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25 watts / witchable AGC / 
32 full-functlon memories / 
2-color fluorexent display / sub- 
audible tones / CW monitor /and 
RlT readout make the IC-27lAand 
IC-471A all-mode base stations 
the most advanced on the 
market. 

32 Full Function Memorles. 
Each memory holds frequency. 
offset. offset direct~on, mode. 
and subaudible tones. Fre- 
quency, tones and offset are 
selected by rotating the main 
funlng knob. 

Subaudible Tones. 
Subaudible tones are selected 
by rotating the main tuning 
knob. These tones may then be 
stored into memon/ along with 
the frequency, offering ease of 
operation. 

Dual VFO's. ICOM's dual 
VFO system is now even more 
versatile with the ability to 
transfer from memory to VFO. 
This allows frequencies from the 
tunable memories to transfer 
directly into another memory 
without moving a VFO to the 
new frequency first. 

Phase Lock Loop. Extremely 
low noise and a good signal to 
noise ratio PLL design allows the 
IC-271A and 471A to lock to 
10Hz for extreme accuracy. 

New Display. ICOM's new 
easy-to-read two color 
fluorescent transceiver situation 
display shows frequency, mode. 
offset direction, VFO in use. 
memory channel, and RIT offset 
direction and amount. 

Scanning. Scanning of 
memories. programmable band 
scan, and mode scanning are 
available and easy to use. 

New Slze. Only 1 l'hlW x 
444"H x 10J4"D the IC-271A and 
IC-471A are styled to look good 
and engineered for ease of 
operation. 

CHher Fecrhrres. To make 
the IC-271A / IC-471A functional 
and easy to use, ICOM has 
incorporated many asked for 
features: UP/DN buttons, dial 
lock, sw~tchable preamplifier 
(optional), duplex check, all 
mode squelch, receive audio 
tone control. S meter, center 
meter, and 7 year lithium batter! 
memory backup. 

r /  157 
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300 WATT ANTENNA TUNER HAS SWR/WATTMETER, ANTENNA SWITCH, BALUN. 
MATCHES EVERYTHING FROM 1.8 to 30 MHz. 

MFJ's h&sl mlllng tuner packs In plenty of m fwtura! 
New Styllng! Brushed aluminum front. All metal cabinet. 
New SWR/Wanmeter! More accurate. Switch selectable . 300/30 watt ranges. Read forward/reflected power. 
New Antenna Swltch! Front panel mounted. Select 2 coax 

lines, direct or through tuner, random wlre/balanced line or 
tuner bypass for dummy load. 

New almound Inductor! Larger more efficient 12 positlon alr- 
wound inductor grves lower losses and more watts out. Run up 
to 300 watts RF power output. Matches everything from 1.8 to 
30 MHz: dipoles, inverted vee, random wires, verticals, mobile 

NEW whips, beams, balanced and coax lines. Built-in 4: l  balun for $99.95 MF,w. F EWRES balanced Ilnes. lOOOV capacitor spacing. Black. 11x3~7 inches. 
Works with all sol~d state or tube rigs. Easy to use, anywhere. 

RTTY/ASCII/CW COMPUTER 
INTERFACE ~~~ti224699.95 

3md and r d w  mmputerlzed RTTY/ASCII/ 
CW wlth nearly any personal computer (VIC-20, 
Apple. TRS-8OC. Atari, 11-99, Commodore 64, 
etc.). Use Kantronlcs or most other RTTYICW 
software. Cop~es both mark and space, any shift 
(including 170,425.850 Hz) and any speed (5-100 
WPM RTTY ICW, 300 baud ASCII). Sharp 8 pole 
active filter for CW and 170 Hz shift. Sends 170, 
850 Hz shift. Normal/Reverse switch eliminates 
retuning. Automatic noise limiter. Kantronics 
compatrble socket plus exclusive general purpose 
socket. 8x1 Xx6 in. 12-15 VDC or 110 VAC with 
adapter, MFJ-1312. $9.95 

RX NOISE 9, 

M n l m l n  
your antenna 

Tells whether to shorren or lengthen antenna for 
m~nimum SWR. Measure resonant frequency, 
radiation reststance and reactance. 
New Fwtums: individually calibrated resistance 
scale, expanded capacitance range (i150 pf). 
Burlt-In range extender for measurements be- 
yond scale readings. 1-100 MHz. Comprehensiye 
manual. Use 9 V battery. 2~4x4 In. 

