


Dual Band Radios from ICOM! 
Double your operating pleasure with Icom's new dual 
band IC-3210 mobile and IC-32AT handheld FM trans- 
ceivers. Each unit incorporates a wealth of special 
features and options deslgned to move you into the fore 
front of today's expanded 2-meter and 440MHz activity. 
Icom dual banders: the FM enthusiasts dream rigs! 

Wideband Coverage. 130th the IC-3210 and 
IC-32AT receive 138 to 174MHz includin all NOAA rd-I weather channels, transmit 140 to 150 z including 
MARS/CAP, and operate 440 to 450MHz. Total 
coverage of today's hottest FM action! 

Full Duplex Operation. Simultaneously transmit 
on one band while receivin on the other for mcom- 7, parable dual band autopatc ~ng! 

20 Memories. Store an combination of standard or r, odd repeater offsets and su udible tones. 

Powedul! The IC-3210 delivkrs 25 watts output on 
both bands. The IC-32AT is five watts output on both 
bands. Selectable low pwer for local use on both units. 

Programmable Band and Memory Scanning. 
Includes easy lockout and recall of varlous memories. 
Exceptional flexibility! 

Repeater In ut Monitor Button. Opens the 
squelch and c i! ecks Tx offset simultaneously. 

Pn'oity Watch. Monitor any channel for calls 
whlle continuing operation on another frequency. 

Optional Beeper. Monitors for calls with your 
subaudible tone, then gives alerting beeps. 

Double Your Bands with Icom's dual band 
IC-32AT handheld and IC-3210 mobile, and double 
your operating pleasure on 2-meters and 440MHz. 
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EIMAC's 
new DX champion! 
The 3CX80bn7. 
Varian ElMAC continues to com- 2'12 in 15 cm) high. Cool- 
mit its development of reliable ing requirements are modest 
tubes for HAM radio. and a matching socket, air 

chimney and anode clamp are 
The new, rugged 3CX800A7 available. 
power triode provides 2 kW PEP 

A data sheet and more input for voice service or 1 kW tion is available from Varian cw up to Two 
EIMAC. Or the nearest Electron tubes will meet the new, higher Device Group sales oflice. power ratings authorized by the 

FCC. or write today. 
W a n  EIMAC 

Designed for today3 low profile, 301 Industrial Way 
compact linear amplifiers, the San Carlos, California 94270 
3CXBOOA7 powerhouse is only Telephone: 415-592-1221 
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11 0 I a w n  
Satellite Transceiver 

High stability VFO. The dual digital VFOs 
feature rock-stable TCXO (temperature com- 
pensated crystal oscillator) circuitry, with 

The new KenWood TS-790AVHFNHFa11- frequency stablltty of +3 ppm. 
mode tri-band transceiver is designed 
for the VHF/UHF and satellite . Operates on 13.8 VDC. Perfect lor 

use!' The new TS-790A is an all-mode mOuntain-tOp DX~edittOnsi 

144/450/1200 MHz transceiver with T h e  mode switches confirm USB, LSB, 
many special enhancements such as CW, or FM selection with Morse Code. 
Doppler shift compensation. Other fea- Dual Watch allows reception of two 
tures include dual receive, automatic bands at the same time. 
mode selection, automatic repeater off- Automatic mode and automatic 
set selection for FM repeater use, VFO repeater offset selection. 
or quick step channel tuning, direct key- . ~ i ~ ~ ~ t  keyboard frequency entry. 
board frequency entm 59 . 59 multi-function memory channels. nels (10 channels for separate receive 
and transmit frequency mul- Store frequency. mode. tone ~nformation. 
tiple scanning and multiple scan stop offset. and quick step funct~on. Ten memory 

modes.The Automatic Lock Tuning channels for 'odd split: 

(ALT) on 1200 MHz eliminates frequency CTCSS encoder built-in. Optional TSU-5 
drift. Power output is 45 watts on 144 enables sub-tone decode. 
MHz, 40 watts on 450 MHz, and 10 watts Memory scroll function. This feature 
on 1200 MHz. (The 1200 MHz section is allows you to check memory contents 
an optional module.) without changing the VFO frequency. 

A 

channel lock-out IS also prov~ded. 
ALT-Automatic Lock Tuning-on 1200 
MHz eliminates drift! 

500 Hz CW filter built-in. 
Packet radio terminal. 
Interference reduction controls: 10 dB 

RF attenuator on 2m, nolse blanker. IF shift. 
selectable AGC, all mode squelch. 

Other useful controls: RF power output 
control, speech processor, dual muting. 
frequency lock switch. RIT. 

Voice synthesizer option. 
Computer control option. 

Optional Accessories: 
PS-31 W r  supply SF31 External speaker 
UT-10 1200 MHz module VS-2 Voice synthesizer 

unll TSU-5 Programmable CTCSS decoder 
IF-232C Cornpuler rnterface MG60A/MC-80/ 

MC-85 Desk mtcs HS-5/HS-6 Headphones 
MC-43s Hand rnlc PG-2s Extra DC cable 

KENWOOD U.S.A. CORPORATION 
2201 E .  Domlnguez St.. Long Beach. CA 90810 
PO. Box 22745. Long Beach, CA 90801-5745 
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VIEW FROM THE TOP 
By the tlme you get thls magazine, the 1989 Dayton HamventlonTM will be a dlstant memory However, as I s~ t  here and wrlte today, Dayton 

IS just a week away 
For those of you who've never been to Dayton, 11's truly one of the most lnterestlng experlences you'll ever have Plan to go someday 

You II have the tlme of your llfe The Hamventlon IS three lam-packed days of the best forums, displays, and opportunltles to meet people 
from around the world I've run across frlends I haven't seen In twenty years, and connected faces to volces from far off DX locat~ons 

If you d~dn't make Dayton thls year try to set asrde tlme to go next year It really IS one of the most enjoyble events on the ham calendar! 

NO-CODE SURVEY RESULTS 
An Even Split: 50% for, 50% against 

WOW! Did we get a lot of mall. 
March's edltor~al dlscussed the concept of a no-code license and asked for responses from you, our readers. Qulte a few of you took 

the time to ether pen a QSL card wlth a simple statement or wrlte long thoughtful responses. From simple "Yes!" or "No!" answers, to 
four-page letters detailing your positions, you sure let us have 11 wlth both barrels. 

Of the responses we received, there was an even 50-50 split of oplnion. The last tlme no-code was dlscussed In 1983, the responses 
lo our edltorlal ran 20 to 1 agalnst a no-code llcense What has changed in our hobby over the last few years and what does it mean? 

Flrst of all, no-code as a llcense class won't be the panacea for Amateur Rad~o's problems. It IS, however, a step recognlzlng that not 
everyone who would llke to be ham wants to learn the Morse code As currently envls~oned, a no-code licensee's prlv~leges would be for 
bands above 50 MHz only. Many of you are under the lmpresslon that there would be a below 30 MHz no-code license That IS slmply 
not the case. 

A number of you feel strongly that CW acts as a "lid fllter," or a way to weed out undesirable potentlal new hams. That's what they told 
me about pledglng a fraternity in college - golng through ~t would make a better brother out of me. I dldn't buy 11 then and I don't today 
Hazlng has all but been ellmlnated from our soclety. Most of us recognize that it's better to stimulate a person with posltlve motivation than 
with "tr~als" and tests, or hurdles to overcome. 

Several of you commented that there is already (for all intents and purposes) a no-code license - CB. However, CBers are not hams 
and are mlsslng all of the benefits that we, as hams, share. Besides. CB radio was never Intended to be an outlet for casual communications. 

A significant number of letters commented on the fact that CW IS fun. Whlle I agree wholeheartedly, I know many good hams who hate 
CW and, after passlng the General class exam, never want to see a key agaln. 

On the pro no-code s~de, the general trend supported the realizat~on that not everyone who wants to be a ham wants to learn the code 
In thls I~ght, most felt that a VHF or UHF only no-code llcense would be a good Idea. No one suggested that a no-code llcense be a freeble 
or glveaway tlcket. Some suggested that the no-code exam be made harder than the current Extra exam, wh~le others felt that a hcense 
on par wlth e~ther the current Nov~ce or Technlc~an class llcense was In order. 

So, what's next? There have been several very Interesting developments. On March 16. 1989, the Space Coast Amateur Technical Group 
In Melbourne, Flor~da made a formal f~llng with the FCC for a no-code Ilcense. At almost the same tlme, the ARRL No-code Study Committee 
made a proposal to the Executive Committee for a new llcense class wlthout a code requirement The ARRL Board will dlscuss thls step 
further at thelr July meeting. If it IS adopted as pollcy, the Board may dlrect League counsel to draft and submit a proposal for a no-code 
llcense to the FCC by thls fall. 

The bottom llne IS that a no-code license won't result In an explosion In new Amateur Radlo licenses. It will, however, provlde another 
path for brlnglng people into the hobby. It then becomes Incumbent upon us to get others interested In Amateur Radlo. 

One rap made by several wr~ters was that no-code IS nothlng but an attempt by the Amateur Radio industry to Increase the number 
of licensees In order to enhance thelr prof~t marglns Nothlng could be further from the truth The accusers fail to recognize that many 
of us In the buslness are long-time hams ourselves. Wh~le we may be In buslness to make a proflt, that is not the sole force that drlves 
us Many of us are drlven by our love for the hobby and our deslre to ensure that there IS a future for Amateur Radlo. It's often very difficult 
to separate the emot~onal from the ratronal when 11 comes to Amateur Rad~o. 

Tlrne, the ARRL, the FCC, and the rest of us will determine whether or not there w~ll be a no-code Ilcense. If you're currently agalnst 
no-code, please ask yourself ~f you're belng fa~r to those who want to be hams without learnlng the code There are people out there wlth 
much to offer for whom the code would not be a vltal cornmunlcatlons sklll. Who knows what benefits they could bring to our hobby ~f 
we were to encourage them? 

de NlACH 
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Dual Band Afford-abilitv! 

Dual Bander 
The TM-7OlA combines two radios 
into one compact package. You get 
25 watts on 2 meters and 70cm, 20 
memory channels, tone encoder 
built-in, multiple scanning, auto 
repeater offset selection on 2 meters, 
and a host of additional features! 
l 20 multi-function memory channels. 

?O memory channels allow storage of fre- 
quency, repeater offset, CTCSS frequency, 
frequency step, and Tone OnlOff status. 
CTCSS and REV, prov~dlng qulck and easy 
access during moblle operat~on. 
l 25W on 2m and 70cm. 
l Selectable full duplex-cross band 

(Telephone style) operation. 
l Easy-to-operate front panel layout. 
l Multi-function DTMF mic. supplied. 

c,ontrols are prov~ded on the nl~crophone 
lor CALL (Call Channel).VFO. MR (Memory 
Call or to change the memory channel) and 
,j programmable funct~on key The program- 
niable key can be used to control one of the 
f(~llow~nq lunct~ons on the rad~o MHz.T ALT. 
TONE, REV. BAND,or LOW power 
l Easy-to-operate illuminated keys. 

A funct~onally des~gned control panel wlth 
lndlv~dually backl~t keys Increases the con- 
venlence and ease of operat~on durlng 
n~ght-t~me use. 

l Optional full-function remote 
controller IRC-201. 
A full-funct~on remoie controller uslng the 
Kenwood bus llne may be eas~ly connected 
to the TM-701A and mounted In any con- 
ven~ent locatton.The new controller IS cap- 
able of operating all front panel funct~ons. 
l Built-in dual digital VFO's. 

a) Frequency step selection (5,10,15, 
20,12.5,25kHz) 

b) Programmable VFO 
The user fr~endly programmable VFOs allow 
the operator to select and program varlable 
tunlng ranges In 1 MHz band Increments. 
l Programmable call channel function. 

The call channel key allows lnstant recall of 
your most commonly used frequency data. 
l Programmable tone encoder built-in. 
l Tone alert system-for true quiet 

monitoring. 
When activated thls funct~on will cause a 
dlstlnct beeper tone lo be em~tted from the 
transceiver for approx~mately 10 seconds to 
s~gnal the presence of an lncomlng s~gnal 
l Easy-to-operate multi-mode scanning. 

a) VFO scan 
Band scan, Programmable band scan. 
b) Memory scan plus programmable 

memory channel lock-out 
c) Dual scan 

Dual call channel scan 
Dual memory scan 
Dual VFO scan 

d) Scan stop modes 
T~me operated scan (TO) 
Carr~er operated scan (CO) 

Specrhcarror~s and prrces sublecl lo change wrfhoul norrce or oblrgalron 
Cornplefe service manr~als are avarlable lor all Kenwood Iranscervers and mosl acces:.orres 

e) Scan direction 
f) Alert 
When the AL sw~tch 1s depressed memory 
channel 1 IS scanned for actlvlty at approxl- 
mately 5 second lnte~als 
l MHz switch. 
l Lock function. 
l Repeater reverse switch. 

Optional Accessories 
l RC-20 Full-funct~on remote controller 
l RC-10 Multi-funct~on remote controller 
l IF-20 Interface un~t handset l MC-44 Multi- 
furict~on hand mlc l MC-44DM Multi-funct~on 
hand mlc. w~th auto-patch l MC-486 16-key 
DTMF hand mlc l MC-55 8 ptn rnnblle mlc 
l MC-60A/80/85 Llesk-top mlcs l MA-700 
Du,d band (2rn170cm) moblleantenna (mount 
not suppl~ed) l SP-41 Compact mob~le 
speaker l SP-SOB Moblle speakerm PS-430 
Power supply l PS-50 Heavy-duty power 
supply l MB-201 Mob~le mount l PG-2N 
Power cablt~ l PG-3B DC llne nolse lllter 
l PG-4H Interl,~~e connecting cable l PG-4J 
Extens~on cable k ~ t  l TSU-6 CTCSS un~l  

KENWOOD U.S.A. CORPORATION 
COMMUNICATIONS &TEST EQUIPMENT GROUP 
P.O. BOX 22745,2201 E. Domlnguez Street 
Long Beach, CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC. 
P.O. BOX 1075,959 Gana Court 
Miss~ssauga. Ontarlo, Canada L4T 4C2 



Self portrait 
Dear HR 

RE: the February issue, WHAT A 
GREAT COVER!!!! 

I am a broadcast engineer, have 
been a ham for 36 years, and do a 
great deal of design and repair work. 
I am completely at home around elec- 
tronics. 

I recently bought a state-of-the-art 
rig, and my expression upon spread- 
ing out the circuit diagram was almost 
EXACTLY the same as the person 
depicted on the cover. With all my 
years of experience, it took me about 
an hour to figure out where the signal 
came in, and went out. I still haven't 
figured out much in between. 

Keep up the good work on a good 
magazine. 

Walter Boller, W90BGl7, 
Olalla, Washington 98359 

Voice versus packet 
racket 
Dear HR 

An electronic plague has decended 
upon Amateur Radio. Long-standing 
nets and discussion groups have been 
pushed out of existence by the agoniz- 
ing, screeching tide of packet racket. 
Large numbers of those who might 
well be the majority in our hobby now 
find it impossible to monitor their favor- 
ite frequency because a packet station 
has plopped down on it or near it. Who 
can stand that piercing sound that has 
been likened to that of fingernails on 
a blackboard? 

A typical example is found when 
monitoring 144.9 MHz. This frequency 
has been used for fast-scan TV liason 
for over thirty years. It is important for 
signal reports, homing-in antennas, 
and guiding transmitter/modulator 
adjustments. An S-9 packet signal on 
144.905, while not even moving the 
meter on adjacent channels, breaks 
through and can be heard 10 kHz up 
and down. The worst part is that the 

RF burst lasts longer and blocks all but 
the strongest voice signals on 144.9. 

When I first read about packet in 
QSZ; it was described as the ultimate 
in space-age technology. Economy in 
use of the spectrum was the keynote 
in this discussion, due to its inherent 
speed and accuracy. This allows a 
large number of operators to be serv- 
iced by one system. What it really 
amounted to, in may cases, was a new 
justification for having spent hundreds 
of dollars on a computer that started 
gathering dust after the novelty had 
worn off. Although most Hams can talk 
well and many can even chew gum at 
the same time, this great store of wit 
and wisdom had to be digitized, 
dehumanized, and stored in libraries 
called bulletin boards. I guess it goes 
along with the inability to listen and 
write: a product of our "space-age" 
school systems. 

In any case, the basic pleasures of 
Amateur Radio, hearing a voice from 
afar, sensing its emotions, its unique 
sounds, are being bittered. It is bad 
enough to lose frequencies to com- 
mercial interests, but it is much worse 
to have them rendered unlistenable by 
your own group. This could be the final 
assault in which Amateur Radio, like all 
the great empires, falls from within. 

John Shelley, WAIIAO, 
N. Granby, Connecticut 06060 

Another viewpoint 
Dear HR 

Today I received my February 1989 
issue of HAM RADIO, and I just com- 
pleted reading AA6FW's comments 
concerning youth and ham radio. I am 
especially interested because I am the 

author of the August 1988 letter that 
mentioned "gimmees and wanna 
be's.. ." you referred to. 

I agree with several of your view 
points: 
1. Yes, radio seems no longer to be a 
mysterious mechanism to most people. 
2. Yes, perhaps many ham radio oper- 
ators are senior citizens that clump to 
80 meters and BS about nothing. 
3. Yes, perhaps many hams do not 
appreciate growth. 
4. Yes, incentive must come from more 
than the ARRL. 
5. Yes, perhaps, a no-code license will 
be incentive for newcomers to ham 
radio. 

However, I challenge many of the 
arguments used to support these view- 
points. My letter last summer 
expressed my concerns about the few 
numbers of younger people being 
licensed. I appreciate that my perspec- 
tive will always be one-sided. Neverthe- 
less, it's been my experience that 
incentive has to come from within. 

This is apparent in the workplace 
and at home. I am an engineer with 
many years in the IC construction busi- 
ness. The latest craze in productivity 
is "taking ownership." That's great from 
the manager's position. My experi- 
ence, with peers, subordinates, and 
business contacts, has been that this 
ownership has to already be in place 
and active; it cannot be forced. I can 
make someone own a project but I 
cannot (and do not) expect the same 
results I would get if that ownership 
were sincere. 

The same is true with ham radio. 
This hobby has and always will provide 
technical challenges and satisfaction 
for those willing to move forward. The 
old saying, "You can take a horse to 
water but you can't make him drink," 
is appropriate. I worked with high 
school kids a few years in a program 
(Explorer's Group) involving them with 
the wonders of engineering and 
science. Either they are interested or 
they are not. 
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Two in the Hand! 
2m/70cm Dual Rand MT 
The new TH-75A Dual Band HT 
fromKenwood is here now! Many 
of the award-winning features in 
our dual band mobile transceivers 
are designed into one hand-held 
package. 

J atch function allows you to 
monitor both bands at the same time. 
1.5 watts on 2 meters and 70cm: 
5 watts when operated on 12 VDC 
(or PB-8 battery pack). 

, , r c ~ 1 .  - I . 'ion LCD 
d i s ~  ~q). 
' 0  memory channels for each band 
stores frequency, CTCSS, repeater off- 
set, frequency step information, and 
reverse.A lithium battery backs up 
memories. Two memories for "odd 
split" operation. 
Selectable full duplex operation. 
Extended receiver range: 

141-163.995 and 438-449.995 MHz; 
transmit on Amateur band only. (Modifi- 
able for MARS and CAP. Permits required. 
Specifications guaranteed on Amateur 
bands only.) 
Uses the same accessories as the 

'Y-25AK (except soft cases). 
\lolume and bplance controls, 
olus separate squelch controls on 
top panel. 
Cuper easy-to-use! For example, to 
recall memory channel, just push the 
channel number! 
CTCSS encode/decode built-in! 
Iiutomabic Band Change (ABC). 
Automatically switches between main 
and sub band when signal is present. 
Automatic offset selection on 
m e t e r s .  
Tone alert system for quiet moni- 
toring. When CTCSS decode is on, 
the tone alert will function only when a 

C Dual band and PTT SC-2; and S C - 2 3  Soft case 
rubber-flex antenna, PB-6 battery pack, SMC-30/31 Speaker mlcs WR-1 Water 
wall charger, belt hook, wrlst strap, resistant bag 

water reslstant dust caps. 
signal with the proper tone is received. optional Accpssories 
Four ways scan* including . p,-5 Z2 V, 200 mAh NiCd pack for 1.5 W memoryscan, with time Operated Or output pR-r, 7.2 V, 600 mAh NiCd pack 
carrier operated scan stop modes, and . pr?,-, 7.2 V, 1100 mAh NiCd pack . p3-8 
priority alert. 12 V. 600 r n ~ h  NlCd for 5 W o u t ~ u t  PE-9 7.2 
f lutomat~c battery saver circulb 600 mAh NlCd wtth bu~ l t -~n  charger RC-10 
t.xtenrs batterv l ~ f e  Compact charger (1C-11 Rap~d charger 

S~~~CIIIC~IIOIIS and pnces st~blect lo change w~rhour norrce or obbgalron 
C~~nipletc scrvrce manuals are avarlable lor all Kenwood rranscervers and most acces:orres 

KENWOOD 
KENWOOD U.S.A. CORPORATION 
COMMUNICATIONS &TEST EQUIPMENT GROUP 
PO. BOX 22745.2201 E. Domlnguez Street 
Long Beach.CA 90801-5745 
KENWOOD ELECTRONICS CANADA INC. 
P.O. BOX 1075,959 Gana Court 
Miss~ssauga, Ontario. Canada L4T 4C2 



MFJ.986 The new MFJ 986 ~l t le rent lz  TTM 3 
KW PEP 2 knob Tuner has a dtfferentlal 

s2 69es capac~tor to make tunlng foolproof 
and easler than ever. It ends constant retunlng with 
broadband coverage and glves you minimum SWR 
at only one best settlng. Covers 1.8-30 MHz. 

The roller lnductor lets you tune your SWR dcwn 
to absolute m~n~mum. A 3-d~gits turns counter lets 
you quickly return to your favorite frequency. 

You get MFJ's new peak and average reading 
Cross.Needle SWRlWattmeter with a new directional 
coupler for more accurate readings over a w~der 
frequency range. It reads forwardlreflected power in 
200150 and 20001500 watt ranges. Meter lamp is 
front panel sw~tched and requlres MFJ 1312, $9.95. 

A new current balun for balanced llnes reduces 
feedllne radiat~on and forces equal currents Into 
antenna halves that are not perfectly balanced lor a 
more concentrated. stronger s~gnal. Add $10.00 slh. 

MFJys Fastest Selling Tuner 

MFJ TUNERS 

The MFJ.9410 IS MFJ's fastest selling 
MFJ-9410 300 watt PEP antenna tuner. Why? 

$1 OI)es Because it has more features than 
tuners costing much more and 11 

matches everything continuously Imm 1.8.30 MHz. 
It matches d~poles, vee:,, veflical?, moh~le wh~ps. 

random wlres, banlanced and coax I~nes. 
SWR~Watlmeter reads fowardlreflected power in 

30 and 300 watt ranges. Antenna swltch selects 2 
coax Ilnes, d~rect or through tuner. random wlre. 
balanced llne or tuner bypass. Efficient alrwound 
inductor glves lower losses and more watts out. 
H3s 4.1 balun. 1000 V caoac~tors. 1 0 x 3 ~ 7  Inches. 

. 

MFJys Random Wire Tuner 
MFJ-16010 s39e5 
You can operate all 

bands anywhere w ~ t h  any 
transce~ver when you let 

Here is the finest 3 KW PEP Tuner money can buy with roller inductor, 
dummy load, new peak reading meter, antenna switch, balun and more ... 
The MFJ 989C IS not for everyone SWR and the w~dest matchlng range 
However. 11 you do make the poss~ble from 1 8 30 MHz 

~nvestment you get the l~nest 3 KW You get a new l~ghted perk and 
PEP tuner money can buy one that average read~ng Cross Needle 
will glve you a l~letrme of use, one SWRJWanmeter wrth a new more 
that takes the fear out of hlgh power accurate d~rect~onal coupler 
operat~on and one that lets you get You get a glant two core balun 
your SWR down to absolute m~n~rnum wound wlth teflon wlre for balanced 

T k  MFJ 989C IS a compact 3 KW llnes and a 6 posltlon antenna swltch 
PEP roller lnductor tuner w ~ t h  a new w ~ t h  extra heavy sw~tch contacts 
peak readlng Cross.Needle SWRlWatt RS compact 1 O%x41/tx1 5 lnch 
meter. The roller ~nductor lets you get cab~nat 111% r~ght lnto your stat~on 
your SWR down to absolute rnlnlmum You get a 50 ohm 300 watt dummy 

W~th  t h m  continuously var~able load for tunlng your exclter, a tilt 
components two rnasslve 6 KV 

MFJ-989C $34gQ5 stand for easy vlew~ng and a 3 dlglt capacnors and a h~gh Inductance turns counter plus a splnner knob for 
roller Inductor you get preclse control over exact rnductance control Add $1 0 slh. 

the MFJ 1601 0 turn any random wlre Into a 

2-knob Differential-TTMTuner I MFJ's Best 300 Watt Tuner I MFJ's Artificial RF Ground 

( $ 4  daes uses two tamed ~nductors. Why? I feedback. TVI and RFI when you let the MFJ 931 

gives you more 
MFJ-949C preclse matches than any tuner that 

el~m~nate 
RF "bltes". 

k h y  you need a tuner7 Covers 1.8 30 MHI 
- 

You also get MFJ's l~ghted 2.color Cross Needle 
SWRANattmeter. 6 poslt~on antenna sw~tch. 50 ohm 
300 watt dummy load and a bull1 ~n balun - all In a 
compact 1 0 x 3 ~ 7  Inch cablnet that flts r~ght Into 
your stallon Meter l~ght requlres MFJ 131 2, $9 95 

Wlth MFJ's best 300 watt PEP tuner you get an 
MFJ tuner that has earned a reputat~on for be1t-I~ 

. -- 
Because you get two continuously 

var~able capacitors that glve you lnfln~tely more 
posltlons than the l m i h d  number on sw~tched co~ls. 

Thls glves you the preclse control you need to get 
vour SWR down to a mlnlmum After all 15n t that 

resonate a random length of wlre and turn 11 lnto a 
tuned counterpo~se The MFJ 931 also lets you 
electrically place a far away RF m u n d  d i m  1 
your rig no matter how far away it 1s by tunlng 
out the reactance of vour around connection wlre 

able to match 111st about anyth~ng - one that 1s 
hlghly perfected and has years of proven reliability. 
MFJ's Mobile Tuner M F J . ~ ~ X  

s8998 1 Don't leave 
without 

this mobile 
turier' Harp an i~ni~ltrrri~ptecl lrlp as the MFJ 945C 
extends your antenna bandwidth and eliminates the 
need 10 slop, otrt and adlclsf Your moblJe whip. 

can operate anywhere in a band and get low 
SWR. get max1mum power Out Of your 
state or tube rlg and It'll run cooler and last longer. 

Inches uses little room. SWW Wan- 
meter and convenient placement of make 
tuning fast and easy while in motion. 300 watts 
PFP outout e t ~ ~ c ~ e n t  a~rwound ~nductor. 1000 volt 

ior a few extra dollars, the MFJ- 
MFJ.962C 962C lets you use your barefoot rig 

'229" now and have the capacity to add a 
1.5 KW PEP linear amplifier later. Covers 1.8.30 MHz. 

You get two husky con t~mus l y  var~able capacitors 
for maximum power and minimum SWR A 3  lots of 
inductance gives you a w~de matchlng range. 

You get MFJ's new peak and average reading 
~ ~ ~ ~ ~ . ~ ~ ~ , j l ~  SWRIWattmeter a new directional 
coupler for more accurate over a wl,jer 
frequency range. It reads forward/reflected power in 
200150 and 20001500 watt ranges. Meter lamp is 
front panel swltched and requlres MFJ-1312, $9.95. 

Has 6.positlon antenna sw~tch and a teflon wound 
balun with ceramic feedthru ~nsulatnrs for balanced 
Ilnes. 103hx4~/zx14 7!8 Inches. Add $10.00 s/h. 

MFJYs smallest Versa Tuner 
capacltdrs Mob~le mount. MFJ 20 $3 00 

7441220 MHz VHF Tuners 
MFJ921 S e Q Q 5  r-7 -- - 
MFJ's ww VHF 

tunen cover bol h 
2 Meten and the 220 MHz bands They handle 0 

I I 
- - -  - -  - - - 

transm~tting antenna.  rea at for apartment, motel. MFJ ENTERPRISES, INC. 1 year umonditional guarantee 30 day m m y  
camplng operation. Install a wlre anywhere! Tunes Box 491. MISS State. MS 39762 back guarantee (less slh) on orders from MFJ 
1.8.30 MHz. 200 watts PEP. Ultra small 2 x 3 ~ 4  ~ n .  (601) 323-5869. TELEX 53 4590 MFJSTKV Free catalog Add $5.00 slh (except as noted) 
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MFJ.9010 

s59°5 
The MFJ 

"ik: Our 
5 x 2 ~ 6  ~nches (and rnos' affordable) 200 watt PEP 
tuner when both space and your budge: IS llm~ted 

watts PEP and r7iatch a w~de range of Impedances 
for coax led antennas SWRlWartmeter 8x2'/zx3 ln 
MFJ-920, $49.95. No meter 41/rx2'/z~3 Inches 

I ' MFJ 
Good for matchlng sol~d state rlgs to llnears 

It matches wh~ps, d~poles, vees, random wlres. 
vetilcals, beams, balanced and coax llnes from 
1 8 30 MHz Efflc~ent a~rwound lnductor 4 1 balun 

FOR YOUR NEAREST DEALER OR TO OROER 

800-647-1 800 



I chuckled as I read the comments 
about not being able to find someone 
to talk to. With half a million hams in 
this countrp My face flushed as I read 
about (you) not having much to say to 
such a person (as me) on the air 
because of my "wanna be's" letter. Oh 
well. 

The expectations placed on kids 
today (from my very middle-class and 
former welfare-recipient position) are 
overpowering and sometimes unrealis- 
tic. Couple this with today's amazing 
feats that are taken for granted, along 
with life being taken for granted, and 
suddenly ham radio is uninteresting. 
However, incentive and support are the 
key ingredients to get more youth into 
ham radio. How about joining a club 
and getting involved with youth to 
show them examples of ham radio and 
its challenges. 

Lawrence Caracciolo, N3CCW, 
Federal Way, Washington 

Thoughtful response 
Dear HR 

I would like to respond, in part, to the 
letter by Harry Helms, AAGFW, which 
was in the February issue. 

To begin with, I can see that there 
has been a stagnation in membership 
in our fraternity. I agree that it is a good 
idea to take every opportunity to 
involve new people in Amateur Radio. 

Mr. Helms complains that Amateur 
Radio has been "curmudgeonized." 
Then he says that he has a hard time 
finding anyone "stateside" with whom 
he can have a ragchew. May I submit 
that Mr. Helms has become somewhat 
of an elitist. 

Why does he believe that those who 
defend the need for a code require- 
ment should have an Extra class 
license? I freely defend the code 
requirement and recognize that it is a 
discipline, even though I dislike using 
CW intensely. Those who wish to 
upgrade should do that which is 
necessary. Others, such as myself, will 
occasionally use CW on the low bands, 
or not, as they desire. 

I find offensive the implication that 
because I started in Amateur Radio 
with a conditional license, that license 
is tainted. My licenses cover a period 
of over twenty-five years. During that 

time, I have assisted in a number of 
emergencies and tried to be helpful to 
other Amateurs. 

I have never considered it my place 
to judge them. 

Jerome W. Silverstein, K3FKI, 
Verona Pennsylvania 15147 

Reading the "small" 
print 
Dear HR 

Please accept my compliments for 
your work with Ham Radio. I have got- 
ten the magazine for many years and 
keep them all as a very valuable 
source of reference in most ham mat- 
ters. There have through the years 
been some outstanding articles, like 
the series on Yagi Antennas by W2PV 
and now lately Ron Todd's "Pathfinder" 
(which gives me a lot of pleasure to 
operate and gave me a lot of fun to 
implement). "Pathfinder: Part 1" was 
easy as you printed the program with 
letters large enough for my 67 year old 
vision to see without a magnify~ng 
glass. The second part was tougher 
due to the "magnifying glass" print. 
But don't you worry also the sun has 
its spots (fortunately). 

So thanks again for a fine job. 
Bo Stjernberg, SMGASD, 

Goteborg, Sweden 

Invitation to I Authors I 
ham radio welcomes manu- 
scripts from readers. If you 
have an idea for an article 
you'd like to have consid- 
ered for publication, send for 
a free copy of the ham radio 
Author's Guide. Address 
your request to ham radio, 
Greenville, New Hampshire 
03048 (SASE appreciated). 

MASTER MCKET RADIO: the hands on guide 
by Dave Ingraham, K4TWJ 
Appeals to all levels of packet radio enthusiasts from novices to 
experts alike. Full of illustrations and wrilten in a simple, easy-to- 
understand stvle. Tooics covered include: a basic  rimer. home com- 
puters and data commtln~cations termmais, a survey of equ~pment 
ava~lable. how tosetuoastat~on OILS much more 2080aaes s 1988 
1st edltlon 
022567 Softbound $12.95 

YOUR GATEWAY TO PACKET RADIO 
by Stan Honepa, WAlLOU 
Beginners will find the complete easy-to-understand explanations 
elim~nate many of the frusfrating aspects ot packet operation. Full 
of helpful hints and tips that come from thousands of hours of 
on-the-air experience. 208 pages 0 1987. 
OAR-PKT SoRbound $9.95 

THE PACKET RADlO HANDBOOK 
by Jonalhan Mayo, KR3T 
Prov~ding you first with packet bas~cs. this book progresses through 
the Inner worbnps and operabonal aspecsol packet D a ~ook at fuflrre 
technology st .I In developmentalstages A60 ~nc l~des us ng bulle- 
tin boards tratilc handllngon packet modulahon methoosano net 
worklna or~nc~oles orotoco s (both AX 25 and VADCGl and a thor 
ough dkcussion of ihe v a r t o u s ~ ~ ~ s  and accessories available. O 
1987 1st Edit~on 218 pages. 
07-2722 Softbound $14.95 
ARRL COMPUTER NETWORKING 
CONFERENCES 1-4 
Pioneer Papers on Packet Radio 1981-1985 
Wr~tten during the formuiative years of Packet development. 
these papers (too numerous to mentlon them ail) cover. theoty. 
practical appbcations, protocols, software and hardware sub- 
jects You also get a complete up-to-date collection of all pub- 
lished "Gateway", the ARRL Packet Radio newsletter As big as 
the ARRL HANDBOOK. O 1985 over 1000 pages. 
OAR-CNC Softbound $17.95 

OAR-CNCS Softbound $9.95 

6th ARRL COMPUTER NETWORKING 
CONFERENCE 01987 
August 1987 
OAR-CNC6 Softbound $9.95 

7th ARRL COMPUTER NETWORKING 
CONFERENCE o i 9 8 8  
OAR-CNC7 Softbound $11.95 

INTRODUCTION TO RACKET RADIO 
by Phil Anderson, WWXl 
This book contains a broad overvlew of packet rad~o for the begin- 
ner. Simple technicaldiscussions aredes~gned toinform, notscare 
the beginner. 01988. 58pages 1st Edition. 
OKT-IPR Softbound $2.95 

RACKET COMMAND 
by Buck Rogers, K4ABT 
This bookis a basic lookat packetrad~ofrom the lnside out. Similar 
commands are pr0Uped together with simple easy-to-understand 
explanations Q198E 58 pages, 1st Edition 
OKT-PC Softbound $2.95 

ADVANCED PACKET 
by Buck Rogers, K4ABT 
Thls book looks at the more advanced side of packet operation. 
Includes 2400 baud data transfer. FAX and WEFAX. packet Clus- 
ter information and more. 01988. 58 pages, 1st Editlon. 
OKT-AP Softbound $2.95 

DIGITAL COMMUNICATIONS 
WITH AMATEUR RADIO 
special AEA edition by Jim Grubbs, K9E1 
Startswith a baslc review of digital communications and techniques 
and includesacomoletedescriotion of what ~acket radio ~sall about. 
TNCs, operating modes, networking are alliully covered~n easy-lo- 
undestand terminology. Also covered are accessories, lnnovatlons 
and interesting organizat~onsyou can loin. 01988. IstEdition, I60 
pages. 
OAEA-PKT Softbound $9.95 

Please enclose $3.75 shipplng and handling. 

HAM RADIOS 
BOOKSTORE 
Greenville, NH 
03048 (603) 878-1 441 
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FOR YOUR METER 

By Yardley Beers, W0JF; 740 Willowbrook Road, 
Boulder; Colorado 80302 

y connecting a simple amplifier to one of those old 
meters you probably have in your shack, you can 
enjoy a device that gives a full scale deflection for a 

couple of millivolts or a few microamperes. You can assem- 
blesuch an amplifier using acommon op ampcircuit and eas- 
ily obtained components. If you are unfamiliar with op amps, 
building this amplifier can be educational as well. 

A meter with this kind of amplifier has many uses in the 
shack. If you connect a diode between its terminals and use 
a foot or two of loose wire as an antenna, it becomes a sensi- 
tive field strength meter. You can improve the sensitivity by 
using an RFchoke and bypasscapacitor asshown in Figure 
1, but these components aren't often required. 

You might also find this meter helpful for adjusting QRP 
equipment. You need some deflection on your meter to know 
if your adjustments are making things better or worse. Adding 
this amplifier to your meter makes it possible to study leaks 
in shielding. When connected to a tuned circuit, it can be used 
to identify harmonics. The modified meter can also be used 
as a sensitive bridge balance detector. 

This meter and amplifier arrangement can demonstrate a 
number of effects not usually part of Amateur experience. If 
you connect a diode in atransparent case to the meter, you'll 
often find that the diode is sensitive to light, while the meter 
deflection is of opposite polarity to that produced by RF. (The 
moral here is that circuit boards with such diodes should be 
shielded from light.) The meter can also be used to demon- 
strate thermoelectric effects using ordinary metals, even 
though there's a bad impedance mismatch between a ther- 
mocoupleand theamplifier input. Takea piece of copper wire 
and a piece of aluminum wire and twist one end of each 
together. Connect the other ends to the amplifier input, with 

the copper wire attached to the positive terminal. The meter 
will deflect when you heat the junction gently with a solder- 
ing iron. If you usespecial thermocouple wire, it'spossible to 
get adeflection simply by pinching the junction between your 
fingers. 

I have found these meters useful in working with my home- 
made QRP microwave demonstration setup.1 The 1 N34s and 
some surplusdiodes haveconsiderable response at2.4 GHz, 
but not as much as microwave hot carrier diodes. The 1 N914s 
aren't sensitive to this radiation, or to light. I don't have a micro- 
wave oven, but I believe a proper diode connected to one of 
these meters could detect leaks in the shielding. 

