earth's surface. At the terminator 
line between daylight and darkness, the D-layer 
dissipates. Because of this dispersement, the 
signals undergo a phase shift due to the 
changes in altitudes between the D-layer (then 
disappearing) and the E-layer. 

It was known that meteor vaporization gener- 

ated ionization could affect the phase shift 
caused by the propagation of the signals 
between the disappearing D-layer and the exist- 
ing E-layer& was also known that the D-layer 
could become so ionized that it would decrease 
in height above the surface of the earth. This 
shift in altitude would cause the signal traveling 
along the "waveguide effect" of the D-layer to 
also appear to have shifted in phase.Addi- 
tionally, iresearchers were aware that the E- 
layer could also be affected by such ionization. 
Therefore, Kaufmann and his associates con- 
cluded that examination of VLF reception re- 
cords could reveal any detectable meteor in- 
duced effects on these layers of the atmosphere. 

They examined records from several VLF 
radio stations around the globe. What their 
observations showed were that signals that 
traveled transequatorially were affected by 
increased ionization of the D and E-layers. 
However, signals that didn't cross the equator 
showed little, if any effects. 

Their observations also indicated that the 
ionization was at such a level as to top the 
Giacobinid-Tuttle comet generated meteor 
shower by three to nine times the intensity. 
Additionally, their findings indicated that the 
radiant of the shower was in the southern hemi- 
sphere and its direction was toward the sun. 
Because of its position, it was a daytime show- 
er, and not likely to be observed visually. 

The Brazilian team also determined that peak 
days of activity were June 22-23 and June 26. 
The first days correspond to the peak day of the 
moon seismic activity. However, the third day 
does not, and they conclude that this peak could 
be an anomaly related to ionization of the 
earth's atmosphere from some other source. 

The astronomers stated that they detected the 
meteoroid storm in four ways. First, they 
observed a daytime phase advance in the time 
period observed. Second, they observed large 
anomalous nighttime phase advances similar to 
ones that would be observed during sunrise. 
Third, they detected a phase advance of the 
mean nighttime phase level and a reduction in 
the diurnal phase variation. Finally, they 
observed a distinct reduction in sunset phase 
delay time rates that, to them, indicated an 
"extra ionizing source." The team summarized 
it's findings by stating that in 21 years of obser- 
vations they had never before seen the first 
three effects. 

Correlating VHF data? 

It is my opinion that if such an intense show- 
er did occur, then, based on past records of on- 
the-air activity during the two previously cited 
meteor storms, there should be corresponding 
data in contemporary VHF records. 
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The most prolific and continuous records of 
operating data are listed in QST's regular 
"World Above 50 MHz" column. Therefore, I 
examined the columns surrounding the event 
for correlating data. 

Indeed, Bill Tynan's September 1975 
column5 showed that sporadic-E type propaga- 
tion occurred during these days, with reports of 
especially intense events occurring on June 22 
and June 30. 

One of the most interesting reports was of a 
three-way QSO on June 22 that Tynan (then 
located in Maryland) had with K3AAY and 
K8CAY-the later being only 280 miles away 
in West Virginia. Tynan concluded his observa- 
tions by saying, "The strength of the signals 
and the duration of the opening, along with the 
other signals being received at the same time, 
leaves little doubt as to the propagation medi- 
um involved." It's clear that he believed strong- 
ly that the mode of propagation had to be spo- 
radic-E, rather than tropo, or some other form 
of short-distance propagation. 

Tynan also quotes other reports of very short 
skip contacts during the same day. Oddly, this 
short-distance propagation was also referred to 
as typical during the Giacobinid-Zinner Comet 
induced shower. 

Tynan goes on to quote a report from 
W7NFC in Athens, Oregon that indicated con- 
tacts with all states in the W1, W4, and W5 call 
areas, plus numerous contacts in the W9 and 
W 0  call areas during the day of June 22. He 
also quotes from a report received from Bob 
Mobile, WA1 OUB, concluding that "...the day- 
of-days was June 22, with QSOs all over the 
country (being reported)." 

Tynan also reports on receptions made on 
June 30 by Pat Dyer, WASTYX, (near San An- 
tonio, Texas) of numerous signals indicated- 
particularly of South American TV stations. 
Additionally, he quotes a report from Glenn 
Hauser of Enid, Oklahoma, indicating reception 
of high VHF TV stations on the same date. 

June 22 seems to be a key day for all three 
sets of data. However, Tynan does not report 
data that would correlate to the Kaufmann- 
observed peak on June 26. Could it be that 
many hams were on the air on Sunday, June 22, 
and that few hams were on the air on Thursday, 
June 26? Additionally, he reports tremendous 
activity on June 30, while neither Kaufmann 
nor Duennebier report correlating data. Could 
data on this date be related to a sporadic-E 
event? Could sporadic-E events be occurring 
simultaneously with meteor storm induced ion- 
ization on any or all of these dates? 

For the amount of meteor shower activity, 
there seems to be little other correlating ama- 
teur radio VHF data (absence of 2-meter 
reports, for example). Could the amateur radio 

observations be incomplete because "nobody 
was on the air?'In conducting unrelated 
research, I looked back into my 6-meter log for 
the last three years and found that the band has 
been open each Memorial Day weekend-no 
matter that the dates of the weekend have float- 
ed. Without exception, the band was open dur- 
ing some time during those days. Was the band 
open because people were home and on the air, 
or was the fact that band was open and people 
were home a coincidence? 

This Memorial Day propagation phenome- 
non was demonstrated to me again this past 
holiday when I was in Mexico. While operating 
from my station in Ojinaga, I observed that I 
had propagation on the days before Sunday but, 
after working a few stations, I couldn't work 
anyone else because no one was on the air. 
Curiously, my best propagation day was Sun- 
day, when most people were likely to be home. 
However, with the Indianapolis 500 auto race 
running simultaneously with the time frame of 
the propagation, I once again ran out of stations 
to work before I ran out of propagation. 

One other factor to consider when looking 
for correlating amateur radio VHF data is this: 
Because this storm was in the southern lati- 
tudes, the most accurate of the propagation re- 
ports would be coming from these areas. Un- 
fortunately, not a lot of amateur radio VHF 
activity takes place there. To date, no contem- 
porary propagation reports from this area have 
been recovered. Therefore, as anecdotal as 
these reports from Tynan are, they must be 
viewed as inconclusive. 

Conclusion 

This article represents a preliminary investi- 
gation of the data that are available. I would 
like to be contacted by anyone who might have 
correlating data. One of my questions concerns 
the anomaly of the Kaufmann-reported peak of 
June 26 and the Tynan-reported propagation on 
June 30. Was there a sudden ionospheric distur- 
bance (SID) or other solar event that affected 
Kaufmann's observation, or was there a lack of 
data from amateur radio operators for that date? 
Were the events that occurred on June 30 strict- 
ly related to sporadic-E induced propagation? 
Data from readers of this article may provide 
clues to answers for this and other questions. . 
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HIGH-FREQUENCY 
BYPASS CAPACITORS 
An empirically designed model 

C apacitors are commonly used for a vari- 
ety of applications including coupling, 
timing, bypassing, etc. In high-frequen- 

cy applications, there is specific concern with 
the parasitics of capacitors used for these vari- 
ous purposes. For example, the equivalent 
series inductance results in parasitic resonances 
in the capacitor, and the equivalent series resis- 
tance results in a limiting minimum impedance. 
When a capacitor is used as a bypassing ele- 
ment, it is generally desirable for that capacitor 
to exhibit a very small impedance. Therefore, 
in a bypass capacitor, the equivalent series 
inductance and equivalent series resistance 
must be minimized. The equivalent series resis- 
tance, in part, is a function of capacitor quality. 
High-Q components will by design exhibit 
much lower equivalent series resistance than 
general-purpose components. The equivalent 
series resistance is primarily a function of the 
actual capacitor construction and cannot be 
affected significantly by the external circuit in 
which the capacitor is used. 

The nature of the equivalent series induc- 
tance of a capacitor is quite different from the 
equivalent series resistance. The apparent 
equivalent series inductance of a capacitor is 
almost always influenced more by the external 
circuit than the actual capacitor itself. Often it 
is thought that the better the capacitor, the 
lower the equivalent series inductance. That is 
not necessarily the case. To understand this, we 
must examine inductance briefly. 

A look at inductance 

The parameter inductance is basically a con- 
stant of yroportiorzally relating magnetic flux 
and current, but that is perhaps an unusual 

description. From Ampere's Law, we know 
that magnetic field B (units of Teslas) at some 
point in the vicinity of a current is proportional 
to that current. By adding a proportionality 
constant, yo, the common form of Ampere's 
Law is constructed as Equation 1. The circle 
on the integral symbol is the common notation 
used to indicate the integral is performed 
around a closed loop. 

Ampere's Law $B dl=p,i (1) 

Using Faraday's Law, it can be shown that 
the EMF, e.g., the potential, induced in a loop 
of wire (this is not the same loop as for the inte- 
gral of Ampere's Law) is proportional to the 
time rate of change of the total magnetic flux 
(units of Webers) through the loop. The mag- 
netic field and magnetic flux are related by the 
area through which the flux penetrates ( I  Tesla 
= 1 WeberMeter2). 

d@ Faraday's Law (for a single- v = -- 
dt turn lOOp 

SO, 

di V a  - - Self induced potential 
dt 

The subtle but all important point here is that 
Faraday's Law applies specifically to a closed 
loop. This closed loop may be of any arbitrary 
shape, but it must be closed. This is more easily 
understood if you ask the question: If the loop 
were not closed, how could current flow? 
Current must flow around a closed path, 
although the exact path may be quite obscure in 
many cases. Just where does the current that is 
fed into the feed line of an antenna go? If a pro- 
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portionally constant k is added, the proportion- 
ality may be written as an equality. 

That proportionality constant is called induc- 
tance, or L. So: 

C'onsequently, from Ampere's Law the cur- 
rent and magnetic field of a circuit are related, 
and from ~ & a d a ~ ' s  Law the potential induced 
in a closed-loop circuit is related to the change 
In magnetic flux penetrating the loop. 
Combining Ampere's and Faraday's Laws, the 
self-induced potential developed in a loop is 
related to the change in current in the loop by 
the proportionality constant inductance. This 
ver? loosely demonstrates that inductance is 
defined in terms of a closed-loop circuit. 

Therefore, it is technically incorrect to speak 
of the "inductance" of a component, such as an 
inductor. In contrast, one can correctly define 
the value of a resistive component as the actual 
resistance of that component, because the actual 
resistance of that component is independent of 
the external circuit. This is also true of a capaci- 
tor. However, it is not true of an inductor. 

\When the value of an inductor is s~ecified. it 
is assumed that the inductance contribution of 
the total circuit loop of which the inductor is a 
part is insignificant compared to the contribu- 
tion of the inductor. In general, this is a reason- 
able assumption for comparatively large 
"inductors." perhaps greater than a few micro- 
henrys. But that is not the case for very small 
values of inductance, or nanohenrys. For circuit 
elements exhibiting nanohenry inductances, the 
physical geometry of the circuit determines the 
"inductance" of the element. 

'To demonstrate this, let's consider how one 
would determine the inductance of a 1 cm 
length of 22-gauge copper wire. Without a 
geometry defined, the inductance cannot be 
computed. So, let this length of wire be placed 
1 cm above and parallel to a ground plane sepa- 
rated by an air space. This configuration consti- 
tutes a short transmission-line segment. From 
the properties of a transmission line, the induc- 
tance per unit length may be computed. 

Characteristic impedance 

L := inductance per unit length 
C := capacitance per unit length 

Characteristic Propagation Velocity 

Solving for the inductance: 

20 L(per unit length) = - P 

For an air dielectric, the propagation velocity 
is the speed of light in air (vacuum), V, = 3 x 
108m/s. For a wire over ground plane where the 
height above ground plane is h and the wire 
diameter is d, the characteristic impedance is 
given by: 

1 

Zo = 601 E? ln(4 h / d) [h >> dl E= 1 for air 

This expression may be found in virtually any 
reference on transmission lines. Substituting, 

1 - 
L [per unit length] = 6 0 / ( ~ ~  Vp) ln (4h /d )  

The 22-gauge wire diameter is nominally 
0.065 cm. The 1 cm height is much greater than 
the 0.065 cm wire diameter. Therefore, 

Thus, a I -cm length of this wire will exhibit 
an "inductance" of nominally 8 nH. But what if 
the wire were placed 2 cm above the ground 
plane? The inductance would then be about 10 
nH. Or what if a spacing of 0.1 cm were used'? 
Then the inductance of the I cm length of 20- 
gauge wire would be about 4 nH (here h is not 
>>d so the expression above is not accurate but 
still provides a reasonable estimate). 

This simple example has shown that we can- 
not simply specify the "inductance" of the I -cm 
length of 22-gauge wire as we can specify the 
resistance of a resistor or the capacitance of a 
capacitor. The inductance of the wire segment 
is directly a function of the external circuit of 
which it is a part. In the case of comparatively 
large inductive elements, the relative contribu- 
tion of the external circuit is negligible. 
However, for very small inductances, such as 
the parasitic inductance of a capacitor or resis- 
tor, the magnitude of those inductances is high- 
ly dependent on the physical arrangement of 
the elements. 

The wire over ground plane was chosen for 
the example above because it is a good approx- 
imation of a circuit component like a bypass 
capacitor installed in a printed-circuit board or 
hybrid RF circuit. It should be evident from the 
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Figure I .  Test-fixture network-analyzer response. 

example that the parasitic inductance of a 
bypass capacitor will be highly a function of 
how it is mounted. If long leads are used with 
the capacitor mounted far from the ground 
plane, the parasitic inductance will be high; but 
if it is mounted close to the ground plane with 
minimum-length leads, the inductance will be 
much lower. 

Capacitors used as bypass 
capacitors 

When a capacitor is used as a bypass capaci- 
tor to ground, a closed loop is formed from the 
grounded terminal of the capacitor, through the 
capacitor to the bypassed node, through the cir- 
cuit elements attached to the bypassed node, 
and back to ground. The smallest that the 
perimeter of that loop can be made is twice the 
length of the capacitor-from ground through 
the capacitor, and then a direct connection back 
to ground. Because all capacitors have some 
physical length, the inductance associated with 
the capacitor cannot be made zero because the 
smallest closed loop around the capacitor can- 
not be made zero. This is a property of the 
physics of the problem, and the actual quality 

of the capacitor has little effect on inductance 
(a very poor capacitor or a very poor installa- 
tion of a capacitor can certainly increase the 
inductance above the physical limits). 

The effect of the loop around a bypass ca- 
pacitor can be demonstrated easily with a net- 
work analyzer and a length of transmission 
line. A suitable transmission line for such 
analyses is 0.141 semirigid coaxial line. For a 
simple short length of line, the through-line 
response should simply be a straight line at 0 
dB with some small loss with frequency. A 
small hole is then cut through the outer conduc- 
tor and dielectric to provide access to the center 
conductor. If that hole is small enough, it will 
cause little effect in the through-line response 
up to some frequency related to the hole dimen- 
sions. For example, Figure 1 shows the 
through-line response of the fixture used to col- 
lect the data presented in this work. The 0.141 
semirigid line is used because it is quite easy to 
fabricate this configuration while preserving 
the general integrity of the coaxial configura- 
tion. This peculiar transmission-line structure is 
the capacitor test fixture for observing the 
effect of the equivalent series inductance. As 
seen in Figure 1, the response of the test-fix- 
ture line, including the hole in the outer con- 
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Figure 2. Test configuration equivalent circuit. 
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A capacitor to be analyzed is attached 
between the exposed center conductor and the 
outer conductor. The loop formed runs from the 
outer conductor, through the capacitor to the 
center conductor, and then back to the outer 
conductor through one-half the characteristic 
impedance of the line. The smallest possible 
loop is then two radii of the line. For very small 
chip capacitors, the actual line used must be 
chosen so the distance from the outer surface of 
the center conductor to the inner surface of the 
outer conductor is nominally the length of the 
capacitor to be analyzed. For very small capaci- 
tors, if this general method of analysis is to be 
used, other line configurations, such as a 
microstrip line, are likely more suitable. 

When a capacitor is installed in the test fix- 
ture, it acts as a bypass capacitor-bypassing 
the center conductor to ground. The impedance 
seen by the capacitor looking into the line is 
one-half the characteristic line impedance. At 
the point of attachment of the capacitor, there 
are effectively two transmission-line segments 
attached to that node: one to the source and one 
to the receiver of the network analyzer. As a 
result, the two line impedances are in parallel 
and the effective impedance seen by the capaci- 

I 
I 
I 

I I - - - -  

vs I  I 

tor is then one-half the line impedance. If the 
hole in the transmission line is made as small as 
practical, the physical position of those two 
impedances lies immediately at the attachment 
point of the capacitor under test and indepen- 
dent of the length of line on either side of the 
capacitor-a basic property of a terminated 
transmission line. This provides a minimum- 
length return path from the center conductor to 
the outer conductor, and that is why a trans- 
mission-line structure is very convenient for 
this analysis. 

Figure 2 shows an equivalent circuit of the 
test configuration. The capacitor under test is 
C, Ro is the characteristic impedance of the test 
fixture transmission line (50 ohms here), and 
Ls and Rs are the equivalent series inductance 
and resistance, respectively. 

The network analyzer used for the work 
reviewed in the following paragraphs was lim- 
ited to an upper frequency of 3 GHz. A rather 
large silver mica capacitor was chosen for some 
of the analyses, so the effects could be ob- 
served at frequencies well below 3 GHz. 
Nevertheless, small, high-performance 
microwave capacitors will exhibit similar per- 
formance but at much higher frequencies. 

Figure 3 shows a basic block diagram of the 
test configuration. The two 10-dB pads are 
used to ensure that the transmission line is well 
terminated in both directions. In all tests, one 
lead of the capacitor under test was cut to the 
minimum practical length, about 1 mm. That 
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Figure 3. Test configuration block diagram. 

Lead Length at Each Resonance: 
1 0 5 ~ ~ 2  - 3cm 
1 2 0 ~ ~ 2  - 2cm 
1 4 4 ~ ~ ~  - lcm 
2OOMHz - ~inimum Length 

CH2 

C o r  

. 3 0 0  0 0 0  M H z  

I I 

Figure 4.100-pF CMlOl capacitor response with several lead lengths. 

minimum-length lead was attached to the test- A 100-pF CM 10 1 silver-mica capacitor was 
fixture outer conductor. The other lead of the selected for analysis. The measured capacitance 
capacitor was made various lengths as indicat- was 102 pF. This capacitor was attached 
ed in the particular test. Also, in all cases, the between the center conductor and outer con- 
variable-length lead was run parallel with the ductor of the test fixture as described above. 
test-fixture outer conductor separated from the Figure 4 shows the response of this capacitor 
outer conductor by about 2 mm. with lead lengths of 3 cm, 2 cm, 1 cm, and min- 
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imum length. In all cases, a classic series reso- 
nance is seen. For the minimum-length case, 
the resonance is at about 200 MHz and the 
depth of the response is about 37 dB. Also, at 
the response minimum, the phase is 0 degrees. 
The capacitor is therefore totally resistive at 
that frequency. That resistance is the equivalent 
series resistance of the capacitor in this config- 
uration. Note that the response minimum is less 
deep with longer lead length. This is due to the 
various effects, such as skin effect, and clearly 
demonstrates the importance of minimum 
length leads. The capacitive reactance and the 
source impedance, one-half the line impedance, 
or 25 ohms for the test fixture, forms a simple 
voltage divider. At series resonance, the volt- 
age divider is a simple resistive divider. The 
equivalent series resistance may be easily com- 
puted from the response magnitude at that fre- 
quency (see Equation 2). Let Mf be the 
response magnitude in dB at the series-resonant 
frequency and ks the voltage attenuation ratio 
at resonance. Also, let LS and Rs be the equiva- 
lent series inductance and resistance, respec- 
tively, at that resonance, as noted above. 
Figure 5 shows the equivalent circuit of the 
test system at series resonance. From an analy- 
sis of Figure 5, the equivalent series resistance 
is given by Equation 3. 

Thus, the CMlOl with minimum length leads 
exhibits an equivalent series resistance of about 
0.4 ohms. The equivalent series inductance 
may be computed from the resonant frequency 
f,. and the capacitor value C. 

The equivalent series inductance of the 
CMlOl with minimum lead length is then nom- 
inally 6 nH. To verify this inductance, a nomi- 
nal 1 cm length of 22-gauge solid wire (114- 
watt resistor lead) about the length of the 
capacitor was placed in the test fixture with the 
lead run parallel to and about 2 mm from the 
outer conductor. Figure 6 shows the response 
of the wire segment. As expected, its response 
is that of a near ideal inductor. Using Equation 
3 the impedance XL of the wire may be com- 
puted at any point. For example, at about 7 
MHz the response is -40 dB. The impedance at 
that point is 0.25 ohms. The inductance is then 
simply XL/(2 7c f). The inductance of the 1-cm 
wire is then about 6 nH. This close result 

strongly suggests that the actual capacitor con- 
tributes little to the inductance. 

Capacitors in 

It is often suggested that improved bypassing 
can be achieved by using several capacitors in 
parallel. That is not generally true. To demon- 
strate this, two CMlOl capacitors were con- 
nected in parallel in the test fixture. The 
response of the parallel combination is shown 
in Figure 7. Note that there are two series-reso- 
nant frequencies and a parallel-resonant fre- 
quency. At about 120 MHz, a series resistance 
of about 0.2 ohms is seen. However, at about 
150 MHz, at the parallel resonance, the effec- 
tive resistance is only about 20 ohms. Thus, at 
150 MHz, very little bypassing is provided by 
the parallel combination of the two capacitors. 
This is because one capacitor resonates in a 
parallel resonance with the inductance of the 
other capacitor. 