INDOOR TUNED ACTIVE 
ANTENNA 
"Wodd Onbbw" r lw ls  or mead8 ncrptlon 
o l  outslde long wlms! Unique tuned Active 
Antenna mlnlmlzes intermod, improves select 
ivity, reduces noise outside tuned band, even 
functions as preselector with external 
Covers 0.3-30 MHz. Telescoping antenna. 
Tune, Band. Ga~n. 
On-off bypass controls. 
6 x 2 ~ 6  in. Uses 9V 
battery, 9-18 VDC or 
110 VAC w ~ t h  adapter, 
MFJ-1312, $9.95 $ 

POLICE/FIRE/WEATHER 
2 M HANDHELD CONVERTER 
Turn your s y n t ~ l z ~  runnlng $39.95 
2 meter handheld Into a hot Police/ m MFJ 
Flm/Wwther band scanner! 
144-148 MHz handhelds 
receive Police/Fire on 154- 
158 MHz with direct fre- 
quency readout. Hear 
NOAA marllime coastal 
plus more on 160-164 MHz. 
Converter mounts between 
handheld and rubber ducky. 
Feedthru allows s~multaneous 
scanning of both 2 meters 
and Police/Fire bands. No 
missed calls. Crystal controlle 
switch allows transmitting (up 
AAA battery. 2%x1%x11/~ in. 

d. Rypass/Off 
I to 5 watts). Use 
BNC connectors. 

OBUOATION. IF NOT DEUBHTEO. RETURN WITH- 
IN 1DAYS FOR PROMPTREFUNO (LESSSHIPPINO). 
One year Im*dlthuI guarantee Made in USA. 
Add f4.00 each shipplng/handling Call awrtb ,  

MFJ/BENCHER KEYER 
COMBO 

MFJ-422 

$99.95 
The best ot 
a11 CW worlds- 
a deluxe MFJ Keyer In a c ~ r r p ~ ~ ~ o n f ~ ~ u r a t i o n  
that frts rlqht on the Bencher iambic Daddlet 
MFJ Keye; -small in sue, blg In features. Curtis 
8044 IC, adjustable we~ght and tone, front panel 
volume and speed controls (8-50 WPM). Built- 
in dotdash memories. Speaker, sidetone, and 
push button selection of semr-automatic/tune 
or automatic modes. Solid state keying. Bencher 
paddle is fully adjustable; heavy steel base with 
non-skid feet. Uses 9 V battery or 110 VAC with 
optional adapter. MFJ-1305. $9.95. 

VHF SWR/WATTMETER 
LOWCOSl MFJ-812 $29.95 
VHF SWR/ ... .c.,. 

Read SWR 

and forward/ .. . . # 
reflected power 
at 2 meters Has 30 and 300 watts scales Also 
read relative fleld strength 4~2x3  in. 

MFJ ENTERPRISES, INC. 
Bax 494, Mln lu lpp l  Stam, MS 34762 

M o r e  Deta i ls? CHECK-OFF Page 118 Y 168 

1 K W  DUMMY LOAD 
MFJ-250 $34.95 

Tunaupfmt,mtml - 2 n d -  
life of flnalr. mduca ----- 
RUM! ~ a t e d  I KW cw ? I  8 1 . ! 1 * * ~ '  I - 
or 2KW PEP for 10 mln- 
ules Half rating for 20 I -., d=*2.1 ' 
mlnutes, continuous at , 
200 W CW. 400 W PEP. - _.a* 

VSWR under 1.2 ta 30 
MHz. 1.5 to 300 MHz. I 

Oil contains no PCB. \ -=p 
50 ohm non-inductive resistor. Safety vent. 
Carrying handle. 7 l /~x6~h  in. 

