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KOM IC751A 
t ' l ~ S  WHAT'S INSIDE THAT COUNTS!" 

All HF Band Transceiver / 
General Coverage Receiver 

e Advanced Circuit Designs 
AII Modes  Built-in USB, LSB, 
FM. AM. CW. RTTY 
~ u i e r b  ~ r e q u e n c ~  Stability 
Continuous Duty Operation 
Crystal Clear Signal Quality 
Midsize Masterpiece! The de- 

luxe IC-75 1 A includes more high per- 
formance features and professional 
circuitry per cubic inch than any 
other HF transceiver. Its smooth-as- 
silk operation and long-term reliabili- 
ty produce the ideal contesting. 
DX'ing. mobiling and portable rig. 
Owning an IC-751A truly means 
"Going First Class!" 

Unsurpassed Quality and 
Reliability. Quality and Reliability is 
important to  you and it's important 
to ICOM. ~COM now covers you and 
your investment with its exclusive 

one year wilrranty. There's more! 
The IC-75iA's receiver boasts lO5dB 
dynamic range for superb listening. 
The 100% duty cycle transmitter 
defies abuse and delivers 100 watts 
of exceptionally stable and clean RF 
output. Reliability. Ouality. One 
year warranty. That's ICOM. 

All Bands. All Modes Included. 
Operates 160 through 10 meters, it's 
easily modified for MARS operation, 
plus it includes general coverage re- 
ception from IOOkHz to 30MHz. NO 
compromise, no comparison! 

32 Tunable Memories. Store 
both frequency and mode informa- 
tion. Use them to quick-access your 
favorite spots or as 32 preferred fre- 
quency-remembering VFOs. 

A Modern ~ m a t e u r ' s  Delight! 
Special attractions include an elec- 
tronic keyer, semi or full break-in 
rated to 40 WPM, panel selectable 
500Hz/FL-32A CW filter, and volume 
control-tracking sidetone. SSB trans- 
missions are enhanced with an RF 
speech processor and tone control to 
produce sparkling clear audio. PLUS 
there's a new rubberized tuning 
knob for velvet-smooth tuning and a 
full line of accessories and filters. 

RF Power Control. Varies Output 
independent of mic gain. ALC and 
speech processor action. Enjoy 
maximum "talk power" at any drive 
level! 

To see the IC-751A. contact your 
local ICOM dealer. 

J 197 
ICOM America. Inc., 2380-116th Ave NE, Bellevue. WA 98004 Customer Servla Holllne (206) 454-761' 
3150 Premier Drlve, Su~te 126. Irvlng. TX 75063 / 1777 Phoenlx Parkway. Su~te 201. Atlanta. GA 3 0 3  

ICOM CANADA. A Dlvis~on of ICOM Arnerm, lnc. 3071 - #5 Road. Unlt 9. Rtchmond. El C V6X 2T4 Canade 
. . ....,.,.-.,--- -.- .-..m.i-.., ..A I,,rknnno v,thnut mt,ce or obl,aal,on !Cop,# s,an,f,cantly exceed FCC reguls~lanr Ilmlllng spurlous emlsslonr 751A18  
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Get It 1 - Together With 
I 

KAM gives you CW, RTTY, ASCII, AMTOR, HF and VHF 
PACKET all together in one unit. 

r We combined the features of 
our UTU-XT and KPC-2 to give 
you the true all mode unit you've - I 

been asking for' the KantrOnics Transmit and receive CW 6-99. Separate CW keying rela? for positive or 
Mode ( K A f l ) .  RTTYIASCII 45300 baud, ARQ, FEC, negative keying. 

KAM features bargraph tuning SELFEC, Listen ARQ. VHF and HF Packet. . 12-pole programmable switched capac- 
HF and VHF radio ports. itance input filtering. 

and user programmable MARK 
Command driven by your computer with Quartz synthesized AFSK or direct FSK 

and SPACE tones for RTTY and over 100 sohare  commands. operation. 

HF ~acket, as well as limiter/ User ~roarammable baud rates for RTTYI RS-232 or TTL level operation by jumper 

limiterless operation on HF for 
~ ~ ~ 1 1 - s e 6 c t a b l e  in onebaud increments. selection. . User programmable MARK and SPACE 16KRAM lexpandable to 32K). 256K 

weak signal operation. tones on HF. vou choose the tones. EPROM. EEPROM for parameter storage. . , 
KAM's CW demodulator is 81~0 . jelective RTTY Autostart operation. Compatible w ~ t h  any computer hav~ng an 

programmable for both center Separate CW demodulator filter with pro- serial I I0  port. 

frequency and bandwidth. 
grammable center frequency and bandwidth. FCC Pan 15 compliant. 

KAM's RS-232/ TTL terminal 
interfacing provides universal 
compatibility to all computers, -,oG "'*'@ EXTRA * Simultaneous HF and VHF 
including Commodores and PC 

Y' ' SPECIAL Packet connects & digipeating. 
comoatibles. . . r -  

~f you're looking for increased FEATURES * HFNHF Gateway operation. 
sensititivity and the greatest 
amount of flexibility in an 
all mode unit, look to Kantronics. 
We've got it all together in the 
Kantronics All Mode. 

Suggested Retail S319.W 



Here$ One foryou! 
*I/ p ,~ 2 f ;,* f " q  ,8 

t . ;  i--/ I-\: - ; , - 
2 m and 7 0  cm Fbl comnac? TM :? ' f l ,  recpives from 138- 14 full-function memory channels 

.. mobile transceivers 17:' r j '?i .  h.lH7, T h ~ s  includes the store frequency, repeater offset, 
, . + l ~ : a t ! ~ r  channels' Transni~t range sub-tone frequenc~es, and repeater 

The all-new T"-221A and T"-421A IS 104-138 MHz. Mod~f~able for MARS reverse ~nforrn;it~on. Repeater offset 
FM transceivers represent the "New and cAp  operation, (MARS or CAP on 2 m is automatically selected. 
Generation" in Amateur radio equip- perllllt There are two channels for " ~ ~ d r l  
merit. The superior Kenwood GaAs * it,;, rr.1 -,!:IA covprs 430449.995 spl~t" oper;~l~or,. 
FET end receiver; and n . 4  7 l i l i , ~ ~ r l s  , , r , , r l i  0 ,  I ~ ~ I I  Programmable band scanning. 
clean RF amplifier circuits, and new I,,lll,j,,,,,,r~ 1 , )  Memory scan with memory 
features all add up to an outstand- 8irr i-rr 'lent panr l  s ~ l e c t i o n  of 38 channel lock-out. 
ing value for mobile FM stations! CTCSC iones. TSU-5 programmable . Super compact:  
The optional RC-10 handset/control decoder opt~onal. ;~pprox. l-ll7"Hx5-117"Wx7"D. 
unit is an exciting new accessory . 51rr1:~lii1;.rl f rontpanpi controls New amber LCD display. 
that will increase your mobile makes operating a snap! Microphone test function on low 
operating enjoyment! 11;  l ( r . \ /  3 T M i  hand n i~c. .  mic. hook. power, 
c , ' i  .. , 5 MI TM-A?lA l l i o ~ ~ n t i n r ~  t~rncket .  and Dc power High quality, top-mounted speaker 

is the f ~ r s t  2.3 ' " '  79 cm rno!?rl~?! .;.?I Ic 111cI11d(fd. Rugged die-cast chassis and 
Both models have adjustable 5 W 0 Pack< .?  I?( 10 compatible! heat sink 
low power. * K ~ r ~ w n x i  nnn-volatile operating 
Selectable f r e q u e ~ c y  steps svq'erl- All functions remaln intact 

des~gned for mobile convenience 
and safety. All front panel controls 
(except DC power and RF output 
select~on) are controllable frorri the 
RC-10. One RC-10 can be attached 
to either or both TM-221A and 
TM-421A w~th  the opt~onal PG-4G 
cable. When both transceivers are 

is needed for repe 

,, RC-10 1 . 1 ~ 1 1 1  lhl>,i 1 1  11,  t ~ . , r ~ 1 1 ~ . ~ ~ 1  1 1 ~ 1 1 1  1 , .  i ,,!1lltill~.l , ~ l ' I ~ ~ t ~ !  , !  ILJII~,! (;'(Ill W 1'1 1 '1  SW-2 ( ~ ~ ~ 1 1 7 I ~ ~ l ~ : l  . PG-4G I XII;~ < L>,I I !~~ ,.,t l , l<, ;illow', 1P.4 ?:'lAl 1'0 < ,I,IIV~III,L I o o < ~ r  (;'Oil W 1'1 1'1 SP-40 C(1n1 
TP.4 ,I:'I", 11111 r 1 1 t p l ~ x  o [ ~ i - ~ , $ l ~ , ~ ~ i  . PS-SOfPS-430 11:tc I II,I~I,~I~ ~;III*;!~IS~ . SP-SOB Mo1~111v c;~~t3;3ktal 

; w  I U S  I I I I I I I  : I  . PG-IN I r11.1 L)C 1 :1h11 . PG-3B O(: II!II. t lo!sr 
(1c.1 c , i l r 3 !  . SW-100A C,>t~~l,.$rl S W R f ~ i i ~ w ~ ~ r l v i ~ l l  I~llvr * MC-GOA, MC-80. MC-85 H:iC,<. ,>lnlliln mlr s 

t ~ i r > l r t  (I ti I',i, h l t i ~ l .  SW-100B Cornpal I SWHi MC-55 (?. I,(III PSI > I ~ I I ~ ,  t111t WIIII < I~O~, ,~~ I I * (  k , r l l d  
~ x ~ w r ~ r l v n l l  trlt,tr'r ( l 4 ( l  .1',0 tb1Ii:1 - SW-200ASWl3r 1 1 1 1 8 f .  , .  1 1  IIIT,C.I a MA-4000 l111~11 l > i 1 1 1 ~ 1  .tr111'n17;3 wllh 
lllrwp, ,,riqt>r ( 1 8  Ic,o M+i.r) - SW-200Bi.Wl;fl~c~wi~r , l l l r 81a . vv f  ( 1 1  < tml O J I  , . o I I I ~ I ~ . * ~ ~  - ME-201 rxtl;~ 
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the FCC giveth ... 
Novices are back on  phone - for the first time since the 1960s - as this issue of ham radio arrives in your mailbox. In its 

Report and Order of Novice Enhancement (effective March 21,1987), the FCC expanded the Novice 10-meter allocation to28.5 
MHz and awarded new VHF/UHF allocationsat 1-1 /4 meters and23 centimeters. Phone operation is now permitted on all three 
bands. 

In brief, on 10 meters Novices (and Techs, who share Novice low band privileges) may now use digital (F1 B) as well as CW from 
28.1 to28.3 MHz, plus CWand SSB from28.3to28.5 MHz. The power limit remains200 watts. On 1-1 /4meters, they'reauthor- 
ized all modes from 222.1 to 223.91 MHz, with a 25-watt power limit. On 23 centimeters, the Novice band is 1270-1295 MHz (all 
modes), but with only 5 watts. 

There's one important limitation: while Novices will be permitted to use repeaters, they won't be permitted to be repeater con- 
trol operators or trustees. Note: contrary to a widely circulated but erroneous interpretation of the new rules, Novices' signals 
may be repeated outside the Novicesubbands, just as Techs' signals can be repeated on 10-meter cross-linked repeatersor through 
the satellites. This means that Novices will be able to communicate directly with higher class Amateurs on the other VHFIUHF 
bands through cross-linked repeaters. 

They'll have to pass a more difficult exam, however. Instead of 20 questions, they'll face 30 - with the additional ten testing 
knowledge relevant to the new privileges. 

So what's this going to mean for Amateur Radio? First, it meansthere are now80,00(k Amateurswith phoneand digital privileges 
on 10 meters and first-time access to all modes on VHFand UHF. Despite the diminished sunspot cycle activity, 10-meter opera- 
tions should see a big boost. At its worst, 10 generally shows some life - and greatly increased activity on a "dead" band often 
confirms that its not really dead, but only lacking users! One-and-a-quarter meters should benefit at least as much as 10 - with 
equipment costs and performance about the same as2 meters, and a well-established repeater system in place, this band could 
even become as busy as2 meters! One unknown is just how well the newcomers will be received; the message is mixed on this, 
with some repeater groups already planning cross-band links to further expand Novice horizons, while others vow they'll install 
elaborate coding systems to keep Novices off their machines - or even shut their repeaters down entirely. 

Twenty-three centimeters will also see some increase in activity, with good quality commercial equipment available from several 
suppliers. However, costs are high and activity low, so the effects here are not likely to be nearly as extensive. 

What new Novice privileges will mean to the Amateur Radio service is yet to be determined. Though enhancement doesn't 
make the Novice a no-code entry-level license, it does radically augment its benefits by the addition of phone privileges. If this 
results in a big boost in newcomers, it may temper enthusiasm for a code-free license - perhaps the perceived problem with the 
Novice license hasn't been its requirement for 5 wpm code capability, but rather that its only former benefit was to permit the holder 
to work CW (and CW is workwhen you're new at it). 

One thing enhancement seems sure to do is increase activity among present Novices, and that's good for Amateur Radio. The 
dropout level for Novices has always been unacceptably high, but the new phone privileges should substantially change that. 
Why? Because Novices will find both their investment (in new equipment) and return on that investment (fun) increasing to the 
point where they'll not only be unwilling to lettheir licensesexpire, but will bestimulated to upgrade. All things considered, then, 
enhancement appears to be a big plus for Amateur Radio. 

Before we become too euphoric, however, let's consider this: 

... and the FCC taketh away! 
Excitement over Novice enhancement was still growing - in fact, the news was still being spread - when the FCC dropped 

the other shoe. . . squarely on 220 MHz. In  a Notice of Proposed Rule Making dated just t w o  days after the Report and 
Order on  Novice Enhancement, thecommission proposed reallocating 220-222 MHz t o  land mobileservice use only! 

As justification, the FCC cites "light loading" of the band in comparison to2 meters, using ARRL's Repeater Directory listings 
asevidence. Even assuming this "evidence" isaccurate (which it isn't, since the220-MHz band supports many control linksand 
a large, dynamic, and growing number of packet and other data communication userswho'vecometo220 MHz because2 meters 
couldn't accomodate them), it's obvious the Commission's right hand doesn't know what its left is doing! You don't give 80,000 
new users access to a finite band of frequencies, then cut that band by 40 percent! It'sworth noting, at this point, thatthis proposal 
didnot come from the FCC's Personal Radio Bureau, where Amateur Radio and our problems are well known and appreciated, 
but from the Office of Engineering and Technology, where they obviously aren't! 

That's not tosay this proposal wouldn't have made better sense 10 yearsago. lnfact, back then it might have even been to our 
advantage. Why? Because, along with taking 220-222 MHz away from Amateurs, the FCC is also proposing removing fixed and 
mobile service allocations from the 222-225 MHz segment and making that portion solely Amateur (though shared 

(continued on page 50) 
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AU Mode Mobility! 
25 watts h1ghl5 watts adjustable low Dual d~g~tal VFOs V Tq-751A /851A Programmable scanning-memory, Semi break-~n cw wilh side tone 
band, or mode scan with "COM" MC-48 16-key DTMF hand micro- 

Compact all mode channel and priority alert phone and microphone hook ~ncluded 
transceivers 10 memory channels for frequency. Frequency lock, offset, reverse switches 

mode CTCSS tone, offset. Two chan- Digital Channel Link (DCL) option It's the "New Sound" on the 2 meter riels f;r odd splits, TR-751A! Auto- ,411 mode squelch, noise blanker, 
Optional accessories: 

matic mode selection, versatile CD-10 call slgn display 
and RIT scanning functions, illuminated multi- Easy-to-read analog & RF meter 

PS-430, PS-30 DC power supplies 
function LCD and status lights all SW-100A/B SWRIpower meter 
contribute to  the rig's ease-of- SW-200A/B SWRlpower meter 
operation. All this and more in a SWT-1 2 ni antenna tuner 
compact package for VHF stations SWT-2 70 cm antenna tuner 
on-the-go! TU-7 38-lone CTCSS encoder 

At~tcmn;~l~c mode selection, plus LSB MU-1 modem un~t for DCL system 

144.0 144 1 144.5 145.8 146 VS-1 voice synthesizer 
I I I I MB-10 extra mobile mount 

cw ~ U S B  FM ~ U S B  FM SP-40, SP-SOB mob~le 

Optional front panel-selecta 
38-lone CTCSS encoder 
Frequency range 142- 

PG-3B DC line nolse filter 

149 MHz (modif~able to 
(p tl(:luxl: base stallon rnlcs. 

cover 141-151 MHz) MC-43s UPIDOWN mlc. 
Hlgh performance receiver w ~ t  
GaAs FET front end 

MC-55 (8-111n) rriobile mlc. 
MA-4000 dual band antenna wtth 

VS-1 voice synthesizer option 

Actual size front panel 



a question of goals 
Dear HR: 

When we read about the [ARRLI 
Board's approval in principle of a new 
Amateur Radio museum ("It Seems to 
Us," QST, October, 19861, we thought 
it was a nice idea. 

Then we read an editorial by Craig 
Clark, NIACH, in ham radio ("Reflec- 
tions," October, 1986) and kicked our- 
selves for not thinking about this issue 
more carefully. 

Craig pointed out, we think correct- 
ly, that the project will consume enor- 
mous amounts of time, energy, and 
money. In light of the Board's ambi- 
tious goals, set in 1984, to recruit new 
hams and ARRL members, it just 
doesn't make sense to divert our focus 
to an equally ambitious undertaking - 
one that probably will not increase the 
number of new licensees significantly. 

We're all for keeping HQ and WIAW 
in good shape, but how many of us get 
a chance to visit Newington? Will a 
museum in Connecticut inspire non- 
hams across the nation to get a 
license? Wouldn't it be better to raise 
and spend $2.7 million on recruiting 
new hams? 

For that kind of money we could 
buy, stock, staff and operate several 
mobile displays which could present 
ham radio exhibitions and give license 
exams at schools, museums, fairs, 
clubs, and shopping centers through- 
out the country. Let's take Amateur 
Radio to the people instead of expect- 
ing them to come to us. 

We urge all League members to read 
Craig's editorial and convey their feel- 
ings to their Division Directors immedi- 
ately. This important issue should be 

thoroughly debated by the mem- 
bership. 

Dick Green, KAlLBW, 
and Mike McAmis, WA3ECT 
Etna, New Hampshire 03750 

low-band operation 
Dear HR: 

K2RR's articles in the May and June 
issues ["Secrets of Successful Low- 
Band Operation," pages 16 and 17, 
respectively] prompt me to dash off a 
few lines on that subject. 

Let me preface my remarks by set- 
ting the time frame and locations for 
my experiences on 80 and 40 meters. 
In the years 1956 through 1966, 1 was 
fortunate to operate from three loca- 
tions in Europe and two in North 
Africa. 

I will do my best to recall a few of 
the QSOs and without reference to the 
old log books, which are not now at 
hand. 

October, 1958 saw me in North Afri- 
ca on 40 meters (though on a few oc- 
casions, I did get down on 80 meters). 
One memorable QSO was with the late 
Jim Mills, ZL2BE. Jim ran several big 
rhombics, and knew that I could "bor- 
row" some even bigger ones from the 
military. Well, to make a long story 
short, we had a QSO or two, using 
long path, short path, and probing the 
other paths as well. Hams at both ends 
of the circuit were somewhat amazed 
to hear us on what they considered a 
dead band. Needless to say, I have 
fond memories of QSOs like that, so 
many years ago. No one is more 
pleased than me to see the tremen- 
dous strides that have been made in 
the design of antennas and equipment 
in recent years. 

Now, let me jump ahead to the 
1960s and recount a few experiences 
on 80 meters. On 80, most any eve- 
ning, I would be working other Euro- 
peans. We, of course, were in dark- 
ness, but the east coast of the U.S. 
was still in daylight. As the evening 
wore on, out of the noise would come 
the signal of, say, W1FRR (now 

W1 FC). Fred would say, "Hey, War- 
ren, I've been calling you for an hour 
now. Didn't you hear me?" 
My retort: "No, Freddie, not a peep 
until just now." 

One-way skip? Perhaps so, but how 
do you explain it? Was my signal go- 
ing to the "F" layer, bouncing off the 
Atlantic in mid-path, then traveling in 
the " E N  layer and then down to Fred? 
Theory has it that since my "E" layer 
had dissipated, and Fred's had not, the 
early evening path employed both "F" 
and "E" layer from. east to west, or 
dark to daylight. 

Now, let's see what we can do to 
explain the bending, or azimuthal 
divergence of radio signals. With the 
advent of large, directive arrays on 
the ham bands, Amateurs are ex- 
periencing what the commercial sta- 
tions knew decades ago. Let me give 
you an example: a commercial point- 
to-point station in Slough, England, 
ran daily traffic with a similar station 
in Capetown, South Africa. The path 
between them was normally North- 
South, as you would expect. But on 
some occasions, both stations would 
have to slew their antenna arrays to a 
point off South America. I don't recall 
when this situation was first observed, 
nor do I remember when I read about 
it, but suffice it to say that it was not 
in recent times. By the way, this effect 
has occurred on numerous occasions 
over the past several years. 

How do you explain this bending 
thing? Well, far more knowledgable 
persons than I have explained it this 
way: bending can take place when the 
layer is spherically stratified. What 
makes this bending different from 
backscatter or side-scatter is that the 
signal is not diluted or fragmented, as 
it may be in a scattered signal. 

I have many other thoughts on low- 
band DXing, but will save those for an- 
other time. 

Kudos on your fine magazine and 
the folks who make it all happen. 

Warren Lufkin, WBSll 
Cheyenne, Wyoming 82001 
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220: Kenwood Stile! u 
TV-3530A Big multi-color LCD and back-lit con- Frequency lock iw i tch  

trols for excellent visibility Digital Channel L ~ n k  (DCL) option 

The first comprehensive Optional front panel programmable 38- High performance GaAs FET front 
tone CTCSS encoder includes97.4 Hz end receiver 

220 MHz FM transceiver I 

TM-3530A-25 watts of 220 MHz FM- 
Kenwood style! Features include 
built-in 7-digit telephone number 
memory, auto dialer, direct frequency 
entry and big LCD. All this makes the 
TM-3530A the most sophisticated 
rig on 220 MHz! 

First r l~oh~lr:  transceiver w ~ t h  tele- 
phone number memory and auto- 
d~aler (up to 15 seven-d~glt telephone 
numbers) 
Frequency range 220-225 MHz 
Automat~c repeater offset select~on- 
a Kenwood exclusive! 
D~rec t  keyboard entry of frequency 
23-channel memory for offset, fre- 
ouencv and sub-tone 

TH-31BTl31A 
Kenwood's advanced tech- 
nology brings you a new 
standard in pocket/handheld 
transceivers! 

1 wdlt h~qh, 1!)O mW low 
SUIJPI cl;mpoct arid llghtwelght 
(about 8 oz wlth PB-21') 
Frequency range 220-224 995 MHz 
In 5 kHz steps 
BT Ser~es has bu~l t -~n lone 
Repeater offset.- 1 6 MHz, reverse. 
slmplex 
Supplied accessories: rubber flex 
antenna. earphone, wall charger. 180 
rnAH NlCd battery and wr~st strap 
Ou~ck changes, lock~ng battery case 

TH-31BT131A optional accessorie 
HMC-1 headset with VOX 
SMC-30 speaker m~crophone 
PB-21 NlCd 180 mAH battery 
PB-21H NiCd 500 rnAH battery 
DC-21 DC-DC converterfor 
111oblIe use 
BT-2 manganeselalkal~ne hattery 
u s e  

9 EB-2 external C manganese1 
alkal~ne battery case 
SC-8/81 soft cases w~th belt hook 

*TU-6 programmable sub-tone unlt 
AJ-3 thread-loc to BNC female 
adapter 
BC-6 2-pack qulck charger 
BC-2 wall charger for PB-21H 
RA-9A StubbyDuk antenna 
BH-3 belt hook - 
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real coax: 
impedance and phase relationships 

The device between 

the transmitter and antenna 
deserves better treatment 

K2BT, author of the definitive series on phased verticals', examines 
in his own precise manner the extremely important and often neglect- 
ed component that gets your signal from here to there. - Ed. 

We all know that when using coaxial cable at 
radio frequencies, it may have a significant loss which 
must be considered. It's quite clear that a cable hav- 
ing a loss of 3 dB1100 feet at 30 MHz will deliver only 
half the available power to the antenna if we need to 
use 100 feet. But how many of us are aware that 
there's a further loss if the load is mismatched to the 
line? Or that a lossy coax can make a badly matched 
antenna look good in the shack? In fact, it's possible 
for a quite low-loss cable, if long enough, to indicate 
a 1:l SWR at its input even though the output is open- 
circuited! And though coax losses at lower frequen- 
cies ordinarily can be neglected, as the SWR goes 
much above 5:l we still can sustain a non-trivial loss 
and a different input impedance than we might have 
expected due to the high mismatch. (Incidentally, ad- 
ditional loss due to load mismatch can occur with any 
lossy circuit, not just coax.) 

Those of you who've seen graphs of additional loss 
attributable to SWR may have wondered, as I did, just 
how this loss was calculated. These effects may be 
apprechted in a general way, but we might be hard 
pressed to attach numbers to some of these situa- 
tions. The mathematical formulations dealing with this 
subject, strewn with Greek letters and unfamiliar tri- 
gonometric symbols, give the appearance of such for- 
midability that we are dissuaded from looking any 

further. And so we often approach the problem "as- 
suming the lossless case.. .", knowing this is not reality 
but hoping we haven't missed it by much. 

The purpose of this article is to help with such 
assessments and to place some of the calculations into 
a simplified and standardized format for ease of 
programming computers and calculators. 

common approach: interpolation 
Trying to assign loss at a given frequency when the 

ratings are given at other frequencies is the first prob- 
lem we encounter. Most cable manufacturers publish 
loss figures at various frequencies - for example: 1, 
10, 50, 100 MHz and so on, which are called attenua- 
tion constants and defined as the loss in decibels per 
100 feet with a matched load. But if the operating fre- 
quency is 21 MHz, what now? We can "eyeball" in- 
terpolate, but it turns out we can do it to a high degree 
of precision using the manufacturer's ratings. 

definitions 
I 

Before proceeding, we must come to some general 
understanding: 

1. A transmission line is a uniform system consist- 
ing of two parallel conductors. "Uniform" means that 
the materials and geometry of the line and its sur- 
rounding medium remain constant throughout the 
length of the line. This applies whether the line is par- 
allel wire, coaxial, stripline, or other configuration. This 
understanding about uniformity also applies to the 
electrical circuit coefficients that result from the materi- 
als chosen for this line. 

2. The currents in the line conductors flow only in 
the direction of the line. It may seem redundant to 
state this in discussing distributed circuit transmission 
lines. However, under certain conditions some or all 
of the current may propagate around the conductors 
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instead of along them. Such transmissions are known 
as "waveguide modes" and are not explainable by 
distributed circuit theory. For lines with conductor 
separations that do not exceed a few inches, these 
waveguide modes are not supported except at fre- 
quencies in the very high GHz range. However, al- 
though these modes do not propagate any appreciable 
distance at the frequencies we are interested in, they 
are excited by any discontinuities in the line, whether 
caused by too sharp twists or bends or abrupt physi- 
cal terminations of the line. These excitations die out 
quickly from their point of origin, traveling a distance 
no greater than a few times the conductor separation 
of the line. However, they are responsible for anom- 
alous behavior that occurs in the vicinity of such dis- 
continuities. 

For now, so that "discontinuities" are not simply 
read as being only characteristic impedance variations, 
it should be clearly understood these are physicaldis- 
continuities. For example, the junction of an RG-8 line 
with an RG-174 line (two lines with the same charac- 
teristic impedance but very different physical dimen- 
sions) is such a discontinuity. 

3. The frequency range of interest is generally 1 MHz 
to 1 GHz, a range more than sufficient for most Ama- 
teur Radio interest. Although coaxial transmission lines 
are used above and below this range, the equations 
presented in this article must be used with more 
knowledge about certain specific characteristics of the 
line. For example, as the frequency is reduced below 
2 MHz, the characteristic impedance of the coax will 
have an increasingly significant reactive component. 
This may not be a show-stopper, but including that 
component in calculations will improve accuracy. As 
frequency is progressively lowered (less than 100 kHz), 
not only will we see a more reactive characteristic im- 
pedance, but the resistive component will rise - slow- 
ly at first - and then more rapidly. As we go above 
1 GHz, losses at some point may rise disproportion- 
ately and unpredictably because of various problems 
such as insufficient braid coverage in flexible line 
allowing power loss by radiation. Waveguide mode 
anomalies - for example, those due to distortions 
caused by having been bent around too small a radius 
- also become more troublesome at these frequen- 
cies because the excited modes are operating over 
what are now larger fractions of wavelengths. 

4. All discussion and equations assume steady-state 
conditions and no active elements. 

ABCD network parameters 
In a previous article discussing design of drive net- 

works for phased vertical arrays,' I presented material 
on the ABCD network matrix parameters. ABCD 
matrix algebra was devised for the purpose of simplify- 
ing calculations of inputloutput impedances, current, 

and voltage for four-terminal networks and for facilitat- 
ing cascaded calculations when chaining networks. 
The parameters are defined in such a manner that 
whether a passive network is a length of coax, a Pi 
or T circuit, or anything else, so long as the parameters 
are identical - regardless of the differences in in- 
dividual components or hookup - the inputloutput 
relationships are unchanged at the frequency for which 
the parameters are identical. For the purposes of the 
referenced article, I felt the subject of dealing with real 
coax to be an undue digression even though definitely 
related, particularly for phased arrays at higher fre- 
quencies, or even at lower frequencies when driving 
an element through an excessively mismatched line. 
Indeed, it is to fill in that gap that this article was 
written. 

For the lossless case, the ABCD matrix parameters 
for a length of coax are: 

A cos 8 j Zo sin 8 B 
C j k i n  O)/Zo cos 8 D [ 

Zo = Characteristic impedance 

I 
O = Electrical length (degrees or radians) 

In order to account for loss, these parameters must 
be defined differently. We arrive at them and can go 
back to the lossless case simply by substituting zero 
for the loss terms. 

cosh rR Zo sinh FR B 
tsinh I'L)/Zo cosh FR D 

r = (a + jp) Propagation constant 
R = Physical length 

I 
Zo = Characteristic impedance 

At first glance this matrix looks much the same, but 
there are important differences: the familiar circular 
functions (sin, cos) are replaced with hyperbolic func- 
tions (sinh, cosh), and a term called the "propagation 
constant" appears for the angle. The propagation Con- 
stant combines loss and length in the form of com- 
plex numbers. 

propagation constant 
Engineers refer to many of the coefficients involving 

transmission lines as "constants," a term not well 
chosen considering the inconstancy of some of them 
as frequency is changed. The propagation constant 
consists of two coefficients, the real term a, called the 
attenuation factor, and the complex imaginary term 
0, the phase factor. Both are unit factors - that is, 
they refer t o  a value per unit length. The calculation 
for any particular section of line implies a specific 
length; if the terms of the propagation constant are 
multiplied by the length in consistent units, whether 
length is in meters or feet will not matter because the 
result is total loss and total angle for that length of 
line. Angular units may be degrees or radians, consis- 
tent with the trigonometric functions being used, but 
the unit of loss must be in nepers. 
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attenuation factor a and f, for any given cable and these identities for the 
- - 

American coaxial cable manufacturers typically use 
the decibel as the unit of attenuation, usually rating 
a cable in terms of decibel loss per 100 feet. We'll need 
to convert these loss figures into nepers. Both the 
neper and the decibel are logarithmic functions of the 
ratio of power flowing at two points in a circuit. Their 
mathematical definitions are: 

Decibel = 10 loglo (PI/P2) I I A )  

Neper = 0.5 log, (PI/P2) (1 B) 

The decibel is based on decimal logarithms while the 
neper uses the natural or Naperian base, 2.718280 
which is usually written as 6 .  Appropriately, neper is 
a Latinized spelling of Napier, in honor of the Scottish 
mathematician who invented logarithms. The neper 
is by far the larger unit; for example, a 2:l ratio of 
power is expressed as 3.0 decibels but only 0.35 neper. 
More precise conversion factors are: 

1 neper = 8.686 decibels 
1 decibel = 0.1 151 neper 

Even the decibel is usually too large to be used "per 
foot" for coax. Consequently, attenuation is quoted 
in decibels per 100 feet. 

Rated loss figures for transmission lines are given 
in large MHz intervals (1, 10, 50, 100, and so on), 
which brings us back to the question of an accurate 
interpolation method for frequencies between them. 
We can produce an empirical interpolation by taking 
advantage of the known loss versus frequency charac- 
teristics of cable materials. Over the frequency range 
of interest there are two major loss contributions: loss 
in the conductors and loss in the dielectric material. 
We can say then that the total loss is equal to these 
two components: 

From various references we learn that the loss of round 
copper wire due to skin effect varies as the square root 
of the frequency. For any given cable this can be 
stated as: 

where rn is a constant for any given cable type. 
The dielectric loss is found to vary directly with fre- 
quency: 

where n is a constant for a given cable depending on 
the insulation used, its thickness, and so on. 
For a first approximation and to the degree that the 
constants rn and n remain independent of frequency: 

Using the rated loss a,, and a,, at two frequencies f, 

loss components, two simultaneous equations can be 
written. Substituting and solving for rn in one equa- 
tion and then back-substituting to solve for n we get: 

and , 

n = 
a77 - m fl (7) 

fl 
Let's test this interpolation method with a real example 
where we know in advance the result we should 
expect: 
Amphenol rated RG-58lA coax: 

0.44 dB1100 feet loss at 1 .O MHz 
1.4 dB1100 feet loss at 10.0 MHz 
3.3 dB1100 feet loss at 50.0 MHz 

Using the loss values for 1.0 MHz and 50.0 MHz and 
solving for the two constants rn and n in eqns. 6 and 
7 specific to RG-581A coax between these fre- 
quencies: 
rn = 0.435664 and n = 0.004396 
Let's see how well we can predict the manufacturer's 
rating at 10 MHz using these constants in eqn. 5: 
a, = 0.435604 +0.004396 10 = 1.42 dB 
loss1100 ft. 
The manufacturer gave his ratings to two-digit accur- 
acy; we can say we came tolerably close. This inter- 
polation method is quite accurate over the span of 
frequencies 1 MHz to 1 GHz when using a 10:l range 
of rated frequencies. For many applications, even 
larger ranges are acceptable, as the 50:1 ratio of this 
example shows. A word of caution: the constants for 
rn and n shown above apply only to RG-%/A. Don't 
try to use the same values for rn and n with another 
cable type unless the loss ratings are identical. 

phase factor 0 
Technically the phase factor is defined in angular 

units per unit length, radians per meter in the MKS 
system. Multiplying this value by the total line length 
would give us the angular electrical length. Since fre- 
quency modifies this factor, a value independent of 
frequency has been found more useful. Furthermore, 
just as with attenuation, our concern is the line total. 
This more practical ratio is the velocity factor, vf, 
usually given as a decimal fraction or a per~entage.~ 
For our purpose it obviates the need to know 0, but 
gives us the means to derive it if required. Velocity 
factor is a ratio of the propagation speed of elec- 
tromagnetic waves through the line as compared to 
its speed in a vacuum. This latter velocity is the same 
as the speed of light, designated c, and is equal to 
299.8 x 106 meters (983.5 x 106 feet) per second. If 
we divide either of these values by frequency in Hz, 
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we obtain the free space full wavelength, respective- 
ly, in meters or feet. Multiplying this length by the ve- 
locity factor of the line, one obtains the full-wave 
electrical length. Since there are 360 degrees or 2 T 
radians in a full wave, we can also state this length 
in angular units. 

A source of much confusion to many Amateurs - 
all the more confusing when electronics profession- 
als sometimes thoughtlessly equate them - is the 
difference between angular electrical length and angu- 
lar current or voltage phase change. Not helping 
matters are the descriptive terms used - for exam- 
ple, "delay line," referring to a phasing line, with 
"delay" implying a time-related factor. There are appli- 
cations in which a propagation time delay is truly 
meant (radar, for instance), but usually we mean rela- 
tive phase change, which is not time related. (If it 
were, we'd never be able to advance it!) On the other 
hand, electrical length always refers to time; it is de- 
termined by the time required for a particular frequen- 
cy wave to travel through a medium. For any line, 
phase difference can be varied by changing the ter- 
mination impedance, but propagation time is invari- 
ant, being related only to the velocity of electromag- 
netic waves in the medium. 

As we have seen, propagation time can be defined 
in several ways, all referring to velocity. The most ob- 
vious, time itself, is not easily measured directly. The 
more commonly used measuring sticks are wavelength 
and angle. Frequency, velocity, and time are directly 
and unchangeably related for any medium; when a 
piece of transmission line is said to be a quarter- 
wavelength long, this means the propagation time is 
114 of the time required to travel a complete wave- 
length at a particular frequency. Since frequency is 
involved and there are 360 degrees in a complete wave 
cycle, we can also state it as the number of degrees 
represented by the time interval. But never confuse 
this angular representation of propagation time with 
the current or voltage phase angle difference that may 
exist between the input and output of this line; they 
have quite different meanings. It's true that if we 
match a line with its characteristic impedance, its an- 
gular electrical length will be the same as the phase 
difference, but keep in mind how that coincidence is 
brought about. Antenna elements seldom meet that 
requirement without help; your chances of a coinci- 
dence is little better than your chance of being hit by 
a meteor. 

Phase change is the angular difference in the volt- 
age or current cycle measured between two points in 
a circuit under steady-state conditions. Furthermore, 
in most instances we are concerned with relative, not 
absolute phase change. Note the word "circuit"; 
phase change may occur in any circuit and can be 
made positive as well as negative in certain circuits. 

An apt analogy for explaining the difference between 
angular phase change and angular propagation time 
is the count of the number of cars of a train between 
two markers along a railway. A t  the steady-state con- 
dition (a continuous line of cars between markers) only 
car length, not the speed of the train, would influence 
the count. Conversely, the time required for a partic- 
ular car to pass by both markers - the propagation 
time - owes nothing to the count of cars between 
markers, only to velocity. 

If propagation time has nothing to do with phase 
difference, then why so carefully measure the length 
of these "delay" lines? This stems from a need for a 
specific current or voltage phase difference. In my rail- 
way analogy, suppose a particular car count is wanted 
between markers. If the length per unit (degree, radi- 
an, or railroad car) can be controlled, then the total 
count can be predetermined. If 90 degrees is the phase 
difference desired and the termination impedance is 
made a pure resistance, then a quarter-wave line - 
that is, a 90-degree line, will produce the required 
phase change. The impedance qualification is abso- 
lutely essential, because the nature of the termination 
predetermines, or controls, the phase change. If the 
load isn't a pure resistance, the phase change won't 
be 90 degrees and all the care going into measuring 
the length of this line will be as useful as rearranging 
the deck chairs on the Titanic. For emphasis, let's put 
this another way: it's entirely possible, with certain ter- 
mination impedances, for a 70-degree electrical length 
line to have a 90-degree phase difference in current. 

solving complex hyperbolic functions 
There are two approaches to solving complex hyper- 

bolic functions: expansion of the complex hyperbolic 
function into functions of real circular and real hyper- 
bolic angles, and direct evaluation of the complex ex- 
ponents of €. The first method is useful where real 
hyperbolic functions are available in calculators or 
computer programs or from textbook tables. 

Expansion method. 
cosh (ru + j 0)R = cosh ruR cos pR + (8) 

j sinh aR sin PR 

sinh (a + j /3)t = sinh aR cos @R + ( 9 )  
j cosh a2 sin OR 

These relationships expand the complex hyperbolic 
functions into functions of real circular and real hyper- 
bolic angles. For every term in the expansion, includ- 
ing the j terms, the real function values may now be 
substituted. Compared to direct evaluation, which 
follows, this method offers simplicity of calculation, 
provided real hyperbolic function values are available. 
(You C language aficionados finally may have found 
a use for your hyperbolic functions, which are a stan- 
dard component of most C compiler math libraries. 
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From these expansions, we can get the terms for 
the lossless case for coax calculations. If a is zero, then 
the real hyperbolic sines equal zero and the hyperbolic 
cosines equal one resulting in: 

cosh (a! + j P)R = cos PR (19) 

sinh (a + j 0)R = j sin OR (1 1 I 

This means that the lossless case need not be provid- 
ed as a separate calculation in a program. If the loss 
is entered as zero, a program using hyperbolic func- 
tions will carry out the calculations correctly. The 
angular units for these calculations had best be radi- 
ans. Besides, published tables and computer functions 
for real hyperbolics always use radians for angular 
units. Loss must be in nepers. 

Direct evaluation. For most of us the method using 
complex exponents of E (the Naperian base2.71828. 0 )  

offers the better solution because it requiresaccess only 
to real circular functions: 

cosh (a! + j P)R = 
+ j PlX + c -fa + j PlQ (12) 

2 

and 
+ j P)L - E -(a + j P)X (13) sinh (a + j P)R = 

2 
It can be shown that: 

c j 02 = c a t  (COS PR -t j sin PR) (14) 

and 
I I 

( E  a2 . € j  02) = [ E  (cos OR + j sin PR)] (15) 

Note that eqns. 14 and 15 are the rectangular equiva- 
lent of the polar vector representation: 

and 

Either eqns. 14 and 15 or eqns. 16 and 17 may be 
used. Since many scientific calculators have polar/ 
rectangular conversions, eqns. 16 and 17 would be 
a good choice. The problem is now reduced to one 
that can be handled by calculators or computers with 
real circular functions (phase may be in degrees if this 
suits the purpose). Loss must still be in nepers. 

At line 140 of the complex hyperbolic functions, 
note the statement S = lO~(S120). This is the decibel- 
to-neper conversion. It avoids the use of the irrational 
number E .  Instead, it is stated as a fractional exponent 
of 10. Because this equality may not be immediately 
obvious, here is its explanation: 
As stated previously: 

dB = 0.1 151 neper = log , Jm 
or E 0.1151 dB = 4- 

and dB = 10 log,, Pl lP2 

Taking the square root of both sides of this equation: 

1 8 0  = Jrn 
therefore 

Put it down to the fact I don't like having to remem- 
ber and type irrational numbers or odd fractional con- 
version factors. (Another of my favorites is PI = 4- 
ATN (I). Let the computer remember PI, and to as 
many places as it can muster!) 

example explains 
I've always found that when learning a new calcu- 

lation procedure, nothing breeds confidence like being 
able to duplicate the results of a step-by-step example 
calculation. I've therefore chosen an example which 
highlights some of the surprising things that can 
happen with real coax and a high mismatch. 

The frequency is 14 MHz, using RG-58/A 50-ohm 
coax. The load is 10 - j10. The electrical length is 2 
wavelengths (47r radians or 720 degrees); since the ve- 
locity factor is 0.66, the physical length is 92.74 feet. 
The load current will be assumed to be 1 + jO amperes. 
Using the interpolation equations and the rated loss 
at 10 and 50 MHz, the loss at 14 MHz is 1.67 dB1100 
ft. For our line length, the loss is 1.55 dB or 0.178 
neper. 

COSH (0.178+j4*a) = 1.0159+j 0 
SlNH (0.178+j4-7r) =0.1794+j 0 
The ABCD matrix parameters: 

A =  1.0159+jO 
B = 8.9612 + j0 
C =0.0035+ j0 
D=I.O159+jO 

Network calculations: 
AZL+ B = 19.1206 - j  10.1593 
CZL + D = 1.0517 - j 0.0358 

ZIN=(AZL + B)/(CZL + D) = 18.490 - j 9.029 
EIN = IL*(AZL + B) =21.652 1 -27.983 (degrees) 

)IN = IL-(CZL + D) = 1.052 / - 1.952 (degrees) 

VSWR at load: 5.2:l 
VSWR at input: 2.8:l 
Total power into coax: 20.47 watts 
Power dissipated in load: 10.00 watts 
Total loss: - 3.11 dB 10.47 watts 
Normal loss: - 1.55 dB 4.28 watts 
SWR loss: - 1.56 dB 6.19 watts 
Efficiency: 48.8 percent 

The first thing to notice is how this relatively small 
loss of 1.55 dB has given the VSWR as measured at 
the input of the line an optimistic look. The high 
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Simple BASIC program calculates complex hyperbolic functions 
Using the polar form for calculating the complex hyperbolic functions requires surprisingly few BASIC 

statements. It may be instructive to list these, which can be set up as subroutines to be called by the subrou- 
tines which are calculating the ABCD matrix values. 