The focus of this article is on the use of op amps as DC 
amplifiers. These amplifiers can also be used to amplify AC 
signals at millivolt levels. At higher levels the amplifiers over- 
load, and the output approaches zero. They are especially 
effective when the signal source hasa high impedance and 
the load has a low impedance. I connected a pair of 8-ohm 
headphones through one of them to the output of a broad- 
cast band crystal receiver. With theamplifierturned off, I could 
hear nothing. With it on, I heard several stations with excellent 
volume. 

Op amp fundamentals 
An op amp isa high-gain amplifier with two input terminals. 

(See Figure 2.) Voltage applied to the noninverting input ter- 
minal gives an output voltage of the same polarity. Voltage 
applied to inverting input terminal gives an output voltage of 
the opposite polarity. Internal negative feedback triesto make 
the voltage between the input terminalszero. Theoutput volt- 
age is proportional to the difference between the voltages that 
would occur between these terminals in the absence of this 
feedback. 

In many applications, one of the input terminals is tied to 
ground and the input voltage is applied to the other input ter- 
minal. In the application used here the input signal is con- 
nected bewteen the noninverting input and ground. External 
negative feedback isestablished by connecting a resistor (Rf) 
between theoutput and inverting input terminalsand a resistor 
(Rs) from the inverting input to ground. If the open loop gain 
of the amplifier is very high the voltage gain is: 

G = 1 + Rf/Rs (1) 
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OUTPUT 

I J 

Diode detector circuit. 

+ O  NON-INV. 

INV. RS - 
T 

*" 
T 

Basic circuit for operational amplifier. 

INPUT 
e 9 v  

RF 
2.2k 

NOTE: 
GROUND ALL 
UNUSED PINS 
OF U1. 

L I 

Circuit for LM324 Operational ampifier. 

If you use very large values of Rf, the amplifier becomes 
unstable. The maximum usable value dependsal~ttle on the 
input resistance. With Rs = 1 k, I find the maximum practical 
value for Rf in both circuits is about 100 k. This means the max- 
imum theoretical value of G is about 100. The measured 
experimental values are close to this value. 

In principle, the output voltage is zero when the voltage 
between the input terminals iszero- regardless of the resis- 
tance between these terminals. The LM324 amplifier in Fig- 
ure3 isdesigned to produce zero output under these condi- 
tions; the LM741 circuit in Figure 4 contains an adjustment 
forcontrolling this "zero offset." In either case, the output volt- 
age doesn't remain zero for large input resistances and the 
amplifier may become unstable. Consequently, I've placed 
a resistor (Rp) in parallel with the input to prevent the meter 

from going off scale when the input terminals are open cir- 
cuited. 

The input resistance looking into the op amp is very high 
- on the order of rnegohms. This means the resistance look- 
ing into the terminals of the circuits shown in Figures 3 and 
4 is essentially that of Rp. The output resistance is very low (less 
than 1 ohm). 

Moving coil meter fundamentals 
The op amp's performance depends on the properties of 

the meter rt's used with. I based my assumptions on a meter 
that hasafull scaledeflectionfor 1-mA input and a resistance 
of 200 ohms. This meter can measure current or voltage, 
depending on the values of the resistances present in thecir- 
cuit to which it's connected. In electronic circuits these values 
are in thousands of ohms, and it's appropriate to connect the 
meter in series with some portion of the circuit and use it to 
measure current. In very low resistance circuits (like those 
composed of thermocouples), you may thinkof this meter as 
onefor measuring voltage and requiring 200 mvforfull scale 
deflection. 

Power is the fundamental quantity determining the deflec- 
tion. Replacing the moving coil with another coil having the 
same external dimensions but more turns of inner wire 
decreases the current required for full scale deflection. At the 
same time, it needs less voltage because the resistance is 
higher. Using the simplifying assumption that in both cases 
the space occupied by the insulation on the wire is negligi- 
ble, you can see that the change in current compensates for 
the change in voltage while the power is exactly the same - 
200 ,LW. Therefore, obtaining maximum meter deflection 
involves an impedance-matching problem. 

Response time is one property of the meter that I've over- 
looked. Replacing the coil with one that has larger external 
dimensions increases the sensitivity. But because the coil con- 
tains more mass, the needle moves more slowly. An alterna- 
tive is to replace the original spring with one that isn't as stiff. 
This increases both sensitivity and response; but, the meter 
also becomes more sensitive to vibration. 

Selecting a meter to use with the op amp 

Meter selection isn't terribly critical. A voltage gain of about 
100 and a very low output resistance are central properties 
of the op amp. The meter can thus be considered a millivolt- 
meter. You'll get the greatest sensitivity from a meter that 
requiresthefewest millivoltsforfull scale deflection. However, 
the ICs have a rated maximum output current on the order of 
20 mA, and it appearsthat a meter with afull scale deflection 
for a current of this size would be optimum. 

I checked the millivolt calibrationsof a number of different 
meters with full scale current ratings between 0.2 and 25 mA. 
Contrary to what I said before, there was very littledifference. 
All the meters gave a full scale deflection at about 200 mV, 
within afactor of 2 or so. Apparently my previous assumptions 
don't apply. Instead, it seems the manufacturers have 
adjusted the parameters of their meters to make this voltage 
difference a design objective. However, meters with lower 
current rat~ngs can save battery drain. 

You may wish to build two tip jacks into the unit and use a 
meter from your shack (avolt ohmmeter switched to a milliam- 
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TWO OFAMEHCAS 
MOST POPULAR 
FM STATIONS. 

h'o wonder Yaesu's FT 212R Scrics and 
FT-4700RH tuobiles are so popular. 

N o t  only are ttlr features unique and 
plentiful.The operation hassle-frcc. And 
the nlounting options flexible. R u t  also, 
each radio now features a built in PL 
board. 1'111s ?/mr choosc the optional 
mic that hest fits your operating and 
t~udget needs. 

FT-212R SERIES. MOBILES THAT 
DOUBLE AS ANSWERING MACHINES. 

Let the 2-meter FT-212R and 440-MHz 
FT-712R take messages while you're away (witch DVS-1 option)! 45-watt output (35W 
on 440 MHz). Built-in PL encodeldecode. 18 memories. Auto repeater shift. Scan- 
ning routines. Offset tuning from any memory channel. Extended 
receive. Audible command verification. 
Highllow power switch. Oversize amber 
display Choice of optional mic. More. 
FT-4700RH. DUAL-RAND PERFORMANCE, 

REMOTE-HEAD DESIGK. 
Mount the FT-4700RH almost any- 

where- the "brains" on your dash, visor, 
or door; the "muscle" under your seat. 50 
watts on 2 meters, 40 watts on 70 cm. Full 
crossband duplex. Simultaneous monitoring 

'of each band, conlplete with independeril 

ive. Reverse repeater shift. Highllou 
h cord for retuote mounting. Bright 
t controls. Choice of optional mlc. 

Want more information? Call (800) 999-2070 toll- 
free. Or ask your dealer about Yaesu's FT-212R Series and 

FT-470ORH mobiles today. W o  of America's favorites. 

WESU USA 17210 Edwards Road, Cerritos, CA 90'701 
(21:)) 404-2700. REPAIR SERVICE: (213) 404-4884. 
PARTS: (213) 403 4x4; 

YAESU 
I'ricrs and spcc.ific.ations stihjrct ttr c.h;ingr withor~t nrttic.c. f'l. is a rc'gistt,rt>t! tr;rdrrnark or \lohrrola, Inr. Spc.cifi 
c;itions gri;ir;lrlttwi onl\ within eniatrtrr harltls. 



New From 

ORION 

OR-2300 (Prototype shown) 
Introducing a new generation in rotators 
Orion's intense research and developme 
produced a rotator for today and into the 
Twenty First Century. 

! 
nt has 

1 HIGH PERFORMANCE FEATURES 

Proven W o r m  Gear Drive 
1 Compact-Fits Popular Towers 
I F lex-Mount 

Bui l t- in Thrust Bearing 
Massive Mast  Clamps 
Standard Hole Pattern . Self-center ing Guide 
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and bypass capacitor aren't likely to affect the amplifier's 
use in other applications. 
Figures 3 and 4 suggest that the feedback resistor Rf is a 
continuously variable resistor. There are times when you 
may want to reduce the gain, but have reproducible set- 
tings. I suggest using a tap switch with fixed resistors val- 
ued at 1 k, 3.3 k, 10 k, 33 k, and 100 k corresponding to 
approximately 10-dB changes in gain. If the switch has 
some extra positions, you m~ght use one of them for a 220 
or 330-k resistor. 
There's a gap in sensitivities with high-resistance input 
sources. With the amplifier off, the input is too small to give 
a detectable reading at some input levels. With the ampli- 
fier on, and with the lowest gain setting, the meter isoff scale. 
For convenience, switch in some res~stors in shunt with the 
amplifier input to bridge thisgap. You'll have toexperiment 
to find the specific values needed for a particular circum- 
stance. 
You might want to add a reversing switch, especially if you 
plan to use the amplifier with inputs of both polarities. Add 
the switch at the input for the LM324 amplifier, and insulate 
both input terminals from ground. When the internal zero- 
ing action isworking correctly, the circuit won't respond to 
signalsof the incorrect polarity. The meter refuses todeflect 
at all, rather than deflect backwards. If you're using the 
LM741 amplifier, place the reversing switch at theoutput. 
where it can be useful in adjusting the balance. 
As I suggested earlier, you might build acalibrated source 
of bucking voltage into the input of an LM324 amplifier. 

Conclusion 
Beginners should find this article a helpful introduction to 

op amps. Op amps have wide applications. While they are 
most often used as some form of DC amplifier, they may also 
be used as AC amplifiers. Such amplifiersshould have block- 
ing capacitors. It's more feasible to cascade AC amplifiers 
because the zero offset of one stage is not amplified by the 
next. If you use feedback networks with capacitors, the op 
amp becomes a very effective filter. 

These are topics discussed in many current magazine arti- 
cles as well as the references given below26. For beginners. 
I recommend Reference 3. For an advanced treatment read 
Reference 5. It contains internal circuit diagrams of the 
LM324 and LM741 amplif~ers along with data on their ratings. 
For practical circuits using operation amplifiers in diverse 
applications, I suggest Reference 6. For a discussion of the 
zerooffset problem and some of the improved op ampchips 
now available, see Reference 7. Reference 8 and 9 are use- 
ful survey articles on op amps. FdJ 
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uge pileups, big city 
QRN, no spare parts, 

and ;I long way to anywhere. 
You prolx~bly couldn't find a 
better test of the new SR-1400 
All-Mode Transceiver than Heath's 
expedition to Taipei in the 
Republic of China. 

When working DX, you need 
sensitivity to dig for the weak 
ones, but still need dynamic range 
so the guy down the block doesn't 
clobber you in the middle of a 
 SO. Sure, the SR-1400 worked the 

features clarifier (RIT), fiont 
panel ACX:, noise blanker, all 
mode .squelch, 20 dB attenuator, 
computer interface, and a clean, 
"operator preferred" front panel 
layout. 

Tlle transmitter's PA is cooled 
by a quiet, thermostatically 
controlled internal fan and is 
enclosed in its own diecast 
aluminum heat-sink chamber, 
which allows for full power 
operation in C\V, SSR, FM and 
RTIY, AMTOR, SSTV, and Packet. 

Heath 
offers you more. 

In addition to the SR-1400, 
Heath offers a full line of pre- 
assembled or build-it-yourself 
amateur radio equipment to 
completely ouffit your ham shack 
or upgrade your system. 

You can also prepare for your 
next exam (Novice, Technician, 
General, Advanced or Extra class) 
with Heath study courses. 

Finally, as a Hcuth-equippcd 
ham, you can get answers to your 



MIDLAND 13-509 

By Nick Ciarallo, VE2HOT 85 Celtic Drive, 
Beaconsfield, Quebec H9W-3M6 

f you have a Midland 13-509, you might have the same 
problem I had. About two years ago, the TXIRX relay 
was on its way out and was driving me crazy! The rad~o 

transmitted intermittently, so I suspected the relay. It looked 
hopeless and I decided to trash it. I've seen articles on solid- 
state switching for other radios, but nothing for the famous 
13-509. So, as they say, I had to "roll my own." Because 
I would be removing the relay, I had to make sure the cir- 
cuit would do what the relay did. That is: 

Supply +12 volts to the transmitter and the PIN diode 
sw~tch when keyed. 
Supply the receiver with +12 volts when unkeyed. 
Handle the RF switching. 

HOW it works 
When the radio is keyed, the RF switch has to show the 

transmitter a short circuit (or something close to it) to the 
antenna. At the same time, the switch must isolate the 
receiver's sensitive front-end components from the trans- 
mitter's high-power signal. When the radio is keyed, both 
PIN diodes are turned on (see Figure 1). The first PIN (CR1) 
provides a low-impedance path for the transmitter to load 
into the antenna; the second PIN (CR2) is essentially a short 
circuit at the receiver input. The coax between the receiver 
and antenna acts like an impedance transformer because 
it's a quarter wavelength long at 223 MHz. This makes the 
short circuit caused by PIN diode CR2 at the receiver input 
look like a high impedance at the antenna. When you unkey 
the rad~o and put the switch in receive mode, both PIN 
diodes are removed from the circuit because they no longer 
have any bias current. The antenna now sees a high- 
impedance path to the transmitter and a short circuit to the 
receiver. Consequently, none of the received signal is 

Receiver PIN diode installation (CR2 in Figure 1). The PIN diode is 
located next to the word HOT. Note there is no excess length where 
the RG-174 makes its connection to the diode. 
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The 13-509 PIN diode switch schematic. Note the unused inputs of the 74C14 are connected to ground. 

absorbed by the transmitter's output circuitry and there's 
no loss of receiver sensitivity. If you want to know more . - 

about PIN diodes and PIN switches, OA4KOlYV5 has writ- 
ten an excellent article on the subject.' 

The design 
First, I removed the relay. Then I measured the current 

requirements for the transmitter and receiver. The switched 
12-volt line that feeds the transmitter supplies everything 
except the driver and final. The current drawn by these 
stages is about 200 mA. The receiver draws 140 mA at full 
volume, unsquelched. The PIN diode switch requires 
60 mA (a little less than the relay). Armed with this informa- 
tion, I was ready to design the DC switching circuit. The 
most convenient way to do the switching was to start with 
a hex inverter to provide the appropriate levels, and then 
buffer the outputs to supply the required current. I selected 
a 74C14. Because the current demands for the radio aren't 
very large, you can use small transistors. I used 2N2907s 
and they worked just fine. Empirically select the resistor that 
determines the bias current for the PIN diodes. The resis- 
tor you use depends on which diodes you choose. Almost 
any PIN diode will work; just make sure it can handle the 
power. Don't shy away from ones that look like 1N914s; they 
can probably handle a hundred watts. Check the specs! 

The transformer 
The coaxial transformer for 223 MHz is 8.75" long and 

CAPACITORS DIODES 
2 0.01 pF 2 PIN diodes (see article description) 
5 0.001 yF 
1 470pF/SM 

RESISTORS SEMICONDUCTORS 
1 180/1 watt 1 2N2222 
1 430/l watt 2 21112907 
2 1 k  1 74C14 
2 1.5 k 

INDUCTORS MISCELLANEOUS 
1 0.68 fiH 10" piece of RG-174 50-ohm coax perfboard 

I I 
is made from RG-174 mini coax. Make sure the 50-ohm sec- 
tion is the proper length. If you cut a piece of coax that is 
10" long and strip off and separate 112" from each end, 
the actual 50-ohm section will be 9 inches. The formula for 
determining the coaxial cable length is as follows: 

1946/F0 = L 
where F, is the frequency in MHz, and 
where L is the length in inches 

for 66-percent velocity factor coax 
example: 1946/223.0 = 873"; 

round off to 8.75" 
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Transmitter PIN diode installation. There are "stripline" inductors 
for SWR protection circuit. Again, note there is no excess lead length 
where the RG-174 connects to the PIN diode. 

Installation 
I mounted the PIN diode and coupling cap for the 

receiver across the antenna inout terminals on the receiver 
strip (see Photo A) and ran the quarter-wave coaxial trans- Completed circuit before installation. A 74HC14 was used in the ori- 
former over to the antenna connection, where the relay used ginal design; the 74C14 has been substituted due to greater availa- 
to be. I installed the PIN diode for the transmitter on the bility. 
foil side of the board near the relav location, after the 

riaht at the antenna connector. I used a 470-oF silver mica 
u k .  You must install this cap to prevent the' +12 volt (TX) 
switched line from supplying the antenna with DC. In my 
tests, this capacitor didn't affect the performance of the radio 
in any way. 

I built the logic circuit on a small piece of perfboard. The 
relay pads provide all the connections necessary for the 
sol~d-state switch. Make sure vou tie all unused inputs of 
the 74C14 to ground and bypass the chip by placing a 0.01- 
crF capacitor acrQss its supply pins. Keep all RF connec- 
tions as short as possible. 

Photo C shows the solid-state switch just before installa- 
tion. I used double-sided tape to mount the completed cir- 
cuit in the compartment at the back of the radio where the 
relay used to be. Photo D shows the circuit mounted with 
dou ble-sided tape. 

Results 
Your radio will switch quickly after you make these modi- 

fications. I measured 20 ms to full power, which is an 
improvement on an already fast-switching radio. Receiver 
sensitivity improved and the radio is now quieter since I've 
removed what had become (in my radio, anyway) a very 
lossy relay. The same holds true for the transmitter. 

The power output increased 4 watts. This 4-watt differ- 
ence equates to the removal of about 1.6 dB of insertion 
loss! Since the RXrTX turnaround time is faster, you can use 
the radio for high-speed packet linking without worrying that 
the relay will die in mid-January at your remote repeater 

The PIN diode switch installed. The double-sided tape holds the 
complete PIN dlode swltch assembly securely. 

site. After over two years of daily service with this modifica- 
tion installed, my radio hasn't given me any problems. 

Final note 
I'd like to hear from anyone with suggestionsandlor modifi- 

cations for this circuit. If you have questions about the circuit 
and its installation, send me an SASE and I'll try to answer you 
as fast as possible. I'd like to thank Jean-Guy Deschenes, 
VE2BEY; Henry Szczawinski, VE2BJR; Ben Soo; and Dino 
Moriello, VE2FSA, fortheir help in putting thisarticle together. 
If you have a question that you feel can be answered on 
packet, I can be reached at NA2B. a 
REFERENCES 
I LUIS E Suarez. OA4KONV5. "Make the Sw~lcti 111 PIN D~odes' 73 Oclober 1986 pages 28 32 
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Bill Or6 W6SAI 

COAX REVISITED 
We were jammed in the tail of the 
A-20 (Boston) attack bomber, electrical 
cables and steel control wires all 
around us. It was pitch black except for 
the beam of my flashlight. The noise 
was deafening. Herbie, WGKJT, leaned 
against me and shouted in my ear, 
"Feel the cable!" I did as he told me 
and found that the coax cable was 
very warm to the touch. I knew the 
cable was running hot because of the 
RF in it. I had just turned on the aircraft 
transmitter a few moments before and 
locked the key. Then we had crawled 
to the back of the fuselage to deter- 
mine the condition of the coax feeding 
the antenna. 

"That's only 100 watts in the cable," 
he yelled. "Come along with me!" We 
squirmed forward, dropped into the 
bomb bay of the fuselage, and slid to 
the cement floor of the factory. I turned 
off the transmitter on my way out of the 
aircraft. 

The A-20 production line stretched, 
plane after plane until it disappeared 
at the back of the Douglas Aircraft 
assembly plant. At the far end of the 
line, the skeleton frames of the A-20s 
were attacked by gangs of riveters 
whose tools made an ear-splitting din 
- like that of a thousand machine 
guns. As the planes progressed along 
the line, their wings, engines, landing 
gear, and other major parts were 
added. By the time an aircraft reached 
the point on the line where we were 
standing (next to the huge hangar 
doors) ~t was complete, loaded with 
radio and navigat~on equipment, and 
almost ready for flight testing. 

It was mid-summer 1941 and the 

right now, on plane number 386, we 
stop using this old copolene-insulated 
coax line and start using some new 
coax called WC-549. It has a brand- 
new polyethylene inner dielectric and 
is rated for use at 400-watts power up 
to 200 megacycles!" 

Two hundred megacycles! I looked 
at the new coax, glistening in its black 
jacket. Just the thing for my post-war 
ham rig! W6KJT grinned as he read 
my thoughts. He pointed to a large box 
full of interesting devices. "New style 
coax plugs and receptacles! The mill- 
tary nomenclature is PL-259 for the 
plug and 50-239 for the socket. 
There's also a splice adapter. When all 
of this stuff gets on the market after the 
war, ham radio will never be the same 
again!" 

I agreed. But how much would this 
new, efficient coax line cost? Maybe 
hams wouldn't be able to afford it! 

The low-loss coax didn't become 
available for civillan use until 1946 
when the military dumped miles of ~t 
on the surplus market (see Figure 1). 
It sold from two to five cents a foot, 

depending upon the quantity ordered. 
In the interim, the Army-Navy RF Cable 
Coordinating Committee had stan- 
dardized the cable at 52-ohms 
impedance, defined its characteristics 
and had renamed it RG-8lU. (The 
nomenclature described it in the mili- 
tary cable procurement list: "RG" 
stood for "Radio Guide," the number 
"eight" indicated the serial number of 
the particular cable type, and the "U" 
stood for "Utility" service.) 

A companion, smaller diameter, low- 
power cable (RG-58/U), was also 
manufactured during the war in vast 
quantities. It was available as surplus 
at a comparable low price. I was so 
carried away with enthusiam that I 
bought a 500-foot roll of each cable 
tY Pe. 

It was a whole new ball game for 
Amateur Radio. The transition from 
open-wire line to coax was diff~cult, but 
it paid Important dividends once tele- 
vision became popular and we had to 
deal with TVI problems. The wartime 
development of the SWR meter also 
provided Amateurs with a quick and 
meaningful readout of antenna oper- 
ation. 

During the fifties, military coax sys- 

Black V ~ n r l  , 4 0 3 '  o @ -- - 

Copper Brald  - 

bullding was hot. Herbie dusted him- 
self off and led me to the radlo room 
at the of the building, -starting Military surplus coaxial cable sold for from two to five cents in 1946. 
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tems underwent another major modifi- 
cation. HF and VHF systems were 
standardized on a 50-ohm impedance 
level. Because the venerable RG-8lU 
was a 52-ohm cable, it was obsolete 
and would be dropped from the mili- 
tary inventory to be supplemented by 
an equivalent 50-ohm line, RG-2131U. 
The smaller companion cable RG- 
58lU (53.5 ohms) was dropped in favor 
of the interim RG-58AlU (50 ohms) and 
the new RG-58ClU (50 ohms). That 
was the end of the matter, or so it 
seemed. 

Today's coax confusion 
The military cable change opened 

the door for the manufacture and sale 
of "RG-8 type" coax cable of question- 
able quality bearing a seemingly 
authentic military acceptance number. 
Any outfit with a secondhand cable- 
making machine could grind out 
cheap RG-8 type cable made to any 
specification. The unsuspecting pur- 
chaser, seeing the look-alike cable at 
an attractive price, was often conned 
into thinking he was getting a high- 
grade product. Not so! Some RG-8lU 
and RG-8AIU cables are still made to 
the old military specifications by 
reputable manufacturers, but a lot of 
today's RG-81U isn't. 

It's easy to make a cheap coax line. 
Copper creates the major material 
cost; the cost can be reduced when 
there is less than the optimum number 
of fine wires in the outer braid and the 
braid's weave is looser. The inner con- 
ductor can be made of smaller gauge 
wire, or can have less wires than in the 
approved coax. The inner insulation 
can be made of reclaimed or substan- 
dard material and the outer jacket can 
be made of inferior vinyl that has pin- 
holes. The alignment between inner 
conductor and outer shield may be 
imperfect. Finally, the rigid inspection 
and testing given to approved cable 
types may be entirely absent. 

You may not notice results of using 
cheap coax right away. The first thing 
you'll find is that it's difficult to place a 
PL-259 plug on the coax. Good coax 
has a 97-percent shield coverage. This 
means that only 3 percent of the shield 
area is open; the remainder is com- 
posed of small copper wires. Less 
expensive coax may have as little as 
75-percent shield coverage, leaving 25 
percent of the shield area open. This 
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Making the coax center insulator. See text for instructions. 

plays havoc when you try to solder a 
coax plug on the cable. As soon as the 
shield wires are hot enough to solder, 
the polyethylene inner insulation melts 
and squirts out between the wire inter- 
stices, making soldering almost impos- 
sible. 

It's okay to use this cheap cable at 
the lower frequencies (like 160 and 80 
meters), providing you can solder on 
the coax fittings. Loss is low and over- 
all shielding is adequate. It's not a 
good idea to use solderless coax 
plugs to overcome the soldering 
problem - but that's another story. 

When copper is eliminated in a 
cheap cable, the cable characteristics 
change. The 75-percent shield cover- 
age of the cable results in a charac- 
teristic impedance of about 60 ohms! 
Velocity of propagation is also higher 
and averages 78 percent, as con- 
trasted with 66 percent for the 
approved line. This can get you into big 
trouble if you're cutting quarter-wave 
line sections to formula and not bother- 
ing to check line length with a dip 
meter. 

In the VHF region, the cheap coax 
doesn't fully isolate the inner conduc- 
tor from the outside environment. This 
diminishes the good electrical isolation 
quality of the cable. 

How can you tell good coax from the 
cheap stuff? One way is to weigh 100 
feet of the line. RG-213/U or good RG- 
81U weighs about 11 pounds. The 
cheaper line may weigh as little as 8 
pounds per 100 feet. 

"Foam" coax 
A new type of coax line appeared 

on the market in the fifties. The inner 
dielectric, called "cellular polyethy- 
lene:' contains many tiny bubbles. The 
cable is slightly more flexible than an 
equivalent one with a solid dielectric, 
and has substantially less loss in the 
VHF region than common solid dielec- 
tric coax. Below 50 MHz, however, 
there's only a slight advantage in using 
foam coax for Amateur operations. 

A lower loss cable for VHFIUHF use 
has inner insulation composed of a 
thick polyethylene insulating thread 
that wraps around the center conduc- 
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Popular types of "50-ohm" coax lines. Approximate weight is in pounds per 100 feet. The cable impedance is Z and the velocity of 
propagation is V.P. The Military Standard is given where applicable. The inner dielectric is either solid polythylene (P) or cellular polythy- 
lene (foam). The percentage of shield coverage is given. 

Weight 
Per Conductor 

Coax Belden Saxton 100 ft Z V.P. innertouter Mil. Std. Dielectric 
RG-81U 8237 8282 11.5 52 66 A G JAN-C-17A P 

RG-8AIU 9251 1584 11.5 52 66 A G MIL-C-17D P 
RG-81U 

type 8214 8284 11 0 50 78 B G - F 
RG-81U 

type 9208 1583 8.5 57 78 A H - F 
RG-8X 
RG-8M 
( m ~ n ~ )  9258 8315 4.1 50 78 C J - F 

RG-213lU 8267 8409 11 5 50 66 A G MIL-C-170 P 
RG-581U 8240 8289 3.2 53.5 66 D K JAN-C-17A P 
RG-58lU 

tY Pe 9201 1589 2.9 53 66 D L - P 
RG-58AIU 8259 7290 2.9 53 66 D L JAN-C-17A P 
RG-58ClU 8262 1591 2.9 50 66 E K MIL-C-17D P 
RG-58CIU 9203 - 2.9 50 66 E K MIL-C-17E P 
RG-58lU 

type 8219 1600 2 9 50 78 F M - F 

The inner conductor is defined as: The outer shield is defined as: 

A-13 AWG 7 strands no. 21 solld copper G-Bare copper, 97-percent sh~eld coverage 
6-11 AWG 7 strands no. 19 solld copper H-Bare copper, 80-percent sh~eld coverage 
C-16 AWG 19 strands no. 29 sol~d copper J-Bare copper, 95-percent shield coverage 
D-no. 20 solid copper K-Tinned copper, 95 percent sh~eld coverage 
E-20 AWG 19 strands x 0.0071 d~arneter solid copper L-Bare copper, 78-percent sh~eld coverage 
F-20 AWG 19 strands no. 32 sol~d copper M-Tinned copper, 96-percent sh~eld coverage 

tor. The outer shield is made up of two 
layers. The inner layer is a closed alu- 
minum wrapping; the outer layer is a 
tinned copper braid that has 60 to 97- 
percent coverage. Either combination 
provides 100-percent cable coverage. 

In addition to these common cables, 
you can purchase specialized cables 
for CATV use with a nominal 
impedance of 75 ohms. These have 
limited applications for general 
Amateur service. 

I've summarized some useful cables 
for Amateur Radio operations in Table 
1. The cables are cross-referenced to 
Belden and Saxton catalog numbers 
for your convenience. 

A cheap and effective 
center insulator 

Do you need an inexpensive center 
insulator for a Field Day dipole? You 
can buy several different makes, but 
here's a design you can build yourself 

for just a few pennies. The idea origi- 
nated with Lloyd Bensen, W9YCB. The 
device is light, waterproof, and made 
of easily obtainable materials (Figure 
2). Lloyd uses his insulator on a beam 
because he had problems with water 
entering the line. 

The heart of the assembly is a 4-112" 
length of 112" (inner diameter) automo- 
tive hose. Taper one end of the hose 
with a razor or sharp knife, and slot the 
other end to receive the wires of the 
coax cable. Slide the hose over the 
cable as shown, with the slotted end 
facing the end of the cable. 

Prepare the cable by fanning out the 
braid and unbraiding about 2" with a 
pointed tool. Twist this portion of the 
cable into a tight pigtail. Now remove 
the inner insulation, leaving only a pro- 
tective collar about 118" long between 
the inner conductor and the outer; 
bra~ded pigtail. 

Bend the coax conductors into the 
shape shown in the drawing and tin 

them. Extend the t~nning back to the 
insulating material. Tin the exposed 
portion of the outer braid all around the 
cable. Finally, cut the conductors back 
leaving leads about 314" long. 

Press the hose up so the tinned con- 
ductors drop into the slots you cut. 
Taper the slots slightly for a tight fit. 

Now weatherproof the end of the 
cable. Lloyd recommends using a 
plastic cap from a hardware store or 
home service center. A cap with about 
518" inner diameter slips nicely over 
the hose. Cover the end of the cable 
and the inside of the cap with semi- 
liquid insulation before attaching the 
cap. Lloyd used "Sportsman's Goop" 
from a sporting goods shop. (You 
could fill the cap with quick-setting 
epoxy instead.) Press the cap over the 
hose and the end of the cable and 
carefully wipe away any excess goop 
or epoxy around the conductors. 

Wrap the tapered end of the hose 
with vinyl tape. Extend the tape an inch 
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technique on a vertical path. The chart 
was for a 24-hour time ~er iod, aver- 

I I f  p o s s ~ b l e  let us know f o u r  t o  S IX  w e e k s  
b e f o r e  you move and we will make s u r e  
y o u r  HAM RADIO Magaz~ne a r r l v e s  on 
schedule. J u s t  r e m o v e  the ma~l~ng label 
f r o m  th~s magazlne and a f f i x  below. 
Then complete $our new address (or an9 
other correct~ons) In the space provided 
and we'll take care of the rest. 

aged each month since' 1946. 
Figure 3 shows the same measure- 

ments plotted over a 7-hour period, 
corresponding to the daylight hours. 
This provides a more realistic picture 
as the higher frequency bands are 
usually closed to F2 skip during the 
hours of darkness. 

The chart is especially meaningful 
as the sunspot cycle continues to rise. 
It shows that DX conditions are at their 
best during mid-February through mid- 
May. A second period of good DX 
activity falls during the period of mid- 
September through mid-November. 

13 

- * 12 . I 
5 
2 
P 

I 1  

J O  

ham Allow 4-6 weeks lo radio correct~on. 
M a g a z l n e  

G r e e n v ~ l l e .  NH 03048 

Seasonal change in ionospherlc reflection averaged monthly since 1946, as observed by DX conditions during the winter 
KH6SB at the Maui (Hawaii) ionospheric Station. Measurements were made during day- aren't bad, but they are limited by the 
light hours (I 100 to 1700 HST) on vertical angle of reflection. Maximum Usable Frequency short Span of daylight. Summer DX 
(MUF) is about three times higher than measured reflection frequency (FoF2) shown. The conditions, on the other hand, are poor 
MUF has been highest during months of March, October and November, regardless of from mid-May through midSeptember. 
sunspot cycle number. Low point of the MUF is reached in July. (Measurements taken If YOU want to take a vacation or work 
mid-month intervals.) on your antenna, this is the time to do 

it! 
or two down the coax line. This pre- Radio conditions getting The "Dead Band" contest 
vents moisture from entering the end better! I want to express my appreciation to 
of the hose and being drawn up into In my September 1988 column I dis- all who write me in regard to these lit- 
the coax by capillary action. cussed ionospheric readings made at tle tests of expertise. I appreciate your 

It takes almost as long to read this the Maui, Hawaii Ionospheric Station support and kind remarks. I'm sorry I 
as it does to make the joint. Try one of by Steve, KHGSB. One of the charts can't reply to each of you in person. I'd 
these simple devices out on your next shown depicted the average value of like to extend a hearty "thank you" to 
Field Day antenna! F2 reflection measured by a pulsing all who took the time to write. 
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Thanks for helping us to serve you better 
I \ I 
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AFFIX 

LABEL 

HERE 

@ R ~ ~ W ~ N ~ E A T ~ E R  -. ..de!e ,--- A power-packed Micro STAR 
!I, DIG1 TA R 

Weather Computer for Your Station.. . 
Reads Wind Speed /MPH/KPH) L Gusts. Wlnd Direct~on Rainlall  

Temperature [Present-HI-Low). Wlnd C h ~ t t .  Scans All1 

I 

Protect Your Antenna & Home! 
1, n~tj,; , , ' ~ , ? , r ,  $h,, . '" v ,, 4 , ~  ,,f ,I., $<,avb :/!nil 0 , )  ' ;.,rlrl 
D~rr%crr,ri +TID Hmi?o ,1110 n>tirp1 50: iwir rm!'ri~'n;lhrl~~' :I..! n~~nlher 
q!al!nn dl an rrlrrrfl!nly IOK atfnrfldnlr [III~P 

The Nw kirnulh W a l h ~ r  Slat by D~qllar 1s a htah qual~tv m r  
packefl walhrr conitxlrr lual lnaded wtlh lealures GtwS flu ATCurllle 
walher data oqhl 10 wur shack dl I ~ P  IOUC~I nl a Ilnqer Cfealed 
w l~h  Ihe laws! CMOS nllcro ch~p lechnoloqv 

You GelAll Thew Etctl~nq FUNCTIONS 6 FEATURES with the TWR3 

HANDY. COMPACT SIZE: 7't x 2'' r l ' t ,  
U R G E .  EASY TQ READ LCD READOUT G~ies f lu Wlnd SwM 
Rri rwos  HI,)^ VInd Gti,lr . Wln0 Dtrt.rlton W~nd Chill Fador 
OIJI\I~P Prr,enl kmprralurP (Reninl~ wnsor ~ncludeill R~cords 
HlqhlLw, b~rnpPrdlu!~ . Hrad\ In idlltrrihe~l CP~CIIJC MIIPVHOIII 01 
KPAlHf Pfmg~amni.~ble Scan' Operal~r on DC (Raner1~5 No! 
In,:l~td~dl or AC wlh  Ol,lron.ll adaplor Hatn Cr~llectnr ~Opltonall 

Your WR3 SYSTEM COMES COMPLETE WITH TWR3 Wealher 
Complilrr . Ati~'rni)mrlrt R Win11 Van? mafir ol hrqh Iml)acl UV 
rrajqldnt plas~tc 6,11h sla~ttlt,sq brsarlnqs 8 ',hall lor ear$  ol Irnuhle lrrp 
=.ervlct. . 40 h.~1 01 Canlr Ikad In ~ l l h  CO~IIPCIOI~ Or~Isrdr 
Temperalur~~ S ~ m n r  . Clock R Mounllnq Hardware 

A ~ C  I! L MADE IN AMERICAI I O U R S l ~ F A C I I O N C U A R A N T E E O ~  
.c 1na 

Your SPECIAL 

O r d ~ r  TODAY1 

LVAIUBLEOPTIONS >i 3 , .  . , . 13-c IP + : . , .- . 
Rrchstnrab~t '. i i i l tm Par tiii131 ,i S;Q. :Of1 :.',.I ;inn 
Conlrol Cdblr tii.:r11 o Sl495 e1.L +w?r M i ~ l n r  IPS:?I 
in $945- Plpav and S395Ior Sbtaptnq h Hanl~nq nl TWR3. 
Ra~n Gauoe lRC31S49PS breach opltnn add 51 95 
CREDIT CARD ORDERS ONLY 
CALL TOLL-FREE 1-800-882-7388 TDDAY! 
0 1  FAX Y o l i i  Orc!tlr 213 4:3-2325 
i l l t l # ~ r  Srmtrt. 1:aII l 1 . l  -173 13J? 
(YAM lo 6PM PSTI I.,! HPS alfd ?ale? lax 

- .-- 
AVAILABLE AT HENRY RADIO & ALL HAM RADIO OUTLETS! 



ASTRON 
9 ~ u t r y  Irvine, CA 9271 8 

C 0 R PORAT ION (7141 458-7277 

ASTRON POWER SUPPLIES 
SPECIAL FEATURES PERFORMANCE SPECIFICATIONS 

SOLID STATE ELECTRONICALLY REGULATED INPUT VOLTAGE. 105-125 VAC 
FOLD-BACK CURRENT LIMITING Protects Power Supply OUTPUT VOLTAGE: 13.8 VDC + 0.05 volts 
from excessive current 8 continuous shorted output (Internally Adjustable: 11-15 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE Less than 5mv peak to peak (full load 
except RS-3A. RS-4A. RS-54. low line) 
MAINTAIN REGULATION 8 LOW RIPPLE at low line input Air8 tvailablc with 220 VAC input vt l tatc 

I Voltage 
HEAVY DUTY HEAT SINK CHASSIS MOUNT FUSE 
THREE CONDUCTOR POWER CORD 

INSIDE VIEW - RS-IZA ONE YEAR WARRANTY MADE IN U.S.A. 

R M  SERIES 

I I 

1 

19" x 5 %  RACK MOUNT POWER SUPPLIES 

Continuous ICS' Size (IN) Shipping 
Drtv (Ampa) I A ~ P : ~  H x W x D  Wt. (lbs.] 