24/12 HOUR CLOCK/ ID TIME 

maintains tlme durrng power outa!le I [ )  llrner 
alerts every 9 minutes after reset Sw~lchable 
seconds readout. Elapsed timer Just srart clock 
from zero and note time of event up to 24 hours. 
Bright blue .6" digits. Alarm with snooze 
function. Synchronizable with W. Lock 
function prevents mis-setting. Power out, alarm 
on indicators. Black. 5x2~3  in. 110 VAC. 60 Hz. 

DUAL TUNABLE SSB/CW 
Fl LTE R MFJ-7520 589.95 

Dual f l l ten alve unmatched perfornuncsl 
The primaryfrlter lets you peak, notch, low 
pass or hrgh pass with extra steep sklrts. 
Auxiliary filter gives 70 Ub notch. 40 Hz peak. 
Both filters tune from 300 to 3000 Hz with 
variable bandwidth from 40 Hz to nearly flat. 
Constant output as bandwidth is varied: linear 
frequency control. Switchable noise limiter for 
impulse noise. Simulated stereo sound for CW 
lets ears and mind reject ORM. Inputs for 2 rigs. 
Plugs into phone jack. Two watts for speaker. 
Off bypasses filter. 9-18 VDC or 110 VAC with 
optional adapter. MFJ-1312. $9.95. 

DEALER. CALL TOLL-FREE 
800-647-1800. Call €4t-323-%33 

Telex 53-4590 MFJ STKV 
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"DX-traordinary" .. . 
superior dynamic range, 
auto. antenna tuner, 
QSK, dual NB, 2 VFO's, 
general coverage receive 
A superlative. high-performance. 
all solid-state HF transceiver. 
that covers all Amateur HF 
bands, and incorporates a 150 
kHz to 30 MHz general coverage 
receiver having an excellent 
dynamic range. 
- ' " 1 .  ',.,nT<c,; 

l(i0-I0 Mc.tcrs. \trilh I50  Itllz-:3O 
r\ll lz yrnt.r;~l covcr;lgv rrcri\'c.r. 
( . O \ ~ V ~ S  :III I \ ~ I I ; I ~ V I I ~  i ~ - r q t l r ~ ~ ( ~ i r \ .  
p l t ~ s  \$\.'/\I<('. o n  SSI1. ('\V. FSK. 
. ~ n t l  IZM. LJI '  c.orl\rc'rsion rlifil;rl 
l'l,I, (.ir(,uit. 
I:sc.rllcr~t rrrc-ivrr dvn;~mic  
I - ; I ~ I $ ~ .  'I'vl'ic:~l t\vo-ton? tlyrl;~mic 
r;tn<r. 100 tll1 (20  mctc.rs. 50-kl lz 
~ > ; I I  i11g. 5 0 0  117 ('\V l):~r~tlwicltl~l. 
All solid-stntr 2 8  volt oprrntrtl 
linitl ;irnplifirr. Imwcst IM tlistor- 
lion. I'o\\rcr input 250  \V or1 

SSBICWIFSK. 80 W o n  AM. 
S\YK/ Power meter. 
Av;~il;~t)l(* \vitl~ A'r.9:10 ;~~rtom;lt i(> 
:lnl(hrlrl;l turlrr l>~~ i I l - i r~ .  o r  ;IS :III 
optiorl. ( 'ovrrs 80-10 rnc-lrr.;, 
ir~c.lutlinf \VAI<(.' I>;~rld\. 
CW full hrrnk-in. CMOS logic IC. 
plus rrrt l  relay. Swi tc l~:~hlr  to 
srrnl break-in. 
I)u:~l digit:~l VFO's. 10-t1z strSps. 
include\ band infr)rm;ltlon. 
Eight ~ r l t - r ~ ~ o r y  rh:~nnc~ls.  Stores 
frc*clurncv a n d  h:intl tl;lla. 
Inlrrnnl l)attrq' mrrnoqf h:lck- 
up. rsl. I yr. lifr. ( 13 ;1 l l (~~  not 
Ken\ttood supplird.l 
0u;ll modc noisc* I,l:~r~lcrr. NI3-I. 
\vill~ l l ~ r ~ ~ s l ~ o l r l  c.or11r11i. lor 
"pulsc~" noisc.. NI1-2 for 
'wootll)c~~krr: 

SSR IF slop? tuning, nllo\trs 
111drpc.ndt-nt ndlustrnrnt of the 
low :tndior 111gh Irrqut'~~c'y 
~lopc*s  of thr  11' p;lssl,and. 