The response of parallel capacitors can be 
more dramatically shown using a small capaci- 
tor paralleled by a larger one. This is a common 
practice where the small capacitor is to provide 
high-frequency bypassing and the larger one 
bypassing of lower frequencies. A 0.01-yF 
CK05 capacitor was selected as a typical larger 
capacitor to be paralleled with the CM101. 
Again, that value was selected to ensure that 
the response was well within the range of the 
network analyzer. Figure 8 shows the response 
of the 0.01 -@ CK05 ceramic capacitor. This 
capacitor also exhibits a series resonance, at 
about 20 MHz. The equivalent series resistance 
at series resonance is about 0.14 ohm. The 
equivalent series inductance is about 6 nH or 
about the same as for the CMlOl. This again 
indicates that the series inductance is indeed 
more a function of the geometry than the 
capacitor characteristics. 

Figure 9 shows the response of the CMlOl 
in parallel with the 0.01 -pF CK05 capacitor, 
both with minimum-length leads. There are two 
series resonant frequencies. one at about 20 
MHz, corresponding to the 0.01-yF capacitor, 
and the other at about 200 MHz, corresponding 
to the CM 10 1 as demonstrated above. There is 
also the expected parallel resonance at approxi- 
matelt 150 MHz. That is the parallel resonance 
of the CMlO 1 and the equivalent loop induc- 
tance of the CMlOl and the CKO5-about 11 
nH from Equation 4. In the vicinity of 150 
MHz, the parallel combination of the 100-pF 
CMlOl and the 0.01-yF CK05 provides virtual- 
ly no bypassing. If this configuration of these 
two capacitors were used to bypass the power- 
supply node of a wideband amplifier, the 
amplifier would very likely oscillate at about 
150 MHz due to coupling between various ele- 
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Figure 5. Capacitor equivalent circuit at series resonance. 
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Figure 7. Response of two 100-pF CMlOl capacitors in parallel (minimum lead lengths). 
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Figure 8. Response of a 0.01-pF CK05 capacitor (minimum lead lengths). 
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Figure 9. Response of parallel combination of a 100-pF CMlOl capacitor and a 0.01-pF CK05 capacitor (minimum 
lead lengths). 
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Figure 10. Response of a 15-ohm RCR07 114-watt resistor (minimum lead lengths). 
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ments of the amplifier via the power-supply cir- 
cuit at that frequency. 

The simple paralleling of capacitors results 
in a severe compromise in the bypassing per- 
formance of the combination due to the effec- 
tive parallel-resonance configurations formed. 
However, parallel operation can be provided if 
a little thought is given to the problem. Looking 
back at the equivalent circuit of Figure 2, it is 
seen that the capacitor is a simple second-order 
network. The capacitance is fixed by the specif- 
ic choice of value. The equivalent series induc- 
tance is fixed by the physical circuit geometry. 
The minimum value of equivalent series resis- 
tance is generally fixed by the quality of the 
capacitor. However, the series resistance could 
be made larger by the addition of more series 
resistance. But, if one chooses a high-quality 
capacitor to minimize series resistance, why 
would one wish to increase the series resistance 
by adding more resistance? 

Damping 

The addition of series resistance can be used 
to control the response of the second-order R- 
L-C equivalent network of the capacitor. In 
other words, if the correct value of resistance is 
added, the highly resonant networks can be 
critically damped or even over damped. 

From Figure 2, the impedance of the equiva- 
lent circuit of the capacitor may be directly 
computed as given in Laplace form in 
Equation 5. 

2, = [s2 + s(R,/L,) + ll(Ls C)] (L,Is) ( 5 )  

The characteristic equation of the capacitor 
equivalent circuit is classic second order. 

wn2 = ll(Ls C) Natural Frequency (6A) 

For critical damping, the damping factor 5 
must be equal to 1/42 and for over damping, 5 
must be greater than 1/42. So, by setting 
Equation 6C greater than lld2, solving the 
inequality for R,, and substituting Equation 4, 
the value of series resistance for critical and 
over damping may be found. 

R, (over damped) > 
(7.4) 

1 
R, (over damped) > - 

a d r c  (7B) 

So, if the series resistance is equal to the 
value computed in Equation 7, the R-L-C net- 
work will be critically damped, and for higher 
resistance it will be over damped. From Figure 
4, for the CMlOl with minimum lead length, a 
series resistance of about 11 ohms is needed. 
The capacitor alone is about 0.4 ohms, so if a 
10.6-ohm resistance were added, the capacitor 
response would be critically damped. But, the 
addition of a resistor will increase the overall 
circuit path length resulting in a larger induc- 
tance. For example, a standard 114-watt resistor 
with minimum lead length is about 1 cm in 
length. Therefore, the equivalent series induc- 
tance of the capacitor in a configuration with 
one lead about 1 cm long would be the more 
accurate model. From Figure 4, with a I cm 
lead length, the resonance is about 150 MHz- 
corresponding to an inductance of about 1 1 nH. 
The resistance required for critical damping is 
then about 15 ohms. 

Unfortunately, resistors, too, have parasitics. 
Figure 10 shows the response of a 15-ohm 114- 
watt RCR07 resistor in the transmission-line 
test fixture. This resistor has a network zero at 
about 700 MHz, which corresponds to an 
equivalent series inductance of about 3 nH. (It 
is difficult to estimate the precise frequency of 
the zero from the figure due to the close prox- 
imity of the zero at about 700 MHz and the 
pole at about 1.5 GHz.) Figure 11 shows the 
response of a 2.7-ohm 114-watt resistor. The 
network zero at about 150 MHz, again corre- 
sponds to a nominal 3-nH inductance. Because 
the diameter of the actual conducting element 
in the 1/4-watt resistor is very much larger than 
that of the 22-gauge wire of Figure 6, one 
would expect a resistor to exhibit a lower 
inductance than the wire. These results are also 
consistent with the CMlOl inductance. 

Figure 12 shows the response of the CM 101 
with a 15-ohm 114-watt resistor in series, both 
with minimum lead length. As expected, the 
response is now damped. Figure 13 shows the 
response of two of these capacitor-resistor net- 
works in parallel. Note that the parallel combi- 
nation no longer shows the parallel-resonant 
behavior. The parallel combination of the 
damped capacitors provides improved bypass- 
ing over that of a single capacitor, as was origi- 
nally the goal of paralleling capacitors. 

Figure 14 shows the response of the 100-pF 
CMl 01 capacitor with a 15-ohm series resistor 
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Figure 11. Response of a 2.7-ohm RCR07 114-watt resistor (minimum lead lengths). 
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Figure 12. Response of a 100-pF CMlOl capacitor in series with a 15-ohm RCR07 resistor (minimum lead lengths). 
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Figure 13. Response of a parallel combination two series networks of a 100-pF CMlOl capacitor in series with a 15- 
ohm RCRO7 resistor (minimum lead lengths). 
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Figure 14. Response of a CMlOl capacitor with series 15-ohm resistor in parallel with 0.01-pF CK05 capacitor (mini- 
mum lead lengths). 
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Figure 15. Response of a 100-pF CMlOl capacitor in series with a 15-ohm RCR07 resistor in parallel with a 0.01-pF 
CK05 capacitor in series with a 15-ohm RCR07 resistor (minimum lead lengths). 
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Figure 16. Response of a 0.01-pF CK05 capacitor in series with a 2.7-ohm RCR07 resistor (minimum lead lengths). 
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Figure 17. Response of a 100-pF CMlOl capacitor in series with 15-ohms in parallel with 0.01-pF CK05 in series with 
2.7 ohms (minimum lead lengths). 
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Figure 18. Response of a 0.01-pF CK05 capacitor in series with a 15-ohm RCR07 114-watt resistor (minimum lead 
lengths). 
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Figure 19. Response of six networks in parallel, each consisting of a 0.01-pF CK05 capacitor in series with a 15-ohm 
RCR07 114-watt resistor (minimum lead lengths). 
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Figure 20. Response of a 10-pFl35-volt 196-D capacitor (minimum lead lengths). 
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Figure 21. Response of a 10-pFL35-volt 196-D capacitor in parallel with a 100-pF CMlOl capacitor (minimum lead 
lengths). 

paralleled by the 0.01-pF CK05 capacitor. With 
only the 100-pF capacitor damped, the parallel 
resonance is eliminated, as expected, because it 
was the 100-pF capacitor that was forming a 
parallel resonance with the inductance of the 
larger capacitor. Figure 15 shows the response 
of the 100-pF CMlOl capacitor with a series 
15-ohm resistor paralleled with the 0.01-pF 
CK05 capacitor, and also with a 15-ohm series 
resistor. Compare this response with that of 
Figure 9. Note that the response is now quite 
well behaved, and all of the resonance original- 
ly seen with simple paralleling of the two 
capacitors is eliminated. 

As noted above, a resistance of only about 
1.3 ohm is required to damp the 0.0 I -pF capac- 
itor. The smallest resistor available at the time 
of this work was a 2.7-ohm RCR07 114 watt. 
Figure 16 shows the response of the 0.01-pF 
capacitor damped with 2.7 ohms. As expected, 
it is quite well damped. Figure 17 shows the 
response of the 0.01-pF capacitor damped with 
2.7 ohms in parallel with the 100-pF capacitor 
damped with 15 ohms. Again, all resonances 
seen when the undamped capacitors were paral- 
leled are completely eliminated when the 
capacitors are resistively damped. 

A problem with damping bypass capacitors 
is that the amount of bypassing-that is, the 

minimum impedance provided by the bypass 
capacitor-is limited by the series resistance 
added to damp the capacitor. For example, 
Figure 18 illustrates the response of the 0.01 - 
pF capacitor over damped with 15 ohms. The 
over-damped 0.01-pF capacitor provides only 
about a 15.5-ohm bypass impedance to ground 
at the midpoint in the response (about 2 MHz). 
However, because the damped capacitors may 
be successfully paralleled, the impedance may 
be reduced to any desired value (within reason) 
by simply paralleling several of the damped 
capacitors. 

For example, consider that a nominal 0.05- 
pF bypass capacitor with a 20-dB attenuation 
ratio is desired. The required equivalent series 
resistance must be about 2.5 ohms. A total of 
six of the 0.01-pF capacitors, each with 15-ohm 
damping, would provide 0.06-pF and 2.5 ohms 
series resistance. The response of such a com- 
posite bypass capacitor is shown in Figure 19. 
The important point to note in Figure 19 is that 
with each of the capacitors well damped, paral- 
leling of several capacitors is very effective in 
providing improved bypassing. The response of 
the parallel combination is very well behaved, 
exhibiting no series or parallel resonances. 

The 0.01-pF capacitor used above is rather 
small for most bypassing needs. A value of per- 
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Figure 22. Response of a 100-pF CMlOl capacitor in series with 15 ohms in parallel with a 10-pF135-volt 196-D 
capacitor (minimum lead lengths). 
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Figure 23. Response of a 10-pFI35-volt 196-D capacitor with ferrite bead in parallel with a 100-pF CMlOl capacitor 
(minimum lead lengths). 
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Figure 24. Response of a 10-pFt25-volt type 30-D aluminum electrolytic capacitor (minimum lead lengths). 
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Figure 25. Response of a 100-pF ceramic chip capacitor (minimum lead lengths).. 



Figure 26. Response of a 100-pF porcelain chip capacitor (minimum lead lengths). 

haps 1 0 y F  is more appropriate for general 
amplifier applications. Figure 20 shows the 
response of a 10-pF/35-volt 196-D dipped tanta- 
lum capacitor. The response of this unit is well 
behaved with the high-frequency performance 
limited by the inductance of the configuration. 
The response of Figure 20 shows a highly 
damped response even without any additional 
resistance. The minimum in the magnitude 
response at the point where the phase is zero, 
i s . ,  the impedance is real, is about -28 dB at 2.8 
MHz-so the equivalent series resistance is 
about 1 ohm. If the series-resonant frequency is 
taken as approximately 2.8 MHz, the resistance 
required for critical damping is only about 0.008 
ohms. The internal losses of the 10 pF 196 D 
then tend to make it self damping. However, 
because the internal losses cannot necessarily be 
accurately described as simple lumped elements 
of constant value over frequency, temperature, 
time, etc., one must still exercise care when par- 
alleling these components. 

Figure 21 shows the response with the 10-pF 
capacitor paralleled with the 100-pF capacitor, 
both with no damping. The parallel resonance 
is again seen. With only the 100-pF capacitor 
damped (with 15 ohms), the result is the 
response of the parallel combination shown in 
Figure 22. Because there are only two capaci- 
tors in this case, the single damping resistor is 

sufficient to provide adequate damping. 
Often a ferrite bead is used on the larger of 

two paralleled capacitors to control parasitic 
resonances. Figure 23 shows the response of 
the 10-pF capacitor in parallel with the 100-pF 
capacitor with a bead on the ungrounded lead 
of the 10-pF capacitor, but without any other 
damping. Although the resonances are elimi- 
nated with the bead, very little bypassing is 
provided in the mid band (= -10 dB). 
Nevertheless, the beaded configuration general- 
ly provides adequate bypassing for RF applica- 
tions; however, the response of the parallel 
combination with the 100-pF capacitor damped 
with 15 ohms, as shown in Figure 22, provides 
much better bypassing over almost the entire 
useful range. 

Tantalum capacitors, even in relatively large 
values, provide quite good RF performance, as 
shown in Figure 20. The larger physical size of 
other capacitors, like aluminum electrolytics, 
results in higher inductance in those units. 
Figure 24 shows the response of a 10-pF/25- 
volt type 30-D aluminum electrolytic. Although 
it too is relatively well behaved, it is limited to 
much lower useful frequencies than the tanta- 
lum. Also, at about 100 MHz, there is an anom- 
alous response. This is not a particular concern, 
but does indicate that there are other parasitic 
elements in this unit that could cause unexpect- 
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Figure 27. Composite bypass-capacitor schematic. 

ed results if this capacitor were paralleled with 
other capacitors-particularly if no damping 
were employed. 

Performance of chip capacitors 
It would be useful to very briefly look at the 

performance of chip capacitors. Figure 25 
shows the response of an inexpensive 100-pF 
ceramic chip capacitor. The 100-pF value was 
selected to allow easy comparison with the per- 
formance of the CMlOl silver mica unit ana- 
lyzed above. This particular part is a general- 
purpose device and is not particularly specified 
for high-frequency service. Nevertheless, it is a 
well behaved unit. The series resonance is at 
about 500 MHz indicating an equivalent series 
inductance of about 1 nH, and the 45-dB reso- 
nant depth indicates an equivalent series resis- 
tance of about 0.14 ohm. This is certainly 
acceptable performance. Figure 26 shows the 
response of a 100-pF high-performance porce- 
lain RF chip capacitor (note the change in mag- 
nitude scale). The resonance is slightly higher 
than the general-purpose chip, indicating an 
equivalent series inductance of about 0.9 nH. 
This is due to the slightly larger cross section of 
the porcelain unit. The length of the two was 
nominally the same. The resonance depth is 
about 53 dB, indicating an equivalent series 
resistance of about 0.056 ohm. So, the high- 
performance porcelain chip capacitor exhibits 
almost the same equivalent series inductance as 
the much less costly general-purpose ceramic 
unit. However, the equivalent series resistance 
of the porcelain unit is almost one-third that of 
the ceramic unit. This comparison shows that 
the quality of the capacitor has little bearing on 
equivalent series inductance, but greatly affects 
equivalent series resistance. 

The particular type of porcelain unit used for 
this analysis was selected to also show another 
anomalous response. Note the two additional 
resonances in Figure 26 at about 1.5 GHz and 
2.5 GHz. Because the actual construction of 
this capacitor is not known, the specific cause 
of these resonance responses cannot be stated 
with any real certainty. However, it is very 
likely that these are the result of high-Q piezo- 
electric resonant modes in the basic porcelain 
material. This particular unit would be a poor 
choice for use above about 1 GHz. The lower 
cost ceramic unit would actually be a much bet- 
ter choice for simple bypassing. However, the 
porcelain unit would be the better choice for 
high-Q resonators due to the much lower equiv- 
alent series resistance. 

Summary 
To summarize this review of the bypass 

capacitor, a composite bypass capacitor was 
designed to provide a nominal bypass imped- 
ance of about 2.5 ohms or less (-20 dB in the 
test fixture) from about 10 kHz to 1 GHz. The 
schematic of the composite unit is shown in 
Figure 27. That configuration was constructed 
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Figure 28. Composite bypass-capacitor response. 

empirically using a CAE program. All capaci- 
tors except those of C6 are ceramic chip units. 
The two capacitors of C6 are 196-D tantalum 
units. The parasitic values used in the schemat- 
ic are taken from the data presented above. 

Capacitor C ,  is undamped to allow it to pro- 
vide maximum bypassing at its series-resonant 
frequency. That resonant frequency was select- 
ed to be at the upper frequency limit of the 
desired bypassing, 1 GHz. As stated, that 
capacitor is a chip capacitor with an equivalent 
series inductance of 1 nH and a series resis- 
tance of about 0.1 ohm, as was found for the 
typical chip capacitor investigated above. 

Capacitor C2 is composed of eight chip 
capacitor-resistor networks in parallel. For this 
capacitance, a nominal 100-pF capacitance res- 
onating at about 725 MHz and having about a 
3-ohm resistance is required. However, the 
minimum inductance of a chip capacitor with a 
series resistor (114-watt unit) was found above 
to be about 4 nH to 1 nH for the capacitor and 3 
nH for the resistor. Therefore, eight capacitors 
of 118th the total value are paralleled, each with 
a series resistor equal to about a factor of eight 
greater than the desired resistance. The total 
capacitance of C2 is then 96 pF, and the induc- 
tance about 0.5 nH. Note that the resonant fre- 
quency of 12 pF and 4 nH is the same as that of 
8 x 12 pF and 4 nHl8. At the series-resonant 
frequency, the eight 27-ohm resistors are paral- 
leled, providing an effective series resistance of 

3.3 ohms. The 27-ohm series resistor is slightly 
larger than that required to provide critical 
damping, so the composite should be slightly 
over damped. 

Capacitor C7 provides a damped new graph- 
series resonance at about 250 MHz. Here a sin- 
gle capacitor and resistor may be used because 
the required inductance and resistance are with- 
in practical values available. The same is true 
of C4, which provides a damped resonance at 
about 170 MHz. 

For capacitor C5, a nominal 1000-pF capaci- 
tor with about 2-nH series inductance and 12- 
ohm series resistance is required. Again, 
because the minimum practical inductance is 4 
nH for the capacitor-resistor series combina- 
tion, two parallel networks are required. 
However, here a series resistance of only about 
4 ohms is needed to ensure adequate damping. 
The 24-ohm resistance provides a very high 
degree of over damping. If this configuration 
were actually used, a resistance of 5.1 ohms 
might be a good choice because it would pro- 
vide improved bypassing. However, the pur- 
pose here is to demonstrate that a s~eci f ic  
bypassing performance can be provided, so the 
24-ohm value is used to provide the desired 
2.5-ohm bypass resistance characteristic in the 
overall cornposite unit. 

Finally, a nominal 20-yF capacitor providing 
a damped resonance at about 500 kHz is 
required in C6. Because the minimum practical 
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series inductance is about 10 nH, two capaci- 
tors must be used. Also, the 5.1 -ohm resistance 
was selected to provide the desired 2.5-ohm 
overall resistance characteristic. If a specific 
resistance were not required, it is likely that no 
additional resistance would be necessary, 
because the inherent series resistance of the 
tantalum capacitor would very likely be suffi- 
cient to adequately damp the combination. 

The response of the composite bypass capac- 
itor is shown in the simulation of Figure 28. 
Note that the general response is very well 
behaved with no severe resonances except the 
series resonance of the undamped chip capaci- 
tor C,  at about I GHz. Particularly. there are no 
parallel-resonant modes that would compro- 
mise bypassing at the parallel-resonant frequen- 
cies. The overall response of the composite unit  
is a nominal -20 dB loss with 0-degree phase 
that corresponds to the 3.5-ohm resistive char- 
acteristic originally specified for this composite 
bypass capacitor. 

In conclusion. all capacitors include parasitic 

elements that must be considered in circuit 
design. When capacitors are used for bypassing 
in RF applications. the resonant circuits formed 
by the capacitors and the equivalent series 
inductance of the configuration result in both 
series and parallel resonances. Further. for typi- 
cal RF capacitors, the equivalent series induc- 
tance is primarily a function of the physical 
configuration of the circuit and almost totally 
independent of the capacitor quality. When two 
or more capacitors are used in parallel, for 
broader frequency coverage in a bypassing 
application for example, parallel-resonant cir- 
cuits will be formed resulting in virtually no 
bypassing at the parallel-resonant frequencies. 
That can result in severe instability in the device 
being bypassed. However. the performance of a 
composite bypassing network comprising sever- 
al separate capacitors can be very significantly 
improved by ensuring that each capacitor is suf- 
ficiently damped. Such damping eliminates the 
severe parallel-resonant modes and provides a 
well-behaved bypassing characteristic. 
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PRODUCT INFORMATION 
QUALCOMM Introduces DAC Series. tity 1000). For more information call 619-587- 

QUALCOMM Incorporated VLSI Products 1 12 1 : FAX 61 9-42-9096; or write QUAL- 
Group introduced the new Q3500 Series of COMM. 10555 Sorrento Valley Road. San 
Digital-to-Analog Converters (DACs). The Diego, CA 92121-1617. 
QUALCOMM Q2500 DACs are for use with 
high speed direct digital synthesis (DDS) and 
other high speed applications. The Q2500 DAC Microwave Tuni ents adde 
series provides same-source building blocks for Sprawe-Gdm--- -  -----. 
the communications system designer. Sprague-Gooclr c. has 

intn)duced a new Tuning 
Elements. 