9 12 5't4 x 19 x 8 %  16 
25 35 5 h  x 19 x 12b 38 
37 50 5'4 x 19 x 12'b 50 

MODEL AM-35M 
b 

RS-A SERIES 

MODEL RS-7A 

RS-M SERIES 
. - 

1.9 P 

MODEL RS-35M 

VS-M AND VRM-M SERIES 

MODEL VS-35M 

9 12 5'1~ r 19 x 8'14 16 
RM-35M 25 35 5'!a X 19 X 12'6 30 
RM-50M 37 SO 5'!4 x 19 x 12'12 50 

Comlinuour ICS' Sizm (IN) Shippin# 
MODEL Duty (Amps] (Amps1 H x W x D  Wt. (lbs.] 
RS-3 A 2.5 3 3 x 4'4 x 5]'1 4 
RS-4A 3 4 3% x 6% x 9 5 
RS-5A 4 5 3'12 x 6',a x 7 %  7 
RS-7A 5 7 3 1  X 6'h X 9 9 
RS-78 5 7 4 x 711~ x I O ~ / ~  10 
RS-IOA 7.5 10 4 x 7'0 x 1031+ 11 
RS-I2A 9 12 4'2 x 8 X 9 13 
RS-120 9 12 4 x 7'+ x 10% 13 
RS-2OA 16 20 5 X 9 X 101:2 18 
RS-35A 25 35 5 X 11 X 11 27 
RS-5OA 37 50 6 x 13% x 11 46 

Continrous ICS' Sizc (IN] Shippint 
MODEL Duty (Amps] (Amps) H x W x D  Wt. (lbs.] 
Sw~tchable volt and Amp meter 
RS- 12M 9 12 4'2 X 8 X 9 13 

Separate volt and Amp meters 
RS-2OM 16 20 5 x 9 x  lo'^? 18 
RS-35M 25 35 5 x 11 x 11 27 
RS-50M 37 50 6 X  1 3 ' ~  X 11 46 

Separate Volt and Amp Meters Output Voltage adjustable from 2-15 volts Current limit adjustable trom 1.5 amps 
to Full Load 

Csntinueus ICS' Size (IN) Shippiat 
MODEL Dwtv (Amps] (Amps) H x W x D Wt. (1bs.I 

@13.8VOC @IOVDC @5VDC @13.8V 
VS-12M 9 5 2 12 4'12 x 8 x 9 13 
VS-20M 16 9 4 20 5 x 9 x 1 0 ' ~ ~  20 
VS-35M 25 15 7 35 5 x 1 1  X I 1  29 
VS-50M 37 22 10 50 6~ 133u X 11 46 

Variable rack mount power supplies 
VRM-35M 25 15 7 35 5'14 x 19 x 12% 38 
VRM-50M 37 22 10 50 5% X 19 X 12'h 50 

4 X 7'11 X l O 3 l 4  

4 x 7% X 103ic 
4'12 X 8 X 9 

'ICS-Intermittent Communication Service (50% Duty Cycle 5min. on 5 min. off) r /  110 



A Big Video Monitor 
for Packet 

Packet operators are often called upon 
to give demonstrations to public offi- 
cials or Amateur Radio groups. 
Because of the small screen, everyone 
has to crowd around to see what's 
going on. Small computer screens cre- 
ate difficulties for s~ght-impaired hams 
as well. 

There are large-screen (and even 
projection) TVs available, but most 
equipment deslgned for off-the-air tel- 
evision reception has only a 4.5-MHz 
video bandpass and is unable to dis- 
play the "normal" 80 columns. (Com- 
modore and Apple default to 40 
columns because many people use 
ordinary television sets as monitors.) 
The serious comwuter user needs a 

piezoelectric buzzer in place of the 
scope for infrared detection. The 
encoded binary information emitted 
from a hand controller will modulate 
the buzzer's tone. I mounted the pho- 

rial (the normal output from most corn- totransistor in an LED bezel. You can 
puters like the Apple or Commodore). also install it in the barrel of an old pen 
They are specified to have a horizon- (with a length of RG-162 going back to 
tal sweew freauencv of 15.750 +500 

for us ... 
David Mclanahan, WAIFHB I k$ BunE<b 1 OR ToMTER SCOPE I 

puter friend;, or they'll dry up the entire 
supply, and there won't be enough left 

A Simple Infrared 
Detector The circuit for the simple infrared dectector. 

9 VOLTS 

dd°FF 0w@8~u I 

My house is full of remote ~adgets. 

There is a family of excellent large- 
screen monochrome video monitors 
that meet the 12-MHz video bandpass 
requirement. These are the 19-inch 
Motorola M5000s and 23-inch Moto- 
rola M7000s made for use as flight 
annunciator displays at airports. Unfor- 
tunately, they are no longer manufac- 
tured, but service literature and parts 
are still available and the monitors do 
show up at computer and ham flea 
markets. 

A frequently asked question is: "Will 
my computer have enough output to 
drive a large-screen monitor like that3" 
Luckily, this is no problem. A monitor 
requires two inputs, power and signal. 
While the power requirement may go 
up (these units require 110 watts), the 
s~gnal requirement is Independent of 
screen size. 

The M5000 and M7000 require 117 
volts AC and a "composite" video sig- 

issued on invisible rays of infrared light. 
Even my ham shack hasn't been 
spared; optical interrupters have 
replaced multisection tuning capaci- 
tors in receivers and transceivers. For 
most of us, trouble-shooting these 
devices has been limited to changing 
the battery and hoping for the best. 

This project is designed to detect 
infrared light. It can be used in con- 
junction with a scope to verify that 
encoding information is present. 

I enclosed my detector in a 4-314x2- 
112x1-1/16 plastic case, but the circuit 
is simple enough that you can bread- 
board it when the need arises. I found 
all the parts at the local Radio Shack 
for under $15. Construction isn't criti- 
cal; I mounted all of the components 
on the case's front panel and used 
point-to-point wiring. 

The circuit is shown in Figure 1. To 
keep things portable, you can use a 

Quantity Description 
1 IR phototranslstor 
1 plezo buzzer 
2 SPDT switches 
2 470 ohm 1/2 watt 
1 9-volt battery 
1 battery connector 
1 battery holder 
2 binding posts 
1 plastic case 
1 LED bezel 

Radio Shack 
part number 

276-145 
273-06541 
275-603 
271-019 
23-464 

270-325 
270-326A 
274-661 
270-222 
276-080 

the remaining c~rcuitry) for probing 
around infrared sources in shaft 
encoders and other tight areas. 

The detector saturates when used 
outdoors during the daytime. A small 
3 or 4-inch tube placed in front of the 
phototransistor will reduce incidental 
pickup. 

Peter J. Bertini, K1ZJH 
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A RE ~ommunications 1,imited. 6 ROW, Parade. I 
tI3ngc.r Lane, Faling, lnndon W5A IET. England 

Fax 01-991-2565 

TelO1-997-44 76 f l  111 I 

Model AC 1.8-30 1.8 to 30 MHZ 
WRMax21 141overogehom18to30MHz 
Can be lnstolled Inopproxlrnately 80 ft space 
ldeol for commercal sewces for mult~ h e  
q u e w  operatton wlmout the need for 
ontenrm tuners or oddlt~onal antennas NX :d (XI 

Handles I KW 2 KW PEP ICAS 
Higher cower models avoibw on 
speclol order Contact your 
dealer or factory 

u run- re  

Model AC 3.5-30 3.5 to 30 MHZ 
SMlRlenthon21 hom35t030MHz 
Complete assembled Balun tennlnated wlth 
standard SO-239 connector '4 84,= 
h W 0 f ~ ~ b l l l ~ 1  kW- 2 kWfJ!3'ICAS Higher S(RPM<, K b t i r  DL% 
power model 1s ovallable on speclol order MID S A  (x, 
Designed for 50 ohm feedllne 
Weather proof balun and balonclng netww(c 

A U  OUR F77ODUlS MADE IN USA 

Cholltv Comrnuncotlon Roduts S~nce 19 
At VOW D~strlDUtm Wrlte a Call 
10 Canal S t m l  
(215) 788-5! 

Actnal VGA Screen Photo 

The best computer FAX system just got better! I 
A corn lete  facsimile rece t ion system 
for  the%^ PC or c o m p a t g l e .  Receives 
up t o  16 intensity levels. 
Includes: 

Demodulator 80 Page Manual 
Software Tutonal Cassette 
Frequency List Interpretation Guide 

Features: 
Print on Epson, or HP Laser Jet 
Disk Save, Zoomin Image processing 
Unattended 1rnage%apture and much more 



THE BATTLE OF THE 
BEAMS 
PART 1 

By D. V. Pritchard, G4G VO, 55 Walker DL, Leigh on 
Sea, Essex SS9 3QT, England 

1940.. .Now, nearly 50 years from those near-disastrous 
days, how many of us remember (or even know of) the debt 
of gratitude owed to one man who confounded the radio 
experts and overcame officialdom to earn Churchill's praise 
as the man who "broke the bloody beams" - who went on 
to unravel the secrets of German radar and Hitler's "V 
weapons," the V1 pilotless flying bomb (the 'tfoodlebug'] and 
the V2 rocket? 

B orn in London in 1911, R. V. Jones was educated at 
St. Jude's, Herne Hill, and later at the Elementary 
School in Sussex Road. Brlxton, where he won a 

scholarship to Alleyn's School, Dulwich. Awarded an Open 
Exhibition in 1929 towadham College, Oxford, he worked in 
the Clarendon Laboratory under Professor Lindmann (later 
Lord Cherwell and Winston Churchill's wartime Scientific 
Adviser), where he turned his talents to infrared detection - 
an interest he was to pursue for the next 30 years. 

In 1939, he was appointed Scientific Officer to the Military 
Intelligence Service (MIG) to find out what the Germans were 
doing in theway of applying science to warfare. In early 1940, 
he came to believe that they had a radio-navigation system 
by which they hoped to bomb accurately at night. 

Knickebein-the crooked leg 
From captured documentsfound in crashed German air- 

craft he came across the word Knickebein, or "crooked leg." 
The Germans' code names were informative - thisone even 
sounded like a beam. But what kind was it? 

Then two prisoners of war were overheard to speak of 
something called X-Gerat, or "secret apparatus;" evidently 
it was something used in an aircraft, and involved radio pulses. 
A thriller could hardly havea more intriguing title, but what was 
X-Geriit- and was it the same as Knickebein? Deeply 
interested, Jones pressed his Intelligence sources for more 
information and in March was rewarded with the navigator's 
notes from a shot-down Heinkel. Navigational Aid: Radio Bea- 
cons working on Beacon Plan 'A" Additionally from 0600hr 

Beacon Dijhnen. Light Beacon after dark. Knickebein from 
0600hr on 3159 

Shortly afterwards, acooperative prisoner said that Knick- 
ebein was a beam so narrow and exact that two of them could 
pinpoint a target with an accuracy of less than a kilometer. He 
also added that Knickebein was in some ways similar to X- 
Gergt, assuming that we were familiar with both systems! 

From the wreck of another Heinkel, a diary was rushed to 
Jones. It read: March 5. Two-thirds of flight on leave. Afternoon 
training on Knickebein, collapsible boats, etc. 

By this time, the cryptographers at Bletchley Park had per- 
formed a near miracle by breaklng the German Enigma code. 
One of the intercepted messagesfrom a German aircraft was 
sent to Jones: Knickebein, Kleve, is confirmed at position 
53O24' north and lo west. This meant that the aircraft had 
reported receiving the beam a few miles south of Retford in 
Nottinghamshire, and Kleve (whel'e Anne of Cleves came 
from) was on the nearest German soil to England. 

But, clearly, there had to be two beams: one along which 
the bomber flew, and another one - amarker beam - to tell 
the pilot when he was approaching his target. Evidence of this 
second beam arrived a few days later in yet more salvaged 
papers from a crashed Heinkel. Long-range Radio Beacon: 
Knickebein (Bredstedt) 54O39: 8O57: Knickebein (Kleve) 
51°47'5", 6O6: 

So Bredstedt in Schleswig-Holstein was the source of the 
second beam! 

Amateurs and experts 
Obviously beams less than a kilometer w~de at well over 300 

km called for very high frequencies - possibly something in 
the centimetric region. And although this part of the spectrum 
was in some use at the time, the power generated by valves 
then available was very low. Certainly the German system sug- 
gested they had overcome the problem. (It wasonlylater that 
we discovered that German radar had been operating on 50 
cm since about 1930!) 

However, Rowley Scott-Farnie, G5FI (then a signalsofficer 
in RAF Intelligence), showed Jones a report by T. L. Eckers- 
ley(thecountry'sleading propagationexpert), in which Eck- 
ersley had computed the possible range of a20-cm transmit- 
ter sited in the Hartz Mountains. If the calculations were 
correct, the signals would bend round the earth and might 
well be heard by a bomber at 20,000 feet over England. This 
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information, together with the evidence he had already col- 
lected, prompted Jones to alert Professor Lindemann to the 
possibility that the Germans had a narrow-beam system for 
bombing the country. Lindemann naturally countered with 
the objection that the frequencies they would have to use 
could not possibly bend round the earth, but Jones produced 
Eckersley's calculations and told him that indeed they could. 

But how were the Germansdoing it? Inspection of captured 
aircraft revealed nothing unusual and the radio equipment 
seemed perfectly normal - certainly nothing in the way of 
centimetric receivers. He pressed for yet more information, 
especiallyfrom the prisoner-of-war interrogation centers. Did 
their aircraft carry special receivers for beam reception? Had 
we missed something? 

Quitecorrectly the prisonersadmitted nothing. But at one 
center a prisoner was overheard to tell his friend that no mat- 
ter how hard we looked for the equipment we would never find 
it. This startled Jones, for it implied that it was under our very 
noses and therefore we would never see it. Methodically he 
sifted through the captured equipment, but theonly item that 
fit the bill was the receiver marked E BI 1 (Empfanger Blind 
1) - Blind Landing Receiver Type 1 - which was used by 
both the RAFand the Luftwaffefor blind landing on the Lorenz 
Beam System. 

The Lorenz System, however, only had a range of about 8 
km at best, unless the Germans had somehow dramatically 
increased its range. Knowing that Farnborough had evalu- 
ated the equipment, he inquired if there was anything unusual 
about the receiver. 

"No," came the reply. "But since you mention it, the receiver 
is many times more sensitive than they would ever need for 
blind landing." 

Could that be it! Dr. Jonesspoke to Lindemann, whodrafted 
a note to Churchill. He wrote: '7hereseems some reason to 
suppose that the Germans have some type of radio device 
with which they hope to find their targets." 

Churchill initialed the note and sent it to the Air Minister, 
adding: '7hisseems most intriguing and I hope you will have 
it thoroughly examined." 

Acommitteeof inquiry was formed and Squadron Leader 
R. S. Blucke was put in charge of flying operations. Three 
Ansons were fitted with suitable receiversand flown by Lorenz- 
trained ~ilots. Rowlev, GSFI, told JonesthattheGerman pre- 
set freq"encies were likely to be 30,31.5, and 33.3 MHz, and 
sure enough afew days later a scrap of paper recovered from 
yet another crashed aircraft read: Knickebein (Kleve) 31.5. 

On June 20 a Heinkel was shot down. The radio operator 
had bailed out, had torn his notes into shreds, and wasactu- 
ally burying them when he was captured. An Intelligence 
NCO unearthed them, gummed them together, and sent 
them to London: VHE Knicke 54°38171' N, 8O56'8" E, 
51°0'30"N, Eqms., Stollberg30mc/s. Kleve 51°47'N, 6O2/E, 
55ON, 2OEqms., 31.5 mc/s. 

Thisseemed toconfirm the existence of another Knickebein 
installation at Stollberg and in Schleswig-Holstein. It also con- 
firmed Scott-Farnie's guesses about the frequencies. Yet after 
two flights the Ansons failed to find the beams. 

Was Jones wrong after all? Many thought so. Sir Henry Tiz- 
ard was skeptical (and fell from Churchill's favor as a result), 
Air Chief Marshal Dowding was doubtful, and Air Chief Mar- 
shal "Bomber" Harris was scathing. Other military and scien- 

tific brains looked askance at the young man who questioned 
established wisdom. Then, suddenly, Jones wassummoned 
to a meeting at Downing Street. 

Thinking the message was one of Scott-Farnie's practical 
jokes, he arrived half an hour late to find the meeting already 
in progress. A galaxy of talent confronted him. 
Churchill sat on one side of the table flanked by Lindemann 
on hisleft and Beaverbrookon his right. Facing them wassir 
Archibald Sinclair (the Air Minister), Sir Cyril Newall (Chief of 
the Air Staff), Sir Henry Tizard, Watson-Watt, and Portal and 
Dowding (Commanders-in-Chief of Bomber and Fighter 
Commands). Breathing his apologies to the Prime Minister, 
Jones took his place at the end of the table. An argument was 
taking place - did the beams exist or didn't they7 Soon Jones 
realized that nobody in the room knew as much about the mat- 
ter as he did. Suddenly Churchill snapped a question at him, 
and feeling he couldn't answer it out of context Jones said, 
"Would it help, sir, if I told you the story right from the start?" 
Churchill seemed somewhat taken aback but then replied, 
"Well yes, it would." 

For the next 20 minutes Jones outlined his evidence. As he 
later recalled I.'. .although I was not conscious ofmy calmness 
at the time, the very gravity of the situation somehow seemed 
to generate the steady nerve for which it called. Although I was 
only28, and everyone else around the table much my senior 
in every conventional wa): the threat of the beams was too seri- 
ous for ourresponse to bespoilt by nervousness on my part." 

When he had finished, an air of incredulity filled the room. 
Sir Henry Tizard demanded to know why the Germans should 
use a beam anyway, assuming such a thing was possible. Our 
own pilots found their targets very well by astro-navigation. 
(They didn't! Author:) Others round the table seemed doubt- 
ful. But Churchill was convinced and asked Jones what 
should be done. 

'9 told him that the first thing was to confirm their existence 
by discovering and flying along the beams for ourselves, and 
that we could develop a variety of countermeasures ranging 
from putting a false cross-beam for making the Germans drop 
their bombs early, to using forms of jamming ranging from 
crude to subtle." 

With a typical "Let this be done at once!" Churchill then 
turned round and tore astrip off the Air Ministry fortheir tardi- 
ness. 

And expert amateurs 
Elated at having convinced the Prime Minister, Jones 

dashed away to attend a conference in the off ice of the Direc- 
tor of Signals, Air Commodore Nutting, to discuss the possi- 
bility that the Germans might exploit pulse techniques as 
nagivational aids. T L. Eckersley was to give evidence. How- 
ever, because Eckersley disagreed with Jones'sfindings, the 
subject reverted to Knickebein. 

But what about those propagation calculations? Oh, those! 
Eckersley pooh-poohed them; he didn't believe them himself. 
He was only trying to demonstrate how far the signals might 
go under certain conditions. He thought he had been stretch- 
ing theorytoofar, and doubted if signals in the30-MHz band 
would curve round the earth. 

The Ansons had fa~led to detect the beams during their 
previous flights and another one was due that evening. In 
order to cancel it the Principal Deputy-Director of Signals, 
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DRIVEN 
REFLECTOR1 E L E M E N T  REFLECTOR 2 

I CAM- SWITCH ANTENNA 
(MOTOR DRIVEN)  F E E D  

I I 

The principle of the operating reflecton. 

Group Captain 0. G. Lywood, picked up the phone saying, 
"Well, we have here the greatest expert on radio propagation 
in the country and he says the beam theory is all wrong. We've 
wasted a lot of time and let's not waste any more. This even- 
ing's flight should be canceled!" But Dr. Jones stood his 
ground. Pointing out that Eckersley's evidence had neutral- 
ized itself because he had said one thing afew months before 
and now said something quite different, and that enough evi- 
dence already existed to convince him, he demanded that 
Eckersley's statement should be ignored. He also told Lywood 
that if the flight wascancelled he would "jolly well let the Prime 
Minister know who had countermanded his orders." Lywood 
backed down. 

From the Chair, Air Commodore Nutting demanded: "And 
what do wedo if we find the beams?" Quietly Jones whispered 
to Rowley Scott-Farnie, "Go out and get tight!" 

Black night and bright dawn 
Dr. Jones went home to spend one of the most miserable 

nights of his life. "Had I, afterall, made a foolofmyselfandmis- 
behaved so spectacularly in front of the Prime Minister? Had 
ljumped to false conclusions? Had I fallen fora great hoax by 
the Germans?Above all, had I arrogantly wasted an hour of 
the Prime Minister5 time when Britain was about to be invaded 
or obliterated from the air?" 

It wasa beautiful summer's night - the shortest night of a 
terrible year for Britain -when Flight-Lieutenant Bufton and 
Corporal Mackie climbed aboard their Anson and flew over 
the area between Huntingdon and Lincoln. Neither had been 
told the Knickebein story, but merely to search for beams with 
Lorenz characteristics. Suddenly on the Hallicrafters receiver 
they heard signals on 31.5 MHz. Dots! 

The aircraft swung to the north. Still dots. Then a continu- 
ous note, and later, as expected, azone of dashes. When the 
dashes ceased, Bufton and Mackie began intently to plot the 
beam. The following afternoon Bufton's report wason Jones's 
desk: 
I. There is a narrow beam (approximately 400 to 500 yards 
wide) passing through a position 1 mile south of Spalding, 

DASH ZONE 

-- -- - 

The principle of the Lorenz beam system. 

ON T H E  EOUISIGNAL. DOTS 
EXACTLY F I L L  T H E  GAPS 
BETWEEN T H E  DASHES. SO 
THAT THE PILOT H E A R S  A 
CONTINUOUS NOTE- 

EOUISIGNAL I 

T R A N S M I T T E R  SWITCHED FROM 
DASH ANTENNA TO DOT ANTENNA 

The principle of the Lorenz (Knickebein) beam. 

having dots to the south and dashes to the north, on a bear- 
ing of 104O(284OT). 
2. The carrier frequency of the transmissions on the night of 
21/22 June was 31.5 mc/s, modulatedat 1150 cycles andsimi- 
lar to Lorenz characteristics. 
3. There is a second beam having similar characteristics but 
with dots to the north and dashes to the south synchronized 
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The Lorenz System 

FROM RECEIVER 

MODULATION 
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1/15+ $i I 

a h ~ l n m  a FINE-APPROACH INOICATION 
I 7-9m 11100Hz) 

I 

EOUlSlGNAL 
PORT 

B )  rrc -! 9m l l l 5OHz)  

In 1932, Dr. E. Kramar of the German Lorenz Company 
began to develop a high-frequency blind landing system 
on pre-set frequencies between 30 and 33.5 MHz, continu- 
ous wave modulated at 1150 Hz. The beacon transmitter 
and its associated antenna system stood at the end of a 
runway and had a range of 3 to 5 km (sometimes more 
depending on conditions) even though the transmitter 
developed 500 watts. The output was fed to a single dipole, 
to the left and right of which and at a quarter-wave spacing 
was a single reflector cut at its center point. A relay was 
used to alternately close and open the reflector, as shown 
in Figure 1, whereupon a beam was generated at an angle 
left and right of the driven element composed of dots to 
one side and dashes to the other (see Figure 2). These 
alternating beams partially overlapped each other centrally 
to give a narrow zone of about 3O angle in which the dots 
and dashes were heard as a single note, telling the pilot 
he was on the correct approach (see Figure 3 and 4). A 
simple presentation unit was also provided in the cockpit 
which showed the course deviation on a meter; a form of 
range measurement was furnished by an S-meter arrange- 
ment. 

Two additional transmitters were employed to aid landing 
(Figure 5). At a point 3 km before the runway was an early- 
approach system on 38 MHz with a power of 5 watts, but hav- 
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ing aslower-keying rate and alower modulation note. The sec- 
ond system was comprised of a transmitter at 300 meters 
before the runway, with a higher key rate and modulation tone. 
Both these systems operated a lamp on the presentation unit 
to give further visual indication. 

The accompanying aircraft receiver was known as the EB 
1 (Blind Landing Receiver I), which wasdevelopedfrom the 
earlier EBE receiver. The system was made available to 
Lufthansain 1934 and theaircraft were fitted with vertical rod 
antennas, usually quarter-wave whips. Later, the Luftwaffe 
produced a specification for what was to be called the Blind 
Landing System FuB 1, and which required two separate 
receivers - the EB 1 for signals in the range 30 to33.3 MHz, 
and the EBL2for38 MHz. All multi-engined aircraft of the Luft- 
waffe were fitted with these up to 1941. 

As war seemed inevitable, Dr. Lohmann of Telefunken devel- 
The target approach indication with the Knickebein system. (A) oped a much larger system which was called 721 in 
Pulse rectifying circuit. (8) Pulse rate timing - distances in meters, 
tones in hertz (for approach on flightpath). (C) Pulse rectification 

1938. This was an antenna array of metal girders 30 meters 

and waveforms, tone-modulated signal. At rectifying circuit and as high and meters long which revolved On a circular 

final pulse. track. In the middle was a 50-watt transmitter for 30 to 33.3 
MHz. The framework supported 16 vertical wire dipoles and 

with thesouthern beam, apparentlypassing through apoint reflectors and was arranged as an angle of 165' (looking 
near Beeston on a bearing lying between 60°+ andless than down on the array), so that eight two-element antennas were 
1049 in each leg of the framework. From this "broken neck" appear- 

In other wordsthe director beam wasaimed at Derby where ance, geknickten in German, came the code name Knicke- 
the Rolls Royce factory produced engines for the RAF - as bein. 
Jones had suspected. The impact of Bufton's report on the Details of the transmitters and receivers used are, unfor- 
meeting thatafternoon may well be imagined. Jubilation was tunately, no longer in existence. However, the antenna lobes 
intheair. Even "Daddy" Nuttingwasskipping roundthe room were similar to those shown in Figure 6, except that the nar- 
in delight. All doubts were now drspelled and countermeas- row equisignal zone was +0.3O wide and the key~ng of the 
ures could go ahead urgently. dashldot system had a ratio of 1:7. The improved receiver, 

In the midst of the revelry Scott-Farnie buttonholed Jones: another mark of the EB 1 known as the Fu BI 1, could receive 
"Remember what you said yesterday?" the beam at a range of 500 km and a height of 6500 meters. 

So they bowled across to a pub to celebrate. The principle was that the main beam was directed at a tar- 
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The prfnciple of the Lorenz blind landing system. 

get, and the pilot knew he wason course when acontinuous 
note appeared in the receiver. If he strayed to the left, a prepon- 
derance of dots was heard; a swerve to the right produced 
dashes. 

By 1940, ten smaller versionsof Knickebein had been built 
which required only acircular trackof 45 meters in diameter. 
Each leg of the angled frame contained only four sets of ver- 
tical two-element arrays, which were broadbanded to tune 
between 30 and 33.3 MHz by construction from wide- 
diameter tubing. The range wasalmost the same in practice 
as the large Knickebe~n, although the main beam w~dth was 
wider at k0.69 

As already mentioned, when in use the main beam was 
directed at the target, and at a predetermined point some dis- 
tance before the target was reached it was overlapped by a 
second beam on a different frequency. This told the pilot his 
distance in kilometers from hisobjective. Figure 6 shows the 
method in more detail. 

Although no details remain of the receivers used, it is known 
that they were t.r.f types and, as will be seen later, very suscep- 
tible to jamming. For this reason a Dr. W. Kloepfer of Lorenz 
developedasuperhet, the EBL3 H, which neededonly slight 
preparation as it used the same p.s.u. as its predecessor and 
fitted the same cabinet. This was tunable over a number of 
channels from 1 to 34 in the spectrum 30 to 33.3 MHz, and 
could receive the Knickebein transmissions at the same 
height and range as the earlier model. 

Pulling the Crooked Leg 

A special unit was set up to counter the beams(which were 
code named Headaches) under the command of Wing Com- 
mander E. B. Addison of No. 80 Wing at Radlett. The techni- 
cal design of the countermeasures was the responsibility of 
Dr. Robert Cockburn of the Telecommunications Research 
Establishment at Worth Matravers. Both organizations were 
accorded the highest priority. 

Receivers were placed on top of the masts of certain sta- 
tions of the Chain Home RDF (radar) system, and the unlucky 
operators in these dizzy crow's-nests were connected by tel- 
ephone with Fighter Command Headquartersat Bentley Pri- 
ory. 

Professor Jones records how he, too, spent a night on top 
of one of these towers - listening to the signals which Eck- 
ersley had said could not be heard even by a bomber at 
20,000 feet over England. 'When about dusk the German 
beams wereswitched on, the men in the towers would be able 
to pick them up and let us know for instance, if a beam was 
going between tower ;4' and tower 'B.' That would give us a 
clue to the beam's position, and one of our chaps would go 
up in an Anson and fly back and forth until he picked up the 
beam, which could then be plotted." 

The first jammers were diathermy sets used by hospitals to 
cauterize wounds. These were requisitioned and tuned to the 
Knickebein frequencies. Although they only emitted a mush 
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The antenna pattern of the Knickebein array. 

of signals, it was thought that they had some effect on the 
beams. Installed mainly in police stations, they were switched 
on when ordered by No. 80 Wing. 

Fortunately we had acquired the Lorenz license before the 
war, so Lorenz transmitters were modified and strategically 
placed, as were "Meacons," or mock beacons. The Luftwaffe, 
with more than 80 radio beaconsat their disposal in Germany 
and occupied Europe, began to find radio navigation an ever- 
~ncreasing problem. But it was Cockburn's jammers (code 
named Aspirins) that were most effective. Immensely power- 
ful, they flooded the beams with dashes and the German 
pilots, flying into their own dash zones, would steer tof~nd the 
equisignal only to find Cockburn's dashes. They would con- 
tinue turning until they found a dot zone (and Cockburn's 
dashes), which often synchronized into a false equisignal 
note. After they found themselvesflying round in circles dur- 
ing bombing raids for a few weeks, they came to realize that 
we had found and jammed their system. We had, in fact, 
"pulled the crooked leg." An additional bonus lay in the fact 
that it was several months before the German pilots had the 
courage to tell Goering that Knickebein was useless. 

Had the system worked successfully, a number of bombers 
could have put bombsevery 17meters into a selected target. 
As it was, our citiessuffered severe mauling from the Luftwaffe. 
Who knows how much worse the loss of life and property 
would have been but for the efforts of a young physicist who 
refused to believe theexperts, and courageously challenged 
his superiors. 

Today one wonders how many Londoners and citizens of 
our other major cities have heard of Professor R. V. Jones. Q 

Repr~nletl w~lh permlsslon from Praclrcal WaeCss PW Publ~shlng Lld January 1988 Cd 

* from over 25years 
in An/ WGORG 

With our all in one box TC70-1 70cm ATV Trans- 
ceiver you can easily transmit and receive live action 
color and sound video just like broadcast TV. Use 
any home TV camera or VCR by plugging the com- 
posite video and audio into the front VHS 10 pin or 
rear phono jacks. Add 70cm antenna, coax, 13.8 Vdc 
and TV set and you are on the air ... it's that easy! 

1.2M-1.5M PARABOLIC DISHIFEEDIDOWN CONVERTER to 2 Meters 

! p RCP. LCP. or Llnear Polarization . LNA- NF. 1.5dB. G--22dB 
Preselector Flller - 
Machlned 4-Pole Combllne 

I M~crostrlp Mlxer on hlgh dlelectnc 
alumlna 
Local Osc~llator - Heater 
Stablllzed. - Pppm lor CW/SSB 

! . Down Converter mounted in feed 
assembly lor optimum 
performance 

Frequmes available: 1.296-1.691 GOES WX- 2.304-2.40 OSCAR Mode-S -3.456GHz 

rn FeedIDown Converter Assemblies are interchangeable In common feed mount. 
1.2 Meter or 1.5 Meter Spun Aluminum Dish has mlg, hardware for 1.5" mast 
Feed Antenna has + MBiC Gain, selectable polar~zatlon. 

PRODUCT P R I C E  L IST  

. . . . . . . . .  RCP'LCP Feed Assembly.Type N connectors. Model WCFA-(lreq) $185.00 
. . . . . . . .  Linear Polar~zed Feed Assembly.Type N Conn. Model WLFA-(lreq) 135.00 

(Specrfy frequency: 7.296. 1.691. 2 304.2.400. 3 456GHz) 
. . . . . . . .  1.2 Meter Spun Aluminum Dlsh with mtg. hardware WUDA-1.2M 295.00 
. . . . . . . . .  1.5 Meterspun Aiumlnum Dfsh wlth mtg. hardware WUDA-I .5M 395.00 

LNA- 2 stage GaAsFET, NF. 1 .ME. G -22dB. SMA Conn WLNA-(freq) ... 265.00 
(Speaty lrsquency~ 1.2. 1.69 2 35. 3 456GHz) 

Preselector Bandpass F~lter. Machlned 4-Pole Combllne. SMA conn. 
(Specrfy Irequency: 1.296. 1.697.2 3. 2.4. 3 456GHz) 

Model WMCF-(freq) 85.00 
Microstrip Mixer-Thick F~lm. Machined Hous~ng WHMM-(treq) . . . . . . . . . . . . . .  45.00 
Local Oscillator - Heater Stabillzed.Thlck Fllm.WHL0-(lreq) . . . . . . . . . . . . . . . .  325.00 

(Specify frequency: 1.151. 1.5535, 2.159.2.255. 3 31 1. oranyspot FoI 
Complete FeedDown Converter to 2 Melen. Model WFDC-(lreq) . . . . . . . . . .  675.00 

(Specrfy frequency: feed type) (Olher IF3 avarl.. GOES- 137.5MHz) 
Complete DishrFeed!Down Converter Assembly 

. . . . . . . . . . . . . . . . . . . . . . . . . .  1.2 Meter Dish. Model WDDC-I .2-(lreq) 955.00 
1.5 Meter Dlsh. Model WDDC-1.5-(freq) . . . . . . . . . . . . . . . . . . . . . . . . . .  1055.00 

All Products Shipped UPS except Pambollc Dish shlpped byTruck- Freight C o l k t  

Wilmanco 
19529RUIINtII( Ir.i lUI 8 i i  . i l  rRIIIUlll~ I CAv111411.5A 
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WITH A WAR SURPLUS 
CAPACITOR 

Precision dials 
based on 
frequency measurements 

YOTION 

FIXEO PLATES 

By John Pivnichny, N2DCH, 3824 Pembrooke 

Consider a variable capacitor constructed as shown in Fig- 
ure 1A. Capacitance change is made by a horizontal move- 
ment rather than a rotary motion. As the movable plateslides 
to the right by an amount X, the capacitance at the terminals 
(C) decreases an amount AC from its value Co, which is pres- 
ent when the movable plate is at its left-most position (fully 
meshed). 
In equation form: 
C =  C, - AC (1) 
orC=C,- k~ (2) 
The constant k represents the change in capacitance per unit 
movement in X. Equation 1 is plotted in Figure 2A and: 

Lane, Vestal, New York 73850 

M odern commercial transceivers havelinear tuning 
scales. Whether these scales are analog or digital. 
each revolution of the main tuning knob covers 

a fixed number of kilohertz across the tuning range. Linear 
analog tuning is done with specially designed capacitors that 
aren't available to Amateur transceiver builders. I think a first- 

islinear capacitance and it's well known that it won't produce 
linear tuning. The high frequencies will be compressed at the 
right edge of the dial. 

Obviously the capacitance is changing too quickly at the 
high-frequencyend of thedial. Figure 1B showsan irnprove- 
ment. The rectangular movable plate has been replaced by 
a triangle of height h and base b. The terminal capacitance 
now depends upon the area of the meshed triangle. The tri- 
angle's baseand the height change with horizontal motion X. 
In equation form: 

A )  -b- 

C k = -  (3) 
h 

X 
C =  112 (bh - 2hX+ bXz )  (5) 

classhomebrew designshould havethiscapabil and this plates an moved Iatemlly to pmdun, a change 
article explains how to add it inexpensively. capacitance. A and B are discussed in the text to show effect on 

Capacitor fundamentals capacitance with plate movement. 

r MOTION 

The amount of change depends upon the size of the plates Equation 5 (plotted in Figure 28) shows that the capaci- 
and the spacing. But because the movable plate hasstraight tance changes more slowly at the high-frequency end of the 
sides, thevalueof kisfixed acrossthewholetuning range. This dial, due to the parabolic shape represented by Equation 5. 

FIXED PLATES 
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EOUA TION 5 
X POSl TlON 

Data for rectangular, A, and triangular, B, capacitor plates. 
Capacitance scale is arbltraly. 

Unfortunately, this ~sn't exactly the curve necessary for a Iin- 
ear frequency scale, but now you have the background to get 
there. 

Thinkof the top edge of the movable plate as representing 
an equation with the X axisstarting at the right edge and going 
left. This reversal is necessary because frequency increases 
as capacitance decreases. The Y coordinate is given by the 
height of the variable plate at each X coordinate. 
The equations are: 
rectangle: Y = h jijr 0 < X < b 

h triangle: Y = h - - Xfor 0 < X < b. 
b (7) 

They are shown in Figure 3Aand 3B and represent the plate 
shapes of Figure 1 - except for that of the X axis in its nor- 
mal position (i.e., going right). 

Figure 3 gives the slopes (actually the negatives of the 
slopes) of the data plotted in Figure 2. You can get the shape 
of the movable plate for any capacitance equation of Figure 
2 by taking the slope, as shown in Figure 3. 

You want a capacitance equation that produces linear tun- 
ing. For a parallel LC-tuned c~rcuit the resonant frequency is 
given by: 

Solving for C: C = 
I 

47rZLP 

If the frequency increases linearly, the capacitance must 
decrease as the reciprocal of the square of the frequency. 
Suppose you want to cover the 3 to 4-MHz range. This is a 
1:1.333frequency ratio. Figure4 shows how the capacitance 

X C W R O I N A T E  . RECTANGLE EOUATION 

X COOROINATf . TRIANGLE EOUA TION 

Equations 6 and 7 are plotted in A and B and represent capacitor- 
plate shapes of Figure 1. Shown are the negatives of the slopes 
of the data in Figure 2. 

"-1 , , , , , , , , 1 
0.10 

1 0 0  1 0 5  110 115 1.20 I 2 5  1.30 1.33 
FREQUENCY. X COORDINATE . I TO I 3 3  R l T l O  

- 

Required tuning capacitance as a function of frequency. 

must change across the frequency range. Note the shape of 
the curve; the correct one will be the curve corresponding to 
Figure 2 for linear tuning over a 1:1.333 ratlo. 

The capacitance curve will be the same for any 1:1.333 tun- 
ing ratio. The exact range will be set by inductance L, whether 
it's 3 to 4 or 6 to 8 MHz. However, another tuning ratio will 
require a d~fferent Figure 4 curve. 

This means that you can only build a linear frequency tun- 
ing capacitor for one frequency ratio. These types of capaci- 
tors are specified by their minimum and maximum 
capacitances and frequency ratios. But you may require acer- 
tain fixed capacitor in parallel with the tuning capacitor to 
achieve the correct curve from Figure 4. It's possible to design 
a linear frequency capacitor to allow for stray or feedback 
capacitance from the oscillator circuit. 
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SYMBOL OF ENGINEERING INTEGRITY. . .QUALITY ~ P ~ ~ ' ~ ~ ' ' ~ '  WORKMANSHIP. . .RELIABLE LONG-LIFE PERFORMANCE - - I 

AL-80A LINEAR AMPLIFIER 
Tho A1 -BOA wlll pmvlde o slgnal output that Is wlthln 1 2 'ISw unH 

market-and at much lower cost. 
d of the slgnal output of the most expenslvo amp1 lor on the 

The Ameritron AL-80A combines tne economical 3-5002 with a 
heavy duty tank clrcult to ach~eve nearly 7 0 %  efflclency from 160 
to 15 meters. It has w~de frequency coverage for MARS and other 
authorized services Typ~cal drlve is 85 watts to give over 1000 watts 
PEP SSB and 850 watts CW RF output A new PI-L output circu~t for 
80 and 160 glves full band coverage and exceptionally smooth 
tuning. 