100 ' S i n h  S = d B  t o t m l  lorn,  T = t o t s l  r m d i s n r ;  n + j t  r e t u r n e d .  
110 F L  = 1: GOT0 140 
120 ' C o n h  S - d B  t o t r l  lorr,  T - t o t a l  r m d i s n n ;  r+jt r c t u r n e d .  
130 F L  = 0 
140 S = 1 0 * ( S / 2 0 ) :  GOSUB 170: 53 = S: T 3  = T: GOSUB 190 
150 I F  F L  = 1 THEN S = (53 - S) / 2: T  = ( T 3  - T )  / 2: RETURN 
160 S = (53 + S) / 21 T  = ( T 3  + T )  / 2: RETURN 
170 ' P a l r r  t o  r r c t s n g u l s r ;  S = H e g . , T = A n g l e  ( red . ) ;  e+ j t  r e t u r n e d .  
180 52 = S: S= 52 * COS ( T ) :  T  = 52 * S I N  ( T ) :  RETURN 
190 ' I n v e r t  l / ( r+j t ) ;  s+jt r e t u r n e d .  
200 U  = I: Q  = 0 
210 ' D i v i d e  < u + j t ) / < s + j t ) ;  n + j t  r e t u r n e d  
2 2 0 Y =  ( S * S )  + ( T * T ) : S - S / Y :  T = T / Y  
230 ' W u l t i p l y  ( u + j t ) * ( s + j t ) ;  s+jt r e t u r n e d  
240 W 0  = ( S  U) - ( T  * V): T  = (S * V )  + ( T  * U ) :  S a W 0 :  RETURN 

Comments prior to each subroutine indicate the operation performed, parameters to be passed, and 
parameters retuned. All calculations are complex. Some of these routines are general purpose functions: 
polar-to-rectangular conversion, inversion, division, and multiplication. 

Adding square root and rectangular-to-polar subroutines would complete a minimum set for handling 
the majority of complex algebra calculations. Though not necessary to the calculations in'this article, they 
follow here: 

300 ' S q u m r e  root. S = R e m l , T = j  T e r m ;  s+jt r e t u r n e d .  
310 'If S r e t u r n e d  m s  0, i n r u e  w a r n i n g .  J t e r n  may b r  n i n u n  or p l u m .  
320 W 0  = SOR ( i s  + SQR (S  S + T  T ) )  / 2)  
330 I F  W 0 = 0  THEN T- -SOR (ABS t S ) ) : S = B : P R I N T  * S i g n  OK j t e r m ? " :  RETURN 
340 T  = T  / ( 2  W 0 ) :  S = W 0  : RETURN 
350 ' 
360 ' R e c t . t o  Polmr. S = R e r l , T = j  Te rm.  S = H e g n i t u d e , T = R e d i e n s  r e t u r n e d  
370 P I  = 4 ATN (1) 
380 Y  = SQR ( S  S + T * T ) :  I F  S = B THEN 450 
390 W 0  = ATN ( T  / S) 
400 I F  S > 0 THEN 440 ELSE I F  T  > 0 THEN 4 3 0  ELSE I F  T  = 0 THEN 420 
410 T  = W 0  - PI$ GOT0 480 
420 T  = P I $  OOTO 480 
430 T  - W 0  + PI:  GOTO 480 
440 T  = W 0 ,  GOT0 480 
450 I F  T  < 0 THEN 470 ELSE I F  T = 0 THEN 480 
460 T  = PI  / 2: OOTO 480 
470 T  = -PI / 2 
480 S = Y: RETURN 

To preserve accuracy, keep calculations in rectangular form as far as practical; avoid multiple polar/rectangu- 
lar conversions except as necessary at input or output of data. By convention the variables S and U are 
real, while T and V are the j terms. (In polar/rectangular conversions, S is magnitude and T is the angle.) 
The returned variables are always S and T. 
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ST-8000 HF Modem 
Real HF mdlo teleprinter signals exhlblt heavy 
foding and distortion, requirements thot cannot be 
measured by standard constant amplitude BER and 
distortion test procedures. in designing the ST-8000, 
HAL has gone the extra step beyond traditional test 
and design. Our noise floor is at -65 dBm, not at -30 
dBm as on other units, an extra 35 dB gain margin 
to handle fading. Filters in the ST-8000 are all of 
linear-phase design to give minimum pulse 

distortion, not sharp-skirted filters with high phase 
distortion. All signal processing is done at the input 
tone frequency; heterodyning is NOT used. This 
avoids distortion due to frequency conversion or 
introduced by abnormally high or low filter Q's. 
kndwidthsofthe input, MarklSpocechannels,and 
post-detection filters are all computed and set for 
the baud rate you select,from 10 to 1200 boud. Other 
standard features of the ST-8000 include: 

8 Programmable Memories 
Set frequencies in 1 Hz steps 
Adjustable Print Squelch 
phase-continuous TXTones 
Split or Transceive TXlRX 
CRTTuning Indicator 
RS-232C. MIL-188C, o r m  Data - 8,600, or IOK Audio Input 

Signal Regeneration 
Variable Threshold Diversity 
RS-232 Remotecontrol 110 
100-1301200-250VAC, 44-440 HZ 
AM or FM Signal Processing 
32 steps of MIS filter BW 
Mark or Space-Only Detection - Digital Multipoth Correction 

FDX or HDX with Echo - Spectra-Tune and X-Y Display 
TransmHter Pl7 Relay 
8 or 600 Ohm Audio Output 
Code and Speed Conversion 
Signal Amplitude Squelch 
Receive Clock Recovery 
3.5 High Rock Mounting 

Write or call for complete ST-8000 specifications. 

HAL Communications Corp. 
Government Products Division 
Post Office Box 365 
Urbana, Illinois 61801 
(217) 367-7373 TWX 910-245-0784 
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simple modifications 
and adjustments 

for the TS-930s 

Minor changes 

let you align without 

test equipment, improve 
performance and reliability 

The Kenwood TS-930s offers the serious Radio Am- 
ateur the opportunity to enjoy the high quality of an 
all solid-state, general coverage transceiver with a very 
effective built-in automatic antenna tuner, among a 
number of options. Furthermore, Kenwood's updat- 
ed version, the TS-940S, provides all the same fea- 
tures plus improved cooling, increased memories, and 
keyboard data entry. For those using the TS-930s - 
and to some extent, those using the TS-940s - the 
following notes may be of interest. 

memory backup 
The TS-930s memory backup requires the use of 

three 1.5-volt AA batteries, which will easily last their 
shelf life. AA NiCads, however, may be substituted 
with good results; because the drain is only in the 
microampere region, recharging will be required only 
about once a year. This can be done by simply attach- 
ing some small clip-type probes to the polarity coded 
red and black leads that exit the battery housing on 
its left side (as viewed from the top, front of the radio). 

i-f alignment 
The rather laborious i-f alignment procedure outlined 

in the factory service manual may be greatly simpli- 
fied by using the receiver's 100 kHz marker as a sig- 
nal generator in conjunction with the S-meter. For 
convenience, and as a reference, the receiver's inter- 
nal "S9" meter adjustment is used to set the marker 

level to S9. This provides relatively accurate signal 
readings, consistent with those I would give by ear. 
Unfortunately, the incoming signals above that level 
will read high, but in reality those are only relative at 
best, and I prefer the convenience of accuracy below 

1 that point, where it's more useful. Some operators 
may prefer a setting of S8 as a compromise, depend- 
ing on their particular needs. 

The service manual's instructions for the alignment 
of L132 and L134 in the rf processor i-fs are quite com- 
plex. To simplify this procedure, you can use your 
voice as a signal generator while peaking the slugs as 
indicated on the compression scale of the radio's mul- 
timeter. Alternatively, a complex sound such as fan 
noise picked up by the microphone and detected in 
the monitor mode will suffice by just peaking the audio 
signal without the meter reading. 

1 dial calibration 
To align the TS-930's 10-MHz time base for basic 

dial calibration, the following procedure will provide 
a simple, yet very effective means of relatively accurate 
calibration. First, tune W V  to the highest frequency 
in which an S9 or stronger signal can be copied. With 
the receiver in the a-m mode, enable the 100 kHz mark- 
er and adjust the rf attenuator until the optimum beat 
note is heard in the form of the conventional "whoosh- 
ing" sound, while adjusting TC1 for zero beat. The 
best results will be obtained when the two signals are 
of equal amplitude - i.e., when the strongest beat 
note is heard. Always perform this calibration when 
WWV is well above S9 to allow for the maximum 
adjustment range of the rf attenuator. 

1 preventing failure in R400 
In all TS-930s units with serial numbers below 

4,100,000," resistor R400 on the signal board is prone 
to failure. In my radio, the precursors of failure were 

'There are obviously not 4.1 million TS-930% - the manufacturer's num- 
bering system simply identifies products in th~s manner. Ed. 

Marv Gonsior, WGFR, 418 El Adobe Place, 
Fullerton, California 92635 
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NEW ENGLANDS FAC7Y)RY- 
AUTHORIZED SALES & SERVICE 

FOR 

KENWOD mIIcoMI 
Also displryin~: rhr poplcl~~r ccc-cc,.ssoric.s trlc,c~clc~cl t o  cot~iplrra ti HAM STATlON . . . 

ARRL PUBLICATIONS AEA PRODUCTS AMPHENOL 
ALPHA DELTA ASTRON AUSTIN ANTENNAS AVANT1 

RELIJEN BENCHER . B & W DAIWA ALINCO 
HUSTLER KLM LARSEN MIRAGE ROHN 

TEI,KX/HY-GAIN TOKYO HY-POWER 1,ARS 
TRAC KEYERS VIBROP1,EX WLLZ ETC. fl 189 

I Novice Band 1 OPEN SIX DAYS A WEEK 

SAVE 

MONEY 
with 

- P I  THE 
ii HAZER 

I -,/ ; fl 1w 

Bring things down for 
safety and convenience. 

Never rltmb your lover agaln wth th l l  elevator syalsm 
Anlennns and rotator mwn l  on HAZER comDlete Syslem 
lrsms l w e r  ~nverttcle upr~gnlpos~t~on Ssloly Iocknystem 
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SSTV SOFTWARE 
Introducing A New Dimension 

In SSTV 

Gest VldeoTools 
-MSIDOS based advanced software 

package for 1200c Robot users. 
-Createltransmlt your own hlgh resolu- 

tion graphlc Images. 

Full Palnt Package Features; 
-65K on screen co lo rs  out o f  a range of 256K 
-1COM-based menus,  m o u s e d r l v e n ,  easy t o  

learn, easy  to u s e  
--Over 70 functions 
-Enlarge, reduce.  save, load vldeo image and 

Image f r a c m e n t s  
- 4 o m b l n e  i d e a  Images, graphlcs and t e x t  
-Full I m a g e  processing Including nolse reduc- 

tlon f l l t e rs  

-Save Images,  llve off alr 
-Anlmat lon 

-Zoom 
-Full func t lon  robot control through software 
-Auto I.D. 

Now available to amateur market 
Send check or money order. $599 

per system to: 

Torontel Technology 
Systems Ltd. 

174 Bellamy Rd. North 
Scarborough, Ontario 

Canada M i l  2L5 
416-292-9952 .. 191 

This publication is 
available in microform 
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suggested by a VOX malfunction and a 15-minute 
delay in the ALC meter reaching zero. Several other 
930 owners have told me that they've found R400 in 
their units discolored and too hot to touch; this strong- 
ly suggests a high probability of failure. 

The measured power dissipated in this resistor is 
1/2 watt with a 1.5-k value. The original rated dissi- 
pation of this resistor was either 1 14 or 1 12 watt (the 
reason for this uncertainty is that my failed resistor 
wasn't returned to me, and the manufacturer doesn't 
specify resistors in their parts lists). As originally 
designed, it was the only hot resistor on the signal 
board. In all models numbered above 4,100,000, Ken- 
wood changed its value to 2 watts, so be sure to in- 
spect this resistor for discoloration and measure its 
value. The existing resistor may be replaced by crush- 
ing its body and soldering the new one to the remain- 
ing leads; if you do it this way, you'll have to remove 
the signal board. Of course, if you're removing the 
board any way, you might as well replace the resistor. 

R400 is difficult to find because it's not located in 
the area of its sequential grouping, but instead at the 
top left center of the signal board, as viewed from the 
bottom side of the radio (facing you). If you have the 
service manual - a bargain at $15, by the way - you 
can find R400 at the intersection of C and 1.5. 

ALC considerations 
Some operators have been experimenting with the 

ALC time constants, with the objective of increasing 
the 930's "talk" power. They believe that some minor 
improvement may be accomplished by decreasing the 
decay time of the ALC, since this varies by the net 
tolerances of the components involved. However, any 
alteration (delay) of the attack time should be avoid- 
ed because doing so will only increase the intermodu- 
lation distortion products. A senior Kenwood factory 
engineer has advised that any ALC indication above 
zero causes an increase in distortion; therefore, ALC 
should be used sparingly and in accordance with the 
operating instruction manual. Should the decay time 
be found to be excessive (that is, about 5 seconds 
from half scale), it may be reduced by changing R240 
- located at the intersection of 4 and C/D (see page 
39 of the service manual) - on the signal board to 
a smaller value. Unfortunately, unless you remove the 
board, you'll have to crush it, salvaging its leads for 
the replacement. 

rf decoupling 
Like most solid-state equipment, the TS-930s 

exhibits some degree of rf susceptibility, even under 
very low VSWR conditions. Coil cords make excellent 
antennas. So do any other cables to external units 
such as speakers, phone patches, and keyers. The 

liberal use of ferrites, consistent with good shielding 
practices, will usually take care of most problems. It's 
axiomatic that all external leads should be decoupled. 

Evidence of external rf entering the radio and result- 
ing in distortion may be found as follows. Wearing 
headphones, turn off the monitor and determine 
whether a garbled SSB signal is heard. Next, place 
the multimeter in the Vc position and note if it remains 
well regulated under full power conditions, especially 
with a power amplifier in operation. Poor Vc regulation 
is a sure indication of a problem, either because of rf 
or in the regulator circuit itself. 

improving transmitted audio, 
greater IMD suppression 

Users of radios with serial numbers below 3,080,001 
may not be aware that a Kenwood factory modifica- 
tion was inaugurated at that point for improved trans- 
mitted audio quality - i.e. improved IMD suppression. 
The modification consisted of increasing the collec- 
tor current of the rf drivers and final transistors, the 
MRF485s and the MRF422s in their quiescent state. 
The effect is more pronounced in the reduction of the 
higher, odd order products. The full details can be 
found in Kenwood's Factory Service Bulletin No. 867 
(March 29, 19831, entitled "TS-930s SSB TX Tone 
Quality." The enhanced performance occurs by oper- 
ating the drivers and finals deeper in Class ABI, by 
increasing their collector idling currents from 50 and 
500 to 70 and 1100 mA, respectively. To determine 
if this mod has already been incorporated in your radio, 
place the multimeter in the Ic position and compare 
the value you read to the 1100 mA. To some extent, 
the results of this mod account for the difference in 
transmit quality between the earlier and later versions 
of the 930. 

Thanks to W4CG, a 5-dB improvement in the IMD 
of the radio may be readily obtained by replacing 01, 
the rf pre-driver (a 2SC2075) with a Motorola MRF485. 
It's essential that the MRF485 be of current manufac- 
ture because early devices exhibited a thermal runa- 
way problem which has since been corrected by 
Motorola.jThe new, improved version is identified by 
a narrow white horizontal stripe across the face, just 
above the device identification number. The MRF485 
is an ultralinear device, especially designed for SSB 
service and therefore just a bit better in this applica- 
tion than the 2SC2075, while being fully interchange- 
able in form, fit, and function. Therefore, no parameter 
change is required. Replacing the device is actually 
quite simple. It can be a bit of a chore in the 930 
because of the tedium of removing the rf board from 
its mounting; in the 940, the job is much easier. 

quieting a noisy cooling fan 
In most radios, the power supply fan will become 
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noisy after a year or two, depending upon the partic- 
ular fan unit and the number of hours of use. Ken- 
wood has developed a simple modification that greatly 
reduces or eliminates it. The mod consists of adding 
a small spring clip (Part No. 602-0549-04) to laterally 
load the fan shaft. Described in Kenwood's Service 
Bulletin No 893, the mod takes only about 30 minutes. 

I've also found that a light TeflonTM-loaded lubricat- 
ing oil such as Tri-FlowTM is an excellent lubricant for 
the front bearing of both fans. However, unfor- 
tunately, neither fan is designed for lubrication of the 
rear bearings. 

increasing dial light life 
.In order to  save the multimeter dial lights, which are 

costly and based on a special pigtail design, Kenwood 
recommends that they normally be operated in the 
"dim" position. However, a 12-volt Radio Shack unit 
(No. 272-1141, 79C) can be substituted and wired in 
series for the 28-volt source. 

ergonometric "face-lifting" 
Adding some 1-inch rubber extensions to the front 

mounting feet will make viewing the controls easier, 
thereby helping the operator's posture and possibly 
lessening eye strain. (This will be especially true for 
contest operators.) These rubber extensions are 
obtainable at parts supply houses or hardware stores 

at a nominal cost. I cemented mine to the existing feet 
with Iminute  epoxy. 

balanced modulator stability 
I've observed a frequent, random imbalance be- 

tween the capacitative and resistive balance adjust- 
ments. While the radio undoubtedly meets its carrier 
suppression spec, it is rather disconcerting to observe 
the imbalance occurring. Therefore, it's a good idea 
to check the balance periodically, using another 
receiver as a detector or an oscilloscope with a dum- 
my load across the output of the radio. While the 
amount of carrier may be small, it may become quite 
annoying when it's amplified by a linear and a beam. 
When using an auxiliary receiver as the detector, ad- 
vance the Processor In control fully clockwise and 
reduce the Processor Out control counterclockwise to 
the fully off position. This provides the best combina- 
tion for checking without audio feedback. 

conclusion 
All of the foregoing procedures may be accom- 

plished without test equipment and without following 
the detailed factory instructions, yet they should yield 
the same results. I hope that these methods and 
observations will, in some ways, add to your operating 
pleasure while using these fine radios. 

ham radio 

ANTENNA POLARITY SWITCHER MODEL APS-7 
*- 

The APS-1 is  a self-contained control head designed to allow 
remote polarity switching of circular antennas such as the 
MirageIKLM range of crossed yagis. 

The APS-1 may be powered by the power adaptor (included) or may alternately be powered from a vehicle or other 13-17 VDC source. 

In addition to switchable outputs for two antennas, the APS-1 also contains a 6-13 volt regulated DC power supply. This feature is 
designed for powering items such as preamplifiers. VHF/UHF converters, etc., but may also be used whenever a low-current stabilized 
variable voltage source is required. 

SPECIFICATIONS: 

................... Power Requirement (AC) .117V 2 10% AC 50/60 Hz 15 Watt 

. . . . . . . . . . . . . . . . . . .  Power Requirement (DC) .11-16 VDC 500 mA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Outputs.. .Two 12 VDC unregulated, switched (antenna relay supply). 
One 6-13 VDC variable regulated auxiliary supply. 

Total output current 500 mA with AC transformer that is included, 1 amp with optional high current transformer or external DC supply. 
This unit has our popular five ( 5 )  year warranty. 

r, 188 

P.O. BOX 1000 MORGAN HILL, CALIFORNIA 95037 (408) 779-7363 



(3 
ELECTRONICS 

P.C. ELECTRONICS 2522 S. PAXSON LN. ARCADIA CA 91006 (818) 447-4565 
TOM - W6ORG MeVANN WB6YSS Cornpusewe 72405.1207 mm 

SEE US AT DAYTON 

~IVIATEUR 
TELEVISION 

ATV MADE EASY WlTH OUR SMALL ALL IN ONE BOX TC70-1 
TRANSCEIVER AT A SUPER LOW $299 DELIVERED PRICE! 
CALL 1-818-4474565 AND YOURS WILL BE ON ITS W A Y  IN 24 HRS (VIA UPS SURFACE IN CONT. USA). 

TC70-1 FEATURES: WHAT ELSE DOES I T  TAKE TO GET ON A N ?  
Sensilive UHF GaAsfet tuneable downconverler for receiving Any Tech class or higher amateur can get on ATV. If you have a 
' Two frequency 1 watt p.e.p. transmitter. 1 crystal included camera you used with a VCR or SSTV 8 a TV set, your cost will just 

Crystal locked 4.5 mHz broadcast standard sound subcarrier be the TC70 and antenna syslem. If you are working the AMSAT 
10 pin VHS color camera and RCA phono jack video inputs satellites you can use the same 70cm antennas on ATV. 
PTL (push to look) T/A switching DX with TC70-1s and KLM 440-27 antennas line of sight and 
Transmit video monitor outputs to camera and phono jack snow free is about 22 miles. 7 miles with the 440-6 normally used 
Small attractive shielded cabinet - 7 x 7 x 2.5" for portable uses like parades. races, search 8 rescue, damage 
Requires 13.8vdc @ 500 ma. + color camera current accessment, etc. Get 50 watts p.e.p. with the Mirage D24N or 

DlOION-AN amp for greater DX or punching thru obstacles. 
Just plug in your camera or VCR composite video and audio, 70cm The TC70-1 has full bandwidth for color, sound, like broadcast. 
antenna, 12 to 14 vdc, and you are ready to transmit live action You can show the shack, home video tapes,computer 
color or.black and white pictures and sound to other amateurs. programs,repeat S S N ,  weather radar, or even Space Shuttle 
Sensitive downconverter tunes whole 420-450 mHz band down to video if you have a home satellite receiver. See the ARRL 
channel 3. Specify 439.25. 434.0, or 426.25 mHz transmit Handbook chapt. 20 8 7 for more info & Repeqter Direaory for 
frequency. Extra transmit crystal add $15. local A N  repeaters. 

P U R C H A S E  A N  A M P  W l T H  THE TC70-1 81 SAVE! 
Transmitting equipment sold only to licensed radio amateurs verilied in the 
Callbook tor legal purposes. 11 recently iicensed or upgraded, send copy ot 50 WATT WlTH D24N-ATV.. . .$499 
license. Receiving downconverters available to all sbrl~ng al$59 (NC-2G). All prices UPS surface shlpFing In ,.ant. USA 
- - -  .- -- -- - 

COMPLETE A T V  STATION 

r *.- 

TC70-1 ... $299 
ATV Transce~ver Mirage D24N ..... $219 KLM 440-27 14dbd $107 

Aslron RS20M ... $129 [op~,onal) all n a d o 7 m  amp KLM 440-14 l l d b d  $77 
TV C A M L ~ W  13 8 vdc 20A Powrr Supply 13 Bvdc 9 amps @ Yl walls RF KLM 440-6 8dbd 562 

HAMS! Call or write for full line ATV catalog .... downconverters start at only $59 

More Details? CHECK-OFF Page 118 fl 187 April 1981 23 



packet radio conference bridge 

AX.25-compatible bridge 

links six stations 

for routine or emergency 

communications 

From the beginning, packet radio has been 
essentially a point-to-point mode. Even with the 
TNC-2's multi-connect capabilities, it hasn't been 
possible for all participants in roundtable or net-type 
operations to be connected to everyone else in the net. 
Although makeshift arrangements have been devised, 
they've lacked the anti-collision and error-controlling 
capabilities of the AX.25 protocol. 

In an effort to solve these problems, Tom Aschen- 
brenner, WB5PUC, has designed a truly error- 
controllable, AX.25-compatible conference bridge. 
Because it's combined with other network software 
components he's designed, the conference bridge is 
offered in two versions. The one described here fits 
into a replacement EPROM for a TNC-2 clone; the 
other is a part of the software installed in the 
9600-baud network node controller board for 
Te~Net. ' ,~ 

A conference bridge module in a TNC-2 clone or 
a TexNet node provides full-protocol, multiple-station 
roundtable or net-type operation between packet 
stations. Typical operation is accomplished by each 
of the stations involved in the net connecting to the 
bridge-equipped node by using the Secondary Station 
Identifier (SSID) assigned to the conference bridge 
function. On the test nodes in operation in the Dallas 
area, the SSlDs are -2 and -3 on each node. The 
current version of the network software supports two 
independent conference bridges of six participants 
each. It's also possible to connect to the bridge 
through one digipeater if necessary. 

typical conference bridge operation 
To connect to a conference bridge, each station 

connects as if it were connecting to any other packet 
station. A typical text sequence to a conference bridge 
would be: 

C WB5PUC-2 <carriage return > 
The operator's TNC does the connect routines. 

The following will then appear on the operator's 
CRT: 

***Connected to WB5PUC-2 < cr If > 
(from TNC) 

Welcome to the WB5PUC Conference Bridge. A 
Control-U shows all stations connected to this 
bridge. 

At this point or at any other time, the response to 
a Control-U command to the bridge will bring up a text 
string listing the calls of all connected stations. For 
example: 

N5EG-5 WD5H JP W5Y R-7 WA5MWD-3 
connected 

No additional commands are needed to operate the 
bridge. 

In the normal operation mode, each operator 
receives a text string with a shorter header indicating 
the call of the originating station. For example: 

WD5HJP> Transmitter power is now at 100 
watts. 

N5EG-5> OK Bill, try adjusting trimmer C15 
now. 

W5YR-7> What are you guys up to? 
WD5HJP> Hi George, just adjusting the 

node's final amp. 
When the QSO is over, those connected to the 

bridge simply disconnect as they would from any other 
packet connection, via a DISCONNECT command in 
the Command mode of the TNC. 

operations test 
A routine test of the emergency plan for the Point 

Beach, Wisconsin nuclear power plant in September, 
1986, provided an intensive on-the-air test of an early 
version of the conference bridge software. Though not 
specifically designed for such use, the conference 

Bill Wade, WD5HJP, Texas Packet Radio 
Society, 600 Via Sevilla, Mesquite, Texas 75150 
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X D I G I P E A T E R  

fig. 1. Conference bridge linked six stations in nuclear 

bridge served as the hub of an emergency communi- 
cations network that included a link to the state capital. 
Overall, the bridge performed well in its original form; 
later modifications have been implemented to facilitate 
its use in emergencies. 

The Nuclear Regulatory Commission (NRC) requires 
annual testing of every nuclear power plant's emer- 
gency plan. This test is designed to evaluate the ability 
of plant personnel and the utility company holding the 
facility's license to cope with an accident. The NRC 
measures their ability to assess the extent of danger 
to the public, their effectiveness in recovering control 
of the plant, and their ability to minimize damage to 
the surrounding environment. A succession of events 
pushes the plant engineering staff through a series of 
critical decisions; events are programmed into the 
scenario to simulate damage to the power plant and 
motivate recovery action by the staff. 

For a realistic overview of the performance of the 
allied agencies that would be involved in an actual in- 
cident, the test scenario includes a simulated evacua- 
tion. State, county, and municipal emergency units 
become involved in the plan when supervisory NRC 
engineers and the utility's power plant engineers have 
recognized a possible threat to public safety. A t  some 
point in the escalation of the situation, the plant staff 
recommends evacuation, triggering activation of a 
number of government safety, information, and pub- 
lic assistance centers. 

At that point, the power plant staff contacts the 
county and state emergency units and delivers its 
assessment of the situation. The complement of 
offices that become active in the evacuation phase of 
the emergency plan are the county Emergency Oper- 
ations Center (EOC); the state Emergency Government 
Office (EGO); the Department of Human Resources 
Reception Centers that will process evacuees; the 
Joint Information Press Center (JIPC), the official 
information center for the emergency; and the off-site 
power plant Emergency Operations Facility (EOF), 
from which the NRC and utility supervisory engineers 
make their recommendations to the state and county 
emergency government. 

Each of the 102 nuclear power plants in operation 
in the United States is surrrounded by an Emergency 
Protection Zone (EPZ) with a radius of 10 miles. This 
EPZ is the area considered under immediate hazard 
in case of any airborne release of radioactivity. The 
Point Beach power plant EPZ includes three towns - 
Two Rivers, Shoto, and Two Creeks - and extends 
into Lake Michigan. 

test scenario 
This particular scenario began with a hypothetical 

earthquake tremor, causing a series of leaks in the 
cooling loops of the "B" power plant. Subsequent 
"damage" to the plant caused some injuries and con- 
tamination of plant employees and allowed the release 
of radioactive steam into the atmosphere. By 8 AM, 
after a damage assessment, the county and state 
government were notified that there was a "public 
danger"; the county emergency office notified the 
Manitowoc RACES EC, who activated the amateur 
emergency system. Stations equipped with 2-meter 
fm voice and packet equipment were established at 
each of the operations centers listed above, with the 
exception of the plant Emergency Operations Facility 
(EOF), not normally accessible to the public. 

RACES participation 
The Amateur community in Manitowoc County is 

actively involved with the county emergency govern- 
ment office! During the test, the five-station RACES 
system was centered around the Manitowoc County 
EOC, which has a permanent Amateur Radio station 
linked via microwave to a dedicated voice repeater 
(WBSMFB, 145.191.791 located at the county trans- 
mitter facility. Four remotely-sited, linked voting 
receivers increase the effectiveness of this 60-mile 
diameter service area, 2-meter fm voice system. For 
packet operations, a permanent conference bridge- 
equipped packet digipeater (N9AXV-2, 145.01 MHz) 
utilizing an MFJ-1270 TNC-2 is installed at the trans- 
mitter site. The voice repeater and packet digipeater 
are converted 100-watt Motorola transceivers. 
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Other equipment used at all of the temporary public 
service Amateur stations included additional 2-meter 
fm voice transceivers for the RACES 145.191.79 
repeater. Voice fm  was used to coordinate large file 
transfers and to back up the packet equipment. A 
variety of computers (chiefly lBMs and IBM clones and 
Commodore 64s) and TNCs (AEA, Kantronics, MFJ, 
and original TAPR 1's and 2's) were used without any 
compatibility problems. Each of the locations was 
equipped with the appropriate disk drives; some were 
also equipped with printers. 

Operators at each of the centers connected to 
N9AXV-2, the conference bridgeldigipeater at the 
county transmitter site. N9AGH-1 was at the Wis- 
conson State Emergency Government Office in Madi- 
son, the state capital. To reach the conference 
bridge, NSAGH-1 connected through two digipeaters, 

' WASSOU (in Baraboo) and WBSSDA (in Fond Du 
Lac), a link length of over 150 miles (see fig. 2). 
WBSMFB, at the county EOC, KSDHR, at the recep- 
tion center in Manitowoc, and NSDGL, at the JlPC 
in Two Rivers, were all connected directly to the 
bridge. 

Once the stations were connected, typical opera- 
tion proceeded as in any other net. Net control was 
maintained by operators at WBSMFB, the county 
EOC. Traffic was passed simply by sending the text 
via ~ a c k e t  from each of the sites. Since all stations 
on the bridge were getting identical copies of text, very 
li++l.3 .anati*;r\n ..r3c naracc3nr 

impact of packet operation 
The worth of the conference bridge and packet radio 

was demonstrated immediately. The test emergency 
was declared from the governor's office in Madison, 
and the message went out via the two-digipeater link 
to the conference bridge at the Manitowoc EOC. A 
parallel 75-meter phone system running from the state 
emergency office to the county EOC was also acti- 
vated. The packet conference bridge delivered the 
message correctly, approximately 30 seconds ahead 
of the 75-meter phone link. The 75-meter system 
garbled the power plant emergency protection zone 
(EPZ) grid coordinates in the first message! 

In some respects, use of the packet conference 
bridge became second nature. To simulate a system 
failure, Ron Shimek, WBSMFB, the county EC, dis- 
connected power to the conference bridge, forcing the 
use of point-to-point packet communcation. When 
they became aware of the system failure, packet oper- 
ators set up point-to-point links to re-establish com- 
munication. Although throughput was slower, point- 
to-point operation did provide usable information. As 
a backup, a standby station had been set up to moni- 
tor activity and act as recorder for the entire test. 



test results 
At the conclusion of the exercise, the Emergency 

Coordinator described the conference bridge as a key 
ingredient in the success of the test. In his report, he 
emphasized that federal observers had been impressed 
not only with the speed and accuracy of traffic han- 
dling, but also with the capability for timeldate stamp- 
ing of traffic (using the computer systems' real-time 
clocks) and for producing hard copy simultaneously 
at all sites. 

Because all the stations in the emergency system 
were connected through the conference bridge, 
automatic status and warning updates were available 
at all sites. An NRC inspector mentioned to one of the 
participating Radio Amateurs that thanks to ham activ- 
ity, he was never out of touch with any of the sites 
for the duration of the test. The Federal Emergency ' 
Management Authority (FEMA) observers indicated 
that they would encourage further use of packet radio 
and the conference bridge in future tests. WB9MFB's 
evaluation of the test suggested a broader role for the 
RACES group in both forthcoming tests and actual 
emergencies. 

recommendations for future designs 
The relatively few operation anomalies that caused 

some delays on the system were largely attributable 
to QRM originating outside the limits of the test area. 
The Manitowoc county transmitter site is about 3 miles 
from Lake Michigan; there is considerable channel 
activity from Milwaukee and Chicago to the south and 
from Michigan across the lake. All of the test activity 
took place on 145.01 MHz. Typically, there are periods 
of 10 to 20 minutes when the N9AXV digipeater 
squelch never closes. Selection of another frequency 
besides 145.01 MHz for operation would be desirable. 

Connection of the conference bridge to a network 
system is also recommended. In this test, the state 
emergency government center was by necessity conr 
nected through a 145.01-MHz, two-digipeater link. 
Response time from that part of the system was 
proportionately slower, but still quite usable. Other sit- 
uations without such a robust digipeater link would 
benefit from use of a backbone network system. The 
conference bridge software does allow connection to 
any network because of its compatability with AX.25. 

WBSMFB has suggested that a system monitor be 
set up in advance to record all activity during an emer- 
gency communications test. Packet operation offers 
a significant advantage in this regard, in that all text 
information is easily stored to  disk. In this case, the 
system monitor provided a good backup to the NCS; 
later, when the EC and RACES group needed to do 
evaluation of their own, the stored information proved 
to be useful indeed. 

Other recommendations include eliminating BBS 
activity on frequency during tests or actual emergen- 
cies to help avoid channel congestion. Operators from 
outside the test area occasionally interrupted RACES 
activity with inquiries about the test and the confer- 
ence bridge. 

implications of conference 
bridge operation 

Amateurs who've handled traffic in hurricanes, tor- 
nados, or other disasters know that telephone systems 
are the first communications svstems to become over- 
loaded or destroyed. The boint Beach scenario 
demonstrated that utility companies and state agen- 
cies are still blindly tied to this relatively fragile com- 
munications resource. The ability of packet radio 
systems to handle high volumes of traffic quickly and 
accurately under difficult circumstances is being 
demonstrated regularly; as part of these systems, a 
conference bridge can provide reliable communica- 
tions to the people that need it most. 
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the TEXNET packet-switching 
network 

part 2: hardware design 

In  last month's article,' we discussed network 
algorithms and the software layering. This month, 
we'll focus on the design and testing of hardware for 
the network, and on the results that have been 
achieved to date. 

system partitioning 
Partitioning hardware to minimize the number of 

signals that must connect between units offers three 
benefits: simplified cabling, easy measuring and 
modification of individual units, and flexibility in the 
construction of the network. 

Figure 1 is a block diagram of a TEXNET network 
node. There are four main pieces: a local area network 
(LAN) radio, which in this case is a 1200-baud AFSK 
modem and 2-meter radio; an inter-processor (IP) radio 
(a 9600-baud FSK radio and modem) for use as the 
high-speed network trunk; a node control processor 
(NCP) that contains the microprocessor and com- 
munications ICs; and the power supply, which 
contains a three-state float charger, battery, and 
circuitry for automatic uninterrupted power should ac 
power fail. 

LAN radio and modem 
This channel is the primary method by which users 

with TNCs and 2-meter radios connect to a network 
node. By connecting the modem separately from the 
processor, any modem can be used - 300 baud, 1200 

baud, 2400 baud, or whatever might be desired. 
Figure 2 is a diagram of the modem, which is similar 
to the TAPR TNC-1 modem. We chose to implement 
an active filter equalizer with op-amps instead of a 
switched-capacitor filter IC. The modem includes a 
45-second time-out timer to disable the transmitter 
should the controller fail for some reason. The strap 
allows setting the EXAR demodulator VCO center fre- 
quency, but better results can be obtained by adjusting 
the VCO frequency control pot and observing the 
received "eye" pattern on an oscilloscope from an 
AFSK signal known to be good. An eye pattern is 
observed on an oscilloscope by synchronizing the 
scope trigger with the recovered clock and displaying 
the data. Since the data displayed is not involved in 
triggering the scope, a random display of all data 
sequences is shown, but the zero crossings are fixed 
in time on the screen, yielding an open area in the cen- 
ter of a data bit (known as the "eye"). Figure 3 shows 
a typical eye pattern, the recovered clock, and the 
slicing level (which decides between a 1 and a 0). The 
basic decision circuit is shown in fig. 4. 

The radio is an ICOM-IC22S, a popular 2-meter 
transceiver, with the frequency hard wired to 145.05 

Thomas H. Aschenbrenner, WB5PUC, and 
Thomas C. McDermott, NSEG, Texas Packet 
Radio Society, P.O. Box 831566, Richardson, 
Texas 75083-1 566 
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MHz. The transmit audio is injected after the 
microphone amplifier; the receive audio is tapped off 
prior to the audio PA in order to avoid the severe 
degradation of frequency response that results if the 
speaker and microphone leads are used for audio pick- 
off and injection. 

AC POWER I N  
POWER SUPPLY/ 

BATTERY CHARGER 

PROCESSOR 

I N C P )  1 I 

IP radio and modem 

2 M E T E R  

RADIO 

The performance of the network trunks is very 
important in determining the overall throughput of the 
network as a whole. As each user sends traffic into 
a network node, all traffic is multiplexed (combined) 
onto the high-speed trunks. Thus the trunks carry a 
much greater amount of traffic than the user links. 
Because of this, we have decided to operate the trunks 
at 9600 baud, with rapid TransmitIReceive (TIR) 
switching. Rapid T/R switching is required because 
at 9600 baud, actual packets take relatively little time 
to transmit, and the TIR delay can determine the 
effective channel capacity. 

Figure 5 illustrates the effective channel capacity 
versus T/R delay for a 9600-baud channel with no 
errors, and one acknowledgment packet for the entire 
transmission. Several different values are shown: one 
indicates the number of packets per transmission, 
another the number of bytes per packet, and a third 
for two values of DWAlT (digipeater waiting time, 
which allows a digipeater transmission priority). 
Because there are no digipeaters in TEXNET, DWAlT 
= 0. (A  value of DWAlT = 80 ms is typical for 2-meter 

I 
2 2 0  MHz 

RADIO 

channels. 1 Our experiments involved the use of a pair 
of Hamtronics FM-5 220-MHz fm transceivers and 
K9NG's modems. These radios are modified to operate 
FSK, and the received data signal is tapped off the 
quadrature detector in the receiver. Since these radios 
are PIN-diode switched between transmit and receive, 
we were able to make them operate with 40 ms TIR 
delay, although in practice 80 ms was allowed. 

We encountered some difficulty in making the 
radios operate properly at 9600 baud. Apparently these 
problems were due in large part to variations in the 
performance of different FM-5 radios, which were 
designed not for high-speed data operation, but rather 
for fm voice operation. In an effort to improve the 
operation of the radios, a number of experiments were 
run, and modifications were made to the modem. 

To understand this better, let's review the basics of 
frequency-shift-keyed (FSK) data transmission, the 
spectrum of a non-return-to-zero (NRZ) data signal at 
baseband, and the performance of i-f filters in the time 
domain. We'll see that all three have to be addressed 
properly to assure proper performance of the radios 
and modems. 

An NRZ signal is one that toggles between logic 1 
and logic 0 no more than once per bit period (see fig. 
6). In an FSK system, two frequencies are transmitted 
- one for logic 1, the other for logic 0. A t  the output 
of the discriminator/quadrature detector at the re- 
ceiver, the two frequencies are translated back to 
voltages. If the frequency of the transmitter were to 
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fig. 1. Hardware block diagram of TEXNET node. This diagram shows the partioning of the node into functional blocks, 
the processor, the two modems I radio interfaces, and the power supply I battery charger. 
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vary slightly, then both the logic 0 and logic 1 voltages 
would also vary. A simple method to determine the 
correct "slicing level" for deciding between a logic 1 
and a logic 0 is to choose the voltage halfway between 
the two. This is simple to do by using a low-pass filter 
with a time constant quite a bit longer than the data 
period to generate the slicing voltage level. Then the 
slicing threshold will "track" the logic 1 and 0 voltages 
automatically (see fig. 7). This requires, however, that 
the transmitted data have, on the average, the same 
number of ones as zeros; if they don't, the recovered 
slicing level will be biased off the true center point 
(fig. 7 ) .  

In HDLC, the code used for AX.25, there is no guar- 
antee that the code will be dc-balanced (i.e., have 
same number of ones as zeros). In fact, the flag 
character contains two zeros and six ones, thus having 
a large dc offset from one-half. A simple way to solve 

the problem is to use a pseudo-random scrambler to 
cause some apparent randomization of the data 
sequences. A self-synchronized descrambler is used 
on the receiving modem to recover the original bit 
stream. This is the method used on the K9NG modem 
to send and receive data, a 17-stage scrambler being 
used. With this arrangement, the average number of 
ones and zeros is nearly the same. Certain sequences 
into a scrambler can, however, produce long strings 
of ones or zeros. If a long string were to occur, our 
low-pass filter in the receiver would tend to drift off 
the center voltage, halfway between the 0 and 1. So 
we must compromise the time constant of the low- 
pass filter in the receiver slicing level circuit (which we 
would like to make very long) with the need for rapid 
T/R switching, where we need to acquire the proper 
level quickly. In addition, any capacitors used to couple 
the analog signal must have long time constants; if 
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fig. 2A. 1200-baud AFSK modem. 





they don't, the average voltage will drift as the low- associated with increasing the time constant of these 
frequency components from the scrambler charge and circuits, where they're not critical to the TIR switching 
discharge the coupling capacitors. delay. A list of the modifications is included in fig. 8. 

Several modifications of the K9NG modem are The most significant improvement came with addition 
of a group-delay equalizer in the receive section of the 
modem. In order to appreciate the requirements for 
this, let's look at how filters work both in the frequency 
domain and the time domain. A typical i-f filter used 
in voice or CW work has very sharp "skirts." That is, 
the amplitude response decreases sharply from the fil- 
ter center frequency. In addition, the response is 
relatively flat within the passband. This filter has a 
great deal of time delay distortion (see fig. 9). The time 
delay is minimum at the filter center frequency and 
rises sharply at both the upper and lower filter cutoff 
points. This causes no particular problems with voice, 
where the distortion of the waveform isn't important. 
But with wideband data signals, where we need to 
distinguish the value of data bits that are adjacent in 
time, the spectral energy nearer to the filter cutoff 
points will undergo a greater delay through the filter 
than the energy near to the center frequency. When 
this signal is converted to baseband (i.e., fm demod- 
ulated), it can be shown that frequencies near the fil- 
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fig. 6. NRZ signal diagram. An NRZ signal has a value 
of logic zero or logic one for the entire period of the bit. 
The spectrum of a truly random signal is from dc, dimin- 
ishing to zero at I l l b i t  time). A pseudo-random signal 
has a diminished spectrum near dc, theoretically vap- 
ishing. 
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fig. 5. Effective channel capacity vs. T/R delay. This 
graph shows the effective capacity (baud rate) of a 
channel for different transmitlreceive switching delays, 
with and without an additional delay, called DWAlT 
(digipeater wait time). TEXNET does not use digipeat- 
ers, so DWAlT = 0. 



ter center frequency correspond to the low-frequency 
spectrum of the NRZ (baseband) signal, while the 
frequencies near the filter cutoff (away from the filter 
center) correspond to the higher frequency com- 
ponents of the baseband signal. Thus we can "map" 
the time delay of the filter into baseband by "folding" 
the time response about the center frequency, which 
becomes the zero frequency of the baseband. Thus 
the filter produces small delay at low baseband 
frequencies, and larger delay at higher baseband 
frequencies. 

The 455-kHz i-f filter in the FM-5 radio is a sealed 
ceramic unit; no adjustment is possible. Instead of 
designing a new filter with desirable time-delay 
characteristics, we instead built an active filter circuit, 
with flat amplitude response, but with an adjustable 
time-delay response. This network has maximum delay 
at dc, and decreasing delay at higher frequencies. The 
circuit is adjustable, so that we could construct an 
approximate inverse time delay to that caused by the 
i-f filter. Figure 10 shows the amplitude, phase, and 
time response of this baseband group-delay equalizer 
(active filter), and the baseband eye pattern with and 
without the delay being equalized. After delay 
equalization, it can be seen that the eye is much more 
open near the center of the bit, when the 1 I0  decision 
is reached. Our measurements indicated a 7-dB 
improvement. We also provided about 1 dB of peaking 
of the frequency response, which opened the eye 
about 1 dB more, yielding an 8 dB improvement in the 
receiver. Actual tests with the radios indicated that this 
made the difference between usable and nonusable 
performance. Without the equalizer, the radios 
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modem. The list includes all modifications to the modem, and additions (delay equalizer) to the modem circuitry. The 
schematic shows the additions to the modem. 
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fig. 10. Amplitude, phase, and delay of the group-delay 
equalizer "eye" with and without equalization. The base- 
band group-delay equalizer has flat amplitude response, 
and a varying phase vs. frequency response. The group- 
delay is the negative of phase slope vs. frequency. Thus 
the group-delay is large as dc. and diminishes with in- 
creasing frequency. 