('W \'I3T ;rntl pitch control. V13T 
ttlncs out intrrl'rrinf signills. C'W 
pitch control shifts IF l,,~ss-h:tnd 
; ~ n d  I,r:~t frc.qt~c.nc.y. "N;~rro\v- 
\fri(Ir" 1-iltrr s\vit1.11. 
Tunr.;thlr, peak-tvpe nudlo 
liltrr for CW. 
A(' powrr S I I ~ ~ I ~  I>t~ilt-irl. 
Fl~~orc.sc~cml I I I I > (  tlicit;ll displ:ly 
( I00  1 Iz r c s o l ~ ~ t i o ~ t ,  r~~otli l ' i :~l~l(-  lo 
10 117) 1vit11 cli<il;1li7(~cl s ~ r l ) - s ( ~ ; ~ l ( ~ .  
in 'LO Itl lz st('[)\. 
[<I.' sp('rrI1 proc('ssor. 
On(. yrar limited \xrnrranty. 

SSIl monitor rirruil. 

Optional Accessories: 
AT-1330 Auto. nntrnn:l tunrr.  

a SI'-930 External spe;lkrr with 
s t~ler t ;~bl r  ; ~ u d i o  filtrrs. 
YG-455C'-1 (500  HA o r  
YC-455CN-1 (250 lizl plug-in 
(:W l~l ters  for 4 5 5  kHz IF. 
YK-RH(:-l (500  Ijz) ('W [)lrrg-in 
filter lor 8.X:1 MHz IF: 
I'K-88A-1 Iti ktlz) AM plug-i11 
filter for 8.H3 MFlz IF. 
SO-l c.omrnc~rci:tl gr ;~t l r  T('X0. 
M(:-42s UI'II>OWN 11;intl mir. 
MC-6OA dr luxr  dcsk niir. . MC-80 d r sk  top UPIIIOWN mic. 
M(:-85 mr~lti-function tlrsk mic. 

"Digital DX-terity". .. 
General coverage, 
Superior dynamic range, 
2 VFO's, 8 memories, 
Scan, Notch, COMPACT! . 
Combines compact styling with 
state-of-the-art circuit design 
and performance. 
: i; ,t:<(\S rr;,,ZT[]RT:c;: 

l( i0-I0 rnc.trrs. \\,ill1 150 kl lz :1O 
MI lz [:rnc.r-;~l c'o\'cr;~<c- rc.cTivc.r. 
( ' O \ , C I ~  ;III , \ r ~ i ; ~ t c ~ ~ r  I r (~ (~11~~11~~i t ' s .  
~ I L I S  \\lAl<(', l.11' co t~v(*rs ior~ 
cIi<i t : l l  1'1,l. (.ir(.tlit. . IISII. I,SI1, CW. AM. ; ~ n d  
I:M loption:lll ;ill ~ n o d r .  . (:ompact liftllwciyhl t l( .si~ll .  
01ilv 10-5'X (270)  \Y s :I-:l,.l I!)(;) 
I l  s 10 718 (2751 1) .  inc.llc*s Ilnlll): 
o111v l,l.:< 11)s. lti.5 k c . ) .  
S ~ ~ p c r i o r  rcccivc,r tlvn;tlllic r;lrlyr . 
\\,it11 l )yr~;~-Mix 11icI1 s(,r~sitivit\, 
dirrct rnixir~c sysl(,rn. 