S~ze 15%"D x 14"W x 8"H Wgt 52 Ibs 

AL-1200  LINEAR AMPblFaER 

I 3CXl2OO TUBE 
Full legal output w~th 100 watts drlve 

I AL-1500  LINEAR AMPblFlER 
8877 TUBE 

I Full legal output wlth 65 watts drtve 

The coollng system In both ampl~f~ers keeps the 
tube safely below the manufacturers ratlngs even 
when operating at 1500 watts output w~th a steady 
carrler The fllament supply has Inrush current lhrnltlng 
to Insure maxlmum tube l~fe 

Slze l81/2"D x 17W x 10"H Wgt 77 Ibs 

AL-84 ATP-15 TUNER 
LINEAR The Amerltron ATR-15 1s a 

AMPLIFIFW 1500 watt T network tuner 
that covers 18 through 30 MHz 
In 10 dedicated bonds Handles 
full legal power on all amateur 
bands above 18 MHz 

The Amerltron AL-84 IS an econom~cal ampllf~er uslng four Flve outputs are selected from a heavy duty antenna sw~tch 
5MJ6 tubes tc devpiop 400  watts output on CW and 600 ollowrng the rap~d cholce of three coax~al llnes one srngle 
watts PEP on SSB from 160 through 15 meters Drlve requlred term~nol feed or a balanced output An lnternol balun pro- 
,s 7 0  w tvplcol 100 w max The passlve Input network vldes 11  or 4 1 ratlos (user selectable) on the balanced output 
oresents o low SWR Input to the exc~ter Power Input IS 900 term~nals 

I v~attc The AL-84 IS an excellent back-up portable or 
beginner's ompllfler A peak read~ng wattmeter and SWR br~dge 1s standard In the 

ATR-15 It accurately reads envelope powers up to 2KW I 
S~ze 11%-W x 6"H x 12l/zVD Wgt 24 Ibs Slze 6"H x 13%"W x 16 'D Wgt 14 Ibs 

RCS-4 Remote C O A X  Switches RCS-8V 
FOR CONVENIENT FOR SPECIAL 

INSTALLATION APPLICATIONS 

No control cable requ~red Selects up to five antennas. 
Selects one of four antennas Loss at 150 MHz: less than .I dB 
VSWR: under 1 1  to 1 from 18 to VSWR: under 12 to 1 DC to 250 
3 0  MHz MHz 
Impedance: 5 0  ohms Impedance: 5 0  ohms. 
Power capability: 1500 watts Power capability: 5 kW below 
uvfirage. 2 5 0 0  watts PEP 3 0  MHz. 1 kW at 150 MHz. 
maxlmum 7 - 

Available at your dealer. Send for a catalog of the complete AMERllRON line. 
~ ~ p F = : p $ ? ~ y  ' z +  : 

2375 Dorr Street Toledo, OH 43607 
rr 129 

For more information: (601) 323-9715 Technical inquiries: (419) 531-3024 



You've bought our replacer batteries befc 
NOW YOU CAN BUY DIRECT FROM US, THE MANUFACTURER! 

ICOM 
CM2, PB2 7 . 2 ~  @ 500MAH 
CM5, PB5 10 .8~  @ SOOMAH 
SUPER 7s  1C 8s  

* 
13 2v @ 1 lOOMAH 
9 6v @ 1200MAH 

(base charge only - 1" longer) 
Introductory Offer! 

SOURCE FOR ALL YOUR COM O U R  PRICES 

Mastercard and V ~ s a  BAlTERY REPLACEMENT NEE CAN T BE BEAT. 

cards accepted NYS SEND FOR FRf' 
res~denls add B1/s0/o 
sales tax ~ d d  $3 50 V & W ASSOCBATR CATALOG AND 

for postage and I Parsons Boulevard, Flushing, N.' PRICE LIST1 
handllng 

IORLD WIDE DISTRIBUTORSHIPS AVAILABLE. PLEASE INQuunr. 
b . . . . 7 - .  - 

Telex: 51060 16795 6 FAX: (718) 461-1978 

H 130 

I 
n 

all Toll Fn 

MUNlCi 
DS. 

0 -  
ICOM 

W l t i  O i l r  l 3d Ien l~~ l  

B, Br CIRCUIT" FILTERS 
+ T -7 I 

prov~de superlor 
perlormance 
espectally at close 
frequency separalton 

Models avatlable lor 
all commercial and 
ham bands wtthln the 
frequency range 0130 
to 960 MHz 

WACOM 
PRODUCTS, INC. 

GALLATIN 
RADIO SUPPLY 

Expert repair of Ehrhorn ALPHA 
76A, 374A, 78 and 77D series 
amplifiers. 

Also specializing in state-of-the-art 
repair and modification of the Collins 
KWMIHF-380 series radios. Latest 
up-dates available. Factory 
Authorized. You won't believe the 
improvement in your radio when it 
gets back! 

Call for more infonnetion 
or to schedule your work. 

Gallatin Radio Supply 
Attn: Kirby Van Horn 

P.O. Box 60064 
Houston, Texas 77205 

(71 3) 320-2324 

Authorized MADISON Electronics repair facility. 

I PO. BOX 21145 I 
WACO, TEXAS 76702 81718484435 
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Equation 10 data shows shape of capacltor plate to give 
capacitance curve of Figure 4. 

To determine the plate shape needed to give the capaci- 
tance curve of Figure 4, take the derivative of Equation 9: 

The top edge of the capacitor must vary as the reciprocal of 
the cube of the frequency (ignore the negative sign). 

This curve is plotted in Figure 5 for the 1 : l . m  
frequency ratio. The inductance is used to set the exact fre- 
quency range once again. The analysis gets more complex 
if you're removing a final amount of capacitance to allow for 
circuit capacitance. It can be done, but I won't discuss that 
process in this article. 

You could trace Figure 5, place the tracing on a piece of 
sheet metal, cut out one or more plates, and use them to con- 
struct a linear frequency tuning capacitor with horizontal 
motion. I haven't tr~ed this yet; maybe one of you will. What 
about a rotary capacitofl The mathematics are analogous 
using polar coordinates. I haven't included it here, but the prin- 
ciplesare thesame. Like the linear frequency tuning capaci- 
tor, a rotary linear frequency capacitor is good for only one fre- 
quency ratio. That ratio can be scaled to any range by 
inductance selection, and the variable capacitor may allow 
for a fixed external capacitance in the oscillator circuit. 

Now that the background isout of the way, I'll describe how 
to build an oscillator using a precision variable capacitor avail- 
able at little or no cost. 

Tuning capacitor 
The 35 to 150-pF main tuning capacitor from ARC 5 WWII 

command-set transmitters is one of the finest variable capa- 
citors available to Amateurs. It is still listed in Fair Radio Sales 
catalogs.* You can buy the capacitor alone or purchase the 
whole transmitter (not all of them come complete). The same 
capacitor seems to have been used for the 2.1 to 3,3 to 4,4 
to 5.3, 5.3 to 7, and 7 to 9.1-MHz models. Actually, the trans- 
mitters contain two similar capacitors. The only difference 
between them is that the front one, used for tuning the final 
amplifier, has a dial drive attached. Many old-timers may still 
have these caps in thew junkboxes. The capacitor is shown 
in Photo A. 

A worm drive with an anti-backlash gear moves the adjusta- 
ble plates. Exactly 96 turns of the shaft take the capacitor 
through 360 degrees. Of course, you can only use a maxi- 
mum of 180 degrees; I recommend slightly less to avoid errors 
at the beginning and end. 

In capacitors with the dial drives, the worm drive moves the 
plates whileanother set of anti-backlash gears rotates the dial. 
Exactly 99 turns of the shaft move the dial through 720 
degrees, or two revolutions. Because of this difference, you 
shouldn't rotate the capacitor 360 degrees. The dial will be 
off by three turns of the shaft after it revolves twice. 

An examination of the dialsshows that they're not linear. For 
example, 3.7 turnsof the main shaft move the dial from 4 to4.1 
MHz, but3.2 turnsare needed to move it from 5.2 to5.3 MHz. 
Photo B shows two representative dials. 

Because these capacitors have excellent gear drives, I 
decided to determine just how far off they would be for typi- 
cal Amateur tuning ranges. After all, 7.0 to 9.1 MHz is a pretty 
wide range for Amateur use. Even a capacitor with linear 
capacitance plates can give a fairly good approximation of 
linear frequency over a small frequency ratio. The plates on 
thiscapacitor arecloser to linearfrequency; there isasmaller 
radius at the high-frequency (minimum capacitance) end than 
at the low-frequency one. 

Frequency error 
I mounted acircular protractor on the dial drive in place of 

the surplusdial and took frequency measurements every 10 
degreesfrom 0 to300. The protractor was placed at the point 

'Fa11 Rn(t!o S;~lrs Company PO Box 1105 Lima Ohlo 45802 Two representative dials. 
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5 kHz. The raw data'is shown in Table 1. 
The oscillator circuit is shown in Figure 6.1 chose values and 

adjusted the inductance for the feedback capacitors, C,, and 
coupling capacitor to cover a 4 to 5.3-MHz range. 

The plot of frequency versus dial rotation shown in Figure 
7 looks good, but this kind of plot can be misleading. Very 
large, inherenterrorsof greater than 10 kHzare present. There 
are measurement errors based on how accurately the dial is 
positioned in reference to the 10-degree marker on the pro- 
tractor scale. There's also a k2.5-kHzerror; I recorded thefre- 
quency only to the nearest 5 kHz when I could have taken it 
to the nearest Hz with this counter. 

I used a curve-fit technique to minimize or average out the 
measurement errors. Drawing astraight line (mathematically) 
through the data points minimizes the frequency error 
between the raw data points and the straight line. This is 
referred toaslinear least-square curve fitting because the sum 
of the squares of the errors is minimized. 

Using a straight line like this is the best way to match a lin- 
ear dial over the frequency ratio selected. You can adjust the 
oscillator circuit's "fixed" capacitor and inductor to achieve 
the same deviation from a linear dial that you'd get from the 

Test data taken to determine dial position and frequency 
of a surplus WWll command-set capacitor. 

Dial Position 
(degrees) 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 

Frequency 
(MHz) 
4.0 
4.03 
4.07 
4.11 
4.15 
4.19 
4.23 
4.27 
4.31 
4.355 
4.40 
4.44 
4.48 
4.52 
4.565 
4.61 
4.65 
4.69 
4.74 
4.78 
4.825 
4.87 
4.91 
4.96 
5.0 
5.05 
5.09 
5.14 
5.18 
5.23 
5.27 

+9V * 9 v  
0 

T 2  

0 0 1  

4 7 o n  T D . 0 0 1  

m 

SILVER MICA Cx - K C  TEXT 

1 TI. T 2  - 2 N I I 2 4  L - I / 2  rr. DIAMETER SLUG-TUNED CORM 
NATIONAL XRSO I 

I I 

Oscillator circuit used for frequency-error measurements. 

OlAL ROTATION IOEGREES) 

Plot of frequency versus dial rotation looks linear but can be mis- 
leading. Measurement errors are minimized using a curve-fit tech- 
nique as in Figure 10. 

1 DIAL ROTATION IDEGREES) I 
Plot of frequency error versus dial rotation. A least-squares curve 
fit minimizes errors. 
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Error curve for a straight-line fit to the raw data of Table 2. 

deviations between the measured data and the best straight- 
line fit. Figure 8 shows a plot of the deviationsfor the 4 to 5.3- 
MHz range. It'seasier to see how far off a linear dial will bewith 
the plot in Figure 8 than it is with the one in Figure 7. 

At the low end of the dial the error starts off positive; that is, 
the actual frequency will be about 10 kHz higher than indi- 
cated on the dial. In the center the error is 10 kHz negative, 
and at the high-frequency end it's 10 kHz positive again. At 
two points the frequency will match the dial reading exactly. 
The parabolic nature of the error curve is rather ragged in 
appearance, undoubtedly due to the measurement errors 
indicated earlier. 

Numerous computer programs are available for curve-fit 
calculations. Some sophisticated calculators have this feature. 
You can do the calculations yourself using a simple calcula- 
tor and the formulas from a math or statistics textbook. I 
recommend using a computer; even the smallest personal 
computer can handle the calculations. Some programs can 
also calculate higher order curves, in addition to straight-line 
fit:;. 

I smoothed the ragged appearance of the error curve 
in Figure 8 in two ways. For actual frequency measure- 
ments, I took more care in positioning the dial directly under 
a cross hair while recording the frequency to the nearest 
1-kHz reading. In addition, I made a second-order curve 
fit to the raw data. Because the error curve seems to have 
a parabolic shape, a second-order curve (parabola) fits the 
raw data quite well. 

Figure 9 shows the error curve for a straight-line fit to the 
raw data of Table 2. 1 took frequency readings to the nearest 
kilohertz for each single turn of the main shaft. I made 49 
turns and selected the 42 center readings to eliminate errors 
at the ends of the capacitor range. My readings covered 
about 300 degrees of the main dial, including the 3746 to 
4083-kHz range. Figure 10 shows the plot of raw data 
versus a square fit (parabola), along with the resulting error. 
There's a less than 1-kHz error; the random scatter indicates 
the fit is as good as possible and is probably limited by 
rr~easurement errors. 

Using the smoothed raw data (parabola), I can find the 
best straight-line fit to determine the error from a linear dial. 
Figure 11 shows the result of my calculation. Now compare 
Figure 11 with Figure 10 and you'll see that raggedness 

L I 

Deviation from a parabola. Data shows less than 1-kHz error and 
random scatter indicates a good fit. 

Frequency readings between 3746 and 4083 kHz taken to 
produce error as a function of capacitor shaft rotation in 
Figure 10. 

Turning Tuning 
shaft Frequency shaft Frequency 

(turns) (kHz) (turns) (kHz) 
0 3746 26 3950 
1 3750 27 3958 
2 3756 28 3965 
3 3763 29 3972 
4 3772 30 3979 
5 3780 31 3986 
6 3789 32 3993 
7 3798 33 4000 
8 3807 34 4006 
9 3816 35 4013 
10 3824 36 4020 
11 3833 37 4026 
12 3842 38 4032 
13 3850 39 4039 
14 3858 40 4044 
15 3867 41 4051 
16 3874 42 4057 
17 3882 43 4063 
18 3890 44 4069 
19 3898 45 4074 
20 3906 46 4078 
21 3913 47 4083 
22 3921 48 4085 
23 3929 49 4083 
24 3936 
25 3944 

introduced by the measurement error has been removed; 
however, the basic error remains. This basic error results 
from the incorrect shape of the capacitor plates used over 
the particular frequency ratio in Table 2. 

How does the error for th~s type of precision-tuning 
capacitor change with the frequency ratlo covered? True 
straight-line frequency capacitors are designed for only one 
frequency ratio. Does this capacitor have a ratio where the 
error will be at its lowest? 
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MAIN SHAFT ROTATION /TURNS1 FREQUENCY RATIO 

Smoothed raw data (parabola) is used to flnd the best straight-line 
fit to determine the error from a linear dial. 

Percent error for a WWll tuning capacitor. Tuning range was about 
200 to 1300 kHz at center dial frequency of 4.6 MHz. 

More measurements 
I tried a variety of tuning ratios using the procedure just 

described. I selected fixed capacitors from 50 to 500 pF 
and investigated frequency ratios from less than 1.1:l to over 
1.3:1. My tuning range was about 200 kHz to over 1300 
kHz at the center dial frequency of 4.6 MHz. I calculated 
the percentage error by dividing the error at the dial cen- 
ter by the tuning range. As I mentioned previously, you can 
make the error small for almost any capacitor by restrict- 
ing the tuning range. Calculating the percentage error, how- 
ever, highlights the true error of the capacitor. 

The results are shown in Figure 12. Note that the error 
is positive at the dial center for ratios below 1.25:l and nega- 
tive for ratios above. This reverses the parabolas of Figures 
8 and 9. As it turns out, the best ratio is 1.25:l. The error 
here seems to be very close to zero. In fact it's less than 
0.1 percent. 

Practical use 
With errors this small, you can construct h~gh- 

performance linear tuning dials. For example, a 500-kHz 
range can be covered with less than 0.5-kHz error. You could 
also use the circular protractor degree markings to cover 
the 300 kHz from 1.2 to 1.5 MHz. 

Transceiver builders are interested in the 4.8 to 6-MHz 
range. By using just the top 5.5 to 6 MHz, you can bu~ld 
a nice master VFO. It's also possible to make a remote VFO 
for use with the popular commercial transceivers. Precision 
linear dials are practical for Amateur measuring instruments 
like signal generators and R-X bridges. I'm sure you can 
find many more applications. 

I have one suggestion that should make your transceiver 
front panel layout more attractive. Mount the capacitor at 
an angle so the main shaft is aligned directly below the cen- 
ter of the dial as shown in Figure 13. 

Conclusion 
The theory of linear tuning capacitors led me to explore 

the use of surplus capacitors in Amateur applications. I've 
given construction details for practical precis~on dials. 
Remember that it's important to select a 1.25:1 frequency 
ratio for 300 degrees rotation of the main dial. 
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Transceiver application. 

I still don't know why the original dials from WWll gear 
are nonlinear. They appear to use a 1.329 frequency ratio. 
Was the capacitor designed for one ratio, but used with 
another? Was it a trial-and-error procedure that was put 
aside too soon? I'd like to hear from anyone who knows what 
happened. Q 
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Joe Carl; K41PV 

PART 1 

HIGH-FREQUENCY 
DIPOLE ANTENNAS 
kist month I discussed the basic ingre- 
dients of the dipole antenna. This 
antenna has acquired an undeserv- 
etlly poor reputation in an era of multi- 
band beams and other costly an- 
tennas. When installed correctly (which 
is easy to do), the dipole turns in a 
credible performance. In fact, some 
poorly constructed (or desgned) com- 
mercial three-element beam antennas 
pt?rform only as well as a dipole at the 
same height. The dipole antenna per- 
forms well for the money, time, and 
brainpower invested. Thls month I'II 
take a second look at this antenna and 
discuss how you might go about tun- 
ing one. I'II also descr~be dipole vari- 
ants like the broadbanded and loaded 
dipoles. 

Tuning the dipole antenna 
There are two issues to address 

when tuning an antenna (any antenna, 
not just the dipole): resonance and 
in~pedance matching. Although they 
a1.e frequently treated in the literature 
a:; the same issue, they are not. In this 
aiticle I'II deal primarily with the proc- 
ess of tuning the antenna to reso- 
nance. Not all antennas are resonant, 
b l ~ t  the dipole is. 

There's a lot of m~sinformat~on on 
antenna tuning. Perhaps much of what 
is believed is a result of using VSWR 
a:; the indicator of both resonance and 
impedance matching. Many people 
honestly (but erroneously) believe that 
the VSWR can be "tuned out" by 
adjusting the feedline length. That 
myth probably derives from the fact 
ti-at voltage or current-sensing instru- 

ments are used for VSWR measure- 
ment, and these are affected by trans- 
mission line length. But the problem 
lies in the instruments; it's not a fact of 
radio physics. Another factor which 
leads to confusion is that varying the 
line length may provide an impedance 
transformation that matches the 
antenna to the transmitter, but doesn't 
addressthe point thatthe antenna isoff 
resonance and therefore less efficient. 

There's only one proper way to tune 
a dipole antenna - adjust the length 
of the antenna elements. You don't 
adjust the transmission line. As I men- 
tioned when discussing construction 
methods last month, you leave the 
electrical connections at the center 
insulator unsoldered so you can make 
these adjustments. 

The minimum point in the VSWR 
curve is the resonance indicator. Fig- 
ure 1 shows a graph of VSWR versus 
frequency for several different cases. 
Curve A represents a disaster - a high 
VSWR across the band. The actual 
VSWR value may be anything from 
about 3.51 to 10:l (or thereabouts), but 
the cause is the same. The antenna is 
either open or shorted, or is so far off 
resonance that it appears open or 
shorted to the VSWR meter. 

Curves 8 and C represent antennas 
that are resonant within the band of 
interest. Curve B represents a broad- 
banded antenna that's relatively flat 
across the band, and doesn't exhibit 
excessive VSWR until the frequency is 

outside the band. Curve C is also res- 
onant within the band, but this antenna 
has a lot higher Q than curve B. In the 
simplest sense the broadbanded 
antenna is best, but that statement is 
true only if broadness is not purchased 
at the expense of efficiency. Resistive 
losses tend to broaden the antenna fre- 
quency response but also reduce its 
effectiveness. The antenna is effectively 
"broadbanded," as seen by the trans- 
mitter, by the addition of the equivalent 
of a power-absorbing resistor at the 
feedpoint. Again, it's undesirable if this 
broadbandedness is purchased at the 
cost of increased loss. 

Curves D and E in Figure 1 are res- 
onant outside the band of interest. The 
D curve is resonant at a frequency on 
the low side of the band, making that 
dipole too long. In this case you need 
to shorten the antenna to raise the res- 
onant point inside the band. Curve E 
represents an antenna that's resonant 
outside the upper limit of the band; this 
antenna is too short and must be 
lengthened. Because the antenna is 
frequently too short, cut the elements 
longer than necessary at first. 

How much you cut depends on two 
factors: how far the resonant point is 
from the desired frequency, and which 
band you're working on. The second 
requirement results from the fact that 
the "frequency per unit" length varies 
from one band to another. Let's look 
at an example of how to calculate this 
figure. The procedure is simple: 

Calculate the length required for 
the upper end of of the band. 
Calculate the length required for 
the lower end of the band. 
Calculate the difference in lengths 
for upper and lower ends of the 
band. 
Calculate the w~dth of the band in 
kilohertz by subtracting the differ- 
ence between the upper fre- 
quency limit and the lower fre- 
quency limit. 
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is a measure of the relationship 
between the feedpoint impedance of 
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BAND 
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- -  - 

VSWR versus frequency for several cases. 

Divide the length difference by the 
frequency difference; the result is 
in kilohertz per unit length. 

Example 
Calculate the frequency change per 

unit of length for 80 and 15 meters. 

Solution: 

For 80 meters (3.5 to 4.0 MHz): 
Lfi = 468/4 MHz = I1 7 feet 
Lfr = 468/3.5 MHz = 133.7 feet 

Difference in length: 133.7 feet - 11 7 
feet = 16.7 feet. 
Frequency difference: 4000 kHz - 

3500 kHz = 500 kHz. 
Calculate frequencylunit length: 500 
kHd16.7 feet = 30 kHzlfoot. 

For 15 meters (21.0 to 21.45 MHz): 
Lfr = 468/21.45 = 21.82 feet 
Lfr = 468/21 = 22.29 feet 

Difference in length: 22.29feet - 21.82 
feet = 0.47 feet. 
Convert to inches: 0.47 feet x 12 
inches/foot = 5.64 inches. 
Frequency difference: 21,450 kHz - 
21,000 kHz = 450 kHz. 
Calculate frequencylunit length: 450 
kHz/5.64 inches = 80 kHz/inch. 

The frequency change per foot at 80 
meters is small, but even small 
changes can result in very large fre- 
quency shifts at 15 meters. You can 
calculate approximately how much to 

add or subtract from an antenna under 
construction using this kind of calcu- 
lation. If, for example, you design an 
antenna for the so-called "international 
net frequency" on 15 meters (21,390 
kHz), but find the actual resonant point 
is 21,150 kHz, then the frequency shift 
required is 21.390 - 21,150, or 240 
kHz. To determine how much to add 
or subtract (as a first guess): 

The factor for 15 meters is 80 
kHzIinch, which is the same as say- 
ing 1 inch180 kHz. 

The required frequency shift is 240 
kHz. 

Therefore: 
1 inch Length change = 240 kHz - 
80 kHz 

Length change = 3 inches 

Each side of the antenna must be 
adjusted by half the length calculated 
above, or 1.5 inches. Because the first 
resonant frequency is less than the 
desired one, you should shorten the 
length by 1.5 inches. Once the length 
is correct (as proven by the VSWR 
curve), solder the connections at the 
center insulator to make them perma- 
nent, and hoist the antenna back to 
operating level. 

You can see the difference between 
resonance and impedance matching 
in the value of the VSWR minimum. 
While the minimum indicates the res- 
onant point, the value of that minimum 

the antenna and the characteristic 
impedance of the transmission line. 
Last month you learned that: 

Zo > R,: 
VSWR = Z,/Rr (1) 

2, < R,: 
VSWR = Rr/Zo (2) 

Where: 
Z, is the coaxial cable charac- 
teristic impedance. 
R, is the radiation resistance of 
the antenna. 

Although knowing the VSWR won't 
tell you which situation is true, you'll 
know that there's a high probability 
that one of them is. Experiment to find 
which is the case. Of course, if the 
VSWR is less than about 1.5:l or 2:1 
then forget about it; the improvement 
isn't generally worth the expense and 
cost. When the transmission line is 
coupled to a transmitter that's 
equipped with a tunable output net- 
work (most tube-type transmitters or 
final amplifiers), it can accommodate 
a relatively wide range of reflected 
antenna impedances. But modern 
solid-state final amplifiers tend to be a 
little more picky about the load imped- 
ance. For these transmitters a coax-to- 
coax antenna-tuning unit (ATU) is 
needed. 

Other dipoles 
So far I've discussed classic dipoles 

with half-wavelength single conductor 
radiator elements connected to a 
coaxial transmission line. This type of 
antenna is most often installed horizon- 
tally a half wavelength above the 
ground (or wherever convenient if 
that's impossible). Next I'll take a look 
at other forms of dipoles. Some of 
these are equal in every way to the 
horizontal dipole; others are basically 
compensation antennas used when a 
proper dipole isn't practical. 

Inverted-V dipole 
The inverted-\/ dipole is a half- 

wavelength antenna fed in the center 
like a dipole. By definition, the 
inverted-\/ is merely a variation on the 
dipole theme. In this antenna (Figure 
2) the center is elevated as high as 
possible above ground, but the ends 
droop very close to the surface. Angle 
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antenna to the length requ~red for a 
regular dipole on the same frequency 
and trim from there, using the tunlng 
procedure. 

about 120 degrees. Th~s antenna pro- 
vldes a compromise when a dipole 
carl't be used. Many operators believe 
it's a better performer on 40 and 80 
meters in cases where the dipole can't 
be mounted at a half wavelength (64 
feet or so). 

Sloping the antenna elements down 
from the horizontal to an angle (Figure 
2) ~?ffectively lowers the resonant fre- INSULATED 

qucncy. This means the antenna will SUPPORT- 

need to be shorter than a dipole for 
anv given frequency. There's no abso- 
lutely rigid equation for calculating the 

After determining the approximate 
length, find the actual length with the 
salne cut-and-try method used to tune 
the dipole in the previous section. 

:Sloping the elements changes the 
feedpoint impedance of the antenna 
and narrows its bandwidth. You'll 
need to make some adjustments as a 
result. You might want to use an 
impedance-match~ng scheme at the 
feedpoint, or an antenna tuner at the 
transmitter. 

ovc?rall length of the antenna elements. 
Although the concept of "absolute" 
length doesn't hold for regular dipoles 
close to the ground, it's even less via- 
b l ~  for the inverted-\/. There is, how- 

Sloping dipole ("sloper" or 
" slipole") 

I = I N S U L A T O R  220 
S = SUPPORT STAKE L a  - F E E T  
R = ROPE FMHZ 

'The sloping dipole in Figure 3 is 
popular with operators who need a low 
angle of rad~ation but don't have a 
large area for their antenna installation. 
Vartous texts call this antenna the 
slclper or the slipole. I use the term sli- 
pcle to distinquish this antenna from 
a sloping vertical. But whatever you 
call it, it's a half-wavelength dipole with 
one end at the top of a support and 
thf? other end close to ground, fed In 
the center by coaxial cable. 

ever, a rule of thumb you can use for Inverted-V dipole antenna. 

I  = INSULATOR 
R = ROPE 
S = SUPPORT STAKE 

- 

Sloper dipole (also called "slipole"). 

Some operators like to hang four 
sloping dipoles from the same mast 
pointing In different d~rections (Figure 
4). A single four-position coaxial cable 
switch lets you switch a directional 
beam on different headings that favor 
various locations. 

Broadbanded dipoles 
It is rarely discussed that the 

lengthldiameter ratio of the conductor 
used for the antenna element is a fac- 

tor in determining antenna bandwidth. 
In general, a large cross-sectional area 
makes the antenna more broad- 
banded. In some cases, using alumi- 
num tubing instead of copper wire for 
the antenna radiator is advisable. Tub- 
ing is a viable solution on the higher 
frequency bands. Aluminum tubing is 
inexpensive, lightweight, and easily 
worked with common tools. You can 
make a rotatable directional dipole 
with ordinary aluminum tubing. But as 
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Folded dipole fed with twin lead. 

Several slopen supported from a common 
mast give directional characteristics. 

the freauencv decreases. the weiaht 

TO XMTR 

Figure 5A shows the folded dipole 
antenna. It's basically two half- 
wavelength conductors shorted 
together at the ends and fed in the 
middle of one of them. The folded 
dipole is usually constructed from 300- 
ohm television antenna twin-lead trans- 
mission line. Because the feedpoint 
impedance is nearly 300 ohms, you 
can use the same type of twin lead for 
the transmission line. The folded dipole 
exhibits excellent wide bandwidth 
properties, especially on the lower 
bands. 

For a folded dipole the transmitter 
has to match the 300-ohm balanced 
transmission line, which is a disadvan- 
tage. Unfortunately, most modern 
radio transmitters are designed to feed 
coaxial cable transmission line. 
Although you can place an antenna 
tuner at the transmitter end of the feed- 
line, it's also possible to use a 4:l 
balun transformer at the feedpoint 
(Figure 5B). This arrangement makes 

diameter for structural strength. 
Aluminum tubing is impractical on 

80 meters and nearly impractical on 
40. Yet it's at 80 meters that you find 
a significant problem (especially with 
certain older transmitters). The band 
is 500 kHz wide, and older transmit- 
ters often lack the tuning range for the 

I  = INSULATOR 
R =  ROPE 

4 : ~  BALUN 

7 5 9  COAX TO XMTR 

I I 

Broadbanded "bowtie" dipole. 

the problem of wide bandwidth dipole 

,b 
entire band. Three basic solutions to Folded dipole fed with coax and a 4:i BALUN. 

the folded dipole a reasonable match 
to 52 or 75-ohm coaxial cable trans- 
mission line. 

Another method for broadbanding 
the dipole is to use two identical 
dipoles fed from the same transmis- 
sion line arranged to form a " bowtie," 
as shown in Figure 6.  Using two iden- 
tical dipole elements on each side of 
the transmission line increases the 
conductor cross-sectional area, so the 

antenna has a slightly improved 
lengthldiameter ratio. 

The bowtie dipole was popular in 
the 1930s and '40s; it was the basis 
for the earliest television receiver 
antennas. (lV signals are 3 to 5 MHz 
wide and require a broadbanded 
antenna.) This antenna was also popu- 
lar during the 1950s as the so-called 
"Wonder Bar" antenna for 10 meters. 
Some are still in use, but the antenna's 
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5 AMP GEL CELLS * '  IBMm Compatible 

The full pats came in 
Flat Screen Monitor 
We lust bought a bunch of classy looklng IBM' compatible 
TTL monitors. They were made by Samsung lSm12SFA71. 
The monitors utll~ze a flat, 12" amber hlgh contrast, non. 

, glare CRT Some of the nlce features of thm Item are: hogh 
. . fesolut~on 8 0  x 25 character djsplay. they are fully enclosed 

We sent "Eaql? Evc A1 out Ilunllnq In ;I 1.lr 
away salvar,? yard a f ~ w  days aql, and 111. 

and Come wlth a lllt & swlvel base. The TTL level signals 
.Irv Input thru a sub-0 tvl,l I ~wnector. The mon~lors run on standard US house current 95% 
01 them are In thetr ortqennl ldctorv cartons. They ate tagged as havlng mlnor defects We 

I? I " ,  1 1 1 1  

Can not sell tho unll intact 

POWER SUPPLY REGULATOR BOARD 
Cons~sts of LM 123 IC regulator or equivalent. 
TIP 32 trans!stor. 6 amp bfldge. 10.000 uf. 
50V capac~tor LM 340T12 regulator, a star 
6 V  buzzer, 2 sockets to hold the smaller 2 
bands whlch consjst of LM 39N IC. reg. TIP 
32 X lster. 4.10K 10.turn Pots. tantalums. 
and loads of other parts Wt. 2.5Lbs, SP-274B.51 )3,50 FAN sim~liar on slre and speed to IMC Slim 

M ~ n l  Boxer. 11 SVAC. 50160Hz. 3 0  CFM. 
TRANSFORMER made by Signal 01 Aerospace Shpg. Wt. 1 Lb. SP.23lA.51 $3.75 
Svstrrns. Input. 1101220VAC, Output: 24". 

DUAL POWER TRANSISTORS ASSEMBLY 
2N(,249 or equ~valent hlgh power swttchtng CORD for above fan. 
X lclprs rated at 300VCBO 30 amlls. 175 Shpg. Wt. 0.2 Lbs. SP-275EG 30.35 

Now you c a n  t~rjv a nrw Krytrnnw s IRM c om- 
patlbk keyboard for less rnor i~y than a 

Or~glanally these giant prisms 18 x 8 x 2 K") 
were used for d r ~ v ~ n g  a tank so that thd 
operator didn't get shot to pleces. Now you 
can use one for whatever clandestine or Tom 
foolery you can thlnk of. You can look over 
fences around fences or maybe even find a 
real use for them. One of our vnsitlng experts 
Suggests these may have been used in M 17 
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/ - and 
MONEY 
with 
THE 

HAZER 

Bring things down for 
safety and convenience. 

Never cllmb your :owe, aoaln wllh lhla elevalor sy3lem An. 
lennasana rotatormounl on HAZER, com~lete system t r m s  
lower In vertlcal uprlphl pasltlon. Safely lock 3yslem o p  
erates while ralslnp or lowerlnp. Never can fall 

Complete kII Includea wlnch. 100 (I. of cable, hardware and 
Inslrucllons. For Rohn 20and 25G Towers 

Huer2.Uemyduty alum. 12sq. If. load Wlt.ESppd. 
Hazer OSlandard alum. 8 sq. 11. load m 3 . e s  ppd. 
Hazer4.Heavy palv s l w l  16 sq. If load $281.85 pod. 

NEW for ROHN 45 and 55Towers 
H ~ r S H e a v y d ~ t ~ g a I v .  a IwI  16sq f I  load CALL 
Ball Thrust Bearing TB.25 lor anyo  above 19.50  ppd. 
Smd (or hu d.tat~a 01 dumkum tqm. .p .s~t~cat~v 
m n g l d  I n r u u  wlthlha Huw. Twoslm: Y.13(13'wl&) 
andY.l8(lIl'rld.l.All bolt.dconatnnllon,m~Ma.Eaayto 
Inatall hlng. bau ,  walk up *mllon. Compbl* lowmr UPS or 
air fwbht  shlppmbh. Prraaumbledor klt I-. 

S.11aturlon puunt..d. Call loday md ch rg .  l o  V l u  
Masl*rCard a mall c b c k  or m w v  &I. 

NEW! 
The classic "Anlenna Bible" 

now In 8 thoroughly-revimcd, much-cnlargrd 
cdilion 

ANTENNAS 
2nd edition 

by John Kraus, W U K  
Ohio Sbte University 

Covers bolh e o t y  and its applications to practical 
systems. Over 1000 ~llustrations and nearly 600 
worked examples and problems. Over 100 new 
topcs. Complete with des~gn formulas, tables and 
references 

91 7 pages, hardcover. 81.95 
Add $2.50 per book for shipping and handling US., 
$5.00 elsewhere. 

CYCNUS-QUASAR BOOKS 
P.O. Box 115, Powell, Ohio 43065 

Tel. 614-540-7895 

I *  INSULATOR 
R = ROPE IETC. )  
S s SPREADER 

Cage dipole. 

popularity has faded. The ends are 
spread to approximately 1 1 percent of 
the total length. 

The cage dipole (Figure 7) is simi- 
lar to the bowtie in concept, if not con- 
struction. Again, the idea is to connect 
several parallel dipoles extending from 
the same transmission line in an effort 
to increase the apparent cross- 
sectional area. But with the cage 
dipole, spreader disk insulators keep 
the wires separated. The insulators 
can be built from PlexiglasTM, lucite, or 
ceramic. They may also be made of 
materials like wood that's properly 
treated with varnish, polyurethene, or 
any other material that prevents water- 
logging. The spreader disks are held 
in place with wire jumpers (see inset 

to Figure 7) soldered to the main ele- 
ment wires. 

Some bowtie and cage dipole 
builders make the elements slightly 
different lengths. This "stagger tuning" 
method forces one dipole to favor the 
upper end of the band and the other 
to favor the lower end. The overall 
result IS a slightly flatter frequency 
response characteristic across the 
entire band. On the cage dipole, with 
four half-wavelength elements, it 
should be possible to overlap even 
narrower sections of the band in order 
to create an even flatter characteristic. 

Shortened dipoles 
The half-wavelength dipole is too 

long for some appl~cations - espe- 

here's the Beam? 
Thcrr', a ."I mclcr *nusn> w ~ l h  real DY l'unih w 

I 
tghh,r, ;m'i rlthrr. Rut lhr DX h.2- 11 anrwa!. 

1T.w ~h iu t  r I .~u~prol i l~ a40130 ,rr 40 3013YlYI5 m. 

,~tti! .XI rsrll\- fit the p.riL<lhwt..lr.rm 51L)to SV).  . s . 7  -: d.:: 

I I nubrrus~e DY Galn Antennas for F4  lhm 10 $ 
b s d \  h~dden ' lnslall Fa51 ' Fued Ponable 

Nark OXr l t hou l t r l l ~ng  Ihs neighboo 

Approx~mate ~nductance reactances as a funct~on of the percentage of half wavelength 
represented by the shortened rad~ator. 

Percent Coils at Coils at 
of half feedpoint middle of 

wavelength (ohms) radiators (ohms) 
20 1800 2800 
30 950 1800 
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4 

5 
Simple and Easy. So f ! Included. P--~ 4 

I .  