"dribbled" (i.e., had a background error rate regardless 
of the strength of the received signal), which caused 
many packets to be lost. 

One additional problem that had to be overcome on 
our "real" path test hop was insufficient image 
rejection in the FM-5. The test path is in an area where 
television channels 11 and 13 are very strong. The 
channel 11 video carrier is near the image frequency 
of our desired channels (the radio i-f is 10.7 MHz, so 
the image is 21.4 MHz lower than the signal 
frequency). Figure 11 shows a simple filter; fig. 12 
shows its response (S11 and S12). This filter was 
extremely effective in eliminating the image response. 

With these improvements, we've run a 12-mile path 
on 220.55 MHz at 9600 baud, at better than 98 percent 
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fig. 11. The 220-MHz front-end filter. Air-variable capacitors 
are necessary for  adequate filter 0. The t w o  resonators are 
closely coupled. The high tap position sets the loaded-Q of 
the resonators and prevents over-coupling, whi le maintain- 
i ng  l o w  insertion loss. This fi l ter is exceptionally diff icult t o  
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reliability - 98 percent of the packets are received 
without error. This hop is such that 4-dB additional 
attenuation at one radio caused the packet reliability 
to be ap~roximately 5 percent, and so was a stringent 
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plan to revise the modem circuits, utilizing surplus 
commercial 440-MHz equipment for the actual 
network. 

NCP design 
The next element in the system is a microprocessor 

performing as the network switching node. The node 
control processor (NCP, figs. 13 and 14) is an original 
design, though several modifications have been made 
since the original artwork was done. The design of the 
unit is conventional, with a few points emphasized for 
reliability. 

fig. 13. The Node Control Processor INCPI, version 1. with 
several modifications. A new version 2, which is a multi- 
channel super-set of the popular TNC-2 unit, is being 
designed. 

The unit contains a 280 operating at 4 Mkz, 32K 
of EPROM, 32K of RAM, an S1012 serial com- 
munications IC for the serial HDLC ports, a count- 
erltimer IC (labeled CTC and situated on the 
modification "ledge" overhanging the main board) for 
providing the interrupt clock time slices (of 8 ms), and 
two special circuits. Careful design of the NCP 
hardware and interrupt daisy chain to match the 
software was required for the computer to operate 
reliably at 9600 baud and support multiple HDLC 
channels simultaneously. All of the I10 devices utilize 
vectored interrupts through the 280 interrupt daisy 
chain. Figure 15 shows the entire TEXNET node 
prototype (both radios and modems, ac power supply, 
and the NCP. 

We decided to develop our own board in order to 
keep costs down and allow the inclusion of two special 
circuits. 

The first circuit is a reliable crystal oscillator. Many 
logic-gate type of crystal oscillators aren't reliable 
enough for use in remote, unattended computers. 
Numerous tests have shown that under certain volt- 
age transients, gate-type oscillators won't start 
reliably. It's a nuisance to have to climb a tower to 
recycle the power just to restart a crystal oscillator, 
and inconvenient to users to have the network out of 
service during this time. The circuit chosen is a 
conventional Pierce type, with an additional transistor 
buffer amplifier. It was tested extensively and found 
to be robust. (One test to try on an oscillator is to feed 
the circuit from an adjustable voltage supply. Set the 
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fig. 15. The complete TEXNET node prototype. This is the first 
prototype of the TEXNET node, which includes the NCP, high- 
speed modems, the 2-meter radio, the 220:MHz radio, and 
the ac power supply. 

voltage to 0, turn on the power, and very slowly 
increase the supply potential to the nominal voltage 
- for example, over a period of 30 seconds. If the 
oscillatot refuses to start, starts on the 3rd harmonic, 
or starts at the wrong frequency, the circuit should 
be rejected as unsuitable for unattended operation. 
Many logic-gate oscillators will fail this test.) 

The second special circuit is a fail-safe state ma- 
chine. This is an EPROM-based logic circuit that 
monitors the IP data and clock lines (from the high- 
speed trunk radio), completely independently of the 
processor or communication ICs. It searches for the 
presence of a very long (72 bit) sequence. If this 
sequence is ever detected, the state-machine activates 
the reset line on the microprocessor, thus restarting 
the node software. An EPROM contains both the val- 
ue of the 72-bit sequence and the state-machine code 
necessary to operate the circuit. Each node is pro- 
grammed with a different 72-bit sequence, which 
we've termed the "fire code." Any user of the network 
can cause the generation of a message with the fire 
code of a suspected node to be embedded in the 
message and sent via the network to the suspected 
node. Thus any node in the network can be rebooted 
(reset) from any other point within the network. 
There's a very small chance that ordinary user traffic 
through the network could resemble the fire code, but 
since the sequence is so long (72 bits), the mean time 
between false activation is calculated to  be 
considerably more than 1 million years. 

A new version of the NCP will include strappable 
options, and the circuitry for optional addition of the 
packet message system (PMS), a 5-megabit hard disk 
drive-based bulletin board that allows up to ten users 

to be connected simultaneously. Automatically acces- 
sible from anywhere in the network, it's compatible 
with the WORLl command set (the most popular 
packet-radio bulletin board system). Figure 16 shows 
the PMS prototype - the world's first turbo-charged 
TNC-2 clone! This test box contains an ac power 
supply (vertical), an MFJ-1270 (a TNC-2 clone) with 
WB5PUC ROM, a disk controller, and a 5-megabit 
hard drive. The 280 microprocessor is removed from 
the TNC-2, and an adapter is plugged in its place. The 
280 plugs into the adapter. The ROM software for both 
the NCP and the TNC-2 are very similar, except that 
the NCP supports two radios (or more). The NCP is 
designed so that it is a superset of the TNC-2 
hardware. (Further details will be found Part 3 of this 
series, which will address software design.) 

This concept could be tested as a satellite gateway, 
.perhaps with UOSAT-11, as a store-and-forward 
message system. 

power supply 
The power supply for the network node is extremely 

important in determining the reliability of the network. 
If the network is to be useful for handling emergency 
communications, it should be able to survive tempo- 
rary power outages. Consequently, the TEXNET 
power supply utilizes a gelled-electrolyte (gel-cell lead- 
acid battery, which can provide power for several 
hours and has a reasonably long life if properly charged 
and maintained.3 The power supply for the node 
utilizes + 17 through +24 VDC as the input power 
source, unregulated (but filtered). The supplylcharger 
(see fig. 17) regulates the input to + 13.8 VDC through 

fig. 16. The Packet Message System (PMSI, a 5-megabyte 
hard disk drive-based bulletin board, supports 10 simultane- 
ous users. This prototype includes a TNC-2 clone, the hard 
drive controller boards, the Bmegabyte hard disk drive, and 
the ac power supply. A second version is connected to the 
node prototype, and is accessible from anywhere in the 
network. 
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a three-terminal, 10-amp regulator (LM396). The 
battery charge is controlled by a three-state 
temperature-compensated charger IC (a Unitrode 
UC3906). When the ac fails, a relay connects the 
battery to the load. A capacitor is used to hold up the 
+ 5 VDC load voltage for the switching time of the 
relay. Should the battery completely discharge (i.e., 
produce less than 12.0 volts dc), the relay protects the 
battery by disconnecting it from all loads, and the pow- 
er fails. 

The life of a battery is maintained only by very care- 
ful charging. This is the reason for the three-state 
charger. When the battery is initially depleted, it is 
charged at a constant current of C/10 (at 1/10 the 
ampere-hour capacity, that's a 10-AH battery charged 

at a I-amp current). When the battery voltage rises 
to nominal voltage (14.25 VDC), a controlled over- 
charge is initiated. Here the battery is charged at cons- 
tant voltage (15.00 VDC) until the charge current 
decreases to C1100 (100 mA for a 10-AH battery). 
Failure to apply a controlled overcharge will result in 
the battery's receiving only 80 percent of its previous 
charge at 14.00 VDC. These voltages are for opera- 
tion at +25 degrees C aud for gel-cels. Liquid elec- 
trolyte batteries require different (i.e., lower) voltages. 
Variations in temperature require compensation in vol- 
tage; if compensation is not made, the battery will be 
severely undercharged at low temperatures and over- 
charged at high temperatures. The UC3906 contains 
most of the circuitry, and a temperature-dependent 
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fig. 17. Schematic of battery chargerlpower supply. The battery chargerlpower supply is a three-state charger (see text) 
and power supply regulator. When ac power is present, the battery is charged and the three-terminal regulator supplies 
power to the node. When ac fails. the battery supplies power to the node. If  the battery should completely discharge, 
the relay will disconnect all loads from the battery, thus protecting it. A large output capacitor on the + 1ZVDC supply 
to the microprocessor voltage regulator supplies energy for the period of time it takes the relay to energize, preventing 
a momentary glitch in the +5VDC line. 
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voltage reference t o  accomplish this. An  external pass- 
transistor increases the current handling capability to  
1 amp. The relayltransistor circuit connects the bat- 
tery t o  the load upon ac failure and disconnects the 
load when the battery is depleted. 

Allowing the battery t o  remain connected t o  the 
load after it's depleted will destroy it. New Gel-Cel bat- 
teries can normally be expected to  operate for six years 
when properly used; automotive-type batteries, which 
are designed for high surge currents, will normally 
have only about a three-year lifetime in a standby pow- 
er applications and require different voltages. Warn- 
ing: this circuitry is meant only for 12-volt 
lead-acid gel-cel batteries; its use is not recom- 
mended for any other type of batteries. Using Ni- 
Cad batteries with this charger could result in an 
explosion. 
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Tech Talk from ICOM lcoM 
Performance, Reliability, and Customer Support: 

The Winning Team 
hile attractive front 
panels and impressive 
magazine advertise- 

ments may initially glamorize any 
amateur radio item, they can also 
reflect the classic proverb of beau- 
ty being only skin deep. The fa- 
vorable returns from any unit and 
the success of its manufacturer, 
however, are directly influenced 
by after-purchase reliability 
and factory-backed service. 
Knowledge of such performance 
records and readily available cus- 
tomer support encourage the 
peace of mind to  use and enjoy a 
new unit to its maximum poten- 
tial. 

ICOM considers the aspect of 
service from two interrelated 
standpoints: daily in-field use and 
possible "down the line" repairs 
if, and when, needed. This con- 
cept is pursued by first building 
professional communications 
quality and reliability into 
every unit, confidently backing it 
with a full warranty, then sub- 
stantiating that dependability 
with uncompromised factory 
authorized service and custom- 
er support. All ICOM HF trans- 
ceivers and shortwave receivers 
reflect that philosophy with their 
full one-year warranties. ..and 
service centers that are not bot- 
tlenecked with backlogs (stout 
performers simply give less trou- 
bleJ. ICOM isn't playing down 
customer support, but building a 
positive long-term reputation on 
it1 

Today's era of advanced tech- 
nology and seemingly endless 
consumers tends to replace old- 

time "concerned treatment" with 
attitudes of "being one of a vast 
number in line." Returning a unit 
for adjustment or repair and later 
attempting to check its status 
sometimes proves to be a frustrat- 
ing experience. While no one is 
infallible, ICOM honestly strives 
to avoid an attitude of "too many 
customers to provide congenial 
service." ICOM's customer serv- 
ice hotline at (206) 454-7619, for 
example, will put you directly in 
touch with the main service de- 
partment. The only prerequisite is 
mutual understanding in shar- 
ing this resource so everyone can 
have queries answered and ra- 
dios repaired. If a problem can't 
be alleviated via telephone, 
ICOM strives for a service center 
"turnaround time" of three to  five 
days. 

Continuing that customer 
support, ICOM is the only ama- 
teur radio company with four 
factory-owned service centers 
in North America. The centers 
are located in Atlanta, Georgia; 
Dallas, Texas; Bellevue, Washing- 
ton; and Vancouver, British Co- 
lumbia. Most ICOM service cen- 
ters are also situated near major 
airports to  further minimize trans- 
portation problems. 

The amateur radio industry 
is ICOM's major interest; it's not 
a sideline or spin-off of other pur- 
suits. ICOM doesn't manufacture 
stereos, VCRs, or televisions. 
ICOM is communications indus- 
try oriented with secondary in- 
volvement in top quality marine, 
land mobile, and avionics equip- 
ment. 

The stouthearted reliability of 
ICOM equipment is continuously 
praised in testimonial letters from 
proud owners. A few samples 
from those "believe it or not" files 
include stories of transceivers lit- 
erally drowned in salt water two 
or three hours, yet continuing to  
operate flawlessly ... of no failures 
to date in the IC-735 and IC-751 
power amplifiers ... of handheld 
transceivers dropped from tow- 
ers, and one was even run over by 
a truck(l), yet continued to oper- 
ate after outer case repairs (fortu- 
nately, ICOM handhelds include 
a separate metal frame to  protect 
PC boards and a high impact plas- 
tic "outer case"). 

The next time you switch on a 
deluxe HF transceiver, compact 
VHF mobile rig or handheld FM 
unit, pause a couple of seconds 
and think about its less apparent 
aspect of customer support and 
service. Who would you call if a 
problem arose, what would be 
their attitude, and approximately 
how long might you anticipate 
being off the air7 Ifyou're a proud 
ICOM owner, those answers are 
reassuring rather than aggravat- 
ing. 

Again, ICOM's dedication to 
top performance, exceptional reli- 
ability and unsurpassed customer 
support may not be visible on a 
front panel or in a colorful ad, but 
they're included in every ICOM 
item. ICOM equipment is simple 
to use and the best in quality. It's 
"Simply the Best" and an increas- 
ing number of amateurs are prov- 
ing that statement in their setups 
every day. Isn't it time you, too, 
joined the ICOM winning team? 

I C O M  America, l n c ,  2380-116th Aw NE, Be l lwue .  WA, 98004 Customer Service Hotline (206) 454-7619 
3150 P r e m ~ e r  Drlve, Sul te 126, I~ lng,  TX 75063 / 1777 P h o e n ~ x  Parkway, S u ~ t e  201, At lan ta ,  GA 30349 

I C O M  C A N A D A ,  A D l w s ~ o n  o f  I C O M  Amenca ,  l n c  , 3071 - #5 Road, Un~t 9, Richmond, B C V6X 2T4 C a n a d a  
All stated Speclflcatlons are approximate and subject to changr wthout notice or obllgatlon All ICOM radlos slgnlfluntly exceed FCC regulations llmltlng spurlous emlsslons TR87 



GET ON THE AIR 
WITH THE BEST 

All h i c e s  (an Now Talk on =MHz, lometers a d  l.2GHz. 

lCOM extends congratulations to 
pn vllege-enhanced Novlces, and invites 
evc ,ryone to extend thelr horizons with 
ICC M!  

iCOM Is the only amateur radio 
ma1 ufacturer hosting a full product 
line especially geared toward prlvi- 
iege .enhanced Novices (and Techni- 
cian: Iolning 10-meter activity). 
Whe her your interests include 1.2CH2, 
22Oh Hz. HF bands; FM, CW, or SSB, 
choo! Ing ICOM gear means golng First 
Class. 

E rplore 1.2GHz DX attractions and 
local a ~tivities with pacesetting ICOM 
gear. "he ai l  mode lG1271A base sta- 
tion tr; nxelver includes nume_rous de- 

luxe features and is expandable with 
your future interests. FM mobiling plea- 
sures begin with KOM's new 10 watt 
lCl2OOA which is easy to install and 
operate. Every amateur enjoys hand- 
held portable operations, and KOM's 
deluxe lC-i2AT handheld is ready to go. 

Experience 22OMHz activities using 
top quality ICOM equipment. For your 
multi-mode interests is the new IC375A 
25-watt base station transceiver: a 
true masterpiece of modem technology. 
KOM's ultra slim IC-37A and compact 
IC38A are ideal 25-watt mobile units. 
For a versatile and rugged handheld. 
choose the deluxe IC03AT or the ever- 
popular IC-3AT. 

Enjoy HF OSOs worldwide and de- 
pend on iCOM transceivers for top com- 
munications performance. The excltlng 
new IC-761 offers you superb "every- 
thing in one cabinet" operation. Or 
there's the KOM deluxe midsize trans- 
ceivers. the IC-751A and K-745 . The 
IC-735 is today's most popular fixed/ 
mobile rig. Also, friends, all ICOM HF 
transcehrers include a full one-year 
warranty. 

ICOM Accessories are interchange- 
able. Use them with iCOM's 2-meter 
and 440MHz gear when you upgrade! 

Get on the Air with ICOM and ex- 
plore I.2GHz, experience 220MHz. and 
enjoy HF OSOs. 

ICOM America. inc.. 2380-1 16th Ave. N.E.. Bellevue. WA 98004 Customer Service Hotllne (;0%454-7619 
3150 Premier Drive. Suite 126, Irving. TX 75063 / 1777 Phoenix Parkway. Suite 201. Atlanta. CA 30349 

ICOM CANADA. A Division of ICOM America. Inc.. 3071 - # 5  Road, Unit 9. Richmond. R.C. VhX 2Td Canada, 
.., - - * - -,'*---4--- --- -----vi--*- 3 4  calhi.ul ~n rh2n.r wllhoonl notice or ohliaatlon Nl ICOM radios ri(lnllicanlly exceed FCC rc(~la1lonr limlling spurlou5 rmbr~lonc NH1X7 



HF Tr,!nsce~ver wllh HF Transce~ver 

General Coverage Recelver 

M I ~ I  Hnndhelds 
lor 2m1440 MHz 

{tore Hours MTWSal 10-4 General Coveraqe Recefver 
ThF Noan-8 

'111ae1 R we I1 creall you I 1  !or the call 

2m/440 MHz Dual Band HT 

2m I raliscniver 

All Mode Transceiver 
w ~ l h  CAT System 

All nlode 150 kHz-30 MHz 

Ava i l ab le -Send  $1. 

. ~ j \ h~ r , ! t l  Bulternul Kt M 

AMPLIFIERS I 
Antennas in Stock i TRI-EX k,lllllOnll c ,II!~ M t J  , V O C O ~ ~ I  I).IIW,I It Sv\le!ns. 
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and Handhelds HY-GAIN ; Amateur Software I An~er~ l ron,  ~ o k y o  Hy.Power I BEARCAT 

Scdnners 
Ask lor package quoles on 1 Hanl Dal,~ Sollware for ' I  I 

1 1  
Everyth~ng from mml rubber complete lower assembl~es  omm mod ore compulers ANTENNA TUNERS I MIDLAND 11 

duckles lo huge monobanders lncludlng Ph~llystran, guy Ask for Descrlpllons supply, A ~ ~ ~ ~ ~ ~ ~ ~ ,  MFJ , 
CR Radlos 
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1 

ASK FOR PACKAGE 
COBRA 
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AND ACCESSORlES Kenpro. Alllance. Da~wa. i packages by Kantron~cs. IPaddles. Headsets. clocks, 
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grounding, shielding, 
and isolating: part 1 
Most users of electronic equip- 
ment have to face problems of 
grounding, shielding, and isolating in 
order to prevent EM1 (electromagnet- 
ic interference). Amateur Radio oper- 
ators have an especially difficult 
problem because their equipment 
often must operate on the same desk 
as their high power radio transmitters. 
€MI is also caused by local electrical 
disturbances such as arcs, lightning 
discharges, and electrical motors. 

The flip side of the EM1 problem is 
prevention of interference to other 
equipment - such as televisions, 
radios, stereo systems, and other 
entertainment equipment - caused by 
Amateur transmitters. We must oper- 
ate our stations in a manner that won't 
interfere with properly designed, prop- 
erly operated equipment that's in good 
repair. Electronic equipment must 
do two things: respond to desired sig- 
nals and reject undesired signals. 
There's not much we can do if the 
equipment fails to do the latter; if it 
meets both tests, however, our efforts 
can help profoundly. 

In this installment, we'll discuss 
methods of preventing interference 
from outside and cross-interference 
between circuits or equipment in our 
own stations. 

preventing EM1 
Shielding and filtering of signal lines 

is the key to preventing EMI. Figure 
1 shows a "generic" electronic device 
with several of the possible EM1 pro- 
tection methods used. This type of cir- 
cuit could be a microphone input 
preamplifier, a receiver accessory, or 
some other piece of equipment. First, 
note that the entire instrument is built 

I 
' F T  I R F C l  

w 

T A 2 
.I., o u r p u r  

CP CP 

fig. 1. "Generic" electronic circuit 

i 

inside a shielded metal box, and the 
box is grounded. Points of entry and 
exit incorporate feedthrough "EM1 
filter" capacitors (CFT) (500 pF to 
0.002 yF). Each stage is isolated from 
other stages by a resistor, and has its 
own decoupling capacitor (C5 and C7). 
The main power bus is decoupled 
(C6), and has a series rf choke (RFC2) 
to filter rf that gets past C2 and pre- 
vents it from interfering with the oper- 
ation of the circuit. The input leads are 
similarly filtered with RFC1 and C4. 
The input resistance RIN of the ampli- 
fier and the reactance of capacitor C4 
also form a low-pass filter with a fre- 
quency response that rolls off at a 6 
dB/octave rate from the - 3 dB point 
defined by: 

where: f is the frequency in Hz, C4 is 
in fiF, and RIN is in ohms. 

-+ 
showing EM1 protection methods. 

One potential source of interference 
is noise and other EM1 signals on pow- 
er lines. I can recall troubleshooting 
digital instrumentation and computers 
in a medical school building. We found 
that the ac power lines were the source 
of the problem. Where sensitive elec- 
tronic instruments are used, one might 
want to consider designing the electri- 
cal system to be either isolated from 
the building system or have separate 
neutral and ground conductors all the 
way back to the building's electrical 
service entrance ground. 

Figures 2 and 3 show methods for 
dealing with power line noise. In fig. 
2, we see an LC power line filter. 
Although the version shown here uses 
just one LC section, others are avail- 
able (at higher cost) with two or more 
sections. These devices are shielded 
low-pass filters, and are mounted in- 
side equipment as close as possible to 
the point where ac enters the cabinet. 

April 1987 47 



I ISM PClXT 
COMPATIBLES 

COMMANDER XT BUDGET ENTRY SYSTEM 
A Complete I Orlva System o l  Economy 

" . < .  
. ,,.,,.,,, .,,., :, . ...,, ". .. ,' , . ,.,,,,, ...,~..,,,~ ,, ,- 

Special . . . . .. . $447 

.,." we.". a .,- .... ., . . THE EXECUTIVE SYSTEM 
Specnal A 2 D,,VP synern L ~ ~ O ~ O  wl!n t.#rar 

INTRODUCING OUR NEW 5629 

COMMANDER X T  

20 MEGABYTE 
MASTER BUSINESS SYSTEM 

W R  YOSl  POPULAR SYSTEM ON SALE 

$929 
,,"U.*n* .1 ... "_... Y I-.,-,- 
....I. " ..,. , .YW. , I  ... \*-. 
1 1  .",~/..*.,.< .U.., ~,,". 
:/ .... ,11> ,>.- b t i ,  C"..<* 1 .l.,.,,,, 

RFI KIT 1 
Use ferrite beads and toroids I 

to keep RF out of your 
TV, stereo, 

I Free calalog and lnlcrtcrence t ~ p  sheet on request. I 

IF YOU BUY, SELL pw 
OR COLLECT 
OLD RADIOS. e 
YOU NEED ... 
Antique Radio's 
Largest-Circulallon 
~ o n t h l y  Magazine . 

ANTIQUE RADIO CLASSIFIED 
Articles -1lassifiebs - Ads for Parts 8 Selvices. 

Also: Early TV, Ham Equip., Books, 
Telegraph. 40's & 50's Radios & more ... 

Free 20-wordad each month. Don't miss out! 
Sample - Free. 6-Month Trial - $10. 

1-Year: $18 ($24 by 1st Class). Foreign - Write. 
A.R.C., P.O. Box 2-A2, Carlisle, MA 01741 

PROTO TYPE P.C. BOARDS 

AS LOW AS $25.00 
SINGLE 8 DOUBLE SIDED 
PLATE THROUGH HOLES 
TEFLON AVAILABLE 
P.C. DESIGN SERVICES 

FOR MORE INFORMATION 

Midland 
Technologies 

34374 EAST FRONTAGE ROAD 
BOZEMAN. MT59715 (406) 586-1 190 

fl 172 

Your SINGLE 
SOURCE for 
MOBILE 

ANTENNAS! 

NEW.. . 2  metersquared SSBmobiie $45." 

*Bug Catchers*. . .still the best HF mobile 
antenna 250 watt & l k w  sizes 80-lometers 
(we pay shipping on above Items) 

Call for other antennas avallable- 
both c ~ m m e r c l a l  and amateur 

MISSION COMMUNICATIONS 
11903 A l ie f  C l o d m e  R d  #500 

H o u s t o n ,  T e x a s  77082 
7 1 3 - 8 7 9 - 7 7 6 4  

t e l e x  166872 M C O N  UT 
(MCIV ISAICOD)  

f 3 
AMATEUR RADIO MAIL LISTS 

Sclf-sl~ck 1x3 labels 
"' NEWLY LICENCED HAMS "* 

**' ALL NEW UPGRADES **' 
**' UPDATED EACH WEEK "* 

Total Llst = 462.728 (ZIP sorted) 
Price IS 2.5 cents each (&up Ctieshlre) 

BUCKMASTER PUBLISHING 
Mlneral Vir inia 23117 

703:891-5777 ,, 1,1 

L 



- - - - - - - - - - - - - - 

..---. 
T T 

L --------------- 1 

fig. 2. LC EM1 filter for ac power lines. 

Some filters are available molded into 
the ac chassis connector. 

Also in the circuit is a Metal Oxide 
Varistor (MOV) device used to sup- 
press ac line transients above about 
155 volts peak (some can reach 2000 
volts for 30 microseconds). Power line 
transients can have surprisingly sharp 
rise times, and thus are capable of 
producing interference across a wide 
portion of the spectrum. Because of 
this some designs have these MOV 
devices ahead of the filter in order to 
reduce the intensity of peaks that con- 
tain high frequency components. 

There is an issue regarding EM1 
filters that some people overlook: fus- 
ing. Ideally, the fuse should be as close 
as possible to  the point where the ac 
line enters the cabinet. If the fuse is 
placed downstream from the filter, the 
equipment won't be protected if com- 
ponents of \he EM1 filter short to 
ground. If the ac power line is routed 
through the fuse holder before pass- 
ing through the EM1 filter, on the other 
hand, there's enough prefiltered wir- 
ing to form an antenna and radiate into 
the other circuits. As a result, I prefer 
to build the fuse either into the EM1 
filter (or an extra shielded compart- 
ment that also houses the EM1 filter) 
or into a fused ac plug at the wall 
outlet. 

The Topaz transformer shown in 
fig. 3 performs three functions. First, 
it isolates the equipment electrical sys- 
tem from the ac electrical system. 
Second, it frequency-limits the system 
to prevent high frequency transients 

and pulses from passing into the 
equipment. Third, it provides a locally 
isolated ac power mains system that 
isn't ground referenced, making death 
or serious injury less likely in the event 
of accidental contact with the 110 or 
220 volt ac lines. All workbenches 
should have isolated power. 

My opinion, which is shared by 
many others, is that no computerized 
or other digital equipment - or many 
types of analog and rf equipment - 

Power line isolation transformer (Courtesy ~ h o u l d  be operated in a noisy Power 
Topaz Electronics, San Diego, CAI. line environment without one of these 

transformers. This is especially true if 

7 
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fig. 5. Single-point grounding solves ground loop problem. 

-- - - - - - 

OC POWER 

SUPPLY 

Apri l  1987 49 

0 

:. ' 0 . 0  

0 

- 
v 3  

GROUND BUS 

d B C O  t F  G 

fig. 4. Ground loop problem resultsfrom too many ground points. 
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(continued from page 4) 

220 AT RISK- ACT NOW 
with radiolocation through 1990, when that 
use will be largely phased out). Not a bad 
tradeoff, to go from 5 MHz (shared with two 
other hungry services and thus a potential 
roosting place for every channel-seeking 
schemer who's come along in the last de- 
cade) to a 3-MHz band that's as firmly ours 
asany Amateur band can be, and thus like- 
ly tostay that way for theforeseeablefuture! 

But this is not 10 years ago, and that 
"lightly occupied" 220-225 MHz band is in- 
deed fully occupied, particularly in most 
major urban areas. Even without Noviceen- 
hancement, the proposed reallocation will 
causeseveredisruption to important, estab- 
lished Amateur activities. With the addition 
of Novice operatgrs to the already crowded 
- not "lightly loaded" - 220 MHz band, 
perhaps the pundits who thought this one up 
will then decide that it's really 2 meters that's 
"lightly loaded" and declare that 2 meters is 
the one to be shared with others! 

Can this proposal be stopped? Very pos- 
sibly not - but every effort must be made 
and made quickly. The deadline forcom- 
ments on General Docket 87- 14 is April 
6, though several petitions to have thisdate 
extended are beingfiled. A minimum of one 
original and five copies of your comments 
are required; 11 copiesare necessary if you 
wish each Commissioner to receive one. To 
be effective, cite occupancy facts and sup- 
port use projections. "You can't do this to 
us!" isn't a very valid argument in Wash- 
ington! 

The FCC does indeed giveth . . . and may 
well taketh away, too! 

- Joe Schroeder, W9JUV 

short circuit 

The inset table shown in fig. 1 of 
WGSAl's February, 1987, co lumn 
("Ham Radio Techniques," page 45) 
should be corrected to  read as follows: 
Tuned input network to  match 420 
ohms (0 = 4) 
f(MHz) C,(pF) C,(PFI L,(PH) 
3.5 605 361 6.30 
7.0 302 180 3.15 

14.0 151 90 1.57 
21 .O 100 60 1.05 
28.0 75 45 0.79 

SHORT CIRCUIT HOTLINE 
Building a current hem radio project? Call the 

Short Circuit Hotline any time between 9 A M  and 
Noon, or 1 to 3 PM - Eastern time - before you 
begin construction. We'll let you know of any 
changes or corrections that should be made to the 
article describing your project. 

(See "Publisher's Log.'' April. 1984. page 6, for 
details.) L 603- 878- 1441 1 

the operation of the equipment is 
critical. 

Although most Amateur equipment 
doesn't fall into this category, there are 
some cases where it might. For exam- 
ple, suppose you have a computer- 
controlled repeater transmitter. A 
power line transient could easily upset 
the program, causing it t o  "bomb" 
with the transmitter on . . . with no 
way for a control operator to turn it off 
without a personal visit to  the site. 
While this problem is easily overcome 
by good design, I was told of one such 
situation in the Midwest, so I have to  
assume that others may also encoun- 
ter it. 

I ' \ I common-mode rejection 
A L C A R D  E D G E  

CONNECTOR 

fig. 6. Single-point grounding on a print- 
ed circuit board. 

Other electrical devices nearby, as 
well as the ubiquitous 60-Hz field from 
building wiring, can induce signals into 
audio and low-frequency amplifier in- 

0 
DOUBLE S H I E L D E D  CABLE 

fig. 7 .  Common-mode problem and corrective procedures: (A) Shielded input stage; (B) 
equivalent circuit; (C) guard connection. 

- - - - . - - - 
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puts. It's wise to use differential 
amplifiers (where possible) for these 
applications because of their high 
common-mode rejection ratio (CMRR). 
Signals from desired sources are con- 
nected as differential signals (V1 and 
V2 in fig. 4) across the two inputs, 
while interference from the 60-Hz lines 
tends to be common mode because it 
affects both inputs equally. 

It's sometimes possible, however, to 
manufacture a differential signal from 
a common-mode signal. This can oc- 
cur in two ways; both involve the im- 
proper use of shields. One source of 
the problem is the ground loop, as 
shown in fig. 4. This problem arises 
from the use of too many grounds. In 
this example the shielded source, 
shielded input lines, the amplifier, and 
the power supply are all grounded to  
different points on the ground plane. 
Power supply dc currents flow from 
the power supply at point "D" to the 
amplifier power supply common at 
point "F," forming a voltage drop 
along the way. Similarly, other sources 

also cause ground plane voltage drops. 
Known as ground loop signals, these 
signals form valid input signals from 
the amplifier's "point of view." 

The cure for ground loop signals is 
shown in fig. 5. In this example we see 
that all of the ground connections 
within the equipment are routed to a 
single common grounding point. This 
effectively eliminates the ground loop 
voltage drops. Also, note that rather 
than allowing each line to have its own 
shield, a single shield around both lines 
is used. 

When you're designing a new sys- 
tem - and have the opportunity to de- 
sign the printed circuit boards - make 
sure that single-point grounding is 
used. Figure 6 shows a method for 
minimizing the noise problems in a cir- 
cuit board. Note that four different 
grounds are used: one each for the 
power supply, the digital signal, the 
analog signal, and rf. All four grounds 
are joined together at a single point on 
the card edge connector and then 
spread out to their respective circuits. 

common-mode signals 
Figure 7 shows the causes and 

cures for another form of signal error: 
common-mode signals manufacturing 
differential signals. The circuit in fig. 
7A uses standard single shielding, but 
the equivalent circuit shown in fig. 7 8  
reveals the problem. The shield 
produces a capacitance to ground with 
the input wires (C1 and C2). In addi- 
tion, there are cable and source 
resistances in the circuit, represented 
in fig. 7 8  as R1 and R2. The system 
works well if R l / X C l  = R2lXC2, but 
even small imbalances in the RC net- 
works will allow common-mode volt- 
ages to manufacture a differential 
signal. In that case, it's found that Vcl 
does not equal VC2 so the amplifier 
sees what it accepts as a valid input 
signal. 

A "guard shield" (fig. 7C) circuit 
can be used to overcome this problem. 
The guard shield is driven by signals 
from the two input lines summed 
together through high-value resis- 
tances, RA and RE and, in many 
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fig. 8. Method for connecting multi-conductor cable between equipment. 

cases, a unity gain common-mode am- 
plifier. The method has the effect of 
placing both sides of the cable 
capacitances at the same potential, so 
Vcl - VC2 = 0. The outer shield isn't 
strictly necessary, but is highly recom- 
mended in rf-rich environments. 

(identified here as "A" and "B") that 
pass multiple connections back and 
forth, including signals and power. 
While traditionally not common in 
Amateur equipment, this arrangement 
is becoming more so with the increas- 
ing use of interfaces between com- 
puters and Amateur Radio equipment 
(as in packet radio). A common error 
made in constructing the multiconnec- 
tor cables is to pass signal or power 
common return paths through the 
shield itself. All such common paths 
should have their own separate wire in 
the cable bundle. Some internal con- 
ductors may be individually shielded. 
The shield is connected to the shield- 
ed backshells of each connector, but 
doesn't carry signals. It's sometimes 
permissible to ground the shield to the 
chassis through a pin in each connec- 

don't run signals tor, provided that it too does not car- 
through shields ry signals or power. 

Another shielding scheme for con- Next month, we'll take a look at sta- 
necting two pieces of related equip- tion grounding and other methods of 
ment is shown in fig. 8. This situation preventing TVl that we might cause. 
involves two pieces of equipment ham radio 
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Xingiang Province: 
the last frontier 
A t  last! I'd stuck the final red pin in 
the map of the world. Covered with 
red pins, one for each DX country con- 
firmed, and hung proudly on the wall 
of the operating room, it instantly 
showed visitors my DX prowess. 

I had some good ones. Andaman 
Islands? Yes. Burma? Yes. Franz- 
Joseph Land? Yes. Tibet? Yes. Hours 
of DX operation had covered the map 
except for a gaping hole near the 
center of Asia. A no-man's-land of 
zero Amateur activity! I'd worked 
many stations around the perimeter of 
this mysterious "black hole," which 
measured about 600 miles in diameter. 

This blank zone encompassed what 
was once known as "Chinese Tur- 
kestan," with the city of Urumchi - 
now known as Urumqi - as the focal 
point of interest. Located in western 
China, nestled between India and the 
USSR, Xinjiang Province (as it's now 
known) has never, as far as I know, 
been on the ham bands. (There was 
a rumor, circa 1948, of a certain C5YY 
who was supposed to be active from 
Urumchi, but nothing ever came of 
this story. 1 

Rumor has it that a new station will 
soon be on the air in the western sec- 
tion of the People's Republic of China 

using the call BYOAA. Perhaps this will 
be the station to represent the last 
frontier of DX - Xinjiang Province! 

intermediates and prefixes 
What seems simple now was rather 

complicated in the early days of radio. 
For example, you hear G6ZO working 
KH6BZF. You know it's a QSO be- 

Table 1. Post-World War I international 
Amateur call numbers. 

Number Country 

Italy, Luxembourg 
England 
Poland 
Germany, Belgium 
England 
England 
Denmark 
France 
Switzerland 
Netherlands 

tween England and Hawaii by the pre- 
fix letters of the calls. Easy. But return, 
in your mind's eye, to the early days. 
When Amateur Radio began back be- 
fore World War I, the infant hobby had 
no assigned call letters. Hams used 
their initials or an abbreviation of their 
town or city. SNJ was in Hartford and 
HU was in Honolulu. 

Just before the war, licensing was 

Table 2. Original Amateur international 
intermediates (reprinted from OST, 
March, 1923). 

A-AumtraIIa 
AU-Ah&.* 
LBeIrlmm 
BJI-Bermuda 
BE--Blull 
C--Canada and Newfoondland 
CB--Chile 
c-ta Blco 
D-Darark 
E-Spain 
F-France 
FI-French Indo-Chlna* 
G-Crut Britaln 
GI-Ireland* 
R-Ifelreti. (Swilrerland) 
BU-8awaii.n Idand* 
I-It* 
1G--Icelande 
J J a p a n  
K--Gemany 
L-Lusemboorr 
LA-Norway* 
Id-Mexico 
N-Neththnlanb 
O-&th Afr lu  
P-PortosaI 
PE-Paleatbe* 
Hubs 

Y-Urnmar 
%New ZaLnd 

"l'hene intermediates have been elf-udgned 
and are uno6ciaL They u e  In more or l a r  
general uw. however. 

instituted in the United States and call 
areas were initiated. About the same 
time, this happened in other countries. 
After the end of World War I, when 
Amateurs returned to the air, the situ- 
ation was much clearer. In Europe, an 
agreement between countries as- 
signed numbers to various countries 
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T a b l e  3. "New" in t e rna t iona l  i n t e r m e d i a t e s  ( repr inted f r o m  QST, J a n u a r y ,  1927). 

January, 1927 

NEW INTERNATIONAL INTERMEDIATES, EFFECTIVE 0000 G.M.T., FEB. 1,1927. 

EUROPE NY-Panama 
EA-Austria N a n a l  Zone 
EB-Bekium 
ECCrcchorlovrlria SOUTH AMERICA 
ED-Denmark and Fame I&. SA-Argentina 
EE--Spain m d  Andorm SB-Brnril. Trinidad Id.. and St. Paul Id. 
EF-Prance and Monaco S C C h i l e  
EC--Great Britain and Northern Ireland SD-Dutch Guiana 
EH--5rrltccrland SE-Ecuador and Galapagoll Archivelago 
E I - I h l ~  SF-French Guiana 
EJ-1-0-Siavia SC-Paraguay 
EK- guma an^ SH-British Guiana 
EL-Norway. Splhbergen and Franz Jowl  Land SI-(Unassigned) 
EM--Sweden SJ-(Unassigned) 
EN-The N e t h e r b &  SK-Fnlkland Ids. and FalkIand Dependenci- 
EO-Irth F m  Stab  SL--Colombia 
EP-Portugal. Madelra I&.. and the Am- SM-(Unasdgned) 
EQ-Bukaria SN-Arce~ion Id. 
ER-Rumania SO-Bolivia 
ES-Suomi (Finland) SP-Peru 
ET-Poland. Eathonia. Latvla. Courland and SQ--(unassigned) 

Lithuania SR- (Unaaaigned) 
EU-U. S. 5. R. ("Runria"), including Ukraine SS- (Unassigned) 
EV-Albania ST-(Unassigned) 
EW-Hungary S U - U m a y  
EX-Laxemburn SV-Venezuela and Trinidad 
EY-4- SW-(Unassigned) 
EZ--Zone of the Strait. SX-( Unasslpned) 

SY-(Una~igned)  
ASIA SZ--(Unassigned) 

AA-Arabia 
AB-Afghanistan 
AC--China (including Treaty Porte). including 

Manchuria. Mongolia, and Tibet. 
AD-Aden 
restm 
A F - h n c h  Indo-China 
AC-Georgia, Armenia and Azerbaijan 
AH-He&* 
AI-India (and Baluchistan) and Goa 
AJ-Japan and Choaen ( K o n a )  
AK-(Unonigned) 
AL-(Unpuigned) 
AM-Federated Mday States (with Strait. Settle- 

menb ) 
AN-Nepal 
AO-Oman  
AP-Palatine 
AQ-Iraq ( M e m ~ t a m i a )  
AR--Syria 
AS-Siberia, including "Central Asia" 
AT-Turkey 
AU-(Unurigned) 
AV-(Unpuigned) 
AW-(Unrsaipned) 
AX-(Unamigned) 
AY--Clrp~m 
AZ-Penia 

NORTH AMERICA 
NA-Alka  
NB-Bermuda Id. 
N D C . n d a .  Newfoundland and Labrador 
N L D o m i n l c a n  Republic 
NE-(Unsusisned) 
NF-Bahama I&. 
NC-Cua temJ .  
NH-Honduru 
NI-Iceland 
N 1 4  w i c a  
NK- (Uluuigned)  
NL-Leser Antillem 
NM-Mexica 
NN-Nlcanpua 
NO-British Honduru 
NP-Porto R k o  und Virgin Ida. 
NQ-Cuba  m d  Iale of Pin- 
NR- Rica 
NS--Salvador 
NT-Haiti 
NU-United Statea of America 
NV-(Unas~ioned 
NW-(Unamdased) 
NX.-Gmnland 

AFRICA 
FA-Abyasinia 
F5-Madagascar. Reunion Id.. Comoro Id., etc. 
FC-Bekian Congo. Ruanda. Urundi 
FJJ-Annola and Kabinda 
F E - - E ~ ~ P ~  
FF-French West Africa. including Frehch Sudan. 

Mauritania, Senegal. French Guinea. Ivow 
Cwt. Upper Volt.. Dahomey. Civil Ter. of the 
Niger, French Togoland. ete. 

FC-Cambia  
FH-Italian Somallland 
FI-Italian Libya (Tripaitania and Cyrenaica) 
FJ-Somaliland Protectorate and Socotra 
FK-Kenya. Zanzibar Protectorate. Uganda. Anglo- 

Egyptian Sudan, and Tanganyika Territory. 
FL-Liberia 
FM-Tunlsia. Algeria, Morocco (including the Spanlsh 

Zone). Tangier 
FN-Nigeria 
FO-Union of South Africa. Northern and Southern 

Rhodesia. Bechuanaland Protectorate. and 
Southwest Africa 

FP-Portupueae Guinea and Cape Verde Ids. 
FQ-French Equatorla1 Afr~ca and Cameroons 
FR-Rio de Oro and adjacent Spanish Zones. Ifni. 

and Canary Ids. 
FS-Sierra  Leone 
FT-Eritrea 
FU-Rio Muni (Suanish Guinea) and Fernando Po  
FV-French ~omal i land 
FW--Cold Coast Colony. Aahanti, Northern Terri- 

tories and Uritish Togoland 
FX-Seychelle Dependencies 
FY-(Unassigned) 
FZ-Mozambique 

OCEANIA 
OA-Auatralia (and Tnsmania) 
OD-Dutch Ear t  Indies* 
OE-Melaneala* 
OH-Hawaiian Ids. 
01-Micronesia* 
00--Polynesia* 
OP-Philinuine Ida. 
o?.-N~w 'zealand 

To k further partitit~ned when activity warrant.. 

SHIP STATIONS 
Ship stations with amhteur calls will place an X be- 
fore their usual intermedi~~te. E. g.. Australian SAA 
at  sea calling U. S. IAW, would send "IAW NUXOA 
3AA""l'he reply would be "9AA XOANU 1AW". 
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(see table I. By 1923, this system had 
been replaced by letters, and calls 
began to resemble those with which 
we're familiar today. An interesting 
identification scheme was adopted; 
these new "intermediates," as they 
were called, are listed in table 2. 

Viewed from today's perspective, 
the use of the intermediate, written as 
a lower case letter, seems strange. 
English 6Z0 would have had an inter- 
mediate call of g6ZO. But the inter- 
mediate wasn't sent with the call, but 
instead was combined with the inter- 
mediate of the station being called. For 
example, assume English 2SZ was call- 
ing New Zealand 4AA. The call se- 
quence would have gone like this: 4AA 
4AA 4AA zg 2SZ 2SZ 2SZ. When 4AA 
replied to 2SZ, the sequence was: 2SZ 
2SZ gz 4AA 4AA. 

This didn't lead to rapid, simple 
exchanges of QSOs, but it was a step 
in the right direction. 