( 1 ( 1 )  ; 0 s .  IF sl~il i  c.irc.~~it li)r r ~ l i ~ ~ i r n r ~ ~ n  QIIM. Optional accessories: 
O ~ w r ; ~ t ( .  intirlx,nrlc,ntI\.. inc.l~~d(.  . ,l.llll(.;ll,l(. llllt(.ll f i l t c a r ,   lilt i l l .  I1S-4:!0. l)S-t{(l I I ~  KI'S-21 
I I I I  i r ~ f o r ~ ~ t i c r ~ .  . ~ ; ~ ~ ~ ~ ~ . \ ~ ~ d ~  f i l t e r  sc.lf,c-tion A(: po\tr('r s11111'lics. 
1)i;tI tor(111(> ;~dit~st;~I)l t- .  St(.[) ~ ~ 1 3  ;,rid (:w (fill(.r Op~ion;l l) .  S1'-.&:I0 c.xl(v-n;~l sl)r;~kc.r. 
s\vit(,l~ lor 10-1 lz o r  100~1 I L  st(-1)s. S l ) c ( - r l~  1)ro(,c,ssor, 1)11 i I t  ill. . MI$-430 rnol~ilf. ~noun l inc  
A-11 s\vil(.l~ shirts " I s "  VfO lo 
.A- ~n.[lllrll(,Y ;In(l  l l l , ) ( l ( .  A I I  snlitl st ;~t( . .  1n1~1t  K I ~ ~ C I  250 hr"('k"t. 

on  SSI1. 200 \V I)(. (,,, (.w, AT-250 :~~~lorn; l t ic  antrnn:l 
\.ic,cs vrrs:I. \IF0 I.0CK s\vilc.h. 

120 \+i (,,, [:hq ( l l l ) l i t l n ; l ~ ~ .  ($0 w I~~nf ' r .  If;()-10 m. inrl. WAIx(:. 
l<ll. ~ O I -  \'FO o r  I I I C ~ I I I I ~ ~ .  1:l' 1 () l ,rr ; l t(s  1 )  . AT-130 c.on~p;~ct antrnn;l  1unc.r. 
I)OWN I I I ; I I ~ I I ; I ~  S(.:III \\'itti 
Ol , l i ( l r l ; l l  rllil,r(, 1 0  \ o r  

2 2 - 0  \ I S o l 0  m. inl.1 wAl<(:. 
optio11;11 I'S-4.'30 A(' po\v(*r FM-430 FM unit. 

1 I : i < l ~ t  mrrr~oric~s stor(. 1.1-rrl~~cnc,y. S l l l ) , ) l y ~  YK-88C (500  llz) o r  YK-88CN 
111orIc. ;III(I  l ) ;~ r~ t l  tl;11;1. 8111 . I:luorrsc.rnl lul)ch cligital dis11l;ty I270 IIz) C'W liltcbrs. 
I I I ( , I I I O ~ \ ,  stores IIXl'I'X 11-(, intlic;ttc.s frc.clr~cnc.y lo 100 1 1 ~  YK-88SN (1.8 kllzl SSlZ fl1tt.r. 
q11(>1i(~ic-s i r ~ t l r ~ l ~ c r ~ d ~ ~ ~ ~ t l ! . .  (10 1 lz rnotlifi;1l)lr1. YK-88A (6 kHz1 AM filtc-r. 
I - ~ ~ I I ~ I I ~ I I  ~~~~~~~~y n~c.n~or? I I ; I ~ . ~ - I I ~ ) .  All-~nodr s c l t ~ c . l ( , l ~  c.irc.uit. I)uilt - in.  . ~ c - 4 2 ~  {JP/~)OWN h;ln(l miv. 
( K s t ,  5 yr. lilc..l I311i l t  in noiscs I)l;~nker. MC-55 (HI') mohilr nlic. 
h1t-11111ry SCYIII. [<I: ; I ~ ~ I > I I I I ; I ~ O ~  I20 (11%). MC-6OA dcsluxr dvsk mic. 
I ~ I ~ ; I T I ; I I  I I I ~ O I I ; ~ ~  I VOX c~ircuit, pltls sc.rni t~rr;~k-irl  . MC-80 d r sk  lop UP/l)OWN mir. 
SC.;III ~vitlth. . MC-85 multi-function drsk  mic. 

TRIO-KENWOOD COMMUNICATIONS 
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Thank You 
Thank you for responding to the reader survey published in the September issue. I want you to know 
how very valuable your comments are to me. You are providing to us at ham radio an understanding of 
your needs, likes, and dislikes. 