Six variations are available 1 ) Metallic tun- 
ing elements, 2) Dielectric toning elements, 3) 
Metallic and dielectric tuning rotors, 4) Di- 
electric resonator tuners, 5) LC tuning ele- 
ments. and 6) Resistive tuning elements. 

For more information. contact Sprague- - :! Goodman Electronics. Inc.. 134 Fulton 
Avenue, Garden City Park, NY 1 1040-5395; 
Phone: 5 16-746- 1385, FAX: 5 16-746- 1396. 

The Q25 I0 and Q2520 devices offer 10- or 
12-hit digital inputs, respectively. 

The 10-bit. high-speed Q25 10 DAC is TTL- 
interface compatible and allows update speeds 
to 100 Msps. The Q35 10 is availahle in %-pin 
PDlP and SOlC packages, operating over the 
-25" C to +8S0 C temperature range. 

The 12-hit, high-speed Q3.520 is also TTL 
compatible and will update to 80 Msps. The 
QUALCOMM 42520 is available in 28-pin 
PDlP and PLCC packaging with an operating 
temperature range of -2.5" C to +8S0 C. 

Prices for the Q25 10 start at 538.10 (quantity 
1000). The Q2520 is available for 534.50 (quan- 
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QUARTERLY DEVICES 
The Motorola MC 7 3 7 75/6 UHF 
FM/AM fransmitter 

F CC Title 47. Part 15 opened the door for 
development of many short-range com- 
munication and remote-control devices 

operating in the UHF region. Along with Part 
15 comes a host of new low-cost RF products 
that show promise as building blocks for more 
serious projects. For example, this edition of 
"Quarterly Devices" focuses on Motorola's 
MC 13 17516 UHF transmitter chips. Although 
designed for low-power unlicensed consumer 
products, they may also serve as an 
exciter/modulator or local oscillator (LO) for 
much higher-power systems. 

Overview 

The MC 13 13516 series is versatile-capable 
of internally generating analog AM and FM 
signals, as well as Amplitude Shift Keying 
(ASK) for data. This "multi-mode" capability 
makes these chips useful in a wide range of 
applications, including voice. video, data. and 
spread spectrum transmitter projects. 

Perhaps the most interesting feature is the 
chip's built-in PLL system which establishes 
operating frequency. Instead of multiplying up 
in traditional fashion, the MC 13 17516 uses a 
free-running CCO (current-controlled oscilla- 
tor) that routes a sample of its output signal 
through a divider network. The divided-down 
signal is then compared to a low-frequency on- 
board crystal-controlled reference oscillator in 
order to generate the required error signal for 
PLL operation. This scheme provides crystal- 
controlled frequency stability at the UHF out- 
put frequency without the need for discrete 
multiplier stages. 

The primary difference between the 
MC13 175 and MC 13 176 lies in the internal 
divider network: the MC13 175 divides its out- 
put signal down by 8. while the MC I3 176 

divides down by 32. This means that the 
MC 13 175 operates at 8 times its crystal refer- 
ence frequency, and the MC 13 176 operates at 
32 times its referent. To generate output on 432 
MHz with the MC 13 175, you would use a 54- 
MHz third-overtone crystal (54 x 8 = 432). The 
MC 13 176 does the same job with a less-expen- 
sive 13.5-MHz fundamental-mode crystal (13.5 
x 32 = 432). Thus, for higher-frequency appli- 
cations, the MC13 176 is the more logical 
choice of the two. 

Although designed for 260-470 MHz Part 15 
applications, the MC 13 176 will generate funda- 
mental output well into the 900-MHz range, 
making it useful as a simple and cost-effective 
LO for receivers and transverters operating in 
this region. It is also possible to design simple 
LOs for 1296 MHz by running the device at 
600-MHz and doubling the output. On the other 
end of the spectrum, the low-frequency hold-in 
limit of the device's CCO is around 200 MHz. 

The MC13 17516 is very easy to power, oper- 
ating on any supply voltage between 1.8 to 5.0 
volts DC with a maximum current drain of 35 
mA. There's also a power-down mode for 
standby periods. RF power output is adjustable 
to + I0 dBm-providing a respectable drive 
level for higher power RF strips. The chip uses 
differential output, which is convenient for 
direct connection to loop antennas in con- 
sumer-type products. A balun-type matching 
network is recommended when the device is 
used to drive subsequent stages. 

Nearly all the required circuitry needed to 
support operation is on-board the chip, keeping 
the external parts count low and holding pc- 
board landscape to a minimum. In most appli- 
cations, simple additions like a reference crys- 
tal, a couple of tuned circuits, a loop filter, and 
possibly a microphone preamplifier are all you 
need. The MC 13 17516 comes in SO- 1 6 surface- 
mount dual-inline plastic packaging, which is 
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superior to standard P-type dip packaging at the 
operating frequencies involved. 

A look inside 

Refer to Figure 1 for an internal functional 
block diagram and electrical characteristics. In 
a typical application, the CCO oscillator tank 
coil is connected between pins 1 and 4 (pins 2 
and 3 are unused). Parallel capacitance for the 
oscillator tank is supplied internally by CCO 
circuitry and by parasitic capacitances on the pc 
board. Vee (supply ground) is connected at pin 
5. Current inputs for controlling oscillator fre- 
quency are supplied to pin 6. These are normal- 
ly supplied from two sources: from the chip's 
phase detector which has its output at pin 7, 
and from an external speech-amp circuit when 
FM modulation is used. In most applications, a 
simple loop filter is all that is required between 
pins 6 and 7 to stabilize and filter the CCO loop 
response. The reference oscillator crystal-and 
its associated feedback divider-are connected 
between pins 8 and 9. Vcc (supplied to pin 12) 
is decoupled for RF at pin 10. Pin 11 is the 
enablelpower down input. Differential RF out- 

Figure 1. Internal functional block diagram and electri- 
cal characteristics of the MC1317516. 

ELECTRICAL CHARACTERISTICS (Figure ~ ;VEE  = -3.0 V, TA = 25 OC, unless otherwise noted). 
Characteristic Symbol Pin Mln TYP Max Unit , 

Enable Supply Current (11 6 = 0) -10 - m~ 
Total Supply Current (Transmit Mode) 
( l t~10d=2mA;f~=320MHz) - -35 - mA 
Output Power (lo = 320 MHz; VREF = 500 
mVpQ; lo = N x  REF.) 
I& = 2mA (See Figure 7 8 8) 

f 13.14 
MC13175 (See Figures 7 ) - 11 - 
MC13176 (See Fgures 8 ) - 

Phase Detector Output Error Current - 30 - pA 
Enable Settling Time (See Figure 22b) TENABLE 11,6 - 20 - psec 

BWAM 16 

Spurious Outputs (on) Pson 13,14 - -50 - dBc 
Spurious Outputs (OH) -50 - dBc 
Maximum Divider Input Frequency 
Maximum Output Frequency lout 13,14 - 950 
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Figure 2. A typical application of the MC13176.. 

For those of vou who arc interested in 
experimenting with these devices, Harry 
Swanson applications engineer for Motor01 
Linear IC Division offers this list of sugges 
tions: 
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put appears at pins 13 and 14, and output 
ground (an additional Vee) is connected to pin 
15. Finally, transmitter power output (or the 
AM modulation waveform) is controlled via 
pin 16. 

Motorola has prepared a well-detailed proto- 
type information booklet for the MC 13 17516. 
This provides a far more inclusive pin-by-pin 
description of the device and its internal circuit- 
ry, plus all the information and formulas you 
need to implement various modulation modes 
and special functions. The prototype informa- 
tion document is "must" reading for anyone 
contemplating original designs. 

A typical circuit 

Figure 2 shows a typical application of the 
MC 13 176, functioning as an FM exciter on 
320-MHz. An inexpensive 10-MHz computer- 
clock reference crystal is used to control the 
transmitter's frequency of operation (10 MHz x 
32 = 320 MHz). A 6.8 pH inductor in series 
with the crystal creates a VXO circuit that 
extends the reference oscillator's frequency- 

netting range. FM audio (voice or data) is rout- 
ed to the frequency-control input at pin 6, 
where it is combined with the PLL correction 
signal from pin 7 (note the simple RC loop fil- 
ter). The CCO tank coil is slug-tuned to bring 
the oscillator into PLL locking range. 
Transmitter output level is set via the 1.1 k 
resistor on pin 16, and the device is set in the 
enable mode by supplying current through the 
27 k resistor at pin I I. A simple coaxial balun 
is used to unbalance transmitter output for feed- 
ing into a 114-wave rod antenna. 

The MCI 3 17516 application note outlines 
sample designs for AM. FM, and ASK applica- 
tions, as well as suggested circuits for inputting 
audio and data signals. It also details loop filter- 
ing requirements and provides an external loop 
amplifier circuit for wide-range PLL lockup. 

For more information.. . 

If you are interested in finding out more about 
the MC13 17516 UHF FMIAM trnsmitter chip 
contact your local Motorola sales office, or call 
the Motorola Design Line at 1-800-521-6274. . 

PRODUCT INFORMATION 
Digital Radio Systems, Inc.'s DPK-9600 TNC 

DRSI introduces the DPK-9600 High-Speed 
Packet Radio TNC. The DPK-9600 features a 
single-chip Direct FSK modem which can be 
jumpered for 4800.9600 or 19,200 baud data 
rate over-the-air and is compatible with K9NG 
and G3RUH modems. 

I 'The DPK-9600 provide\ IOO'ir code con,- I 
patibility for any TNC-2 clone firmware and is 
supplied with version 1.1.8a firmware in the 
U.S. and The Firmware 2 . 4 ~  with DAMA for 
export. It will nln all network PROMS with no 
modifications. The DPK-9600 is 5" wide x 6" 
deep x 1.25" high and weighs 14 ounces. It 
uses 50 milliamps at 9-20 volts DC. Front 
panel LED'S can be disabled. reducing power 
consumption to approximately 35 ma. The 
DPK-9600's retail list price is $249.95. 

For more information, contact Digital Radio 
Systems at 2065 Range Road. Clearwater, FL 
34625, or call 8 13-46 1 -0204, or FAX 8 1 3- 
447-4369. 

Microwave Technology, Inc. expands its 
"SLAM" series 

Microwave Technology, Inc. has expanded 
its "SLAM" series of ultra-linear. Class A 
power modules operating in the HF band from 
2 to 32 MHz. 

These modules are self-biased, internally 
matched and temperature compensated, and 
require no external ballast resistors or other 
temperature compensating circuitry. 

The SLAM-0 122 is a push-pull device that 
operates at 50 Watts with 14 dB typical gain. 
It requires a single 40 volt power supply. The 
SLAM-0133 is a single-ended device with 10 
watt power output with 13.5 dB gain and re- 
quires a 32 volt supply. 

For more information, contact MwT at 4268 
Solar Way. Fremont, CA 94538. Telephone: 
5 10-65 1-6700. 
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SPREAD SPECTRUM 
COMMUNICATIONS 

historical and technical overview 

A s we all know, the RF spectrum is a 
finite and exceedingly valuable re- 
source. The practical limits of the exist- 

ing spectrum, together with the exponential 
need for new communications, has created an 
increasing demand for what little free or under- 
utilized space remains. In general, the policy 
for traditional commercial services has been to 
place limits on RF power and bandwidth to 
minimize interference and maximize the num- 
ber of channels that can be assigned to a given 
band. For example, although the FCC continues 
to license a few "clear channel" AM broadcast 
stations, most frequencies are assigned to mul- 
tiple stations. The nature of the service, local 
and regional geography, as well as signal prop- 
agation qualities at the operating frequency 
define the minimum physical spacing between 
stations sharing the same frequency. The inter- 
station distance ranges from a few hundreds of 
meters for low-power cellular radio nodes to 
hundreds or thousands of kilometers for high- 
powered commercial broadcast stations. 

Although congestion may not be obvious to 
the casual listener on the AM or FM broadcast 
bands, the current explosion in cellular tele- 
phone systems and wireless computer networks 
is a driving force behind the quest for more 
communications channels. l These and other 
new technologies that rely on relatively low- 
power, high-density environments operating at 
UHF and above suggest that new ways of man- 
aging signal bandwidth are critical to maximiz- 
ing spectrum utilization. 

In general, the type of modulation and infor- 
mation filtering used determine the RF signal 
bandwidth requirements. For example, where a 
properly filtered voice modulated AM signal 
requires a bandwidth of about twice that of the 
modulating frequency, SSB and other tech- 
niques can be used to reduce the RF bandwidth 
requirements significantly. On the amateur 

bands, the use of SSB instead of AM has result- 
ed in tremendous spectrum savings, as well as 
increased efficiency of communications. 
However, despite the savings of spectrum by 
SSB. the bands remain crowded. The introduc- 
tion of the newer spread spectrum techniques 
can further increase efficiency of spectrum use. 

Paradoxically, techniques such as spread spec- 
trum are designed to increase spectrum utiliza- 
tion by generating an extremely wide signal rel- 
ative to the information to be transmitted. In 
conventional RF communications, the ampli- 
tude, frequency, or phase of an RF carrier is var- 
ied in accordance with the information to be 
transmitted. With the exception of those that use 
FM with a high modulation index, the band- 
width requirements of these systems are simply 
a function of the information bandwidth. 

In contrast to conventional narrowband com- 
munications schemes, spread spectrum systems 
take voice or other relatively narrow-bandwidth 
information and distribute it over a band that 
may be several MHz wide. This distribution or 
"spreading" is accomplished by modulating the 
information to be sent with a wideband signal. 
Unlike conventional signals, spread spectrum 
signals occupy a bandwidth at least an order of 
magnitude greater than the information band- 
width.2 The other distinguishing feature of 
spread spectrum communications is that a func- 
tion other than the information to be sent (i.e., a 
wideband spreading signal) determines the RF 
b a n d ~ i d t h . ~  

Spread spectrum techniques can be used to 
create additional information channels that can 
coexist in a band filled with conventional 
narrowband communications. In addition, 
spread spectrum systems have characteristics 
uniquely suited for applications requiring priva- 
cy, signal covertness, interference rejection, 
ranging measurements, selective addressing, 
and multiple access. 
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Figure 1. Overview of n direct sequence cnmmunicntinns system. Data: digitnl voice or other information: Carrier: 
RI.' source: PN: pseudo-noise source. 

In the amateur bands, present Inw permits the 
use of spread spectrum only above 410 MHz. 
Because the assigned hands are fairly narrow. a 
spreading system could be developed to use the 
entire band. 

The development of spread 
spectrum 

Despite the recent flurry of interest in spread 
spectrum communications for niohilc. comput- 
er, and personal communications, the technolo- 
gy is actually well over four decades old. The 
tirst commercial spread spectrum comniunica- 
tions system in this country. developed around 
1939. linked New Jersey and Ca l i f~ rn ia .~  
Within a few years. the Army Signal Corps 
commissioned the development of a long- 
range, jam-proof HF radio teletype link. The 
Navy, Air Force. and National Security Agency 
soon followed the Army's lead by developing 
spread spectrum communici~tions systems of 

their own. Given the strategic nature of the 
technology, spread spectrum work was classi- 
fied, and. until the past few years. research and 
development efforts in the field were withheld 
from the public. 

The features of spread spectrum communica- 
tions that stirred original military interest in- 
cluded resistance to jamming, low detectability, 
and low interference to other systems operating 
on the same band. Unlike the conventional tech- 
niques used to ensure message security. such as 
cryptography, spread spectrum communications 
can not only conceal the message, hut the 
sender's itlentity and location . This ability to 
create a high level of uncertainty at the "un- 
friendly" receiver concerning the signal frequen- 
cy, phase. and tr:insmission time can be attrib- 
uted in part to the signal spectrum. which can be 
made to appear as ordinary broad-band noise. 

Despite the intense niilitary interest in spread 
spcctnlm technology, the early systems were 
for the most part impractical and expensive 
prototypes. Like the first computers, the initial 

Figure 2. Spectral occupnncy versus time chnrncteristics of n conventinnill amplitude modulated (AM)  signnl. 
Rnndwidth tFtl - FI>) is s function ofthe modulation frequency. FC: signnl center frequency: FtI: signnl high fre- 
cluency limit: FI,: signal low frecluency limit. 



Figure 3. Spectral nccupancy versus time characteristics o f  a direct sequence (DS) signal. Randwidth fFH - FI,) is a 
function of  the spreading signal, typically a pseudo-noise source. Because of  spreading, the signal bandwidth i.i much 
larger than the information bandwidth. Compare with Figure 2. 

Figure 4. Generating a direct sequence signal involves the comhination o f  a pseudo-noise source (PN) with the data to 
he transmitted (data). I n  this example. combination involves the exclusive-OH sum of  the data and the PN source. On 
receive. a PN sequence identical to that used i n  transmit is XORed with the spreading signal to extract the data. I n  
this example. the PN source is clocked at eight times the data rate: i.e.. there are eight chips per data hit. 

spread spectrum systems relied on rooms full of spectrum a viable alternative for many com- 
power-hungry and heat-producing vacuum mercial applications. 
tubes. practical swead spectrum became a real- 
ity only with the idvent 'of the transistor and Spread spectrum applications 
integrated circuits. The lower cost afforded by 
inexpensive digital circuitry. together with thc Modern military and con~mercial applica- 
lifting of security restrictions, has made spread tions of' spread spectrum range from satellite 



Figure 5. The power spectrum for a binary phase shift keying (BPSK) DS signal in which the carrier has been sup- 
pressed. The envelope of the distribution is primarily a function of the chip rate. The main lobe (A) is 112 of the chip 
rate wide, centered around the carrier frequency, FC. Approximately 90 percent of the signal power lies in the main 
lobe; the side lobes (B) contain only about 10 percent of the total signal power. 
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and radar. Spread spectrum technology contin- 
ues to play a central role in military communi- 
cations because spread spectrum signals can be 
made to be resistant to jamming and interfer- 
ence, are difficult to detect and intercept, can 
provide message privacy, and can support mul- 
tiple, selectively addressed users. 
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Spread spectrum ranging and radar systems 
use the spreading signal to determine signal 
transmit and receive times precisely. For exam- 
ple, the Global Positioning System (GPS) uses 
spread spectrum technology to allow personnel 
with military GPS receivers to determine their 
location within about 1 meter (commercial 
receivers are handicapped to a resolution of 
about 100 meters). The GPS system is based on 
21 satellites, each transmitting on the same fre- 
quency, but using a different spreading ~ i g n a l . ~  

One of the most appealing characteristics of 
spread spectrum communications to spectrum- 
hungry commercial services is that it allows 
multiple signals to occupy the same RF band- 
width simultaneously with minimal mutual 
interference. Adding spread spectrum signals to 
a communications band already full of conven- 
tional communications signals has the effect of 
raising the overall background noise level. 
Each additional spread spectrum signal adds to 
the noise floor, causing a gradual decrease in 
the communications efficiency for all users of 
the band. In comparison, adding conventional 
communications users in such a situation would 
cause severe interference to other conventional 
stations. Another reason that spread spectrum 
allows multiple stations to coexist in the same 

band is that spread spectrum receivers are rela- 
tively immune to both intentional and acciden- 
tal interference. All signals not spread by the 
expected spreading signal, whether narrowband 
or spread, are suppressed. 

Perhaps the greatest commercial interest in the 
use of spread spectrum technology is in the 
areas of wireless computing and mobile cellular 
communications. Spread spectrum techniques 
are being used to provide wireless local area net- 
work (LAN) installations in offices and facto- 
ries. In addition to minimizing interference from 
other electronic devices, spread spectrum pro- 
vides a number of benefits over competing tech- 
nologies. For example, most computer network 
protocols allow only one computer to transmit 
over the network at one time. In contrast, spread 
spectrum techniques can be used to support net- 
work access without the delay or collisions, 
even under heavily loaded conditions. 

The advantages of using spread spectrum 
communications for cellular telephone systems 
include relative insensitivity to fading, freedom 
from interference, and spectral efficiency. In 
one spread spectrum cellular radio system de- 
sign, the spectrum is divided into only two 
channels-one for the stationary base and one 
for mobile transmissions. Each station is distin- 
guished from others transmitting on the same 
channel by a unique spreading signal. In this 
code division multiple access (CDMA) scheme, 
each signal is created with a unique spreading 
signal, and only receivers using the same 
spreading signal can clearly decode and receive 
the in f~rmat ion .~  Interference is minimized by 
assigning encoding signals that differ greatly 



from one station to the next. In addition, the 
wideband nature of the spread spectrum signal 
provides some protection against fading, rela- 
tive to fading that might occur if a fixed-fre- 
quency, narrowband signal were used. 

Types of spread spectrum 
communications 

Spread spectrum communications systems 
vary considerably in design and function, 
depending on the application and operational 
constraints. The most common spread spectrum 
designs include direct sequence (DS), frequen- 
cy hopping (FH), time hopping (TH), pulsed 
FM, and a variety of hybrid techniques. These 
systems are described in more detail in the 
paragraphs that follow. 

Direct sequence. Figure 1 provides a simpli- 

fied view of the most common spread spectrum 
system design, direct sequence (DS)-some- 
times referred to as pseudo-noise (PN) spread 
spectrum. On the transmitter side, the data and 
spreading signal or PN code (e.g., 
01000101 I010101 1 I...) are mixed, and the 
resulting wideband signal is used to modulate 
an RF carrier for transmission. The modulation 
may be AM, FM, or more commonly, some 
form of phase shift keying. Although not 
shown here. it is also common to modulate the 
carrier source with the data and then modulate 
the resulting signal with a spreading signal 
before transmission. In either case, the mixing 
is usually performed digitally. 

Since the information bandwidth is relatively 
narrow compared to that of the spreading sig- 
nal, the bandwidth of the transmitted signal 
(assuming no RF filtering) is essentially deter- 
mined by the bandwidth of the code function. 