By 1927 the International Amateur 
Radio Union started a serious program 
to straighten out the international iden- 
tification of Amateur calls. A new list 
was formed (table 3). The first letter 
of the prefix denoted the continent and 
the second the country. The cumber- 
some intermediate scheme still was 
used, but some hams were signing 
their call and intermediate together and 
using the French word "de" (from) be- 
tween the call of the sending station 
and the station being called, much as 
is done today. 

The United States intermediate "U" 
was replaced with "NU." Shortly 
thereafter, the Government started is- 
suing full calls with the prefix letter 
"W" denoting the United States, as 
determined by the International Tele- 
communications Union. The old inter- 
mediate system faded into oblivion: 
government assigned prefixes were in 
use, and the intermediate "dew was 
accepted by Amateurs worddwide. 

It wasn't an easy task to arrive at in- 
ternationally accepted call letters. As 
I said, what seems so simple now was 
very complex in the early days. 

Some old timers have lived through 
all the call letter changes. The famous 
call AC4YN was in use until the post- 

--- ---  

F F 

A / 2  A / 2  A / 2  - 
AT 2 l M H z  AT Z I M H z  AT 2 1  MHz  

fig. 2. "Butterfly Loops" placed at high potential points along harmonic antenna lower 
harmonic resonance with little effect upon fundamental frequency resonance. 

A / 2  AT 7MHr  

war period when China took over con- 
trol of Tibet. The old prefix "FB," for 
Madagascar, was in use until that 
country achieved independence from 
France. 

So the next time you hear an un- 
usual prefix on the band, you can 
appreciate the years of trial-and-error 
effort that went into establishing a 
workable call sign system. 

L 66' 

7 M H z  
P I M H z  

w 
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wire multiband antennas 

- - -- 

It's well known among Amateurs 
that a center-fed dipole antenna will 
work (almost) on its third harmonic. 
Some hams have had good success 
using a 7-MHz dipole on the 21-MHz 
ham band. Unfortunately, because of 
end effects, the dipole isn't exactly res- 
onant at the third harmonic, but at 
some frequency slightly above it. Thus 
a dipole cut for 7.1 MHz will be reso- 
nant at a frequency higher than the 21 

fig. 1.40-meter dipole showing voltage distribution for fundamental and third harmonic 
waves IF - F = Feedpoint). 

MHz band. For resonance on the third 
harmonic, the wire should be 68.46, 
not 66 feet long (fig. 1). The general 
formula for a harmonic antenna is: 

Length (feet) = 492 (N - 0.05) 
f (MHz) 

where N is the number of half waves 
in the antenna. 

This formula holds true when the 
antenna is a straight wire. But what 
happens when the wire is bent back 
upon itself? Or, what happens when 
the wire is artificially loaded for har- 
monic resonance? 

harmonic "loading" 
Let's take the case of the 7-MHz di- 

pole (fig. 2). As is, its fundamental res- 
onance is 7.1 MHz. Its third harmonic 
resonance is 21.95 MHz. The problem 
is to load the antenna to a lower fre- 
quency in the 21-MHz region without 
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FLAT TOP = 1075 
f (MHz1 

F F 

STUS = 
t l M H 1 1  

i' 
fig. 3. Two-band antenna for 18.1 and 28.5 MHz. Antenna is fed with 1:l balun and 
coax at F - F. 

disturbing its resonance in the 
40-meter band. This can be done by 
attaching "butterfly loops" at the high 
voltage points in the antenna cor- 
responding to 21 MHz operation. The 
loops will have little, if any, effect on 
7-MHz operation. The size of the loops 
must be determined experimentally, 
and they should be equal in size. The 
loop need not be round - almost any 
shape seems to work, and resonance 
is adjusted by changing the shape and 
size of the loop. I made my loops out 

2.5- 

V) 

2.0.- 

I 

1.5.- 

of No. 12 enamel wire, with a diameter 
of about 1 foot. The loops were 
attached to the flat-top temporarily by 
means of small copper battery clips. 
After loop placement was adjusted for 
resonance at 21.2 MHz, the loops were 
soldered permanently to the antenna 
wire. I varied the loop diameter sever- 
al times before I finally hit resonance 
(as determined by an SL'.'R meter) at 

-- 

28MHz BAND 

18 MHz BAND 0 

w :  i 

my chosen frequency in the 15-meter 
band. 

Another situation where this idea 
would work is the case of a 10-MHz 
dipole, whose third harmonic reso- 
nance is well above 30 MHz. It should 
be possible to place loading loops at 
the 10-meter high voltage points in the 
flat-top to bring antenna resonance 
within the 10-meter band. Someday 
I'm going to try this interesting an- 
tenna. If you hear me, you'll know the 
scheme works! 

18 0 18.1 18.2 18.3 

28.0 28.2 28.4 28.6 28.8 29.0 29.2 29.4 

I I M H z I  

fig. 4. SWR curves for two-band antenna. 

another two-band antenna 
I have an experimental license 

(KM2XDW) for conducting tests on 
18 MHz. Although most of the time 
I've used a dipole antenna, I've re- 
cently experimented with half-waves in 
phase, as shown in fig. 3. The old 
reliable "two half-waves in phase" de- 
sign has been used for many years; un- 

fortunately such an antenna cut for 18 
MHz just wouldn't fit into the restrict- 
ed space in my backyard. The solution 
was to make the flat-top shorter and 
increase the length of the folded cen- 
ter section. This section acts some- 
what in the manner of a matching 
transformer, allowing the antenna to 
be fed with a I-to-1 balun and a coax 
line. 

The antenna, cut to fit the space, 
and its dimensions are shown in the 
drawing. Interestingly, it was found 
that the antenna also exhibited reso- 
nance in the 10-meter band! By luck, 
the total wire length in the antenna 
was just about 1-1 12 wavelengths on 
10 meters. The VSWR curves for 18 
and 28 MHz are given in f ig.  4. Using 
the formulas given in fig. 3, the an- 
tenna may be cut for any two frequen- 
cies that have the ratio of 1.57 to 1. 
Thus, an antenna cut for 14 MHz will 
also present a second resonance at 14 
x 1.57 = 21.98 MHz. That's a little too 
high in frequency to be of practical 
use, but by adding butterfly loops at 
the high voltage points on the wire for 
the harmonic frequency, that reso- 
nance can be lowered to the 21-MHz 
band with little, if any, effect on 
14-MHz operation. 

general case 
These antenna examples show that 

by changing the shape of a long wire, 
and by adding capacitance at the high 
voltage points at a harmonic fre- 
quency, the higher resonance point 
may be moved about. The idea that 
resonances in a long wire fall only at 
approximate multiples of the fun- 
damental frequency applies only when 
the wire lies in a straight line. In addi- 
tion, the harmonic resonant frequency 
determined by the configuration of the 
wire can be further manipulated by 
proper application of capacitance 
loops. If you want a simple multiband 
antenna, center-fed with a coax line, 
you can run your own experiments 
along the lines of those shown here. 
Armed with an SWR meter and a 
notebook for keeping records of your 
experiments, the sky's the limit! 

ham radio 
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YOUALREADYOWN 75% OFA 
COLOR VIDEO STATION 
It's true. With your transceiver, antenna, television set and 
audio tape recorder, you already have 75% of what's 
required to 
color video 

receive and 
world-wide! 

ser 

Add a ~ ~ m ~ d e o  ransceiver 
and your station is complete. 
Thousands of amateur video operators around the world are 
exchanging beautiful color images every day. Whether your 
favorite mode is SSB or FM or AM-direct, via repeater or - ~ 

satellite-you can join in ,----------------------------------------------------------, 
I 

the hiqh-tech fun with- Pleasesend me the following Robot equipment. I understand that if lam 
disatisfied for any reason, I can return the unit and receive a full refund. 

out modifying your 
present equipment. Just 
add a Robot to your 
station! ROBOT RESEARCH, INC. 

1POOC high resolution video transceiver 51'295 
450C standard resolution 5795 
400C upgrade,kit 5395 
More lnformatlon 

Name Call 

Address 
I 759l Convoy Court City Zip : San Diego, California W11 
I Phone (619) 979-9430 
I 

COD 
I Enclosed check or money order 5 
I 
I OMCOVISA# Exp. Date: 
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1 2 GHz Transce~ver. 
Superlor Grade General The F~ rs t  Full-featured 

Coverage Receiver 1240-1300 MHz Transceiver 

SALE!CALL FOR PRICE ARE YOU READY FOR 
7.2 GHz OPERATION? 

2-METER MOB 
IC-28A (25w) IC-28 

The Latest In ICOM's Long 2.5 MHz-1300 MHz 

Line of HF Transce~vers IN  STOCK FOR 
CALL FOR LOW. L O W P R I C E  IMMIFDIATE DELIVERY 

\& E O l  
BURLINGAME. CA 94010 PHOENIX. AZ 85015 VAN NUYS. CA 91401 
999 H o w n ~ d  Avi. 1iU? W i;~meItiack Ha 626:) Sc olvcda Ulv i l  

17141 i81.3033 17131 860-2040 14151 347 575: 'I ''42 3515 1~l~198~271? a, I3etwew D#s,wylar~d f. G e u r g ~  Mrlr WRGDSV h"' oli K;RDH A1 MU) KGYRA 
s ,,I,I~\ sol l t~ !  on 101 I , O ~  SFO E J ~ I  01 HWY 17 s.30 n ~ u o  I W V  

Presdenl 94806 SIN DIEGO CA 92123 V1'l'i'y 'lvd 
5375 Krarn vrlla Rd STORE HOURS 

VP So Call1 Dlv Netl. Mgr KC4MJ 
16191 560 4h 
To ln  M g i  KMGK 

10 AM-930 P M  

Anahelm Mqr O o ~ a v i l l e  I m8 north nl I ;'H5 l 7N 51" A v e  117S~16lh Avs Hvy 1&3 6 Claremonl Mesa Blvd SUNDAYS 
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WGSAI BOOKS 
published by Bill Orr. W6SAl and Stu Cowan, W2LX 

BEAM ANTENNA HANDBOOK 
Completely revlsed and updated w~th the latest computer generated informa- 
tlon on BEAM Antenna des~gn Covers HF and VHF Yagis and 10. 18 and 24 
MHz WARC bands Everythlrig you need to know 204 ~llustrations. 268 
pages . 1985 Revlsed 1st ed~t~on 

RP-BA , Solfbound $9.95 

SIMPLE LOW-COST WIRE ANTENNAS 
Pr~mer on how-lo.bu11d slmple low cost wire antennas. Includes invisible 
des~gns lor apartment dwellers Full of d~aqrams and schemahcs. 192 
pagrs 1977 7nd edltlon 

.RP-WA Softbound $9.95 

ALL ABOUT CUBICAL OUAD ANTENNAS 
S,mple to bu~ld. Ihghlwe~ght. and h~gh pertorrnance make the Ouad at DX'ers 
dellght Everything trorn the slngle element to a multl-element manster. A 
wealth of lnlormal~on on construcllon. teedlng, tunlng and lnstalllng the 
quad antenna 112 pages , 1982 3rd edrt~on 

RP.CO Softbound $7.95 

THE RADIO AMATEUR ANTENNA HANDBOOK 
A wealth 01 prolects that covers vert~cals. long wlres. beams as well as 
plenty of other Interesting deslgns It Includes an honest ludgement of gain 
flgures, how lo slte your antenna for the best pertorrnance. a look at the 
Yagl.Ouad controversy, baluns. stopers, and delta loops. Practical antenna 
prolects that work1 190 pages ,. 1978 1st edltlon 

RP-AH Soltbaund $9.95 

Please enclose $3.50 lor shipping and handling. r o c  

ham - * 'W 
~ ~ ~ I o = ~ ~ ~ - B O O K S T O R E  
GREENVILLE. NH 03048 (603) 878.1441 
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Join AMSAT.. .Today 
Amateur Radio Satellite OSCAR 10 

provides: 

A New Worldwide D X  Ham Band 
open 10 hours a day. 

Rag Chew With Rare D X  Stations 
in an uncrowded, gentlemanly fashion. 

Popular Modes In Use: 
SSB, CW, RTTY, SSTV, Packet 

Full Operating Privileges 
open to Technician Class 

licensee or higher. 

Other A M S A T  Men~hership Benefits: 

Newsletter Subscription: 
Dependable technical articles, satellite news, 
orbital elements, product reviews, DX news, 
and more. 

Satellite Tracking Software 
Available for most popular PCs. 

QSL Bureau, AMSAT Nets, Area Coordinator 
Support, Forum Talks 

Construction of Future Satellites For Your 
Enjoyment! 

AMSAT Membership is $24 a year, $26 out- 
side North America. VISA and MC accepted. 

AMSAT 
P.O. Box 27 

Washington, DC 20044 

301 589-6062 
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a three-tube 
4CX250B linear amplifier 

Who says 

nobody builds 
any more? 

I had considered bui lding a Zmete r  linear amplifier 
using three4CX2508 tubesfor some time. Initial calcu- 
lations indicated that I could achieve good performance 
if I could simply translate a design on paper into an actual 
working unit. 

To simplify the design effort I wrote a computer pro- 
gram that would perform precise calculations and simu- 
lations of plate and grid line operation for various oper- 
ating conditions such as different plate voltages and 
currents, tight or loose coupling with the antenna, or 
reactive antenna impedances. Doing this yielded opti- 
mum Qs and efficient line values. 

Many hams and clubs in Yugoslavia were interested 
in the design. Sketches were copied and distributed, and 
amplifiers built and tried. The initial design worked as 
planned. Modifications have since been incorporated; 
this article decribes the best and final design. Several 
other published designs were checked against the com- 
puter program and found not to be optimum. 

three tubes in parallel 
This amplifier uses three tubes in parallel in which the 

screen is at both DC and RF ground potential. Many 
hams who have tried to build around the4CX250B have 
given up because of the unavailability or cost of the sock- 
ets. Grounded screen operation offers a viable yet in- 
expensive alternative, provides stable operation, and 
requires no sockets. 

Though the mechanical layout may seem primitive to 
the sophisticated VHF builder, it's really simple and ef- 
ficient. Tube replacement is somewhat more difficult 
than with sockets, but it can be done quickly once you 
get used to it. 

voltages 
A schematic of the completed amplifier is shown in 

fig. 1. 
The cathode is at - 350 volts and the grid at - 400 

voltswith respectto thescreen (remember, it'sground- 
ed). To simplify the power supply design, voltage- 
dropping resistors (68k, 100WI and zener diodes are 
used. Additional protection is provided by slow-blow 
fuses. The plate voltage should not exceed 2.5 kilovolts 
unloaded and no less than 2.1 kilovolts loaded. 

It's useful to includeas many meters as possible - but 
if you choose not to, make sure that at least the plate and 
screen current are independently monitored. 

Considering the relatively high voltage on the cath- 
ode, the filament transformer secondary should be well 
insulated from ground. One of the secondary leads is 
soldered directly to the tube pins and the other via a 
necessary RF choke. 

RF section 
The plate line is a quarter-wave section of stripline that 

is directly grounded at one end and connected to the 
tubes via a plate blocking capacitor, C, (see fig. 2 for de- 
tails). Thequality, values, and placement of these capac- 
itorsare critical and should be carefully considered. The 
following conditions must be satisfied: 

high capacitance value resulting in less than one ohm 
of capacitive reactance 
high Q 
placement close to the tubes 
The blocking capacitors used in thisdesign consist of 

two metal plates with a teflon (PTFE) dielectric. The low- 
er plate is grounded (plate strip La) while the other is con- 
nected to the tube plates. I used teflon foil which 
measured between 0.3and 0.5 mm in thicknessand was 
perfectly smooth, with neither cracks nor slots. The up- 
per metal sheet is extended up to the grounded side of 
the plate line, thereby increasing capacitance and aid- 

By Dragoslav ~obriEi6,  YUIAW, St. Supljikca 
105l8.26000 Pancevo, Yugoslavia. 
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jv 
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4 C X 2 5 0 8  
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fig. 1. Schematic diagram of three-tube 4CX250B 2-meter linear amplifier. 

ing in rfldc isolation. An enlarged view is shown in fig. 
3. Plate voltage is supflied through an RF choke to the 
location of lowest RF potential (almost zero). This im- 
proves amplifier stability while maintaining good RFIDC 
isolation. 

Capacitor C5 (a section of single-sided glass-fiber PC 
board) is glued to the plate compartment wall and acts 
asa feedthrough capacitor. High voltage is introduced 
by means of a BNC connector. No additional steps are 
necessary to prevent feedback of the RF signal into the 
power supply. 

Asshown in fig. 4and photo A, there's an "ear" on 
both sidesof the resonator, i.e., C4and C5stator plates. 
Rotor plates are soldered to the central pin of a female 
N connector (for C4) and grounded (for C5). Plate sepa- 
ration - and consequently capacitance - can be 
changed mechanically by adjusting a length of fishing 
line wrapped around a shaft made of brass or some in- 
sulated material. 

The grid line is a half-wave 70-ohm impedance strip- 
line used instead of the quarter-wave line because input 
capacitances are rather high (see fig. 5and photo B).  

An air-variable capacitor, C2, at the end of the line pro- 
vides the resonant tuning control. Drive power isapplied 
through C1 and bias is fed via a 68-ohm resistor at the 
point of minimum RF voltage. Using a resistor instead 
of a choke reduces the amplifier's tendency to oscillate. 
A resistor should always be used when high gain tet- 
rodes are employed. 

Grid connections are all soldered to the input strip 
through three small holes. C1 is connected to the input 
BNC connector with a length of coaxial cable with its 
plastic jacket removed (see fig. 6). 

Cathode pinson the4CX250Bsare2,4,6, and8. They 
should be connected together with a piece of copper 
strip thesame width asthe pin length. All number3 pins 
should also be connected together and soldered to the 
cathodes. This placesall cathodes and oneside of all fila- 
ments at the same potential. Pin 1 is connected to the 
screen ring and can be used as a ground contact. Capaci- 
tor Ck should be connected between pins 1 and 2 using 
the shortest possible leads. Capacitor Cf should be con- 
nected between the remaining filament contact (pin 7) 
and pin 6 or 8. Pin 5 should not be used at all. 

64 April 1987 



permit air flow; air enters the grid compartment, is 
construction brought up to cool the plates and then exhausted 

Dimensionsand detailsfor the fabrication of the upper through homemade teflon chimneys. 
and lower plate, teflon spacer, grid line, and capacitors Though the air flow path is rather long, there is a 
C3 and C4 are shown in fig. 7. negligible drop in air pressure along the way compared 

The amplifier cabinet is made from aluminum and has to that experienced at the plate's cooling fins. The 
separate grid and plate compartments (photo C). Ven- 4CX250B tubes require a good-sized squirrel cage blow- 
tilation holes in the plate between the two compartments er to overcome this pressure drop (photo Dl. In addi- 

fig. 2. Method of grounding bottom plate line is shown on the right. 
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COPPER STRIP  
SOLDERED TO PINS 

'L SOLDER " CONNECTION 

fig. 3. Clamping effect of brass sheets secures tubes. The hole pattern for the three tubes is shown in the inset. (Metric 
dimensions are provided; see page 72 for metric-English measurement conversion table.) 
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SEE DETAIL 2 

, THICK. . PLACTS 

fig. 4. Side view illustrates C3 and C4 rotorlstator construction and attachment. 

f' DETAIL "A" 

tion, good se'aling between the aluminum plates is 
needed to prevent leaksand subsequent loss in air pres- 
sure. Holes between compartments should be round 
rather than slotted because elongated holes could be- 
come slot antennas, causing oscillation as a result of 
platelgrid coupling. 

The plate line resonator (lower plate) is joined to the 
shield with brassscrews. Good bonding isessential be- 
cause of high currentsat this location, so be sure to use 
as manyscrewsasspecified. The upperand lower parts 
of the plate lineare held in placewith slotted teflon blocks 
that fit it securely to the resonator. 

The tubes are mounted in the pre-drilled holes in the 
shield with thediameter chosen according to the screen 
ring dimensions. The screen ring is slightly larger than 
theceramic body and good RFand DC contact ismade. 
Each tube issecured at four locationsand a single piece 
of brass is used to clamp adjacent tubes. To remove the 

Photo A. Capacitance variation is achieved by mechanically 
adjusting length of fishing line. 

tubes, reverse the procedure by loosening the clamps 
and rotating them 90 degrees. Do not apply too much 
pressure on the tubes because the screen ring could be 
damaged. 

Plate chimneysare fabricated from thin teflon sheet 
rolled and clamped to fit the plate radiator diameter (see 
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fig. 5. Half-wavelength grid line is utilized to handle high input impedances. 

Photo B. Bottom view of grid compartment illustrates major 
component placement. Tube sockets are on the left. 

photo E). An even less expensive solution would be 
to use paper heavy enough to withstand the expected 
temperatures. The plates can be connected to the plate 
resonator using finger stock or other material. The most 
important requirement is that good electrical contact is 
made. 

adjustments 
Switch on the amplifier in the following sequence. 

Turn on the filament voltage, biasvoltage, and blower. 

Photo C. Front view of 2-meter linear shows essentials are 
all there: input, tuning, and exhaust. 

After a 1 -minute warm-up, apply screen and platevolt- 
age. If hash is heard in the receiver with the amplifier in 
standby mode (all voltages on), increase the bias volt- 
age to - 90 volts or more (negative). The bias voltage 
is normally adjusted for an idling plate current of 50 mA 
per tube. 

Carefully increase the drive powerwhile adjusting C1 
and C2for a plate current peak. Adjust C3 for a screen 
grid current peak, then repeat the first twosteps with in- 
creased drive power. Adjust C4fora final screengrid cur- 
rent of 8 mA per tube. 

68 Apri l  1987 



Fmq. 1 dB 
Racalva Ranga N.F. Oaln Comp. h v l n  
Only (MHz) (dB) (dB) IdBrn) TYp. Pr ln  
P28VD 
PMVD 
P50VDG 
P144VD 
P144VDA 
P144VDG 
P22OVD 
P220VDA 
P220VDG 
P432VD 
P432VDA 
P432VDG 

SP28VD 
SPMVD 
SPSOVDG 
SP144VD 
SP144VDA 
SP144VDG 
SP220VD 
SP220VDA 
SP220VDG 
SP432VD 
SP432VDA 
SP432VDG 

DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaASFET 
Bipolar 
Bipolar 

GaAsFET 

DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
DGFET 
DGFET 

GaAsFET 
Elpolar 
B!polar 

GaAsFET 

~dv inced  
Receiver 

U.S. and Canada. C<nneclicul resldants add 7.'/;% 
aalee tax. C.O.D. order?, add 12. Alr mall to lorelgn coun. 
Irles odd 10%. Order your ARR Rx only or Inllna 
presmpllller today and start hearlnp Ilke never betofel 

Research 
Box 1242 Burlington, CT 06013 203 582-9409 E2m 

SAY YOU SAW IT 

HAM RADIO 

1 TO 1000 MHz 
SWEEP GENERATOR 

RMSWG - 4 
$175.00 

. SWEEP VBRIAIII I 1-250 MHz WITH 
LESS THAlJ 1 I18 AMPLITUDE 
VARIATION . AFTER WARM UP STABLE 2 100 

KHz FOR 5 MINUTES 

115 VAC INPUT J 160 

ROENSCH MICROWAVE 
R.R. 1. Box 1568. PH: 816-963-2550 
BROOKFIELD. MISSOURI 64628 

The standard ot the electron~cs industry 
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The Fluke 77 rnultimeter is ideal for 
testing and repairing any amateur radio 
gear It's inexpensive, easy lo use, and lilled 
wilh prolessional features. Plus a lull line 
of accessories let yOu measure high fre- 
quency, high voltage and currenl, and tem- 
perature. Made in the U.S.A. and backed 
by a 3-year warranty, the new Fluke 77 
is the world's lirst handheld meter lo 
combine analog and digital displays. 

For a free brochure or the distributor 
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ext. 229. Or write John Fluke Mlg. Co., 
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AIR 

fig. 6. Side view illustrates grid connection, upper and lower plate connections, and air flow. 

The final adjustmentscan be done by keying theam- out exceeding maximum power dissipation levels. All 
plifier with a series of dots (using an electronic keyer). metersshould indicateapproximately 35percent of max- 
This allows maximum drive voltages to be applied with- imum value. Negativescreen grid current means that the 

4 0  1- , 5 0  1 -  5 0  1- , 4 0  - 

4 0  DlA TO F I T  
PLATE FINS 
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fig. 7. Dimensions are provided for constructing upper. lower plate, teflon insulating sheet, grid stripline, and C3, C4 rotor 
plates. 
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Photo D. Rear view of amplifier reveals same basic simplici- 
ty and effectiveness of construction. 

Photo E. "Before" and "after" views of chimney placement 
for the 4CX250B's. 

drive power is too low and/or that the amplifier is too 
tightly coupled to the antenna. 

single-tube SSB and CW ratings 
At the ratings shown below, fm, a-m, RTTY, and 

SSTV operation are not recommended. 

Vg1 = -65 volts 

Vg2 = 350 volts 

VP = 2.4 kV 

I,' = 15 mA (max) 

'g2 = 8mA (max) 
IP = 50mA (idle) 
IP = 400mA (max) 
pout = 650 watts (max) 
pin = 960 watts (max) 
Pdiss = 300 watts (max) 
R L = 3.1 kilohms 
Efficiency = 68 percent 

If all three tubesareclosely matched, expecta tripling 
of output power and all currents. Equal power sharing 
(output) can beverified by measuring the temperature 
of air leaving thechimneys. If thereappears to be an im- 
balance, increase idling current; the inequalities should 
become even more obvious. 

determining component values 
Computer simulation determined that the values of 

the following capacitors at resonance should be as 
follows: 

C1 = 35 pF C3 = 3 pF 
C 2 =  1OpF C 4 =  5pF 
Low losses, broad bandwidth, small temperature 

detuning, low RF voltages on the tube (resulting in 
longer life and little possibility of flashovers), and broad 
plate tuning make this a practical design. Note that all 
calculations were based on Eimac tube data and differ- 
ences may occur if other manufacturers' tubes are em- 
ployed. 

Another useful featureof thisamplifier is its low driv- 
ing power requirement. Low cathode stray lead induc- 
tances help to  reduce the drive requirements. It's pos- 
sible to achieve between 1 and 2 dB of additional gain 
if a special effort is made to resonate (series) the value 
of Ck with the stray cathode lead inductances. It actu- 
ally becomes necessary if you are drive-power limited. 

additional hints 
Use as many screws as possible to join the cabinet to- 
gether in order to reduce rf leakage. 
Use a type N - not an SO239 - for the output con- 
nector. 
Platevoltagemay besupplied througha BNC connec- 
tor and RG-58. 
Any departuresfrom the dimensions called out on the 
drawings could result in degraded amplifier per- 
formance. 
The plate lineshould be cutfrom brassor copper sheet 
1 mm thick and should be silver-plated, if possible. 
Both of theZX180zener diodes (180volts. 12 watts) 
are mounted on heat dissipation devices. 
Other combinations of zener diodes or tube voltage 
regulators may be used to provide a regulated + 360 
volts. 
Resistor R3 (2.2 k) acts likea fuse, delivering biasif the 
"slowblow" 0.1 A fuse is blown. 
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A monthly of 100-plus pages-has everything you 
need to know about where to find equipment, how to 
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Conversion table for dimensions mentioned in art for this 
project. 

millimeters inches 
0.3 .012 
0.5 .019 
1.0 .039 
1.5 .059 
2.0 .079 
5 .I97 
10 .394 
15 .591 
28 1.102 
30 1.181 
40 1.575 
41 1.614 
45 1.772 
50 1.969 
60 2.362 
70 2.756 
105 4.134 
155 6.102 
160 6.299 
180 7.087 
215 8.465 
235 9.252 
245 9.646 

acknowledgments 
I wish to thank all those hams who believed in thisun- 

usual design and had the courage to try it. 
ham radio 

LOW BAND DX-ING 
COMPUTER PROGRAMS 
by John Devoldere, ON4UN 
for Apple Ilelc, MS-DOS, 
Commodore C-128 Apple Macintosh 
and Kaypro CPM Computers 

Here's a collection of 30 super programs written 
by ON4UN. Just about every interest or need is 
covered-from antenna design and optimization 
to general operating programs. Antenna pro- 
grams include: shunt and series input L network 
design, feedline transformer, shunt network 
design, SWR calculation, plus 11 more! General 
Ham programs include: sunriselsunset, great 
circle distances, grayline, vertical antenna de- 
sign program, sunrise calendar plus 9 more! 
Phew. When you sit down to use these programs 
you'll be amazed at what you have. Super value 
at a super low price. The best value in computer 
software available today. 1986. 
UUN-Apple llelc $19.95 
DUN-MS (MS-DOS) $19.95 
UUN-CPMIKaypro $1 9.95 
OUN-C-128 (COMMODORE) $19.95 
q UN-M AC (MACINTOSH) $24.95 

, Please enclose $3.50 for ,= 
shipping and handling 

ham 
radio,-,l~~l, BOOKSTORE 

Greenvllle, NH 03048 



Canadian Distributor: 

A ST Ro :r$$yCA 92718 
Eastcom Industries. Ltd. 
430 S~gnet Drive 

C 0 R PORAT I ON ( 7 1 4 1  458-7277 
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Weston. Ont. Can 49L 216 
(416) 743-7801 

I I ASTRON POWER SUPPLIES 
HEAW DUTY HIGH OUAUTY RUGGED RELIABLE 

RS and VS SERIES 
SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 

SOLID STATE ELECTRONICALLY REGULATED INWT VOLTAGE: 105 - 125 VAC 
FOLDBACK CURRENT LIMITING Pmtecfs Power Supply OUTPUT VOLTAGE: 13.8 VDC * 0.05 voHs 
tmn exmsive current & continuous shorted output. (Internally Adjustable: 11 -1 5 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE: Less than 5mv peak to peak (full load 
except RS-4A. & low line) 
MAINTAIN REGULATION (L LOW RIPPLE at kw line 
input Voltage. 
HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 

INSIDE V I E W  - R S l 2 A  ONE YEAR WARRANTY MADE IN U.S.A. 
I I 

MODEL RS5OA MODEL AS-5OM I MODEL VS-5OM 

RM-A Series 19" X 5 '/r RACK MOUNT POWER SUPPLIES 
Continuous la' Sire (IN) %bpi* 

M&I DII* (AMPS) ( r ~ n )  NXWXD wt. (1bs.1 
RM-35A 25 35 5 %  x 19 x 12% 38 

3 7  5 0  5 ~ / 4 ~ 1 9 ~ 1 2 1 / ?  5 0  
IM+OA e arate Volt and Amp Meters 
~ d 3 5 ~  2 5  35 5 ' / a x 1 9 x 1 2 ' / ?  38 

MODEL RM-3SA RM-5OM 37  5 0  5 1 / 4 ~ 1 9 ~ 1 2 1 / 7  50  

RS-A SERIES Conlnuous ICS' S l e  (IN) Shlpplng 
MODEL ~ u t y  (Amps) (Amps1 H x W X D  Wt (Ibs) 

MODEL RS-7A 

RS-M SERIES 

MODEL RS-35M 

V S - M  SERIES 

MODEL VS-2OM 

RS-S SERIES 

RS-4A 3 4 3% x 6 %  x 9 5 
AS- 7A 5 7 3% x 6% ~9 9 
RS-70 5 7 4 . 7 %  . l o ' ,  10 
RS-1OA 7.5 10 4 ~ 7 %  x 101A 11 
RS-12A 9 12 4 % x 8 ~ 9  13 
RS-2OA 16 20 5x9xlO' /z  . 18 
RS-35A 25 35 5 x 1 1 ~ 1 1  27 
RS-5OA 37 50 6 x l 3 % x l l  46 

Continuous ICS' Size (IN) Shipping 
MODEL Duty (Amps) (Amps) H x W x D  Wt (Ibs) 

Switchable volt and Amp meter 
RS-12M 9 12 4 % x 8 x 9  13 

Separate Volt and Amp Meters 
RS-2OM 16 20 5 ~ 9 ~ 1 0 %  18 
RS-35M 25 35 5 x 1 1 ~ 1 1  27 
RS-50M 37 50 6 ~ 1 3 ~ ~ x 1 1  46 

Separate Volt and Amp Meters 
Output Voltage adjustable lrom 2-15 volts 
Current l im~t adjustable lrom 1.5 amps to Full Load 

Contlnuour Duty ICS' 
( m s )  (Amps) Size (IN) Shlpplng 

MODEL @is.rva@iawc@swc @13.8V H x W x D  Wt (Ibs) 
VS-2OM 16 9 4 20 5 ~ 9 ~ 1 0 %  20 
VS-35M 25 15 7 35 5 x 1 1  x l l  29 
VS-5OM 37 22 10 50 6 x 13% x 11 46 

Built in speaker 

Contlnous ICS* Size (IN) Shlpping 
MODEL Duty (Amps) Amps H x W x D  WI (Ibs) 
RS.7S 5 7 4 ~ 7 % ~  10% t o  
RS.1OS 7.5 10 4 x 7% x 10% 12 
RS-IOLiForLTRl 7.5 10 4 . 9 . 1 3  13 

RS.12S 9 12 4 K x 8 x 9  13 
RS-20s 16 20 5 x 9 ~  10% 18 

MODEL RS-12s 



33 cm; update 
One year ago this column was de- 
voted to our newest UHF band, 33 cm 
(902-928 MHz).' Since that time, much 
has happened on this band, which is 
now just over 18 months old. Activity 
is growing fast, but more activity could 
really help popularize the band. 

Last year's column was intended to 
be an "entry level" article. In this 
month's column, I'II present further in- 
formation that will upgrade some of 
the circuits and the antenna described 
in the earlier article. I'II also discuss 
some commercial gear that has recent- 
ly become available. With luck, the 
new information will encourage in- 
creased activity by helping others to 
become active on one of our newest 
and most exciting UHF bands. 

latest activity 
Weak-signal operation on 33 cm has 

been reported in the W1, W2, W3, 
W4, W7, W9, WO, VE2, and VE3 call 
areas. (Did I miss anyone?) Most of the 
activity is reportedly on the calling fre- 
quency of 903.1 MHz, as recom- 
mended in last year's column. There 
are also several fm repeaters active in 
the upper portion of the band, two of 
which are in the W1 call area. A 
California and a Massachusetts ATV 
repeater have also been reported as ac- 
tive, so the band is obviously being 
used for purposes other than weak- 
signal operation. 

As a sign of acceptance of 33-cm 
contacts, the ARRL now counts 33-cm 
contacts separately for new multipliers 
and points in VHFIUHF contests. 33 
cm also has its own VUCC (VHFIUHF 
Century Club) award for those who've 
worked at least 25 grid squares on this 

band. Furthermore, the ARRL has an- 
nounced that the Spring Sprint con- 
tests this year will include a separate 
33-cm contest night. The tentative 
date is Friday, May 8, 1987 (7 to 11 
PM, local time). 

Several stations have also been ac- 
tive on portable expeditions. They've 
done quite well using low power (10 
watts) and single 12-foot loop Yagi an- 
tennas. I've been successful in work- 
ing only a few grids that way, so my 
total number of grids worked so far is 
a puny ten. However, while writing 
this month's column I heard that at 
least one ham has sent out several ac- 
tive "rovers" and worked the neces- 
sary 25 grids to claim the first 33-cm 
VUCC award. 

propagation 
Although initially some of us weren't 

sure what kind of propagation we'd 
experience on 33 cm, we expected it 
to be a blend of 70 (432 MHz) and 23 
cm (1296 MHz). I think most of us now 
active on the 33-cm band feel that the 
typical propagation is more like 70 cm 
for casual contacts. Stations using 10 
watts and a single 12-foot boom loop 
Yagi can easily cover a 100-mile range 
on SSB, with signal strengths as 
strong or stronger than can be antici- 
pated on 70 cm. 

Extended tropospheric propagation 
hasn't been well used because of the 
poor distribution of equipment availa- 
ble for 33 cm during the few openings 
this past year. The aurora, though ab- 
sent in recent months, should return 
within the next year or two as solar 
cycle 22 begins. This will afford the 
best opportunity for auroral QSOs 
above 450 MHz, presently the highest 
frequency at which two-way Amateur 

QSOs have been reported in this 
mode. 

Aircraft scatter propagation on 33 
cm seems to be as good or better than 
on 70 cm and more like the conditions 
experienced on 23 cm.2,3 Several sta- 
tions have reported QSOs showing gll 
the signs of aircraft scatter - a sud- 
den appearance of a signal, reasona- 
ble signal strength, some flutter, then 
a gradual decrease in signal strength. 
Aircraft scatter is possible to about 500 
miles, but 200 to 350 miles is near 
optimum. 

While I haven't received any reports 
of activity, this band is a natural for 
33-cm EME, since small-diameter (12 
foot) dish antennas should be suffi- 
cient for such communications. The 
lack of EME operation on 33 cm is 
probably attributable to the fact that 
few, if any, Amateurs are using high 
power (greater than 150 watts) ampli- 
fiers on the band. I'm sure this QRP 
situation won't last very long! 

As you know, I like to keep track of 
DX records on the frequencies above 
50 MHz. At the present time the best 
DX reported on 33 cm is a mere 377 
miles (606 k ~ n ) . ~  Let me know if you 
break this record. Once again, I believe 
this record will be broken before this 
column is in print. What a great chal- 
lenge we have on a new band! 

33-cm antennas 
As pointed out in last year's column, 

33 cm is a transitional band for anten- 
na design. Consequently, the loop 
Yagi is the most popular antenna type; 
it's easy to construct and has proved 
fairly successful. 

Reference 1 included a description 
of a 33-element loop Yagi design on a 
12-foot boom. This particular design is 
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probably not fully optimized, since it 
couldn't be scaled from any of the 
original designs shown in reference 5. 
However, it does have moderate gain 
(greater than 18 dBi) and a reasonably 
clean radiation pattern, as evidenced 
by the fact that most of the active 
33-cm stations are using this or a simi- 
lar design. Down East Microwave* 
sells a 33-element, 33-cm loop Yagi, 
but I don't know whether it's this or 
another design. 

After a bit of head scratching on the 
subject of a simple approach for a 
higher gain antenna design, and a 
needle from Sam, WZPGC, I decided 
to build a 45-element loop Yagi scaled 
from the original 45-element, 23-cm 
optimized design described in refer- 
ence 5. This would require a boom 
length of 17 feet, 2 inches. 

After more thought about available 
materials and tubing sizes, I decided to 
use a 17-foot, 6-inch boom. The first 
part of the boom is the same length as 
the original design (12 feet) with the 
same diameter tubing ( 1  inch). A 
6-foot length of 718-inch tubing is then 
inserted 6 inches into the director end 
of the boom for an overall length of 17 
feet, 6 inches. 

With this longer boom length and 
smaller diameter tubing on the front 
end, the overall strength of the boom 
will be decreased. A larger diameter 
boom could be used, but that would 
be more expensive and increase wind 
load, which is already high on a loop 
Yagi design. Therefore, I recommend 
a boom supporting structure similar 
to the one described in reference 5. 
A simplified sketch of it is shown in 
fig. 1. 

Since there was a little extra boom 
available with a 5-foot, &inch exten- 
sion, I added another director, making 
the new design one of 46, rather than 
45, elements. The final design is 
shown in fig. 2; the driven element 
details are shown in fig. 3. This longer 
boom design uses the same element 
materials as the older 33-element 
design, with a slightly different ele- 
ment length taper schedule. 

The gain of the 46-element loop 
Yagi should be about 20.5 dBi, a big 

FRONT V I E W  
OF ELEMENTS 

0 

- 
9 - 

MAST 

SUPPORT BARS 

improvement over the 33-element de- 
sign. The beamwidth is approximate- 
ly 15 and 16 degrees in the E and H 
planes, respectively. Therefore, the 
recommended stacking distances per 
references 5 and 6 are 37 and 35 inches 
in the E and H planes, respectively. 

Finally, the original 33-element loop 
Yagi described in reference 1 was 
designed for 902 MHz. As a purist, I 
thought that the new longer boom 
model should be moved slightly higher 
in frequency. Hence the spacings and 
element lengths on the 46-element 
loop Yagi differ slightly from those on 
the original 33-element design. 

If anyone wants to extend the origi- 
nal 33-element design, I don't think it 
will matter much if the old spacing is 
maintained. All that will be necessary 
is to add the extra boom section and 
directors, placing them each 5.11 5 
inches further out from the preceding 
director. Don't forget to always refer- 
ence element spacings from reflector 
No. 2 in order to keep any tolerance 
buildup to a minimum. Also note that 
some of the director lengths of the 
original design should be changed as 
shown in fig. 2 if optimum per- 
formance is expected. 

Several Amateurs are developing 
experimental long boom (12 feet or 
longer) Yagi designs, but they'll need 
to wrestle with the problems of boom 
corrections and impedance matching 
- a formidable problem on the UHF 
bands. I'll let you know how success- 
ful I am with mine! 

Tonna Antennes (FSFT) has devel- 
oped a short (8 foot, 4 inch) boom, 
23-element Yagi. Marketed by The 
"PX" Shop,"" it has a specified gain of 
18.2 dBi with a 21- by 22-degree E and 
H plane beamwidth, respectively. Ton- 
na Antennes circumvented the prob- 
lem of boom corrections by mounting 
the elements above the boom on spe- 
cially designed standoff insulators simi- 
lar to those on their 23-cm designs. 
The feed system uses a folded dipole. 

Needless to say, there will be some 

'Down East Microwave (W3HQT). Box 1655A. RFD 
No. 1. Burnham, Maine 04922. 
"The "PX" Shop (KCZPX), 52 Stonewyck Drive, Belle 
Meade, New Jersey 08502. 

- 
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fig. 1. A recommended boom sup- 
porting scheme for a long boom loop 
Yagi antenna per reference 5. 



Or This Inexpensive 

It Really Shouldn't Be This Easy 
Remember just a few years 

ago, how it took a roomful of 
PAKRATTtm Model PK-64 

eaui~ment iust to work RTTY. - - T s T--- r 

~ n d ' i f  you wanted more than one 
mode it took a dedicated com- 
puter system costing thousands 
of dollars. The new AEA Pakratts 
are proving it doesn't take lots of 
equipment or money to enjoy 
working all bands in five different 
modes. 

First, A Good Idea 
The idea behind the Pakratt is 

very simple. One controller that 
does Morse, Baudot, ASCII, AM- 
TOR, and Packet, and works both 
HF and VHF bands. Of course the 
decoding, protocol, and signal 
processing software must be in- 
cluded in the unit, and connec- 
t ion  to  the computer and 
transceiver have to be easy. The 
unit also has to be small and re- 
quire only 12 volts, so it will work 
both in the shack and on the road. 

Second, Computer Compatible 
It doesn't matter what kind of 

computer you have, we have a 
Pakratt for you. The PK-64 works 
with the popular Commodore 64 
or 128, and the PK-232 works with 
any other computer or terminal 
that has an RS-232 serial port. 
The PK-64 doesn't require any ad- 
ditional programs. Simply con- 
nect to  the computer and 
transceiver and you're on the air. 
The PK-232 needs a terminal or 
modem program for your com- 
puter. The one you're using with 
your telephone modem will work 
just fine. 

PAKRATTtm Model PK-232 

Third, Performance and Features 
The real measure of any data controller is what kind of on-air perfor- 

mance it gives. While the PK-64 and PK-232 use different types of 
modems, both give excellent performance on VHF. The optional HF 
modem of the PK-64 uses independent four-pole Chebyshev filters for 
both Mark and Space tones, and A.M. detection. The HF option can be 
factory or field installed. 

The PK-232 uses an eight-pole bandpass filter followed by a limiter 
discriminator with automatic threshold correction. The internal 
modem automatically selects the filter parameters, CW Fc = 800 Hz, 
BW =200 Hz; HF Fc=2210 Hz, BW =450 Hz; VHF Fc= 1700 Hz, 
BW = 2600 Hz. 

The PK-64 uses on screen indicators to show status, mode, and 
DCD (Data Carrier Detect) while the PK-232 uses front panel in- 
dicators. Both units use discriminator style tuning for HF operation. 
And that's just the tip of the iceberg. Features like multiple connects 
on packet, hardware HDLC, CW speed tracking, and other standard 
AEA software features are included in both the PK-64 and PK-232. 

Fourth, AEA Quality and Price 
Not many manufacturers llke to dlscuss quality and price at the same time. AEA thinks you want high 

quality and low price in any product you buy, so that's what you get with the Pakratts. Ask any friend who 
owns AEA gear about our quality. The people who buy our products are our best salespeople. As for price, 
the PK-64 costs $219.95, or $319.95 with the HF option. The PK-64A, an enhanced software unit with a longer 
flexible computer cable, costs $269.95 or $369.95 with the HF option. The PK-232 costs $319.95 with the HF 
modem included. All prices are Amateur Net and available from your favorite amateur radio dealer. For more 
information contact your local dealer or AEA. 

Prices and specifications subject to change without notice or obligation. 