Here\ the easiest packet radio yet, Unlike others. DRSl includes all 
you don't even have to buya TNC the software you need. The THS 

- ' 1  
to loin the digital revolution. Just terminal packagc has split screen, 
let your PC do  the work. Plug a file savelsend, b~nary file transfer. ,+ -- 
PC Packet Adapter into any ex- print, scroll, review and more. &= - - -. 
pansion slot and get on the air in 

I GET A RIRD'S EYE VIEW I 
I From GrafTrak I I  "' and your IRM " PC I 

\ minutes, just like an expert. And 
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tcr I h  \at,. I h  oh5 lcr I \al, whcdulu tor I lo  I \.I, w~ndow helvccn ? t h \  and I \dl. n\c and ul Ilm\ fcu I -1. llmc ordcrcd 
n u  and uet I~rncs hlr I h  \al\. Al~rlanac Lvr Sun and M w n .  I h  oh, I n  Sun'Munn. ~chcdulr h,r I oh\ lo  Mrxm, wtndow helvmn 
2 ribs ant1 Mgrm. u.hcdulc for I o h  Sun. and tq~ lca l  VIW~IIII> \chcduIc 
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u l t l ~ r ~ r \  arc ancludrd 

Rcqutrrr an IRM IT. K:lXT. K I A T .  nr tnlc cnrnpat~hlc. m IRM Colorl(iraph~c\ Mrrnllor Adaptor cs lM cornpal~hlc. optimal 
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you11 still beable to use the PC for 
other work! The complete VHF Many areas are upgrading their 
system i5 only ';139.95! packet nets to this higher speed. 

DRSl's M-24 modem for 2400 
baud connects s~mply with no Too* modifications to your rig and lets 

When you've mastered the basics, you operate both 1200 and 2400 
use the PC*Packet Adapter for ~ lmul taneo~s l>~ with your present 
simultaneous dual-band HF/ radio. Step UP to this new speed 
VHF. multiconnect. RRS. TCP/ for just $79.95- today! -- TDRSI 
1P. DXer's PacketCluqter. 2400 
baud (and higher). Even use the or Write 2065 Range Road 
Developer's Package to write your complete Clearwater. FL 34625 

own packet appl~cation. Product Catalog ORDERS: 1-800-999-0204 
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BEAM ANTENNA HANDBOOK 
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ALL ABOUT VERTICAL ANTENNAS 
Theory, design, constructton, operation-are fully covered Here's what th~s exclhng 
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The 
I r tuner overcomes the bad effects on the 

transmitter, but doesn't alter the basic 
problem. Only a variable inductor in 
the antenna will do that. (At least one 
commercial loaded dipole once used 
a motor-driven inductor at the center 
feedpoint.) 

Photos A and B show two methods 
for making a coil-loaded dipole 
antenna. Photo A shows a pair of com- 
mercially available loading coils 
designed for this purpose. These coils 
are for 40 meters, but other models are 
also available. The inductor in Photo 
B is a section of B&W Miniductor con- 
nected to a standard end or center 
insulator. No structural stress is 
assumed by the coil; all forces are 
applied to the insulator. 

I I 

Coil-loaded dipole: a) coils at feedpoint; b) coils at 50-percent point. 

cially where real estate is at a 
premium. Many operators solve this 
problem by using a coil-loaded short- 
ened dipole like the one shown in Fig- 
ure 8. A shortened dipole (one which 
is less than half a wavelength) is 
capacitive, so it must have an in-line 
inductance to compensate for the 
inherent capacitive reactance. There's 
no reason why the loading coil can't 
be put at any point along the radiator. 
but in Figures 8A and 88  they are 
placed at 0 and 50 percent of the ele- 
ment length, respectively. This makes 

standard inductive reactance equation 
(XL = 6.28 FL) to the form: 

-. 
Where: 

LeH is the required inductance in 
microhenries. 
F is the frequency in hertz (Hz). - 
XL is the inductive reactance calcu- 
lated from Table 1. 

Example Commercial loading coils. 

practice. 7.25 MHz. The table requires a reac- 
Table 1 approximate indue- tance of 700 ohms for a loaded dipole 

tive reactances as a function of the Der- with the coils in the center of each ele- 
centage of half wavelength repre- 
sented by the shortened radiator. It's 
likely that the percentage figure will be 
imposed on you by the situation, but 
the general rule is to pick the largest 
figure consistent with the available 
space. For example, suppose you have 
about 40 feet available for a 40-meter 
antenna that normally needs about 65 
feet for a half wavelength. Because 39 
feet is 60 percent of 65 feet, you can 
use this value as the design point for 
your antenna. In Table 1 you'll see that 
a 60-percent antenna with the loading 
coils at the midpoint of each radiator 
element wants to see an inductive 
reactance of 700 ohms. Rearrange the 

ment (Figure 88). 
Solution: 

LpH = XL X 1@/6 28 F 
LpH = (700) (1@)/(4 28) (2 250,000) 
LpH=7~1@/4.6~107=15.4 pH 

The calculated inductance is approxi- 
mate and may have to be altered by 
cut-and-try methods. 

The loaded dipole antenna is very 
sharply tuned. Because of this, you 
must either confine operation to one 
segment of the band or provide an 
antenna tuner to compensate for the 
sharpness of the bandwidth charac- 
teristic. However, efficiency drops 
markedly far from resonance, even 

Homebrew loading coil based on B&W 
Miniductor. 

Conclusion 

The dipole antenna IS easy to 
design, easy to build, and well 
behaved enough that even novice 
builders can make it work successfully, 
and well. Go for it! Q 
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COMPUTERIZE 
YOUR SHACK 

YAESU 747, 757GX. 7576x11, 767, 9600. 
KENWOOO TS 140, 440, 940, 680, R5000. 
ICOM R71A, R7000, 735, 751A. 761. 781, AND ALL VHF, UHF, CI-V. 
DRIVERS FOR RADIOS ARE MODULAR. 
JRC NRD 525. 
COMPLETE PROGRAM ENVIRONMENT. 
MENU DRIVEN AND DESIGNED FOR EASE OF USE. 
SCAN FUNCTION ADOED TO RADIOS THAT DO NOT SUPPORT IT. 
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PROGRAM COLOR CODED FOR EASE OF USE. ALTHOUGH WILL STILL 

RUN IN A MONOCHROME SYSTEM. 

MENUS FOR THE FOLLOWING: 
AMATEUR HF-AMATEUR VHF- AMATEUR UHF 
AM BROADCAST-FM BROADCAST-TELEVISION BROADCAST 
SHORT WAVE BROADCAST 
AVIATION HF(SSB)-AVIATION VHF-AVIATION UHF 
HIGH SEAS MARINE-VHF MARINE 
MISCELLANEOUS HF. VHF, UHF 
MOST POPULAR FREQUENCIES ALREADY STORED 
ADDITIONAL LIBRARIES AVAILABLE 
COMPLETE LOGGING FACILITY 
ALL FREQUENCY FILES MAY BE ADDED TO. EDITED OR DELETED 

AVAILABLE FOR IBM PC. XT. AT. 80386 256K RAM 
1 SERIAL PORT AND 1 FLOPPY MINIMUM 

PROGRAM WflH INITIAL LIBRARIES 99.95 
RS 232 TO TTL INTERFACE ONLY (NEEDED IF DON'T HAVE MANUFACTURERS INTERFACE) 
EXTERNAL INTERFACE ALLOWS 4 RADIOS 99.95 
INTERNAL PC INTERFACE WII SERIAL c 1 RADIO PORT 129.95 
SPECTHUM ANALYiiR MOIIIILF (CALL FOR PHlCCl 
COMPLCTE SYSTEMS INOL RADIO. INTERFACE. COMPUTER. AVAILABLE (CALL FOR PHICF) 

DATACOM, INT. 
8081 W. 21ST LANE 
HIALEAH, FL 33016 

AREA CODE (305) 822-6028 " 146 
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Every month Monitor~ng Times brings 
everything you need to make the most 
of your general coverage transceiver: 1 
the latest information on international 
broadcasting schedules, frequency 
listings, international DX reports, 
propagation charts, and tips on how to 
hear the rare stations. Monitoring 
Times also keeps you up to date on 
government, military, police and fire 
networks, as well as tips on monitor- 
ing everything from air-to-ground and 
ship-to-shoresignals to radioteletype, 
facsimile and space communications. 

ORDER YOUR SUBSCRIP- 
TION TODAY before another issue 
goes by. In the U.S., 1 year, $18; 
foreign and Canada, 1 year, $26. For 
a sample issue, send$2 (foreign, send 
5 IRCs). For MCNISA orders ($15 
minimum), call 1-704-837-9200. 

P.O. Box 98 A 
Brasstown, N.C. 28902 

WEATHER 
SOFTWARE 

ACCU-WEATHER FORECASTER is a menu driven pro- 
gram that allows the user to tap into Accu-Weather's 
extensive computerized database. In addition to Accu- 

Weather's forecasts, you can get hourly updates from National Weather 
Service Offices nationwide. 

Maps, graphs, pictures, charts, and narrative descriptions are just part 
of what can be downloaded to your MS-DOS computer. To save 
telephone and hook-up charges, tell your computer first exactly what 
information you want. Then call ACCU-WEATHER; the computer will 
download the files you want and save them to disk. Information can be 
obtained for the entire United States or a specific geographical region. 

Several different services are available from ACCU-WEATHER. Price 
varies with the service and time of day that the computer is accessed. 
Add $3.50 for shipping and handling. 

MC-IBM $89.95 
O MC-MAC $89.95 

Please add $3.50 for shipping and handling 
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other correctrons) I n  the space provlded 
and we'll take care of the rest 

ham 
radio t6p;;6,,""ks "Or 

Magazine 
Greenv~lle. NH 03048 I Thanks for helping us to 

r- 
1 I a 7 ;  

(U 

z - I 
1 
I 
I 
I 
I 
I 

serve you better. 
- \  f - -  

L-J 

AFFIX 

LABEL 

HERE 
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SIMPLE 75-OHM 
HARDLINE 
X> 50-OHM MATCH 
Put those 
CATV cable ends 
to use! 

J. S Gurske, K9E Y).: 7240 Highway ): Lodi, Wiscon- 
sir, 53555 

H ave you ever measured the amount of RF power 
going into a coax feedline at, say, 2 meters and then 
measured the amount of RF coming out the other 

end? I did and I was amazed! I had about half the power at 
the far end of a 100-foot length of RG-8 cable. When I tried RG- 
58c:oax, I had a power loss of about 75 percent. I didn't really 
be1 eve my measurements, so I went to the coax tables. The 
tables list 100 feet of RG-8 coax (silver-plated center conductor 
with silver-plated double-shield outer braid) as having a loss 
at 150 MHzof about 2.5 dB. If you add a little more, because 
of connectors or standing wave ratio, you can easily approach 
3 d13. That 3 dB reduces the signal power by one-half. In other 
words, if you have a 3-dB loss and 100 watts going into the 
coax, the 3 dB will cause a loss of 50 watts in the line. This 
mesns that the remaining power going to the antenna is 50 
watts. Quite a price to pay! The RG-58 is even worse. The 
tab es list its loss factor as 6 dB. Your 100 watts would be 
reduced by half and then by half again (or 75 percent), leav- 
ing 25 watts to appear at the other end of the cable. This, of 
course, assumes there are no other losses. 

P,t about the time I was making these measurements and 
checking my data, the local cable operator gave me a "tag 
encl" of 314" hardline. I'd heard that aluminum hardline was 
superior to RG-8 coax. The tables show a 112 dB loss at 150 
MHz, over a 100-foot length. 

I wanted to know how to match my 50-ohm equipment to 
the 75-ohm hardline. I remembered that a quarter-wave 
ma:dhing transformer wasa possibility and looked up thefor- 

mula for the impedance of the quarter-wave section. It was 
stated as follows: 

where: Z, = impedance of the line 
Z1 = the 50-ohm coax 
Z2 = the 75-ohm hardline 

Solving for: 

Z,= = = 61.2ohms (2) 
In other words, you'd need acoax with an impedance of 61.2 
ohms to make a quarter-wave matching transformer. 

At this point I shrugged my shoulders and was about to look 
for some other solution, because 61.2-ohm coax isn't what 
you'd call a standard item. Then I remembered that several 
hams in our area use copper pipe to make transformers. I had 
heard that they were easy to build for VHF and UHF ham com- 
munications. Using the ARRL Handbook, I found the formula 
for calculating thesizesof the inner and outer conductorsfor 
air-dielectric coax. 

Calculations 
The basic formula for calculating the inner diameter of the 

outer conductor and theouter diameter of the inner conduc- 
tor is listed as follows: 

Z, = 138 Log Dld 
where: Z, = impedance of the line 

D = inner diameter of the outer conductor 
d = outer diameter of the inner conductor 

Since you already know that Z, is 61.2 ohms, you can rear- 
range the formula to solve for D, for example: 

2, = 138 Log D/d 
Z, = 138 (Log D) - (Log d) 

Substituting the appropriate numbers you find: 
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I COAX BARREL- - TEFLON INSULATOR- 

COPPER COUPLING 

COPPER PIPE --------\ 7 \ 

I 
COAX INSULATORJ 

FEMALE PIPE TO COPPER ADAPTER 
ALUMINUM HARDLINE 

Detailed layout of the components used in the construction of a quarter-wave matching transformer for 75 to 50-ohm coax. 

I I 
Expanded view of the quarter-wave matching transformer. 

If you arbitrarily select 3/16" brass tubing (available at most 
hobby shops) for the inner conductor, you can solve for the 
larger conductor as follows: 

+ (-07770) = (0.4435) + (-0.7770) 
D = lo(-0.2835) 
D = 0.5205 or just over 1/2". 

This means that if you use 3/16" brass tubing for the inner 
conductor, you can use 112" copper pipe for the outer con- 
ductor. But what length should the transformer be? I wanted 
to use 147.225 MHz so I used the formula: 

234 or 234 = I .  589 feet or 19 inches (6) 
freq. MHz 142225 

DESCRIPTION 
3/16-inch brass tubing 
Small tubing to fit inside 

the above 
1/2-inch copper pipe 

20 inches long 
l/2-inch female pipe 

to 1/2-inch copper adapter 
l/2-inch couplings 
Teflon for bushings inside 

copper pipe 
Noalox compound to prevent 
corrosion between the alumi- 
num hardline and copper pipe 
(from electrical shops) 
Coaxial chassis mounts to be 
modified to fit into thecopper 
couplings 

QUANTITY 
4 pieces 
1 piece 

2 pieces 

2 pieces 

2 pieces 
2 pieces 

2 pieces 
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ICF-2010 
RECEIVER 
Air: 116-136 MHz 
FM: 76-108 MHz 

AM: 150 kHz-30 MHz 

Cash or Check Price 
NEW ENGLAND'S FACTORY- 

AUTHORIZED SALES & SERVICE 
FOR 

pw A1.w f l i . ~ p l u ~ i n g  rha poprtltrr trcce.s.soric~.s ,~eoc/c1~1 In c . o , , ~ p l ( ~ r ~  HAM STATION 
ARRL PUBLICATIONS AEA PRODUCTS AMPHENOL 

ALPHA DELTA ASTRON AUSTIN ANTENNAS AVANT1 
RELIIEN RENCHER R & W DAIWA ALINCO 

HUSTLER KLM LARSEN MIRAGE UOHN 
Package Deal- ' TF:I,EX/HY-GAIN TOKYO HY-POWER 1,ARS 

June Onlv THAC KKYERS VIHHOPIJEX WKLZ ETC. 

Factory-less, 
jumper-less, 
ROM-less.programming. 

With the new S-COM 5K Repeater 
Controller, you'll be able to configure 
your repeater remotely-using DTMF 
commands. Only the 5K offers th~s  
capab~l~ty for just $195, wired and tested. 

S-COM Industries BrnEfl" - P . 0  Box ,718 
It" Loveland, CO 80539 - (303) 663-6000 

" 

Kenwood TS-440s 
w/autotuner & handmike 

YK-88C CW Filter 
Astran US-2OM Metered 

Power Supply 
FREE SHIPPIN(; 

$1,449 

,,,,,,: ,,,,.. ,,,, 
I...".", ,.,,,.I"II", lli*. I,. .I. 

\,.,,k,.% ,,-.< 
<rr.i,,n<. . - v,>,- 

ALSO AVAILABLE 

OPEN SIX DAYS A WEEK WELCOMED 

F 0 1 6 2 2 0 .  FO-22-432. FO-25-432. F0.33-432. FO.lt.440/ 

POWER DIVIDERS STACKING FRAMES 1 
we 9- I- hl , , ,  I., l.nd "A,,, I r x  Ine mnr avlna 
l id  w r t n  tmaat<rrs slvlrn s!.mmr k-,r $ 3  I 
A M  IS  UPS P H  Irr a n t ,  l r > t * . >n~  

l i  -t 0, H rul,#fm 

MODEL CONFIG 
t44.2P 12 portst 
144-4P 14 ports1 
2 2 0 . 2 ~  12 pons) 
220-4P 14 pons) 
430.2P 12 ports) 
4 3 0 - 4 ~  14 pons, 
902.2P t2 pons) - 

t l v i l  w,ly :,I It.l.ll n lph.l,.r. rl .~r,rl .I 
ilnlPnnd :array5 lo mar,m,;c ;y.~l,lm 
qiun and el lhr: same tlmP rl!<luc e 
lkbsses to8 mlnlmum Covcrlnq 144 
IhrU 1296 MHz. 1h15SellPS01 VHFI 
UHF ~ o ~ ~ r d ~ v ~ d e r ~ a , e p r e m # c r  RF 
dnvtces daslgnsd lor a long servtrn 
Ill- wlln low SWR and broad ow 
crnllnq bnndw8dIh 

E#lruded alumtnum body wllh a 
au~ahlPeIlamell~ntsh~naad~lloo lo 
pmltmn FrallnQ at ronnector llanqer 
rcrul l r  ~n n ruggedized unit lor all 
Blrily tnatallat~onS Available vllh 
N type connectors only these 
uncts are unconalllonally Quaran. 
teed 10, 2 years 

PRICE 
554 00 
561 00 
553 00 
5m 00 
S51 00 
559 00 

S?' 00 
BV1.4V 14 PO,ISI 3->Y VU 

1296.2P 12 porlsl 552 00 
1296-4P (4 pons1 ShO 00 

\t+IPPING NOT INCLUOEO 

STRIDSBERG ENGINEERING. CO. 
B) P O  Box 7973 Shrev~pOrl .  LA 71 107 USA 

/ 150 Phone 13 161 865.0523 

fl 151 
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Introducing the next generation in packet performance: A complete line of 
affordable 9600 baud packet equipment to support both network nodes and 
local packet users. The modem is based on PacComm's successful 9600 
baud commercial modem design (exclusively licensed from James Miller, 
G3RUH). It is a high performance FSK design using innovative signal pro- 
cessing techniques to comply with FCC bandwidth limitations on the6and 
2 meter amateur bands as well as higher frequencies. The modem connects I 

to the radio internally and may not be suitable for use with all existing radios. I 

Other packer manufaclurers plan MODEM CARD - Add on rnlernal modem card for TNC-2 and clones, and all 
to olter equrpmenl comparrble wtlh PacCornm TNCs $99 95 fully tested and ready to rnslall (Avarl Now) 
Ihe PacComm9MOPacke1Sv.Prem EXTERNAL MODEM - Encased 9600 baud modem wllh front panel LEO dls- 

cards. Order T o l l  Free: 
1-800-223-351 1 
T e c h n ~ c a l  s u p p o r l  11ne. 

plays and cehlrnq lor most popular packet conlrollers lncludrng the PK-232 
$159 95 (Ava~l  lale Aprlll 

HIGH SPEED DIGITAL RADIO - D ~ g ~ t a l  lranscelver cons~strng of drgltal 2-5 
watt RF deck and 9600 baud modem $129 95 to $399 95 (Avall In May1 

COMPLETE HIGH SPEED PACKET UNIT - Integrated d~grlal transceaver 
packet l N C  and 9600 hatrd modem ready to attache l o  your computer Or 
lerm~nal and antenna $449 95 l o  519 95 (Ava~l  ~n June1 

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

PacComm 3652 West Cypress Street Tampa Florida 33607 I 

! Please send I n f o  on - - - 
1 

- __ O FREE C a t a l o g  , 
1 N a m e  - - - - - - C a l l  I 
1 

- -. - -- - -- - -- - - - - - - - - - 
I 

Address I 
1 Slate Z rp  -- .- Card*  _ -- E x p  D a t e  

1 
I 

I I 

MONEY B A C K  C U A R A N T E E ! A d d  $4 00 shrpprng handlrng per order FL resrdenls a d d  6'0 sales fax I 
i, M a l o r  C r e d ~ t  C a r d  g lve n r ~ r n b e r  expfratron a n d  sfqnaf l r re FAX 813-872-8696 I _________________--------------------- 

THE RF CONNECTION 
"SPECIALIST IN RF CONNECTORS AND COAX" 
PBr(ll0 . oe1CI1pn0(1 mu 
321.11rn.3 ~ N C  2 KT 28 volt COIII~I nlw. 

Amphenol 
Insartion Ion  0 lo 0 75CHt. 
0 lOd0 
Pmer nNly 0 lo 0 5clh. 100 
wan% cw 2 h peat 
lralallon 0 I CHI 4 M .  0 2 CW S25 d 
4Odb 0 4 G b  3Mb losled 

83 822 P ?59 Tellnri Rni~heMI 1 75 
PL 259ET Ulll Malr S8Ivpr irllon USA 150 
UG2IDIU N Male RG 8 213 214 Amvhenol 3 25 
UG 21BIU N Male RG 8 213 214 Krnqs 4 00 
9913'PIN N Male P!n lor9913 9086 8214 

111s UG 2101U 8 UG ZIR'U N 5 150 
UG21D19913 N Male lor RG 8 w ~ m  9913 P!n 3 95 
UG 2lBm913 N Male lor RG 8 w~lh Wl3  PI^ 5 75 
UG 146AIU N Male toSO 239 Tenon USA 6 0 0  
UG 83AU N F~rnale to SO 739 Teflon USA 6 00 

"THIS LIST REPRESENTS ONLY A 
FRACTION OF OUR HUGE INVENTORY" I 

THE R.F. CONNECTION 
213 North Frederick Ave. #11 

Ga~thersburg, MD 20877 

(301) 840-5477 1 
VISAIMASTERCARD Add 4% 
P r ~ c e s  D o  Not Include Shrpp~ng 

THE MULTIPLE RECEIVER SOLUTION 

4 Channel Signal-tc-Noise Voter 
f rpand?hl., 'r 1' 1 11 $,!r~l.l hi  .II~%! :.,!(I114 L,IYIS . Cnnttnttlto\ Vrilint] . LED IMtcalor~, nl COR dnll Vnlpd S~qn,~l\ 
Rltllt In Cal~hf.~lnr . H~rnol,~ V~!tprl Ilid!rator< Pinned Out 
4 '  . r h huhb S t d ~ 0  Gild Plat~ll 44 P'n Card 
Uprnntr Dlrnblo Inil~rl< 
Mnut 

B u ~ l t .  tested and calibrated wi th manual 

$350.00 
Telephone ~nterlace now available 
For mtlr? lnlorrnat~on call or wrlte 

DOUG HAU ELECTRONICS 
Voter Department 

815 E. Hudson Street 
Columbus. Ohio 43211 

1614) 261-8871 

EVERY ISSUE of 

HAM RADIO 
now available on microfiche! 

The entire run of Ham Radio Magazine 
(March, 1968 thru last year) is ready 
to ship to you in one, easy to use 
format. 

Our 24x microfiche is easy to read and 
very compact. We offer a hand held 
reader for $75, and a desk model for 
$200. Libraries have these readers. 

As a bonus, you will receive Ham 
Radio Horizons (3177 thru 12/80) free. 

Everything is included, front cover to 
back - ads too! 

Annual updates will be offered for $10. 

Send $185 payment (visalmc 
accepted) to: 

BUCKMASTER 
BUCKMAST ER PUBLISHING 

Route 3. Box 58 
Mlnersl, Vlrglnla 23117 

703l894-5777 vlWmc 8001282-5628 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham Radro France 
SM Cleclronlc 
20 b ~ s  Ave des Clarlons 
F 89000 Aunerre 
France 

Ham Radm Canada 
C A R F  
P 0 Rox 356 
K~ngslon. ON 
Canada K7L 4W2 
Prlces In CanadIan funds 
t yr $38 00. 2 yrs $67 00 
3 yrs $90 00 

Ham Radro Jaoan 
Katsum~ ~lect;on~c Co . Ltd 
27 5 lkeqarnl 
4 Chomp Ota-Ku 
Tokyo 146. Japan 
Telephone (031 753-2405 

Ham Rad~o England 
c/o R S G B 

Lambda House 
Cranborne Road 
Pollers Bar 
Hefts EN6 3JW 

I Enqlanrl 



Construction 

To begin, measure the exact slze of the ~nner diameter of 
the outerconductor you'll be using. ConsultTable 1 to find the 
corresponding brass center conductor. The brass tubing at 
the hobby store is sized so that the next smaller one slides 
sr~ugly into the larger size. This is ideal for lengthening the tub- 
 in,^ from the 12" standard lengths to whatever length you 
need. When you purchase the four piecesof brass tubing for 
the inner conductor, besureto purchase one length of the next 
smallersize. Then you can sweat solder small lengths ins~de 
the larger brass tubes to make them longer. 

The parts list covers most of the major items needed to build 
two quarter-wave matching transformers. You'll want to con- 
stl.uct one matching section for each end of the hardline. (See 
Figure 1.) Here's the procedure I used to build the trans- 
formers. 

Trim both ends of the hardline back so that approximately 
112" of the center conductor extends beyond the outer 
sheath. Carefully clean any plastic foam residue from the 
center conductor. Thecenter conductor IS copper plated. 
Be sure to leave the copper plating intact or you'll be una- 
ble to sweat solder the brass tubing to the center conductor. 
Run a 112" pipe-threading die onto each end of the hard- 
line. The threads won't be very deep because the hardline 
is a little under size. 
Selectacoaxchassis mount and turn it down in a,lathe (or 
file it) to remove the flange. This lets the coax barrel fit snugly 
inside the 112" copper coupling. Make two of these. I use 
N-type coax fittings, but UHF types work well also. 
Carefully remove the center conductor from the coax bar- 
rels. Some of these are held in with split washers; othersare 
merely "press" fit, and some are swaged. If swaged, cut 
the swaging sothe inner conductor and insulator slideout 
of the barrel (see Figures 1,2, and 3). 
Splice two piecesof the3116" brasstubing together using 
a 1" length of the smaller diameter brass tubing which 
slides inside this tubing. Sweat solder the joint; then fit the 
coax center conductor into oneendof the3116" tubing. You 
might have toconstruct a bushing. Sweat solder this inner 
coax conductor to the brass tubing. 
Cut theother end of the brass tubing to thecorrect length. 
Measure from one end of the brass tube to the other. (Do 
not include the length of the coax center conductor in this 
measurement). 
Make aTeflonTM spacer to slide tightly over the tubing and 
inside the outer conductor (the 112" copper pipe). Sweat 
solder the brass tubing to the Inner conductor of the hard- 
line. See Figures 1 and 2. 
Temporarily thread the adapter onto the hardline. Cut a 112" 
copper pipe to approximately 20"; then slide one end into 
the adapter. Slide the copper coupling over the other end 
of the 112" copper pipe. Carefully measure the distance 
between the end of the brass tubing and the area in the 
coupling where the coax barrel w~ll be placed. Figure 1 
shows howthe coax barrel should fit into the copper coup- 
ling. The brass tubeshould be up against the plastic insu- 
lation on the hardline on one end, and thecoax inner insu- 
lator properly located in the coax barrel at the other end. 
Trim the copper pipe to exact length at this time. Double 

COAX BARREL: CUT SWAGED AREA 
TO RELEASE INSULATOR AND CONDUCTOR 
lCHASSlS MOUNTING ALREADY REMOVED) 7 

Details for making the coaxial barrel to fit in the end of the 112-inch 
copper tubing. 

Some close approximations for inner and outer conductor 
diameters. 

Inner Conductor 
Decimal Fraction Metric 
0.15625 5/32 39 mm 
0.1875 3/16 47 mm 
0.21875 7/32 55 mm 

Outer Conductor 
Decimal Fraction Metric 
0.4340 7/16 108 mm 
0.5205 33/64 130 mm 
0.6071 19/32 152 mm 

check to make sure everything fits together exactly as 
shown in Figure 1 and 2. 
Solder the copper pipe to the female pipe to copper 
adapter. Spread NoaloxTM on the aluminum hardline 
threaded area and thread the adapter onto the hardline. 
Tighten the adapter on the hardline, being careful not to 
bend or otherwise distort the hardline. It's easy to strip the 
threads because they aren't deep. Be careful! Tape this 
connection to help keep moisture out of the joint. 
Assemble the copper coupling, coax insulator, center con- 
ductor, and coax barrel into final configuration. Sweat sol- 
der the copper coupling to the copper pipe and the coup- 
ling to the coax barrel. 

This completesthe transformer. As I said before, you'll need 
one of these assembliesat each end of the 75-ohm hardline. 

When I checked the power going into the cable and com- 
pared it with the power coming out the other end, I couldn't 
detect more than about 2 wattsof lossover the 100-foot length. 
This was a far cry from my earlier measurements. I've used 
the system for over four years with no deterioration. 

It was worth the small effort it took to build these quarter- 
wave matching sections. The 75-ohm hardline is cheap and 
the transformer makes it usable with 50-ohm devices. I hope 
you'll have the same good results. If I can be of any help, 
please send an SASE. 

I want to thank my friend Rob Mayer who helped me rear- 
range the basic formulae when I got into trouble with 
logs. 
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The Weekender 

A MOTORIZED 
AGITATOR FOR YOUR 
PRINTED CIRCUIT 
BOARDS 

W C. Cloninger; JK , K30F; 4409 Buckthorn Court, 
Rockville, Maryland 20853 - 

w hen I f~rst began mak~ng pr~nted c~rcu~t boards, I 
placed the unetched board and etch~ng solut~on 
In a glass contamer and ag~tated the contents by 

hand. Although the ~nstruct~onsfor theferr~c chlor~de etchant 
~nd~cated a normal etch~ng tlme of 15 to 20 m~nutes, I found 
that ~t took my boards cons~derably longer to etch completely - TT: 

- often as lona as an hour. 
  here are three reasonsfor the extended etching time: (1) 

the thicknessof the copper on the board, (2) the temperature 
of the etching solution, and (3) the fact that etch~ng time 
increases noticeably as the etching solution nears the end of 
its useful life or point of exhaustion. I can't control the thickness 
of the copper, but I can control the other two variables. To 
increase the temperature of the etching solution. I place the 
glasscontainer in a pan of warm water (approx~mately 1000F). 
I choose to bealittlefrugal with theetch~ng solution, because 
I discard it immediately after use. The rule of thumb is to use 
1 ounce of ferric chloride for each square inch of copper, but 
you can alter this rule depending on copper thickness. 

I suspect that my etching times are long because I like to 
get the maximum out of theetchant. I don't like todiscard etch- 
ant that'sonly 50 percent exhausted. The long time requ~red 
makes it quite a chore to agitate the boards and solution by 
hand. I mentioned in a prev~ousarticle on making pc boards1 
that a motorized agitator was one of my next projects. The 
motorized agitator shown in PhotoA isan easy, one-evening 
project. There's nothing difficult or tancy about ~ts  construc- 
tion. 

Motorized agitator showing simple construction. Rubber inner-tube 
strips were glued to platform to keep container used for etching 
from slipping. 

TIMING #3/8 
MOTOR 

Details for making a slmple crank for installation on the timing motor. 
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U.S. AMATEUR RADIO MAIL LISTS 

w 

rr * 

Labels, f loppy disks. CD-ROM, mag tape. 
Newly  licensed hams 
Al l  upgrades 
Updated each week  

HF Equipment Llst Juns 

IC.781 Super Deluxe HF Rig 55995.00 Call S 
IC.765 New. Loaded wllh Features 3.149 00 Call S 
10.735 Gen Cvg Xcvr 1099 00 Call S 
IC.75lA Gen. Cvg Xcvr 1699 00 Call S 
lC.725 New Ullra.Compac1 Xcvr 949 00 Call S 
IC.575A lOmffim Xcvr 1399 00 Call l 

Rsceivem 
IC-R7000 25.1300 +MHz Rcvr 119900 Call $ 
IC-R71A 100 kHz.30 MHz Rcvr 999 00 Call 

VHF -. 
IC.228AIH New 25145~ Mobiles 549.,539 Call $ 
IC.275AlH 501100w All Mode Base 12Ed99:2, : 
IC.28AIH 25145~. FM Moblles 
IC.2GAT. New 7w HT 429 95 Call 
IC 900 Six Band Mobile 639 00 Call $ 

UHF 
IC.475AIH 25175~ All Modes (399.11599 Call $ 
1C.48A FM Moblle 25w 509 00 Call 5 
IC-4GAT. New 6w HT 44995 Call$ 
IC.04AT FM HT 449 00 Call 
IC-32AT Dual Band Handheld 
IC.3210 Dual Band Moblle 

220 MHZ 
IC 375A AllMode. 25w. Base Sla 139900 c a l l $  
IC 38A 25w FM Xcvr 489 00 call $ 
IC-37A FM Moblle25w 49900 Call S 

1.2 o n 2  
IC-12GAT Super HT 529 95 Call S 

BUCKMASTER PUBLISHING 
Route 3, Box 56 

Mineral, V i r g l n i a  23117 
7031894-5777 visalrnc 8001282-5628 

Use f e r r ~ t e  beads t o  keep RF o u t  of y o u r  

TV, stereo,  t e l e p h o n e ,  etc.  K I ~  ~ncludes one 
dozen beads, one dozen t o r o ~ d s  lh" lo 
11/4 " diameter, t h r e e  "spl i t  beads" and our 
helpful RFI t ~ p  sheet. Everything needed 
t o  f i x  m o s t  RFI problems. $15 + $3 ship- 
ping U.S. and Canada. 