Figure 6. A typical received power spectrum for a DS signal (foreground), superimposed on the power spectrum of a 
DS transmitter in which the side lobes have been clipped (A). To a conventional receiver, the wideband signal 
appears as noise (B). Fc: center frequency. 
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Because of the spreading signal, the transmitted 
signal's frequency spectrum appears as a band 
of noise centered around the carrier frequency 
(compare Figures 2 and 3). Obviously, the 
transmitter hardware must be capable of wide- 
band operation. 

On the receiver side, the incoming DS signal 
is despread by generating a local replica of the 
PN code in the receiver and then synchronizing 
this local PN signal to the one that is superim- 
posed on the incoming waveform. 
Multiplication or remodulation of the incoming 
signal by the local PN signal collapses the 
spread signal into a data-modulated carrier by 
removing the effects of the spreading sequence 
(see Figure 4). 

Correlation, a measure of signal similarity, is 
used to identify a signal that has been spread 
with a particular pseudo-noise sequence. 
Correlation is typically performed with a mixer 
followed by a low-pass filter. The filter output 
provides an average of the mixer output; a high 
output (1)  indicates that the mixer signals differ 
little from each other, while a low output (0) 
indicates no matches. In addition to averaging 
correlation information, the low-pass filter also 
has the function of reducing noise while pass- 
ing the narrowband information. After 
despreading, the narrowband signal can be fil- 
tered and handled by a conventional demodula- 
tor. It is the despreading process that is respon- 
sible for spread spectrum's immunity from 
noise and interference. 

As shown in Figure 4, the smallest duration 
within the DS signal is the chip. Since the chip 
duration is much shorter than the data bit dura- 
tion, the spectral components cover a much 
wider frequency spectrum than the data bits, so 

the data is spread over a wide spectrum at a 
very low spectral density. Typical chip frequen- 
cies are between 1 and 10 MHz, with carriers in 
the low GHz region. 

Figure 5 shows the power spectrum for a 
binary phase shift keying (BPSK) DS signal in 
which the carrier has been suppressed. The 
envelope of the distribution of a DS spread 
spectrum signal can be approximated by:5 

where tc is the chip duration and f is frequency. 
The chip rate defines the spread of the signal, 
in addition to the size of the main lobe and the 
location of the nulls. The main lobe is (chip 
rate)/2 wide, centered around the carrier fre- 
quency, and nulls occur at multiples of l/(chip 
rate). 

As shown in Figure 5,90 percent of the sig- 
nal power lies in the main lobe. The side lobes, 
which contain 10 percent of the total signal 
power, are commonly clipped to reduce inter- 
ference. Stripping the side lobes has the effect 
restricts the rise and fall times of the modulat- 
ing code, because the sidelobes contain much 
of the harmonic power of modulation. Figure 
6A shows a typical received power spectrum 
for a DS signal, superimposed on the power 
spectrum of a DS transmitter in which the side 
lobes have been clipped. Figure 6B shows the 
signal as seen by a conventional receiver. 

Frequency hopping. Frequency hopping 
(FH) spread spectrum is perhaps the easiest to 
understand conceptually (see Figure 7). In FH, 
the carrier remains at a given frequency for a 
duration called the dwell time and then hops to 
a new frequency somewhere in the spreading 

/w 
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Figure 7. Overview of a frequency hopped (FH) communications system. Transmitter (left) synthesizer Frequency is 
controlled by a pseudo-noise signal. On the receiver end, the FH signal is captured by moving the receiver synthesizer 
frequency in step with a pseudo-noise signal that matches the spreading signal used at the transmitter. After 
despreading, the resulting narrowband signal can be processed by a conventional demodulator. 



Figure 8. Spcctral occupancy versus time characteristics of a frequency hopped (FH)  signal. I n  some F H  schemcs. 
each data hit is pseudo-randomly assigned a suhchannel whose instantaneous handwidth is rclativcly narrow com- 
pared to the long-term, average handwidth (FH - F1.) of thc system. Total handwidth i s  determined hy the range of 
suhchannels availahle and the data ratc. 

bandwidth (see Figure 8). Frequency selection 
is based on a pseudo-random selection from a 
list of available channels. In other words. the 
spreading sequence represents the channels to 
which the frequency hopper will travel. Ideally, 
each channel should be occupied with equal 
probability, and the probability of hopping 
from any channel to any other channcl should 
be equal. Dwell times are generally on the 
order of a few milliseconds or less in order to 

converters, is capable of providing hopping 
rates in excess of several kHz. 

Thc bandwidth requirements for an FH sys- 
tem depend on the rel;ltive durations of the data 
and hopping rates. Slow FH designs usc several 
data bits per hop. and hop ratcs are generally 
less than 100 hops per sccond. Fast FH. in con- 
trast, uses scveral hops per data bit. and the hop 
ratc is generally grcatcr than 100 hops per sec- 
ond. The bandwidth of slow FH spread spec- 

avoid interference with conventional communi- trum signals is essentially cqual to that o i  the 
cations systems. In addition. the list of potential data signal, while the bandwidth of fast FH is 
hopping channels can he modified to reflect equal to thc reciprocal of the hopping duration. 
frequencies known to be in usc. The optimum hopping rate for a FH system is 

In order to receive an FH signal. thc FH determined by the type of information to be . . *  s ~ r e a d  snectrum recclver must movc troni sent. tnc lnrormatton transrer ratc. rne amounr 
channel to channel accorcling to the PN 
sequence used at the transmitter. In both the 
transmitter and receiver. the maximum rate at 
which frequency hopping can occur is depen- 
dent on the technology used to determine SIT- 
quency. For example. one common approach is 
to use frequency synthesizers based on phase 
locked loops (PLLs). However, PLL settling 
time. the time required for the PLL to settle on 
a given frequency, limits the hopping rate. To 
overcome this limitation. some designs make 
use of two or more PLLs that are cycled into 
use so the PLL used has had ample time to set- 
tle while others are in use. When hopping rates 
greater than a few hundred hertz are required. 
direct digital synthesis (DDS) is a viable alter- 
native. DDS. which makes use of values from 
sinewave lookup tables used to drive D-to-A 

of redundancy uscd. and thc distancc to the 
nearest potential source of int~rferencc.~ For 
examplc. assume that I000 freqitencies are 
available. Unless some form of rcdundancy 
wcrc used. an interfering signal on one of the 
frcquencics choscn would cause one error in 
1000 or an unacceptable error ratc of I x 1 0-3. 
Similarly. two interfering signals within the 
band of hoppcd frcquencics woultl result in an 
error rate of 2 x 10-3. The expectcd error ratc 
can therefore be expressed as: 

error rate = I/N 

wherc I is thc number of interfcrcrs with power 
suftlcient to jam a channel used hy the FH sys- 
tem and N is the total number of channels 
available. 
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Figure 9. The Innptcrm power spectrum for a F H  spread spectrum signal. The insti~ntancous spcctrcam is much nar- 
rower, hecause it cnnsists of a carrier that moves pscodn-randomly among the avnili11)lc channels. FA: currently 
active rhannel; FC: average signal center frequency. 

Error ratcs can he reduced hy uqing some 
form of reclund:lnt transmission. For cxaniplc. 
thrce or more I'rcquencics can he used for each 
hit of inform;ttion: i.c.. niultiplc chips pcr data 
hit. If the rcccivcr's hit clccision is made on the 
hasis of two out of threc chips hcing correct 
(c.g.. at threc frequencies per hit. and a 
rccci\,cd pattern of "101 ." the hit would hc 
termed il " I " ) .  a single channel intcrt'crer would 
causc no more than p2(3 + p )  errors.? where p = 
the crror prohahility for a singlc trial. For ;I 
1000 channel FH system ( p  = 1000), the 
cxpcctcd crror ratc would he: 

error ratc = p2(3 + p)  
= (1/1000)' x ( 3  + I/IOOO) 
= 3 x 1 0k6 

The crror ratc has hccn reduced hy a factor of 
3000 hy incrc:~sing the hop rate by a factor of 
thrce. The limitations of lowering the hit crror 
ratc hy sending niorc chips per hit lie in the 
capahilitics of the frcqucncy synthesizer and 
the RF hanclwitlth available. Rccausc the hand- 
width rcquirctl increases in direct proportion to 
the hopping rate. a tradcoff must generally he 
niadc hctwen sending niorc chips per hit ant1 
reducing the numher of frcclucncics n\~nilahlc. 
Alternatively. the handwidth rcquircnicnt ni:~y 
he rccluccd hy adjusting the transmit frcqucncy 
sp:~cing so significant overlap occurs hctwccn 
clinnncls. The ovcrlnp reduces [he hancl\\~idth 
rcquiremcnt for the transmiltcd sprc:~cl spcc- 
tnlrn signal. 

The average or long-tern1 power spcctrutn for 

Figure 10. Spcctrnl tKrclpnncg versus time chi~ri~cteristic~ of ;I time-hopped tTH) signal. Ili~ndn.idtIl (FH - Fl,) is pri- 
marily a function of the pulse repetition ratc. which is varied in a pscuclo-random ninnner. 



Figure 11. Spc t rn l  occupancy versus time characteristics of  a Frequency Hnppcd/Dircct Sequence (FHII)S) signal. 
This hyhrid spread spc t rum tcrhniquc is hasically a DS system i n  which the center frequency is p r ind i rn l l y  
hopped. Note that although i n  this example the DS channels overlap somewhat. i n  many cases there is no overlap. 
Compare with F i p r c s  X and 10. 

an FH spread spectrum signal is shown in 
Figure 9. The instantaneous spectrum is much 
narrower because i t  consists of a carrier that 
moves pseudo-randomly among the available 
channels. One of the features of FH is that 
channels within the spread spectrum bandwidth 
known to be allocated for other purposes can he 
avoided by removing the channel from the 

lookup tahlc of possible FH channels. The 
input and output frequencics of conventional 
repeaters can bc easily avoided in this manner. 
reducing false repcater keying and potential 
rcpeater interference. 

Time hopping. In time hopping (TH) spread 
spectrum systems. the carrier is keyed on and 
off by a PN generator (see Figure 10). As in 

Figure 12. Spectral occupancy versus time characteristics of  a Frequency Hnppedmime H o p p d  (FHmH)  signal. As 
i n  simple FH, each data hit is pseudo-rnndomly assigned a suhchannel. Ho\vcver, as i n  TH, there are randomly 
assigned p r i nds  when no signal is transmitted. The long-term, average handwidth (FH - FI,) of  the signal is a h n c -  
tion of  the mnge of  suhchnnnels available. the repetition rate, and the data rate. Compore with Figures X and 10. 
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Figure 13. Spectral occupancy vcaus time characteristics o i a  Time Hnppcd/Direct Sequence (TH/DS) signal. This 
hyhrid form of spread spcctrum is hasic;~lly a DS system that is snitch on and off at pseudo-random intervals. 

conventional CW transmissions, the bandwidth 
of a TH signal is a function of the keying rate. 
TH systems can vary considerably in duty 
cycle. For example. one extreme might be a 
burst transmission lasting a fraction of a second 
that is transmitted only once a day. Such a sig- 
nal would he very difficult to detect. intercept. 
and exploit. 

~ y h r i d  techniques. Hybrid spread spectrum 
techniques, created by combining two or more 
forms of spread spectrum into a single system. 
can often outperform systems based on single 
techniques or provide the same capahilitics 
with less expensc or complexity. 

Frequency Hoppinflirect Sequence. 
FH/DS sprcad spectrum i \  in essence a DS sys- 
tem whose center frequency hops periodically 
(see Figure 11). This hyhrid technique is used 
for multiplexing. for multiple and discrete 
address, and to extend spectrum spreading. 
FHlDS is often the most attractive means of 
achieving extended spectrum spreading. because 
PN code generator limitation\ place practical 
limits on DS spreading signal bandwidths and 
FH frequency hopping rates. For example. to 
achieve a I GHz wide spectrum. a DS system 
would require a 500 Mhp\ PN generator. ant1 an 
FH system would require a 1 GHz bandwidth 
frequency synthesizer. A cheaper and more real- 
istic alternative to realizing the same 1 GHz 
bandwidth would he to use a 100 Mhps PN Fen- 
erator and a frequency synthesizer capable of 
generating 20 frequencies spaced 50 MHz apart. 

Time Hoppinflrequency Hopping. FH 
characteristics arc often added to 'I'H systems in 
antijamming situations (see Figure 12). While 
TH spread spectrum signals can be blocked 

easily by a carrier at a single frequency, a com- 
bined THEH systern is impervious to blocking 
transmissions from a single frequency source. 

Time Hoppinmirect Sequence. THIDS 
spread spectrum is basically a DS system that is 
switched on and off (see Figure 13). Switching 
occurs at pseudo-random intervals, as deter- 
mined by the PN generator used for spreading 
or despreading. The time division afforded by 
the time hopping permits more channel users, 
and therefore more access. 

Spread spectrum technology 

As described above. spread spectrum com- 
munications systems can vary greatly in design 
and function. Even so. there are several key 
concepts relevant to all spread spectrum com- 
munications systems. including the role of the 
pseudo-noise code sequence. synchronization. 
despreading, and the concept of proccss gain. 

The pseudo-noise (PN) code 
sequence 

Key to the operation of all spread spectrum 
systems is the generation of a wideband pseu- 
do-noise (PN) code sequence for spreading and 
tlespreading. The pseudo-random "noise" 
sequence is designed to appear to be random 
(noise), hut in practice only approaches a ran- 
dom distr ih~tion.~.~.".I~ '  

The code sequence is referred to as pseudo- 
random because it is deterministic; given any 
part of the sequence, i t  is possible to generate 



the remaining sequence. With a truly random 
generator, it would be impossible to determine 
future sequences. For example, consider the 
repeating sequence {...7 2 4 1 5 7 2 4 1 5 7 2 4 
1 S...). With only five elements in the 
sequence, the deterministic nature of the 
sequence is obvious; i.e., given the value 4, we 
know that 1, 5 ,  7, and 2 follow before the 
sequence repeats. A practical PN code genera- 
tor-may crejte sequences with hundreds or 
thousands of elements, thereby obscuring the 
deterministic nature of the sequence. For exam- 
ple, the civilian spreading code used in the GPS 
system, which allows position to be determined 
to within about 100 meters. is 1023 bits in 
length, repeated every I ms. By comparison, 
the secure military code, which supports an 
accuracy of I meter, is a 267 day long code 
sequence running at 10.23 Mbps.5 

PN sequences are often generated with lin- 
ear-feedback shift registers, each of which con- 
sist of several one-bit memory registers that 
shift their contents with each clock pulse. The 
output of each shift register is deterministic; 
initializing the shift register with a given 
sequence will start the entire cycle from that 
point. The maximum length of the repeating 
sequence is a function of the number of shift 
register stages (N), as defined by 2N-1.1' For 
example, a shift register with 12 stages can pro- 
vide a sequence with up to 212-1 or 4095 ele- 
ments before the sequence repeats. 

The type of spread spectrum communications 
used determines the nature and use of the PN 
generator. For example, the PN sequence used 
in DS systems is most commonly a binary 
pseudo-random sequence (e.g., 
01001 1010101 1 1 ...) with a variable repetition 
rate that is usually some submultiple of the 
clock frequency. In other types of spread spec- 
trum systems, the sequence may take the form 
of a numerical sequence such as {...2,45, 1, 
255, 87, 109, 14 . . . I ,  where each value is keyed 
to a particular channel, time delay, or other sig- 
nal parameter. 

Despreading 

In the initial work on spread spectrum commu- 
nications, the purpose of the PN modulation was 
to create a signal that. to an "unfriendly" receiv- 
er, appeared to have great uncertainty and com- 
plexity, while simultaneously appearing perfect- 
ly deterministic and predictable to a "friendly" 
receiver. The goal was to dilute the signal energy 
to the point where it fell below the noise floor of 
a conventional receiver, and was undetectable by 
this type of receiver. As illustrated in Figure 4, 
this duality is possible because of the PN modu- 
lation; only a receiver with a copy of the spread- 
ing PN sequence can de.spread a spread signal 

into a data-modulated carrier. 
Despreading is the process of correlating the 

received spread spectrum signal with a local 
reference PN signal. When the received signal 
and local PN generator are properly synchro- 
nized (a nontrivial task), the information signal 
collapses to its original bandwidth before 
spreading. The resulting narrowband informa- 
tion signal can be handled by conventional fil- 
tering and demodulation. 

To receivers without access to the original 
spreading code, whether conventional or spread 
spectrum, spread spectrum signals appear as 
noise. Received signals that bear little resem- 
blance to the receiver PN code secluence are 
spread by the PN spreading signafto noise. 
Similarly, the greater the degree of similarity 
between the spreading PN code and the 
sequence used to spread a potentially interfer- 
ing signal, the less able the spread spectrum 
receiver is to reject the interference. Ideally, the 
PN spreading sequence should have a low cor- 
relation with shifted versions of itself to avoid 
interference. Reception of shifted sequences 
can be a problem in cases of multipath recep- 
tion or when multiple spread spectrum units 
operate with the same PN sequence, but with 
different starting points within the sequence. 
There is a considerable amount of literature on 
optimum PN sequences for spread spectrum.ll 

Synchronization 

A prerequisite to despreading, and the major 
operational and design problem in spread spec- 
trum work, is the synchronization of the 
received signal and the local pseudo-noise 
sequences. The simplest approach to synchro- 
nization is to examine all possible phase rela- 
tionships between the received PN sequence 
and the locally generated PN sequence until a 
match is found. This can be achieved by allow- 
ing the two signals to slip past each other by 
offsetting their clock frequencies, while 
despreading the two signals. Once a correlation 
is found, a tracking loop can be used to main- 
tain synchronization. 

Synchronization, which usually occurs after 
the despreading operation,'* is often viewed as 
a two-part process, rough and fine synchroniza- 
tion.13 Rough synchronization or PN acquisi- 
tion, the process of bringing the received and 
local PN signals into rough alignment, is gener- 
ally based on a method that provides some 
measure of correlation-for example, the 
received and local PN signals are multiplied. 
Fine synchronization or PN tracking attempts 
to maintain bit or channel dwell timing through 
some type of tacking loop. 

Two methods used to achieve rough synchro- 
nization are epoch and phase synchronization. 



In the process of epoch synchronization, the 
transmitter periodically sends a special syn- 
chronization sequence that can be easily detect- 
ed by the receiver-typically by a digital 
matched filter. This filter consists of a shift reg- 
ister that clocks the received signal one bit at a 
time and compares it against the unique 
sequence. Phase synchronization attempts to 
identify which of the 2N-1 (the maximum 
length of the repeating sequence) possible 
phases the PN sequence could be in. At least N 
bits must be received without error for phase to 
be determined;l3 more than N bits must be 
received with noisy signals or in conditions 
with a poor signal-to-noise ratio. Obviously, in 
cases of both large N and poor signal condi- 
tions, PN acquisition time can be significant. 
Synchronization acquisition time can often be 
reduced by using timing references available at 
both the transmitter and receiver site, such as 
local AM broadcast carriers, to start the PN 
generators.2.14 

Fine synchronization, which focuses on the bit 
or channel level, generally uses a feedback loop 
to minimize the timing error between the trans- 
mitter and receiver PN sequence by adjusting 
the receiver spreading code clock. Dithering is 
one commonly used fine synchronization tech- 
nique. With this technique, the spreading code 
clock is continually rocked back and forth, and 
the point at which best synchronization is 
achieved is used to synchronize the receiver 
clock. A feature of dithering is that it can track a 
spreading code whose timing is changing due to 
changes in propagation or relative motion 
between the transmitter and receiver. 

Depending on the nature of the application, it 
may be possible to minimize the problem of 
synchronization by transmitting a preamble 
before a spread spectrum signal. A preamble 
signal, which can alert spread spectrum re- 
ceivers to initialize their synchronization proce- 
dure, can take the form of a tone appearing on a 
prearranged frequency or frequencies. For 
example, the falling edge of a tone can signal 
the beginning of PN code generation. Alter- 
natively, a digital sequence preamble can be 
used to identify the transmitter carrier center 
frequency, synchronize the receiver local clock, 
and enable rough synchronization. For instance, 
a sequence of all zeros can be used to identify 
the carrier center frequency, and a series of 
alternating ones and zeros can be used to estab- 
lish timing information. Similarly, the spread- 
ing code can be identified through the use of a 
synch trigger within the preamble (that is, 
epoch synchronization). 

Process gain 
An important concept in spread spectrum 

communications is that of process gain. Process 
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gain is the difference between output and input 
signal-to-noise ratios; the greater the process 
gain, the better. For example, a system with an 
input S/N ratio of 20 dB and an output S/N 
ratio of 26 dB has a process gain of 6 dB. The 
process gain afforded by FH and DS spread 
spectrum systems operating in conditions of 
negligible interchannel interference can be 
approximated by the following re la t i~nship:~ 

process gain = B W/DR 

where BW is the RF bandwidth of the transmit- 
ted spread spectrum signal and DR is the data 
rate in the information channel. The bandwidth 
(BW) value for a DS system is approximately 
equal to twice the system code clock rate. The 
bandwidth (BW) value for an FH system is 
approximately equal to the number of frequen- 
cy channels available multiplied by the channel 
bandwidth. The process gain for an FH system 
can be computed from the equation above or by 
simply summing the number of frequency 
choices; e.g., the process gain associated with 
an FH system with 1000 available channels 
would be 1000 or 30 dB (10 log 100011 = 30 
dB). Although the above relationship holds for 
FH and DS spread spectrum, the process gain 
provided by TH spread spectrum is the recipro- 
cal of the transmit duty cycle.3 

Although the optimum bandwidth for spread 
spectrum depends on the desired system capa- 
bilities, maximum process gain and signal hid- 
ing calls for wide bandwidths. In addition, from 
the equation above, we can see that, for a given 
process gain, the RF bandwidth requirements 
increase with increasing data rates. However, it 
is often impractical to increase the RF band- 
width to support higher data rates. For example, 
a system with a 10 Mbps code clock rate and 1 
Kbps information rate would provide a process 
gain of: 

process gain = B W/DR 
= (2 jc system code clock 

rate)/(data rate) 
= ( z X  107)/(1 103) 
= 2 ~  104 
= 43 dB 

One way to increase the process gain of this 
system would be to increase the system code 
clock rate. For example, doubling the clock rate 
to 20 Mbps provides an increase in process 
gain of only 3 dB. This strategy is expensive 
and fraught with problems, given the cost and 
bandwidth limitations of ICs operating above a 
few hundred MHz. Also, because the PN code 
generators must operate without error for hours 
or days, as code rates increase, operating errors 
must decrease in inverse proportion. This 
means that a 100-MHz clock must operate error 



free for 3.6 x 1011 bits to allow a system to 
operate for one hour. However, high speed dig- 
ital circuitry is more sensitive to noise, con- 
sumes more power, and is more susceptible to 
error than low speed circuitry. A I00 Mbps 
code generator with an error rate of only I x 
10-8 would. on average. make one mistake 
every second-an unacceptable condition for 
spread spectrum con~munications. 