AEA Advanced Electronic Applications, Inc. 
P.O. Box C-2160, Lynnwood, WA 98036-0918 
206-775-7373 Telex 6972496 AEA INTL UW 
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more churning going on in 33-cm an- 
tenna design in the forseeable future. 
Older designs will be improved and 
new designs will be forthcoming. Only 
time will tell whether the present an- 
tenna approaches are optimum for the 
33-cm band. 

circuit update 
The converter/transverter designs in 

reference 1 have worked out quite well 
for many of us on the 33-cm band. 
Note that a few errors appeared in 
some of the figure captions in refer- 
ence 1: the conversion loss of the 
transmit type upconverter shown in 
fig. 3 should be 16 dB (not 9 dB), and 
the gain of the medium power ampli- 
fier in fig. 12 should be 20 dB (not 30 
dB). 

Some additional comment on the hy- 
brid modules are in order. Since refer- 
ence 1 was published, the USA dis- 
tributor for Toshiba has discontinued 
importing the SAUI 1 and SAU15 hy- 
brid modules. However, I've been ad- 
vised by Hiro Shiozawa, JAOJCJ, that 
he can provide some of the modules 
- particularly the Toshiba units - 
directly from Japan. I'd suggest that 
you write to him to make further ar- 
rangements. * 

There are several other sources of 
suitable hybrid modules. The NEC 
MC-5809 driver module mentioned in 
reference 1 works just as well as the 
Toshiba SAU15 as a 100-milliwatt lin- 
ear amplifier. Although I haven't tried 
it, the NEC MC-5843 shown in fig. 12 
of reference 1 should work as well as 
the Toshiba SAUI 1, albeit at a higher 
price. 

Other substitutes for the high power 
module with 7 to 8 watts minimum out- 
put power (such as the NEC MC-5828, 
MC-5829, and MC-5842) are also avail- 
able. Each has a different gain and out- 
put power. Of particular interest is the 
MC-5828, which sports an output 
power of 8 watts minimum, with only 
I-milliwatt input power - all for 
$42.50 in single quantities! The NEC 
distributor in the USA is California 
Eastern Labs. **  

Although I have no specific part 
numbers or additional information, I 
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R2 Element Spacing Circumference 
(Note 2) (Note 3) 

R2 1.00 13.963 
R1 5.449 13.963 
DR 6.813 13.328 
D 1 8.420 11.913 

R I  D2 9.61 1 11.913 
D3 12.166 11.913 
D4 13.721 11.913 

OR D5 16.515 11.913 
D6 19.830 11.913 

01 07 24.939 11.913 
DP D8 30.049 11.913 

D9 35.158 11.913 
D l0  40.268 11.913 
D l  1 45.377 11.913 

' 0 3  Dl2 50.468 11.552 
Dl3 55.596 1 1.552 
Dl4 60.705 11.552 
Dl5 65.814 11.552 

D,  Dl6 70.924 11.552 
Dl7 76.033 11.552 
D l8  81.142 11.191 

D5 Dl9  86.252 11.191 
D20 91.361 11.191 
D21 96.471 11.191 
D22 101.580 11.191 

D6  D23 106.689 11.191 
D24 1 1 1.799 1 1.046 
D25 116.908 11.046 
D26 122.017 11.046 
D27 127.127 11.046 
D28 132.236 11.046 

D7 D29 137.346 11.046 
030 142.455 11.046 
D31 1 47.564 11.046 
D32 152.674 11.046 
D33 157.783 11.046 
D34 162.892 11.046 
D35 168.002 11.046 

D41 036 173.11 1 10.902 
D37 178.220 10.902 
D38 183.330 10.902 
D39 188.439 10.902 
D40 193.549 10.902 
D41 198.658 10.902 

D 4 2  
D42 203.767 10.902 
D43 208.877 10.902 

Notes: 
1. Dimensional tolerances should be held to 
rt0.013, with k0.04 inches maximum. 
2. Reference all spacings from the rear of the 
boom to prevent tolerance buildup. 

0 4 j  3. The circumference dimension shown is the 
distance between the holes in the loop. The over- 
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0 
all loop length should be approximately 0.5 
inches longer than shown to allow 0.25 inch 
overlap on each end of the loop. The loops are 
0.375 inches wide, made from a 0.062 inches 
thick aluminum sheet. Any deviations in thick- 
ness or width must be compensated for per ref- 

fig. 2. A recommended 46-element loop erence 5. 
Yagi designed 903 MHz. 
is similar to  that described in references 
1 and 5. 

'Hiro Shiozawa, JAOJCJ, 1462 Osato, Kofu, 400 
dapan, 
"California Eastern Labs, 3260 Jay Street, Santa 
Clara, California 95054. 
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fig. 3. The feed system for the 46-element loop Yagi shown in fig. 2. Before soldering 
loop. adjust height (and length, if necessary) of loop for best VSWR. 

know that Motorola also has a line of 
33-cm hybrid power modules. The 
power levels are in the same class as 
the ones already mentioned, so if 
you're interested in using this type of 
module, I'd suggest that you also 
check the Motorola product line. 

SSB with class-C 
amplifiers 

The hybrid modules just described 
all operate in class C. In the past I 
speculated that you could run SSB 
through a class C amplifier with an ac- 
ceptable IMD if certain parameters 
were taken into consideration. This is 
particularly advantageous when using 
solid-state "bricks" or hybrid modules, 

because previous attempts to rework 
them for class B bias usually resulted 
in thermal runaway.' 

Since then I've verified with on-the- 
air tests that this is indeed possible. 
Basically the trick I use is to rf-bias 
rather than dc-bias the class C mod- 
ule by applying a small amount of car- 
rier to an SSB signal. The optimum 
seems to be about 1 watt of output 
from the 10-watt class C module with 
no modulation applied. 

I have an older phasing type of SSB 
exciter, so I just unbalance the carrier 
until the output of the module is about 
1 watt without modulation. I then 
operate SSB normally. This procedure 
will probably work with other class C 

C I  C 4  

P'- 
fig. 4. Schematic diagram of a low-loss. 
single-section bandpass filter. (See text 
for explanation of components. C1 and 
C4 are 0.5 pF; C2 and C3,l-6 pF air varia- 
ble. L1: 1 turn No. 14 AWG with a 
0.25-inch inside diameter.) 

circuits and devices if the rf bias is held 
to about 10 percent of the maximum 
output power. One precaution: don't 
transmit on SSB using this technique 
for long periods of time unless you 
have an adequate heat sink attached 
to the hybrid module. You could 
destroy it! 

transverters 
The circuits described in reference 

1 can be easily assembled for trans- 
verter operation with a common local 
oscillator and power splitter as de- 
scribed. As proposed, the modular ap- 
proach allows quick insertion of new 
or improved designs as they become 
available. This approach has worked 
out well for homebrewers like me. 

Recently SSB Electronics intro- 
duced the model LT33S transverter. 
Available from Transverters Unlimit- 
ed," it operates at 903 MHz with a 
144-MHz i-f and sports a low-noise 
GaAsFET preamplifier and 6 to 10 
watts of transmitter output power. 
This particular unit is quite popular 
with 33-cm enthusiasts. 

linear amplifiers 
As suggested in reference 1, there 

are many choices of bipolar power 
transistors for solid-state linear power 
up to about 20 watts. Unfortunately, 
time and space won't permit me to dis- 
cuss new solid-state linears too deep- 
ly at this time, but I will make a few 
suggestions. 

'Transverters Unlimited (VEICRUI, Box 6286 Station 
A. Toronto, Ontario. Canada M5W 1P3. 
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The NEC NE0804 (5 watts), the 
NE0810 (11 watts), and the Thomp- 
son-CSF (formerly Solid State Micro- 
wave) SD1418 common emitter power 
transistors are recommended. They 
should work well using a circuit similar 
to that used on 23 cm by WB5LUA.8 
All that's required for 33-cm operation 
is to lengthen the input and output 
lines and possibly change the value of 
the chip capacitor that shunts the base 
and collector of the transistor to 
ground. 

Some medium power (40 to 100 
watt) solid-state amplifiers are now be- 
ing used. Typically they run class C with 
grounded base transistors. WA3JUF 
has proposed such a circuit using the 
Thompson CSF SD1414.9 design (shown in reference 1) if there tivity of 100 MHz, rather than 350 MHz 
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fig. 5. Passband plot of the bandpass filter shown in fig. 4. 

high power amplifiers 
For high power, tubes are strongly 

recommended. For power levels up to 
100 watts, the ubiquitous 2C3917289 
is highly recommended. These tubes 
are plentiful and inexpensive. 

W1 RIL and others have modified the 
70-cm 2C39lY Dl050 amplifier described 
in The UHF Compendium to work on 
33 cm.1° They shortened the half-wave 
plate line to 78 mm (as opposed to 175 
mm), shortened the output coupling 
link, modified the input matching net- 
work as required, and obtained 50 to 
100 watts output with reasonable gain. 

A 3CU400/800 flat cavity amplifier 
design is recommended for medium 
power levels (300 to 500 watts)." 
Quarter- and half-wave cavity amplifi- 
ers using the 765017651 or the larger 
721317214 tubes are highly recom- 
mended. They work well on these fre- 
quencies, can deliver high power, and 
are often seen at flea markets. I'm sure 
that many surplus or UHF TV "pulls" 
are also available. Stripline amplifiers 
will probably still work adequately at 
these frequencies. 

filters 
The filters shown in reference 1 

work well. However, they are entry 
level filters with fairly wide bandwidth. 
The input filter is particularly wideband 
but more than sufficient to protect the 
input of the MRF901 preamplifier 

are no local high power rf emitters 
such as UHF TV stations nearby. 

Recently I developed an improved 
input filter with narrower half-power 
bandwidth - 30 versus 100 MHz - 
and less than 0.5 dB insertion loss. In 
addition, the 20-dB down points are 
only 300 MHz apart, as contrasted with 
the earlier design of 1000 MHz. It's 
similar to the design approach used in 
my 2-meter high dynamic range con- 
verter.12 

A schematic of this single-section fil- 
ter is shown in fig 4. C1 and C4 can 
be realized by connecting two 1 .O-pF 
capacitors in series. C2 and C3 should 
be the piston or air-variable type if 
minimum insertion loss is desired. For 
lowest loss and best isolation, this fil- 
ter should be built in its own shielded 
box (such as a Pomona Electronics 
2417, 2428, or equivalent). 

This filter is best tuned by adjusting 
C2 and C3 for minimum VSWR using 
a low power signal source. These 
capacitors will interact with each oth- 
er, so alternate tuning until the VSWR 
is dt a minimum. A typical passband 
plot of this filter is shown in fig. 5. 

Likewise, the two-section bandpass 
filter shown in reference 1 is also 
an entry level filter. It has a half-power 
bandwidth of 51) MHz, which is a little 
too wide if a 28-MHz i-f is used. A 
slightly more complex three-section fil- 
ter with a narrower half-power band- 
width, 36 MHz, and better skirt selec- 

(30-dB down points), has been devel- 
oped. A schematic is shown in fig. 6. 

This filter is of the combline type 
with the input and output connections 
made directly to the resonators. The 
coupling is set by the spacing between 
resonators, the height of the filter en- 
closure, and the inputloutput tap po- 
sition. 

As with the single-section filter just 
described, the tuning capacitors should 
be of the low-loss piston or air-variable 
type. The resonators should be spaced 
1 inch center-to-center and mounted 
midway between the top and bottom 
of the enclosure. The filter is built 
in a small shielded box (with 4 x 2 x 
I-inch outside dimensions) such as 
the Hammond 1590L or equivalent. 
The most important parameter of the 
shielded box is the height inside the 
enclosure, which is about 0.8 inches. 
This filter can be tuned for minimum 
loss, but for best performance a 
sweep-tuned setup is required. A typi- 
cal passband plot is shown in fig. 7. 

preamplifiers 
The MRF901 preamplifier in refer- 

ence 1 has performed quite well. Until 
recently it has been my only preampli- 
fier. Though its noise figure is too high 
(typically 3 dB) for serious weak-signal 
operation it makes an excellent 
second-stage postamplifier. 

For a really low noise figure, use a 
GaAsFET preamplifier. I've recently 
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4:l L-network transformer that worked 
well for me on the VHF bands and is 
relatively broadband with low loss. As 
a result, the output compression point 
is very high; this is a performance pa- 
rameter some of the other matching 
schemes I've used didn't have. 

To align the preamplifier properly, a 
good noise figure generator is recom- 
mended. However, adequate perfor- 
mance can be obtained by using a 
weak-signal source for tuning. After 
tuning C1 and C2 for best sensitivity, 
spread or compress the turns on L2 for 
maximum gain, typically 13 to 15 dB. 
Overall noise figure is a function of the 
construction and GaAsFET used, but 
0.5 to 1 dB is typical. The device type 
isn't critical; the MGF1402, MGF1301, 
NE72019, or equivalent GaAsFETs 
should all work well. 
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fig. 7. Passband plot of the three-section bandpass filter shown in fig. 6. 

built one similar to the design shown 
in reference 13. A schematic is provid- 
ed in fig. 8. The input circuit, a tuned 
tank, is easy to construct and provides 
a reasonable amount of selectivity, 
reducing the susceptibility to overload 
from high power emitters in the VHF 
range and below. 

The output matching circuit uses a 

JI L I 

rn 

fig. 6. Schematic diagram of a three- 
section bandpass filter for 9U3 MHz. (See 
text for details on components and tun- 
ing. C1, C2, C3: 1-6 pF air variables. J1, 
J2: inputloutput connectors (type BNC 
or equivalent. L1, LZ, L3: 0.25-inch wide 
thin (0.02-0.03 inch) copper strap spaced 
1.0 inch center-to-center in a shielded 
enclosure, per text. Tap L1 and L3 0.25 
inches from the grounded end of the in- 
ductor.) 
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receivers 
Wide-frequency coverage receivers 

(such as Yaesu's FRG9600) are now 
available. Not necessarily weak-signal 
types, they have noise figures typically 
in the 6 to 10 dB range; a low-noise 
preamplifier ahead of the receiver is 
recommended for weak-signal opera- 
tion. The new ICOM R-7000, designed 

-.c3 

to cover from 25 to 1000 MHz and 
from 1030 to above 1300 MHz, offers 
excellent frequency stability and weak- 
signal characteristics on the 33- and 
23-cm bands. 

commercial fm gear 
As mentioned in reference 1, a por- 

tion of the 33-crn band is a citizens 
band in Japan. As a result, many low 
power (5 watt) fm transceivers are 
available in Japan, but not yet in the 
USA, although that situation could 
change any day now. 

Table 1 shows a few of these trans- 
ceivers. They're all citizens band type 
with typically 75 to 100 fixed channels 
between 903 and 905 MHz. These trans- 
ceivers have F3E emission and a nomi- 
nal 5 watts output power. They're very 
small and excellent for portable 
operation. 

One channel on these transceivers 
is at 903.1125 MHz. WlXX and others 
have been using this channel at port- 
able locations because it's close to the 
weak-signal calling frequency. How- 
ever, if these transceivers become 
available in the USA, I hope that they'll 
be used only above 904 MHz so as not 
to interfere with weak-signal opera- 
tions near 903.1 MHz. 

summary 
This month's column reviewed the 

current status of operation on the 
33-cm band. New higher performance 
circuits and some equipment, both 
homebrewed and commercial, were 
recommended. Improvements to the 
circuits recommended in reference 1 
were also discussed. I hope this infor- 
mation will stimulate increased activi- 
ty. . . see you on 903.1 MHz, especially 
on Friday evenings - a recommend- 
ed activity night - at 9 PM (local 
time)! 
acknowledgments 

I'd like to thank Bart Jahnke, 
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SMIRK lives 

Ray Clark, K5ZMS, president of 
SMIRK (Six Meter International Radio 
Klub) has recently informed me that 
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The "Flying Horse" 
sets the standards 

continuing a 66 year tradition, there are 
three new Callbooks for 1987. 

The North American Cailbook lists the calls. 
names, and address Informatlon for licensed 
amateurs In all countrles from Canada to 
Panama including Greenland, Bermuda. and 
the Caribbean islands plus Hawall and the 
u.S. possessions. 

The International Cailbook lists the 
amateurs In countries outside North 
America. Coverage Includes South America, 
Europe. Africa. Asla, and the Paclfic area. 

The 1987 Cailbook Supplement Isa new idea 
In Callbook updates; I t  llsts the activlty In 
both the North American and International 
Callbooks. Published June 1. 1987, thlS 
Supplement will include all the new Ilcenses. 
address changes. and call sign changes for 
the preceding 6 months. 

Publication date for the 1987 Callbooks is 
December 1. 1986. See your dealer or order 
now directly from the Publisher. 

ONorth American Callbook 
inci. shipplng within USA $28.00 
incl. shipping to foreign countries 30.00 

o international Callbook 
i n c l . s h i ~ ~ l n g  wlthln USA $28.00 
incl. shlpplng to  foreign countrles 30.00 

o callbook Supplement. published June 1st 
incl. shlpplng within USA $13.00 
incl. shipping to foreign countries 14.00 

SPECIAL OFFER 

o m t h  N.A. & International Callbooks 
incl. shlpplng withln USA $53.00 
incl. shipplng to forelgn countries 58.00 *....*...*.. 

llllnols residents please add 6111% tax. 
All payments must be In U.S. funds. 

RADIO AMATEUR 

[ lc~>t .  F 
925 Sherwood Dr.. Box 247 

INC. Lare Bluff. l L  60044. USA 

Tel: (312) 2346600 : E3 

"SMIRK is still alive and kicking." 
However, because of budgetaw con- 
straints, copies of the quarterly news- 
letter won't be sent to  anyone who 
isn't a paid-up member. If you're a 
SMIRK member and haven't renewed 
your dues, send $3 to Ray at his call- 
book QTH. 

new award program 
In order to stimulate more weak- 

signal operation on 70 cm (432 MHz), 
Art Holmes, WA2TIF, has instituted 
a new awards program. Basically, 
there's a monthly award for making at 
least 50 QSOs, a monthly award for 
1000 points by multiplying number of 
QSOs times grids worked, and an en- 
dorseable award for working 100 or 
more different stations on the band. 
The only stipulation is that contacts 
made on nets and during contests 
don't count. Write Art at 11 Kerr Road, 
Rhinebeck, New York 12572, for fur- 
ther information. 

J,  C' 

Q 

though this represents preliminary in- 
formation, I'll list those new records 
that I've been able to document. 

The 70-cm tropo record is now held 
by Ray, WBBCZG, FNlOAX, for a 
QSO on November 29, 1986, with 
Kent, WA5VJB, EM12LQ, of approx- 
imately 1318 miles (2120 km). On the 
same date, a new 23-cm record of ap- 
proximately 1287 miles (2070 km) was 
set between Ray, WB3CZG. FNlOAX, 
and Dave, KDSRO, EM13PA. Finally 
on November 28 and 29, 1986, the 
13-cm (2304 MHz) record was broken 
several times by WB5LUA, KD5R0, 
KSHMB, and W8Y 10. When it was all 
over, Dave, KD5R0, EM13PA. and 
Lew, W8YI0, EN82BE, emerged as 
the new record holders for a distance 
of approximately 940 miles (1516 km). 

Just before this great weekend, 
Tony, KSPJR, EM260P, and Jim, 
WA51CW15, EM04HX. set a new 
6-cm (5760 MHz) tropo record of 
approximately 285 miles (459 km). 

c z - 4  

new records November certainly was an exciting 
There have been some unusually month for UHF and microwave 

late and long DX tropo openings this records! Congratulations should go 
year. The one during the U.S.A. not only to the new record holders, but 
Thanksgiving weekend will be long to all those who - if only for a few 
remembered because so many North minutes - held the record. Great go- 
American records were broken. Al- ing! Keep it up! 
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The 1987 Handbook has it all! 
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RF Circuits and desigh, - rsopagation Voice communication 
Power amplifiers Operating Space communical 

The 64th edition has 40 chapters and over 1200 pages. It's packed with practical constructlo 
projects and there are many with printed-circuit board etching patterns. Every year the Handbook 
is updated to reflect changes in  the state-of-the-art. Whether you are a radio amateur, engineer 
or technician you'll find the latest edition a must addition to your technical library. There is no 
change in price from last year! Paperbound: $18 in the US, $19 elsewhere; cloth: $27 US, $29 

WABP operatea tnls solar powerec i g  1986 Field Day as part of 
' McDonnell Douglas Amateur Raa~o LIUD ana aournern California Amateur Club 

Y. The ~hotographel r was WAf IAUF. 
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grid square index 9. Dave Mascaro, WAUUF, " ~ - c m  Circuits."  id. 

uecently ~~l~~ Rosvall, sMSAGM, Arlanric Stares VHF Conference, October 4. 1986. 
10. K .  Winer, DJ9HO. The UHF Compendium: Part I 

created The Radio Amateur's World and 2. January. 1982. page 272 lout print). 
Atlas, a 24-page book of maps and ta- 11. Roben I .  Sutherland. W6P0, and William I. Orr, 

bles show the geographical W6SAl. " A  High-Power Cavity Amplifier for the New 
SM)-MHz Band." QST. November. 1981. page 14. 

coordinates of all 32.400 grid squares 12. Joe Rei,n, W I J R ,  "VHFIUHF World: High 

in the world, along with an extensive Dvnamic Range on 2 Meters." ham radio, November. 

index of cities worldv ,ile. I've been 
~ ~ o ~ ~ ~ ,  WI JR,  wVHFIuHF World: Low-Noise 

using this book for some til-te and find GaAsFET Technology." ham radio. December, 1984. 

it quite helpful in locating grid squares page 99. 

of stations in the USA as well as DX 
stations anywhere in the world. Since Important VHF/UHF Events 
most of my acquaintances seem to  be A ~ ~ ~ I  13: A R ~ L  144-MHz Spring Sprint 
unaware of this book, I thought I'd Contest (evening] 

mention it because it's so helpful with April 18: EME perigee 

my record keeping. It's available from April 21: ARRL Z20-MHz Spring Sprint 
Contest /evening/ 

Ham Radio's Bookstore for $3'95 pius 
April 22: predicted peak of the Lyrjds 

$3.50 shipping and handling. meteor shower a t  11W UTC 
references April 24-26: Dayton Hamvention 

April 29: ARRL 432-MHz Spring Sprint 
&en.  WIJR. "VHFIUHF World: 33 cm - Our Contest (evening) 
Band;' ham radio. April, 1986, page 83. May 2-3: West Coast VHF Conference 

(contact WBGGFJ) 

May 5: Predicted peak o f  the Eta 

Aquarids meteor shower a t  
13W UTC 

May 8: ARRL 9J2-MHz Spring Sprint 

Contest (evening) 

May 15-17: 13th Annual Eastern VHF/UHF 

Conference, Nashua, New 
Hampshire lcontact W l E J l  

May 23-24: ARRL 50-MHz Spring Sprint 
Contest leveningsl 

Call Toll Free 

1 (800) 341-1522 
Have your credit card 
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ham For Illeralure or more ~nforrnatlon, locate 
the Reader Serv~ce number at the bottom o f  

radio the ad, clrcle the approprtate number on 
thls card, afftx postage and send to us 
We II hustle your name and address l o  the 

Reader Service companies you re ~nlerested In 

Limit of 15 inquiries per request. - 
NAME C A L l  

CITY STAT; ZIP 
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MAKE YOUR OWN 
CANOPIES 

WE HAVE: 
* SNAP JOINTS & PARTS FOR 

3/4" & 1 " TUBING. 
* SILVER. WHITE OR BLUE 

TARPS. 
* BUNGEES &ACCESSORIES. 
* COMPLETE PACKAGES 

AVAILABLE. 
* FREE BROCHURE ON 

REQUEST. 

ELAINE MARTIN, INC. 
PO6 261, Dept. H 

Highwood, lL 60040 
Phone: 31 2-433-01 06 

f l  147 

7 MILLION TUBES 

FREE CATALOG 
Includes all Current, Obsolete. An- 
tique, Hard.To-Find Receiving, 
Broadcast. Industrial, RadiolTV 
types. LOWEST PRICES, Major 
Brands, In Stock. 

UNITY Electronics Dept. H 
PO. Box 213 

r, 1U 
Elizabeth, NJ 07206 

TELEWAVE ANTENNAS 
1 FIBERGLASS COLLINEAR 

Tclcwavc's POWER MASTER ANTENNA* 
l inc rcal18res hcavy duly l ihcrglas-. 
end led an1cnnn.i which arc crpcc~al lv  
dcsigncd fo r  ~ h c  most rdvers r  
vond~ l~onr .  The cool hlue color hlcndr 
wi lh lhc skyllnc .ye1 ahrorhs lhc rays 
rrom lhc sun which asrzrl on de-iclng 
Ihc mlcnna. A l l  internal componcnls 
arc hrass or copper. designcd ~n n 
mnnncr l o  allow lo r  years or flexing 
wilhtrul rracluring o f  any joinls. Thc 
hcavy duly japered dcsign with t1.i 
stronp intr rwovcn l ihcrglasr housing 
i<  rahricnlcd l o  wilhsland wind loading 
o r  up l o  125 M P l l  wilh 112 inch i f  radlal 
i r c  or 150 M P l l  wind loadnng w11hot11 
ice. Thc slrnnl: l lcx~hle aclton help\ lo  
dc-ice l h r  antenna w i l h  only s 
minimum of mnvcmcnl. Thc hrass cap 
.a1 ~ h c  19" o f  ihc anlcnnr is dc-igncd lo  
e r h i h i l  DC ground po lcn t~a l  whi l r  
.rsr~sling on l ighlntng pmlcclian. Thr 
unique c lcr ipn o f  each antenna 
provider two ~ n l c r n a l  ground planes. 
c l im in r l inp  ~ h c  nccd for  Irouhlemmr 
e r l c t n n l  g round plnncs.  Thc 
hroodhend drs ign o f  lhcre antennas 
with lhlcr cxccllcnl VSWR and rugged 
ronslrucl inn nnnkcs thcse the mor l  
deslrahlc anlcnna- l o r  any duplca~np 
or mull icouplinf application. One sr l  
o f  heavy duly mounling clanllrs u n ~ l  
one 12 inch jumper cahlc w i l l  hc 
shippcd standard w i lh  each anlcnnr 

W i t h  the 

MILLENNIUM SEALTM 
of Qua l i t y  

1155 TERRA BELLA. MOUNTAIN VIEVJ. CALIFORNIA 94043 

,4151 M.444W. T W X  910:l79MS5 . FAX 14151 M-1741 
ORDER TOLL FRCE - lsWl3313.3X 

Turn a few hours work into years of 
fun with Amateur Television. 

Converl any TV recelver l o  a lasl scan ATV rnanclor 15 l h r  ~ n r  orpnra!,< I! I I a DOSI amplrlrer stage 
wllh the Comrnunlcatlon Concspls ATV2 convcrler 16dB mnn qalnl lo l low~ng Ihe double- 
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understanding noise figure 

See why 
optimized NF 
doesn't imply 

best output S/N 

Noise figure is probably the most common param- 
eter used to specify the noise performance of amp- 
lifiers and other systems where noise performance is 
a critical feature. However, the concept of noise fig- 
ure is often misunderstood, and quite often misapplied. 

This can result in a system with noise performance 
far less than ideal. For example, it might seem that 
an improvement in noise figure of a low-noise system 
would naturally result in lower total output noise and 
better output signal-to-noise ratio. However, this isn't 
always the case. It's quite easy to improve the noise 
figure to its optimum minimum value while causing 
an increase in output noise and a degradation in signal- 
to-noise ratio for any given signal. John Maxwell gives 
a good review of this problem in reference 1. 

Noise figure is a "figure-of-merit" (a measure of 
"idealness") that demonstrates the amount of noise 
a system such as an amplifier adds to a signal- 
processing task such as amplification. If an amplifier 
were perfectly noiseless, it would add no additional 
noise and the noise figure would be zero. Similarly, 
a noise figure of 3 dB implies that the amplifier adds 
as much noise to the system as was initially present 
prior to amplifying (remember, a 3-dB increase in 
power is a doubling in power.) Also, the noise figure 

Mic 
P.0 

is a measure of the amplifier's performance, not the 
circuit performance. That's why we may take a specific 
circuit and optimize the noise figure but actually 
degrade the output signal-to-noise ratio. 

Noise figure, NF, is defined as 10 times the common 
logarithm of the "Noise Factor," F , and the noise 
factor is defined as the ratio of the total output noise 
power of a system (an amplifier, for example) to the 
output noise power due to the source alone.= 

Toral output noise power 
(1) 

F =  
Output noise power due to the source alone 

NF = 10 log F (21 
The noise factor in eqn. 1 is a ratio of the actual output 
noise of a system to the output noise that would be 
present due to the source alone if the system were 
perfectly noiseless. Two things are important to notice 
about eqn.1: the first is that the noise factor is defined 
in terms of noise powers, and second is that it is 
defined at the output of the system. Examining eqns. 
1 and 2, something is conspicuous by its absence - 
a signal. The noise figure apparently has no relation 
to any signal or to the SIN. In fact, you don't even 
need a signal to find the noise figure, and without a 
signal, you have an S IN  of zero! Well, the noise factor 
(and noise figure in turn) may be loosely considered 
a noise-to-signal ratio where the source noise is both 
the signal and a component of the total noise. 

However, the noise figure may be related to the SIN 
relatively simply. Consider an amplifier with the 
following parameters. 

:hael E. Gruchalla, 2450 Alamo Avenue S.E., 
. Box 9100, Albuquerque, New Mexico 871 19 
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Ns = Source noise power delivered to the amplifier 
input 

NI = Amplifier equivalent input noise power 

Gp = Amplifier power gain 

Ps = Amplifier input signal power 

Now, the numerator of eqn. 1, total output noise 
power, is actually the sum of the noise contributed 
by the amplifier and that contributed by the source. 
Also, a specific output power is given by the 
corresponding input power multiplied by the amplifier 
power gain. We can then write the noise factor as 
eqn. 3. 

Now, if we divide both the numerator and denominator 
by the output signal power (Ps Gp) and rearrange the 
terms, the results of eqn. 4 are found. 

In examining eqn. 4, we see that the numerator is sim- 
ply the signal-to-noise ratio of the input source. Simi- 
larly, the denominator is the signal-to-noise ratio at the 
amplifier output. So the noise factor is equal to the 
input SIN divided by the output SIN. 

the optimum source resistance. This would indeed im- 
prove the NF with respect to the apparent source re- 
sistance, but not with respect to the original source. 

The addition of this resistor has two effects. First, 
it loads the source dissipating some of the signal power 
that would normally be available as amplifier input, 
causing the signal term of the SIN expression to be 
reduced. Second, it adds the resistor's thermal noise 
to the system, causing an increase in the noise term 
of the SIN. The net effect of adding the modifying 
resistor is that the output signal is reduced, and the 
output noise is increased, which results in an overall 
reduction in the SIN. However, the NF is reduced to 
its optimum minimum value! Is this contradictory? Can 
we truly improve the NF of a system and actually de- 
grade the SIN? If this is true, is the NF a useful pa- 
rameter at all? 

Perhaps a practical example or two using the 
parameters of real components will clarify this prob- 
lem. (For more detailed analyses, check references 1 
through 4.) The basic difficulty lies in the fact that the 
addition of a series or shunt resistor to a given source 
resistance only modifies the apparent resistance of the 
source. The actual value remains unchanged. The 
source contributes a specific signal and a noise com- 
mensurate with its resistance. For some specific sig- 
nal, this provides some source SIN. The modified 
source will exhibit a lower available signal for the same 
actual signal level due to the loading effect of the 
added modifying resistor. The thermal noise of the 
modified source may be higher or lower than the origi- 
nal source, depending on whether the added resistor 
was added in series or shunt. However, in all cases 

S/N input 
the source SIN for any given signal level of the origi- 

F =  (5) nal source will be reduced. The addition of a simple 
SIN output resistor to modify the source then in effect makes the 

source "more noisy," which in turn renders any noise 
This is commonly known as the "Friis Equation," in of the amplifier system less significant. That can cause 
honor of H.T. F r i i ~ , ~  who originally developed it in an improvement in the NF. However, since the signal 
1944. A subtle but important point to observe about has been made more noisy, the SIN is degraded. 
the Friis equation is that the term SIN input is the SIN 
of the input signal, not the S / N  at the amplifier input. examples 
Also, it should be understood that this is not the defi- Consider the circuit shown in fig. 1. This is a clas- 
nition of noise factor, but rather a derived expression sic model of a generalized amplifier showing the noise 
computed from the definition given in eqn. 1. parameters4 The source ENS is the RMS noise poten- 

optimum source resistance 
For any amplifier system, a value of optimum source 

resistance exists which will produce an optimum mini- 
mum noise figure. The problem lies in the fact that 
the value of optimum source resistance is rarely even 
close to the resistance of the source we wish to use. 
The NF of the source-amplifier combination is then less 
than optimum. It is often thought that a resistor could 
be added in series or shunt with the source to modify 
its apparent value as seen by the amplifier to become 

tial of the source resistor Rs. The amplifier noise is 
referred to the amplifier input as two equivalent input 
noise sources: an input noise potential ENI, and an in- 
put noise current lNI. If you check the specifications 
of various high-performance amplifiers, you'll find 
these parameters. It should also be emphasized that 
as with almost all noise parameters, the total noise 
available from the sources is a function of the noise 
bandwidth, BWN, and the frequency of measurement. 
Generally, the spot noise values (noise per Hertz of 
bandwidth) are specified as a function of frequency. 
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In the model, the amplifier input resistance is RI and 
the voltage gain is A". Both of these are defined as 
noiseless because all noise contributions are included 
in the two equivalent input noise sources. It can be 
shown that the optimum source resistance that yields 
the best NF is given by eqn. 6.2 

Rs (optimum) = ENI/IN[ (6) 
With that optimum source resistance, the optimum NF 
is given py eqn. 7.2 

NF (optimum) = 10 log ( I + ) (71 

where: k = Boltzmann's coGtant = 1.38~10' 23 

watts-seconds/ "k 
T = ~ b s o l h t e  temperature in "k 

As an example, consider the source as a magnetic 
phonograph cartridge with a source resistance of 1000 
ohms and a noise bandwidth of 20 kHz. Also, con- 
sider an LF356 FET amplifier configured for a voltage 
gain of 100. The LF356 parameters from the data 
sheets are given below. 

RI = ohms 

ENI = 12 nV1Hz @ 1 kHz 

INI = 0.01 PA/ Hz @ 1 kHz (shot noise of input 
current) 

Av = 100 (configured gain) 

To simplify the example, the noise contributions of any 
circuit resistors are ignored. (If we were actually try- 
ing to optimize noise performance, those noises would 
be included.) Also, consider that the 1 kHz spot-noise 
values given are constant over the frequencies of in- 
terest. From eqn. 6, the optimum source resistance 
is found to be 1.2 megohms; from eqn. 7, the opti- 
mum NF at that source resistance is found to be 0.063 
dB! This very low optimum NF is typical of FET-input 
devices, but the very high optimum Rs often results 
in poorer practical noise performance (SIN) than that 
provided by higher noise bipolar devices. This occurs 
because the optimum source resistance for typical 
bipolar elements is often much nearer the value of typi- 
cal sources (such as our phonograph cartridge) than 
that of FET devices. This will be demonstrated below. 
The NF for this amplifier with the I-k source is 9.9 dB. 
That is much poorer than the 0.063 dB optimum. The 
output noise is 179 pV RMS. (Note: noise signals must 
be added as powers or by adding their mean-square 
values.) Adding a 1,199,000-ohm resistor in series with 
the 1-k source provides an optimum 1.2-megohm 
source resistance to the amplifier. The output noise 
is then 2 mV RMS and the NF is indeed 0.063 dB. The 
optimum NF configuration will have an output noise 
eleven times higher than the less optimum unmatched 
case and in both cases the gain will be 100 (the 
70'2-ohm amplifier input resistance does not load either 

- 
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fig. 1. Amplifier noise model. 

source configuration significantly). Then, for any giv- 
en signal, the optimum NF configuration will exhibit 
an output SIN eleven times poorer than the un- 
matched configuration. So, even though the NF is 
poorer for the unmatched case, the noise performance 
is better: 21 dB better! 

Now we'll try matching in a more optimum manner. 
Let the I -k source be transformed to the optimum 
1.2-megohm resistance with an ideal transformer hav- 
ing a 1 :34.6 turns ratio. Note that this is not an opti- 
mum power match. We'll define the transformer as 
noiseless, but in a very accurate analysis its winding 
resistances would contribute some thermal noise that 
would have to be considered. Also, we'll adjust the 
amplifier gain to provide the same overall gain of 100 
of the previous example to allow simple comparison. 
This does not affect the SIN or NF since both of these 
are independent of system gain and the transformer 
was defined as noiseless. Now the total output noise 
is 57.97 pV and the noise due to the source alone is 
57.55 pV, resulting in the expected 0.063 dB NF. With 
the selected amplifier, this configuration will provide 
the best possible SIN for any given signal. It is 9.8 
dB better than the simple unmatched case (20 log 170 
pVl57.97 pV) and 30.8 dB better than the resistive 
matched case. 

This may still be a little confusing, and you may be 
convinced that NF is a useless parameter. Let's ex- 
amine what was done in the examples above. First we 
started with a device with a I -k  source resistance and 
an amplifier with a 1.2-megohm optimum source re- 
sistance and gain of 100. Direct application of the 
source to the amplifier gave us a signal gain of 100 
with a 179 pV output noise and a 9.9 dB NF. Adding 
a 1,199,000-ohm series resistor gave us an optimum 
noise match with respect to the amplifier, with an out- 
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put noise of 2 mV and a 0.063 dB NF with the signal 
gain still 100. Since the gain was the same in both 
cases, the output signal would be the same for both 
for a given input signal. Then, since the output noise 
was higher in the second case than in the first, the 
S I N  would be poorer, even though the NF was better. 

What did we do wrong to get the lower NF case 
to give us a poorer noise performance? It's actually 
very simple. When we added the series resistance, the 
effective source seen by the amplifier was optimized, 
but the actual source resistance was unchanged. We 
inadvertently defined the source resistance in two 
different ways: as the real source resistance in one 
case and as the source plus a series resistance com- 
bination in the other. The I-k source resistance is part 
of a circuit element that contributes both signal and 
noise. Adding a series resistance adds a circuit ele- 
ment that contributes only additional noise and no ad- 
ditional signal, so it should be expected that the S I N  
should be made poorer. 

Looking back at eqn. 1, we see that the numerator 
is related to the source noise. If we define the source 
as the 1000-ohm resistance of our actual phonograph 
cartridge, we'll compute one value of output source 
noise, but if we use the 1.2-megohm resistance of the 
combined resistances, we'll find another (higher) val- 
ue. As far as our amplifier is concerned, all compo- 
nents attached to its input constitute the source. 
However, to our actual source, only its elements con- 
stitute the source. When we add resistors to modify 
the source resistance, which value of source resistance 
should we use for the NF calculations? That depends 
upon what we're trying to find. If we wish to find the 
NF of an amplifier, everything tied to the input is then 
the source. If, however, we are trying to determine 
the NF of an amplifier with a specific source, only the 
actual source should be considered as the "source." 
In general, the actual source is the true source as far 
as the total circuit is concerned. Adding extraneous 
components to the source doesn't change its actual 
value, only its apparent value seen by the amplifier. 
Since it's the signal from a specific source that we're 
generally interested in processing, we should always 
compute the "output noise due to the source" in 
eqn. 1 from the actual source of interest and not that 
"seen" by the amplifier input. 

With this in mind, let's go back to our original 
phonograph cartridge source and LF356 amplifier. We 
found that the NF computed from eqn. 2 with the 
source directly applied to the amplifier was 9.9 dB. 
When we added the 1,199,000-ohm resistor and de- 
fined the 1.2-Megohm source plus series resistance 
combination as the "source," we found an NF of 0.063 
dB. Now, what would the NF be if we added the se- 
ries resistor but still used the 1000-ohm value as the 
source resistance? It would be 30.9 dB! This clearly 

shows that with respect to our actual source, the ad- 
dition of a series resistor only makes the NF poorer. 

If we could in some manner make the actual source 
resistance and the source resistance seen by the am- 
plifier equal the optimum source resistance, we would 
achieve the best possible noise performance. For ex- 
ample, if we could place in series 1200 of our phono- 
graph cartridge sources (with each delivering the same 
signal), we would achieve the optimum source resis- 
tance with the actual source. That would provide the 
optimum NF and a very good S/N because the avail- 
able signal power would be 1200 times that of a sin- 
gle source. However, that solution is obviously very 
impractical. We could possibly redesign the source to 
exhibit the 1.2 megohm resistance, but that too is 
generally impractical. The transformer offers us a very 
practical means of transforming the source resistance 
to the optimum needed, and well-designed transform- 
ers can do this almost noiselessly. With a transform- 
er, both the signal level and source impedance are 
scaled together: potentials and currents by the turns 
ratio, and resistances by the turns ratio squared. This 
maintains the source SIN, as seen by the amplifier, 
constant. So, in our example, the entire equivalent 
1 .2-megohm source resistance at the transformer out- 
put contributes signal, 34.6 times more than the Ik-  
ohm source with a 1,199,000-ohm series resistor, with 
the same noise contribution of the optimum 
1.2-megohm resistance. That obviously results in a 
much better S I N  than the simple addition of a series 
resistor because the signal has been increased along 
with the increase in the source resistance seen by the 
amplifier. 

In some applications we have control of the design 
of the source and can tailor its resistance to optimize 
noise performance with a specific amplifier. Howev- 
er, in the majority of cases the source resistance is 
fixed and we must select, or design, an amplifier 
whose optimum R s  is close to the specified source, 
or use a transformer to provide noise matching. For 
example, the LM1897 amplifier has an optimum NF 
of 1.82 dB at an optimum source resistance of 5.33 
k. That optimum NF is much poorer than the 0.063-dB 
value of the LF356. However, this amplifier provides 
a 3.87-dB NF with the I -k source resistance, which 
is much better than the 9.9-dB value provided by the 
lower noise LF356 with the 1-k source resistance. The 
higher noise amplifier, with the specified source re- 
sistance, will actually provide a 6-dB higher SIN than 
the lower noise unit for any given signal. This is be- 
cause the LM1897 has an optimum source resistance 
value that more closely matches the I -k  source than 
the LF356. This shows that just because one amplifi- 
er has lower optimum noise figure than another, it may 
not provide better noise performance in a specific con- 
figuration or application. 
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Finally, there's the question of how the optimum 
NF source resistance relates to the optimum power 
match source resistance. That's very simple; they're 
totally unrelated. To demonstrate this, we can use a 
transformer to match the 1-k source resistance to the 
1012-ohm input resistance of the LF356, a turns ratio 
of 1 :31,620. This will provide an optimum power match, 
but the NF will be 37.8 dB! That's considerably poor- 
er than the 0.063 dB optimum NF provided at the op- 
timum noise match. This is because the optimum noise 
source resistance is related to the equivalent input 
noise sources, and the optimum power match source 
resistance is related to the input resistance. In gener- 
al, the equivalent input noise sources and the input 
resistance are unrelated, rendering the optimum 
matching resistances similarly unrelated. 

The principal purpose in optimizing the power 
matching is to maximize power gain. In the case of 
optimizing noise performance, gain is not a particu- 
larly important consideration since additional gain 
stages may be added to obtain the total desired gain 
once the optimum noise performance is achieved. 
However, the process cannot be approached in re- 
verse; you can't match for optimum gain and then op- 
timize noise performance. 

When using NF parameters specified for some 
specific device with which you are designing, you must 
carefully examine those specifications to be sure you 
understand what's presented. This is particularly true 
in the case of rf components. Quite often curves of 
optimum noise figure are presented showing the op- 
timum NF as a function of frequency or bias current, 
but rarely is the actual value of the optimum source 
impedance given. Only at the optimum source impe- 
dance can the optimum NF be achieved. Since most 
rf measurements are made in systems of standard im- 
pedance such as 50 ohms, it might be assumed that 
the NF curves are given for that source impedance. 
If you make that assumption, you'll often find that you 
can't achieve the NF values specified. In other cases, 
only the NF curves at the measurement system impe- 
dance are given, providing no information for optirniz- 
ing the source impedance for best NF. Even worse, 
you often can't tell from the provided information 
which source impedance was used. There are, of 
course, exceptions such as the NE388 series MESFET, 
but these are all too rare. 

The situation is much better in the area of the low- 
er frequency components. For those components, the 
"Contours of Constant Noise Figure" are quite often 
given. These show numerous curves of NF as a func- 
tion of source resistance, operating point, frequency, 
etc. Using these data, one can quite effectively de- 
sign low-noise audio, i-f and low-frequency rf ampli- 
fiers that provide the performance predicted by the 
mathematical design. In fact, performance somewhat 
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better than that specified for the part can often be 
achieved because the manufacturer must use conserv- 
ative specifications to allow for a range of variation 
in the component line. In those cases where sufficient 
data isn't provided, you must make your own meas- 
urements of the various needed parameters. At lower 
frequencies that's relatively simple, but at the higher 
frequencies (i.e., greater than 100 MHz), that can be 
quite difficult without a collection of precision 
equipment. 