Call For These Quality Brand Names 

A L ~ M ~  AsTRON K t  Kantronics MFJ h m e p b  MIR4GE/KLM TE SYSTEMS 

I JUN'S BARGAIN BOX LIMITED QUANTITIES 

HF Equipmenl List Juna 

TS-940SlAT Gen Cvg Xcvr $249995 Call S 
TS-440SIAT Gen Cvg Xcvr 1449 95 Call S 
TS.I4OS Compact. Gen Cvg Xcvr 949 95 Call S 
TS680S HF Plus 6m Xcvr 1149 95 Call S 
TL-922A HF Amp 1749 95 Call S 

Rsceivem 
R-5000 100 kHz.30 MHz 1049 95 Call $ 
R.2000 1MkHz-30 MHz 799 95 Call $ 
RZ.1 Compacl Scann~ng Recv 59995 Call S 

VHF 
TS.711A All Mode Base 25w 105995 Call S 

: ~ ~ ~ ~ ~ ~ , ~ ~ ~ , " , " ~ $  25W 66995 Call $ 45995 Call$ 
TH.215A. 2m HT Has I1 All 399 95 Call S 
TH.25AT 5w Pockel HT NEW 369 95 Call $ 
TM.721A2m170cm. FM. Mobile 729 95 Call $ 
TM621 2ml220. FM. Mobile 729 95 call $ 
TM.701A25w.2m1440 Moblle 
TH-75A 2m170cm HT 

599 95 
TEA Call$ 

1A All Mode Base 25w 1.265.95 Call S 
TR.851A 25w SSBlFM 771 95 Calls 
TM-431ACompacl FM 35w Mobile 469 95 Call S 
TH-45AT 5w Pockel HT NEW 
TH.55AT 12GHzHT 

369 95 
524 95 Call$ 

TM.531A Compacl 1 2 GHz Moblle 569 95 Call S 

2 2 0 ~ ~ ~  
TM.3530A FM 220 MHz 25w 51995 Call$ 
TM.321A Compacl25w Mobile 469 95 Call $ 
TH-315A Full Fealured 2 5w HT 41995 Call$ 

I Freecatalog and RFI t i p  sheet on request. I 

FT-767GX 
HF Equipment Lisl Juns 

FT-747 GX New Econom~cal 
Performer $889 95 Call t 
FT.757 GX II Gen Cvg Xcvr 1129 95 Call S 
FT.767 4 Band New 192900 Call S 
F L - 7 W  1517-160m So l~d  Stale Amp 1995 00 Call S 

Recelvem 
FRG.8800 154 kHz. 30 MHz 759 95 Call S 
FRG.960060-905 MHz 69995 Call S 

VHF 
FT.4 11 New 2m "Loaded" HT 399 95 Call S 
FT-212RH New 2m. 45w moblle 459 95 Call 5 
FT.29013 All Mode Portable 599 95 Call S 
FT.23 RlTT Mtnl HT 344 95 Call S 

UHF 
FT-712RH. 70cm. 35w mobile 49995 Call S 

VHFIUHF Full Duplex 
FT-736R. New All Mode. 2m170cm 1749 95 Call S 
FEX-736.506m. 10w Module 259 95 Call S 
FEX.736.220 220 MHz. 25w Module 279 95 Call S 
FEX.736.1 2 12GHz. l ow  Module 539 95 Call S 
FT.690R MKII. 6m. All Mode port 569 95 Call $ 

Dual Bander 
FT.47WRH. 2m1440 Mobtle 88900 Call S 
FT-470 Compacl2m170cm Mobtle 559 95 Call S 

220 MHz 
FT.312 RM. Moblle TEA Call S 

Repeaters 
FTR.2410 2m Repealers 1269.95 Call $ 
FTR.5410 70cm Repealers 128995 Call$ 
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HAM 
RADIO BOOKSTORE 

NEW BOOK PAGE @ i ~  

C 1988 1672 pages 
CC8-US89 Sonbound $25 95 

INTERNATIONAL EDITION 
OSL s are a very lmportant part of our hobby All sorts of 
awards, lncludlng the coveted DXCC requlre conflrmat~on 
01 contact belore the award can be ~ssued Of spec~al In- 
terest addresses are belng added dally for Hams In the 
USSR and other countries Wh~le In no means complete. 
11 s a start and will be 01 tremendous help In gettlng QSLs 
Handy operatlng a~ds round out thls super book value 
0 1 9 8 8  1672 page 
n ~ 8 . ~ 8 9  Softbound $28.95 

BUY ' E M  BOTH SPECIAL 
Reg. $54.90 Only $49.95 SAVE $4.95 

W 

THE 1989  ARRL HANDBOOK 
Revlsed and updated w ~ t h  the latest In Amateur technology 
now 1s the tlme to order your very own copy of the world 
famous ARRL HANDBOOK In addrtmn to belng the 
def~nltlve reference volume tor your Ham shack there are 
plenty of projects for every Interest In Amateur Rad~o - 
from antennas for every appllcatlon to the latest state-ol- 
the an projects - you'll f ~ n d  11 all In the 1989 
HANDBOOK Over 1100 pages %I988 
CAR-He89 H8rdbwnd $20.95 

1989 EDITIONS 
1989 RAOlO AMATEUR CALLBOOKS 

NORTH AMERICAN EDITION 
Fully updated and ed~ted lo include all the blest FCC and 
lore~gn government callslgns and addresses for Hams In 
North Amer~ca Includes plenty of handy operating a~ds  

as time charts 0sL  bureau addresses census 
matlon and much more Calls trom Northern Canada to 
tropical Panama NOW 1s the time to buy a new Callboak 
when you 1 get the rnost use oul o l  your lnveslment 

ANTENNAS by John Kraus, WBJK 
Kraus s classlc antenna book has been extensively revlsed 
and up-dated to rellect the latest stale-of the-an In antenna 
des~gn and theory lncludes over 1,000 ~llustrat~ons and 
nearly 600 worked examples and problem solut~ons 
Chapters cover bast concepts. polnt sources and polnt 
source arrays d~poles heltxes broadband and lrequency 
Independent antennas speclal appllcatlons and tons more 
of lnformat~on Also lncludes 5 appendices reference 
tables computer programs books and vldeo lapes 
answers to problems and a problem supplement College 
level text lor the Amateur 2nd ed~tlon 917 pages 01988  
MH-35422 HARDBOUND $59 95 

PACKET USER'S NOTEBOOK 
by Buck Rogers, K4ABT 
Thls new bwk has been put together by CO s Packet edltor and 
packet ploneer Buck Rogers K4ABT Written wlth the begln- 
"r mlm me Packet Nolebwk IS lull at handy 110s h~nts and 
suggestions on how 10 get the most out ol your packet system 
lncluaes a br~ef history a how to get started sectlon standards 
llow control arm lnlormat~on on rad~o to TNC to computer Inter 
connections tor lust about every rad~o Good book to have on zp'rketeer ' desk ") Ist edtlon 13' pages 

Sonbound 59 95 

ALL ABOUT VHF AMATEUR RADIO 
by BYI On, W6SAl 
Are you ready for exciting 6 meter DX'ing during the next 
Sunspot peak? Tired of 20 meters and looklng for a new 
operatlng challenge? Why not try the bands above 30 
MHz! Bill Orr's new book is full of helpful information, tips 
and ideas to let you get the most out of VHFtUHF opera- 
tlon. Propagation, antennas, repeaters. Moonbounce. OC- 
SAR plus much more are all fully covered In Orr's famous. 
easy-toread style. Also includes helpful section on TVI and 
low to suppress it. 01988 .  1st Edition 
URP-VHF Sonbound $11.95 

1 9 8 9  WORLD RADIO TV HANDBOOK 
Every SWL or radlo enthuslast should have a copy of thls 
b w k  by the~r operatlng posltlon It s loaded w ~ t h  all the 
latest calls~gns frequencles and other lmportant lnformatlon 
lor radlo and TV broadcast~ng around the world Covers 
LF MF shortwave and TV servlces Also has equ~pment 
revlews and other spec~al teatures 0 1 9 8 8  43 Edltlon 

IGL-WRTVBP Sotlbound $19 95 

1989 ANTENNA BUYER'S GUIDE 
edited by Peter O'DeU, WB2D. CO Magazlne 
Looklng lor the latest In antennas' It's all here In the C(1 
Antenna Buyer's guide Crammed lull of art~cles, product ~ntor- 
malion and a who's who sectlon listing all of the antenna 
manutacturers and Importers Get your's now and get to work 
on your 1989 antenna projects before -winter comes' 
~ 1 9 8 9 .  
CO-ANT Softbwnd $3.95 

GOLDEN CLASSICS OF YESTERYEAR 
A collectlon of Rlgs, clrcuits and keys 
by Dave Ingram. K4TWJ 
Ingram's new book helps you recapture the fun and excitement 
of Amateur Radlo's past In th~s speclal collect~on ol tales, rlgs 
and clrcults Push-pull TNT transmitters. one tube Harlleys, 
and antennas that bllnk w~th your CW are part of th~s fun-to. 
read book Beg~nners w~ l l  flnd this book tasc~natlng read~ng - 
old timers will rellve the~r past and get back to the roots of 
Amateur Radto % 1989 60 pages 1st Edlt~on 
MFJ-GCY Sonbound $9 95 

OSCAR -- Satellite Review 
by Dave Ingram, K4WJ  
~n s antn06~). ot artcles trom CO s 1-1 of .mponant.to-have 
OSCAR ~ntormat on A so nc does  to-aale aaaltlons an0 #ate 
breaklng news lrom the satellite world Wrltten In Ingram s 
stra~ght forward easy to-read style thls bwk wlll gel you up 
and runnlng w~ th  the m~n~mum of hassle lncludes OSCAR 

qu~ck start help des~gned to get you on OSCAR today 
1 i 1989 I st ed~tlon 44 pages 
MFJ-OSR Softbound $7 95 

GRAY LINE DX ADVANTAGE (MS-00s Computers) 
Great computerized I w l  for predlcllng Gray Ihne openlngs 
Dtsplays the overhead poslllon of the sun as 11 passes over a 
detalled map of Earth s surlace O~splays UTC tlme In any 24 
QTH s lncludes hlgh speed mode to change tlme and date 
Thls handy operatlng a ~ d  will help you tremendously as you 
work towards DXCC honor roll1 
MFJ-GL (MS-DOS Computers Mly) $29 95 

AMATEUR RADIO STUDY GUIDES 
(MS-OOS Computer and VHS tape) 
by Bob Lanz. N41SL 
Studylng lor Amateur exams sure has changed alot In the last 
twenty years1 Using your computer and VCR you can get 
classrwm ~nstrucl~on r~ght In your own house Latest FCC ex 
am syllabus uhed lor each study course 

sonware Tape 
NDVICO BL-NS 314 95 BL-NT $19 95 
Technlclan BL-TS $14 95 BL-TT $19 95 
Gnneral BL-GS $14 95 BL-GT $19 95 
Advanced BL-AS 519 95 BL-AT 524 95 
Extra BL-ES St9 95 BL-ET $24 95 

THE ARRL ELECTRONICS Data Book 
by Doug OeMaw, WtFB 
Have you ever lound yourself search~ng for the converslon factor 
between meters and feet the d~ameter of 30 AWG wlre or any 
other obscure lac17 It I1 drlve you nuts' The ARRL s new DATA 
BOOK was wr~tten w~ th  the ham In mlnd Noted author DeMaw 
glves you the benetlt ot his years ot experlence In thls handy 
relerence manual Fully updated chock full of the latest Inlor 
mallon every hdm needs at thelr l~ngertips Useful for all 
Amateurs HF engineers technlcldns arid experimenters 

1989 2nd Ed~tlon 
AR-DB SonbwndSll  95 

UHF COMPENDIUM Part Ill and IV 
Edited by K Welner, OJ9HO 
Thls IS one of the most long awa~ted books In Amateur Radlo It 
represents over two years of work and contalns mare than 
theory - 11 s chock lull of practical tested designs lrom some 
01 Europe s rnost noted hams Subjects covered Include notch 
f~lters antennas and IF pre amps transistor dr~vers transmlt 
and receive converters power ampl~f~ers and much more Thls 
book 1s guaranteed to be a best seller Order yours today 
tthls book IS ~moorted and suppl~es w~ l l  vary due to shlpp~ng 
delays ) L 1989 1st Edltlon 
KW-UHF3 Soltbw~!d $29 95 

1989-1990 ARRL REPEATER DIRECTORY 
lncludes all the latest repeater llstlngs ava~lable Llsts 13 000 
repeaters 2 200 d~gloeaters and 475 beacon slatlons from 14 
MHz to 24 GHz Get your copy of th~s new bwk today 

1989 
AR-RO Sonbwnd $4 95 

ARRLCODETAPES 
Four new sets of code praclrce tapes trom the ARRL Each set 
consists 01 two 90 mlnutes cassettes and glves you almost 3 full 
hours 01 practlce Great way to study when you can't get on 
the alr 
AR-1 5-IOWPM $9.95 
AR-2 10-15 WPM $9.95 
AR-3 15-22 WPM $9.95 
AR-4 13-14 WPM 19.95 

THE FABULOUS RADlO NED 
by Brandon Wentworth, KSUJ 
Here is the story of one ol WW I s most Important rad~o sta- 
tlOnS Wrltten trom the lirst hand storles and actual experiences 
of the men who operated NED lncludes techntcal descrlpttons 
of the equipment and antennas Great hlstory ,eadlng 
: 1984 t st edition 34 pages 

BH-NBO Sollbound $4 95 

NEWNES Radio Amateur 
and Listener's Packet Book 
by Steven Money. G3FZX 
Unique collectlon of lrselul lnformatlon tor the Raalo Amateur 
and hl-tech llstener Full 01 hard-tol~nd inlormallon Includes 
codes, symbols, formulae, frequencles, In addltion to AMTOR. 
packet and SSTV Handy "pocket book" sue. (E)1987. 1st 
edltlon, 160 pages 
CRC-RA Hardbound $19.95 

WIRELESS ANTENNA HISTORY 
A vertkal design primer 
by Waiter Schulz. K300F 
Starts wllh a well wrltten hlstory of rad~o's beginnings Nlne 
chapters cover rado Iran the l~rst poneers through the begln- 
nlngs of rad~o astronomy The verflcal prlmer IS a complete see 
tion on how lo deslgn butld and optlmlze a verttcal antenna Full 
of explanations and handy h~nts not lound elsewhere 4 1988 
t st edltlon, 140 pages 
GL-OOF Sonbound $16 95 

HINTS AND KINKS lor the Radio Amateur 
edlted by K8CH (I AK7M 
Th~s IS the twellth collect~on of Ideas taken from QST s most 
populdr column Hlnts and Klnks Other s halids on experlence 
can save you hours w~ th  suggestions on how to bulld a better 
mousetrap lncludes Ideas on statlon accessories operatlng 
cw computers antennas shop secrets and much more1 Great 
new edil~on' 1989 ;2th edition 
AR-HK Sottboufld $4 95 

RADIO AMATEUR CALLBOOK SUPPLEMENT 
both NA and OX lntlngs 
lncludes all the latest calls and address changes tor hams 
around the world Invaluable d ~ d  to getting coveted OSLs Ifom 
rare DX statlons Th~s IS the only way to be lully up to date 
Over 300 pages 1989 
CB-SUP89 Sonbound $9 95 

NGRJ'S SECOND OP MANUAL VERSION 
Now ava~lable In sllde rule format lor non computerized 
ham?! Fully up dated w~th all the latest prefixes zones 
posfdge and other lnlorrndtton GET YOUR S IODAY' 2nd edl 
tlon 1989 
CB-20P $9 95 

HAM Please enclose $3.75 for shipping and handling I 
RADlO 6OOKmRE G REENVILLE, N.H. 03048 (603) 878-1 441 



UNADILLA ANTENNA A A MANUFACTURING CO. 
(508) 

PO Box 4215 BV-Andover-MA-01810 
(5'38) 

474-8949 475-7831 
24 Hour FAX THE B I G SIGNAL 9-5 EST M-F -- 

I Turn Your Antenna Into I 
I Several Antennas! 

With the 'Old Reliable' W2VS an tenna  traps I 
Traps Naoded lor a Multi-band: 

A paor tor every band - 
except lowesf lrequency 

Special wire l m g ~ h  data is shi@ wilh your trap order. Get rid of the "antmna 
farm" and out all of your favorite bands on one antenna. I 

Closeup of crank and slot mechanism. 

The heart of the project is the timing motor. I used a 4-rpm 
motor from my junkbox (an Olson Electronicsspecial for about 
79 cents). There are several suitable timing motors available 
from H & R Corporation, 401 E. Erie Avenue, Philadelphia, 
Pennsylvania 19134, for less than $10. Another source is 
JERRYCO, Inc., 601 Linden Place, Evanston, Illinois 60202. 
Other hobby and surplus suppliers may have suitable low rpm 
motors. I don't think you want to go over about 6 rpm because 
you want to agitage the solution, not slosh it. 

The motor is connected to a rocking platform by acrank and 
slot mechanism. Figure 1 shows how the crank was made and 
attached to the motor. Photo 6 shows how the crank is con- 
nected toa slotted bracket on theend of the rocking platform. 
I used aluminum angle stock for the ends and side brackets, 
and secured them to the masonite platform with pop rivets. 
A couple of rubber strips from an old inner tube added to the 
rocking platform keeps the tray or dish from slipping during 
agitation. 

Using the agitator 

I have found that it's important to change the position of the 
etchant container several times during agitation to prevent 
uneven or incompleteetching. You may also wish to keep the 
solution warm. I've found that a 100-watt bulb in a photo- 
graphic reflector placed afew inchesabove the tray keeps the 
solution warm during agitation. A heat lamp positioned above 
the solution would be more than adequate. 

This motorized agitator makes it easy to monitor the pro- 
gress of the board etching, and saves a lot of tedious hand 
agitation. Q 

00 
80F 

d c u ~ ~ ~ ~ i z a i  mpa for a qccd [rrqucncyl 

Contact Your Local Ham Dealer TodavU 
To order direct call (508) 475-7831or write 

for our informational brochure on our other fine products 
Balu*-And.m Kit..Rlt.n-C.rhr INmton-ENDurlatonm-CoaxiaI Rdmya 

U I  poducb ccom *Ath a 30 Dmy Warnnty 

-NOTICE- 
We are the manufacturers of the original 

JAMES MlLLENN Products 
(508) 975271 1 9am-5pm EST M-F 

REFERENCES 
1 WC Clnntnger K30F. EZ PCBs. 73. Augusl 1987 page 43 



HELIUM BALLOON 
ATV 
LAUNCHED OVER INDIANA 
ATV technology 
reaches new heights 

William J. Brown, WB8ELK, 12536 T 771 Findlay, 
Ohio 45840 

0 n June 4, 1988 at 8:58 a.m. CDT, W9PRD (Bob), 
WBSIHS (Chuck), and I launched a helium balloon 
Amateur Radio experiment from a grass airstrip 8 

miles northwest of Greensburg, Indiana. The balloon pack- 
age cons~sted of a l-watt ATV transmitter (Wyman Research), 
a computer video I.D. generator with two graphics screens 
timed in sequence (ElktronicsVDG-I), and a half-watt2-meter 
FM transmitter sending out a CW I.D. 

The balloon system was made up of a 6-foot weather bal- 
loon (Kaysam 105G), a recovery parachute, aluminum foil for 
FAA radar, and the 3-114 pound transmitter setup. The 2-meter 
antenna was a quarter-wave vertical whip; the ATV antenna 
was an omni-horizontal KS8J "beachball" antenna with two 
loops at right angles to each other. 

The beachball antenna is somewhat directional and has a 
deep null off the back. As a result, there were deep fades in 
the ATV picture asthe balloon and itscargo spun around. We 
determined the overall spin rate of the balloon package 
throughoutthe flight by observing these fades. Thespin rate 
varied from one revolution every 20 seconds up to four revo- 
lutions per second. We plan to eliminate the fading in future 
flights by using a phasing line to feed one of the loops, mak- 
ing it a true omnidirectional antenna. 

A combination of cold temperatures and battery fa~lure 
caused a WB8ELK flight the previous August to stop trans- 
mitting at 70,000 feet, so we started a search for improved insu- 
lation and batteries. To better protect the equipment, we made 
astyrofoam package 2-112 inches thick and painted black to 
absorb solar radiation. Then, WB9IHS found some lithium cell 
batteries. These SAFT LX 2649 C cells are designed to with- 
stand low pressure and lowtemperatures. We used ten cells 

(two chainsof five cells). After 8-112 hoursof continuousdrain 
at 700 mA they still had over 3 hours of life left! 

Quite a few ATV'ers from central Indiana were on hand to 
help us launch the balloon. Larry, WBSYAJ, established a live 
linkup to the Indianapolis A N  repeater from the airstrip so that 
anyone within repeater range could view the launch activities. 
The weather was perfect. When we began inflating the bal- 
loon inside an aircraft hanger at 8:30 a.m., there was only a 
light wind and skies were crystal clear. Mother Nature didn't 
let us off that easy, however; the winds increased to over 20 
mph just afew minutes before launch. Since the balloon was 
already fully inflated and the winds were fast approaching 
impossible launch speeds, we decided to send it up before 
the situation worsened. The balloon flailed around wildly, nar- 
rowly missing the hangar door, a telephone pole, and several 
other sharp objects as we carried our gear about 200 feet onto 
the center of the runway. Suddenly, the wind died down and 
the balloon floated straight up lifting the transmitter package 
off on its journey. 

The Indianapolis "Fox Hunters" club had volunteered to be 
the ground tracking team. They filled six carsand headed off 
on a chase across southern Indiana, armed with all kinds of 
direction-finding gear for 2 meters and 70 cm. We were able 
to watch the balloon for 15 minutes as it headed quickly 
towards the southwest, rising about 750 feet per minute. Bill, 
WBSSBY, filmed the launch from asmall chase plane for the 
first few minutes, but the balloon quickly gained altitude on 
them. We had hopedfor some bigger chase planes, but they 
were all grounded with maintenance problems. 

In York, Pennsylvania, WA3USG (Rick) chaireda40-meter 
net on 7.155 MHz; N9CJD (George) ran an 80-meter net on 
3.871 MHz. The nets received over 80 check-ins and recep- 
tion reports during the flight. Stations in over nine states 
received the balloon signals which covered most of the Mid- 
west and part of the South. Operators reported S-meters 
"pegged" out to nearly300 miles in all directions. There were 
many reports of reception on handhelds and scanners over 
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I 21 2-925-7000 
Los Precios Mas Bajos en Nueva York 

WE SHIP WORLDWIDE! 
KITTY SAYS: W E  ARE N O W O P E N  7 D A Y S A  WEEK. 

Saturday & Sunday 10 to 5 P.M. 
Monday.Friday 9 to 6:30 PM Thurs. to 8 PM 

the best buys in town. 

ONV Safety 
belts-in stock IC-R71A, 751A. 7Rt. 2RNH. 38A. 48A. Micro214, 

R-7000, lC-765, IC-375A. 275A/H, 3210A. 475N 
June 28th, Radio Central (Speech), H. 735. IC-900, IC-228~. 1~725,  1 ~ 4 4 8 ~  

Shoreham, L.I. NY 

LanamoblC HT'S 

KENWOD Trac~+,i * . ~ v r . ~  1,) ycrur T c I P " ~ ~ > ~ P  Greal For 
Teleohor,t Calls F rnm M o t ~ ~ l r .  10  Base Slrnple 

Hustler. KLM. METZ. Mosley. 
MODUBLOX. TONNA. Butternut. . . .. . ' ., - .  .. . "  . 

PRIVATE PATCH V, Duplex 8000 

wood Service Repair. TM-721A. T57111BlIA, 
~ ~ 2 . 5 3 0 ~ .  T H ~ O ~ A T .  TH215A. TM-621A. TM- TUNERS STOCKED: 
321A. TS14OS, TS680S. RZ-I. TS790A. 

Budrrig ANT. Pmducls 
NEL-TECH DVK-100 Digbl Voke Keyer 
FLUKE 77,83,85,87 Multimetm OROLA RADIUS 

hlcdta Mentors- 

Amateur Rad~o Coursc 

VoComlMiragelAlinco 
Tokyo Hy-PowerlTE SYSTEMS 
Amplifiers & 
518hHT Gain 
Antennas IN STOCK 

MICROLOG-ART 1. Air Disk. 

AUTHORIZED 

New TEN-TEC 
AEA 440 MHz Corsa~r II. PARAGON. 

A N T E N N A S  

ch Covers 27-54. 108-174. 

I MA; ALL ORDERS TO: BARRY ELECTRONICS C O k . ,  5 1 2  BROADWAY. NEW YORK CITY. NY 1 0 0 1 2  (FOUR BLOCKS NORTH OF CANAL ST.) I I 
"Aqul Se Habla Espanol" 
B A R R Y  I N T E R N A T I O N A L  TELEX 12.7670 
MERCHANDISE TAKEN O N  CONSIGNMENT 

FOR TOP PRICES 
Monday-Fr~day 9 A M to 6 30 P M Thursday to 8 P M 
Saturday R Sunday 10 A M l o  5 P M (Free Parklngl 

IRTILEX-"Spring St. Station". Subways: BMT- 
"Prince St. Station". IND-"F" Train-Bwy Stat~on" 
Bus: Broadway #6 to Spring St. Path-9th St.16th Ave. 
Stat~on. 

- - 
COMMERCIAL RADIOS 
STOCKED ICOM Motor* 
la M A X O N  Standard. 
Yaesu We serve rnunto- 
pallt~es, businesses. CIVII 
Defense PIC Portables. 
m o b ~ l e s ,  b a s e s ,  r e -  
peaters 

ALL 
SALES 
FINAL 

We Stock: AEA. ARRL. Alinco. Ameco. Ameritron. Antenna Specialists. 
Astatic. Astron, B&K. B&W. Bencher, Bird. Butternut. CDE. CES, Cushcraft. 
Da~wa. Eirnac. Henry. Heil, Hustler. Hy-Gain, Icorn. KLM. Kantronics. Larsen. I I 
MJF. J.W. Miller, Mirage. Nye. Palomar. RF Products. Saxton. Shure. 
Tempo. Ten-Tec, TUBES. Yaesu, Vibroplex, Duplexers, Repeaters. Scan- 
ners. Radio Publications. Uniden. Kenwood. Maxon. RFC. 

WE NOW STOCK COMMERCIAL COMMUNICATIONS SYSTEMS 
HAM DEALER INOUIRES INVITED PHONE IN YOUR ORDER 6 BE REIMBURSED 

COMMERCIAL RADIOS mtockmd mmrvlcmd on prmmlmmm. 
Amateur Radio Courses Given On Our Premises, C a l l  

Exvort Orders  Shlppad Imm.dlately. TELEX 12.7670 

FAX: 21 2-925-7001 1 



+ ALL MODE + 

45 watts on 144 MHz 
40 watts on 440 MHz 
10 watts on 1.2 GHz 
(with optional module) 

High stability VFO 

Dual watch receiver 
Listen to two bands 
simultaneously 

Narrow CW filter 

Packet terminal 

SUGGESTED RETAIL 

MADISON'S LOW PRICE 

Optional 1.2 GHz Module 
List $549 ..... CALL 

1-800-231-3057 

NO TUNERS! 
NO RADIALS! Zy-' NO RESISTORS! 

/ 
NO COMPROMISE! 

FOUR EXCELLENT REVIEWS JUST 
DON'T HAPPEN BY CHANCE. 

CALL US FOR A FREE CATALOGUE. 
'See review in Oct. 73. 19R4 *Sept. 7.3. 1985 

'March 73, 1986 'Dec. RR. CQ 

"ONLINE" U.S. CALL DIRECTORY 

HamcaN service gives you all hams via 
your computer (L modem. Updated each 
month! Only $29.95 per year. Unlimited 
use - you pay lor phone call. 

BUCKMASTER PUBLISHING 
Route 3, Box 56 

Mineral, Virginla 23117 
7031894-5777 vlsalmc 8001282-5628 

- 
Tbc \ p r L \  I-;Ulcnn:r ,, a lic~ahir h.111 a:,! c rad#sl,,r tcd hy 
ru,,\va\clcnplh\ c l  Ikra 10%. r<mr lhrnunh an cfiaitcnl lancar 
rnrl;hbnp rran\t\\rmcr. Spark! J', k a r  iuiklcr.  I -I. .C 5 
narc  3nrcnn.r. nccd n,>&?rounJ plant. L.a\v flsl S\VRcune 
pa\c< c . 1 ~  tn hlcc h ~ n d  cm crape. ijrcat pnablc- rolls up 

f!! ~n p c t c l .  t,~rnplcrcl\ r,'cmblcJ ~ 8 t h  RXC'conncclJr 

Atailable hr c r r n  hand h m  211 to J k  iO1Hz 
S 29P5 caih TW,, for S55!0 . U J  $5 P A  tl 

~. t . ,~ . . r r~h ,  I ,~ , I . , '~~OI  AJI terrnnsM1rst 
[Box SII(H?-tl, Pn'vo, UT Nh0.i (801) 373-8425 

BlLAL COMPANY 
137 Manchester Dr. 

SAY 
Florissant, Colo. 80816 
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the same area. W0RPK (Ralph) in Indianola, Iowa was the far- 
thest station to report. He picked up the 2-meter signal at 450 
miles. VE3JO and VE3ZK in London, Ontario observed sync 
bars and a brief, locked picture at a distance of 400 miles. At 
one point, WBBQCD (Mike) had a P3 to nearly P4 picture at 
340 miles. W8YOS near Cleveland had a P2 at 334 miles. 
WA8KQQ reported a P5during most of the flight from over 100 
miles. In fact, we received several P5 reports from over 100 
miles. WB8MSJ (Joe) received P4 signals in full color from 220 
miles. Levels of P3 to P4 were seen over 250 miles away by 
KB9FO (Henry) and N9AB (Andy) in the Chicago area. A brief 
P5 report came in from K9MTE (Jim) from over 270 miles! 

The balloon reached its maximum altitude of 115,000 feet 
about2-112 hoursintotheflight. With theexceptionof an inter- 
mittent relay on the 2-meter transmitter, everything was still 
operating well. We took several internal temperature readings 
wh1ch"indicated that the new insulation was working. The tem- 
perature was actually over 90° F inside and never seemed to 
drop below 60 degrees at any time during the flight. 

The balloon burst at 11:27 a.m. CDTand started down. Our 
first indication of the plunge was the rapid fading and flutter 
on the An/ signal when the package started spinning. The 
most distant receiving stationsstarted losing the signal rapidly. 
We estimatethat in the near vacuum of 115,000 feet, the pack- 
age probably dropped at speeds of nearly 700 mph until it 
was slowed by the parachute at around 50.000 feet. The bal- 
loon landed at 11:54 a.m. CDT, after falling for 27 minutes. 

Because the jet stream wasdirectly over southern Indiana, 
the chase team had a real challenge. At times the balloon had 
been speedingalong at over 100 mph. In what might be their 
"ultimate" fox hunt, the tracking crews were nearly 30 miles 
from the balloon when it landed. Thecrews madea dedicated 
search across a large portion of southern Indiana; the three 
remaining cars finally got a good fix on the 2-meter signal at 
4 p.m. They were about 10 miles north of their quarry when 
the 2-meter relay stuck again, killing the signal. But as they 
drove on through a small town, they heard a very weak sig- 
nal on 439.25 MHz. After driving as far as he could down a 
dirt road, W9DUU (Paul) started on foot through some incredi- 
bly dense underbrush and thorns in the worst possible terrain 
for direction finding -dense woodsand rolling hills! Worried 
that he might not find his way out again, Paul took one last 
reading after he'd hacked his way through nearly a mile of 
woods. At 5:20 p.m. he looked up and saw the balloon hang- 
ing 60 feet up in a large tree! The transmitter package was 
dangling about 20feet off theground, still sendingout its A N  
picture! Paul hooked it with asapling and brought everyth~ng 
back intact. The balloon landed a mile east of English, Indi- 
ana, right in the middle of the Hoosier National Forest, a dis- 
tance of 86 miles from the launch site! 

Except for the fact that the beachball loop antenna now 
looks like a pair of coat hangers because of its tree landing, 
the transmitter package will be ready for a repeat flight with 
alivelvcamera. Afutureflight will carry thefirst airborne AlV 
Repeater. The repeater will have a434 MHz input and 910.25 
MHz output; it has the potential of linking up two stations 
nearly 700+ miles apart! 

Special thanks go to everyone who participated in this 
event. I'd like to thank W9NTP (Don), who let us use his labvery 
early in the morning on launch day to work on the transmitter 
package. Don also provided us with the "Mission Control" sta- 

tion where NQ9Q (Brian) and I tracked the balloon. WB9IHS 
was a great help in choosing the battery system. He also 
provided up to the minute weather and wind forecasts from 
the weather bureau via the FAA radioclub. Thanks to W9DUU 
and the Indianapolis Fox Hunters, and of course to W9PRD. 
His incredible optimism allowed him to predict months in 
advance that we would have a near perfect launch on June 
4 at 9:00 a.m. 

I hope these balloon flights will help to increase AlV activity 
and give us an idea of the possibilites for AlV aboard space 
shuttles or stations. And who knows, with the experienced 
launch team we've put together, maybe NASA will give us a 
chance to help launch the shuttle! 
Editor's Note: On January 21,1989, WB8ELK launched a 
flfth balloon which carried asmall blackand whitesonyvideo 
camera and an Elktronics color video identifier. The 
balloon rose to a peak height of just over 100,000 feet send- 
ing live video pictures of the southern California desert and 
the curvature of the earth from the edge of space. Bill is con- 
sidering making his next balloon flight afull A N  repeater! 
REFERENCES 
1 Fred Mala W5YI. WSYIReporl Volumc 11, Issue Y4. February 15. 1989, pago9 
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AN RTTY 
CONVERTER 

Almost instant 
gratification for 
radioteletype buffs 

By Peter Dohertx WIUO, PO. Box 7252, Greenville, 
North Carolina 27835 

R TTY (radioteletype) has certainly changed in the past 
few years. Gone are the days of those monstrous 
mechanical machines, the Model 15,19, and 28. How 

many remember the clickety-clack of the old model 15 as it 
copied the latest Wl AW bulletin, sounding like the wire room 
of some major news network? Well, the whirring of gearsand 
the printing of rolls of hard copy have been replaced by the 
silence of integrated circuitsin the personal computer. Radi- 
oteletype has moved from the mechanical into the electronic 
realm. 

One thing hasn't changed, though. The tones that are 
detected on your receiver can't key your computer directly, 
just as they can't key a Teletype@ machine directly. Likewise, 
typing on your keyboard won't generate the tones your trans- 
mitter needs. As in years past, this isthe job of the terminal unit 
(TU) or converter; MODEM (Modulator DEModulator) is the 
modern vernacular. 

There are many classic TUsfrom the vacuum tube era. Old- 
timers will remember the W2PAT, W2JAV, and the Twin-City 
converters. How many of you built theone-tubeconverter and 
keyer (5763 and 6U8) that appeared in the Radio Amateur's 
Handbook for so many years? The vacuum tube TU has been 
replaced by integrated circuits that do a better job with less 
power. Two chips made by EXAR, the XR2206 and the 
XR2211, replace the 5763 and 6U8. Despite their simplicity, 
the chips do a surprisingly good job of generating and 
demodulating RTTY tones. This terminal unit is meant for the 
beginner or casual RTW operator who doesn't want to spend 
a couple of hundred dollars on a little-used converter. 

Transmitter converter 
The transmitter converter is built with an EXAR monolithic 

function generator chip, the XR2206. The generator tone fre- 
quency is determined by C6 and R1 or R2 (see Figure 1). 
Depending on the state of pin 9 on the XR2206, R1 or R2 is 
part of the frequency-determining circuit. For instance, with 
pin 9 high, R1 is in the circuit and a 2295-Hz space tone is 
generated. With pin 9 low, R2 sets the mark tone to2125 Hz. 
Potentiometer R4 sets the output level of the audio tones at 
pin 2. 

U3a actsasa buffer and inverter between the outside world 
and the XR2206 chip. Inverters are handier than straight 
buffers in this application; they make it easier to invert logic 
signals so that tones and LEDs run "right side up." LEDCRI 
blinks in time with the incoming data from the computer. You 
can see when thecomputer hasfinished sending, so that you 
don't switch to receive prematurely. R3 sets the distortion of 
the chip to a nominal value. If you're a purist you may want to 
substitute a 500-ohm potentiometer and adjust it for minimum 
distortion on an audio analyzer. Then you can plug the audio 
tones into an HF SSB or VHFIFM rig. 

Figure 1 also shows a simple push-to-talk (PTT) interface 
for use between your computer and radio. PTTdatafrom the 
computer is buffered and inverted by U3C and drivesQ1 and 
RYI. I opted for a reed relay here because many rigs have 
different keying voltage requirements, and the reed relay will 
key just about any rig. If you find that your software is in the 
receive mode but the PTT relay is keyed, simply add another 
7404 inverter in series with U3C to get the PTT signal right side 
UP. 

The converter is powered by a plug-in 12-volt DC supply. 
The 7805 IC regulates this voltage to 5 volts for use by the 
XR2211 and 7404. 

Receiver converter 
The receiver converter in Figure 2 is designed around the 

EXAR XR2211 FSK (frequency shift keyer) demodulator chip. 
Audio from the receiver's speaker or phone jack is routed to 
pin 2 of the XR2211 through C7. Audio from the transmitter 
converter can also beappl~ed to this point through a test switch 
to testthe transmitlreceive converter combination. C9 and R16 
set the center frequency of the converter. For marklspace 
tones of 212512295 Hz the center frequency is 2210 Hz. Resis- 
tor R14 or R15 in series with R13 set the bandwidth of the 
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TO RECEIVER CONVERTER 

V T 
)AUDIO OUT 

TEST 

R5 
2 SYM 5 . 1  k 

R3 15 SYM SINE OUTPUT 
2 2 0  I' THO M U L T l  & - 41 

1 3 ,  THO u1 VCC 9 12v 
I 

R4 look 
I* 

GND 2 2 0 6  CO -* C3 R6 
2 SOUARE CO 10 .0  5 .11  /- 

R 1  

RZ 
* 

1 
7 4 0 4  
PIN 14 SV 
PIN 7 GND 
R =  OHMS 
C = MICROFARADS 

Schematic of the transmit converter portion of the circuit. 

Receiver modem calculations Transmitter modem calculations 
212512295 Hz, 170-Hz Shlft F1 = 2295 Hz F2 = 2125 Hz 
Center frequency Choose a value for R1 and R2 
fo = (2125+2295)/2 = 2210 Hz R1 and R2 = 10 k (8.2 k + 5-k pot) 
Choose value of R16 Calculate C6 
R16 = 20 k (18 k + 5-k pot) C6 = ll(R1 x fo) 

= 1/(10000 x 2295) 
Calculate C9 = 0.000000044 

= 0.047pF (standard value) 
C9 = l/(fo x R16) 

= ll(2210 x 20000) Check values of R1 and R2 
= 0.0000000226 
= 0.022pF R1 = ll(C6 x fo) 

= 1/(0.000000047 x 2295) 
Calculate Rsh~ft (R13 + R14) = 9.27 k 
RS = Rl6(folFSK shlft) R2 = 1/(0.000000047 x 2125) 

= 20000(2210/85) = 520 k = 10.01 k 
= 20000(2210/170) = 260 k 
= 20000(2210/425) = 104 k R1 and R2 fall w~ th~n  
= 20000(22101850) = 52 k range of 8.2-k reststor 

and 5-k pot 
Calculate C12 
C12 = C9/4 = 0.005pF 
All values are rounded to nearest standard component values. 
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7404 

PIN 14 SV 
P IN  7 GND 
R = O H M S  
C = MICROFARADS 

Schematic of the recelve converter portion of the circuit. 

XR2211; hence the shift of the RTTY signal to receive. 
R15 copiesa fixed shift of 170 Hz; potentiometer R14 allows 

you to copy shifts from 85 to 850 Hz. This comes in handy 
when you leave the Amateur bands to explore RTTY on the 
commercial bands. CR3 indicates if the phase-locked loop 
(PLL) is locked onto the RTTY signal, CR4 shows that a space 
signal is being received, and CR5 indicates the same for the 
mark signal. Data out is routed through a SPDT switch mak- 
ing normal/reversedata available. This is helpful on thecom- 
mercial bands, as many stations use tones inverted with 
respect to the Amateur standard. 

Design notes 
It's easy to design the converter for other frequencies. Table 

1 gives most of the necessary formulas. I've worked thesecal- 
culations for frequencies of 212512295-Hz and 170-Hz shift. 
Just substitute the new audio tonesand shift, and select the 
nearest standard component values. The potentiometers give 
you some leeway in the selection of the frequency- 
determining capacitors. Note that the signals to and from the 
converter are transistor-transrstor logic (TTL) level; that is, 0 
and 5 volts. If your computer usesdifferent levels, like RS-232 
(-12 and +12 volts), you must change thesevoltages before 
applying them to the converter. For the RS-232, a set of 

1488t1489 line driverlreceiver chips designed for this purpose 
will do the job. An even better choice would be the Maxim 
MX232, as this chip doesn't require an external negative bias 
supply. You can find information on using these chips in their 
data specification sheets. 

Construction 
All thecomponentsto build theconverter areavailable from 

Radioshack, Jameco, or Digi-Key. For the best frequency sta- 
bility, choose polystyrene or some other stable type for 
frequency-determining capacitors C6 and C9. These are 
sometimes hard to find; check the flea markets. I have used 
MylarTM capacitors with good results. Rla, R2a, and R16a 
should be ten-turn pots toallow precisesetting of the tonefre- 
quencies. The backlash of a normal pot will drive you crazy! 

I built my converter (see Photos Aand B) on a Radio Shack 
prototype board and mounted it in one of their little metal 
cases. I mounted variable shift potentiometer R14 in thecen- 
terof the front panel. Four LEDs, indicating lock, mark, space, 
and TX data are mounted on one side of the front panel. On 
the other side I put the four switchesfor power, normal/reverse, 
variablell70-Hz shift, and test. The wiring is audio level and 
not too critical. You may want to consider using ferrite beads 
or bypass capacitors, or both, on thecomputer leads to keep 
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CAPACITORS 
Cl.C5 
C2,CZCll 
C3.C4 

'C6 
C8.ClO 
C9 
C12 

DEVICES 
Ul 
U2 
U3 
U4 
CRl.CR3,CR4.CR5 
CR2 

- RESISTORS 
Rla,R2a,R16a 
Rlb,R2b 
R3 
R4 
R5.R6 
R7 

MISCELLANEOUS 
Switches 
S PDT 
SPST 

Description 

1.0-pF tantalum 
O.l-rFMylar 
10-pF electralytlc 
0.047-lcFpolystymne or Mylar 
0.047-lcF Mylar 
0.022-,~F polystymne or Mylar 
0.0047-itF Mylar 

EXAR XR2206 
EXAR XR2211 
LM7404 
LM7805 
LED. panel mount 
1N4001 

5-k ten-turn pc pots 
8.2 k 
220 
100-k PC pot 
5.1 k 
1 k 

two each 
two each 

Reed relay, 12 volt 
2N2222A 

the computer interference out of your radio and vice versa. 
I didn't find this necessary in my application. 

Lacking a better method, I typed the front panel label on 
heavy card stock and attached it to the front panel with wide, 
transparent packing tape. It'scrude but effective. I just couldn't 
picture myself squeezing all those rub-on letters into such a 
small place. 

Alignment 
The easiest way to align the transmitter section is with a fre- 

quencycounter. Connect pin 1 of the 7404 to 5 volts through 
a 1-k pull-up resistor (pin9 of theXR2206 goeslow) and adjust 
R2a for the mark tone of 2125 Hz. Ground pin 1 of the 7404 
(ptn 9 of XR2206 goes high) and adjust Rla for a space fre- 
quency of 2295 Hz. If your software has inverted marklspace 
tones, adjust Rla for the mark tone and R2a for the space 
tones. 