As we go to press, we have not yet "closed the books" on this survey; survey forms and letters continue 
to arrive daily in considerable quantity. In reviewing the forms that have been returned, I already see im- 
portant trends which together with the survey compilatian, will be detailed in a future issue. In general, 
readers are telling us to continue to provide a technically superior magazine and not to succumb to the 
temptation of trying to offer "something for everybody." This was clearly brought out in one of the many 
letters that accompanied the survey forms: 

1 cannot resist writing to tell you how grateful 1 am that you have gone back to the original aims of ham 
radio. I had originally subscribed to the magazine because of the technical content and / am so pleased to 
see a return to the more technically oriented articles. The fact is that there are already three other 
magazines devoted to operating news and 'beginner' type construction articles - we don't need one 
more. / am sure that your genera/ reader response will confirm that there is a need for material that has 
some body to it and which can be used for future reference.. . . 

Taking all of the responses (so far) into account, I promise to follow a policy I adopted several years ago 
while editor of another magazine (rf design): always try to inform, not impress. Now, I have to admit that 
some of our past articles did not exactly meet that criterion, and I plead guilty with explanation. In the 
publishing industry it's not unusual for an editor to be working with the content of four or more issues in 
various stages of development at the same time. But by pushing the schedule ahead with excellent 
material received from our readers, I'll be able to improve the quality of ham radio. I've just finished editing 
some exciting new material to be included in the early 1984 issues. 

While on the subject of articles, I'd like to ask all prospective authors to remember that the most impor- 
tant reason for writing and publishing a manuscript is to communicate - be it an idea or a complete 
system down to the last diode. Sometimes it helps to  ask a friend to read your manuscript with a critical 
eye. If there's something he or she doesn't understand, chances are that others will have the same prob- 
lem. Before you start, I firmly believe that it's always a good policy to make a single-sided, single-page 
outline on the proposed subject. Don't write another word until you really like the outline. It's much easier 
to modify an outline than to cut and paste or start a manuscript all over after you've gotten into it. By all 
means, once you like the outline, stick with it, taking one section or thought at a time - in order. This 
makes the job considerably easier. 

The kitchen sink. Yes, I've found a few of them in some of the manuscripts. There is a tendency 
among some of us (and I am not excluding myself) to  try to squeeze everything you possibly can into a 
five-printed-page article. Please believe me, you can save some material for another article or a book or 
even an encyclopedia. We at ham radio can help out in many ways. Send for our well-written six page 
Author's Guide. It will provide you with many helpful hints for producing your manuscript (hint number 1: 
type your manuscript, double-spaced). Drop me a line with your outline and I will try to respond ASAP 
with suggestions. 

Just a final word on artwork. Penciled sketches are fine. We normally redraw all schematics, block 
diagrams, etc., unless you happen to follow our drafting style and produce camera-ready artwork (some 
authors do). Photographs should be black and white, 35 mm or larger. Use the best photographic tech- 
niques you can master (clean backgrounds, good lighting, logical presentation) and don't hesitate to seek 
professional assistance. Remember, if accepted, your work will adorn the pages of a widely, worldly cir- 
culated magazine. 

There we have it. I've thrown the kitchen sink into this editorial. Let me just say thanks again for your 
support. Please keep reading the magazine; we'll keep trying to improve and expand it to meet your needs. 

Rich Rosen, K2RR 
editor-in-chief 
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Morse Keyerc ' .aine~ 
AEA produces the finest Morse keyers ana tralners In tne world. All AEA keyers operate wit1 
standard keyer paddle and offer selectable monitor tone, ble dot and da: 
weighting and selectable dot and/or dash memory. In add I our keyers off 
automatic or straight key modes. The keyers and t ra in~ la  are keypad c o n t r ~ ~ l ~ ~  w 

significantly reduces the complexity of operation for all the features offered. Each keye 
separate + and - keyed outputs for keying any modern transmitter. All keyers and tra 
operate from 12 VDC (or 117 VAC with optional model AC-1 wall adaptor) which makes, 
ideal for portableoperation. A e all sut o a full t 
in and test prior to shipment num R.F nity. 
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NEW BT-I 
The BT-1 Basic is a hand-held corr 
at a time at 18 lrds per minute. Tt 
allows serious sruaenrs the possibility of learnlng Morse to zu wpm In as llttle as one IT 