In conclusion, noise figure can be an excellent 
figure-of-merit for assessment of the potential noise 
performance of amplifiers and other systems, but a 
thorough understanding of the parameter is necessary 
if it's to be successfully applied. The performance sug- 
gested merely by the good noise figure of a device may 
not be reflected in the actual signal-to-noise ratio 
achieved from the device in a practical application. In 
an application where the source characteristics are 
predefined, it's generally more important to use an am- 
plifier with an optimum source resistance that closely 
matches the specified source resistance than to merely 
choose an amplifier with the lowest possible noise fig- 
ure. In no case can the signal-to-noise ratio of a sys- 
tem be improved by modifying the source resistance 
with a series or shunt resistor for making the combined 
resistance equal to the optimum source resistance for 
the system. This process can indeed result in the op- 
timum noise figure with respect to the apparent source 
seen by the amplifier, but will always degrade the out- 
put signal-to-noise ratio for any given signal. If the 
"source" element used for determining the noise fig- 
ure is always chosen as the actual source alone, 
meaningful results will be obtained. 

It should be understood that the parameter noise 
figure is simply a figure-of-merit. In practical systems, 
it's the actual signal-to-noise ratio that's of primary in- 
terest. However, the optimum noise figure for an am- 
plifier (or other system) does represent the best 
possible performance that can be achieved with that 
amplifier when the source resistance is properly 
matched to the optimum resistance for the amplifier. 
If you always compute noise figure using the actual 
physical source as the source referred to in eqn. 1, 
you'll always arrive at a correct result. 
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..... IC-02AT 2.meters 369 00 299" 
IC-02AT/High Power 399.00 339" 
IC-03AT lor 220 MHz 449 00 399" 
IC-O4AT tor 440 MHz 449 00 389" 

...... EX-106 FM opt~on .................. 140 00 126" IC-u2A 2.meters 299.00 269" 
..... BC-IOA Memory back.up ........... 9.50 IC-uZAT w~ th  TIP 329.00 289"o 

Accessories for IC-uZAA (CALL) 

... AC-I' Mast mounted preampl~l~er 99.50 

............... SM-6 Desk m~crophone 44.95 BP-4 Alkal~ne baltery case ................... 15.25 
............. EX-310 Vo~ce synlhes~zer 46.00 BP-5 425mah/10.8V N~cad Pak . use BC35 58.50 

.... TS-32 CommSpec encode/decoder 59.95 CA-5 5/8-wave telescop~ng 2m antenna ..... 18.95 
... UT-15 Encoderldecoder Interlace 14.00 FA-2 Extra 2m flex~ble antenna .............. 11.50 

..... UT-15s UT-15s w/TS-32 installed 92.00 CP-1 Clg. l~ghter pluglcord lor BP3 or Dlx ... 13.00 

..... FL-63 250 Hz CW I~lter (1st IF) 54.50 
.......... FL-44A SSB f~l ler (2nd IF) 178.00 159" 

R-7000 25 MHz.2 GHz scanning rcvr 1099.00 969" 
... RC-I2 lnlrared remote controller 67.25 

SP-7 Small external speaker .......... 49.00 
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a spring dx solution 
Atmospheric noise from thunder- 
storms can be a problem when you're 
chasing DX during this time of the 
year. Noise is propagated via the 
ionosphere just like DX. 

In March and April, spring storms 
occur in the northern hemisphere. 
Fronts of warm and cold air generate 
the first major thunderstorms of the 
year, with fast-moving cold fronts 
producing particularly potent thunder- 
storms. As a storm front approaches 
your area, you'll begin to hear a sig- 
nificant increase in the noise level. 
You'll first notice this increase at a one- 
hop distance (about 600 to 1200 miles) 
when the storm front is about one day 
west of your location. You can reduce 
the received noise a few dB by using 
a directional antenna such as a rotat- 
ing Yagi or a phased vertical array. De- 
termine the noise direction and work 
DX in the opposite direction, or do 
your best to null it out using a direc- 
tional trade-off between signal and 
noise strengths. Antennas with a low 
take-off-angle (TOA) at the operating 
frequency are best because noise nor- 
mally arrives at angles greater than 30 
degrees. 

As the front draws nearer, the noise 
level will usually decrease until it's with- 
in a ground-wave's distance (about 50 
miles). Now, loud individual discharges 
will be heard. A horizontally polarized 
antenna is the best radiator to use to 
lower the noise as much as possible. 
As the storm approaches, its sounds 

FOR ECASTER 
Garth Stonehocker, K0RYW 

become part of the "local noise"; as 
it moves away, its noise decreases, 
then increases again as the front 
reaches the one-hop distance point a 
day or so later. The directional-low 
TOA antenna again becomes helpful. 
(Correlate your observations with storm 
progress reports on the local television 
weather program.) 

In looking for rare DX, you can save 
time by tracking storms in order to pin- 
point when and where the most favor- 
able listening conditions are likely to 
occur. 

Over the years of gathering informa- 
tion for and writing this column, I've 
kept an ear open for data that would 
verify the events and propagation con- 
ditions presented in previous last- 
minute forecasts and highest band 
available charts in this column. To 
track the accuracy of these predic- 
tions, I plot daily values of solar flux 
and geomagnetic A (index) on a 
27-day epoch graph and find it's hard 
to be right much over 60 percent of the 
time. 

To verify published data, I monitor 
the ham bands and keep data collec- 
tion in mind while DXing. What I 
usually look for is the highest band 
with signals, then note where they're 
coming from and the time the band is 
changing (out or in) towards that 
direction. During the month, I get a 
better sense of how good that month's 
chart was. 

What do you think? Could the chart 
information be better? Let me know 
how you think it's working. 

last-minute forecast 
DX conditions on the higher fre- 

quency bands, 10-30 meters, are ex- 
pected to be best through the first 
week and a half. The probability of 
transequatorial openings should be 
greater during this period of higher- 
than-normal solar flux, especially if 
geomagnetic disturbances materialize 
as expected on the down slope of this 
short-term flux peak. This month is still 
within the spring equinox disturbance 
window, so be aware and take advan- 
tage of this opportunity to work some 
southern stations. 

The lower frequency bands will 
probably be affected by the distur- 
bances expected around April 8-10 and 
15-20. However, these will affect east, 
north, and west paths with lower 
MUFs and lower signal strengths with 
OSB. Look for DX from unusual loca- 
tions if the disturbance isn't too strong 
- K's greater than 5 or 6. Otherwise, 
the second and third weeks should be 
good for DX, with low atmospheric 
noise except when spring weather 
frontal thunderstorms pass your QTH. 

The perigee of the moon's orbit (for 
moonbounce DX) is on the 18th, with 
the moon showing full phase on the 
14th. There will be a short meteor 
shower, the Lyrid, on April 20-22, with 
a rate of five per hour - hardly much 
help for meteor-scatter DX. But a big- 
ger shower, the Aquarid, starts before 
the end of April, peaks on May 5, and 
ends in mid-May. Its rate is 10 to 30 
per hour. 

On March 29, expect a total eclipse 
of the sun in the southern part 
of South America and Antarctica, go- 
ing up to Southeast Europe and Asia. 

Ten, fwelve and fifteen meters, the 
day-only DX bands, will be open mid- 
day to early evening almost every day 
to southern areas of the world. The 
openings on the higher of these bands 
will be shorter (if they occur at all), 
closer to local noon, and provide a 
possibility of transequatorial openings. - 
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The RC-850 Repeater Controller . . . 
when only the best will do. 

With an RC-850 controller, your repeater becomes fully remotely programmable - 
command codes, timers, autodial numbers. ID and tail messages.. . virtually every para- 
meter can be easily changed. Touch-Tone programming from your radio or the phone with 
synthesized mice confirmation. 

The patch supports local and radio-linked remote phone lines, so you can extend your 
patch coverage to match your RF coverage. Now you can have a full featured patch even 
if you can't get a phone line at your site. The 250 autodial slots meet everyone's needs. 
with up to 35 digit storage for MCIISprint. 

The easy-to-use mailbox lets you include phone numbers, times, or frequencies as 
parts of messages. And ~t's so smart, iVll leave you a message if you miss a reverse patch 
or an alarm. 

Selective call capabilities range from two-tone to numeric display paging, so you'll 
always be available. And its voice response metering continuously stores low and high 
readings - so you can find out how cold it gets, how high the reflected power reads. . . and 
when. 

Individual user access codes, with callsign readback, give you secure access to 
selected functions to completely prevent horseplay. 

Advanced Computer Controls continues to lead the way in advanced repeater technol- 
ogy, changing the face of amateur repealers every day. ACC controllers offer users, control 
operators. and site managers features and tools to make operation more convenient, useful. 
and FllNl - . . - . - . . . 

The irldustry's topof-theline controller - for your repeater. 

Clcc advanced 2356 Walsh Avenue 
computer Santa Clara. CA 95051 

controls, inc. (408) 727-3330 

Weekdays 8 AM - 9 PM EST Saturdays 9 AM - 5 PM EST 
IN MAINE CALL COLLECT (207) 236-2896 

OUR800 NUMBERIS FORSUBSCRIPTION ORDERS ONLY! 

For Errors or Change of Address CALL ham radio 
direct at (603) 878-1441 8-5 EST 
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Twenty, thirty, and forty meters are 
both day and night bands. Twenty 
meters is the maximum usable band 
for DX in the northern directions these 
days during the daytime; it then teams 
up with 30 meters to extend this cover- 
age into evenings. Forty meters be- 
comes the main over-the-pole DX 
daytime band, with some hours cov- 
ered by 30. 

Eighty and one-sixty meters, the 
night-only DX bands, will exhibit short- 
skip propagation during daylight 
hours, then lengthen for DX at dusk. 
These bands follow the darkness path, 
opening to the east just before your 
sunset, swinging more to the north- 
south near midnight, and ending up in 
the Pacific areas during the hour or so 
before dawn. Eighty is the maximum 
usable band for some night hours now 
during the sunspot minimum part of 
the cycle; consequently, signal 
strength quality can be expected to im- 
prove. Remember the DX windows of 
3790-3800, 1825-1830, and 1850-1855. 
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MR. NlCAD 
REPLACEMENT 
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BLACK DACROP PPLYESTER 
ANTENNA ROPE 

* U V - P R O T E C T E D  

* H I G H  A B R A S I O N  R E S I S T A N C E  

* R E Q U I R E S  N O  E X P E I 4 S I V E  
P O T T  l N G  H E A D S  

* E A S Y  T O  T I E  6 U N T I E  K N O T S  

* E A S Y  T O  C U T  W I T H  O U R  H O T  K N I F E  

* S I Z E S :  3 / 3 2 "  3 / 1 6 "  5/16" 

* S A T I S F I E D  C U S T O M E R S  D E C L A R E  
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LET US INTRODUCE OUR DACRON@ 

R O P E  T O  Y O U  S E N O  Y O U R  N A M E  
A N D  A D D R E S S  A N D  W E ' L L  S E N O  Y O U  
F R E E  S A M P L E S  O F  E A C H  S I Z E  A N D  
C O M P L E T E  O R D E R I N G  I N F O R M A T I O N  % ..."..-"... .. / 135 

Synthetic ,.,,,,, M.,. "E,", .",,"8NG>. textiles,lnc, >tMfou c . , 8 ~ w q , . s x ~ , 8 ~ m ~ ~ ~ - ~  .................................. 
\ J 

61VE YOUR EARS A BREAK1 

AUTO-KALL 
AK-10 

/ 138 

r w m r o ~ a t ~  r x  l o  ..club . ~ : r i ~ , w v l . t  i ~ ~ o n m , r ! ~ ! n e . t m a i  
I... ... rpa..r I..... "W ....I.. l M  vl,.r I(.nn* "6" W r h r  I rn2 .W 

<,,n, "", mnrum,".", a,Wl 1 O,o,' lo-h ,ow.<m. ma7 man. *ow 

. m m  ,r,,onn,nr.r,o,, .r* lo.l. Isrnr,,*a,i,*,,m eut,Ir-lrn8r 
8, ,.am "0" ,wv <m GI*.! .a I,rn,," *.,n ,rra n m a t  ham, .rl,".!.o" "8 

"Rlpnr* W,' nr . L,umb*l1* t.16" 1" "Y . L1 *ow WWI cm m .am* "8," 5nl l l1011r" 

sntc*% wo,umlm.to+we . s p ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o r m ~ . c l ~ ' * ~ o ~ ~ ~ e n t  c ~ r m a v a n a  
ieare, i t n  on la I.! boo* .nmaw <.II~ ,! roli tlom ~ n r  
t.0 .I $ 5  Y t C  CMOS rnrvir, o l o v l h  la I.. rurrm, nwlrilm . Ri.lll ." 
..mabet t.l.mml Ice11* , l C h  air0 0l""dW . "n.",., ""8" 1 . . i l 5 
.niM CI. ONOdc5 all 16 

Molron Elulronks AUTO-KALL AK.IO 
695 W 21sl  ,899, .$ z 
Eugene OR 97405 """"8.ll,/ 

5 0 3 ~ 6 8 1 ~ 2 1 1 8  117 VAC pow, m,, 1, 
" , , r  8 m r  ~ # a - . ~ o * ~ l b '  W I o  ~ l c b c ~ I 1  1111d1b 

The RC-85 Repeater Controller. .. 
the affordable controller for any repeater. 
The RC-85 controller offers the high tech basics of repeater control. Of 

course, much of what we consider the 'basics" aren't found anywhere else, at any 
price. Remote programming lets you configure the operating characteristics of 
your repeater, and change them at any time - without a trip to the hill. Non-volatile 
memory remembers your parameters, even after a power loss. 

Synthesized speech makes it easy for users to interact with the repeater. 
Commands are acknowledged, and intonation is available to users, through 
remotely programmable ID, tail, and bulletin board messages. And since your 
repeater talks, it's friendly and fun to use. 

The patch includes ten emergency autodial numbers, and 190 user loadable 
autodial slots. With toll restrict. 'cover tone", and more. 

The remote base capability lets you connect a transceiver to your repeater. 
for remotely commanded linking to other repeaters and simplex channels. With 
full frequency control! Frequency agile linking is invaluable in public service com- 
munications. 

There's even more . . .  a talking s-meter so users can check how well they're 
getting into the repeater, a site alarm for security, remote control logic outputs 
for controlling other equipment at the site. 

There's never been a better time to upgrade your repeater system with 
ACC's products, unmatched in the industry in quality, sophistication, and perfor- 
mance. With well written, illustrated, easy to read manuals, training tapes, and 
telephone support. 

Please call or write now for the rest of the story on all our repeater products. 
including controllers, digital voice storage units, and other Touch-Tone control 
products. 

You'll be you did. / 130 

Clcc advanced 2356 Walsh Avenue 

computer Sanla Clara. CA 9 5 0 5 1  

controls, inc. (408) 727-3330 

HARDLINE - 50 OHM 
D V r i p l n  
112' AI~,n>num Black larkel 
112 Loll Copp' 011 111 
1/8" Corm COPPC! 
N b n n  I17 Alum IMakor f m a k l  
N b n n .  112 C o p p  IMalew Iemrlr l  
N b n n  71U b o p  IMala m I w a l s l  

COAXIAL CABLES 
D V r i m  la r t  
RG 8 959 S h d d d  MII SF 78 00 
RG895% SheldM foam 30 00 
RG81 95% Sh8eld lrnlnn 81 I 5 0 0  
RVI~,II M ~ I  SDC( 9 6 ~ s h l t l a  34 00 
RG2IIIU MII So% OD1 Sllrtt 15500 
blaen 991 3 LO* ~ m r  46 00 
RGi42BtU I d l a n l S ~ l c ~  140 00 
R6711/U 518 5Oohm Dbl Shrld 8000 
RC723lU Md SDC( Dbl Sllwl 8000 
Rr,ll4 95% Sh8eldM MII SF 12 00 

CONNECTORS - MADE IN U.S.A. 
h d  No k r l p t a  I r h  
Nt 120 l r t r  1 Bslarn 9913 4 75 
NL171 N I * ~ A ! ?  Relam 9913 4 15 
PL2581M Amgntnol BII!~~ I 4 5  
PL259 Standard Plut 101 RC8 213 1015900~ 65 
PL259AM Amonrnol PL759 10119001 89 
PL2591S PL759 l a l l o n / S ~ I ~ ~  159 
UC2IU 17~N10tRGR 213 214 3 00 
LFBJR N lamria lo PI259 6 50 
UCBBC BNL RG5R 1 25 
UCI46 Y)239loM1kN 6 50 
UGli516 Mapler lo, RG581596prr~hI 101200of 22 
N 2 5 5  $0239 lo BNC Amphmol 3 15 
M 5 l  I 8  INL RC58 4 35 
AM95Ol I SMIRC1428 8 95 
$0239AM lmuhlnol50239 89 

OROUNDSTRAP- BRAID 
Iw* L k , ~ o l a  P r R  
CS38 < N 1 n o d  COIW 30 
GSI2 l ! l n n r a C a o a  40 

ROTOR CABLE - 8 COND. I CS3l6 3116 18nnecICo~wr I5  
~ 8 3 1 6 ~  1/16 S ~ I W ~  plated 35 

MI& DrscnZlr l m f ~  h f t  
E l 8 2 2  I IRGI b 2 2 C l  I 9 0 0  21 GROUND WIRE - STRANDED 
E l 6 2 0  7 16Ca 6 2OGa HslvDuh 34 00 36 Iw* mros L Darnvla 6 ba mn5ulaId 51rrndM * N I L  

' Shlp~mtSJ00 I0011 ICann 1300 /COD $200 
35 

Call 0, w r ~ t e  lor complete price list Nemal s 32-page Cable 8 C o n n e c t o r  S e l e c t t o n  Gu~de 
Is available at no charge wlth orders of $50 00or more, or at a cost o f  $4 00 lndlvldually 

I N EMAL ELECTRONICS, INC. (305)893--3g24*Tdex8975377 

12240 N.E. 14 Ave.. No. Miami. FL 33161 24-Hr. FAX(305)895-8178 1 
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the DEO QSK-1500 
When I was a Novice back in the 1960s, my 

club station had a Johnson Ranger I, a Hammar- 
lund HQ-120, and a Johnson TR switch. I spent 
hours on the air and really enjoyed being able 
to work full break-in CW. I got spoiled in that first 
year of being a ham, not having to listen to the 
clunking of relays and switches. 

Since then I've dreamed of operating break- 
in CW again. Until recently, however, I never had 
a fully QSK-compatible radio. When I finally ac- 
quired one of the new do-it-all-but-burp-the-baby 
radios, QSK was once again possible. But I 
couldn't operate high power QSK. What to do? 

1500  WATT 
FROM OSK AMPLIFIER TO 

TRANSCEIVER ANTENNA 
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> < : . 
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RFC5 F E  - x 0 TO 02 COLLECTOR (SEE NOTE I )  

FUSE LAMP 

Cl CR5 CR4 CR3 C4 
FROM 

TRANSCEIVER e l  ' I A I A ; ) 1 - 4  TO ANTENNA 

NOTE I GROUND ON RECEIVE. HIGH ON TRANSMIT 

1500 WATT 
AMPLIFIER FROM AMPLIFIER OUT 

NOTE 2:  GROUND ON TRANSMIT, HlGH ON RECEIVE 
TO AMPLIFIER IN 

CRI 

) 7Jw4 -; CR2 

RFC2 RFCl RFC3 RFC4 

INPUT 
PIN DIODE 

SWITCH 
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OUTPUT * < = ) 
- > h - PIN DIODE 

SWITCH - 

INPUT 

BLOCKER 

TO TO TO 
11.3 VDC COLLECTOR COLLECTOR 

01 0 2  
(NOTE 21 (NOTE 21 

fig. 2. Schematic of RF switching section of QSK-1500. 
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fig. 1. Block diagram of QSK-1500. 
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QSK - what is it? 
Basically stated. OSK is the ability to hear 

between the dots and dashes while transmitting 
a CW signal. A number of methods can be used 
to effect OSK operation: separate transmit and 
receive antennas. a vacuum tube TR switch such 
as the Johnson mentioned above, and expen- 
sive vacuum switches. 

Each of thase designs, however, presents a 
number of difficulties. Not everyone has a re- 
ceiver with an AGC circuit capable of operating 
in the presence of a strong rf field without "fold- 
ing up" or the space necessary for separate 
transmit and receive antennas. The TR switch 
had two significant problems: it created a 
tremendous amount of NI and caused attenu- 
ation on the receive signal (commonly called 
"suck-out"). Vacuum switches require complex. 
precisely timed circuits to prevent "hot- 
switching" and aren't cheap to manufacture. 
Another problem was that some of these 
schemes introduced distortion onto the trans- 
mitted signal. 

modern technology 
to the rescue 

Several technological advances in the late 
1960s brought OSK closer to reality for the aver- 
age ham. Until the late 1970s. however. TEN- 
TEC was the only manufacturer to offer a OSK- 
compatible radio. 

By 1980, transceiver manufacturing took a 
quantum leap forward and QSK-compatible 
radios were available from almost all radio 
manufacturers. Unfortunately, one problem re- 
mained; unles you owned either an Ehrhorn Al- 
pha 7l or 78, you couldn't operate high-power 
OSK. Several after-market. add-on OSK units 
were introduced, but they suffered many of the 
same problems as other units. 

In mid-1984. John ("Doc"l Sheller, KN8Z. 
designed o solid~state OSK switch that solved 
many of the problems of earlier OSK units, using 
state-of-the-art PIN diodes as rf switches. 

PIN stand for layer doping (P), intrinsic 
layer (I), pure and nd doping IN) layer. The thick- 
ness of the intrinsic layer determines the charac- 
teristics of the d i e  and allows lhe manufacturer 
to custom-design the diode for any of many 
different kinds of applications. A PIN diode is 
a solid-state device that acts like a variable resis- 
tor at rf frequencies. The amount of forward dc 
bias applied to the PIN diode determines the 
resistance limpedance) to rf signals. Doc's de- 
sign is unique in that it has no moving parts - 
no relays - and can hot-switch high power rf. 
It nee& only low dc voltage biasing to control 
rf currents, and by dffign, doesn't introduce any 
significant waveform dlstonion on the transmit- 
ted signal. 

how it works 
A block diagram and schematic (figs. 1 and 

21 illustrate how the OSK-1500 works. The 
received signal travels from the antenna through 
the output tine blocker, the receive line protec- 
tor, and the input receive line blocker into the 

The Digital Voice Recorder 
. . . lets your repeater speak your mind. 

ACC's Digital Voice Recorder allows you to remotely record your voice over the 
air, with digital storage in 11s huge memory array. PCM voice recording results In the 
highest poss~ble fidelity, so that you sound like you. 

The volce mailbox gives your repeater users computer bulletin-board like capability. 
from any radio wlth mlc and Touch-Tone pad. W~th messages stored in voice, your 
users don't need spec~al gear to enjoy the latest In commun~cations technology, from 
anywhere. 

Your repeater's IDS and other messages can consist of remotely recorded DVR 
audio tracks. Which can provide information to your users - about your system, club 
meetings, spec~al events. And you can make your repeater the friendl~est around, w~th 
holiday, birthday. and anniversary greetings. With its no compromise h~gh quality PCM 
dig~tal audio processing, even famous celebrities can sound l~ke they're at your repeater 
s~tel 

The DVR connects easily to your RC-850 or RC-85 controller. Or to your standalone 
repeater. And one DVR can supporl up to three repealers. for a cost effective Instal- 
lation. 

The Digital Voice Recorder is the neatest thing to happen to repeaters since ACC's 
repeater controllers. Request our audio demonstrat~on tape. so you can hear for your- 
self. 

Clcc advanced 2356 Watsh Avenue 
computer Santa Clara. CA 95051 

controls, inc. (408) 727-3330 
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MAKE CIRCUIT BOARDS 
THE NEW, EASY WAY 

WITH TEC-200 FILM 
JUST3 EASYSTEPS: 

Copy clrcuit on TEC-200 film using 
any plain paper copler 
Iron film on to copper clad board 
Peel off film and etch 

SATISFACTION GUARANTEED 
convenient 8% x 11 size 

5-Sheets for $3.95 
10 sheets only $5.95 
a,,,,$1 I , , , ,  . . , I .  - r; ,  rr. ,Mil I.. . . ' , .  

The MEADOWLAKE Corp. 
DEI.1 H I ? ,  P O  BOX 497 

Northport. New York 11768 fl 131 

Amateur  Radio Baluns- 
Traps-Remote Coaxial Swi tches  

Or Write To: 

UNADILLA DlV. of ANTENNA'S EtC. 
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THE STANDARDS OF EXCELLENCE 

SUPERIOR WEAK SIGNAL PERFORMANCE 
COMMERCIAL MODEM 

COMPARE with ANY unit at ANY Price 

THE WORLD OF VHF/HF PACKET*, 
CW, RTTY, ASCII AND NEW DUAL 
AMTOR** IS AS CLOSE AS YOUR 
FINGERTIPS WlTH THE BRILLIANTLY 
INNOVATIVE STATE-OF-THE-ART 
MICRO-COMPUTER CONTROLLED 
EXL-5000E. SPECIAL SALE SHOWN WITH OPTIONAL KANTRONICS KPC2400 

AND MFJ-1270 TNC-2 

Everything built in - nothing else to buy! 
I I 

AUTOMATIC SENDIRECEIVE-NSPEEDANYSHlFT BUILT IN COMPUTER GRADE 5" MONITOR EXTERNAL MONITOR JACK TIME CLOCK ON 
SCREEN TIMEDTRANSMISSION AND RECEIVING SELCAL . CRYSTAL CONTROLLED AFSK MODULATOR PHOTOCOUPLERCW. FSK KEYER ASCII 
KEY ARRANGEMENT 15 CHANNEL BATTERY BACK-UP MEMORY. 12RO CHARACTFR DISPLAY MEMORY. SPLIT SCREEN TYPE-AHEAD BUFFER 
FUNCTION SCREEN DISPLAY PARALLEL PRINTER INTERFACE SPEEDS CW 5-1W WPM IAUTOTRACKI. 12-240 BAUO (ASCII AND BAUDOT). 12-6W 
BAUO TTL. 1W BAUD AROIFEC AMTOR ATC RUB-OUT FUNCTION AUTOMATIC CRILF WORO MODE LINE MODE WORO WRAP AROUND 

ECHO TEXT CURSORCONTROL . USOS DIDDLE . TESTMESSAGES (RY AND OBFI MARK ANOBREAK (SPACE AND BREAK) SYSTEM . VARIABLE 
CW WEIGHTS AUDIO MONITOR CRlCUlT BUILT IN CW PRACTICE FUNCTION CW RANDOM GENERATOR BARGRAPH LED METER FOR TUNING 
OSCILLOSCOPE OUTPUTS BUILT IN 100-120 12'20-240 VAC SOI6OHZ AND 13 8VDC POWER SUPPLIES AND MUCH MUCH MORE SIZE 14W x 140 x 
5H 

EXCLUSIVE DISTRIBUTOR DEALER INQUIRIES INVITED FOR YOUR NEAREST DEALER OR TO ORDER 

AMATEUR-WHOLESALE ELECTRONICS TOLL FREE ... 800-327-3102 
4 6  G r e e n s b o r o  H ~ g h w a y .  W a t k ~ n s v ~ l l e .  G e o r g ~ a  3 0 6 7 7  T e l e p h o n e  (404)  7 6 9 - 8 7 0 6  Te lex  4 9 3 0 7 0 9  ITT 

MANUFACTURER 
TON0 CORPORATION 
98 M o t o s o j a  M a c h l .  M a e b a s h i - S h i ,  371.  J a p a n  

*PLEASE C A L L  FOR DETAILS  
.*Dual A m r o r  Co rnmerc~a l  quabfy. the E X L  5000E Incorporates t w o  completely seporore modems lo fully support the amateur Amtor  

codes and 011 o f  the CClR recommendat~ons 476 2 lo r  commerc~a l  requlremrnts 
Spec~llcat~ons Suh~ert  to Change 

b - '8 
SERVICE CENTER 

for 

ICOM, KENWOOD 
and YAESU 

Fully equipped repair shop Amateur, 
Marine and Land Mobile repairs. 

FCC NABER LIC 
Mon-Fri 10:OO-4:00 pm 

(208) 776-8993 

P A C I F I C  R I M  
C O M M U N I C A T I O N S  

B o b  KG7D 
2 3 3 0 3  5 6 t h  Ave.  W e s t  

,,,,,,. , ,,,,, ,,,,,,v., . ,, ,,,, ,,,,,,,, %v,e..,7, 

,k,,,C,,O.m,n,rn,,m C""".l"l, '.l* 

,,tr *,tn lor SWR r n ~  Llrond OP 

MODEL CONFIO. 
$4.-2~ 0 vovtrl 
1a4.4~ I 4  pnrlsl 
2 2 0 . 2 ~  12 D O ~ P I  
220-4P I4  pans1 
430.2P 12 ~ o r l r l  
0 3 0 . 4 ~  14 porlr! 
902.2P (2 DO"3l 
902.dP I4   or^ 

1298-ZP 12 oonrl 
1 2 9 6 . 4 ~  14 poor1 

( 14nr,!~r. ~ 0 1  mcLuur0 

Light WeighV 
High Strength 

ALUMINUM Tubing lor Masts and 
Telescoping Elements 

How many antennas have you seer) r l~~ned by me 
fa~lure of the mas17 II you are Stacklnq antennas. 
or have a beam antenna. our Llght WetghVHlgh 
Strength Aluminum masts will Increase the sur- 
v~vabtl~ly of your anlenna system These masts will 
increase the suw~vab~l~ly of your antenna system. 
These masts are 67% lrghter and 50% stronger than 
galvan~zed steel lublng. Example of we~ght d~tter. 
ence. ' / r m  wa11x2" 00x~4'1onq. ~ 1 - 3 9 a .  ~tee1-112x. 
Slrm mallable: 
1 - 112" to 8" 0 0  x 118" to 3/4" wall x 24'long 
114" to 2" OD x ,058" wall x t2'long (drawn for 
telescoping) 
Club and volume dlscwnts anonered MC 6 VlSAaccepled 
For a complete slwWpr8ce Isl. please n c l e  or call. 

Metal & Cable Corp., Inc. , ,26 (formerly Exmel. Inc ) 
P.O. Box 117,2170 E. Aurora Rd. 

Twinsburg. Ohio 44087 
(216)425-8455 a 

See you In Daylon at Booth 313. 

M o u n t l a k e  Ter race.  W a  9 8 0 4 3  = a & C.O.D.S. Welcome , 127 



front end of the transceiver. This circuit com- 

~ k e  a PEA 
measure 
~d FM sys ... 

ned 

pletely bypasses theconventional circuit path 
through the amplifier. The receiver is prevent- 
ed from seeing the tank circuit of the amplifier 
by PIN diode CR2, which is reversed biased. PIN 
diodes CR3,4, and 5 are forward biased and of- 
fer a very low impedance path for the receive 
signal. Typical insertion loss is less than 0.5 dB. 

As you might expect, the transmit path is a 
little more complicated. Keying the transmitter 
triggers the timing circuit. The amp relay line is 
grounded, keying the amplifier. The input and 
output receive line blockers CR3, 4, and 5 are 
reverse biased with 525 volts dc: input and out- 
put PIN diodes CRI and 2 are forward biased. 
The key-out line is closed and keys the trans- 
mitter. Rf flows from the transceiver through C1, 
CR1, and CR2 into the rf amplifier, it then flows 
throu* CR2, CR4, and C3 to the antenna. The 
reverse biasing of CR3. 4, and 5 prevents any 
rf from passing through the receive line. As soon 
as the morse character is completed, all the PIN 
diodes reverse state and the unit is back in a re- 
ceive mode. PHEW1 

So that's how this thing works. When you 
think about it, it's really quite simple. (For a more 
complete explanation of PIN diodes and how 
they work, see Doc's article on PIN diodes that 
appeared in the January, 1986, issue of ham 
radio.) 

hookup and use 
Setting up the QSK-1500 requires making four 

control cables. DEO recommends that you use 
RG-58 or other shielded cable to eliminate the 
possibility of rl getting into one of the units. Line 
1 connects your key or keyer to the QSK-1500's 
timing circuit; line 2 connects your transceiver's 
amplifier control circuit to the timing circuit 
again. Line 3 connects the timing circuit back 
to the transceiver's keying line, and line 4 con- 
nects the timing circuit to the RF amplifier. 

Rf connections are straightforward and can INVITED 

be followed by referring to fig. 1. Now you're 
ready to run a few tests. Turn your transceiver 
on. If everything is working correctly, you should 
hear nothing. This is because the receive line 
diodes aren't "on," so there's no receive path Belle Mead. New Jersey 08502 
to your receiver. When you turn on the 
QSK-1500's power supply, the LEDsshould light I V A R S  - KCZPX 

up; you should also hear signals. After a few 
MARA - SALES 

more simple tests, you're ready to crank up the 
power and operate. 

hIICRO\\:A\'E 11ODULES LTD. 
Once testing was complete, I was excited to . 

see how QSK could actually be used. Tuning the 
low end of 160, 1 decided to look for a Europe- 
an or two; finding a fairly strong G3 calling CQ, 
I dropped my call in a couple of times, only to 
hear him start calling CQ again. I stopped call- 
ing immediately and waited for him to complete 
his CQ. Again I called, only to have him call ==a==- 
another European. Stopping again, I realized = = = 
how much QRM could be eliminated if more 
hams operated break-in CW - no more long- l O A M  -3PM ORDERS 
winded responses at wpm while the DX sta- 7PM - l O P M  ORDERSITECHNICAL C A L L  FOR CATALOG VISAIMASTERCARD 
tion was calling again. QSO rates would increase 
dramatically, and many more of the "deserving" 

r /  129 

would get through. 

Measure Up With Coaxial Dynamics Model 

83000A RF Peak Reading Wattmeter 
TE K with Coaxial Dynamics "NEW" Model 83000A, desig~ 
to both FWDlRFL power in CW 
ar ,terns simply and quickly. 
Then w~rn a " F L I P  of a switch, 
measure "PEAK POWER" in most 
AM, SSB or pulse systems. Our 
Model 83000A features a complete se- 
lection of plug-~n-elements plus a 2  
year warranty. This makes the 
Model 83000A an investment worth 
looking at. So go ahead, take a 
"PEAK, you'll like "WATT" you see! 

Contact us for your nearest autho- 
rized Coaxial Dynamics representa- 
tive or distributor in our world-wide 
sales network. 

15210 lndustr~al Parkway 
Cleveland, Ohio 44135 
21 8-207-2233 
lBM)-COAXIAL \ .  3 
Telex 98-0630 

Service and Dependabrlity.. .a Part of Eve0 
See us at Dsyton Bwlh #400-401 - 
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GET A BIRD'S EYE VIEW 
Fmrn Graflhk I 1  '* and your  IBMJL PC 

I 
SII.ICON FPHkMk.RIS" pn,rrdc\ 1rhvl.r data wlpl lo Ihr -n. wnar. u disk Slc hr t k  rollnrmnl: opcnlong modrr: I 
,lhwr\~r to Ih rncll81~1. 11- ~ h u r v c r \  la1  I ~mrll#tc. uhdu lc  ftw I k r v c r  lo I utdl!tc. wmdmv k lwccn 2 thwrvm and I 
cllellofr. row and \cl l l r lrr  111 1 ~UICIIIIC. llm anlcrcd n u  a d  at I#m\ for 16 -ll#lc\. Alrnanx It# Sun xnd Mcxn. I6 l h v r v c n  
ICI Sun Mcxm. r k d u l r  lcw I chwrvrr tcl  Mtxm. wlndou k l w r c n  ? ohvncn and M ~ r n .  u k d u l c  fm I ~ h w r v n  lo Sun Rcqutrc* 
r t r l l r8  m IUM IT. IC'XT. K' Ar. ~n lruc iompa1,hlc. a d  IRM Munahmmc cx IRM Colcn Iiraphtr' Mnntlcx M;bFrr or t a m  
~annpal~hlc, m on!t*nrl XI187 nl;n!h copnr-c\\~n. ?%OK RAhI. I Y  IS ? 0 01 Incr. and llnr 3NlK I11v~pr drlrr I 

p u ~ k a p r  ~nclutlc. SkIJ. on ctlnu~r plenrrn 18% cc~nrlruct and nrrltf). Saall#lriOhrrrvcr drtnhnu SIC% T h e  puduor r a n k  
run Insn, r hd d ~ r k  md rm no, cupy pnarctd I 
I Gnnmk 11" a d  SILICON FI*IIEMF,RIS'- Y. pld .I S l l V  95 C E ~  a SlW YS la hah Tcmr rr<ndcsr udd sak, m. Udcr 

hy ihrck. mrr) onkr. Ma\aK'sml. a" VISA 

S t I r a n  Sc~lu l~on~.  lh- . PO RDX 742% - Hwltm. Tcras 71274-I.%. 171.11 66-8727 

ll m ; G ~ e l e c t t o n  with p roven  HI-Q Traps 
5 Models-ALL se l f  supportln* - Ground 
or roof mount HEAVY Double wall I 

II seamless Alumonum lower scctnon - HI 
STRENGTH FIBERGLASS TUBING 
OVER -ALL NO WOBBLY.LUMPY 
TRAPS -NO UNSIGHTLY CLAMPS I 
needed - Same slre all the w a y  up 
I I&- Traps hldden lnslde. You can 
use n In a 1 11. ss. Backyard1 Neighbors 
wlll nevcr'hnow thls k a HI-Power ALL 
Drectlon DX Antenna. FOR APART- 
MENTS. ROW HOUSES. MOBILE 
HOMES - CONDOS etc. where mln- 1 

II lmum apace and neat appearencc #r 
MA NDATORYI Instant "Drlre 1n"wound 
mount (Included). Uls wnh or without I 

II 
r a d b b  (lncbded) (All angle roof mount - 
Eztra) COMPLETELY PRETUNED - 
NO ADJUSTMENTS NEEDED EVER1 
NO TUNER NEEDED Over All Bands 
P r c e o t  80 meter - 400 KC) SWR 1-1 I 
io  2-i  at Band edges. Stnd. so239 son- 
nectcr - 52 ohm for any length RG58U - RG8U fecdlke. Mmtchcs ALL MAKES 
TRANCEIVERS. 2000 Watt PEP. 
Input wwh. Shlpped - PREPAID IN 
USA. Arscmbles In 10 mln. using only 
rsrcwdr(rer. WEATHERPROOF1 
No. AVT80-10 5 Bend25'6"1199.95 
No. AVT40-10 4 Band 18'9" 139.95 
No. AVTPO-10 3 Band 11'4" f109.95 
No.AVT80-10 W 8 Band 22' $273.95 
No.AVT40-IOW 7 Band 15'5"8199.95 I 
SEND FULL PRICE FOR PP DEL IN 
USA (Canada. HI. Ak, arc 110.00 extra 
10, postape, clerksl. Customs etc.1 or 
order uslng VISA. MASTER CARD or 
AMER EXP. Ph 1-308-236-5333 
9AM-6PM weekdays. W e  r h l ~  In 2-3 I 

OPWRTUNrn 
Established elhiial ten-year-old mail-order business lor 

sale. Instant namellogo recognftton and excellenl repu- 
tahon worldwide, Ideal lor techntcally competent amateur 
seeking satlstytng career ellher as substitule lor presenl 
employmenlor as a rellremenl business. Min~mumover- 
head expense and s~gnll~cant small-business lax advan- 
tages Can be carrted on lrom a home anywhere as a 
"mom and ooo" closelv-held coroorallon l a s  11 IS a l  1 present) or expanded loany exlenidestred.'~ombtnes 
oreyen1 hnhbvwtth a nroven snurcenl~ncnme-antdeal . - - 1 inmenahoh inr~qnl;an~compP~l~on mrpnnctpalsales 
llPln IS n conslarll delrldnd wul d r  de lor  Lse ,n all ham 
r qs. old and nru ld~lory made 01 nomp brea NO 
nlanufaclur~nq Invrntory, or sluraqe proh pms. lrle 
P ~ I ~ S I C ~  y-slnd I PrInCIva ttenl 1s ublalned ltom an as. 
SLled soulce -the lop rated manulaclllrPr ol tnls spe. 
coal ry In Japan Add I ona opponun I PS 10 expand ap. 
pl c?f~onsano proltts mrouqh R 8 Dare I mlled only oy 
In Ilal.ve. lnlaglna' on and lecnn cal compplrnce 

Monmly salesake~aq~nqSIO WOlorlhe astmreeyears 
havr prov~d-0 reasonable sdlarlrs anfl qooo o v dends 
beuaule 01 ienert~~h urolll nlaly ns an0 eglt male lax 
allowa~lces IUI horir-0th~~ relira pro-rald c d ~  ovetannq 
expen\e ndm an11 oll CP equ pmenl deprrcla1~11. elc 
Fa\yo~ner~n~pf~anslt~r wrnu~l Illrrrupnollulcashflua 
hancholo rlq ., arallaDle a ~ r ! r t y  l r d l t s ~ l  on 
Dpla led Inlormat un RIII or 5enl only l o  lnoseludqed 

to I la~. . l l le  brsl cnanceol s.fccris Accorfl nqly, senous 
lnq~ r t r s s h t ~ ~ l d ~ ~  l v q ~ v  nqnlllqlaph!ca oald~nc ud nq 
agP educalton terhnlcal background and experience 
Box 498 
Greenvtlle, NH 03048 

The only problem I've had with this unit oc- 
curred one evening when I was working in the 
shack and had the radio on, but the QSK unit 
off. I dropped a hammer, tripping the radio's 
VOX. Later when I sat down to operate, I turned 
the rest of the equipment on, only to find that 
the receive line through the transmit antenna was 
dead! Since I could still receive through the 
Beverages (which bypass the QSK 1500 on re- 
ceive), I ruled out the possibility of a radio prob- 
lem. A quick call to DEO solved my problem 
immediately. Doc suggested I check the receive 
line fuse lamp; sure enough, it was blown. In- 
serting a new lamp cured the problem quickly 
and simply. Doc did advise me, however, to a/- 
ways make sure the QSK 1500 is turned on 
whenever the transceiver is. Without the fuse 
lamp, there's the possibility of damaging the PIN 
diodes, necessitating some fairly extensive 
repairs. 

Doc reports that contesters who have 
QSK-1500 units have been pleased with the 
results; I'm anxiously awaiting the next contest 
to see for myself. I've had a lot of fun operating 
QSK. I expect the QSK-1500 is one review unit 
I'll use for quite awhile. 

The QSK-1500 consists of a power supply and 
a control unit. The power supply measures 3 x 
6 x 4 inches and the control unit 3 x 7 x 9 inches. 
One bit of warning: don't place the QSK-1500 
on top of a radio, an amplifer, or any other heat- 
generating unit. The PIN diodes alone create 
plenty of heat in normal operation, and damage 
might result from improper placement. 

Priced at $299 (plus $6 shipping and handling), 
the QSK-1500 is available from either Design 
Electronics of Ohio, 4925 S. Hamilton, 
Groveport, Ohio 43125, or from Universal Elec- 
tronics, 1280 Aida Drive. Columbus, Ohio 43068. 

- de NlACH 

products 

new ICOM catalog 
ICOM America. Inc.. has released its new 

24-page, full product line color catalog. The new 
catalog includes all new products including the 
Micro 4AT 440-MHz handheld and the lC-275 all- 
mode VHF and lC-475 all-mode UHF base 
station. 

For your copy. contact ICOM America, Inc., 
2380 116th Avenue N.E., Bellevue, Washington 
98004. 

Circle 1303 on Reader Service Card. 
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220 MHz is alive and well at Falcon I 

FALCON produces 11 different BaselRepeater and 9 different Mobile amplifiers. 7 of these amplifiers are 
for the 220 MHz operator. 
For example, consider the following two MOSFET BaselRepeater amplifiers. Remember, FALCON is the only 
manufacturer bringing you amplifiers with the advantages of RF power MOSFET's. 

Model 41 12C 10 Watts in - 100 Watts out 
......................................................... RF Power In 1 W t o  15Watts 

............................................ - RF Power Out.. .10 Watts in 100 Watts out 
3 Watts in -50 Watts out 

Model 6135C 2 Watts in - 100 Watts out 
RFPowerIn ....................................................... 300mWto3Watts 

.............................................. - RF Power Out. . 2  Watts in 100 Watts out 
1 Watt in - 70 Watts out 

Features: 
.. 'Frequency range.. .220-225 MHz 

New, long life MOSFET transistors 
Low broadband noise (Low desense) 
Automatic Internal or External Keying 
Use for FM. SSB, CW 
Excellent high order i n t e n o d  specs 
8 1 "  x 19" rack panel, 13.8VDC 
Continuous Duty (With customerfan) 
Built-in Thermal Protection 
1 Year Warranty Made in the U.S.A. - 

I 
P.O. Box 8979 Newport Beach, CA 92658 I 

I 
I (71 4) 760-3622 I 
B d COMMUNICATIONS Issee the FALCON Dealers at  Dayton for New Models" ; 

Y 

' h l m - ~ ~ ~ ~ ~ ~ ~ I r m r m m m m m m ~ r ~ m ~ m m ~ ~ m m r m m ~ r ~ a m i m m ~ r ~ ~ +  
Sav You Saw It In CQ 

Announcing 
New 6- & R h l e  Crystal Filters For 
ICOM, Kenwnnd & Yaesu Radios 

ICOM 730/735/740/74S1751/R701R71A 
SSR 2.lkHz. %l%~le - Exact rcplacc~~oent fix 
171.4A. Model 1R4S5111.0SX-$99 

ICOM IC-271/471/1271/ C'W 4(Hlllr. 
%Role - Great for DXingor IiMI. 

hlndel IRlO.71lj00C-SIlS 
Kenwnnd TS-930/9JOIR3IlIK-?.IKK) CW 

Super Selective ZSOHx X-I?IIP 455 Lllz Filter 
- C<rmrs mounted C~II high-qt~al~l) gl:~$s PC 
hoard Lor the TS-930 and 1'S~')JO. drop\ ink) 
Ihe TS-8.10. 