Given the practical limitations of increasing 
process gain by increasing RF signal band- 
width, the next best way to increase process 
gain is ro decrease the information bandwidth. 
Process gain varies inverse1 y with the data 
rate:' reducing the data rate by a factor of two 
provides an additional process gain of only 3 
dB. Despite this modest gain, there are no real 
technical limitations as to how much the data 
rate can be decreased. For instance, following 
the previous example with a clock rate of 10 
Mbps, but with a data rate of 10 bps instead of 
I Kbps. the process gain is: 

process gain = BW/DR 
= ( 2  107)1( 10) 
= 2 x 10" 
= 63 dB 

which represents an additional 20 dB of process 
gain. A data rate of only 10 bps might seem 
agonizingly slow; however, i t  may be the only 
possible solution for some harsh communica- 
tions environments. 

Going further 

Ready for more? Construction enthusiasts 
should see the articles by Kestelootl'.lh for a 
good introduction to practical spread spectrum 
hardware projects. Dixon-3 provides an excel- 
lent and very readable introduction to spread 
spectrum techniques. For a good overview of 
the techniques used in synchronization, see the 
text by Simon.I2 Dillard's text17 offers insight 

into how spread spectrum is used in secure 
communications. 

As was mentioned earlier, radio amateurs can 
experiment with DS and FH spread spectrum 
communications above 420 MHz. However. 
since the FCC rules regarding spread spectrum 
communications logging, station identitication. 
and other operating procedures are very differ- 
ent from those applied to standard communica- 
tions, it would be advisable to consult part 97 
of the FCC rules and regulations before you set 
out to explore this technology. 
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PRODUCT INFORMATION 
New Switchcrr: and video 
components ca 

Switchcraft h !d a new, 16-page, 4- 
color, AVP-3 audio and video components 
catalog featuring the company's audio/video 
products including jacks, plugs, connectors, 
patch panels and cords. Product photographs. 
dimensions, specifications, ordering and mat- 
ing information is included. 

To request the AVP-3 catalog. contact 
Switchcraft's Marketing ications 
Department at 3 12-792-2 ~sion 243. 
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4523 Thurston Lane, #5 
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THE SOLAR SPECTRUM 
The realm of the Sun 

M any of us are familiar with the magne- 
topause. which marks the boundary 
between the continuous flow of parti- 

T I C \  anay from the Sun-the solar wind-and 
the Earth's magnetic field. However there is a 
less well known. but somewhat analogous, bor- 
der that encompasses the realm of the Sun: i t  is 
known as the ~ ~ ~ ~ O J ) N I I S C .  

The heliopause represents the frontier 
between the farthest reaches of the solar wind 
and the surrounding interstellar wind. It enclos- 
es the heliosphere. where, within a huge bubble 
of magnetized pas, the Sun dominates all that 
comes in contact with its electromagnetic radia- 
tion and gravitational force. Until recently. l i t -  
tle was known regarding this isolated region of 
space where the Sun's influence merges with 
that of the stars. 

Now, new information about the heliopause 
has been obtained by sensitive instruments 
aboard the extraordinarily productive Voyager 
spacecraft (Photo A ) .  The late<t data from the 

Voyagers suggests that the heliopause. once 
thought to be much closer to the center of the 
solar system. actually lies some 100 astronorni- 
cal units ( A U )  distant from the Sun . . . about 
15,000 million kilometers away. (One AU rep- 
resents the average Earth-Sun distance. or 
about 149.6 million kilometers.) Moreover. 
these new observations indicate that the con- 
flict between solar and stellar winds generates 
what may be the most powerful radio emission 
in the entire solar system; a burst the Voyagers 
found to exceed 10 trillion watts of energy! 

Both Voyager spacecraft. now located far 
beyond the orbits of Neptune and Pluto. have 
contributed to the new findings. Voyager I 
completed successful flybys of both Jupiter and 
Saturn and is now rising above the ecliptic 
plane-the great circle marked by the intersec- 
tion of Earth's orbit with the celestial sphere- 
floating toward the stars at a distance of some 
57 astronomical units. 

Voyager 2 also visited Jupiter and Saturn 



before completing the survey of the giant outer 
planets through spectacular encounters with 
Uranus and Neptune. The craft is currently at a 
distance from the Sun of over 40 AU. Both 
vehicles were launched in 1977, and are man- 
aged by the Jet Propulsion Laboratory in 
Pasadena, California. 

Beginning July 1992, the radio antennas of 
both spacecraft-instrumentation referred to as 
the Plasma Wave Sub-System-recorded myste- 
rious low-frequency radio bursts that are 
believed to emanate from the extreme edge of 
the solar system; the heliopause. The signals, 
which reached a peak last December, are much 
stronger than a similar set of bursts recorded by 
the Voyagers in the early to mid-1980s. They 
were nott be detected at the Earth because the 
emission occurred at a very low frequency (2 to 
3 kHz),which could not penetrate the Earth's 
magnetic field. In fact, we would not even know 
the bursts had taken place if it were not for the 
Voyagers and their unique locations in space. 

According to University of Iowa professor Dr. 
Donald Gurnett, the principal investigator of the 
Plasma Wave Sub-system,l a preliminary inter- 
pretation of these events indicates that the radio 
signals are created as a cloud of electrically 
charged gas, called "plasma," which expands 
from the Sun and interacts with the cold inter- 
stellar gas beyond the heliopause (see Figure 1). 

Apparently, the intense solar flare activity 
that occurred in May and June 1991, spawned 
an enormous cluster of energetic particles 
which, carried by the solar wind, moved rapidly 
outward over the solar system. We described 
this remarkably powerful series of eruptions in 
our special report to Communications 
Quarterly, which appeared in the Summer 1991 
issue. Dr. Gurnett and his colleagues believe 
that when the cloud of particles reached the far- 
thest reaches of the solar system and slammed 
into the interstellar wind, a violent reaction 
occurred which produced the immense burst of 
energy recorded by the Voyagers. 

A hint at the coming interaction between 
solar and stellar winds actually came only a 
few months after the solar eruptions ended. 
Once again the phenomenon was recorded by 
the ever-vigilant Voyagers. Three months after 
the flares occurred, both crafts recorded a sud- 
den decline in galactic cosmic rays-the nuclei 
of heavy atoms born in cataclysmic events like 
exploding stars. Astronomers believe that these 
ultra-high energy particles were deflected away 
by a blast of solar wind hurtling through inter- 
planetary space at a speed between 600 and 800 
kilometers a second-nearly double the aver- 
age wind speed.2 

When the Voyager measurements are com- 
pared with the solar eruptions that began this 
series of events. it is ~oss ib le  to draw some 
conclusions concern[ng the nature and location 
of the heliopause. Accordingly, that boundary 
is now thought to lie somewhere between 90 
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Figure 1. According to an interpretation of a recent discovery by NASA's Voyager 
spacecraft, intense radio bursts occur at the heliopause as a result of the clash 
between clouds of energetic particles carried by the solar wind, and the interstellar 
wind. (Prepared from a similar NASA representation of these events.) 

and 150 or more astronomical units from the 
Sun, much farther than anticipated. Further- 
more, the emissions have slowly changed to a 
higher frequency, suggesting a substantial 
heliopause thickness. (Higher frequency radio 
emission is believed to occur as the burst of 
solar wind penetrates deeper into the denser 
regions of the heliopause.) 

Further information about the heliosphere 
has been unearthed through a separate study, 
conducted by a joint U.S.-French team analyz- 
ing information obtained with the Hubble 
Space Telesco e's High Resolution 4' Spectrograph. The data gathered by HST pro- 
vides additional evidence that gases in the 
vicinity of the solar system congregate in 
clouds emersed in a generally gas-free portion 
of the solar neighborhood, and sheds new light 
on the beginnings and consequent development 
of this region. 

The group of scientists examined reflected 
sunlight near Earth's sister planet, Mars. 
Among other findings, they learned it is likely 
that incoming atoms of interstellar hydrogen 
are stripped of their electrons near the 
heliopause by protons from the Sun, a process 
that slows the speeding hydrogen particles by 
some 20 percent. 

Apparently helium atoms are not similarly 
affected, possibly because the solar wind pro- 
tons can't steal their electrons as easily as from 
the simpler hydrogen atoms. This study appears 
to confirm portions of the Voyager information, 
since both research efforts indicate a distance 
of about 100 AU for the heliopause. If these 
conclusions prove to be correct, the Voyager 
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Figure 2. Joseph J. Carr devised this pcboard pattern with EASY-PC software. The board is designed to be used with 
a version of Arthur Stokes' popular VLF receiver. 

spacecraft should pass beyond the Sun's energy 
influence around the year 20 10. 

These discoveries are important events for 
astronomers and other scientists who have long 
theorized about the structure of the heliosphere 
and the exact whereabouts of the heliopause. 
Equally exciting, the new findings hint at future 
revelations as the Voyagers continue their long 
journey to the outer regions of the solar system, 
and beyond. 

More from Joseph J. Carr 

As we reported in our last column. Joseph J. 
Carr, K4IPV, continues to develop the VLF 
receivers designed by Arthur Stokes, N8BN. 
With the aid of a small computer and EASY-PC 
~ o f t w a r e , ~  Mr. Carr has devised patterns for 
several printed circuit boards, which he intends 
to place in the public domain. 

The pc board pattern shown in Figure 2 is 
intended for use with a version of the Stokes 
receiver that uses one, rather than the normal 
two, tuning inductors. (A schematic and parts 
list for this version is available from the author.) 
The tuning circuit for the design is meant for 
off-board mounting, so it is not included on the 
pattern. For those who do not make pc boards 
themselves, Mr. Cam suggests contacting Fred 
Reimers, N9ATW (1 8N640 Field Court, 
Dundee, Illinois 601 18). If denland warrants, 
Mr. Reimers may add one or more of these to 
his list of commercially available boards. 

Recent activity and short-term 
outlooks 

Solar activity between the first of June and 
the end of August was generally in the low 
range. The most active period occurred during 
the final week of June and the first few days of 
July, when a large, complex sunspot group in 
the Sun's Southern Hemisphere (NOAA/USAF 
Region 7530) dominated the solar disk. 

The group represented the second appear- 

ance of a long-lived spot complex that was also 
an active flare producer during its previous 
transit of the visible hemisphere (Region 75 18). 
All told, this group is credited with approxi- 
mately 150 separate flare eruptions, including 
at least 13 class M flares-several designated 
as major events. However, due to the extreme 
easterly location of this group when it was most 
active, the terrestrial impact from these flares 
was minimal. 

In spite of the occurrences in Region 7530, 
the geomagnetic field was most active during 
several days in mid-August. Reports of aurorae 
from the northern United States and Canada 
also increased markedly around this time. It is 
interesting to note that this period of minor to 
severe disturbances (depending on latitude) was 
not related to flare eruptions, but rather to 
"gusts" in the solar wind associated with a 
strategically located coronal hole. Such activity 
is to be expected during the remainder of 1993 
and throughout 1994, since it is particularly 
IikeIy to occur during the declining portion of 
the solar cycle. 

The outlook for the next several months calls 
for more of the same, although geomagnetic 
activity may well increase around the Fall 
equinox. The rate of solar activity appears to 
havemoderated recently, slowing the rapid 
decline that has been the rule for much of the 
post-maximum phase of this cycle. If this trend 
continues during the immediate future, the end 
of solar cycle 22 and the onset of cycle 23- 
now forecast to occur sometime during 1996- 
may be delayed. However, it is still very early, 
and any such predictions necessarily carry a 
low statistical weight. 
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TECH NOTES 
Simple projects 

Simple construction projects are always popu- 
lar, and this month's "Tech Note" lead article, 
" A  Simple APT Weather Satellite Inte~ace,  " 

garnered from the pages of Break-In magazine, 
is one of those pieces we have carefully picked 
to satisjy the demand for short, useful, and 
unique projects. 

Peter Bertini, KlZJH 
Senior Technical Editor 

Simple APT Weather Satellites 
Interface 

Robin Ramsey, ZL3TCM 
Reprinted from Break-In, March 1992 

I have always had a fascination with satellites, 
not just amateur but commercial and military 
types as well. In the past, I've seen adverts in 
magazines for hardware and software to decode 
APT (automatic picture transmission) satellite 
signals. The main hurdle here is the high cost of 
the dedicated equipment required to get even 
mediocre pictures. The interface described here 
was developed by Graham ZWOY, David, 
ZWTPD, and me as a cheap conversion interface 
so we could use existing fax receive setups. 

Satellites 

The two main types of APT satellite are the 
Russian Meteor series and the USA's NOAA 
series-orbiting about 1100 km and 850 km, 
respectively. At the end of 199 1, the main fre- 
quencies used were: 

137.5 and 137.62 MHz for NOAA 
137.3 and 137.85 MHz for Meteor 

The American satellites sound like a ticking 
clock, while the Russian ones sound like a honk- 
ing goose-quite unmistakable once heard. 

The picture is sent as a 50 kHz deviation FM 
transmission of a 2400 Hz tone. The picture IS 

produced by a spinning mirror focusing the 
image from below line-by-line onto either a 
visible light or infrared detector. (or both in the 
case of NOAA). This video signal amplitude 
modulates a 2400 Hz signal, giving us a video 
output when synch pulses are added. As the 
satellite moves forward, a new area of ground 
underneath it is covered and transmitted. 

The APT information is actually made up on 
the NOAAs from high resolution pictures cap- 
tured and transmitted on 1600 MHz. This high 
resolution format is digital and not recoverable 
using standard format APT gear. The satellites 

transmit continuously; i.e., there are no start or 
stop tones sent. If it were possible to continu- 
ously receive a suitable signal, you would get a 
very long strip of the earth approximately 2400 
ktn wide. From Christchurch it is possible to 
see from Antarctica right up to the islands north 
of New Zealand on most overhead passes. If a 
beam is used, the center of Australia can be 
seen with none of New Zealand in the picture. 
An improvement in the picture quality (noise 
free) is also noticed on horizon pictures to the 
east and west when a beam is used. 

Initially, I talked both to local amateurs 
already receiving these pictures and many like 
myself looking for cheaper alternatives. We 
concluded that there must be a way around the 
cost barrier. Especially since most of these 
amateurs already had equipment they were 
keen to try out without the need to use dedicat- 
ed equipment. All that was needed was a new 
approach to the reception technique. 

Further contact with local amateurs already 
receiving APT showed me how easy it was to 
get carried away on upgrades to equipment in 
the quest for better pictures. The occasional 
look would not justify the purchase of the com- 
mercial or kitset types of systems. 

My first step was to have a listen to these 
birds go over and determine what was required 
for reception. A couple of very good programs 
are around for predicting when the birds are 
visible: Quiktrak 4 and Instant Track 1, both 
available from AMSAT at reasonable cost. 
Don't forget that money sent to AMSAT all 
goes towards amateur satellites of the future. 
Tuning into one of the satellites gave quite 
strong signals even on a discone, which was 
encouraging and meant that nothing too fancy 
would be required. 

I also heard other types of APT from satel- 
lites such as Feng-YungIChinese, Okeant 
Kussian, and Cosmos/Russian military. I have 
not attempted to receive these yet and there is 
l~tt le information around on these satellites. 

Aerials 

The most popular types for this mode are the 
crossed dipole and J pole antennas. The odd 
keen local has a beam for this frequency and at 
least one of the Christchurch weather watchers 
often gets pictures from the middle of Aus- 
tralia, where I can only see the East Coast. I 
wanted to keep things simple and cheap, so I 
went for a J pole. It worked fine except the pre- 
amp kept blowing up after rain. I also tried a 
crossed dipole, which worked well from around 
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Figure 1. Final form of preamplifer. 

six degrees above the horizon to overhead 
where the J pole gets a little weak. Below about 
40 degrees, the J pole outdoes the crossed 
dipoles, so I will eventually use both, when I 
cure the preamp going AWOL in the rain. 

The crossed dipole dimensions are as follows: 
Dipoles 1035 mm 
Reflectors 1090 mm 
Spacing 810 mm 
For the balun, I recommend using only RG-8 

or better coax as it does make a difference. 
Remember, we want a minimum loss reception 
system. Every effort should be made to elimi- 
nate loss. After some frustration, I can assure 
you that spending a bit at the start will save you 
redoing it all again at more expense later. 

I had the good fortune to try the Instant 
Track program, which shows path loss of a par- 
ticular satellite as well as sky noise in its direc- 
tion. At my location, the APT birds have 
between 130 and 148 dB path loss. Although 
stronger than most amateur craft, the signals 
are still weak and care is needed to get noise 
free pictures. 

Preamps 

I have tried many different preamps while 
receiving APT. I live only one mile away from 
I00 kW FM and TV broadcast transmitters 
which get right into my system, especially 
when the required bandwidth is 50 kHz. Also, 
when using my favored BF98 1 preamp in con- 
junction with a J pole, the FET would blow up 
every time it rained, which was about five 
times in one week. I tried "back-to-back" 
diodes across the input, but the noise figure 
became shocking, so these were removed. My 
final choice is shown in Figure 1. It gave supe- 

rior results to all the others-especially when 
constructed as shown. The construction was 
mostly from Murray, ZL3TIB, and proved very 
reliable and reproducible. The actual circuit is a 
composite from five or more circuits I've seen 
and tried, and the data obtained from the tran- 
sistor data books. Doubtless it could be 
improved on, but it works well in my harsh 
radio environment. 

Receivers 

I tried my R7000 and got some reasonable 
pictures in the wide FM mode, which is about 
150 kHz bandwidth. However, any slight fade 
produced noise interference on the picture. In 
the narrow FM mode. the bandwidth was far 
too small to be of use. I could have replaced the 
wide FM filters with 50 kHz ones, but these fil- 
ters are as scarce as hen's teeth. The only place 
I could locate these was in Australia, and I have 
still not heard from the supplier after four 
months. 

I tried my Pro 2006 scanner. Once again the 
wide FM was too wide, but the narrow FM 
mode was a little wider than the R7000, so I 
could get some images when decoding signals 
from the Meteor series of satellites. I was not 
satisfied and wanted better results from both 
series of satellites. Studying the workshop man- 
ual on this scanner produced some options: (1) 
install 50 kHz wide FM filters which I can't 
get, (2) remove narrow FM filter and replace it 
with a 0.01 capacitor. Option 3 works well, and 
I can get noise free pictures horizon-to-horizon 
from both Meteor and NOAA spacecraft. I put 
in a switch to select either the capacitor or the 
narrow FM filter when I want the scanner for 
use as it was intended. I'm not sure what the IF 
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Figure 4. PC board, component side. 

bandwidth is with the capacitor, but it does the 
trick and I'm sure this option would work for a 
number of other scanners pressed into service 
for APT reception. 

The interface and decoding pictures 

There are many amateurs decoding weather 
fax pictures using PK232s, Kanterms, or a 
number of homemade terminals. We have had 
great success with many pictures decoded from 
Australia and New Zealand regularly, some 
good pictures in a simulated grey scale during 
the Gulf crisis being transmitted from Guam. 
These simulated greyscales are already dithered 
to form a black and white image ready for 
transmission on a standard black or white only 

setup. Also we have had some success with real 
greyscale pictures from Hawaii, which are 
satellite photos retransmitted on 23.33 1 MHz. 