charactel rate practice session in which thech; first introc 
elf, and t t  of the time along with all previously l c  aracters. 
1 tapes to ut, or break. No programming skills a ary: the B 
!asy to use. I ne tone oscillator can also be keyed for sending practice. An earphone j 
jed for PI ?ning. The BT-1 will go as high as 99 \ 
YPM incr A battery operated version, the BT-1 
~ b l e  with ger and internal NICAD batteries. 
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THE VOLUNTEER EXAM PROGRAM FOR AMATEURS WAS ESTABLISHED officially Septemb:r 22, when 
the FCC acted on PR Docket 83-21. The biggest surprise was the Commissioners decision to 
use 13 re ional Volunteer Examiner Coordinators instead of one national VEC, with a VEC in 
each U .&area plus one each for Alaska, the Pacific islands and the Caribbean. The 
decision to go with regional VECs is being widely interpreted as a direct slap at the ARRL, 
whose last-minute introduction of a demand that VECs be compensated for their efforts after 
assuring the FCC they could handle it aratis caused much consternation at the Commission. 

~xam-~dministratibn Fees Are ~pecifically Prohibited by the Report and Order, in a 
section reportedly written by the FCC's legal staff and based on the enabling legislation. 
The League is lobbying on Capitol Hill for a bill that would lenalize fee collection, but 
Senator- oldw water has-come out stronnlv against such fees and without his suDDort it's 

A L 

unlikely that it can receive much suppbrt-in either house. 
Three-Person Examining Teams Are Still Required for the Technician and higher class exams. 

All but Technician will reauire that all three team members be Extra Class. S~ecificallv. - - -  - . - - - - - - r - - -  - ~ - -  
13 as well as 20 wpm code tests plus Elements 4(A) (Advanced and Extra) and 4(B) (~xtra), ' 
must be administered by a team consisting of three Extra Class licensees. 

Negotiations With Groups Wishing To Become Regional VECs will be opened by the FCC on 
December 1. Since some areas will respond more quickly and have an acceptable examiner 
organization in place more rapidly than others, it appears almost certain that the program 
will be up and running in some parts of the country long before it will be in others. 

LAUNCH OF THE STS-9 SPACECRAFT IS STILL SET FOR OCTOBER 28, with W5LFL due to begin his 
2-.meter operation from space a few days later as outlined in September Presstop. Late- 
breaking information will be made available via recorded messages on various special phone 
lines, including ARRL--(203) 666-0688, Westlink--(213) 465-5550, and the Johnson Spacefli ht 
Center-- (713) 483-2477. In addition, Electra (Bearcat) is making its toll-free line (800f 
SCA-NNER available as a mission progress hotline to Amateurs as well as other VHF listeners 
for the duration of the STS-9 mission. - -.-- 

The Most Up-To-Date STS-9 Information Will Probably Be From WSRRR, the Space Center Radio 
Clu b p l u s  statlon. It w weekends, using 
28600, 21375, 14280, and 3845 kHz, all +/- QRM. Operation on OSCAR 10 is possible. 

Retransmission Of Space Shuttle Transmissions By Amateurs has been authorized by the FCC 
in response to several petitioners. However, Amateurs wishing to perform this service must 
first get permission from NASA. 

FCC ACTION ON THE "NO-CODE" AMATEUR LICENSE is unlikely until early 1984, according to 
Washington sources. There is also considerable speculation that the rebuff the League took 
on the Amateur licensing program is a harbinger of a pro No-Code decision when the Commis- 
sioners do finally consider that thorny issue. 

The Widely Heralded Air Force Letter Opposin~ No-Code was apparently only a statement by 
some Air Force MARS people that their MARS appointments (which do include HF band operations) 
would require CW ability, and was not a statement of official Air Force policy. In addition, 
no basis has been found for a recently circulated rumor that the CIA had told the FCC that a 
No-Code license "would not be in the national interest." 