Model IR4SSH12SC-$125 
TS-940/930/830 Super Sflertive CW 

Switch Kit - Thi\ new kit ;~ll<~w\ you to add 
;~nolher CW handwidth. For cxnmple. con the 
U301YJOj830, if you already have 41OHz or 
5WH7 filters insValled. you can now select a 
set 01 IR1?50Hz filters. Our 250H1 nratched 
set allows Ihr a lower noise flcx>r fbr super 
quiet DXing. 

9mHz 8-hle Crystal Filters for Experi- 
mentm- All X-Pole I:ilters-$60 

All 6-Rrle Filters-$50 
Fnr SSR For FM 

A .  2.4kHr @ 6dR A. 1.5kH1@ 6dB 
B. 2 . l kH~@ 6dR B. 30kHz @ hdR 
C. I.XkH7 @ 6dB For C'W 
D. 2.2kHz Ch 6dR A. 6Ol)H7,Q 6dB 

+E. ?.'kHz hlR *B. 6l)oH~ @ 6tlR 
For AM *(h-~u>lel 

A '  6s)kH1 @ &IB JS(X)rlnrppinp ,rnd 
'"lkH7 @ M B  hanrllr,tg r u r  011 ,m/rn. 

Fijr ,nor,, infi,rmork,n. call fm International Radio, Inc. 
I,, ,, 120 747 So. hlaredn Rlrd. 

h r t  St. lucic. FI. 3.3452 
s r ~ t  s n \ I: 13w1 10r ~r l rr~ rnalog (305) X79-6868 

POCKET SlZEDfl 
1 5W MHz 
FREOUENCYCOUNTER 
BUILT TESTED AND 
READY TO GO' 

ONLY $49.95 Prepid 

HAND HELD" 
1 13CQ MHZ 
FREQUENCY COUNTER 
BNC INPUT CONNECTOR 

ONLY $79.95 Prepaid 0 
PICK UP THOSE WEAK 
SIGNALS' FULLY 
ENCLOSED PA 19E HAS 
5 200 MHZ RANGE 
POWER SUPPLY OPTION 
AT NO CHARGE WlTH 
THIS PREAMPLIFIER 

ONLY $24 95 Prepaid 
Wltho~l case $9 95 

PA ZOE PRE AMP 
FULLY ENCLOSED 
WlTH A DC IWO MHz 
RANGE AND POWER 
SUPPLY OPTION 
ONLY $34.95 Prepaid 
Wllhoul case $39 95 

[7J 
r /  119 

Spec~fy type ol radlo when ordering pre amplollerr 

DlGlTREX ELECTRONICS 
d~v~s~on of NCI West Coast 
10073 North Maryann Call Ray Lukas 
Northvllle. MI 481 67 805-497-2397 

P e m n l  me*. rncnev N Ipr. M8)wrrerCard ia V o, nre 
weimms Or <an m 1 C 012 PHONE 13131 YC7313 NOW' 

Oual~ty, shirt pocket. d~gllal mult~meter 
tests electrical equipment -at home, in 
your car, on your job, and even in the 
back woods1 Case folds to approx. 
4.YH x 3 W x  112" thick. Measure up to 
500V acldc and 20 megohms. 
ONLY $35.. includes probes and carrylng 
case. Sallslaclion guaranteed. 30 day money- 
back return. ONE YEAR WARRANTY. 

Mon-Frl. 45:30. EST. 

84 RESEARCH DRIVE MILFORD. CT 064M) 
I 

1 Send DMlOOOpockel meler(sl a1535 each 1 
1 plus 52 each lor sh~pp~ng and liar~dllng 

CT res~derils add 7' .',, sales lax 
I 

1 -My check or money order IS enclosed 1 
1 Charge __V ISA '  -Mastercardm 1 

Accl No. 
Exp-/-Signature I 
I NAME -1  
I ADDRESS 

CITY 
I 
I 

Z I P  HAM3 ' 
121 LSZE-_-_------J 



IC-735 Gen. Cvg. Xcvr 
IC-751A Gen. Cvs. Xcvr 
R7000 Gen. Cvg. Rcvr. 
R71A Gen. Cvg. Rcvr. 
IC-27NH FM Mobile 2 5 ~ 1 4 5 ~  
IC-28NH FM Mobile 25w145w 
IC-37A FM Mobile 25w 
IC-47A 440 Mobile 25w 
It-04AT UHF HT 
IC-48A UHF45w 
IC-38A FM Mobile 25w 
IC-02AT FM HT 

Call $ 
Call $ 
Call $ 

Call $ 
Call $ 
Call P 
Call $ 
Call $ 
Call $ 
Call $ 
Call $ 
Call $ 

IC-v2AT Micro HT 329.00 Call $ 

TS-940SAT Gen Cvg Xcvr $2249.95 Call $ 

TS430S Gen. Cvg Xcvr 819.95 Call$ 
TS.711A All Mode Base 25w 899.95 Call $ 
TR-751AAll Mode Mobile 25w 599.95 Call S 
TM.2010 FM Mobile 45w 369.95 Call $ 
TM-2530A FM Mobile 25w 429.95 Call $ 
TM.2550A FM Mobile 45w 469.95 Call $ 
TM-2570A FM Mob~le 70w 559.95 Call $ 
TH-205 AT, NEW 2rn HT 259.95 Call $ 
TH-215A. 2rn HT Has It All 349.95 Call $ 
TH21 BT 2M HT 259.95 Call $ 
TH31 BT 220 HT 269.95 Call $ 
THAlRT AAn HT 769 45 calls 1 

FT-757GX Gen. Cvg. Xcvr 
FT-767 4 Band New 
FT-270RH FM Mobile 45w 
FT-290R All Mode Portable 
FT-23 RlTT Mini HT 
FT-209RH RM Handheld 5w 
FT-72617 All Mode Xcvr 
FT-727R 2M170CM HT 
FT2700RH 2M170CM 25w 

995.00 Call $ 

1895.00 Call $ 
439.95 Can$ 
579.95 Call $ 

299.95 Call $ 
359.95 Call $ 

1095.95 Call $ 
479.95 Call $ 
599.95 Call $ 

. ~ n m u ~ d r n m v $  ~*lcr#r 

.lnd 8,W rm I* b"r*a I *led 

ALL TRAP ANTENNAS ale R m y  10 use - Factory assembhd 
-Cmmerc#al Dualtly -Handle lull power - CMWs Complele 
wllh OeIUIe Traps OeIUxe Cenlel connector. 14 pa Slranded 
CcpperWeld ant wlre and End Insulators A m n a l ~ c  Band 
Sw~tcn~ng Tuner usually never requured - For all Tranrm~l. 
lers. Recetvcfs & Tfanscelvets - FOI all ~Iassamate~rs . On8 
leedllne works all bands - Instructtons nncludea . 10 day 
money back guaranlee' 

, . I  /c, 
! i t #  to Lb 77 '45 
I hU 80 I I  IrP 7 1 W  
IVIU IM 2 W  14) ' .  

IncIudes assembly Inslruclons. Oeluxa cenler connetlor. 11 
pa Slranded CopprWetd Antenna wlre and End Insulators 

COAX CABLE: llncluder PL.259 connector on each endl 

. *,,n \ l i  .I I'. "nrl*r'* . ".%"err i , ,  hl.8 

. 1 rn,.*.<.$ ,,,.1#.1, 

ELUXE ANTENNA TRAPS: cmpleic~y  sea^ 6 
1ealh8rpc~ml Sol10 biass letmlnals Hanoles Full 

Power NO lumprs NO Soldering 
Ins!rufl~ons cnciuded 

I For dbano Dlwle An1 
40/20/15/10 $36 OOlpr 

For 5.band Illpole Anl 

The QSYer - the best thing 
next to your FT-757GX 
- or your ICOM IC-735! 

Ihe pngulrr 751V\1<rnclv 
ha, a hrothcr- Ihr 715 

VbYrr tor Ik I C I I M  I(. 
7751 Holh &on#l. orr dclurc 
I requcncr -en ln  kcrpudr 
conlsnn~ns Ihstr own prc- 
p'"p'"mmrd m,cropro. 
r ~ ~ r o r .  rvdnn yxakrr and 
g"vcr <",,,,I\ I" opcrr,,nn. 
l h r v  allou ~mmrd#afc  . ~. 
rwttrh8np 15, unv IrcqvcnO 

In ~ h c  ~ r ; ~ n u c # i r r  1.8nyc. whclr Ihr rop rclunnr ahc~lulclvlll 831 00, 

~,w~ar~,r ' \  L ~ I I I I Y . L ~ )  I h n  ~n.t,%ll #n ~ccg,nd$. canncwnp lo the rls's 
drtu ~ c r m ~ n ~ t  dntl pl~wrl \topph tnunpuc l hcu durahlc mclal 
rnclss\n~rrr a8r palnlrd rl.sr$r rncl~ll~c erilr end h l ~ r k  

I Y U  $0 plu, l? YI \hlpplnR .dnd hundllne. m d  4', u l r \  Irr lor CIA 
rnodrnt, ~ u , $ o (  nusl..nn.l \ I \ =  cunlsmrrr glr.\r vncl nrmc. card 
numhcn. ~ ~ p ~ r . ~ t ~ ~ ~ n  d.alr.md .tgna!urr. or call u~n4iY-X7V-l!?41 
Ill dr, nlclno hrck palrrr lcr 

products 

computer rotor 
control interface 

The most often requested new feature for sat- 
ellite enthusiasts is automatic control of the an- 
tenna pointing via a personal computer. While 
the KENPRO KRO-5400A provides the electro- 
mechanical interface to the rotor motors, the ac- 
tual hardware interface to the computer is 
provided by the KR-010. The KR-010 consists 
of analog-to-digital converters for both the ele- 
vation and azimuth channels and also provides 
the drive signal for driving the motors in the 
desired direction. An internal microcomputer 
provides the RS-232 serial capability at 9600 
Baud without handshaking. 

The KR-010 attaches to the serial port of the 
computer and operates with the tracking soft- 
ware (available only from the AMSAT software 
exchange, not from ENCOMM or KENPRO) writ- 
ten for AMSAT by W31WI and WOSL. KENPRO 
and ENCOMM provide the software needed to 
point the antenna from data entered into a basic 
program in real time. Subroutines of the auto- 
matic tracking program which apply to the 
KR-0101KR-5100A combination and information 
on how to install them in the WOSL package is 
supplied with the KR-010. 

The suggested retail price is $269.95. For de- 
tails, contact Encomm, Inc., 1506 Capital, Plano. 
Texas 75074. 

Circle 1302 on Reader Sewice Card. 

new from RF Concepts 
Ken Holladay, KGHCP, and Everett Gracey. 

WAGCBA, the co-founders of Mirage Commu- 
nications, have formed RF Concepts, a new 
company whose products include a state-of-the- 
art, all-mode 2-meter, 170-wan VHF amplifier 
with a GaAsFET receive pre-amp; a 450 MHz 
100-wan UHF amplifier with a GaAsFET receive 
pre-amp; a 130-wan 22@225 MHz ampliier with 
a GaAsFET pre-amp; and a 30-wan HT ampli- 
fer, also with a GaAsFET receive pre-amp. Other 
products include a repeater amplifier for 440 
MHz, 220 MHz, and 144 MHz and a full-function 

repeater controller. 
On the drawing boards is a new dual-band 

amplifier, 1441440 and base station amplifiers, 
and state-of-the art switching power supplies 
from 10 to 35 amps. 

For further information, contact RF Concepts. 
2000 Humboldt Street. Reno. Nevada 89509 

Circle #XI1 on Reader Sewice Card. 
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- -- -. 
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IllCLUOES 2 HOOK-ON PROBES '369.95* 
20 MHz DUAL TRACE 
F i  I .I, ', ~ C ' I  I '1.. .I oq: ' .. 1 '11  'es~stofs.capacllors 
C ., la : , l,arnc'c,r;, l v  , , t i  I (I?,-h~qnsensfl~vly- 
Z , I  ..-r i l j t lr- I.. I nca nv7lor -5Xhor lon la l  magntlier 

lNCLUO~2H00K-011CMJBEJ '499.95* 
35 MHz DUALTRACE 
w ~ d e l r ~ q u m c y b a ~ i d w @ l h - o ~ ~ t ~ m a l s e n s ~ t ~ v ~ l y  -delayed 
I~~ l iger ing \weep-h l l l r ( i~ l l -A l l  I t~gg~r-s lng le  sweep TVsync 
5X m a ~ n ~ l ~ c a l ~ o n - X Y  or XVZoperalton- HFlLFnolse reduclton 

IWCLUDES~HWK-ON PROBES 

15 MHz DUALTRACE PORTABLE 
F le ld / I~ i~ r~chapp l c , l l ~o~~~- l~u i I l  l l i r  l largrl  alid ballrry pack 
-uplo2hoUrS oprratlorl per cllnrqe--5X Ihur~iool,il 
magn!f~cal~on-high b!~qhlnessCRT-Iron1 pani~l lrace rolator 

USEAELE 
VERTICAL MAXIMUM MAXIMUM 

MOOEL aANDWMU #TRACES U R l l U E  SENSITJVITV TRICLREQ BANOWIOTH - - 
!>I1 Rdtl iscy ~ S C I ~ ~ O S C O ~ ~ C S  le,11i11i: I I I ~ S I I I [ I ~ ~ S S ~ ~  ( ~ t t d l ~ l y  d l  <II~ 121 8xlOCM 5 lmv IJPI O W  ifi MH, ill ~- 1,311: .- 

u l ~ b e a i a l ~ l e p r ~ c e  Ol  l l cnvy  d u l y  C ~ I I ~ I I I J C I I O ~ ,  they a r e s i ~ ~ l a b l e  15 MHZ 351nch 2 mv ppr dlv ill MHI ;'s -- tn11, .- 
lo t  hobbv,  serv lce and p ~ o d u c l ~ o n  appl tca l lons 35MHz 121 BKIOCM I nlv P C ! ~  d l ~  50x2 6n?ti, 

'Addan addllional S 1 0 . 0 0 1 ~  each unll Iwsh i~o ino .  All Include high quality I:[. IDI hmk m probw. Ina~rueflon/sarvlcamanwl wnh schsmallc and mmpent IIWUL I war warranty 

MINI-100 NIUNTER CT-70 7 OlGlT 52!i MHz CT-909 DIGIT 600 MHz CT-508 OlGlT600 MHz CT-125 9 DIGIT 1.2 GHz 

q i i  - --TI - 
$1 19.95 :2E?T3%F $1 39.95 ""' waoar l tn  '""'""" $189.95 3t4%FS 

. 
-MOO< f RtQ_R?KE SEI~SI I I~~~  AGCUMrCV Dlsrrs RESOlUnON r W E  

 MINI?^ I '$81 h$p; LC'., 11. I ,  ."..l18iv I Il 'M i '<#I<,  ',I?, 
' - - 119.99 

CT-70 :o.%!, ,An? .- Mvii. IF*: MHz : !'f'M i I t i  l i t 1  139.95 
l lPKl 

- 
-crgo ion, iaZ.rTi, III,IV 1,) 1'9, NH, 9 o ' l i i  IH, I ! i i 7 1 S g J S -  

I lmlllv Iu(11'1lAH2 Ramsey  Electronics t ias been  ~ n a n u l a c t u r ~ n g  electronic 
CTr% 5Hl 6MlYHz Lt!,\ In% " , # I > V  1 YPM 8 IHz IllHz 189.95 
Cl-125 IOU, I ,'SL;Hz ?',>,w , t j  !$ bqH, 1 PI'M 9 0 IHi IH: lOHz 189.95 t es t  gear  for  over  10 years  a n d  IS r r c o g n ~ z e d  tor  lab qual- 

1 1 , ~ ~ ~ ~ ~  I., V X ,  MHZ i t y  p roduc t s  at b reak th rough  pr ices.  Our  f requency coun -  
< IIY! my I I!OI MHZ ters have  l ea tu res  a n d  capabilities o f  coun te r s  cos t i ng  

CT-90 
WITH OV-I B H2.W MHz L lomu l o  1% MHz 0 1 PPM 9 0 IHz. IH,. IDHI m.90 twice a s  much. BP-4 Nicad  ba t t e r y  p a c k  for  CT-70. 

O?llON l%mv I0 UYJ MHz - CT-90 a n d  CT-125 Frequency Counters .  $8.95. 

RAMSEY 0-4100 

PS-2AUDIO MULTIPLIER 
IIlePS-71s I srll'y 1t1r t~~ghiesolul lonaudto 
resnlullon Ill~'.iil lrt~ments. ~nu l l l p l ~esUp~n  

Includes Probes 
I vearwnrtnnty '6gg5 frequency qre.jtio, PLtonemeasurements 

PS.?III s4S.m & btlll1.1n s~flnal preatnp/co11d11~oner 
CO~.IO,~LI i11i.11 ~~~l~,~bllityandaccuracy. Has 10IJCH HULU feature to allow read- 
TI',, L C ~  d l ~ l l a l  ir~i~ltltestereastly 111s ~n ings to be logoed or  referred to  before 

PS-100 1 GHz PRESCALER 
YOIII 110ckrl ~nuca t t  lake~lanywhere It maklng Ihe l lexl readtng. Up l o  10AMP 

Exlend, t l ~ e r a ~ ~ q e o l  yoiw prf'sr~rrtcounterto 
leaturesfull nverloadprolecllon -3'1 1 G H i  . ?slaqr preamp. i l i ~ ~ r i e  by 1000clr. 

current capabtltly and a continuity lunc- 
d11111 LCD~ea~lout recessed~nputlacks tlon whlch beeps on zero Ohms. 

'8995 cullry. supw rer1s~t~vr (50mVlyp~ca l i .  

5alely probes dlodecheckluncllon 
*lfc''"''CIUuCs BNCconneclor5. I G H i l n  1 MHzoul . 

2WOhours  ballerv llle lCanai"rr dtlaesanycoutiter 



., 44,  1 whom the Droarammina is directed and other 
helpful informaiion. ~ o i e r s  2 to 26 MHz short- 

KODE MASTER wave bands. A Buyer's Guide gives you infor- 

(for Novice, General or Extra CI 
mation on selected portable and tabletop 
radios. A number of tutorial articles have been 

Prepare for your next code exam using com- 
ANTENNA SYSTEM included to help you get the most from your 

puter generated QSOs. Each QSO contains radio. 01986 
callsigns, names. QTH's equipment info plus This nifty antenna modeling and development 
many of the other exchanges commonly found 

DIES-RDI Softbound $12.95 
program will help you get the most from your 

in Ham QSO's. QSO's can be displayed on the antenna projects while eliminating much of the 
screen by one character at a time, by each drudgery of antenna calculations. Part one THE BUYER'S GUIDE TO AMATEUR 
sentence or after the completion of the QSO covers standard design antennas-dipoles, ver- RADIO 
for checking. With a printer you can print out ticals and Yagi designs. Part two designs 
a hard copy. Available in 5 wpm for Novices, by Angus McKenzie, G30SS 

shortened dipole antennas for space limited 
13 wpm for Generals and 20 wpm for Extra This new book from the RSGB is an invaluable 

hams. Great for shortened 160180 meter an- 
class students. aid in evaluating which radio's operating 

tennas. All dimensions are listed. At this price parameters-over 100 measurements and 500 
I7UB-KN Novice Class (for C-64) $14.95 it's not an engineering program but a neat analyzer plots were made. Equipment was also 
[7UE-KG General Class (for C-64) $14.95 program to have around. subjected to many hours of on-the-air testing 
DUB-KE Extra Class (for C-64) $14.95 nUB-AS (for C-64) $9.95 from 1.8 MHz to 2300 MHz by hams through- 
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bLI; 15 I i  L l A l  ,<IN - > I , & <  h 1_'70-#. '  

MOBILE 
HF ANTENNA 

*" -- YP)'uI 

Sl.,.,... 

L,, 8-MHD COVERAGE - A:I A-tar .  MARS. 
LM CAP Lr.q"""c". r- 10 to l d  m.t.r., 

M H D S W X I I W G  - Sr l lhc .  uuun( ly  lo  
p"-l""e. 1req"sncrs. on mr b d !  

M O B 4  R W N A T O R  - H l l b - 9  Ur uduclor 
pmvld.. m-"m cm.,.nc, 0" 111 bmd.! 

WNCTIONAL DESIGN - Preuldo. lox rlM 
1,lilrnl. ..a,rr Nnmy. LM more p,c..mp 

m.mG..,,ch,s, .ppemrulre' Rulycd eor~ln~cllon for long 
m l o . Q  We and relrabl l l t r '  N c r  (old-oror I s a N r e l  ... "ll.l*, 

100 WATT CAPACITY- Colu.rrmtave ratmgl 

~ ~ ~ ~ m w m m - - r n ~ o a m  

I.., i r . . .  
1000 WATT MODEL AVAILABLE - 1114.85 

S U p p q  prcp ld  n Y 1  chocr or money older.. 
Shlpplllg . * d d  LO cr.dx, C U d  s.1.a Md ordar.. 
out ol  me lowar 4I  9mL.B. 

TEXAS RADIO PRODUCTS 
5 East Ur15haw 7empk. Texas 76501 , 

(817) 771 1188 - 

. Iwr L W  III MI+..NXI.. . llcr r,nlpl$n*. C M  l r ~ l x ~ c  . , , r w  <,,,, r,m., . ,,.,,I CIIIIP~! P I !  ,n,e,l,rP - Prc, I m m l t  Wnrn8y My.  . Smrr W n r r  tnrv. Gcrw.eor 
C'lsl t ~ ! w x > l  CW MSG I 1 7 r  P o r n  9 15 Y I K  M ,7m - (.,14n*-y !~npn . s,:,. J 'I,' r n .I" . ijllli,.,," 111,1,,19 . All i '*rs"~,<", lnrlllrXsl 

RPT.2A Klt Only $129 plus 53 W shipplna 

PROCESSOR CONCEPTS 
P 0 l l 0 X  2607 1 
ST PAUL MN 55126 
(6121 1R4 91 16 7pm IOpmpvenlngs 

CALL OR WRITE FOR FREE CATALOG AN0 SRCIFICAI!llt$S 

TUBES - 2000 TYPES 
DISCOUNT PRICES! 

Early hard 10-llnd and modern lubes 
Also lranslormers capacllors and 
parts for lube equlprnenl 

Ant~que Electronic Supply 
bHtl W Flrsl SI Tempe AZ 85281 

6021894 9503 

Monday ~ n d s y  9 lo  h 3b PM Thurn, l o  8 PM I .'w - :,>a ;- Come la  Barry r lor the be., buvr ~n #own 

KITTY S A Y 5  WEARFNOWOPEN IDAYSA WEEK. 

#C.WT!A 7 5 t A  '.:. , + > , ,  ...\ .:h:. U8cfn''4 

1- L8211V. nmr W I 1 B I P .  M d  KXON 
~ i m  I . ' : > A . .  . A  8 ,  ,.,evn., . X . . ~ , H  23s. 

. . . . , . I . .  , .. \,*"<", 

n rx i"r,.xc"l n ,,w,.,,nr r T PrmnH 

.. .. .r*~su I lcou ~.::u.::z:: .. , .  ,,I.4 I 

,<a<' , ',I . 1. , I ) : % , ,  

*-,. ... . ... *,,,,,,,,.,B. ,,">,,* 
. A  8 . . '. ' ... ,,,a 1.1.1111., ,,,>,~., 

n.rraar.laa)lvmwp 
MWUFll l  m*OUILlERS 

Tokyo Hy-PowcZTE SYSTEMS "..." .,..-.. - 1 %,n,u, c..,. AMERITRON AMPLIFIER AUTHORIZED DEALER I= SANTEC , , 3 Kllormtl Tuner . . - . . . - - . . . 
An tmnas IN STOCK 

4.3 wall*. $88 
MEADLDT. AIT 1. At? he. 

5WL -CNm 

KANTRONICS 
1iTU.KAM UTLI.XT. 
KPC 2400. KPCll 

ElMAC 
3,5002 
5728.8 
128171 
4 4UDA 

AEA 144 MHz BIRD 

AEA 440 MHz Element3 

... " 
yaelu FTR.Z~IO. m8.m 3 mT 
ICOM LC-RP 3010I440 MHz) ::"'Up 
lCOM IC-RP 121011.2 GHzl 

stocked 

,,,Ol,A, ,Y, , ,Ur* ,~I  L.",IUIIYi. 

,,,,,,,.. ..1 . :  . ..1811 

AMPSUPPLY STOCKED L-- ' n D ' v c n  1 ) !  II 

- 
In  Stock - 8.r r $ + a  \ < 3 ,  t -r I f  PARA- U m W Z l .  RX US 

MAIL ALL ORDERS TO BARRY ELECTRONICS CORP ,512 BROADWAY. NEW YORK CITY. NY 1W12. I 1 I 
"Aqul S. nabla Empanel" 

SHORTWbVF ANTENNAS d RECFlYERS WC *OI ST- C O U W N L  mMl- SISIEm 
IR l ILFX "Sortng 51 Sl.lion HIUIYILFIIWWIIFSlNvlTFn P)<<INF I N I N I O O D C ~ L R E  ISIUOlll)5SD 

SVb.7.: B U T  Princ. I 1  81.llon'' 
IN0 F '  Train 811 Il.llon" 

SO"~."CI.L"1\010* .toold. .... I... ."...rnl.... 

BUS: Broadway 16 lo Spring St 
Ameteur Redlo Counss Glvsn On Our Pmmlses. Call 2:- 

rmh-nn n m h  q smlon - - 

Barry Electronics Commercial Radio Dept. offers the Best in two-way communications for Busi- 
nesses. Municipalities. Civil Defense. Broadcasting Companies. Hosp~tals, etc. Sales and Service 
for all brands: Maxon. Yaesu. Icon. Tad. Octagon. Regency/Wilson. Midland. Standard. Uniden. 
Shinway. Fujitus. Seas. Spillsbury. Neutec. etc. Call or write for information. 212-925-7000. 

i 

station 
log bo& numbar 
t m  10 

RETURN OF AN 
OLD FAVORITE 

AVAILABLE NOW! 
$2.95 each - 3 for $6.95 

Please enclose $3.50 
Shipping and handling 

Ham Radio's Bookstore 
Greenville. NH 03048 
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HF / VHF Terminal Node Controller 
$1 24.95 V 59.95 

KIT ASSEMBLED 
The TNC-220 is a new, low-cost Packet The TNC-220 has the familiar TAPR 

Terminal Node Controller evolved from command set and AX.25 Level 2 Version 
the Pac-Comm TNC-200 (TAPR TNC-2). 2 protocol running on a 2-80 processor 
It uses more large scale integrated cir- Two radio ports with 32k bytes of EPROM and 16k bytes 

I cuits and fewer components to provide 7910 single-chip modem of battery-backed RAM. A Zilog 8530 
greater functionality, reliability and 300 and 1200 bauds SCC performs all packet HDLC in 
sensitivity with reduced size and cost. hardware. The terminal port can select 
The single-chip modem used for both 300 Enhanced 'Omrnand set either RS-232 or TTL for your C-641128, 
baud HF and 1200 baud VHF operation Multi-color status LED'S VlC-20 or other TTL computer. Five 
has two radio ports. Switching between Supports RS-232 and large, color-coded LED'S clearly indicate 
ports is done entirely in software and no TTL computers status at a glance. The power switch is 

1 cable changing, no switch setting and no now located on the front panel. The 
retuning is required! The HF port has an Active HF bandpass filter TNC-220 is enclosed in a rugged ex- 
active bandpass filter and provideseither . Tuning indicator option truded aluminum cabinet with an attrac- 
FSK or AFSK keying. Anoptional tuning 12 DC Operation tive two-tone blue front panel. All indi- 
indicator slides inside the cabinet. A cators and controls have large, clear 
standard modem disconnect header will 

. quality case labels. 

connect accessory high-speed or satellite 6 w x 2" h x d Tech Line (813) 874-2980 
modems. Write For Free Packet Catalog 

h Pac-Comm Packet Radio Systems. 3652 West Cypress St., Tampa, FL 33607 " lo5, 

ham 
radio,m - Come see us in Dayton Booth 68. 

MODEL LDM-120 ONLY S99 

i DZTFCTS SIORFSANDDISPLAY5 
WORST CASE LINE VOLTAGE VARlA 
TION DUE TO BROWN OUTS SAGS 
AND SURGES 1,. AND 3CYCLE 

I RESPONSE TlMES60-160 VOLT I 
I RANGE I 

MODEL LSM-120 ONLY 5139 
DETECTS. STORESANDDISPLAYS 
WORST CASE PEAK SPIKE VOLTAGE 
NORMAL AND COMMON MODE 
SELECTION 1 W V.2 5 KV RANGE 

COMPLETE STANDALONE INSTRU- 
MENTS WITH INTERNAL AUDIBLE ALARM 
AhD EXTERNA-  TT. ALARMOJTPUT 1 
FULLY ISOLATED 1 YEAR WARRANTY. 1 CATCH THOSE GLITCHES! 1 

COMMODORE 64 
LADDER NETWORK 

ANALYSl S PROGRAM 
'ALADYN-64' 

This program is a menu-driven design 
tool with a built-in circuit f l l e  editor. 
fast calculations and graphic output to 
either the screen or printer. Useable 
for circuits which operate from VLF 
through Microwave. Clrcult elements 
include R's. L's. Cf, transmission 
lines, transistors and FET's. Output 
format rectangular or Smith chart. 

$59.95 PPD. Check or H.O. 
INTERCEPTOR ELECTROHICS INC. 
ROUTE 1, BOX 439, ROUND HILL, VA 
22 141-9307 PHONE (703) 338-4905 

r /  107 

LCR METER wl D Factor 
"...MEASURES BOTH YOUR COIL'S 
INDUCTANCE AN0 LOSS FACTOR"' 

Measurement ranpe 

The Industry's first hand- 
held. low-cost. LCR meter 

Freight pd. 
CARES. +tax 

' 108 

@B ,= 
AMERICAN RELIANCE, INC. 
9241 E. VALLEV BLVD. (800) 654-9838 
ROSEMEAD, CA 91770 CA (818) 287-6400 
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Electronic Repair Center 
Servicing 

Amateur Commemial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
author~zed warranty service for 

Kenwood, lcorn and Yaesu. 

SEND US YOUR PROBLEMS 
Serv~c~ng "Hams" l o r  30 years, no r r g  

too old or new fo r  us 

wv ~0~ 
4033 Brownsville Road 

1- Trevose, Pa. 19047 * 21 5-357-1 400 
QB 

r-==--=---I 
Full Feature 

I Remotely Programmable 
I Repeater Controller 

for under $600 
/Field tested for over 2 years 
/Full 2 year warranty 

F R E E =  
Frcc  Full Color R r o c l ~ u r c  

f !  Call Toll-Free 

Want to 
Advertise in 
HAM RADIO? 

Call Rally Dennis 
(603) 878-1441 
today for more 

information 

4'. 
@ DUAL BAND ANTENNAS FOR 

pbb ULTIMATE PERFORMANCE!! 

Model Description Sug. List 

2x42 Base/Repeater 200 Watt $1 68.95 
Gain 146 MHz 8.2dB, 446 MHz 1 1.5dB 

2X4SR Mobile with Mag. Mt. 150 Watt 71.90 
Gain 146 MHx 3.8dB, 446 MHz 6.2dB 

2X4SDY Mobile with Mag. Mt. 100 Watt 65.95 
Gain 146 MHz 2.1 5 dB, 446 MHz 3.8dB 

HT 702 1461446 MHz Hand Held BNC 50 Watt 29.95 
C7-71 BaseIRepeater 920 MHz $1 15.95 

50 Watt 7.14 dB Gain 
C202N Mobile 920 MHz with Mag. Mt. 72.95 

5 dB Gain 50 Watt 
1 234E BaseIRepeater 200 Watt $1 78.95 

Gain 446 MHz 8.5dB, 1.2 GHz 10.1 dB 
124X Mobile with Mag. Mt. 100 Watt 104.95 

Gain 446 MHz 2.5dB, 1.2 GHz 3.5dB 
1221s 1.2 GHz BaseIRepeater 100 Watt $1 58.95 

Gain 15.5dB, 21 Step colinear 
1210M 1.2 GHz Mobile with Mag. Mt. 50 Watt 76.95 

Gain 8.8dB 
415M High power duplexer 146 MHz 400 Watt 59.95 

446 MHz 250 Watt 
41 2N UHFIGHz Duplexer 446/1400MHz 68.95 

Max. 70 Watt 
f l  110 

~ns NORTH QROVE ST. 
ANAHEIM.  CALIF.  Paad Deal& prices m a y  be 
(714) 6304% I dif ferent t h a n  list. 
U B L E :  NATCOUlU 
FAY.VI~)~)~~ P r i ces  and spec i f i ca t ions  sub iec t  t o  

c h a n g e  wi thout  no t i ce  o r  obl igat ion. 

NEW CODE TAPES 
NEW CODE TAPES FROM OSO MASTER 
AVC INNOVATIONS Takes yo11 ~.ISI the General class code requ~rement 
by John Karplcke NJAVC and hearts YIILI toward the Extra class trckel Four 

OSO TRAINER lhrrly rnlnule pro~rams cover 8. 10. 12 and 14 

Th~s tape h , ~  been deslgned to teach you lo copy 
Wpm lwo 60 nllnute lapes with instructions' 

cornplete words Instead of lener by lener. simply. 
AVC-OM $12.95 

wtth a rnlnlmurn 01 r!llort and fuss. Uslng the Stan. 
dard OSO lorma!, brglnners and old llmers alike wlll (IS0 PRO 
llnd that the~r code *;peed mil Improve dramal~callv One more lllmp and you've got your Extra! These 
as they learn the ser:rels 01 word copylng for years. tapes are deslgned w~th thal qoal In mtnd. Maxlmlze 
htqh speed pros have used lhls lrled and lrue your copylnq sktlls wllh lour programs that cover 
method-learn thew secrets and loin the fun! Two 60 16. 18. 20 and 72 wpm lwo  60 mlnule tapes wtth 
m~n~rte tapes cuniplrle wllh ~~~s t ruc l~on  sheet. ins1rucl1ons 

AVC.01 $14.95 AVC-OP $12.95 

Please enclose $3.50 shipping and handllng 

ham 
riiiidi~-~~~w BOOKSTORE 

Greenville, NH 03048 
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Ham Radio's guide to help you find your locz 5 
Maryland 

MARYLAND RADIO CENTER 
8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301 -725-1 21 2 
Kenwood, Ten-Tec, Alinco, Azden. Full 
E ~ I ? I ~ P O  AnsInr  

. .  . - ,  SAT 9-5 

AMATEUR ELECTRONIC SUPPLY 
rnrrrr9NWEALTH AVE. 

FL 32803 
uwe-wd7-uGd8 
Fla. Wats: 1 (800) 432-9424 
A. .. -:A^ CI-. 1 (800) 327-191 7 

3-5:30, Sat. 9-3 

California uL I L,uIvIIvl~ 

JUN'S ELECTRONICS 
( ORLANDO. 

-anz.~o~--am 
3919 SEPULVEDA BLVD. 
CULVER CITY. CA 90230 

Georgia I I 
Colorado 

COLORADO COMM CENTER 
525 EAST 70th AVE. 
SUITE ONE WEST 
DENVER, CO 80229 
(303) 288-7373 
(800) 227-7373 
Stocking all major lines 
Kenwood Yaesu, Encomm, ICOM 

UULDIUG rla. 
21 3-390-8003 Hours M-F Z 
800-882-1 343 Trades 

Massachusetts 
TEL-COM. INC. 

a.z,. 8"" " " U S " ,  

DOC'S COh 
71 
ROSSVILLE, GA 30741 
(404) 866-2302 1 861-5610 
ICOM, Yaesu, Kenwood, Bird ... 
9AM-5:30PM 
We service what we sell. 

Habla Espanol I T-F 11-1-7 

02 CHICKAMAUGA AVENUE I 
675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
61 7-486-3400 
61 7-486-3040 
The Ham Store of New England 
You Can Rely On. 

Hawaii Michigan 
ENCON PHOTOVOLTAICS HONOLULU ELECTRONICS 

819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu. Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke, Belden, Astron, etc. 

Connecticut Complete Photovoltaic Systems 
27600 Schoolcraft Rd. 
Livonia, Michigan 48150 
31 3-523-1 850 
Amateur Radio, Repeaters, Satellite, 
Computer applications. 
Call Paul WD8AHO 

HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call todav. Friendlv one-stoo sho~oina . .  - 
at prices'you can afford. ' 

ldaho 
-- - 

Minnesota 
TNT RADIO SALES 
4124 WEST BROADWAY 
ROBBINSDALE, MN 55422 (MPLSIST. 

PAUL) 
TOLL FREE: (800) 328-0250 
In Minn: (612) 535-5050 
M-F 9 AM-6 PM 
Sat 9 AM-5 PM 
Ameritron, Bencher, Butternut, ICOM, 

Delaware 
ROSS DISTRIBUTING COMPANY 
78 SOUTH STATE STREET 
PRESTON, ID 83263 
(208) 852-0830 
M 9-2; T-F 9-6; S 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on 
Hand 

AMATEUR & ADVANCED COMMUNI- 
CATIONS 
3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 
Delaware's Friendliest Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD I 

1 
Illinois 

1 Kenwood 

Missouri 
MISSOURI RADIO CENTER 
102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821 -7323 
Missouri: (816) 741-81 18 

NEW CASTLE, DE 19720 1 C ~ I P Y C ~ L I  ,,,,,,,,. COMMUNICATIONS, INC. 1 5456 N. MILWAUKEE AVE. 
outt-ricn IL 60630 

Icom, Ten-Tec, Microlog, Yaesu, I ZYZZ'~C 

I 
Qnc-ud n-dnJl 

Kenwood, Santec. KDK, and more. Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
One mile off 1-95, no sales tax. 9:30-8:00 Thurs; 9:OO-3:00 Sat. I ICOM, Kenwood. Yaesu 

Same day service, low prices. 

Florida Indiana I 
hln vada I I I."....... 

AMATEUR ELECTRONIC SUPPLY THE HAM STATION 
1898 DREW STREET 220 N. FULTON AVE. AMATEUR ELECTR( 3NIC SUPPLY 
CLEARWATER, FL 33575 EVANSVILLE, IN 47710 

I 
1072 N. RANCHO DRIVE 

81 3-461 -4267 1 812-422-0231 LAS VEGAS, NV 89106 
702-647-31 14 

West Coast's only full service Hy-Gain, MFJ, Azden, Kantronics, Dale Porray "Squeak," AD7K 
Amateur Radio Store. I Santec and others. Outside Nev: 1 (800) 634-6227 

at. 9-3 

Clearwater Branch ) Discount prices on Ten-Tec, Cubic, 

Hours M-F 9-530. Sat. 9-3 1 SASE for New 8 Used Equipment List. I Hours M-F 9-5:30, - S' - - -  - 
YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 

114 April 1987 



mateur Radio Dealer 

New Hampshire 
- - 

RIVENDELL ELECTRONICS 
8 LONDONDERRY ROAD 
DERRY, N. H. 03038 
603-434-5371 
Hours M-S 10-5: THURS 10-9 
Closed SunlHolidays 

New Jersey 
AB~RIS SYSTEMS 
276 ORIENTAL PLACE 
LYNDHURST. NJ 07071 
201-939-001 5 
Don WBPGPU 
Azden. Larsen, KLM. Mirage, Newmar. 
Vocom, WlJC, many others. 
M-F 10 am-9 pm 
SAT 9 am-7 pm 
VISNMC 

KJI ELECTRONICS 
66 SKYTOP ROAD 
CEDAR GROVE. NJ 07009 
(301) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM. Mirage. ICOM. Lar- 
sen. Lunar. Astron. Wholesale - retail. 

QEP's 
1 10-4 ROUTE 10 
EAST HANOVER. N. J. 07936 
201 -887-6424 
In N.J. 1-800-USA-9913 
Bill KA2QEP 
Jim N2GKW 
VISNMastercard 
Belden Coaxial Cable 
Amphenol Connectors 
Hours: 9:30 am-7:00 pm 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK. NY 10012 
212-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAIN STREET 
JAMESTOWN. NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
"The World System." Western New 
York's finest Amateur dealer. 

North Carolina 
F & M ELECTRONICS 
3520 Rockingham Road 
Greensboro. NC 27407 
1-91 9-299-3437 
9AM to 7PM Closed Monday 
ICOM our specialty - Sales &Service 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE.OH 44092(ClevelandArea) 
21 6-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30. Sat. 9-3 

DEBCO ELECTRONICS, INC. 
3931 EDWARDS RD. 
CINCINNATI. OHIO 45209 
(513) 531-4499 
Mon-Sat 1 OAM-9PM 

Sun 12-6PM 
We buy and sell all types of electronic 
parts. 

UNIVERSAL AMATEUR RADIO. INC. 
1260 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS). OH 

43068 
61 4-866-4267 
Featuring Kenwwd. Yaesu, Icom. 
and other fine gear. Factory author- 
ized sales and service. Shortwave 
s~ecialists. Near 1-270 and airport. 

Pennsylvania 
HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE. PA 19047 
21 5-357-1 400 
Same Location for over 30 Years 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON. PENNSYLVANIA 18509 

ICOM. ~ l r d .  Cushcrah. Beckman. 
Larsen. Amphenol. Astron. Belden. 
Antenna Specialists. W2AUMI2VS. 
Tokyo Hy-Power Labs. WEE.  Daiwa. 
Sony, Saxton. Vibroplex. Weller. 

Tennessee 
MEMPHIS AMATEUR ELECTRONICS 
1465 WELLS STATION ROAD 
MEMPHIS. TN 38108 
Call Toll Free: 1-800-236-6168 
M-F 9-5: Sat 9-12 
K~~W&;ICOM, Ten-Tec, Cushcrah. 
Hy-Ga~n. Hustler. Larsen. AEA. 
Mlraae. Amerttron, etc. 

Texas 
MADISON ELECTRONICS SUPPLY 
3621 FANNIN 
HOUSTON. TX 77004 
71 3-520-7300 
Christmas?? Now?? 

KENNEDY ASSOCIATES 
AMATEUR RADIO DIVISION 
5707A MOBUD 
SAN ANTONIO. TX 78238 
Stocking all major lines. San Antonio's 
Ham Store. Great Prices - Great 
Service. Factory authorized sales and 
service. 
Hours: M-F 10-6: SAT 9-3 

MISSION COMMUNICATIONS 
11903 ALElF CLODINE 
SUITE 500 (CORNER HARWIN & 
KIRKWOOD) 
HOUSTON. TEXAS 77082 
(71 3) 879-7764 
Now in Southwest Houston-full line 
of equipment. All the essentials and 
extras for the "ham." 

Wisconsin 
AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE. WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558041 1 
M-F 9-530 Sat 9-3 

Solid B m a  
MORSE KEY KIT 

1, x 1:s <:.TI ' - 

. P~~CI \ I ~ I I ( ~ I I I ) I I ~ I 'P I~~  dflltldbrlcated by R A Kent 
(Enqlnrr15l Enqlantl . Rall~ace bva11nq5 lor smooth Irouble lree 
prl lormance 
solla sllve~ contacts . Machlned hardwood we~ghlpd base wllhnon-sllp 
lPPl 

Easy assembly 
Exclusive U.S Olsfribulw. 

Total Eleclronlc Concepls lTECl 
Post Ofi~ce Box H 400 Llncoln MA 01773 

16171 2590125 
Introductory Prlce KIT 54995 

ASSEMRLED 559 95 
flus S5W p l s p c  and handl~ng Mmachuamt  rcsldenb sdd 5'0 

I .  
Ficssc s a d  SASE la lunha  InlDImdlDn 201 
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- * flea 6 
market 

VHS VIDEO CASSETTES $29 50 total prore for a boa of 10 de 
lhvered anywhere In continental U S Call for 24 hour order tnfor 
mallon KB6MT 17141 990 9622 

SHOW ITIN STYLE Full color OSL's by Smith Printing. From your 
printslslides. Sample packet. SASE. 20420 Calhaven Drive. 
Saugus. CA 91350 1805) 251-721 1. 