There are several programs for PCs which 
can decode greyscale: AEA-Fax, HF-Fax, and 
one describe in QST in September 1991 by 
K3BC and available free from him. From expe- 
rience, I recommend programs that have a 
tunescope which allows for easy tuning into a 
fax picture-especially when our interface is 
used. I have tried HF-FAX and it works well. It 
was purchased in the USA several years ago 
and may differ from the one advertised more 
recently in Break In. The standard interface for 
this and other software is just a 74 1 op amp 
connected directly to an RS232 port, as can be 
seen in our interface. All we have added is 



of grey and was not very impressive when 
viewed on an orange monochrome screen. On 
an EGA display (all I could afford), the results 
were more impressive, as long as I custom-col- 
clred the picture using a palette of black, blue, 
grey, etc. Any other fixed palette, such as 
monochrome or false color, gave sharp, distinc- 

Figure 5. Sample tunescope display with White Level = tive gradations of level, but were adequate if 
2202 HZ, Black Level = 1400 HZ. you captured the entire picture before you tried 

to make out any land mass. I tried printing out 
additional circuitry to perform decoding of some pictures on a nine-pin dot-matrix printer 
APT data. Our interface work with any with mixed results, then a laser printer with 
greyscale program. very good results. This gave 300 dots per inch 

The interface converts the amplitude modu- resolution, was every bit as good as the EGA 
lated 2400 Hz video signal from the satellite display, and was in genuine greyscale. 
into a 2200 Hz11400 Hz standard fax signal. However, it didn't take long before I wanted 
The interface shown as Figure 2 is pretty sim- to upgrade. I saved UP and sold the EGA to get 
ple and quite cheap at around $20-25, which a VGA display and the pictures are fantastic 
compares well with alternatives for APT recep- now when received in monochrome. The pic- 
tion. David, ZL3TPD, had the basic design tures are near photographic quality, but the 
worked out and a prototype under construction print quality hasn't improved, so now the dis- 
within one day. The results were nothing short [)lay surpasses the hard copy--even with the 
of spectacular. After more discussion and one laser printer. 
mod to the circuit plus a comment, "wouldn't it I'm currently experimenting with pho- 
be nice to have a PC board for this circuit," tographing the actual monitor screen. First 
David did it again. The board layout was made, efforts involved using standard color film and 
and I produced some boards which David made local proce~sing at One of the "one hour" stores, 
up (see Figures 3 and 4). It worked the first which was a bit of a waste of time, because the 
time and no other mods have been required to ~ic tures  are best viewed in monochrome. The 
date. A fantastic achievement by David, all only advantage to using false color would be to 
credit going to him for getting this interface distinguish between close levels. Better results 
going. would be obtained from a film like Ilford FP4 

On air adjustment is straightforward, espe- black and white, and custom processed, but I 
cially if a tune scope is available. Tune in an no longer have a darkroom, so I'm not sure 
APT signal, then adjust the two controls to suit. what my next step will be. You can use any 
Brightness controls the center frequency of camera capable of timed shutter control of 
"fax" signal, while the contrast sets the &via- around one second, set up on a tripod in a dark 
tion from the center frequency. A little playing room with only the monitor on. 
with these controls soon gives you the feel. See 
Figure 5 for examples of what to expect to see Summary 
using a frequency versus time display as on a This project has occupied a few of us for 
tune scope. some months now, and some excellent pictures 

The only defect encountered to date is the have been obtained. It's fun comparing what 
inability to automatically start the picture you have received with what is shown on the 
receiving process. This is because the satellite 'TV weather broadcast. This hardware interface 
~0ntinLlouSly transmits the picture information would have to be one of the cheapest ways of 
with no start or stop tones, as seen on normal getting good quality pictures. 
weather fax transmissions. I intend to use one Lastly, I would like to thank Graham, 
of the older Exar chips used in RTTY to give ZL30Y, David, ZL3TPD, and Murray, 
the required start tone sequence of 2200 HZ and ZL3TIB, for their assistance and infomation, 
1400 Hz alternating at 400 HZ when a satellite which has allowed this project to be a success. 
is heard. However, this may take some time 
because of many other small projects I have on Pliers-Type RF Current Probe 
the go. If you beat me to it, please let me know 
via ZL3TCM @ ZL3AC. Reprinted with permission from Pat Hawker's 

"Technical Topics" column, Radio 
Displays Comnzunicatiorz. October 1992. 

I started with a PC using a Hercules graphics In an earlier "Technical Topics," Dave 
card in conjunction with a CGA emulator, and Plumridge, G3KMG, mentioned that he had seen 
got fairly useless results from HF fax signals "many years ago in T T  a device involving a 
from Hawaii. This setup gave only four levels spring-type of clothes peg with two half toroids 
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Figure 1. (A) Basic construction details of G3ZHY's peg 
sensor as described in 1972. (B) The complete ferrite ring 
RF meter. 
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which could be clipped round a coax cable to 
form a current transformer with diode rectifier 
and meter. that could be used to measure the cur- 
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rent flowing on the outer braid of a coax feeder 
cable (or the RF current flowing in an antenna 
wire-element or an open-wire feeder). 

This brought in some correspondence. Colin 
Greenaway, G3UGG, Eric Sandys, GI2FHN, 
and Malcolm Horton, G4DMH, explained why 
I had not been able to trace the item in TT. The 
reason was simple; it was not in TT, but 
described in an article by M.R. Irving, G3ZHY, 
called "The Peg Antenna Meter," Radio 
Communication, May 1972, pages 297 and 301. 
G3ZHY pointed out that he had used a small 
toroid that would fit over a wire conductor or 
small-diameter coaxial cable, but the two 
halves would not close on thicker cables, and 
his device had not been intended to work above 
about 3.5 MHz. He had noted that "the only 
items needed are those components shown in 
Figure 1, some fixing cement such as Plastic 
Padding, together with hand-drill, hacksaw, and 
a small file. A little patience is required when 
cutting the ferrite ring, and two attempts were 
necessary before I obtained a satisfactory clean 
break. Those seeking perfection should try to 
obtain the use of a jeweler's diamond saw." 

Dick Rollema, PAOSE, also noticed 
G3KMG's remarks and has sent along full 
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details of a rather more ambitious pliers-type RF 
current probe (Figure 2) that he described in his 
"Reflecties door PAOSE" column in Electron 
(VERON) in July 1990. He writes: "Such 
devices are widely used by the 50 Hz power peo- 
ple. In German it is called a stromzange, in 
Dutch a stroomtang (i.e., current pliers). 

"When the toroid is clamped over a conduc- 
tor the latter acts as a one-turn primary of a cur- 
rent transformer, the winding on the toroid core 
forming the secondary. Thus, in Figure 2, the 
secondary current flows through R, resulting in 
an RF voltage across R. This is rectified by 
diode D and, after the bypass capacitor C, fed 
to a high-resistance voltmeter; a digital type is 
easy to read. (Note that the voltmeter must be 
far enough from the source of RF to ensure that 
there is no direct pickup. G3VA.) To make the 
reading independent of frequency, the reac- 
tance of the secondary winding should be at 
least 5R = 5 x 56 ohms = 280 ohms. 

"I used a 'violet' Philips toroid of 38 mm 
outer diameter, 4C6 ferrite, p = 125. The mea- 
sured self-inductance of the winding is 15.6 pH 
(before splitting the ring it was 17.7 pH, show- 
ing the effect of the two air gaps, even though 
the two halves fit together perfectly). The 15.7 
pH inductance results in a reactance of 345 
ohms at 3.5 MHz, so is more than enough. On 
1.8 MHz, the reactance is only 177 ohms, intro- 
ducing an error of almost 5 percent, but never- 
theless is still a useful sensor. 

"The difficult part is splitting the ring. First 
make two sharp notches opposite each other, 
using a file (a thin diamond disk would be ideal 
if you are on good terms with your dentist). The 
toroid is then clamped with its lower half in a 
vice. A piece of wood is put against the upper 
half and struck a blow with a hammer. With 
luck, a clean fracture . . . without it, try again. 
My second try was successful. After the sec- 
ondary winding has been wound on, the two 
halves are fitted to the 'pliers' with some epoxy. 

"I made my pliers out of paxolin, but other 
materials such as perspex, suggest themselves. 
The toroid is kept closed by a spring and opens 
when the pliers are squeezed. Keep the two 
halves in the closed position while the epoxy 
cures. Be very careful that no epoxy gets into 
the gaps between the two parts of the ring 
(voice of experience)! 

"To calibrate the sensor, I used the arrange- 
ment shown in Figure 3. The sensor is clamped 
over the upturned U-loop. The transmitter 
should have variable CW output. R is a 50 ohm 
dummy load. If the meter, V, shows a voltage 
of Udc, then the current through the loop is I,,, = 
(0.707(Ud, + 1.2 volts))/50 ohms. The 1.2 volts 
accounts for the voltage drop across the two sili- 
con point-contact diodes. By varying the trans- 
mitter output (do not exceed the maximum per- 
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Figure 2. Details of PAOSE's pliers-type RF current 
probe. R is 56 ohms, 0.25 watts. D is a germanium 
point-contact diode. C is a 10 nF ceramic. The Pbilips 
toroid is OD 37 mm, ferrite 4C6 p 125, violet. The 
winding is 10 turns of 27 SWG enamelled wire. 
Inductance is about 17.5 pH. 

missible voltage across the diodes) the DC out- 
put voltage of the sensor can be plotted against 
the primary RF current. I found a perfectly linear 
response when the RF current was 50 mA or 
more. Below that value, the diode in the sensor 
introduces some nonlinearity. The conversion 
factor in my case worked out at 5 volts DC per 1 
A RF current. The response proved frequency 
independent up to at least 30 MHz. 

"I have found this RF current probe a most 
useful device. I use a long-wire antenna about 
37 meters long on 1.8, 3.5, and 7 MHz. The 
wire is fed directly at one end via an L-net- 
work. The 'cold' side of the network is con- 
nected to a radiator of the central heating sys- 
tem. The current sensor shows that indeed most 
of the current flows via the radiator pipe to 
earth. But considerable current also flows via 
the mainscord of the transmitter with even 
some via the earthed triangular metal mast that 
supports one end of the antenna. It is interesting 
to note that the current does not divide evenly 
over the structural elements of the mast! 

"1 have also used the current probe to check 
the current in the loops of my 'Optiquad' 
antenna. It was gratifying to note that on 28, 

Figure 3. Arrangement used for calibrating the probe. 
D silicon point-contact diodes, R 50 ohms, C 10 nF 
ceramic capacitor. 

2 l , and 14 MHz, where I made my measure- 
ments, current maxima occurred at the expected 
positions and also that the current in the left 
and right halves of the loop were equal. This 
showed that the baluns were performing cor- 
rectly, although 1 already knew that because the 
sensor detected no current on the outside of the 
coaxial feeder cables connected to the baluns. 
(The baluns used by PAOSE were described in 
Eurorek by G4LQ1, Radio Communication, 
August 1992, page 5 1 .) 

"To sum i t  up, I consider that an RF current 
probe of this type is a must for serious antenna 
experiments." 

Wire-loop current probes and their uses are 
described by Les Moxon, G6XN, in HF 
Antennas for All Locations (page 237) and a 
ferrite probe with a fixed gap in the toroid was 
included in TT, November 1984, stemming 
from Dick Kelsall, G4FM. This was basically 
similar to the PAOSE probe, but without the 
advantage of being able to open and close the 
gap so that it could be used with large diameter 
cables, etc. G4FM also experienced the prob- 
lem of cutting ferrite cores without fracturing 
them. His solution was to cast the ring in poly- 
ester resin (from a glass fiber repair kit) inside 
a suitable piece of plastic tubing resting on a 
sheet of glass laminate. When the resin was set, 
he was able to file a slot through the resin and 
ferrite core without difficulty. 

Decoupling Capacitors-Why 
Use Two When One Will Do? 
Some common circuit techniques tend to be 
accepted as the thing to do without anyone 
questioning them. Once the technique becomes 
common practice, it acquires an air of authority 
and a momentum of its own. One such tech- 
nique could be the use of a parallel combina- 
tion of large and small-value capacitors to 
extend the effectiveness of RF bypassing over 
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Figure 1. (A) The effect of lead inductance on capacitor 
impedance with minimum impedance at the self-reso- 
nant frequency. (B) Equivalent circuit for parallel 
decoupling capacitors and the Bode plot of impedance. 

FREQUENCY 

----- lOnF(0 .01pF)  IN PARALLEL WITH 1 0 0 p F  
100 pF CERAMIC CAPACITOR --- 10 nF (O.OlpF) CERAMIC CAPACITOR 

Figure 2. Measured impedance of a 0.01 pF and a 100 pF 
ceramic capacitor individually and in parallel from 10 to 500 
MHz. (Source: Paul, IEEE Trans EMC.) 

an extended frequency range. 
The technique probably stemmed from the 

long established system of connecting an RF- 
type capacitor (ceramic or mica, etc.) across a 
high-value electrolytic capacitor when it is nec- 
essary to provide RF bypassing/decoupling. This 

was (and is) an effective system because elec- 
trolytic capacitors tend to be very ineffective for 
RF bypassing, although low imped- 
ance at 50 to 100 Hz and audio frequencies. It 
must therefore have seemed logicalto adopt this 
approach when providing RF bypassing in low- 
impedance solid-state circuits such as power 
amplifiers when an RF decoupling capacitor may 
need to be on the order of 0. I pF or so and capa- 
ble of passing significant RF current. 

But should capacitors be augmented by a 
second, lower-value capacitor'? This is common 
practice and a typical arrangement is shown, 
for example, in the 15-watt linear amplifier in 
the highly respected ARRL book Solid State 
~ e s i ~ i  for the Radio Amateur (Chapter 4). 

Dr. Brian Austin, GOGSF, draws attention to 
a paper "Effectiveness of Multiple Decoupling 
Capacitors" by Clayton R. Paul (University of 
Kentucky) in IEEE Transactions on 
Electromagnetic Compatibility, May 1992, 
pages 130 to 133. This calls into question the 
effectiveness of using a parallel combination of 
large and small-value capacitors to increase the 
effectiveness at the higher frequencies and to 
overcome the effect of lead inductance. With 
detailed mathematical analysis, computed and 
experimental results, the author shows that this 
scheme is riot significantly effective (see 
Figures 1 and 2). The improvement at high fre- 
quencies is at most 6 dB over the use of a sin- 
gle large value capacitor. 

The paper concludes that the use of a small- 
value capacitor in parallel with a larger-value 
capacitor only minimally reduces the high-fre- 
quency impedance of either capacitor. A rather 
large reduction in impedance occurs only over 
a very small frequency range. Component and 
installation variations can cause this narrow 
range to vary in frequency so that the seeming 
benefit cannot be relied upon: "Therefore, this 
scheme does not significantly improve the 
high-frequency impedance of capacitors above 
their self-resonant frequencies. Between the 
self-resonant frequencies of the two capacitors, 
the impedance of the parallel combination 
exhibits a resonance where the impedance is 
actually larger than that of either capacitor. 
Above the self-resonant frequencies of both 
capacitors, the impedance of the parallel com- 
bination is reduced by at most 6 dB. This high- 
frequency reduction of some 6 dB may not be 
worth the expense of the additional capacitor or 
its installation, and could be obtained by using 
only the larger value capacitor while simply 
cutting its lead lengths in half!" 

As GOGSF puts it: "This paper presents a 
good case against doing what we have all taken 
for granted." rn 



Roberto Craighero, IIARZ 
via Bovio 1311 1 
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TRANSMITTING 
SHORT LOOP 
ANTENNAS FOR 
THE HF BANDS: 
PART 2 
A short loop anfenna for 20 to 70 
meters 

I n pan I ,  I emphasized the need to keep 
ohmic losses in loop antennas at a mini- 
mum.' Keeping this in mind, I built a shon 

loop with some innovative elements not used in 
conventional loops built before mine. 

On a visit to the International Hamfest in 
Friedrichshafen, Germany, I found an excellent 
vacuum capacitor of Soviet Army origin. The 
capacitance is 100 pF and the insulation is 20 
kilovolts. For my loop conductor, I decided to 
try a piece of discarded Heliax coax cable. This 
cable is excellent for this particular use. The 
external diameter is about 1-314 inches. 
Because it's made of copper plate with a spe- 
cial knurling, the outer conductor is easy to 
bend by hand when forming the circular loop. 
This helical knurling increases the conductive 
surface about 20 percent. The inner conductor 
isn't used. 

Main characteristics of the loop 

To obtain magnetic radiation from the loop, I 
chose a conductor length of 10 feet, 4 inches- 
slightly more than 114 wavelength on 28 MHz. 
The corresponding diameter of the loop is 3 feet, 
3 inches. These measurements aren't critical; 
variations of a few inches have no effect on the 
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Radiation Resistence milliOhms: 145.9325 
Loss Resistence milliOhms: 3.10197 
Radiation Efficiencv (basis ohmic loss % : 97.9 1 862 
Efficiency e. n dB dB: -9.13474 
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Bandwidth kHz 237.7839 
RF Voltage across capacitor kilovolts: 2.032984 
Tuning Capacitance picoFarads: 16.19454 
Distributed Capacitance picoFarads: 8.446 
Ok . 

final result. However, I do suggest you use a 
smaller diameter loop if you use a conventional 
capacitor. The residual capacitance of a conven- 
tional capacitor is higher than that of a vacuum 
capacitor and, consequently. you'll be unable to 
obtain resonance on 28 MHz. A loop with a con- 
ventional split stator/butterfly capacitor needs to 
be about 2 feet, 8 inches in diameter to resonate 
properly at 28 MHz. Table 1 gives the main 
parameters of the antenna calculated using 
GWBasic for operation on 10, 15, and 20 meters. 

The tuning unit 

My tuning unit is based on the vacuum 
capacitor I used (see Photo A and Figure 1). 
Obviously, modifications will be necessary for 
other types of capacitors. The unit must be 
mounted inside a watertight box. A plastic box 
for outdoor electrical use provides a simple and 
inexpensive solution. The size of the box 
depends on the capacitor used and the dimen- 
sion of the tuning motor coupled to the capaci- 
tor's tuning shaft via a ceramic coupler. These 
boxes aren't strong enough to withstand the 
dynamic stresses originating at the ends of the 
loop conductor connected to the vacuum capac- 
itor. Strengthen the bottom and sides of the box 
with PlexiglasrM boards about 3 rnm thick. 
Build the tuning unit directly on the bottom 
reinforcing board, place it inside the box. and 
affix it to the box with nuts and bolts (see 
Figure 2). This attachment scheme also helps 
keep the collar clamps on the back of the box in 
place. Now connect the collar clamps to a 
strong plastic pipe supporting the entire anten- 
na (Figure 3). Mark a center line on the 
Plexiglass board; you must align the motor and 
capacitor perfectly along this line. Connect the 
rotor and stator contacts of the vacuum capaci- 
tor to the ends of the loop using copper-plate 
collar clamps built in  such a way that they also 
support the capacitor with either Tet1on"l.l or 
ceramic standoffs. This step lets you achieve 
two important objectives at once. First. all the 

I'hoto A. A r lnse~~p of the tuning unit. 

dynamic stresses from the loop ends are placed 
on the standoffs-not the vacuum capacitor 
body. Second, it's possible to braze the loop 
ends to the collar clamps before placing the 
capacitor in position. As a result, you won't 
have to risk damaging the capacitor with the 
brazing heat. 

Next, cut the loop ends lengthwise about 5 
inches and eliminate half the conductor. Clear 
the remaining conductor half from the vinyl 
jacket: this will act as a terminal strip and will 
be brazed to the copper clamps. The flexible 
strip will also absorb dynamic stresses. At the 
same time, a single joint is all that's needed to 
connect the loop end-reducing ohmic losses. 
The loop ends enter the box through two holes 
made on each side of the box. These large holes 
will weaken the plastic and you'll need to place 
two thick Plexiglas boards along the sides con- 



1- VACUUM CAPACITOR 
2- COLLAR CLAMP (COPPER) 
3- WATERTIGHT CONNECTOR (PLASTIC) 
4- LOOP CONDUCTOR 
5- LOOP END (HALF) 9- LINEAR POTENTIOMETER (1000a) 
6- CERAMIC CIRCULAR COUPLER 10- HIGH-FIDELITY TWIN LEAD CONDUCTOR 
7- THREADED SHAFT 11 - TUNING MOTOR 
8- NUT WELDED TO PCB 12- 10 n F  BYPASS CERAMIC CAPACITOR 

13- WATERTIGHT CONNECTOR (PLASTIC) 

Figure 1 .  The tuning unit. 

taining the holes for reinforcement. To keep the 
entrance points watertight, use standard con- 
nectors of adequate diameter to accept the con- 
ductor. These standard connectors are plastic 
and are kept in place on the side of the box with 
a large plastic nut. This nut also holds the 
Plexiglas reinforcing plate inside the box. For 
my antenna, I used specially made Teflon con- 
nectors instead of standard connectors. 
However, Teflon connectors aren't absolutely 
necessary; standard connectors work very well. 

Tuning motor a n d  tuning 
indicator assembly 

A reliable tuning system requires a good 
quality reduction gear DC motor. The maxi- 

mum revolution speed of the shaft shouldn't 
exceed 5 rpm. Vacuum capacitors have a built- 
in reduction gear, reducing the speed further. If 
you use a different type of capacitor, you must 
add an external reduction gear to obtain a shaft 
speed of 1 rpm. The electronic device in Figure 
4 provides an alternative method of controlling 
motor speed. The DC motor should have a wide 
range of operating voltages (3 to 12 volts). Use 
the lower voltage for fine tuning and the higher 
voltage for band changes. The Buhler motor in 
my tuning system is a surplus unit from a com- 
puter printer. 

It's important to position the motor on the 
tuning board precisely. Make sure the capacitor 
shaft and motor shaft are perfectly aligned, or 
eccentricity and subsequent forcing will be 
introduced along with the possibility of damage 



1- COPPER COLLAR CLAMP 6- STAINLESS STEEL NUTS 
2- TEFLON PILLAR 7- COLLAR CLAMP TO BE TIGHT TO 
3- SIDE SUPPORT TO BE WELDED TO COLLAR CLAMP THE SUPPORTING MAST 
4- BOTTOM REINFORCING PLEXIGLASS BOARD 
5- STAINLESS STEEL BOLTS 

Figure 2. Tuning unit detail 

to the components. The ceramic shaft coupler 
should be circular with center springs, so some 
small eccentricity can be absorbed. For details 
see the tuning motor and indicator assembly in 
Figure 5. 