If you don't have a frequency counter, you can use an audio 
source of known calibration and an oscilloscope. A calibrated 
converter from a friend would be a good source. Feed the 
calibrated tone into the horizontal amplifier and feed the 
uncalibrated tone into the oscilloscope vertical amplifier. Now 
adjust the proper pot in the converter untll the pattern 

The completed converter. 

Internal view of the converter. 

becomes a perfect circle, indicating that the tones are the 
samefrequency. Do this for the markand then the space fre- 
quencies. (These oscilloscope patterns are called Lissajous 
figures; the technique is described in any rad~o handbook.) 

Tocalibrate the receiver, first set thefixedlvarlable switch to 
the fixed position. Next, connect an ohmmeter to read the 
combined resistanceof R13 and R14. Adjust R14 to full resis- 
tance (a combined total of 520 k) and mark the front panel 
knob for 85-Hz shift. Now adjust R14 for a total of 260 k and 
mark the panel for 170-Hz shlft. A resistance of 104 k equals 
a shift of 425 Hz and a resistance of 52 k equals a shift of 850 
Hz. These are the most commonly used sh~fts on the short- 
wave bands. (This adjustment isn't very Important.) With the 
fixedlvariable switch in the fixed position and no s~gnal pres- 
ent, disconnect C8, short pin 2 to pln 10 of the XR2211, and 
attach a frequncy counter to pin 3. Set the frequency to the 
center frequency (2210 Hz) with potentiometer R16a. Remove 
the short and reconnect C8. As before, if you don't have a fre- 
quency counter, feed a known RTTY signal Into the Input and 
adjust R16a for a clean copy on your computer. 
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Operation 
Once the tonesare adjusted in the transmit portion, the only 

other adjustment you need to make is to the output level. R4 
takes care of this. Set your software into the transmit mode and 
feed the tones into the mic jack of your transceiver through 
the appropriate connector. You should be in LSB mode. Set 
R4 to midscale. Now adjust the micgain on your rig, along with 
R4 for the proper RFoutput level on your transceiver. Remem- 
ber that RTTY is a 100-percent duty cycle mode, and many 
transceivers are not designed for continuous output. You may 
have to back down on the output until you attain a safe level. 
In an FM radio you just have to adjust R4 until you reach the 
proper deviation without clipping in the mic circuit. 

To tune in an RTTY signal, first check out the ham bands 
around 3.6 or 14.1 MHz where most signals will be operating 
170-Hz shift. As you tune through an RTTY signal, the PLL 
lock, mark, and space lights will flicker. As you approach the 
center of the signal, the PLL lock light will suddenly glow with 
full brilliance. The markand space lights should be flickering 
evenly. A slight adjustment of the VFO on your receiver will 
result in copy on your computer screen. 

If thelocklight is lit and the marklspace lightsareflickering 
but you don't have clean copy, try the normallreverse switch. 
If you are properly tuned to an RTTY signal that's not key~ng, 
the PLL lock and mark lights should be lit. If you're new to 
RTTY, it will take a while to get the hang of tuning in the sig- 
nals. It may also take a while to get all the software and con- 
verter connections running right side up, using the proper 
options of your software andlor inverters in your converter. On 
FM, it's only a matter of adjusting R16a on the receiver con- 
verter until clean copy occurs while receiving an RTTY signal. 

When you start cruising the shortwave bands in search of 
commercial stations, operation will take a little more savvy. 
Here area few hints. You probably won't know the shift of the 
shortwave station. Tune in the signal until the tones sound 
"about right." Fltp the fixedlvariable shift switch to variable. 
Then rock the variable shift potentiometer until the PLL lock 
lights and the markispace lights blinkevenly. Odds are good 
that the station will be running one of the standard shifts 
marked on the front panel. Now it's time to try the nor- 
mallreverse switch and different speeds in your software. After 
a short time, you'll be able to recognize the shift, the speed, 
and whether the RTTY signal is in Baudot or ASCll simply by 
the sound. 

Concluding remarks 
If you're just interested in listening, it's not necessary to build 

the transmit section. The receive converter is a simple device. 
It won't rival a full-blown unit with separate mark and space 
filters. However, it does a good job on the crowded Amateur 
bands - as long as the interference isn't too severe. Commer- 
cial stations tend to operate on clear channels, so the results 
with these have been very good. Of course, thequiet environ- 
ment of VHFIFM is the ideal situation for thisconverter. Despite 
the fact that an RTTY contest on 20 meterson aSunday after- 
noon will probably crush the little converter, I've had many 
enjoyable QSOs on both 20 and 80 meters in less than clear 
channel situations. I have also used it to copy bulletins in ASCll 
from WlAW. I use this converter with a Commodore 64 and 
Kantronics Hamsoft Software. Gone is the mechanical thun- 
der of the Model 15. a 

SatelliteTV is still full of the wonderment that 
made it so popular in the early '80s. The 
tinkerers are there, the programming is 
there, and never has the cost of becoming a 
dish owner been so low. 

So, how do you find out about this exciting 
entertainment? 

Through publications devoted specifically 
to satellite TV, that's how! 

I America's Weekly Guide To Satellite TV 

OnSat is unsurpassed for the most up-to- 
date listings of satellite programming. Dr. 
Dish, Mailbag, and the Transponder Service 
Watch are all geared to help you make the 
best use of your satellite TV system. A 
sample issue can be obtained for only $1. 

I The Complete Monthly Guide To Satellite TV 

STV Guide contains over 300 pages of 
programming information, product reviews, 
home troubleshooting, and information 
about satellite TV. A sample issue can be 
obtained for only $2. 

Both OnSat and STV Guide contain listings 
for over 120 channels and Prime Time Grids 
for over 50 channels. Subscribe to either the 
weekly OnSat or the monthly STV Guide for 
only $48 per year. 

To start receiving the best in satellite TV 
guides and information, call toll-free 
(800) 234-0021. VISAm and Mastercard 
accepted. 

I S N  Guidetonsat 
PO Box 2384 a Shelby, NC 2815102384 



THE NOSH 
ALL-BAND DIPOLE 
Easy to build, 
easy to move 

Gary L. Elliott, N05H, 41200 Highway 933, Operation 
Prairieville, Louisiana 70769 The N05H antenna operates in the following configura- 

tions on the accompanying bands: 
shortened half-wave dipole on 160 meters 
two half waves in phase on 75 meters 
a 312-wavelength dipole on 40 meters 
two full waves in phase on 30 meters 

M 
two long wires each 312 wavelengths long on 20 meters 

y line of work requires that I move to a new loca- two long wires each 2 full wavelengths long on 15 
tion every four or five years. This means I'm con- meters 
tinually taking down or putting up antennas. As two long wires each 512 wavelengths long on 12 meters 

a result of this, I am always looking for a wire-type antenna two long wires each 3 full wavelengths long on 10 
that's easy to construct and get working. meters 

I enjoy working all the HF bands from 160 through 10 All-band coverage (including the two usable WARC bands) 
meters and do most of my operating on 160 and 40 meters. is achieved easily with this simple antenna configuration. 
My goal was to design a coax-fed dipole antenna that was 
simple to build and fit into a 198-foot space. 

Description 
My antenna design is neither new nor unique. But I've 

never seen it written up in any of the Amateur publications. 
I built a 312-wavelength dipole cut for the center of the 

40-meter band and fed with 75-ohm CATV coax through 
a half-wave matching sectjon of 300-ohm or open-w~re line. 
Why a 312 antenna cut for 40 meters? I wanted an antenna 
that would operate on 160 meters as a dipole, and in an 
inverted "V" configuration. I didn't want to resort to traps 
or to tying the feeder wires together, as you would when 
using a short dipole as a "T'ltype antenna. I wanted the 
advantage of a dipole, in a length shorter than full dipole 
size. 

If the antenna I've described sounds like a GSRV-based 
design, it should. The G5RV is also a 312-type dipole, except 
that Louis Varney, G5RV1 designed his dipole to a 312 wave- 
length at a frequency of 20 meters. Like the G5RV, my 
antenna is an all-band 160 through 10 design, but it has 
certain advantages because of the longer length of the 
dipole. This longer length allows full-dipole andlor long-wire 
performance on all bands from 160 through 10 meters; you 
don't need to tie the feeders together for 160-meter opera- 
tion. 

Construction 
The flat-top portion of the antenna is 203' long; each half 

of the flat top is 101'6" in length. The formula I used is:' 

The matching section is made from 53'6" of 300-ohm twin 
lead with a veloclty factor of 82 percent (in my case). When 
the formula is used this way it becomes.3 

I used a run of 75-ohm C A N  RG-6 coax to the antenna 
tuner in the station. 

This antenna design has some unique features that set 
it apart from similar antennas. I use CATV RG-6 coax with 
100-percent aluminum shield,' along w~th a long shank F- 
type cable connector at both ends of the coax. The F-type 
connector requires the use of a compound jaw crimping 
tool. The antenna is as simple to build as any other dipole, 
and using F-type connectors on the coax makes the assem- 
bly process even easier. 

'Radto Shack RG 6 CATV coax pin 278-1324 
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it in place at the center insulator. I installed an SO-239 chas- 
sis connector at the other end of the matching section. One 
wire of the matching section is soldered to the center pin 
and the other to a solder lug bolted to one of the corner 
mounting holes. The connection needs to be sealed from 
the weather by whatever means you generally use. I 
~nstalled a long shank F-type connector** on the end of the 
RG-6 coax and coiled the coax ~nto a 6" diameter 11-turn 
choke coil. Then I attached a female F to PL-259 adaptor*** 
to the F connector on the RG-6 coax. This lets you run the 
coax to the station antenna tuner after the antenna is raised 
to its operating position. When you connect the coax at the 
station end it's good to allow a little extra; you may have 
to shorten the coax run a bit if you encounter a hard-to- 
load condition on one band. Figure 1 gives dimensional 
details for the antenna. 

Some of you many wonder why I used CATV-type RG-6 
coax and F connectors for an Amateur antenna project. 
The better quality RG-6 has the same loss per hundred feet 
as RG-213 coax and lower loss than RG-8X coax at a 
cheaper price per foot than the others. RG-6 cable is also 
100 percent shielded. The coax has an aluminum shield 
which is not intended to be soldered, and that's why I used 
the F connector. Using this connector at the 200-watt level 
hasn't presented a problem. In fact, using the crimp on the 
long shank F connector makes trimming the lead-in much 
easier if a loading problem occurs on one of the bands in 
use. 

I think we all need to be more innovative when it comes 
to antennas and feed systems. Those who operate at VHF 
and UHF learned long ago to use CATV hardlines and 
cables because of the lower loss. Fifty ohms doesn't have 
to be the magic number for most applications. Many sta- 
tions now use antenna tuners or rigs with built-in tuners to 
control the SWR that their solid-state rigs feed into. So don't 
be afraid to give other cables or connectors a try; you may 
find that they do make antenna projects easier and more 
fun. 

Conclusion 
The antenna can be mounted either as a horizontal dipole 

or an inverted V. In my case, the antenna is in the inverted 
Vee configuration with the apex at about 50 feet and the 
ends of the antenna about 10 feet off the ground. 

Does it work? Comparisons with my regular G5RV show 
improvements on all bands. The greatest are seen on 30 
through 10 meters. On 40 and 80 meters I find that the 
improvement depends on the distance and propagation of 
the signal being received. 

One thing I can't stress enough is that both this design and 
the G5RV require the use of an antenna tuner. Take time to 
read Louis Varney's comments on the G5RV design in the 
ARRL Antenna Compendium, Volume One.4 Even at the 312 
design frequency with the half-wave matching section, the 
feedpoint impedance isstill alittleover 100ohms. On theother 

"Rad~o Shack, gold-plated CF.56 type F connectors pln 278-225 
'^'Rad~o Shack, PL-259 plug to female F connector pln 278-258 

X X  * ATTACH POINT FOR 

X X  

Dimensional details of the NOSH all-band antenna. 

bands the feedpoint impedance varies because of the com- 
plex loads presented by the antenna, resulting in the need for 
an antenna tuner. My design and the G5RV are efficient all- 
band antennas that can be coax fed. Q 

REFERENCES 
1 LOUIS Varney, G5RV. "The G5RV Mult~band Antenna Up lo Date:' The ARRL Antenna Com- 
pendrum, Volume 1, 1985. page 86.90 
2 5111 Orr, WGSAI. "Ham Rad~o Techn~ques. The GSRV Expla~ned:' Ham Radro, February 1985, 
page 59 
3 LOUIS Varney, GSRV. ~ b ~ d ,  page 89 
4 LOUIS Varney. G5RV. ~ b ~ d  , pages 86-90 

WHAT'S THE BIGGEST 
ISSUE IN HAM TV TODAY? 

THE NEXT ISSUE OF 
AMATEUR TELEVISION 

QUARTERLY 

ACCURATE reporting 
TECHNICAL information 
VALUABLE content 
QUALITY production 

SUBSCRIPTIONS: 
1 Year $15 U.S., $20 Canada, $25 Elsewhere 

1545 Lee Street, Suite 73 
Des Plaines, lllinols 60018 

(312) 298-2269 
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PRODUCT REVIEW 

Ameritron RCS-4 and 
RCS-8V 

Digitar's Model PCW 
Weather Station 

Now you can have your own advanced com- 
puter weather statlon D~g~tar's Model PCW 
automatically monitors and tracks local 
weather conditions on your MS-DOS com- 
puter. 

The weather stailon comes w~th a w~nd vane 
and speed sensor and all mounting hardware 
Also Included are two remote temperature sen- 
sors, a plug-~n computer card, baslc operat- 
Ing software, 12 volts AC power adapter, and 
complete documentat~on The PCW's VLSl on- 
board mlcroprocesser generates Instant 
weather data on the computer screen It shows 
current temperature (~ns~delouts~de), baromet- 
rlc pressure, wlnd speed, chlll, gust, and dlrec- 
tlon, h~gh and low temperature over a 24-hour 
per~od, and clock calendar An optlonal raln 
collector IS also ava~lable 

The PCW has programmable alarm set 
polnts for t~me, h~gh wlnd speed, and h~gh 
and/or low temperature When any set polnts 
are reached, the PCW card sounds an alarm 
(even when the computer IS shut off) uslng ~ts 
own power supply 

The optlonal PCWPRO software package. 
an advanced controller makes the PCW 
weather statlon a sophlstlcated monltorlng and 
data logg~ng program It can d~splay each 
funct~on ~n graph~c form and saves data to d~sk 
on the hour and half hour Both the PCW and 
the PCWPRO can be placed In the computer's 
background to allow use of your PC for other 
funct~ons such as logglng QSO's or word 
processlng You can return to ~t by typlng a 
user-selected key sequence 

The lnstruct~ons were extremely easy to to1 
low, explaln~ng In s~mple terms how to con- 
f~gure the board to work wlth your PC The 
PCW plug ~n board accommodates d~fferent 
computer conf~gurat~ons 

The enhanced PCWPRO software IS 

des~gned w~th open architecture and prede 
f~ned system calls User wr~tten programs may 
be des~gned to Interface the PCW Weather Sta- 
tlon wlth other computer appllcat~ons 

The PCW weather stat~on sells for $299 the 
PCWPRO enhanced software for $9995 and 
the opt~onal RG 2 raln collector for $49 95 All 
are ava~lable from Azimuth Commun~cat~ons 
Corp 11845 W Olymplc Blvd Sulte 1100 Los 
Angeles Cal~forn~a 90064 

de NIGCF 
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Over the last ten years, the prlce of coax- 
ial cable has jumped s~gn~ficantly due to 
the h~gh cost of raw materials. Hams w~th 
long, mult~ple feedl~nes know how expen- 
sive several runs of coax can be 

However, Amer~tron has two ways to 
overcome this problem. The RCS-4 will 
switch four antennas and doesn't requlre 
extra cabling to operate. The RCS-8V 
sw~tches f~ve antennas and requires an 
external control cable. 

The RCS-4 IS elegant ~n ~ts simplicity. The 
relay box contains three relays that are 
switched by voltages fed through the coax- 
~ a l  feedline. With no voltage present, the 
antenna selected IS no. 4. As you swltch to 
the other antennas from the control box, 
either DC +, DC - ,  or AC is fed into the 
coax to turn on the appropriate antenna 
relay. 

Three 0.01-bF capacitors and a radio fre- 
quency choke isolate the stat~on from the 
antennas at the control box and the relay 
voltages from the antenna I~nes. The three 
relays have 10-A contacts and are rated at 
50-ms sw~tching time. A small alr spark gap 
is mounted on the relay box circuit board 
to bleed off any static charges that could 
accumulate. Addit~onal lightning protect~on 
is recommended through coax loops on 
all feedllnes. 

To use the RCS-4, insert the control box 
into your shack's feedl~ne just before ~t goes 
outside and connect the relay box to the 
end of the feedline. Connect your antennas 
to the relay box and you're ready to go! The 
antenna selector swltch has red LEDs that 
indicate whlch antenna IS selected. Make 
sure that the relay box IS installed with the 
connectors down and that you do not 
attempt to further weatherseal the un~t. 
Water w~ll accumulate ~f you do, and even- 
tually the un~t will have problems. The relay 
box can be mounted anywhere that's con- 
venlent for you. Its rugged construction 
ensures you'll have mrnimal problems after 
installat~on 

Insertion loss IS less than 0.05 dB under 
30 MHz and the lnsertlon VSWR IS under 
1.1:l from 18  to 30 MHz. The un~t IS 

des~gned to handle 1500 watts and 2500 
watts PEP maxlmum One word of warn- 
~ n g  - never attempt to sw~tch wh~le trans- 
mltt~ngl If you do, you rlsk los~ng the swltch 

The RCS-8V glves you several advan 
tages over the RCS-4 It w~ll handle greater 
power, ~t 's rated at 4 KW below 30 MHz (1 
kW PEP at 148 MHz), and works from 18  
to 220 MHz w~th negllg~ble ~nsertlon loss 
and orily a sllght add~t~onal loss at 450 

MHz Th~s greater flex~b~l~ty IS ga~ned 
through use of an external control llne to 
sw~tch antennas 

You can use any wlre to control the 
sw~tch As long as the conductor to ground 
return resistance IS less than 80 ohms the 
un~t  will operate normally Flve or 8 
conductor rotor wlre IS usually the eas~est 
to get and use To set up the sw~tch con- 
nect at least a 5 conductor control cable 
between the relay box and the control box 
In the shack (Make sure that the wlres are 
connected In proper sequence) 

The RCS-8V glves you the ab~l~ty to select 
more than one antenna at a t~me For 
Instance, ~f you're runnlng stacked beams 
you can wire the sw~tch to select ether the 
upper or lower antenna or for addrtronal 
galn or both antennas at the same tlme 
The sw~tch can also be used to select e~ther 
flve antennas for one rig or flve rigs for one 
antenna Versatility IS limited only by your 
needs. 

The RCS8V will sw~tch In less than 50 
ms and uses heavy-duty 10-A rated relays. 
The relays are isolated so that you can 
sw~tch two antennas simultaneously. How- 
ever, I recommended that you ground the 
antennas when they're not In use. 
Ameritron prov~des the information on how 
to modify your switch. 

These two products are constructed from 
hlgh quallty rugged parts and will glve 
years of servlce The relay boxes for both 
the RCS-4 and RCS-8V are made from 
steel enclosures for 100-percent sh~eld 
coverage and TVIIRFI protectlon Whatever 
your needs, one of these two swltches will 
work for you See your local Amer~tron 
dealer for more lnformatlon 

de NIACH 
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Cushcraft A4S four- 
element, HF Triband Yagi 
antenna 

Looklng for an antenna lo maxlmlze your 
s~gnal on 20 through 10 meters? Cushcraft s 
A4S four element trlbander IS more than up 
to the task 

In keep~ng w~th Cushcrafts h~story of hlgh 
performance HF Yag~s the A4S IS a true wlri 
ner Otferlng tr~band coverage w~th three ele 
ments each on 10 15 and 20 meters the 
A4S has been opt~mlzed to prov~de excellent 

(continued on page 86) 
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I - - 
I - LNG -(*) . I 

KIT, ONLY $675 
WIRED $975 PREAMP 

VHF OR UHF ONLY $59! LEU kit Features adjustable tail 
I Wirednested & time-out ttmers, solld state 

relay, courtesy beep, and local 

FEATURES: speaker ampltf~er $49 

SENSITIVITY SECOND TO NONE! BaAsFET front end on vhf 
FEATURES: 

CWlD kit D~ode programmed, I 
models glves 12dB SlNADof 0 12uV(vhf), 0 15uV(220). UHFmodel *Ve'yLow 7dBVHF adjustable tone, speed, and tlmer, 
0 25uV std, 0 luV wlth optlonal hel~cal resonator preamp. *High Galn: 13 20dB depending on frequency to go with COR-3 $59 

*SELECTIVITY THAT CAN'T BE BEAT! Both 8-pole xtal ftlter & *Wide Dynamk Range: to res~st overload NEW COR-4 k ~ t  Complete COR 
ceramlc f~lter for > 1mBdB at only ~t 12kHz. Hel~cal resonator front .stable: new type dual gate G ~ A ~  FET and CWlD all on one board for 
end to combat desense & lntermod easy construct~on CMOS log~c 
.CLEAN, STABLE TRANSMITTER, up to 1 8 ~  output standard; 5 0 ~  ' Spec@ fun~ng range deslred 26 30 46 56 for low power consumption 

137 150 150 I 72 210 230 400 470 or Many new features EPROM Pro- 
wlth accessory power arnpl~f~er 800 960 MHZ grammed, speclfy call letters $99 
*FCC TYPE ACCEPTED for commercial high band and uhf. 
*Courtesy beep, fleld.programmable CWID, flutter-proof squelch, NEW TD-3 SUBAUDIBLE TONE 1 DECODER/ENCODER kit $24 
automatic frequency control to compensate for off-frequency trans- 
m~tters (all standard features) LN W -( * ) TD-2 DTMF DECODERlCON- I 
*Full range of options avallable, such as autopatch, phone l~ne  or TROLLER k ~ t  Full 16 d~glts, with 

radlo remote control, sub-audlble tones. duplexers 
MINIATURE toll call restrlctor, programmable 

GaAs FET Can turn 5 funct~ons on/off Great 
L - v r  - . PREAMP 

for select~ve call~ng, tool 579 - - .  * h - y r .  n w 6 d . m  
&A.d&; +A+A~A= . AP-3 AUTOPATCH kd Use wRh 

*FM EXCITERS: 
K ~ t s  $99. Wit $1  79. 2W 
continuous duty. TCXO & 
xtal oven opt~ons avallable. 
*TAW for lOM, 6M. 2M, 
158-174,229 MHz. 
*TA451 for uhf. 
FCC type accepted for commerc~al bands 
*Call for latest Information on 900 MHz transmitters. 
*VHF & UHF AMPLIFIERS. For FM. SSB. ATV. Output from 10  
to 50 Watts. Several models, k ~ t s  starting at $79. 

*R144m229 FM RECEIVERS for 2M, 
150-1 74, or 220 MHz. GaAs FET 
front end. 0.12uVsensit1~1ty~ 
Both crystal & ceramic 
filters plus helical resonator 
front end for exceptional 
selectivity: > 100dB at * 12kHz 
(best available anywhere)! 
Flutter-proof squelch. AFC tracks 
drift~ng transmitters. 
Kit $149, wlt $229. 
oft451 UHF FM RCVR. Similar to  above. Tuned llne front end, 
0.25uV sens. (0.luV with optional hel. res. preamp). Kit $149. 
wlt $229. 
*R9@1 FM RCVR FOR 90@ MHz. Triple.conversion. GaAs FET front 
end. 0.2uVsens. Kit $169, wlt $259. 
*R76 ECONOMY VHF FM RCVR for 10M. 6M. 2M. 220. Without he1 
res or afc. K~ ts  only $129. 
.Weather satelllte & AM Aircraft rocelvers also avall. 

FCC TYPE-ACCEPTED TRANSMITTERS & RECEIVERS AVAILABLE 
FOR HIGH-BAND AND UHF. CALL FOR DETAILS. - -  - -- 

$39 widneaed 
GaAs FET Preamp 
s~m~lar to LNG, except des~gned for la cost 
&mall size Only 518'W x 1.518-L x 314'H 
Easlly mounts In many rad~os 
' Spec~fv runmng range drsrred 25 35 35 55 
5590 90120 120150 150200 200270 
or 400 500 MH7 

IN-LINE 
PREAMP 

ONLY $ 7 9 / k l t ,  

GaAs FET Preamp wlth features slm~lar to LNG 
serles. except automatically swRcher out of 
line during tmrmlt. Use wlth base or mob~le 
transcelversup to 25W. 

-Spec#fy funtng range desrred 120- 175. 
200.240. or 400 500 MHz 

Low no~se Drearnos w ~ t h  hel~cal resonators 
reduce lntermod 4 cross-band interference In 
cr~tlcal appl~catlons. 
MOOEL HRA-(*), $49 vhf. $84 uhf. 

' Speciv funing range desired. 142- 150, 1SO 
162, 162-174, 213.233. 4lG454. or 454-475 

above lor repeater autopatch. 
Reverse patch and phone l~ne 
remote control are std. ........... $79 

AP-2 SIMPLEX AUTOPATCH 
T~ming Board kit. Use with above 
for scrnplex operation. ............ $39 

MO-202 FSK DATA MODULA- 
TOR ktt. Run up to 1200 baud 
dig~tal signals through any fm 
transmitter w~th full handshakes. 
Radio l~nk computers, telemetry 
gear, etc. .... .539 

DE-202 FSK DEMODULATOR 
k~t. For recelve end of l~nk. .... $39 

9600 BAUD DIGITAL RF LINKS. 
Low-cost packet network~ng 
system, consist~ng of new MO-96 
Modem and special versions of 
our 220 or 450 mHz FM Trans- 
mlners and Receivers. Interface 
d~rectly w~th most TNC's. Fast. 
d~ode-switched PA's output 15 or 
50W. Call for info on the nght 
system for your application! 

VHF 116 118 38 10 

MODELS 
I44 I46 18 10 
1.5 147 18 I0 

r~rsfthtase $59 1.6 1.8 28  30 
110111 18 Y) 

Kc1 ltsr C a r t  1 39 ,,, ,,, ,, ,, 
Wlrcd wlcasc S09 313 114 la lo 

UHF MODELS 432'34 30 

K!t withcare $69 :::::: 
n~tlessCase 149 431 438 5054 

41925 61 35 Wtrcd wlcase 199 sla ,I, 
1 901911 430450 1 

See caralo8 for full fine of2w transmIttIn8 
converfers for vhf& uhf Nits only $79 

Llnear Ampllfrers avall up lo  50 w 



(continued from page 84) 

bandwidth (greater than 500 kHz on 10 
meters) and the maximum obtainable gain 
and FIB ratio. Cushcraft rates the antenna at 
a nomlnal 8.9 dBd of forward gain and 25 
dB front-to-back ratio. The maximum power 
rating 1s 2000 watts PEP 

Construct~on of the A4S is simple and 
straightforward when you use the instructions 
Included w~th the antenna. The 18-foot boom 
comes In three 6-fool sections. The stainless 
steel hose clamps and bolts provided to pln 
the sections prevent boom rotation. The ele- 
ments are constructed of telescoping lengths 

of aluminum, weatherproof traps, and stain- 
less steel hardware for a rugged and dura- 
ble installatron. It took us just under an hour 
to put the antenna together. 

Replacing HAM RADIO'S 12-year-old 
antenna with the new A4S took only a half 
hour. The A4S weighs 37 pounds and can 
be handled easlly by one person. A light and 
manageable antenna is always a joy for work- 
ing on a tower and the A4S s no exception 
for ease of installation. 

Cushcraft also has an add-on kit avallable 
for 40 and 30 meters. The additional traps 

are installed at the end of the drlven element 
The k ~ t ~ s  then set for e~ther 40 or 30 meters 

Our old Cushcraft antenna had always 
held 11s own, both In DX plleups and In state- 
s~de QSOs The new A4S has demonstrated 
that 11 IS capable of malntalnlng the perfor 
mance tradltlon Band cond~t~ons permlttlng. 
I was effortlessly able to work anythlng I 
heard If you are looklng for good perfor- 
mance, the A4S 1s an excellent chotce Retall 
prlce 1s $525 

de NBlH 
Circle #303 on Reader Service Card. 

UI-7 FM module for lC-725 
and noise-reducing power 
cord 

The UI-7 1s an FM module which allows AM 
transmit with the 1'2-725 transceiver. Suggested 
retall price IS $71.99. 

Also avallable is the CP-11, a cigarette llghter 
power cord with a bullt-~n noise reduction filter. 
Suggested retail price IS $18.99. 

Contact ICOM America, Inc., 2380 116th Ave- 
nue N.E.. PO Box C-90029. Bellevue. Washing- 
ton 98009-9029. 

Circle #304 on Reader Service Card. 

New Software for MN and 
Yagi 

Tl~e new MN (enhanced verslon of the US 
Navy's MININEC) program for IBM-PC and com- 
pat~ble computers w~ll analyze almost any 
antenna made of wlre or tublng MN computes 
antenna forward galn, front-to-back ratlo, beam 
w~dth, sldelobes, angle of rad~at~on, current. 
Impedance. SWR near f~elds. and far f~elds 
Antennas may be modeled In free space or over 
real earth It plots antenna rad~atlon patterns In 
polar or rectangular form on CGA. EGA, or HGC 
graphtcs screens Hard coples of the plots may 
be made for nearby antennas or structures. 
allowlng detailed analysls of stacked arrays The 
5-114 Inch MN dlsk contams over 100 f~les. lnclud- 
Ing l~brar~es of antenna and plot flles, a flle edl- 
tor and documentat~on The program costs $75 
($80 In Canada and fore~gn countr~es) 
YO Yagi Optimizer Software 

The new YO program for IBM-PC and com- 
patlble computers automatically adjusts the ele- 
ment lengths and spaclngs of a Yagf des~gn to 
maxlmlze forward galn, optlmlze pattern and 

mlnimize SWR. Radiation patterns at the center 
and edges of a band, and a scale drawing of 
the antenna, are ploned on CGA. EGA, or HGC 
graphlcs screens durlng optimization. Hard 
coples of the plots may be made on dot-matr~x 
printers. YO computes several trial designs per 
second for small Yag~s, wtth an optlonal math 
co-processor chip installed. Yagis of up to 50 ele- 
ments may be modeled. The YO design pack- 
age Includes models for gamma and halrpln 
matching networks, element tapering, mounting 
plates, and frequency scaling. A library of Yagi 
files and documentatron are included. The pro- 
gram costs $90 ($95 In Canada and fore~gn 
countr~es). 

These programs are avallable from Br~an 
Beezley. K6STI. 507-112 Taylor Street. Vlsta. 
Californ~a 92084. 

MFJ Offers Two New Books 
MFJ offers two new books by Dave Ingram, 

K4TWJ 
In Golden Class~cs of Yesteryear, you'll find 

real-l~fe tales, and lnformatlon on transmitters. 
receivers, favor~te clrcults, telegraph keys. bugs. 
and other ham radlo toplcs It contalns easy-to- 
bulld weekend projects from the 1920s. '30s. 
'40s and '50s 

K4TWJ even shows you how to bu~ld a clas- 
SIC "Tallcnder" - an early DX memory keyer that 
requlres no power supply or other electronic 
parts and works l~ke a champ. Ingram, a collec- 
tor of classlc rad~o gear, shows you how to col- 
lect, restore, and operate 11. 

OSCAR Satellrte Revue 1s an anthology of CO 
magaztne artlcles about setting up and operat- 
tng various types of OSCAR stations for work- 
Ing DX, as well as Japanese and Russlan satel- 
Iltes. Each arttcle 1s followed by an update and 

ready-to-use frequency conversron charts for all 
satell~te modes There are tracking notes for 
OSCAR 13. OSCAR 10, Japanese JO-12 and 
Russ~an RS-IOIRS 11. 

K4TWJ even shows you how to work the Rus- 
slan robot on RS-10 and exactly how to recetve 
a OSL card conftrrnlng thls rare DXI 

There's a qulck-start gutde for newcomers and 
an equipment revlew sectlon Also Included 1s 
up-to-date Kepier~an data for computerized 
tracking programs 

For more lnformatlon contact MFJ Enterprises. 
Inc: . PO Box 494. M~ss~ss~ppi State. Mtsslsslpp~ 
39762 Phone (601)323 5869 To order call toll 
free (800)647 1800 

Circle 1305 on Reader Service Card. 

Davis RF 
Davls RF has a new wlre for d~polellong wlre 

antenna appllcat~ons Thls wlre IS custom made 
for strength and will not stretch under normal 
ham appllcattons, lncludlng counterwe~ghts The 
wlre IS no 14, multlstranded copper It will not 
klnk or unravel IS extremely flex~ble can be t~ed 
In knots and 1s easy lo solder 

A complete catalog of antenna parts IS avall 
able from Davls RF, Box 230 Carllsle Mass- 
achusetts 01741 Phone (508) 369.1738 

Circle #306 on Reader Service Card. 
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FREE SAMPLE COPY! 
Classifieds - Ads for Parts & Services 

Articles - Auction Prices-Flea Market Info. 
Also: Early TV, Ham Equip., Books, Telegraph, 

Art Oeco, 40's & 50's Radios & more... 
Free 20-word adeach month. Don't miss out! 

6-Month Trial - $11. 
1 -Year: $1 9 ($28 by 1 st Class) 

Electronic Repair Center 
Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for  

Kenwood, lcom and Yaesu. 

SEND US YOUR PROBLEMS 
S e m a n g  "Hams" for 30 years. no  rig 

too old or new for us. 

4033 Brownsville Road 
@ Trevose, Pa. 19047 

'& 21 5-357-1400 
m 

T 

:: choke 
ELIMINATES RF INTERFERENCE IN: TV sets, 
Radroq HI-tl .  PA systems, Telephones, VCRs..Test 
cqulprnent Bur lar and Fire alarms. Mode- Momlors, 
~ o r n ~ u t c 4  ~ a s i o  and TV slalions, ctc. 
W S Y  TO USa: fits over and snaps onto small, lar 
rlbbon cabks. No need to rcmre wnncdors. xq$ 
split ferrite core design tits up to RGHU coax cables. 
WORKS IN 'COMMON MODE', fdtcrs wren1 in- 
duced in the braid of shield4 wblw and ground wires! 

Spsd.1 M t e  mmtcrlal cKceUvc 0.5 - 200 MHz 
DOES NOT VOID EOUIPLIEhT WARRAKIY 

" , * ~ " , ' ~ ~ d c d e r  

computeradio 
Box P~nc Brook, NJ 07058 

$12.99 
Tel: (201) 227-0712 
Send pzrsmol check mlh ardcr, w ship scu11e day Firs1 
Class. 30-doy mmry bock wmw. Ouonrirv disr~~tmfr.  

fl 167 

a fast-growing number 

smallest TNC available - Packet requires only a 
the lieathe HK-21 single 1 2  VLK@40mA 
Pocket Packet. power source or as 

The RRS operates little as 29mA from an 
under your call with optional HKA-21-1, 
simple commands internally mounted 4.8 
like Send or Write a volt, 1 2 0  mAh, NlCAD 
mesage, Kill a message 
and read the File The Heathe HK- 
messages currently on 21 Pocket Packet - 
the system. And the 
HK-21 Pocket Packet is 
fully TNC-2 compatible. 

Hookup is easy. 
Plug in supplied cables 
instantly to most For information on 

Heath's complete 
line of amateur radio 

Best to start with. 

LOW BAND DX- ING 
C O M P U T E R  P R O G R A M S  
by John Devoldere, ON4UN. for 
Apple Ilelc, MS-DOS, Commodore 
C-128 Apple Macintosh and Keypro 
CPM Computers 
Here's a collect~on of 30 super programs 
written by ON4UN. Just about every interest 
or need IS covered-from antenna design 
and optimizatton to general operating pro- 
grams. Antenna programs include: shunt 
and series Input L network design. feedline 
transformer. shunt network des~gn, SWR 
calculation, plus 11 more! General Ham pro- 
grams Include: sunr~se/sunset, great clrcle 
distances, grayline, vertical antenna design 
program, sunrlse calendar plus 9 more! 
Phew. When you sit down lo use these pto- 
grams you'll be amazed at what you have. 
The best value in computer software avail- 
able today. ;c 1986. 
L IUN-Apple llelllc 539.95 ea. 
UUN-MS (MS-DOS) $39.95 ea. 
UUN-CPMIKaypro 539.95 ea. 
OUN-C-128 (COMMODORE) 539.95 ea. 
OUN-MAC (MACINTOSH) $49.95 

LOW BAND DX'ING 
by John Devoldere ON4UN 
Now Available! The new. 2nd edit~on of the 
delinitwe book on Low Band DX'lng. Based 
upon years of practical on-the-a~r 
experience, learn the secrets of how 
ON4UN has been so successful on the low 
bands. Extenstve coverage IS given to trans- 
mlt and receive antennas with clear conclse 
explanations and plenty of illustrations- 
dipoles, lnverted V's, slopers, phased arrays 
and Beverages-they're all In thls book. 
Also covered: propagation, transmitters. 
receivers, operatlng. soltware and an exten- 
slve Low Band b~bllography. Golng to be a 
best seller' Get yours today. 1987 2nd 
Edlt~on 200 pages 
L ,AR-UN Softbound 59.95 

BWEM BOTH 
SPECIAL OFFER 

Book & Software Reg. $49.90 
($59.90 for Mac) 

Just $44.90 ($54.90 for Mac )  

OUN-SO (specity computer) 544.90 
OUN-MSO Macintosh Special 554.90 

SAVE $5 
Please enclose $3 75 shipplng 8 handling 

BOOKSTORE 
Wmo 
ham radio 
GREENVILLE. NH 03048 W3-878-1441 



Garth Stonehocke( K0RY W 

SPORADIC E 
BASICS FOR 
What will the sporadic E propagation 
conditions be as the maximum of solar 
cycle 22 approaches? From May 
through September radiation from the 
nearly overhead sun generates high 
Ion densities in the lower ionosphere 
that support short-skip propagation - 
~ncluding multiple short skips. The 
geomagnetic field clusters these ions 
into cloud-like patches known as 
sporadic E (Es). These patches form a 
thin layer of intense ionization in the E 
region about 60 miles up. A patch 
gives a strong, mirror-like signal reflec- 
tion over skip distances of 600 to 1200 
miles. This lasts for perhaps an hour. 

The frequency and magnitude of 
Sporadic E occurrences are functions 
of geographical location. The best 
locations for summer Es openings are 
on either side of the geographic equa- 
tor, at the point where the geomagnetic 
equator is farthest away. This condition 
occurs in the Northern Hemisphere in 
Southeast Asia (best) and the Mediter- 
ranean (next best). In the Southern 
Hemisphere it occurs in South 
America. The highest frequency 
propagated by Es tends to occur at 
local noon. Since the Es patch is 
embedded in the regular E layer, it 
tends to track the E maximum ion den- 
sity throughout the day, season, and 
sunspot cycle. This summer you can 
expect an increase in the E layer as an 
E, base for higher maximum usable 
frequencies (MUFs) over a 1200-mile 
hop. This increase will give base MUFs 
of 51 to 57 MHz this year, so 6-meter 
openings should be really good. The 
highest probability of occurrence is 
near sunrise and again around sunset. 