WANTED: For Drake4C the noise blanker4NB (deador alivel. H. 
Schroefer. Dorfstr. 14.3131 GollaulLuechow. West Germany. 

WANTED TO BUY ZIP code and directory publlsned before 1980 
~ubllcatloll No 65 Bernard Falr 19455 Hou~nton. Detrolt. MI 

ANTIQUE RADIOS, 
-chematlcs, tubes and Ilterature. Send SASE lo 

VRS (HR), 376 Cllley Rd, Manchestar. NH 03103for large list. - 

- 
S.S.B. CRYSTAL FILTERS. 9.0 MHz. 2.2 kHz bandwidth, six 
pole with data $20.00 postpaid. OEM quantlqavailable. ICL7117 
D.V:M. I.C.'sdirectdrive3-l12digit LEDsameas7107plushold. 
withdata: $6.W.2/$10.00postpaid. DentronScout C.A.P. trans- 
ceiver.4MHz. 100watts. new: $250.00. A.C.P.S. S75.00postpaid. 
George M~sic. 14481 Watt. Novelty. Ohio 44072. 

- 
1 HzResolutlon frequency synthesizer. For Info SASE to A & A  
Engineering, 2$21 W. Lapalma Avenue. YK. Anaheim. CA 92801 
17141 952-2114 f 

HAM MONITOR SCOPE Millen 909JL $85, audio signal generator 
HP20-COS125. Precision E-200-C AMlFM signal generator $45, 
Yaesu FRG-7 general coverage receiver $125, Johnson phone 
patch $25, tradeforTR-9000. K6KZT. 2255Alexander. LosOsos, 
CA 93402 

RATES N o n c o m m e r c i a l  ads 108 per word; 
commercial ads 6 0 C  per word both payable 
in advance. No cash discounts or agency com- 
missions allowed. 

HAMFESTS S p o n s o r e d  by n o n - p r o f i t  or- 
ganizations receive one free Flea Market ad 
( s u b j e c t  to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be t y p e w r i t t e n  or 
clearly printed (not all capitals) and must In- 
clude f u l l  name and address. We reserve the 
right t o  reject unsuitable copy. Ham Radio can- 
not check each a d v e r t i s e r  and thus cannot be 
held r e s p o n s i b l e  f o r  claims made. Liability f o r  

correctness of material limited to corrected ad 
in n e x t  available issue. 

YAESUOWNERS: Hundredsof modd~catlonsand improvements 
for rour r!g Select the best from fourteen years of genulrve top 

LEARN MORSE CODE IN 1 HOUR. Amazlng new easy tech- 
nique. Moneyback guarantee. $10. Bahr, 2549H Temple, Palm- 

rated FOX-iango Newsletters by uslngour new32 page Cumula 
tlve Index Onlv S5oost~a1d lcash or check1 wlth $4 Rebate Cer 
tificate creditable tdwarb Newsletter purchases. Includes famous 
Fox-Tango Fllter and Accessories Lists. Mllt Lowens. N4ML 
(Editorl. Box 15944. W. Palm Beach, FL33416. Telephone 13051 
683-9587. 

RTTY JOURNAL-Now ~n our 35th year. Join thecircleof RTTY 
friends from all over the world. Year's subscription to RTTY 
JOURNAL. $10.00. foreign $15.00. Send to: RTTY JOURNAL. 
9085 La Casita Ave.. Fountain Valley. CA 92708. 

- 
IMRA International Mission Radio Association helps missionaries. 
Equipment loaned. Weekday net, 14.280 MHz, 2-3 PM Eastern. 
Eight hundred Amateurs in 40 countries. Brother Frey. 1 Pwer 
Manor Road, Larchmont. New York 10538. - 
RUBBERSTAMPS: 3lines$4.50PPD. Sendcheckor M0toG.L. 
Pierce, 5621 Birkdale Way. San Diego. CA92117. SASEbringsin- 
formation. 

bay. FL 32905 

SUPERFAST MORSE CODE SUPEREASY. Subliminal cas- 
sette. Moneyback guarantee. $10. Bahr. 2549H Temple. Palmbay. 
FL 32905 

TEN-TEC now shipping new-boxed USA made latest 1987 fac- 
torv models Corsair II. Centuw 22. Arqosy II transceivers. Tian lin- 
MI arnpl~f~er 229A2kw anterlna tur~erplusaccessorles, antenna 
For thebest Ten Tecdeal wrlteor phone Bill Slep17041Y4 7519. 
SLEP ELECTRONICS COMPANY. Hlghwav 441.OIto. NC28763 

WANTEDSchematlc for Bearcat 100Electra Model BC-l00Scan- 
ner Please contact Ralph E Srnllh. 857 Rougemont. St Foy. 
Quebec City. Canada. 

HEATH Deluxe antenna tuner Model SA2060--a beauty-best 
offer. (4011 789-1817 FOB. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 

CHASSIS, CABINETKITS. SASE. K31WK. 5120 Harmony Grove 
Road. Dover. PA 17315. 

-- 

ELECTRON TUBES: Rece~vlng, transmlttlng, microwave all 
n/pesavallable Largestock Nextdaydellvery, mostcases DAILY 
ELECTRONICS PO Box 5029. Compton CA 90224 12131 
T74 1255 COLLINS KWM-380. Fully updated. Exce!lenl condlt~on. Full 

scrvlce manual Wroteot call. W31RE. 9436 HowesRoad. Dunkirk. 
MD 20754. 13011 257-3041 CUSTOM MADE EMBROIDERED PATCHES. Any size, shape. 

colors. Fivepatch minimum. Freesample, pricesand ordering in- 
formation. HElN SPECIALTIES, Inc.. Dept301.4202 N. Drake. BACK ISSUES OFHAM RADIO Magazine from March 1968 to 

June 1974. Complete your collection. Individual issues W.0Jeach. 
KXSP 13191 377-3563. HOTINEW PACKET PROGRAMS FOR YOUR IBM PC. Several 

telecommunications programs to choose from, especially written 
to interface your packet controller with your PC or compatible1 
clone. Featureslike Full Screen, Linescreen editing, Split Screens. 
ASCII. Binary. X-Modemoruserdefinedfile transfers. DOS shell. 
Macro Keys. Command Files, many n/pes of timeldateloper. ID. 
Multl-page brochures explain them all. Software Support. Wrlte 
fornewinformationandpricing. KALT bASSOCIATES.2dME. 
Tudor Rd, Suite 138, Anchorage. AK 99507. 19071 248-0133. 
Charge Cards accepted. 

.- 

HOMEBREWPROJECTSLISTSASE. WB2EUF. Box708. East 
Hampton. NY 11937. 

Chicago. IL 60618. 

RECONDITIONED TEST EQUIPMENT $1 25 for catalog 
Walter. 2697 Nlckel, San Pablo. CA 94806 IBM1APPLECOMPUTERprograrn"Hamlog" 1Bmoduleslogs 

auto-sorts7 band WASIDXCC. Full feature Also CP/M. Apple 
$19 95. IBMS24.95 HR.KA1AWH. PB2015. Peabodv. MA01960. 

LO COST Sensitive-Selective HF receiver system. Idealllst 
station set. Enhanced Novice 10115140/80m coverage. Send 2 
stampsforfreeinfo. I. Megeff, KD2EF.729 Lori Drive#101. Palm 
Springs. FL 33461. 

COMING EVENTS 
Activities - "Places to go . . ." 

HOBBY. EDUCATIONAL, INDUSTRIAL PRODUCTS. 70 kits 
Ampllfler FM translnor. VU meter. door bell, alarmsystem, power 
supplv Send $3 00 to HOBBY ELECTRONIC. PO Box 1339. SPECIALREOUEST TO ALL AMATEUR RADIOPUBLICITY 

COORDINATORS: Please ~nd~cate In vour announcements 
- - 

FOR SALE: Tower Rotator, Antenna Package -TI,-Ex W 67 
Tower rnotorlzed extenseon from 22' Inestedl to 67' plus mast 
helaht Handwonchoperaled tllt over feature CDE Ham Ill Rota 

Claremont. NH 03743 or call I6031 543-0033 
whether or not your Hamfest location, classes, exams, meetings. 
flea markets. etc.. are wheelchair accessible. This information COLLECTORS: Have Karl Pierson KP-81 communications 

tor-wllson DB.33 110,15meterbeamI Cushcraft 20meter beam 
Very good condltson Package prtce $1250 firm WAIUSO. Fred 
Moller. Old F~tzwilliam Rd. JaHrey. hrH 03452. I6031 532-7635. 

recey;; for sale Complete system recelver speaker cab~net and 
book Open to offers Cal. KL7HEM. 10300 Salver Knolls. Reno. 

would be greatly appreciated by our brotherlsistei hams with limit- 
ed physical ability. 

MICHIGAN: April 5. The South Eastern Michigan Amateur Radio 
Association's29thannual Hamfest Swapand Shop, 8AMto3PM. 
GrossePointe North High School, 707Vernier Road. GrossPointe 
Woods. ARRL. DX and Packet forums. Tickets $1 .00 advance; 
53.00at thedoor. Tables$8.00advance; $10.00 atthedoor. Talk 
inon SEMARA repeater 147.70110and 146.52simplex. Forinfor- 
mation: SEMARA Hamfest, PO Box 646. St. Clair Shores, MI 
48080 or phone Fred Lweis, NKBM 13131 881-0187. 

PERFORATED ENCLOSURES 17 ~ 8 . 5 ~  7.5deepwithgrey palnt 
and 17 x 8.5 x 11 deep with iridite finish. Unpainted blank front 
panel. Approximately 50each. S10and $15respectively. Ouantlty 
discountavailable. Don Reed, KOIFO. 911 North Lynn, Indepen- 
dence. MO 64050. 1816) 252-9436 

IBM-PCRTTYICW. New CompRny II isthecomplete RTTYICW 
program for IBM-PC's and compatibles. Now with larger buffers. 
bettersupport for packet units, pictures, much more. Virtually any 
speed ASCII, BAUDOT. CW. Text entry via built-inscreen editor! 
Adjustablespliiscreen display. Instant modelspeedchange. Hard- 
copy. diskcopy. break-in buffer, select calling, text file transfer, 
customizablefull screen logging. 24programmable 1OOOcharac- 
ter messages. Ideal for MARS and traffic handling. Requires256k 
PCor ATcompatible, serial port. RS-232C TU. $65. Sendcalllet- 
ters [including MARS) with order. David A. Rice, KC2HO. 25Vil- 
lave View Bluff. Ballston Lake, NY 12019. 

- 

-- 
DISCOVER "THERADIO WORKS". See what wearedoing with 
high performance HF.andVHFantennas, parts, andaccessorles. 
Unusual 48 page discount catalog. 22 cents SASE. The RADIO 
WORKS, HRAPR, Box 6159, Portsmouth. VA 23703 18041 
484-0140. 

MINNESOTA: April*. lOch annual Rochester Area Harnfest spon- 
sored by the Rochester ARC. John Adams Junior High School. 
1525NW31sl Street. Rochester. Doorsooen8:r)AM. Larqeflea 
market, speakers, programs, refreshmentsand plenwof fr& park- 
ing.Talkinon 146.22182. WOMXW. Forfurtherinformationcon- 
tact: RARC c/o WBOYEE. 2253 Nordic Ct. NW. Rochester. MN 
55901. 

R-390A RECEIVER: $195 check: $1 15 reparable. Parts, tubes. 
sections. Info SASE. Mint militaw-spec pull-out 12AT7.6AG5: 
S151dozen. CPRC-26sixmeter transceiver lsee Ham Radio, March 
1985) $17.50 apiece, $32.50 pair ladd $4.50/unit shipping). 
Baytronlcs, Box 591, Sandusky, OH 44870. 1419) 627-0460 
evenings. 

TRS8O 4PlKANTRONICS UTU RTTV. Spl~t.screen. 10 user 
keys. file transfer Runs In Mod 4 180 char1 mode. $30 to COM- 
MPRO RTfY, c oKB6IC.3711 Gayle Avenue. Omaha. NE68123. 

NEW JERSEY area Chaverim. an oraanization of Jewish Ama- COMPUTERS COMMODORE 64 and XT repair. ABS (2011 
758-6673. teur rad~ooperators completing 1ts4t~successful year. ~nvrtesall 

hams and those mterested In Amateur Radlo to loan, particularly 
tho+@ ~n Monmnuth and Orean countnesof NJ We meet the flrst 

- 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radm Auslrla 
Kalln Ueber 

Canaoa 
POSIIach 2454 

sen0 orders 10 

D 7850 Lwrrach 
Ham Radio Magazine 

W e ~ l  Germany 
Greenv#lle NH 03048 USA 
P r m s  8n Canadoan lunds 

Ham Radlo Belgium 
1 yr S41 85 2 ym $74 25 

SIereOhOUSB 
3 yrS $99 90 

erusrel~esleenrrsg 416 
8 9218 Genl 
E+lglum Ham Radoo Italy 
Ham Radlo Holland 
Postbus 413 El%xi: 
NL 7800 *r Emmsn Italy 
HOllsnd 
Ham Radm Europe 
Box 2084 Ham Radlo Swllzerland 

Karln Ueber S 194 02 UPPland6 Vasbv 
PoDlfach 2454 Sweden 
D 7850 Loerrach 

Ham Radlo Francs Wesl Germany 
SM Electronu: 
20 boa AVB des Clarlons 
Fa90M Auxerrs 
Frame Ham Rsdoo England 

C/O R S G B 
Ham Radto Germany Alma House 
Karln Ueber Cranborne Road 
Posllach 245d Potlers 881 
D 7850 Lmrrach 
Wesl Germany 

Hens EN6 3JW 
England 

CODE PROGRAMS. AppleIC-64.31 modes, graphics, menus. 
wordprocessor. etc. LARESCO, POB 2018. 1200 Ring Road, Calu- 
met Citv. IL 60409. 1312) 891-3279. 

Sunday otthemonth ln thy~ewlsh  Community Center. Grant 
Avenue Deal Wnre POB 192, West Long Branch, NJ 07764 

SOLAR ELECTRIC PANELS and System Components. 1st qual- 
ity for home or repeaters. Lowest prices in country. KABDSS. 
RADIANT DISTRIBUTORS, 3900 Oursum, Ada, M149301. 1616) 
874-8899, 

OHIO: April 24.25.26. DAYTON HAMVENTION. 

The Dayton Amateur Radlo Assoclatlon is now accepting 
applications for its 1987 Scholarship Program. Any licensed 
Amateur graduating from high school in 1987 is eligible to enter. 
For information and application forms write OARA Scholarship 
Committee, 317 Ernst Avenue, Dayton, Ohio45405. 

OHIO. April 24. The 18th annual B'A'S'H' will be held on 
FRIDAY NIGHT of the Hamvention. at the Conference Center 
[Madison Rooml of the HARA ARENA AND CONFERENCE 
CENTER, Ithesamelocation as the Hamvention) starting at 7:00 
PM. There is no admission charge. and free continuousentertam- 

- 
WASGFR R F  SOFTWARE $15.00, disk contains 
HFIVHFIUHFIL-BAND propagatlonand Sm~thChaRimpedance 
matching programs. Specify Commodore64 or MS-DOS BASIC 
Lynn Gerig, 6417 Morgan RD, Monroeville. IN 46713. 

REMEMBER TROLLEY CARS? TroIbv Trmsures: The Wanime 
Years ,n New Jersev 11939-19471. a 4-volume ohotodocumentaw 
hi(ory, includes i660 i"&ish&, or~glnal ~60to~raphsplus ex: 
tenslve hlstor~calnotes. Volume I. The Compromise Roof Carsof 
PubBc Serv~ce Coordinated Transpon, ready now. SASE for de- 
ta11s TO order, contact Trolley Themes. A.W. Mankoff. 2237-3 
Woods~de Lane. Sacramento. CA95[125. 1$14.95plus$l 50SEtHl 

ment. Hotdlnner, sandwohs, sgacksand beveragesareavaila~e 
TWO excitlng top awards. and many others. Stay right at HARA 
whan the Harnv~nlion closes on Fradav evenma and meet vour - .  . 
friends and p m  us for ani;&ni of funand entGamment Spon 
sored by the Mlam~ Valley FM Assoclatlon. PO 60x263. Dayton. - 

UHFPARTS. GaAs Fets, MMICs, trimmers, chip caps, teflon pcb. 
andother builder parts. SASE bringslist. MICROWAVE COMPO- 
NENTS. 11216 Cape Cod, Taylor, MI 48180. 

Ohio 45401 

OHIO: Apr424 The Dayton Clncmnatl Chapter 901 the OCWA 
announcesthe 1987 OCWA Banquet. Frldav n~ght of the Davon 

SSSSSSUPER SAVINGS on electronic parts. components, sup- 
pl~esand computer accessories. Free@-page catalog for SASE 
Get onourmailinglist. BCD ELECTRO. PO Box830119. Richard 

Hamvention. Neil's Her~tage House in Dayton. COD bar at 6:30; 
dinnerat7:r). TicketsS13.M)each. Contact BobDingle. KA4LAU. 
657 Dell Ridge Drive. Dayton, Ohio45429. OCWAmembershipis 
not requ~red to attend. son, TX 75083 orcall (2141 690-1 102. 
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NEW JERSEY: May 9 The Cherryvllle Repeater Assoc~at~on s 
annual Hamfest Hunterdon Central H~gh School. Flemrngton 8 
AMlo4PM lndoortablesolusta~loat~no FCCexams forumsdls 

Hamfest, DCARA, PO Bkox 236, Springfield, PA 19064 or call 
Barbara. N3DLG 1215) 535-1616. 

plays and more Talk In on 146 52" 147975, 375 For funher in 
format~onor reservat~onscall Bill lnkrote K2hcJ 1201 1788 4080or 

ONTARIO: April 11. The6thannual Durham Region Flea Market 
sponsored bythe South Pickering ARC. P~ckering High School. 
Church Street N.. Pickering Village, Ajax. Admission $3.00. Child- 
renunder 12free. Tables$6.00eachplusadmission. Forinforma- 
tion, VE3OAX 1416) €83-7562; VE3NBE 1416) 839-9208; VE3JPP 
1416) 282-3983. 

Don Mazak. NR2H (201) 782-11 14 

COLORADO: June 20. The Grand Mesa Repeater Society will 
hold its8th annual Western Slope Amateur Radioand Computer 
Swapfest, 9AMto4  PM. National Guard Armory, 482-28 Road, 
Grand Junction. Freeadmission. Swaptables$5,00each. Indoor 
swapfest. Amateur Radioexams, auction and refreshments. Talk 
in on 146.221.82and449.20. For tablesor information SASE to Les 
Scott, NVOF. 2105Yellowstone Rd, Grand Junction. CO81503or 
call (303) 242-5296. 

2-30 MHz 12V(' - Z8V) 
PIN Rating Net Ea. Match Pr. 

MRF412,IA 80W $18.00 545.00 
MRF421 0 100W 22.50 51.00 
MRF422' 150W 38.00 82.00 
MRF428,IA' 25W 18.00 42.00 
MRF433 12.5W 12.00 30.00 
MRF449,IA Q 30W 12.50 30.00 
MRF450,lA Q SOW 14.00 31.00 
MRF453,IA Q 80W 15.00 35.00 
MRF454,IA Q 80W 15.00 34.00 
MRF455,IA Q BOW 12.00 28.00 
MRF458 BOW 20.00 48.00 
MRF475 12W 3.00 9.00 
MRF478 3W 2.75 8.00 
MRN77 40W 11.00 25.00 
MRF479 15W 10.00 23.00 
MRF485' 15W 6.00 15.00 
MRF492 Q 90W 18.75 37.50 
SRF2072 Q 65W 13.00 30.00 
SRF3882 Q llOW 25.00 54.00 
SRF3775 Q 75W 14.00 32.00 
SRF3795 Q SOW 16.50 37.00 
3800 Q lOOW 18.75 41 .OO 
2SC2290 BOW 19.75 45.50 
2SC2879 Q 100W 25.00 58.00 

O = Solecled Hlgh Galn Matchod Ouads Avallabla 

WESTVIRGINIA: April5 Charleston WV Area Hamfestand Com- 
puterShowinCharlestonCivicCenter. 8AM to5PM. Admission 
$4.00. Forums, SSTV, Packet, Flea Market and Swap Tables. 
Computer demos. ARRL booth. Talk in on 6.ZE16.88. For infor- 
mation: 0111s Rinehart, KABTIK, 1258 Rldge Drive. South 
Carleston, wV25303. 1304) 768-9534. 

CALIFORNIA: May 1.2, and3: The Fresno Amateur Radio Club 
will hold its45th annual Hamfest, Fresno Airport Holiday Inn. Air 
conditioned dealer spaces and swap tables. FCC exams. Good pro- 
grams and parking. Demonstrations and forums. Talk in on 
146.34-94. For information: Glen T. Caine. Fresno ARC, PO Box 
783. Fresno, CA 93712 or 1209) 292-461 1. 

WISCONSIN: May2. TheOzaukee Radio Club willsponsor ~ t s b h  
annual Cedarburg Sw.~pfest. Circle €3 Recreation Centet, Highway 
60 and County I. Cedarburg. 8 Am to 1 PM. Admission $2.00 
advance. $3.00atthedoor. 4'tables$3.Weach. Foodandrefresh- 
mentsavallable. Fort ckets. reservatlonsor ~nformation SASEto 
1987 ORC Swapfest. 101 E Clay Street. Saukv~lle. \hl53080or 
phone 14141 2&1-3211 INDIANA: Aprd4 The4th annual Columbus Amateur Rad~o Club 

Swapfest. Banholomew Cuunty Fairgrounds m Columbus 8 AM 
to5PM FCCtest~ng Advancesetup Fr~day. Apr1l3w>thovern1te 
securlty prov~ded Free patkmg Talk In on 146 790and444 950 
For ~nformat~on Dave Mann. KA9UUP. 458N Country Club Rd 
Columbus IN 47201 18121 342 6302 

TEXAS: April 18. Ths Austin ARC'S Spring Swapfest, Mancha- 
ca Firestationon FM1626. Open 7AM. Freeadmtssionandpark- 
Ing. Tables $2.00. Talk in on 146.181.78. For info: Dave Harper, 
WD5N. 109W. 38. Austin, TX78705. Tell5121454-=evenings. 

NEW JERSEY May 17. The Bergen County ARA issponsoring its 
Spring Hamfest, Bergen Community College. 400 Paramus Road, 
Paramus. 8 to 4 PM Rain or shine. Buyers free. Sellers $5 per 
space, tallgateonly. Licenseexams. Talkinon 146.19f79and.520 
simplex. Forfunher information: Jim. KK2U 1201 1445-2855.444 
Berkshire Rd. Ridgewood, NJ 07450. 

NEW YORK: May 3 The Suffolk County Radm Club s ~ndoor out 
door flea market 8 AM to 2 PM Republ~c Lodge No 1987 585 
Broadhollow Road, Rt 110 Melv~lle L I Generaladmss~on $3 00 
Spouseand kldsunder 12free lnaoor tables510 each Outdoor 
spaces $7 00 each Includes one free adm~ss~on Talk #n on 
144 61 145 21 and 146 52 s~mplex For ~nformat~on B~ll Sull~var~ 
h2ETG 15161 689 9871 evenlngs 

WISCONSIN: April !,. The Madison Area Repeater Association. 
1M.A.R.A.) is please toannounceits 15thannual Madlson Swap- 
fest. Dane County Exposition Center Forum Building, Madison. 
Ooorsopen7:30AM for flea marketsellersand8AM forthe general 
public. An all-you-can-eat pancake bareakfast available at the 
Swapfest. Admissiori $2.50advanceand $3.00at thedoor. Child- 
ren twelve and under admitted free. Flea market tables $5.00 
eachladvanceand S6.WIdoor plusadmission. Thedeadline for 
ticketsand tablereservationsisMarch31. 1987. For tickets, tables 
orinformation writeM.A.R.A., POBox3403, Madisoil, WI5.3704 
or call 16081 274-5153 day or night. 

TENNESSEE: April 5. The Clarksville Amateur Transmitting 
Society is sponsoring their annual Swapfest. National Guard 
Armory, Hw41A. Clarksville. Tables$5.00each. Freeadmission. 
Talk in on 146.52or 146.805-.Wor packet 145.03. For tables or 
information call WO4OBJ. Larry, (6151 232-6141. 

NEW JERSEY: Mav3. TheTri-Countv Radio Association'sannual 
VHFIUHF TRANSISTORS 

Rallng MHz Net Ea. 
MRF224 40W 138.174 13.50 
MRF237 4W 138.174 3.00 
MRF238 30W 138.174 13.00 
MRF239 30W 138.174 15.00 
MRF240,lA 40W 136.174 18.00 
MRF245 8OW 136.174 28.00 
MRF247 75W 136.174 27.00 
MRF607 1.75W 138.174 3.00 
MRF841 15W 407.512 22.00 
MRF844 25W 407.512 24.00 
MRF848 4OW 407.512 28.50 
MRF848 BOW 407.512 33.00 
SO1441 150W 138.174 74.50 
SD1447 l00W 138.174 32.50 
2N5591 25W 138.174 13.50 
2N808O 4W 136.174 7.75 
2N8081 15W 138.174 9.00 
2 N W 2  25W 138.174 10.50 
2N8083 30W 136.174 11.50 
2N6084 40W 138.174 13.00 

Met& Pr. 
32.00 - 
30.00 
35.00 
41.00 
85.00 
83.00 - 
49.00 
54.00 
59.00 
89.00 

170.00 
78.00 
34.00 - 
- 
- 

24.00 
31.00 

Indoor Hamfest Flea Market, Passac Townshlp Communtty 
Center. St~rllng 9 AM to 3 PM Donat~ons $3 00 Tables $8 00. 
wloower $10 00 Reserved talloatlno Refreshments Talk ~n on 
14f856 255.146 52and444 975146 975 ~or~nformat~on DI;~ 
Franklln W2EUF POB 182 Westf~eld NJ 07090 1201 1232 5955 

ARKANSAS: May 2 The hcorthwest Arkansas ARC w~ l l  hold 11s 
7thannual Hamfest, Rogers Youth Center. 315West Ol~ve Street. 
Roaers 8 AM to 4 PM Doors oDen 6 AM for exhlbltors General 

OPERATING EVENTS 
"Things to do .  . ." adGes~on and park~ng free Nearby recreatlonalareasandpark 

~ngforRV'sandcampers Talk1non16 760103 63 Forlnforma 
tlon Roy Mllllren. AF5W. 2014s 16thStreer. Rogers. AR 72756 
1501 1636-6750 Aprll25. The Grear River ARC of Dubuque, Iowa will operate 

N9GBY from 1 W Z  to 23002 at the siteof theannual Boy Scouts 
of America Grant P~lgrima e in Galena Illinois. For a QSL card 
SASE to N9GBY. PO Box941, ~alena:l~61036. - 
A~rll11.The St. Charles ARC willooerate WBOHSI from 14002 

VIRQINIA: May3. The Lynchburg ARC will holditsannual Swap- 
fest. Brookville High Schoolgrounds, Route 4&4l West, just out- 
side Lynchburg. Rain or shine. Starts9 AM. Admission $1.00. 
Tailgaters pay general admission plus 52.00. VE exams beginning 
1 PM. Please pre-register. For moreinformation write Lynchburg 
ARC. PO Box 4242. Lvnchbura. VA 24502. 

td22002 tocelebrat., 11s 15thannwersary near Itsor~g~nalmeetiny 
sole In St Charles MO For cen~f~cates SASE to St Charles ARC 
PO Box 1429 St Charles. M063302 

OKLAHOMA. April5. The Great PlainsARC's6thannual North- 
w&Oklahoma Eyeballandswapmeet, Mooreland, starting9AM. 
Admission $2.00. Dealer and swap tablesavailable at no charge. 
Covered dishdinnerat noon. Localairport. VEtestsSaturday, April 
4. Campsitesavailable.Talkinon 147.72112.146.13173and 146.52 
simplex. For information writeGerald Bowman. WGSZ,. Box356 
Mooreland. OK 73852 or call 1405) 994-5600. 

Aprll10,11,12. The Lanierland ARC will oeprate W4IKR 14002 
to2200Zeach day. To honor the 50th anniversary of thecomple- 
tionof the Applachian trail, theMOOmile hikingtrailfrom Springer 
Mt. in Georgia to Mt. Katahdinin Maine. For commemorativecer- 
tificate send QSL and 9x12 SASE 139 cents) to Lanierland ARC, 
PO Box 2182, Gainesville. GA 30503. MISC. TRANSISTORS 6 MODULES 

MRF134 $16.00 MRF497 
MRF138 21.00 2N1522 
MRF138Y 70.00 2 N W  
MRF137 24.00 2N4048 
MRF138 35.00 2N4427 
MRF140 89.50 2N5590 
MRF148 35.00 2N5642 
MRFl5O 89.50 2N5843 
MRF172 82.00 215846 
MRF174 80.00 2N5945 
MRFZOB 11.50 2N5948 
MRF212 18.00 2SC2097 
MRF221 10.00 2SC2237 
MRF280 7.00 2SC19W 
MRF28l 9.00 S10.12 
MRFZ82 9.00 SAV6 
M RF284 13.00 SAV7 
M RF406 14.50 SC1019 
MRF428 55.00 SC1027 
NE41137 3.50 M57737 

- - 
MINNESOTA: April4. The 10th annual Rochester Area Hamfest. 
sponsored by the Rochester ARC. John Adams Jun~or High 
School. 1525 NW 31st Street. Rochester. Doorsopen8.30AM. 

THE FOUNDATION FOR AMATEUR RADIO, INC, plans to 
award26scholarsh~psfor academ~c year 1987 88toass1stl1censed 
Radio Amateurs who plan to pursuea full-time courseofstudies 
bevond hiahschoolandareenrolledor have been accepted bvan Admlssion $2.50 advance, $3.00 at the door. Spouse and har- 

monics free admission. Tables $8.00. Sellina mace $4.00, bring accred~tedun~vers~ty, college or techn~cal school For funher In 
formallon wrtte FAR Scholarships 6903 Rhode Island Avenue 
College Park. MD j0740 nr~or lo Mav 31 1987 

own tables Ltcenseexams Walk ms only falk In on I46 22 82  
WOMXW For ~nlormateon and advance t~ckets RARC c o 
WBOYEE 2253 Nordoc Ct NW, Rochester. Mhc 55901 

ARMED FORCES DAY 1987 May 16 The 38th annual Armed 
Forces Day CommunicationTest. Traditional military-to-Amateur 
cross band operation and broadcast of the Secretary of Defense 
message are the featured highlights and include operations in CW. 
SSB and RTTY. 

RHODEISLAND: May 16. The RI Amateur FM Repeater Service 
will hold their annual Spring Flea Market and Auction, American 
Legion Fairmount Post 85, 870 River Street. Woonsocket. Flea 
marketo~ens9AM andsoacesare C5.00each. Auction from noon 
to5 PM. ~reeadmlss~on.~ood and beveragesava~lable. Talk In on 
%/%and Usimplex For~nformation, R~ck Fa~rweather. KIKYI, 
Box 591. Harrisville. RI 02830 or call 14011 56;8-0566. 7.9 PM 

CHARGE 
YOUR CLASSIFIED ADS 

to your 
@ , MC or VISA 

write or call 

HAM RADIO MAGAZINE 
Greenville, NH 03048 

(603) 878-1 441 

MASSACHUSETTS: Apri125. The Montachusett ARA will hold 
aflea market, Knightsof Columbus Hall, Electric Avenue. 9:30to 
3 PM. Doorsopen8 AM for sellers. Admission $1.00. Tables$8.00. 
Refreshmentsavailable. Talkinon 144.851145.45and52. Forreser- 
vations send check payable to MARA,clo James Beauregard, 7 
Mountain Avenue, Fitchburg, MA 01420. 

SOUTH CAROLINA: May2and 3. The Blue Ridge Amateur Radio 
Society's 48th annual Greenville Hamfest and Electronic Flea 
Market. American Legion Fairgrounds, Greenville. Saturday 8AM 
to 5 PM. Sunday 8 AM to 3 PM. Admission $3.50 advance and 
$5.00 at gate. Indoor/outdoor flea market. license exams, free 
parking, food. For ticketsor information SASEto Blue Ridge ARA. 
PO Box 6751, Greenville. SC 29606. 

NEW HAMPSHIRE: May9. New England's favorite -The Hoss- 
traders Spring Tailgate Swapfest. Deerfield Fairgrounds. Admis- 
sion $2.00 per person including sellers and commercial dealers. 
Fridaynight campingat nominal feeonly after4 PM. Profits bene- 
fit Shriners' Burns Hospital. Last year'sgiftover $13.5001 For map. 
SASE to WAIIVB, RFD Box 57. West Baldwin, MEW091. 

Selected, matched finals for Icom, Atlas. Yaesu, KLM, 
Kenwood. Cubic, TWC, etc. Technlcel arslstancs snd 
crorr.refermce on CD, PT, SD, SRF and 2SC PINS. 

Ouantlty parts usera-call forquolo 

WE SHIP SAME DAY C.O.D.IVISAIMC 
Mlnlmum Order-Wenty Dollars 

(619) 744-0728 

PENNSYLVANIA: May 3 The DelawareCounty ARA~ssponsor 
Ingthe~r Ethannual Hamfest. Drexel Hill M~ddleSchool. StateRoad 
and Penn Avenue. Drexel Hall Doorsopen8 AM Setup7AM Ad 
mlsston $3 Reserved lndoor tableslelec available for 93 00 per 
space. License exams. Refreshments available. Talk in on 
147.96136.224.5and 146.52. For registration and information write 
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Early Reservation Information 
- L__- -- --- - - -- - -- 

General Chairman, Jim Simpson, WBBQZZ . Asst. aeneral Chairman, Bill McNabb, WD8SAY 

Grand banquet tickets a re  limited, please Campers & Trailers 
place your reservations early. 

Giant 3 day flea market Exhibits 
Door prizes License exams 

Campers and  Trailers may be parked a t  Montgomery 
County Joint Vocational School. A HAMVENTION bus 
will provide transportation between the  camper 
parking area and the Arena. No campers o r  travel 
trailers will be ~ e r m i t t e d  to   ark in the  Arena lot o r  - - -  - - -~ - 

CW test Flea Market ar6aI 

Flea Market Tickets Wheelchairs 
Wheelchairs will be available. Send S.A.S.E. for W e  increased Flea Market area by nearly 400 spaces  details to .Wheelchair. P.O. Box 44, Dayton, OH this year and a l l  were sold out  by January 10. 4540 1. 

Special Awards 
Nominations are  requested for 'Radio Amateur of the 
Year', 'Special Achievement' and  'Technical 
Achievement' awards. Contact: Awards chairman, Box 
44, Dayton, OH 4540 1. 

License Exam 
Novice thru extra exams scheduled Saturday & 
Sunday by appointment only. Send current FCC form 
6 10, copy of present license and check for $4.35 
(payable to  ARRL/VEC) to: Exam Registration, 8830 
Windbluff Point, Dayton Oh 45459  

Slide Show . 
35 m m  slide/tape presentation about the  
HAMVENTION is available for loan. Contact Dick 
Miller 2 8 5 3  La Cresta. Beavercreek, OH 4 5 3 2 4  

Parking 
Free parking is available a t  Hara Arena. In addition, 
there will be free shuttle bus service from all major 
motels and designated parking lots. Parking and road 
information will b e  available o n  DARA's 146.34/.94 
repeater. 

Free Bus Service 
Free Bus Service will be provided between many 
Motels and Hara Arena. See the schedules a t  the 
motel registration desks. Avoid parking problems a t  
the  Arena by taking the  HAMVENTION buses. 

Alternate Activities 
HAMVENTION is for everyone. W e  have planned 
activities for the  YL o r  your non-ham family 
members.  

Deadlines 
Award Nominations: April 4 
Lodging: April 4 
License Exams: March 28 
Advance Registration and  banquet: USA - April 1 1 

Canada - April 4 

Information 
aenera l  Information: (5 13) 433-7720 
o r  DARA Box 44 Dayton, OH 4540 1 
Flea Market Information: (5 1 3 )  223-0923 
Lodging Information: (5 13)  223-26 12 
( N o  Reservations By Phone) 

This is the  year for you to  at tend the  internationally 
famous Dayton HAMVENTION. Come with your 
friends t o  hear enlightening forums. see the latest 
equipment, and  visit a flea market that has  
everything! N o  matter what you are  looking for, you 
can find it in Dayton! 

HAMVENTION is sponsored by the  
Dayton Amateur Radio Association Inc. 



Food for thought. 
Our new Universal Tone Encoder lends its versatility 
to all tastes. The menu includes all CTCSS, as well 
ah Burst ~ b n e s .  Touch Tones, and Test Tones. No 
counter o r  tcst cquipment rcquircd to set frequency- 
lust dial i t  in. While traveling, use it on your Amateur 
tri~nsceiver to access tone operated systems, or in 
your service van to check out your customers' re- 
pc;lters; also. as a piece of rest equipment to modulate 
your Service Monitor o r  signal generator. It can even 
operate off an internal nine volt battery, and is available 
for one day delivery, hacked by our one year warranty. 

Group A 

71.9 XA 94.8 ZA 
74.4 WA 97.4 ZB 127.3 3 A  167.9 62 
77.0 X B  100.0 12 131.8 3B 173.86A 
79.7 SP 103.5 IA 136.5 42 179.9 6B 
82.5 YZ 107.2 I B  141.3 4A 186.2 72 
85.4 YA 1 10.9 2 2  146.2 4B 192.8 7A 

Frequency accuracy, + . I  Hz maximum - 40°C to + 85°C 
Frequencies ro 250 Hz available on special order 
Continuobs tone 

Croup B 
 TEST-TONES: 1 TOUCH-TONES: I BURST TONES: 1 

Frequency accuracy, k 1 Hz maximum - 40°C to + 85°C 
All tones in Group A and Group R are included. Tone length approximately 300 ms. May be lengthened. 
Output level flat to within 1.Sdh over entire range selected. shortened or eliminated by changing value of resistor - Sep;lr;lte level adjust pots and output connections for cach TE-64 S79.95 
tone Grouo. 
Irnniunc to KF 
Powered bv h-30vdc. unregulated at 8 ma. 

* COMMUNICATIONS SPEClALIS7S 
Low impe&~ncc. low distortion. adjustable sinewave 426 West Taft Avenue. Orange, California 92667 
outpi~t. 5v peak-to-peak (ROO) 854-0547/ California: ( 7  14) 99%-302 1 
Inst;~nt start-up. 
Oft' position for no tone output. [--Im / 103 
Reverse polarity protection built-in. 



One of the most 
complex operam controls of our 

lugh-performance mobiles. 

Iilu don't have to sacrifice per- 
fi)rmance tn gain simplicity in 
your mobile operation. 

Yriesn's 2-metcr FT-2LlRH and 
340-MHz FT-7llRH give you all 
the performance vou look for in 
:I sophisticated, microprocessor- r;ld~o\ ,110 l ) , i b t ~ l  1111 1 I k 1  \ O I \  

controlled mohilc. s ; in~(~  tt~cl~~tolog\: 
With controls that couldn't To begin irlth. you get an 

he more straightfonvard and autodialer mic nith 10 lithium 
casv to learn.lVhich means no backed menioric.~, each capitble 

of storing any k q .  sequence 
up to 22 digits long. 

Plr~s !*ou got: 3.5 n'atts 
output (:5 watts on 3-30 
MHz). L('D rcwdout . 10 
nicn~orics that storcl frc- 
oucncs offset and PI, tone. 

~~)t>riitlIl,$ ( I ~ I I I ~ ) I ~ ~ \ I I I ~ ~ ~  10 1 1 1 t t ~ 1 '  (7 mcniorics can store odd 
!tor(. nit h your drlv~ng. splits.) Scan all rncnioric~s or 

In fact, if you (nvi our hand- selected memorios at 2 frcqucn- 
hdd FT-23R, you've alreitdy cies per second. Bnntl scan at 10 
lcarncd how to use our FT-211RH frcqucncies per second. It offset 
and FT-711RH. Because all three sto~lgc. Priorit) channel scan. 

lining via tuning knot), or up1 
docim 1,uttons. PI, tone 1,onrd 
(optional). PI, displa~j: 

Indrpcndcnt 1'1, menlor? pcr 
chann(>l. PL cncodr our/ tlrc.odc. 
LC11 po\lrr outpr~l ;11it1 "S'~nlctc3r 
displ:~~: Eight-ktp c*or~lrol pittl. 
Kc!piul lock. High /low poivrr 
stvitch   lo^ po\\rlr: > watts ll-IF, 
:3 \mi ts I'HF). 

ljllat's niortl, cilc.h ctdio is 
perfect for ovt~rhrnd ~nounting. 
,Just remove a fi>\r. sc8ron.s and 
flip the control panc\l 1SOP 

Iliscovrr tho  2-n1c>tcr FT- 
211RH and 440-MHz FT-7llHH 
at yollr ncarcsl \ht.su tlritlcr 
today If yo11 can turn il knot) 
and p ~ s h  iI t)rlttnn, ~011 '11  ha\r 
higli-porforn1i1nc.c mohilc opera 
tion mastcrctl. 

k s u  USA lPZl 
V 

0 Ed!vards Road:Crrritos, CA!In'iOl (211) 101.?700. Repair SMC~: "I?) .i04.4X84. 
wru Cincinnati Service C I I  0 i d  i'urh l)rin., Harniill~n, Ok~Nl i  (515) 8 

Parts: (21.3 
,J :?lo11 

nns sul~jwl ((I 1111 noticc PL 
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TS-AAOS Compact high p ~ r f o r n a ~ c e  HF t r a n s c e i v e r  
with genera! coverage receiver 

Kenwood's advanced digital know-how Superior receiver dynamic rancje 
brings Amateurs world-wide “big-rig" Kenwood DynaMlx" hlgh sensitivity direct 
performance in a compact package. We mlxlng syslem ensures l r ~ e  102oB receiver 
call i t  "Dioital DX-citementV-that s ~ e c i a i  dvnam,c ranoe 1500hz bandw~dln on 20ml - .  
feeling you get every time you turn'the 100ob duty cycle transmitter 
power on! Super efficient cooling permits continuous 

. :er:, ,111 Amateur bands key-down for pehods exceeding one hour. 
Grneral coverage recelver tunes from RF input power is rated at 200 W PEP on 
100 kHz-30 MHz. Easily modifled for SSB. 200 W DC on CW. AFSK. FM, and 110 
HF MARS operal~on. W DC AM. (7 he PS-50 power supply 1s 
Direct keyboard entry o f  frequency needed for~continuous duty.) 

2 
djustable dlal torque , 0n memory channels 

Frequency and mode may be stored In 
10 groups of 10 channels each Spl~t fre- 
quencies may be stored in 10 channels 
for repeater operation 
TU-8 CTCSS untt (opt~onal) 
Subtone 1s memorized whenTU-8 1s Installed 
Superb interference reduction 
IF shltl, tuneable notch f~lter, nolse blanker. 
all-mode squelch. RF attenuator. RITIXIT, 
and opt~onal flllers fight ORM 
MC-43s UPlDOWN mic Included 
Computer Interface port 

All modes built-in . . .- - - ~ -- 5 IF filter functions 
USB. LSB. CW. AM. FM. Dual SSB IF filtering 
and AFSK. Mode A built-ln SSB fllter 1s 
selection is verified in standard. When an 
Morse Code. optional SSB filter 
Built-in automatic WK-88s or YK-88SN) is 
antenna tuner installed, dual filtering 
(optional) is provided. 
Covers 80-10 meters. VOX, full or semi 
VS-1 voice synthe- break-in CW 
sizer (optional) AMTOR compatible 

",,,,",,<>, , < , A ,  , 8 . AT-440 lnternnl auto, anlerlrla lurlel (80 m-10 m) Kenwood takes you 
.AT-250 external auto, tuner (160 m-10 m) 

AT-130 compact mobile antenna tuner (160 m- 
from HF to OSCAR! 

10 rn) . IF-232CilC-10 level translator and modem 
IC kil . PS-50 heavy duty power supply PS-4301 
PS-30 DC power supply 9 SP-430 external 
speaker. MB-430 moblle mountlng bracket 

YK-88C18BCN 500 Hz1270 Hz CW lilters YK-88Si 
88SN 2.4 kHzI1.8 kHz SSB filters MC-60Al80185 
desk microphones . MC-55 (8P) mobile mlcro- 
nhone . HS-51617 headohones SP-40150B 
7~~ -~~ 

mob~le speakers. MA-!%/P-~ HF 5 band mobile 
helical anlenna and bumper mount TL-972A 
2 kw PEP linear amplifier SM-220 slatlon monllor Cu,,,pb+e serv,ce TRIO-KENWOOD COMMUNICATIONS 

VS-1 voice synlheslzer SW-l00Ai200A/2000 I,,, Kenwood rranscervers and most accessones 1111 West Walnut Slreet 
SWRlpower meters. TU-8 CTCSS tone unit Specrrlcar!onc andprrces are suolecr ro cnange wrrhour Compton. Cal~forn~a 90220 

PG-2S exlra DC cable norrce or obligalion 
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