Considering that the vacuum capacitor has 
two stop positions (fully open and fully closed). 
it's important to know what the tuning position 
is from inside the shack to avoid any forcing at 
the stops. You could reverse the turning sense 
using a microswitch; however, I used another 
method that gives me a visual indication of the 
capacitor's tuning position. I inserted a thread- 
ed shaft with a nut on it between the motor 
shaft and the ceramic coupler. This nut is sol- 
dered to a small piece of Vetronite circuit board 
connected to a linear potentiometer. Calculate 
the length of the threaded shaft according to the 
number of turns needed to reach the opposite 
stop ends of the capacitor. The nut travels back 
and forth according to the revolution sense of 
the motor and, at the same time, moves the 
wiper of the resistor. With an adequate circuit 
in the shack, you can read the variation of the 
resistance by looking at a meter; consequently, 
with proper plotting, you can determine the 
tuning position. Use shielded twin lead for the 
wiring between the tuning box and the bottom 
of the loop and ground the external braid at the 
bottom. The same system must be used for the 
motor. Bypass the motor contacts to the motor 
body and the braids with two 10-nF bypass 

COLLAR 
CLAMP 

TEFLON OR 
PERSPEX 
BOARD 

COPPER STRIP 
TO LOOP 

COLLAR 
CLAMP 

Figure 3. Back view of the tuning board showing mountings. 
Figures 3-7 first appeared in Radio Co~~~murziculion. 
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Figure 4. Tuning motor speed regulator. 

capacitors (see Figure 6). Fix the twin lead to 
the loop supporting pipe with plastic clamps. 
You can use conventional twin lead from the 
bottom of the loop to the shack. 

The feed loop 

My experience, and the experience of others, 
indicates that a short loop antenna is best fed by 
inductive coupling. 

A closeup of the feed loop is shown in Photo 
B. You can make it out of either RG-213 or 
RG-8 coax. Determine the circumference 
experimentally to obtain the lowest SWR. This 
length should be approximately 115th of the 
length of the main loop. Because the antenna is 
a balanced system in respect to the center line 
of the loop, make sure the feed loop is symmet- 
rical. The coax line forming the feed loop is 
open at the top center. The braid on the input 
side of the opening is unconnected. The inner 
conductor and braid on the other side of the 
opening are shorted and grounded together with 
the braid of the input side. 

Affix the feed loop at the bottom of the main 

loop in the same plane, and keep it very close to 
the main conductor. Use two stainless steel hose 
clamps interconnected at 90 degrees, to keep the 
feed loop in place. Attach one clamp tightly to 
the steel or aluminum pipe covering the bottom 
of the plastic supporting mast across the loop. 
Screw the other clamp tightly to the bottom ter- 
minal joint of the feed loop before inserting it 
into the first clamp. This mounting system (see 
Figure 7) ensures that all the bottom parts of the 
loop and feed loop are grounded. An efficient 
earth connection is essential to obtain a low 
SWR and good antenna performance. 

Use of an antenna rotator 

You can turn the antenna with a TV rotator. 
The ability to rotate the loop can be very help- 
ful if there's local interference. In fact, on 
ground wave, the loop acts as a direction find- 
er. The attenuation between maximum and 
minimum is over 20 dB. A local received inter- 
fering signal can almost be eliminated. The 
same is true when transmitting-if you wish to 
radiate in a certain direction. However, with 



elevation angles of a few grades or more, direc- 
tivity is reduced and, in practice, skywave oper- 
ation with the antenna is nearly omnidirectional 
(see Figure 8). Therefore, it isn't imperative 
that you use a rotator. 

Tuning 
Perform all adjustments with the antenna in 

its final position. Make sure the height of the 
lower side of the loop is between 3 and 6 feet 
away from metallic masses (fences, pipes, 
plates) lying on the same plane of the loop. A 
ground plane at the bottom improves the anten- 
na's intrinsic pattern gain, even if this plane 
isn't connected to the antenna mast. Dress the 
coax feed line and motor line along the sup- 
porting mast no less than 3 feet from the lower 
end of the loop. If you don't there may be cou- 
pling with the loop and you may have difficulty 
adjusting for a low SWR. Make all adjustments 
on 21 or 18 MHz, as an average frequency 
between 14 and 28 MHz. 

First find the loop resonance. Keep the trans- 
ceiver on receive and act on the tuning motor 
command. A sharp increase of noise in the 

receiver indicates the loop is resonant at the 
required frequency. An S2 signal off resonance 
comes up to S9 when in resonance! The band- 
width is very narrow, and if the tuning speed is 
too fast, you risk passing over the resonance 
point without realizing it. When you find reso- 
nance, start the transmission adjustment. Use 
very low power to start-just sufficient to cali- 
brate your SWR meter when set at maximum 
sensitivity. For greatest accuracy, insert your 
meter at the base of the loop. The resonance 
point produces a very sharp dip on the meter in 
the reflected ~osit ion.  

Don't use an antenna tuner. The adjustments 
you make will be permanent. If the SWR is too 
high, try deforming the feed loop slightly by 
applying pressure from the top downward. If 
the SWR decreases, the small loop is too long, 
and you'll have to cut off a small piece. Repeat 
the procedure until you find an acceptable 
SWR value. The SWR should be about 1 : 1 on 
14 and 2 1 MHz, and 1 : 1.4 on 28 MHz. At this 
stage, try to slowly increase the input power 
and check the SWR again. You may need to 
make additional adjustments. When operating. 
don't keep the transmitter in the tune position 

Tef Ion or Perspex moin boor Plostic box cover 

Plostic most 

TWO VIEWS OF THE TUNING BOARD 

Figure 5. Two views of the tuning board. 
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REMOTELY-TUNED 

MAIN LOOP 

R G 8  OR RG213 

I 

Figure 6. Electric diagram of the antenna with detail of the motor feed system. 

for too long. It's better to tune on receive and of good quality for transmitting. Remember that 
than fine tune on transmit. the calculated capacitance value must be doubled 

for each section of the capacitor. Both capacitor 

An alternative method of 
construction 

I realize it isn't easy to find suitable capaci- 
tors or the special heliax coax cable, unless you 
are prepared to spend a small fortune to obtain 
them new from the manufacturers. Neverthe- 
less, it's possible to built excellent short loop 
antennas without such sophisticated elements. 

The loop conductor can be made from 0.9 inch 
diameter copper tubing. Such tubing is used for 
home heating systems and is generally sold 
coiled. This greatly simplifies loop construction. 
All you need to do is mark the circumference of 
the loop with chalk on a flat floor, then slowly 
enlarge the coiled form following the chalk 
track. If you're unable to obtain coiled tubing, 
the job will be a bit more complicated because 
you'll have to bend the tubing yourself. Do this 
by first filling the tube with sand and bending it 
around a circular object, like a round table or car 
tire. You can also take the tubing to a metal shop 
for bending. 

Make sure the tuning capacitor is a split stator 

sections are in series with the loop and there- 
fore the capacitance is automatically halved. By 
the same token, putting two capacitors in series 
doubles their voltage rating; therefore, less 
spacing is required to attain the desired voltage 
rataing. 

Conclusion 

To build an efficient loop antenna. I strongly 
recommend you use good quality materials and 
careful construction techniques. A good earth 
system is also very important. Welding must be 
very accurate or you'll experience unacceptable 
losses and very low radiation efficiency, which 
will lead you to believe the antenna doesn't 
work. However, if your work is accurate, the 
results will be outstanding-considering the 
small size of the system. 

To summarize, here are the main points to 
consider when building an efficient short loop 
antenna: 

1. Maximum radiation efficiency is obtained 
when the circumference of the loop is 113 
wavelength. Do not exceed this length or the 



loop will become self-resonant and act as an 
"electric" antenna with reduced efficiency. 

When the loop is 113 wavelength long, a very 
small tuning capacitance is needed to resonate 
the antenna. In such a situation the distributed 
capacitance of the loop itself plays an important 
role. Remember to deduct the distributed 
capacitance from the calculated tuning capaci- 
tance value, otherwise it will be very difficult 
or impossible to obtain resonance. 

If you wish to build a monoband loop, you 
can use a VHF butterfly or split stator capaci- 
tor. Alternatively, you can use a fixed high 
quality ceramic capacitor (for transmission) in 
parallel with a small variable capacitor cover- 
ing the single band. 

2. For the high bands (28 to 10 MHz), the loop 
material (copper tubing) should be a minimum of 
0.9 inches diameter. For the low bands (7 to 1.8 
MHz) the diameter should be 1.5 inches or more. 
Before installing the antenna, carefully polish the 
conductor so the copper is shiny. Apply two or 
three layers of marine flatting or another inert 
product to protect the conductor from oxidation. 
Copper oxide is a bad conductor and will cause 
the radiation efficiency to deteriorate due to 
increased ohmic resistance. 

3. For best results, carefully weld the loop 
ends to the capacitor contacts. 

4. Always use capacitors (split stator or but- 
terfly) with plates welded to the supporting bars 
and shaft. 

5. To avoid difficulties with the capacitor 
end stops, use capacitors with rotors that rotate 
freely for 360 degrees instead of 180 degrees. 

L 
Photo 1%. A rloseup of the feed loop. 

6. The tuning motor feed line must be 
dressed along the center line of the loop. Use 
shielded wire. 

7. Mount the loop at a minimum height of 3 
feet. The coax and motor feed line must run 
vertically at the bottom of the loop. 

8. The loop supporting mast must be encased 
in plastic; however, the lower part should be 
inserted in a metal tube so the center bottom 
portion of the loop is grounded together with 
the ground connections of the coax feed loop. 

HOSE CLAMP AROUND THE 
PLASTIC MAST AND INSIDE 
THE COIL CLAMP 

HOSE CLAMP KEEPING 
THE ENDS OF THE 
LOOP TOGETHER 

DOUBLE-FEMALE CONNECTOR 

INPUT SIDE CONNECTED 
TO COAXIAL CONNECTOR 

Figure 7. Details of feed loop mount and connections. 
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Figure 8. Radiation pattern of the short loop antenna. 

It's important that the entire antenna have a 
solid eirth connection to obtain good results. 

9. Antenna adjustments must be made when 
the antenna is mounted in place. The loop must 
be mounted vertically-away from metallic 
masses (fences, wires, parked cars, etc.) lying 
in the plane of the loop. 

10. If you experience RF return in the shack, 
insert some ferrite toroids in the coax line at the 
bottom of the loop. rn 
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Brian Beezley's NECNagis 2.0 Software feature allows for determination of optimal E- 

and H-plane spacing for EME arrays of unlim- 
Brian Beezley, KGSTI, announces ited size. NECNagis includes a facility for 

NEC/Yagis 2.0. This software for IBM PC plotting polar and rectangular radiation pat- 
compatibles models Yagis using the terns. The amateur version costs $100. For 
Numerical Electromagnetics Code. One feature more information, contact Brian Beezley, 
synthesizes the pattern and gain for an array of KGSTI, at 507-112 Taylor, Vista CA, 92084, or 
Yagis from the pattern of a single antenna. This call 619-945-5824. 
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LETTERS 
Why not try pseudocode? 
Bah humbug! Of course you should pub- 
lish program listings-not for people to 
type in, but for people to read. to see how 
the program works. Publishing a computer 
project without the listings is like publish- 
ing a circuit without the schematic. The 
reader just has to take it on faith that the 
black box works as claimed. 

But Dave Barton has a point: Listings can 
be bulky. I suggest you do what computer 
scientists do, and publish pseudocode. That 
is. publish precise, to-the-point descriptions 
of algorithms, written in a mixture of pro- 
gramming language and English, as appro- 
priate. That way we don't have to read every 
REM and PRINT statement. 

I enclose an example (see Listing 1) 
based on K4IPV and KORLT's code in the 
Summer 1993 issue, page 7 1. The language 
is a mix of English and Pascal, with some 
"begins" and "ends" left out where the 
indentation makes them unnecessary. 
Keywords that specify program logic are in 
boldface, variables are in italics, and 
English is in Roman type. There is no strict 
standard for pseudocode; you can use any 
notation that programmers will understand. 

Detailed pseudocode is like the schemat- 
ic of a circuit; translating it into Pascal, C, 
or BASIC is like laying out a circuit board. 
Computer science journals normally pub- 
lish pseudocode, leaving the actual pro- 
gram implementation to the reader. 

Michael Covington, N4TMI 
Athens, Georgia 

Spurred on by "the lost art of 
homebriwing" 
During the last years. I ceased to be an 
active radiotransmission amateur. I found 
that the principal reasons of this hobby: 
"The satisfaction of making their own 
equipment and the possibility of discussing 
and checking them on the air, with other 
radiotranmission amateurs," had disap- 
peared because the good running of com- 
mercial equipment is no wonder at all, and 
it doesn't attract anybody's attention after 
the third communication! 

As soon as Communications Q~rarterly 
appeared, I decided to subscribe since it 
made note of this thing that I had lost: "The 
courage of making my own communication 
equipment." 

t j I V G 1  

case SI 

ir 

s4 
hc 

end cr 

a-. 

L :=A 
result 

inducta . ... nce (L) ( 
C . .. 3f  loop a 

1, . 

hape of 
iangle : 
pare: 
rxagon: 
rse; 

Listing 1 



VERSATILITY PLUS + 

L.L. Grace introduces our latest product, the DSP-12 Mult i-Mode Communications Controller. The 
DSP-12 is a user programmable, digital signal processing (DSP) based communications controller. 

FEATURES 
ilt i n  

e for 
tnt 

...... Multi-tasking operating system bu 
JC-compatible (V40) architecture allows devel- 
Ipment of custom applications using normal 
'C development tools and languages - ~Motorola DSP56001 DSP processor 
Serial interface speeds from 1 10 to 19200 bps 
3ptional 8-channel A-to-D & DAC for voice 
snd telemetry applications 
12-bit conversion architecture 
V40 source code and schematics available 
RAM expandable to one megabyte. Useabl 
mailbox feature, voice mail and developme 
EPROM expandable to 384k bytes 
Low power requirements: 10-1 5vdc. 750ma 
3 analog radio connectors. RX & TX car1 be 
split in any combination. Programmable tuning 
outputs 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 G 

APPLICATIONS 
nt Packet 
HF RTW & ASCII, including inverted mark/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 ATTRACTIONS 
(Remember. software upgrades are free!) 

WEFAX and SSTV demodulators 
NAVTEX 
AMTOR and SlTOR 
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 -1 01 8 
FAX. (609) 751 -9705 

Compuserve: 72677.1 107 
L. L. Grace also manufactures the Kansas City Tracker family of satellite antenna aiming systems. Call or write for more information. 



Appli- 
MODEL cation 

YF-9A SSB 
XF-98 SSB 
YF-98-01 LSB 
XF-9B-02 US0 
XF-90-10 SSB 
XF-9C AM 
XF-9n AM 
YF-9E FM 
YE-9M CW 

YF-9P CW :::: 

Band- 
width Poles Price 

2.4 kHz 5 S 75.00 
2.4 kHz 8 105.00 
2.4 kHz 8 145.00 
2.4 kHz 8 145.00 
2.4 kHz 10 185.00 
3.75  HZ 8 110.00 
5.0 kHz 8 110.00 

12.0 kHz 8 120.00 
500 Hz 4 80.00 
500Hz 8 165.00 
250 Hz 8 199.00 
15 kHz 2 20.00 

YF-107A 12 kHz 18105.00 
XF-1070 15 kHz 135.00 
XF-107C 30 kHz 105.00 
XF-1O7D 36 kHz 120.00 
XF-107E 40 kHz 125.00 
XF-107S139 100 kHz 175.00 

Write for full details of crystals and filters 
Shipping $8.00 

Prices subject to change without notice. 

Looking to challenge your 
building skills? 
Want to explore beyond 
Amateur communications? 
Well here's the publication for YOU! 

COMMUNICATIONS QUARTERLY. the journal of communications tech- 
nology. You are invited to become pan of an elite group of Radio Amateurs and 
technical professionals as a subscriber. Circulation will be strictly limited. 

This new quarterly publication has been put together with YOU in mind. Articles 
will explore, in-depth, areas that no Amateur Magazine is currently covering. 

State-of-the-art electronics like direct synthesis, digital signal processing. and 
computer control are fully investigated and explained so that you can take advan- 
tage of these new technologies. COMMUNICATIONS QUARTERLY articles 
cover high speed data communications, the latest in antennas using computer 
designed models, plus much more. Articles examine many areas of profession- 
al electronics in a way that trade publications can't. Insights into areas that are 
only whispered about are normal fare. A major effort is made to show how appli- 
cations can be translated into Amateur Radio operations. 

Each quarterly has approximately 100 pages of technical material; advertising 
is limited. Articles flow from page to page, without the interruption of ads placed 
in the middle. The open layout accentuates each author's work and lets you make 
notes, calculations, or comments for later reference. Graphs, photos, computer 
program listings, and charts are presented in an easy-to-use format. COMMU- 
NICATIONS QUARTERLY is printed on a high-quality stock and "perfect 
bound" (square backed). I t  is such a valuable resource. you'll want to file each 
copy away in your technical archives for future reference. In fact. over time 
you'll find much of what is presented in COMMUNICATIONS QUARTERLY 
will become the standard in the Amateur and professional communications field. 

Act now. Subscr ibe today! 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I year-1629.95 !I Foreign-I year $39.95 !I Foreign Air Mail-l year $ (10.00 
2 years 56.95 !I 2 years 76.95 2 years 118.95 !I 

Name. Call 

Address 

City State Zip 

Check Money Order Mastercard Discover 

VISA AMEX 

Card No. Expires 

Signature 

Mail to: CQ Communications, Inc. 
76 North Broadway, Hicksville, NY 11801 

Order Toll Free 1-800-853-97971 FAX: 51 6-681 -2926 



ELNEC 
Advanced Antenna 
Analysis Program 

Fast to learn and easy to use. ELNEC leta you ana- 
lyze nearly any type of antenna In Its actual oDerat- 

envlronmenl. Descrlbe your antenna wlth 
ELNEC's unlque menu structure and spreadsheet- 
Ilks entry system and watch It make azlmulh and 
elevation plots, repon beamwldth. flb ratlo. takeoff 
angle, galn, and more. Save and recall antenna 
nles. Prlnt plols on your dot-rnatrlr or laser prlnter. 

ELNEC uses the full power of MlNlNEC code bul 
maker descrlptlon, malysla, and changes worlds 
eesler and faster. With ELNEC there's no messlng 
wlth 'pulses' - jud tell It where on a wlre you want 
a source or load l o  go, and ELNEC puts It there. 
And keeps It there. even If you change the anten- 
na. ELNEC has a hosl of other features to make 
analvsls fa# and eaav. The M u P  opllon exlenda 

ATV CONVERTERS HF LINEAR AMPLIFIERS 
DISCOVER THE WOSLO OF 

FAST SCAN 1ELEVlSlON 
HF AMPLIFEJS>r MOTOROLA BULLETINS 
Complele PaLs&sl for HF Ampl~fien Described 
In the MOTOROU Bulletins 
AN7Y13WW S I Y  15 A R 3 1 3 W  UBB W 
AN762 140W S 95 15 AR3053WW W 8 2  
ANl79L 20W S 83 79 EB63 l4OW S 8965 
AN179H 20W S 9320 EB27AWW $13680 

ERIOlsWW $371 65 

Newl l  1K WATT 2-50 MHz2AmpItf~r 
POWER SPLITTERS and COMBINERS 

2-30MHi 
800 Wall  PEP 2-Pon $8885 
lMn Watt PEP 2-Pon 1 7095 

We also %lock Hard.Io.Flnd pans 
CHIP CAPS-KemalATC 
METALCLAO MICA CAPSUnelcc6anco 
RF POWCn TnANSlSTORS 
M n Corrl.nt M l x a ~ r  

-~.  - . . .. .. .. . .. ~ - 

2 METER VHF_AMPLIFIEIIS 12W) Wal l  PEP &Port . . . . . . . . . . .S 89 95 
ARC0 TRIMMER CAPACITORs 

35 Wal l  Model 335A . . . . . . .S 78.85 Klf lWWAlT4204JO MHz PUSH-PULL L l N g R  YKm-20,48 RF Choke , , , , , , ,s 9.20 75 Wal l  Model B75A . . . . . . ,111995 KII ~M>cI~<-~S~lFMIATV 
Available In kit or wlredMnated 58-590-65-38 Ferrlte Bead . . . .S .20 

KEB67-PK (KIII . . . . . . . . . . . . .1158.85 Broadbsnd HF Trsnslormera 
For detailed lnforrnatlon and prlces. K E B ~ ~ - P C B  (PC Board) . . . . . . . . .a 18 00 LOW pass FI1I.n 
call or write for our free catalog. KERRI-I (Manual) . . . . . . . ...... S 5 W) b r  Hannonlcs (up lo JaOW) 

*Om, 1Sm. 20m. 40m. M)m & (Wtn 

Arld U.00 lor shlpplng and handllng 

1513) 426-8600 FAX (513) 429-381 1 . . I ELNEC,~ capablllty t o  very ~om~ le ian tennas  (up 1 ' I 

I to 2 6 0  'pulses'). I 

I DeBkJet (The   arb optlon requires a hard 
dlsk. coprocessor. and 640k RAM.) I C F F o m A B L E  - HIOH QUALITY ELENCO OSCILLOSCOPES H i t a c h ~  Compacl S e r i e s   copes^ 
Thera'a no copy-protectlon haade wlth ELNEC - 
Wa not copy protected. And of course Mere's ex- 
tenalve documentallon. 

ELNEC Ir only $49.00 poetptpdd. MuP la $25.00. 
(Please add $3.00 per order for alrmail outride N. 
America.) VISA and Mastercard orders are accept- 
ed - pleare Include card number and explratlon 
date. Spec+ coprocessoror noncoprocossortype. 
Order or wrlte for more Informatlon from: 

Roy Lewallen, W7EL 
P.O. Box 6658 

I Beaverton, OR 97007 I 

Iran Powder 
Ferrlte 
Shielding Beads 
Ferrite Rods 
Split Beads 

Small orders welcome. All items 
in stock for immediate delivery. 
b w  cost experimenter's kits: 
Iron Powder, Ferrite. The de- 
pendable source for toroidal 
cores for 25 years. 

I Call or wrlte for free catalog and 
tech data sheet. 