These two E, characteristics affect 
short-skip openings differently. Open- 
ings on the higher frequency bands 
occur around local noon; the lower 
bands tend to have openings near 
sunrise and sunset. This characteris- 
tic is nearly constant over the sunspot 
cycle so there should be the same 
number of low to midlatitude Es open- 
ings, but the MUF is up for better DX. 
More about Es next month. 

Last-minute forecast 
Openings on the higher frequency 

bands (10 to 30 meters) are expected 
to be best the last two weeks of the 
month. At the same time, signal 
strengths will be lower then normal. 
Both are conditions of the increased 
MUF from the 27-day solar flux maxi- 
mum expected at that time. Solar flare 
geomagnetic disturbances are 
expected around the 19th and 27th; 
another disturbance may result from 
thin corona near the 9th. These will 
lower the MUF by 15 to 25 percent. 
Because these effects are worse on 
evening paths, the lower frequency 
bands will experience more fading and 
much lower signal strengths. Other- 
wise, the lower bands should be best 
the second week of June. 

The moon will be full on June 19th 
and at perigee (its closest approach) 
on June 28th. Summer solstice is on 
the 21st at 1100 UTC. The Aquarid 

meteor shower starts about the 8th, 
peaks around the 28th, and lasts until 
about August 7th. The maximum 
radio-echo rate will be 34 per hour. 

Band-by-band summary 
Six meters will provide occasional 

openings to South Africa and South 
America around noontime via short- 
skip E, propagation. There will be 
long-skip conditions on 10 meters in 
the afternoon during the peak times of 
the 27-day solar cycle. Otherwise, look 
for sporadic E short-skip and multihop 
openings around local noon for DX on 
this band. (Evening transequatorial 
openings usually don't occur in the 
summertime.) Twelve, 15, and 17 
meters (almost always open to some 
southern part of the world) will be the 
main daytime DX bands. Operate on 
12 first and then move down to 15. DX 
is considered 5000 to 7000 miles on 
these bands. There may be some 
long, one-hop transequatorial propa- 
gation paths occurring early in the 
month. 

Twenty, 30, and 40 meters will sup- 
port DX propagation from most areas 
of the world during the daytime and 
into the evening hours on most days. 
DX on these bands may be either long 
skip to 2500 miles or short skip Es to 
1250 miles per hop. There are many 
good hours of DXing ahead because 
the days are longer. 

Thirty, 40, 80, and 160 are all good 
for nighttime DX. Although the back- 
ground thunderstorm noise will be 
noticeable, these bands are still quiet 
enough to provide good DX-working 
conditions. Sporadic E propagation 
may be a contributing factor toward 
enhanced conditions at local sunset, 
and will occur more often during the 
next three months. Q 
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MASSACHUSETTS 
TEL-COM, INC. 
675 Great Road, Rte. 119 
Littleton. MA 01460 
(508) 486-3400 
(508) 486-3040 
The Ham Store of New England 
You Can Rely On. 

MISSOURI 
MISSOURI RADIO CENTER 
102 NW Business Park Lane 
Kansas City, MO 64150 
(800) 821-7323 
Missouri. (816) 741-8118 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 

NEVADA 
AMATEUR ELECTRONIC SUPPLY 
1072 N. Rancho Drive 
Las Vegas, NV 89106 
(702) 647-3114 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5:30, Sat. 9-3 

NEW HAMPSHIRE 
RIVENDELL ELECTRONICS 
8 Londonderry Road 
Derry, N. H. 03038 
(603) 434-5371 
Hours Mon.-Sat. 10-5; Thurs. 10-7 
Closed SunlHolidays 

NEW JERSEY 
ABARIS SYSTEMS 
276 Or~ental Place 
Lyndhurst, NJ 07071 
(201) 939-0015 
Don WB2GPU 
ARRL, Astatic, Astron, B&W, Belden, 
Bencher, Hustler, Kenwood, Larsen, RF 
Concepts, Tonna and much, much more! 
Tues.-Fri. 10AM-7:30PM 
Thurs. 10AM-9:OOPM 
Sat. 10AM-4:OOPM 
VisalMC 

KJI ELECTRONICS 
66 Skytop Road 
Cedar Grove, 07009 
(201) 239-4389 
Gene K2KJI 
Maryann K2RVH 
Distributor of: KLM, Mirage, ICOM, Larsen, 
Lunar, Astron. Wholesale - retail. 

Ham Radio's guide to help you 
find your local Amateur Radio 
Dealer 

CALIFORNIA 
A-TECH ELECTRONICS 
1033 Hollywod Way 
Burbank, CA 91505 
(818) 845-9203 
New Ham Store and Ready to Make a 
Deal! 

JUN'S ELECTRONICS 
3919 Sepulveda Blvd. 
Culver City, CA 90230 
(213) 390-8003 
(800) 882-1343 Trades 
Habla Espanol 

COLORADO 
ALLIED APPLIANCE & RADIO 
4253 South Broadway 
Englewood. CO 80110 
(303) 761-7305 
1 (800) 321-7305 (Orders only) 
Rocky Mts AmateurIShortwave Spec~alists, 
Ten-Tec, Yaesu, JRC-NRD, Sony , MFJ, 
KLM, and other f~ne gear. New and used. 
VisalMC. Antennas, books, discount prlces 
too! 

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 

CONNECTICUT 
HATRY ELECTRONICS 
500 Ledyard St. (South) 
Hartford, CT 06114 
(203) 527-1881 
Call today. Fr~endly one-stop shopping 
at prices you can afford. 

DELAWARE 
AMATEUR & ADVANCED 
COMMUNICATIONS 
3208 Concord P~ke 
Wllmington, DE 19803 
(302) 478-2757 
Delaware's Fr~endl~est Ham Store. 

DELAWARE AMATEUR SUPPLY 
71 Meadow Road 
New Castle, DE 19720 
(302) 328-7728 
(800) 441-7008 
Icom. Ten-Tec, M~crolog. Yaesu. Kenwood, 
Santec, KDK, and more One mile off 1-95, 
no sales tax. 

FLORIDA 
AMATEUR ELECTRONIC SUPPLY 
1898 Drew Street 
Clearwater, FL 33575 
(813) 461-4267 
Clearwater Branch 
West Coast's only full servlce 
Amateur Radio Store. 
Hours Mom-Fri. 9-5:30, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 
621 Commonwealth Ave. 
Orlando, FL 32803 
(305) 894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours Mon.-Frl. 9-5:30, Sat. 9-3 

HAWAII 
HONOLULU ELECTRONICS 
819 Keeaumoku Street 
Honolulu, HI 96814 
(808) 949-5564 
Kenwood, ICOM, Yaesu, Hy-Gain. Cush- 
craft. AEA, KLM, Tri-Ex Towers, Fluke, 
Belden, Astron, etc. 

IDAHO 
ROSS DISTRIBUTING COMPANY 
78 South State Street 
PO. Box 234 
Preston, ID 83263 
(208) 852-0830 
Mon. 9-2; Tues.-Frl. 9-6; Sat. 9-2 
Stock All Major Brands 
Over 7000 Ham Related Items on Hand 

lLLlNOlS 
ERICKSON COMMUNICATIONS, INC. 
5456 N. Milwaukee Avenue 
Ch~cago, IL 60630 
(312) 631-5181 
Hours: 9:30-5:30 Mon., Tues., Wed. & Fri.; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

INDIANA 
THE HAM STATION 
220 N. Fulton Avenue 
Evansville, IN 47710 
(800) 523-7731 
(812) 422-0231 
ICOM, Yeasu, Ten-Tec, Cushcraft, Hy-Ga~n, 
AEA & others. 

MARYLAND 
MARYLAND RADIO CENTER 
8576 Laureldale Dr~ve 
Laurel, MD 20707 
(301) 725-1212 
Kenwood, Ten-Tec, Kantronics. Full servlce 
dealer, 

-Fri, Sat, 9-5 
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Demodulator Modulator 75 Page Manual 
Software Tutorial Cassette 

f \ 

BLACK DACRON@ POLYESTER 
ANTENNA ROPE 

UV-PROTECTED 
HIGH ABRASION RESISTANCE 
REQUIRES NO EXPENSIVE POTTING HEADS 
EASY TO TIE & UNTIE KNOTS 
EASY TO CUT WITH OUR HOT KNIFE 
SIZES: 3/32" 3/16" 5/16" 
SATISFIED CUSTOMERS DECLARE EXCEL- 
LENCE THROUGHOIIT U.S.A. 

LET US INTRODUCE OUR DACRON" 
ROPE TO YOU SEND YOUR NAME AND 
ADDRESS AND WE'LL SEND YOU FREE 
SAMPLES OF EACH SIZE AND COMPLETE 
ORDERING INFORMATION. 

Dealer Inqulrles Invited 

2472EASTMANAVE BUILDING21 
synthetic VENTURA CALIFORNIA 93003 
textiles.inc. (805) 658-?go3 

L . . . - . . ." .... .. , , . ... ..,..... J 

MADISON ELECTRONICS SUPPLY 
3621 Fannln 
Houston. TX 77004 
(713) 520-7300 
Christmas? Now? 

MISSION COMMUNICATIONS 
11903 Alelf Clodlne 
Sulte 500 (Corner Harwln & K~rkwood) 
Houston. Texas 77082 
(713) 879-7764 
Now ~n Southwest Houston-full llne of 
equtpment. All the essentials and extras for 
the "ham." 

WISCONSIN 
AMATEUR ELECTRONIC SUPPLY 
4828 W. Fond du Lac Avenue 
Milwaukee, WI 53216 
(414) 442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outslde Wlsc. 1 (800) 558-0411 
Mom-Frl. 9-5.30. Sat. 9-3 

Dealers: 
YOU SHOULD BE HERE TOO! 
C o n t a c t  Ham Radio now for 
complete detai ls.  

NEW'YORK 
BARRY ELECTRONICS 
512 Broadway 
New York. NY 10012 
(212) 925-7000 
New York City's Largest Full Servlce Ham 
and Commercial Radlo Store. 

VHF COMMUNICATIONS 
280 Tlffany Avenue 
Jamestown. NY 14701 
(716) 664-6345 
Open 8:00 AM t1ll5.30 PM 
Evenings, Saturday and Sunday by appolnt- 
rnent. Western New York's flnest Amateur 
dealer Featuring ICOM "The World System." 

OHlO 
AMATEUR ELECTRONIC SUPPLY 
28940 Euclld Avnue 
Wlckcllffe, OH 44092 (Cleveland Area) 
(216) 585-7388 
Ohlo Wats. 1 (800) 362-0290 
Outslde Ohlo: 1 (800) 321-3594 
Hours Mon.-Fri. 9-5.30. Sat. 9-3 

DEBCO ELECTRONICS. INC. 
3931 Edwards Road 
Clnclnnatl. OHlO 45209 
(513) 531-4499 
Mon.-Sat. 10AM-9PM. Sun.12Noon-6PM 
We buy and sell all types of electronic parts. 

I 

R-7000 Widespan Panadaptor 

Panadaptor especially designed 
for the R-7000 receiver. For use 
with a standard scope. Variable 
span width from 1 to 10 Mhz. 
Uncover unknown elusive signals. 
Complete with all cables, 8 90 day 
warranty. $349.95 Shipped. Pa. 
res. add 6%. 

GTI Electronics 
RD 1 BOX 272 

Lehighton, Pa. 18235 
71 7-386-4032 

UNIVERSAL AMATEUR RADIO. INC. 
1280 Alda Drlve 
Reynoldsburg (Columbus). OH 

43068 
(614) 866-4267 
Featuring Kenwood. Yaesu. Icom. 
and Other fine gear. 
lzed sales and servlce. Shortwave 
spec~allsts. Near 1-270 and alrport. 

PENNSYLVANIA 
HAMTRONICS. 
DIV, of Trevose Electronics 
4033 Brownsvllle 
Trevose, PA 19047 
(215) 357-1400 
Same Locatlon for over 30 Years 

TEXAS 

K COMM dba THE HAM STORE 
5707A Mobud 
San Antonlo. TX 78238 
(512) 680-6110 
(800) 344-3144 
Stocklng all major Ilnes. San Antonlo's Ham 
Store. Great Prlces - Great Servlce. Factory 
authorized sales and service. 
Hours: Mon.-Frl. 10-6; Sat. 9-3 

f l  170 
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Tom McMullen, WlSL 

PART 1 

VISUAL AIDS - 
OSClLlOSCOPES 
One of the most useful aids for deter- 
mining how electronic circuitry works 
or troubleshooting faulty equipment is 
something which can be used to 
examine the signals present at various 
points. Signals and waveforms weren't 
very complex early in the electrical 
age, and one instrument used to 
"look" at waveforms involved project- 
ing a beam of light. This "oscillograph" 
device used a tiny mirror affixed to an 
armature. A narrow beam of light was 
focused on the mirror. When the arma- 
ture was excited by a waveform the 
light beam reflected from the vibrating 
mirror would trace a pattern on a 
ground glass screen, a nearby wall, or 
photographic film. The frequency 
response of this system was limited by 
the mechanical inertia of the armature 
and mirror. 

When waveforms became more 
complex (as with higher audio and low- 
range radio frequencies), the mechan- 
ical device was useless. The oscillo- 
scope picked up where the oscillo- 
graph left off. The heart of the 
oscilloscope is the cathode-ray tube 
(CRT) which, in addition to being an 
excellent test instrument, is also the 
basis for many other essential inven- 
tions - including radar "scopes," tel- 
evision sets, and most com~uter 
screens. 

The oscilloscope's principle of oper- 

which emits light when electrons strike 
it. At first the phosphor emitted only 
green light, and that was the standard 
color of oscilloscope traces for years. 
White phosphors were eventually per- 
fected and used in early black-and- 
white television sets. Some specialized 
yellow screens were popular in early 
radar "scopes." Some of these phos- 
phors would glow long after the elec- 
tron beam had moved on to another 
spot. This characteristic is called "per- 
sistence;" it's beneficial in some uses 
and detrimental in others. The tech- 
nique of using phosphors that would 
glow red, green, and blue was also 
developed. These phosphors were the 
precursors of present-day color televi- 
sion receivers and multi-color com- 
puter monitors. 

The electron gun 
No, it's not the latest arcade game; 

it's the device that starts electrons on 
their path toward the screen of the 
tube. The interior of the CRT is a 
vacuum, so electrons can be pulled off 
the surface of a heated cathode by the 
charge on a nearby electrode - just 

as they are in amplifier tubes used in 
other applications. One difference is 
that the first electrode has a small hole 
in it. While many electrons are pulled 
off the cathode and strike the elec- 
trode, others pass through the hole 
and continue toward the screen. The 
voltage on this first electrode (GI in 
Figure 2) determines the intensity of 
the beam. Other electrodes (F1, F2, 
and F3 in Figure 2) accelerate and 
focus the beam of electrons so that it 
strikes the screen as a tiny spot. This 
whole assembly fits near the base, in 
the narrow neck of the tube, and is 
called the electron gun. 

The glass shell of the tube flares out 
to support the screen of the CRT This 
gives it a funnel-like shape. The inside 
surface of this flared part is usually 
coated with a conductive material con- 
nected to a high-voltage source of very 
low current capacity. This voltage 
keeps the electron beam tightly 
packed on its way to the screen and 
prevents electrons from "bouncing 
back" (secondary emission) when they 
hit the screen. Otherwise, stray elec- 
trons would distort the image. When 
used in an oscilloscope, the beam is 
almost always deflected by an elec- 
trostatic charge on the deflection 
plates, as shown in Figure 2. One pair 
of plates is mounted along the horizon- 
tal axis (HP1, HP2), and another pair 
along the vertical axis (VPI, VP2). For 

ation IS amaz~ngly similar to the mirror- 
type devrce - except that the movrng 
part is not a mtrror, but electrons wtth 
no inertia to ham~er  the faithful 
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reproduction of waveforms. As shown 
in Figure 1, the CRT can present infor- 
mation along three axes. 

Before getting into a discussion 
about generating and deflecting the 
electron beam, I'd like to talk about 
how you can see the waveform on the 
front face (screen) of the tube even 

DARK (-1 BRIGHT 

DOWN 

though the electron beam is invisible. The usefulness of an oscilloscope is greatly determined by the cathode-ray tube (CRT) 
The inside surface of the tube front is and its ability to show signals in two axes, vertical and horizontal. The third axis, bright 
coated with a "phosphor" material and dark, enhances its utility as a test instrument. 



YOUR HAM DOLLAR GOES 
FURTHER AT. . . 

,ALL OR mR SPECIAL QUOTE 

"AMIRICA'S MOST RELIABLE AMATEUR RADIO DEALER" 
CALL US 
NOW! SELL-TRADE 

New & Reconditioned 

HAM EQUIPMENT 
In 1937. Stan Burghardt (WQIT), because of his intense interest in C;III ,)I. \\'I.IIV 11. I c,,I.I\ I ,,I .I OLIIIII" 

amateur radio, began selling and servicing amateur radio equipment YOII'II I . I I I ~  V. I ~ B ~ ~ ~ ~ ~ I ~ L I ~ I ~ ~ ~ I I ~ ~ ,  K I I ~ ~ ~ \ I V L I ~ ~ ~ ~ I I ~ I I ~  
in conjunction with his radio parts business. We stand proud of this illlLl lIl1111~\I 

long-lasting tradition of Honest Dealing. Quality Products and 
Dependable "S-E-R-V-1-C-E"! PHONE (605) 886-731 4 

Above all, we fully intend to carry on this proud tradition with even 
FAX (605) 886-3444 

more new product lines plus the same "fair" treatment you've come 
to rely on. Our reconditioned equipment is of the finest quality with 30, - 7 

60 and even 90-day parts and labor warranties on select& pieces. 
And always remember: 

- WE SERVICE WHAT WE SELL - 
AEA 
Alinco 
Ameco 
Ameritron 
Amphenol 

Amp Supply 
Antenna 

Specialists 
Astron 

B& W 
Belden 
Bencher 
Bird 
Butternut 
Centurion 
CES 
Cushcraft 
Daiwa 

Hustler 
lcom 
JeroldlDelhi 
Kantronics 
Kenwood 
Larsen 
MFJ 
MiragelKLM 
Moseley 

N Y ~  
Palomar 
Radio Callbook 
RF Concepts 
Rohn 
TelexlHygain 
Ten-Tec 
UnadillalReyco 
Yaesu 

STORE HOURS 
9 I P Y ICSTI 

YOYDA'I )*r IRlOLl 
orw sArueDlvr 

t ron v 1 P M (CSl) 
CLMlD 

IUYD~ISIHOIIDAIS 

182 N Maple 
P.O. Box 73 

Watertown. SD 57201 

IC-78 1 

The Future of 
Amateur Communications 

CALL FOR A QUOTE! 

5-1000 MHz PREAMPLIFIERS 
NF .G P(l dB) S 

WlAPOM' 2dB 15dB WBm 73 
WlA21M 3 13 8 57 
WlA22M 4 11 12 61 
WlA23M 4 22 12 87 
WlA24M 3 23 18 109 
WlA25M 5 11 20 82 
WlA26M 6 21 24 199 

Add L( fw SLH. %W 1-500 MHz 

WllAM TECHNOLOGY, Div of 

WI-COMM ELECTRONICS INC. 
PO R o x  5174. MASSENA. N Y 13662 

(315) 769-8334 

MODEL 
SG-1OOF 

MADE IN ' $429.95 
USA delivered 

Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial 
Accuracy +/- 1 part per 10 million at all 
frequencies Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate External FM 
input accepts tones or voice Spurs and 
noise at least 60 dB below carrier Out- 
put adjustable from 5-500 mV at 50 Ohms 

Operates on 12 Vdc @ '/2 Amp 
Available for immediate delivery $429.95 
delivered Add-on accessories available 
to extend freq range, add infinite resolu- 
tion, AM, and a precision 120 dB attenuator 

Call or write for details Phone in your 
order for fast COD shipment. 

VANGUARDLABS 
196-23 Jamaica Ave., Hollis, NY 11423 
Phone: (718) 468-2720 Mon. thru Thu. 
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ELECTRON 

INTERIOR COATING 
OR SCREENING 

L I 

The basic components of a CRT. It contains elements that change the intensity of the eiec- 
tron beam (GI), focus the beam (Fl, F2, F3), deflect the beam (VP1, VP2, HP1, HP2), and 
help maintain the focus and intensity (the interior coating or screening). 

INPUT @ VERTICAL 
AMPLIFIER 
CIRCUITRY 

INTERNAL 
TRIGGER 
SIGNAL- 

SWEEP HORIZONTAL 
FREQUENCY . , AMPLIFIER 

INPUT 
GENERATOR SAWTOOTH CIRCUITRY 

WAVE I 
The horizontal and vertical circuits needed to drive a C#T. The amplifiers are quite com- 
plex; they must amplify signals from DC to several MHz, and do so without distortion or 
a decrease In gain. 

example, when a positive voltage is electrode after the cathode (GI), you 
placed on the right plate and a nega- can control the intensity of the electron 
tive voltage is placed on the left plate, beam. You can make the spot brighter 
the beam is deflected from left to right or dimmer, or extinguish it altogether. 
across the screen. The vertical plates Turning the beam off is called blank- 
function in the same manner. The sig- ing, and is useful in getting rid of 
nal from the vertical or horizontal ampli- "retrace" lines. To illustrate what this 
fier circuitry is applied to the deflection does for you, try a simple experiment. 
plates 180 degrees out of phase, just Grab a sheet of paper and a pencil. 
as in a push-pull amplifier for audio or Place the point of the pencil near the 
radio frequency use. This combination left edge of the paper and move it to 
lets you control the position of the spot the right. Make the line wavy as you go, 
anywhere on the screen to trace even and stop just short of the right edge of 
the most complex waveforms. the paper. Now, without lifting the pen- 

The third axis cil off the paper, move it directly back 
to the startina point. This last line is the 

An interesting new capability is retrace line, created when the electron 
added to the instrument when you start beam returns to its starting point after 
controlling a third variable - the each trace across the screen. By turn- 
brightness of the spot on the screen. ing the beam off when it starts its 
By changing the voltage on the first retrace, you avoid making a distracting 

be modulated with a series of square 
waves, allowing you to break the wave- 
form on the screen into dotted or 
dashed lines as an aid in determining 
time duration (or frequency) of the sig- 
nal. This is also how the light and dark 
areas of a television image are 
produced on the screen. The beam is 
modulated by a complex video wave- 
form that reproduces the image 
formed in the N camera. 

Electromagnetic (or just "magnetic") 
deflection of the electron beam is 
widely used in radar scopes and tele- 
vision receiver CRTs. Magnetic deflec- 
tion has an interesting trait. The beam 
is deflected at right angles to the field 
between the coils. Therefore, the coils 
that deflect the beam right and left are 
mounted in a vertical plane. It's costly 
to mount electrostatic plates inside the 
tube and bring connections out 
through the glass wall. This is why tel- 
evision receivers universally use the 
relatively inexpensive electromagnetic 
deflection. 

Other circuitry 
A useful test instrument requires 

several circuits in addition to the basic 
CRT (see Figure 3). The voltage that 
deflects, or sweeps, the spot across the 
screen must be a waveform with a jag- 
ged shape like teeth on a saw - a 
sawtooth wave. Special oscillator and 
shaping circuits develop this waveform, 
and the frequency can be varied allow- 
ing different rates of sweep to look at 
a wide range of signal frequencies. 
The sweep can also be "triggered" on 
and off, allowing you to "catch" just 
one particular signal when it occurs. 
For example, perhaps you are looking 
at a 5 volts DC line, and want to see 
any noise or hum that rises to 5.5 volts. 
Set the trigger point to just below 5.5 
volts, and any noise of that amplitude 
which appears on the line will cause 
the 'scope to start a trace and show the 
signal. This feature is often used when 
you take a photograph of the waveform 
on the screen. The trigger can be fired 
manually or automatically to produce 
just one sweep while the camera shut- 
ter is open. 

An amplifier is usually required to 
boost any ~nput signal up to a level that 
will deflect the beam vertically. This cir- 
cuit, called a vertical amplifier or verti- 
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Distortion can be caused by poor vertical 
amplifier response. The original squarewave 
at A is degraded as shown at B. The poor 
response. also causes the corners to be 
founded when the horizontal portion starts 
or stops. 

cal deflection amplifier, requires a very 
special design. It must amplify signals 
that range from a very few Hz up to 
several MHz, do so with almost no dis- 
tortion, and have equal gain over the 
entire range. (Some circuits actually 
pass DC voltages so you can measure 
the signal by deflection from a base 
line.) This is no small trick, and was 
very difficult to do with vacuum tube 
amplifiers. Solid-state devices seem to 
handle the task easily when coupled 
with appropriate impedance-matching 
and bandpass circuitry. A garden- 
variety oscilloscope should be able to 
pass 20 MHz; one that's useful to over 
50 MHz isn't too hard to find at 
reasonable prices. While 'scopes of 
this range will suffice for troubleshoot- 
ing most Amateur equipment, you'll 
need something rated to near 100 
MHz if you want to look at the 
pulses in digital equipment like com- 
puters. Unfortunately, this kind of 
equipment is significantly more expen- 
sive. 

The importance of this vertical 
response frequency can be seen in 
Figure 4. Figure 4A shows an actual 
square wave; 48 shows the wave as it 
m~ght appear on an average oscillo- 
scope screen. The reason it doesn't 
look square on the screen is because 
of something called vertical response 
time or rise-time delay. When the flat 
(+) part of the square wave stops, the 
beam descends toward the negative 
(-) part. However, the beam is still 
sweeping from left to right, so the spot 
doesn't land directly below the end of 
the + bar. The same thing happens 
when the - part stops and the beam 
rises to the + level. The time it takes 
to get from - to + (and vice versa) is 

called the rise time; the shorter that 
time is, the more like the true waveform 
the trace will be. How does this relate 
to frequency? A 100-MHz signal rises 
and falls 100 times faster than a 1-MHz 
signal. An amplifier with a rise-time 
response equal to 100 MHz will faith- 
fully reproduce some pretty steep 
waveforms, while one that is only rated 
at 1 MHz will distort the waveform (see 
Figure 48). 

Some oscilloscopes incorporate a 
"2" axis amplifier to control the bright- 
ness of the trace. This isn't often 
needed in general troubleshooting, but 
in some instances it can be used to 
impress external signals - like time 
markers (a bright "pip" every 100 mil- 
liseconds) or frequency markers (a pip 
every 1 MHz in a spectrum analyzer) 
- on the electron beam. 

An oscilloscope requires various vol- 
tages for operation, and the power 
supply is accordingly complex. It must 
supply a range of positive voltages for 
the accelerating and focusing anodes, 
and for the brightness control. Positive 
voltage is required for the deflecting 
anodes, and a very high voltage is 
placed on the interior conductive coat- 
ing. This voltage, sometimes called the 
"ultor anode" voltage, varies from near 
2000 volts in common oscilloscopes 
up to 20,000 or 30,000 volts in some 
television receivers. The current is in 
microamperes and not directly lethal, 
but contact with it will usually cause 
severe muscle reaction which can 
result in physical injury. 

As you can see, the oscilloscope is 
an extremely versatile instrument. A 
meter's pointer is a one-axis device 
which indicates amplitude, and that is 
exactly what the vertical axis of a CRT 
does. The horizontal sweep circuit in 
an oscilloscope introduces another 
axis which lets you look at a waveform 
over a specific period of time. The 
brightness control introduces a third 
axis that hides retrace lines, and lets 
you trace an image on the screen. In 
part 2, I'll look at another visual aid, the 
light-emitting diode (LED), and some 
of its uses. 

For further reading: 
If you'd like to learn more about the 

workings and uses of oscilloscopes, I 
recommend Osc~lloscopes, by Rien 
van Erk, McGraw-Hill, 1978. It's an 
excellent, well-illustrated tutorial. Q 

CALL FOR ORDERS 
1 (800) 231-3057 
1 (713) 520-7300 OR 1 (713) 520-0550 
TEXAS ORDERS CALL COLLECT 
FAX 1 (713) 771-7759 
ALL ITEMS ARE GUARANTEED OR 
SALES PRICE REFUNDED 
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POLICIES 
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Dependable Service 
The Right Price.. . Everytime 
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Z 
lC-765 NEW HF TRANSCEIVER P 

FT-767GX BASE STATION Built-ln Automatic Antenna Z 
All Band, All Mode Transceiver 3 - Add Opt1onal6m. 2m 8 Tuner and Power Supply 
Direct Keyboard Entry 70cm Modules 99 Memones 100 W Output Mob~le 10 Meter Tr 
Engineered for the DX-Minded Dual VFO's 1W-1OMIGeneral Coverage SSBIAMIFMICW 
and Contestlng Ham Full CW Break-in Rece~ver 25 Watts PEP 

Lots More Features Band Stacking Registers 
2 
n 
W - v 0 

0 IC-725 lCOM NEW ULTRA COMPACT 
HF TRANSCEIVER I 

FT-736R VHF-UHF BASESTATION 

SSB. CW. FM on 2 Meters 
and 70 cm 
Optional 50 MHz. 220 MHz or 
1.2 GHz 
25 Watts Output on 2 Meters. 
220 and 70 cm 
10 Watts Output on 6 Meters 
and 1 2 GHz 100 Memor~es 

rp v 

Complete Terminal Unlt for 
Morse, Baudot, ASCII, AMTOR 

NOW H PRICE 
CLOSEOUT SPECIAL 

ONLY $169. DELIVERED 
Software Available 

Call Now-Don't Delay 

-- 
TS-140s AFFORDABLE DX-inn! USBILSBICW. AM Receive 

Optional Module for AM 
Transmlt and FM W R X  
160- (OM Operation lOOW Output 
Receive 30 kHz to 33 MHz 
26 Memones with Band 
Stack~ng Registers 

HF Transceiver With 
General Coverage Receiver 
All HF Amateur Bands 
100 W Output 
Compact, Lots of Features 

0 
ICOM 
IC-2GAT 
IC4GAT 

2 Meter 6 440 
Handhelds 

I G X A T  
RX 138174 MHz 
TX 140.150 MHz 
7 Watts 
IWGAT 
440-450 MHz 
6 Watts 

EZ Kantronics 

TM-231A 
2 METER FM MOBILE 

RS7A. . . $51 RS35M.. $167 
-RS12A...$75 -VS35M..$179 

RS20A.. . $92 RSWA . . $209 
RS20M. . $1 12 RMWM . $235 
VS20M.. $129 RMWM . $259 
RS35A . . S 149 VSWM . . $245 

KT-Series Mono-Band Radios 
1015M304080M MODELS 

SAVE BIG $$ 
Best Price and Complete SekWbn 

Call Today! 

SO watts Output 
20 Multi-Function Memories 
Selectable CTCSS Tone Built-in 
Operate 4 Mobile Rigs with 0ption.l 
IF-20 Interface and RC20 Controller 

I MFJ SAE MFJ I AUNCO 
SUPER SALE 

0 
ICOM TH-25AT sh~E! POCKET-SIZED 

AND POWERFUL 
Frequency Cover- 
a*: 141-163 MHz 
(Rx). 144-148 MHz 

Front Panel DTMF 
Pad 
5 Wat t sa tpu t  
14 Memories 
TH45AT Available 
for 440 MHz 

LARGEST STOCK OF ALL 
YOUR MFJ FAVORITE 

ACCESSORIES 
CALL TODAY FOR 

BEST PRICE 

IC-32AT 
SUPER WALBAND 
FM HANDHELD 

5 Wattson Both Band: 
Receive 138-174 MHz 

440-450 MHz 
Stores Standard and $449.00 Delivered 

25W. 21 Memones. Dual VFO's 
At an Unbeatable Price! 

Extrasavings on the MFJ-1278 
Multi-Mode Data Controller I 

111 Toll Frr 102 N.W. Business Park 
Send SASE For Used U: 

sat. 1 
In Missouri Call-816-741-81 In 4 

ME DAY 



STOP LOOKING! THE FREQUENCY COUNTER 
YOU NEED IS HERE NOW! 

Take a good look at the model 2210 hand held that does it all. Frequency Range is from 
10 Hz to over 2.2 GHz covering audio through microwave. Literally DC to day light with 
extraordinary sensitivity and accuracy. The 2210 is now in demand by technicians, 
engineers, law enforcement officers, private investigators, two-way radio operators, 
scanner hobbyists, and amateur radio operators. Call us today to order yours. 

t 

SENSITIVITY 
1 KHz < 5 
100 MHz < 3 
450MHz < 3  
850MHz ( 3  
1.3GHz < 7  
2.2 GHz < 30 

(ACTUAL SIZE) 

Separate high impedance and 50 ohm amplifier circuits, two ranges, two gate times, dual crystal 
oscillator design. 8 LED digits, aluminum case, internal Ni-Cad batteries, 1 ppm accuracy, AC-DC 
portable operation. AC adapter-charger included. Full line of probes, antennas, and cany case 
is available. We manufacture the 2210 in the U.S. and have over 15 years of sewice, quality, 
experience and dedication that you can count on. 

OPTOELECTRONICS I N .  
5821 N.E. 14th Avenue 

Fort Lauderdale, Florida 33334 

FLA (305) 771-2050 Orders to U.S. and Canada add 5% to total ($2 min, $10 max) 
fl 177 FAX (305) 771-2052 

Florida res~dents add 6% sales tax. COD fee $3. 
Foreign orders add 15% 



OUR COMPLETE 
LINE: OF PORWLE 

When you're talkingyaesu handhelds, power takes on many 

RF output. Sophisticated microprocessor 

FT 470. DUAL-BAND OPERATION PERFECTED. 
2 meter and 430-450 MHz. 42 memories. 

Simultaneous receive of both bands. Dual VFOs 
each hand. PL encodeldecode. Paging feature. 
DTMF autodialer (10 memories, 15 digits 
each). Auto repeater shift. Scanning features. 
Auto power-off. Battery saver. Extended re- 
ceive. Audible command verification. Keypad 
and rotary-dial frequency entry. Battery 
packs available from 2.3 to 5 watts. More. 

FT-411 SERIES. MAXIMUM 
SINGLERAND PERFORMANCE. 
2-meter FT 411 and 440-MHz FT-811 

FT-23R SERIES. SMALL, SMART, RUGGED. 
2-meter FT-23R, 220-MHz FT-33R, and 440-MHz 

FT 411 and FT 23R Series handhelds. The power 
in handheld performance. 

YAESU USA 17210 Edwards Road, Cerritos, 
CA !10701(213) 404-2700.REPAIRSERVICE: 

(213) 404-4884. PARTS: (213) 404 4847 

Prices and spt>cifications sr~hirrl 1 1 1  chanw without nolicc. PI, i s  a rrgistcrrd trademark of Motomla, Inc. Spwifi 
rationsguar,intcwi only w i t t ~ ~ ~ ~  iimatcur t~ands. 
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7'' "DX-citing. 
"S-L".d.QS Compact high performance HF transceiver h a l  SSB IF fllterlng 

with general coverage receiver A bullt-n SSB f~lter IS standard When an 
optlonal SSB f~lter (YK-88s or YK-88SN) IS 

K e n w o d ' ' s & ~  digital know-how Superlor receiver dynam~c range Installed, dual f~lter~ng IS prmded 
brings Amateurs world-wide 'big-rig" Kenwood DynaM~x" h~gh sens~t~v~ty d~recl AMTOR cr r-lpnt~ble 
performance in a compact package. We mlxlng system ensures true 102 dB recerver Adlustablr d ~ a l  torque 
call it 'Digital DX-citementn-that special dynamlc range (500Hz bandwldth on 20m) 100 memory channels 
feeling you get every time you turn the 10Ono duty cycle transmitter Frequency and mode may be stored In 
power on! Super efflc~ent cooling perrn~ts cont~nuous 10 groups of 10 channels each Spl~t fre- 

, r  111 Amateur bands key-down for perlods exceedrng one hour quencles may be stored In 10 channels 
General coverage recelver tunes from RF ~ n p i ~ t  power 1s rated at 200 W PEP on for repeater operatloo 
100 kHz-30 MHz Easlly mod~f~ed for SSB. 200 W DC on CW. AFSK. FM, and 110 TU-8 CTCSS u n ~ t  (opt~onal) 
HF MARS operat~on W DC AM (1 he PS-50 power supply IS Superb ~nterference reduct~on 
D~rect keyboard entry of frequency needed for cont~nuous duty) IF sh~fl, tuneable notch filter, nose blanker. 
All modes bulk-ln Built-lo automat~c antenna tuner all-mode squelch. RF attenuator. RITIXIT. 
USB. LSB. CW, AM. FM. and AFSK Mode (opt~onal) Covers 80-10 meters and opt~onal f~lters frght ORM 
select~on IS ver~f~ed ~n Morse Code 5 IF frlter functtons MC-43s U p ,  9OWbl mlc ~ ~ c l u d e d  
VS-1 volce synthesizer (opt~onal) VOX, full or s e m ~  break-~n CW Computer Interface port 

Optional accessorles. 
AT-440 Internal auto. antenna tuner (80 m - 10 m) 88SN 2.4 kHzI1.8 kH7 SSB f~lters MC-60AIROlf35 - AT-750 external auto. tuner (160 - 10 m) desk m~crophones MC-55 (8P) rnobtle mlcro 
AT-130 compact mob~le antenna tuner (160 m - phone HS-4151617 headphones SP~41150150 

Kenwood 
takes you from 
HF to OSCAR! 

10 m) IF-232CllC-10 level translator and modern mob~le speakers MA-5lVP-1 HF 5 band moblle KENWOOD u-SA. CORpORATlON 
1C k ~ t  PS-50 heavy duty power sopply PS-4301 heltc;ll antenna and bumper mount TL-922A COMMUNICATIONS &TEST EOUIPMENT GROW 
PS-3D DC power supply SP-430 clxternal 7 kw PEP hear ampltl~er SM-220 statton mon~lor p.0, BOX 22745,2201 E, D~~~~~~~~ street 
speaker ME-430 mob~le mount~ng bracket (no pan d~splay) VS-1 volce synthes~zer 

YK-88C188CN 500 H71270 Hz CWllltcrs YK-88s- TU-8 ClCSS lone un~t PC-2C extra DC cable. Long Beach. CA 90801-574 5 
KENWOOD ELECTRONICS CANADA IN( 

Cornplele servrce manuals are avarlable lor aN Kenwood rranscervers artd mosl accessorles 
Specrbcatrons and pnces are sublecf lo change wnhoclr norrce or ob1yl;rlrort 

P.O. BOX 1075.959 Gana Court 
Mlsslssauga. Ontarlo. Canada L4T 4C2 
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