2 YEAR WARRANTY 

7- 

STANDARD SERIES 
S-1325 251dHz $349  
S-1340 401dHz $495 
5-1365 6014Hz 5849  

DELUXE SERIES 
5-1330  25MHz $449 
5-1345 40MHz $575 
S- I360  60MHz $775 

V zl.- 3 M k i  J".,i ~ . . , c o  _ .- -- 
V-525 . 52MH1, t i i f o c r  
V-523.50MH1. Delayed S w e e p  $949 

V.522 . 50MHZ. DC Oltsel 
V.422.4OMHz. DC OnLel 
V-222 - 20MHz. DC Ottssl 5649 
V-660 - 6OMHz. 0u.i Tmca 
V.66SA. 6OMHz.DT. w ~ c ~ f s o r S I . 3 2 5  
V.1060. tOOMHz. Dual Trace 1 1 . 1 9 5  
V.1065A. 100MHz. DT, w!cursor-S1.649 
V-1085 - IOOMHz. OT. w I c u r ~ l r S 1 . 9 9 5  
V.11OoA- 10OMHz. Ouad T r a c e S 2 . 4 9 5  

-- - 

F#Wn' F1(M.T 2 . 2 5  2 iM4: P $ w a y o ~  ' .weep___ I '  iii . H O  Lmmm C CUT N Smrc . D8Iay.d Snq Dui1nnnD.s. l Y l B  131.4~1 311.1 1,ace 5-15 
ImV Smmmty m 2 - r l .  x10 Prom . A~fomafc Beam RIM, . lummnd rnteml 2160 - 6oMH: Due' Tiace. Delavsd S-D 
X-Y Operalnn m Cw!me ScMmlc . Z AXIS Ucaulal~on ~radculr Dual T8mo Base $949 

m V o l g e .  Ttm, r F f w m q d f l l n r r e r  dlselayd . &IlIl.ln Comwnem Tn l  2180 - IOOMHz Three Trace Dual Tlms Bsrs. 
on CRT I~N Ihe ula  of arrutn (5.1365 odyl PIUS all IOC teat~fes 01 the . t lo ldab~'sef~s Delayed Sweep $1.395 
P I U S  M C ~ ,  ~h m r s  2522A. 20Mnr i 20MSls SIWaQe - $875 
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VARCNOTCHB DUPLEXERS @ 

FOR 2 METERS 

The TX R X  Systems Inc. patented Vari-Notch filter 
circuit, a pseudo-bandpass design, prov~des low 
loss, high TX to RX, and between-channel   sol at ion, 
excellent for amateur band appl~cations. T X  RX 
Systems Inc. has been manufac tur ing  multicoupling 
systems since 1976. Other models available for 
220 and 440 MHz, UHF An/ and 1.2 GHz. 

MODEL 28-37-02A 
144-174 MHz 5'9 

92 dB ISOLATION AT 0 6  MHz SEPARATION 
400 WATT POWER RATING 

TX RX SYSTEMS INC. 
8625 INDUSTRIAL PARKWAY ANGOLA. NY 14006 

TELEPHONE 716-549-4700 FAX 716-549-4772 (24 HRS ) 

. - 

NEC/Wires 1 .O 
Why Fool Around With MlNlNEC 

When You Can Have The Real Thing? 

NECMlires 1.0 is the first general im lementa 
tion for amateurs of the powerful an tso  histi: 
cated Numerical Etectroma netics Code. REC is 
more accurate than MININPC, runs faster, and 
handles much larger models. Only NEC can 
accurately predict the performance of antennas 
close to earth by modeling true ground losses. 
NEC can tell you how many elevated radials you 
need and how high to put them. Analyze delta 
loops and ware beams. F~nd optimal he~ght for 
NVIS arra s. NEC has no frequency-onset error 
like MINI&C, nor does it ta ered seg- 
mentation for complex models with gelit w~res 
or multiwire junctions. NEC can take advantage 
of leftiright antenna symrnetry over ground and 
two platies of symmetry in free space to reatly 
reduce calculat~on tirne. NEC can quick? and 
accur;~tely model huge, interlaced, mtrltiLarld, 
cubic;~l quads. It automatically detects and 
converts tapered, telescopirlg Ya i elenients to 
uniform-diameter conductors. N ~ C  car1 model 
transmission lines in lo periodics without using 
ally segments. With WOO seg,nents available, 
it's likely you can model every antenna and 
conductor in our antenna farm to analyze all 
interactions. (&EC prov~dcs 2000 segments for 
free-space motlcls with lettlrigllt sym~netry.) 

NECMlires reads AO!MN antenna files so it's 
easy to analyze exlstlng models. The pro ram 
features automatic wire segmentation, sym%olic 
dimensions, symbolic expressions, transcenden- 
tal functions, voltage or current sources, RLC. 
Laplace transform, and ~ r n  edance loads, trans- 
mission lines, and skin-elect modeling. NECl 
Wires plots azimuth and elevation panems in 
polar or rectangular coordinates with overlays. 

NECMlires 1.0 is $100 for amateur use only. 
Visa. Mastercard, U.S. check, cash, or money 
order. ~ d d  5 5  overseas. NECMlires re uires a 
386 + 387 or 486DX. a hard disk, and QGA. 

Brian Beezley, K6STl 
507% Zyhq Vista, CA 92081 . (679) 945-9824 

DOWN EAST MICROWAVE Transmitter Finger Printing is here! 
+ 3c".Z 

. .--. .-.--- -- ..---. 

----------------------. 

- 3lcn~ 

Every radio transmitter has a uniquefrequency 
versus tirne characteristic, when keyed, a 
'finger-print" unique to each transmitter is 
produced that can be captured, stored and 
analyzed. Using patented lechnOlOgy-- 
available from MoTron Electronics--and our 
advanced software, you can identify the 
abusers on your repeater! 

The MoTron TxlD includes a 
circuit board lhat plugs into your IBM 

computer and our exclusive 
'Oftware. 

AdditionalfeaturesoflheMoTronTxlDinclude: 

J Measures deviation 
J Measures frequency of the received 

s~gnal relative to your receivers center 
frequency 

J Has CI-Voutput forlcorn receivercontrol 
Tape recorder outpullcOntrol with 
digitally delayed audio 

J Decodes DTMF 

call or write for a brochure full details, 
technical specifications, and prices. 

MoTron Electronics 
310 Garfield St.. Suile 4 - Eugene OR 97402 
Info: (503) 687-21 18 . Fax: (503) 687-2492 
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MICROWAVE ANTENNAS AND EOUIPMENT 
LoopYagla Pornr Olvlders . Dlsh F d s  

.Complete Antenna Awavs . LlnearAmps 
Microwave Tnnsvertsra 6 Kits. G a s  FETRsmp nd 
Klts MIcmw8v8Camponents 

*TropO EME Weak Slgnal OSCAR. FM 
Packet ATV 

~ W 2 . 1 2 8 9 . 1 2 9 8 * 1 B 9 1 * 2 3 ( Y * 2 ~ * 3 U O . 5 ~  
.10.388MHz 

ANTENNAS 
W L V K  45.1 LOopY.plKit 12WMHz 8% 
1315LVK 4581 LwpYagl KII 23MMHz $79 
W L V K  3301 LoopYagl Klt 802MHz $05 
I844 LV U el LwpYagl Asmb lod  1891 MHz $105 
In F d  Td EandDlsh F W  2.3.3.4.5.7GHz $15 
manyothan and ..umbl.d nnlomnalldm. 8klpOlngntra. 

LINEAR AMPS AND PREAMPS 
m P A  12to1.3GHr 3woul 138VDC SlSO 
'318PAM 1 2 4 l o 1 3 G H z 2 6 v o u l  138VDCf206 
!335PA 1.2410 1.3GHz 35woul I 3  8VDC $326 
'l4O PA 1.24 lo 1.3 GHr hlgaln 3Srr Out 13 6 VDC $355 
'370PA 1.24101.3GHz 7Owoul 138VDC $895 
302 PA 2.2 to 2.5 QHz 3w out 13.8VDC $424 
3 LNA 2.3 102.4GHz preamp .BdB NF $140 
'3LNA 1.2 to 1.3GHz Preamp .BdB NF S85 
ULNA 800to930MHz preamp .BdBNF $85 
891 LNAWP 1691 MHz mast mounted .8dB NF $140 

preamp 
K l t u  Wa.(k.rpoo( Vamlanm md o l h  Fnquncha Ar.(l.bl* 

NO-TUNE TRANSVERTERS AND 
TRANSVERTER KITS 

800.1269 1296,2324 7400.3453 57WMHz 
HF WK 802 MHz Transverler 4OmW. 2m IF Klt $138 
HF 1298K 1296 MHz Trnnsverter 10mW.2m IF Klt (148 
HF23MK 2304 MHz Transverler 1OmW. 2m IF Klt tXK 
HF3456K 3456 MHzTransverler IOmW.2m IF KlrS205 

ISCAR and olher fmqwncles maltable, also Amps and pack. 
ge veniona wlrad and teated 
Idla lor mom Inlonnstlon. F m  d.kO n.IlM.. 

DOWN EAST MICROWAVE 
BIIIOIson, WSHQT & 

RR1 Box 2310, Troy, ME 04987 
(207) 948.3741 Fax: 207-948.51 57 

Getting Started in Contesting 

1," !,PO 5tovlpn r ( nnternng u 
Nhether you're a newcomer to contest~ng o 
3n experienced veteran, CQ's Getting Startec 
n Contesting IS for you! You'll get adv~ce anc 
)peratlng trps from some of contest~ng's mos 
;uccessful competitors, includ~ng Ken Wolff 
(1EA. D ~ c k  Newell, AKIA,  and CQ's owr 
:ontest column~st, John Dorr. K1 AR 

iere's just a sample of what you'll see 
What contest~ng's all about 
Expla~n~ng contest jargon 
Tlps tor beg~nners 
Compet~ng from a small station 
Operat~ng secrets from the "pros" 
L~ve QSOs from world class statlons 
VHFJUHF contest~ng 

Send for your contest video tape today 
and watch your scores climb! 

Call our order department today at 
(800) 853-9797 

or write to: CQ Cornrnun~catlons 
76 North Broadway, H~cksville, NY 11801. 



LUKE POWER SUPPLIES 
CONTINUOUS DUTY 
AMPERE RATINGS 

7 Days A Week 
52 Weeks A Year 

S40-4OAM P- 13.8V ......................................... .$275 
S55-55AMP-13.8V ......................................... $31 0 
S65-65AMP-13.8V .......................................... $425 

...................... ........... S80-80AMP-13.8V .... .$540 
.................................... S100-100AMP-13.8V $585 

S35H-35AMP-28V .......................................... $445 
.......................................... S55H-55AMP-28V $540 

S25VH-25AMP-50V ................................. er quote 
S55VH-55AMP-50V ................................. er quote 
OPTIONAL RACK MOUNT .............................. $75 
OPTIONAL LCD METER .................................. $75 

Electron~c Regulated Soft starl on most models 
Fold Back Current L~m i t  Made ~n U S.A 
Crowbar Protect~on One Year Warranty 

Over Temp Protection Rack Mount Optlon 
Over Temp lnd~cator Crowbar lnd~cator 

Input Surge Protect~on 120R40v all models 

01g1tal LCD VoltlAmp R~pple Low as 2mv 
Meter wld~splay hold Industr~al translormer 

(opttonal) manufactured ~n U S.A. 

LUKECO. 
(VISA) 13 rl,,th JM,~, l,,gc,ly MI lohs l  

(6 16) 229 459 1 

CALL 

NEMAL 
FOR 

RF 
Connectors 
Adapters 
Cable Assemblies 
Coaxial Cable 

Manufacturer Of Custom 
Electronic Wire And Cable. 

Low Minimums Ouick Delivery 

CALL US AT 
1-800-522-2253 

OR FAX YOUR REQUIREMENTS TO 
1-305-895-81 78 

Call for your copy 01 our new 44-page 
Cable & Connector Selection Gu~de. 

More than 2.500 commercial and OPL 
cable and connector products in stock. 

NEMAL ELECTRONICS, INC. 
12240 N.E. 141hAVE., N. MIAMI, FL33161 

(305) 899-0900 

2 meters 223 MHz 
440 MHz - 6 mctcrs 
only $149.95! 
$169.95 fo r  440 MHz 

Fully Synthesized 
No Crystals 

Ramsey breaks the prlce bawler on FM ngsl The FX IS rdeal lor shack portable, mob~le 
or a dedlcated packet rlg Wlde frequency coverage (20MHz) and programmable 
repeater spl~ts makes the FX the perlect rlg for CAP. MARS or buslness band use 
Packeteers really appmrale Ihe bull! m packet 110 connector, true FM s~gnal lnstanl 
T/R swltchlng and 9600 baud capablllly You get twelve channels eas~ly dlode pro- 
grammed anywhere you want, 5 watts RF output (3-4 for FX-440), sensttlve dual con- 
verston recelver w~th crystal and 6 pole cerflmlc IF f~lters, plus proven easy assembly 

You bu~ld your FX In staqes of a lew parts at a time, logically worklng your way along 
through each sectlon, testlng your work as you bultd The only test equipment you II need 
a a voltmeter and another radlo or frequency counter Our 120 page lnstructlon manu- 
al will carefully gurde you lo a ltntshed unlt that wlll work llrst Ilme - and you II learn. 
loo1 Why pay more for a used forelgn-made rfg when youcan have an AMERICAN MADE 
one (by you) lor less? K I ~  comes complete w~th all parts, quallty epoxy PC board wlth 
pr~nled parts layout, and extensive manual You only need to add an lCOMlRad~o 
ShacWaesu stylem~keand su~lableenclosure The Ramsey matchrngcase set ~ncludes 
all hardware, knobs and rugged steel case (welghts 3 Ibsl) w~th durable black powder 
coat llnlsh 
FX-50 (6 meters) $149.95 FX-223 (1 114 meters) $149.95 
FX-146 (2 meters) $149.95 FX-440 (70 cm) $169.95 

CFX matching case set $24.95 

FX manual, specify band desired - $10.00 refundable w~th purchase of transceiver kil. 

YOUR SATlSFACTlON IS GUARANTEED. Examine your Ramsey product for 10 days. 
If you're not pleased, return In orlglnal condilion lor refund. Add $3.95 lor shipplng 
handling and Insurance. Foreign orders add 20% for surlace mall. COD (US only) add 
$5.00. Orders under $20 add $3.00 NY residents add sales tax. Warranty: 90 days on 
ktt parts; 1 year parts and labor on pre-wtred unlts. 

LOCAL INFO 716-924-4560 FAX 716-924-4555 

ORDERS ONLY 1 -800-446-2295 

SEE THE SPACE SHUTTLE VIDEO 
Many ATV repeaters and individuals are retransmitting 
Space Shuttle Video 8 Audio from their TVRO's tuned to 
Satcom F2-R transponder 13. Others may be retrans- 
mitting weather radar during significant storms. If it is 
being done in your area on 70 CM -check page 413 in 
the 91 -92 ARRL Repeater Directory or call us. ATV re- 
peaters are springing up all over - all you need is one of 
the TVC-4G ATV 420-450 MHz downconveters, add any 
TV set to ch 2,3 or 4 and a 70 C M  antenna. We also 
have downconverters and antennas for the 900 and 

amateur bands. In fact we are your one stop 
ATV needs and info. Hams, call for our 
TV catalog - antennas, transceivers, amplifi- 



I i o w  t o  p111 M(IRE p o w e r  rrnlo yotrr .r,rlrnn.t a n d  g e l  hef le r  .lrlrl l l rg l~er  sryr~. i l  s t r r l lq l l r  '." 
-Use the all new OUTSTANDING, HIGHEST EFFICIENCY 197"o TO 99°01. and the BEST BROADBAND U N U N  

lunhnlancrd t o  unbalanced1 arrd BALUN ll>slnrvced to  unbnlancedl TRANSFORMERS excla, 
swnly desrgned and opt,rt~zmtl b y  DR. JERRY SEVlCK WZFMI Anwrlo? Assooales Inc 
n o w  o l l ~ r .  the w ~ d e s t  s e l ~ ~ r a o # ~  of rim W2FMI Balon6 and Undms l o  nn*ct all yolrr reynr,rs- 
ntenls for better arnrf rnore constsrerlr contn~~,n,catron Also availnhle rrr do-rt-yourself ktts. 

USO UNUN lranrlarmsrs lor malching SO-ohm cable lo Use BALUN Irnnsform+rs lor malchtng 
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131 A ~l!ncl,rrr! <,I IWO 50-OHM cahles. 1.31 Hh,,rr~hrr .,rr<l Vn?tennns 
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a!ltrvrln.#\. arrci 

h E @  .. 
151 ! la,  < ~ t ~ r r ~ u r  of .? transwivcr olclnss R Itnear antplrfier when nn unfavoradle VSWRconditton ox,sts. 

All d~srg f ls .  wtten used nccord~ng lo  mslruct#ons. ern "unrnnleed lo  give culstand!ng pnrfornmrrces. C o n l i ' . ~ !  (sons with 
olhrr n!alchrnp franslormors are mvi lrr l  

W W R  RATINQ .t lent 2KW continuous 1- 1MHz t o  40 MHz 

MI HIGH POWR uwws III~OM MATM COMM UWIT mtm WRFMI HIGH mwm MUWS I ~ O I W ~ ~  MATCH C M A L ~  tart P~IIC~ 
2 ?5 IHUSII 50 ?? ??.OHb.lS $34 05 4 1-HR50 i n  17 5.OHMS $39 95 
? 1-H1150 50 75.OHhlS S74 R5 1 1-HRt150 50 50-OtIMS 539 95 
7 1-HI11150 50 22 22.0liMS S.19 95 1 S 1 HRi5 is 50 nn6.1~ $59 95 

50 75-OH1 15 11-HRIO0 100 5O.OlOAS S5q 95 
775 1-Hull? 5 112 5 50-OHldS 534 95 J 1-HRM700 7r)O 50-OtlhlS S?9 95 
2 1.H11100 100 50-OlIlAS SDJ 95 4 1-HR U?OC 200 50.OtlMS SS9 95 
2 I.HllU100 117 5 50-OHFAS $49 95 A l-ur~tlT?no 700 SO-OHMS s59 95 

~ n n  m.nt~trc 6 1-HA300 300 SO-OliMS S59 95 

I 
9 1.HllH50 50 5 56-OHldS 53.1 95 
1 78 1-HOU50 50 PR-OII~.!S 54995 

50 I? 5-OH!.4S 
I 56 1~HOU50 50 3?-Oti'AS $49 95 

50 18.OH!.4S 
HMMlJ5015 dlll mtlos) MULTIMATCH UNIJN 56995 
1 78 l.HMMII50 MULTIMATCH LINIIN S6995 
18 ~l~l lere~l l  r,tl~os) 

ALSO AVAILABLE: 

I 
l.ncnntl~lm~lal nloney bark gt!.Iranlw lor 1 vrdt On c~nl~h-led llnrr 

Fast r ~ l t n l ~ b  v , r ~ i  r ,  % i r t r q s  l!?li.7 
2216 East G adwtck Street, Dorn~ngur :  t i : . .  CA9n::'l 

TEI.. 13101 763 5770. FAX 13101 '63 2250 I 
( Phase 30 Will Bring: 

Spacc t o  uirtuaffi e u c q  ham thrmcqh: 
Hkghcr pou;cr transmitters 
fliqhcrgain nntcnnnc . . . .  
~ni r re  axic stabilization 

.Wort bandc: 
'l,ozunfin(s on 10 ?Mctcr.g, 2 -%fctcrs; i 0 ,  13, 5, a n d 3  Cm. 
'Zlpfitt(s on 70, 23 and  5 Cm. 

!Wiqhcr Orbit: 
48,000 km. (29,000 mikl, 16 hour orbit for insnaced couero~qc, arrdzrisihility 
for rnanrl hours each day. 

I Phase 30 Needs Your Help! I 
I A contributiotr ofjtrst a-fcur dollars-from E 7 . ' E ~ ~ a c t i v c  amateur uiliiincurr 

that thic n e w  man~e l~c t . c  into orbit. 

I Make Your Contribution Today! I 
;%7u arc aho  inz'ted to@in , ~ ~ L a n d r c c c i z c  the ~ . W S A l : 1 o u r n a ~ s o  that you 
too, cattfbllow thc progrc.cs o f  Thnrc 3 9  andothcr e ~ c i t i n ~ q  nmatcur satcfite 
actizjitics. Dt~es arc just $30 annualiq in thc US. and'$-% in Canada and!%Ie&o 
- $ 4 5  elicu~herc 

[@AMSAT 
P.O. Box 27 
Washington,  D.C. 20044 
(301 ) 589-6062. FAX: (301) 608-341 0 

ANTENNA 

YO 5.0 automaticallv ootimizes monoband - - -  
Ya pa%ern, I des~gns and min~rnum for max~mum SWR. forward ain best 

YO mode% sticked 
hais .  dual driven elements. tapered elements. 
mgunting brackets, matching ' networks, skin 
effect ground reflection, and construction toler- 
ance;. YO o timizes Yagis with up to 50 el& 
ments from ~ f t o  microwave. YO runs hundreds 
of times faster than MININEC. YO is calibrated 
to NEC for hrgh accuracy and has been extm- 
sivrly validated a ainsl real antennas. 575. 
YOC 5.0 lassemblv?anauaae. much faster). $100. , - -  
NECWires 1.0 models true ground'losses 
and complex arrays. 0 timize aboveground 
radials, delta loops. etc. $OW segments. $100. 

NEClYagis 2.0 provides hi hest-accurac 
Yag~ anelys,~. Oulck panern syn?hesls for EM$ 
arrays of unt~mited size. 2000 segments. $100. 

A 0  and NEC require a 386+387 or 486DX and 
VGA. Others come with both coprocessor and 
noncoprocessor versions for use on an PC. 
Exiensivedocumenlation. Visa, ~ a s t e r ~ a r g  U.S. 
check, cash, or money order. Add $5 overseas. 

Brian Beezle K6STI 
507'/2 Taylor, Vista, CA 92Jb  . (619) 9459824 
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