2-METER USE BY FISHING BOATS IN PUGET SOUND is concerning Amateurs in the Pacific North- 
west. Reminiscent of similar episodes during the height of the CB boom, when some truckers 
discovered readily available 2-meter rigs offered them a refuge from the bedlam of channel 
19, the fishermen are using 2 meters for "private communications channels" to discuss matters 
inappropriate for the regular marine band or which they want kept secret from others not "in 
the know." It appears the operation was set up by someone knowledgeable, since the fisher- 
men have pretty well avoided use of active Amateur frequencies. 

The FCC Has Been Informed And Is Actively Monitorin the illegal operations. At least 
a d d  

When The FCC's Program To Involve Amateurs In Enforcement will get under way seems up in 
the air at the moment. Despite earlier hopes it would be in operation by this fall, there 
has apparently been little progress on if in the last few months. 

"WB23XYZ" AND "AB84C" WILL BE LEGITIMATE CALLSIGNS for California Amateurs during July 
and ugust, a orna ateurswt n,,t eir callsi ns have been ~uthorized by 
the $CC to ~::~:ith~r~':3'l :fo?23rd Ol$p?ad?"o: 8;'' (for 198f) instead of 6" during the 
period of the Olympic games in California next year. 

Amateur Involvement In The Olympics Is Progressing Well, with plans now firm to have 
Amateur HF stations operating from all three Olympic villages. Tentative agreements are 
already well along with a number of countries to waive their restrictions on third-party 
traffic, to enable their Olympic athletes to keep in touch with home via Amateur Radio. 

PIZZA ORDERING BY AMATEUR RADIO WAS BRIEFLY LEGALIZED by a recent, short lived FCC policy 
relaxation. T e c an e, n e ect or on y a ew wee s in September, was another effort to 
resolve on-goi:g ckffict: ovff wha: cons:itutfs pro6bited communications. It has since 
been rescinded and the Part 97.114(c) restrictions remain in effect. 
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cable choice 
Dear HR: 

The article, "Inexpensive Hardline 
Connectors," by WB4GCS (May, 
1983) was read with considerable in- 
terest. Mr. Sanford's connector may 
work very well in his particular appli- 
cation, but there are many other con- 
siderations and problem areas to be 
evaluated. I will t r y  to outline some of 
them. 

Do not assume all cables are alike. 
Using I-inch cable as a reference, 
there are at least three major varieties 
wi th center conductor diameters 
ranging from 0.19 to 0.24 inch. If 
scaling to 314-inch cable, there are at 
least five major varieties. Choose the 
piece that will mate with the center 
conductor carefully. 

The center conductor should be se- 
curely captured. I recommend that 
the inner portion of the barb fitting be 
threaded. This is similar to what is 
used on commercial connectors, and 
will assist in retarding conductor 
migration. 

The center conductor should 
thread onto the connector by at least 
1 I 2  inch, particularly if any power is 
contemplated. If one lives in an area 
of temperature extremes, the use of 
cable with a solid copper center con- 
ductor should be avoided. The differ- 
ent coefficients of expansion be- 
tween the aluminum sheath and the 
copper conductor can lead to  all 
kinds of failures. The copper-covered 
aluminum center conductor was de- 
veloped to alleviate this. This is a 
prime reason the commercial connec- 
tor manufacturers use materials that 
exhibit expansion coefficients similar 
to the cable. 

Mr. Sanford's paragraph on using 
an anti-corrosion compound cannot 
be stressed too strongly. Failure to do 
so can cause the cable to self-de- 
struct in less than a year in certain en- 
vironments. (Contact an electrician or 
electrical supply house for the brand 
names available in your area. 1 

Results must be taken with a grain 
of salt. If a certain homebrew con- 
nector works for your particular proj- 
ect, by all means use it. Up to approx- 
imately 150 MHz, just about anything 
will work reasonably well and give a 
return loss of 14 dB (VSWR 1.5) or 
better. Commercial connectors readi- 
ly achieve return losses of better than 
25 dB and virtually immeasurable in- 
sertion loss. The I-inch cables that I 
am familiar with have a loss per 100 
feet of from 0.4 to 0.5 dB at 150 MHz 
and 0.75 to 0.95 dB at 450 MHz. This 
can go a long way toward putting 
power where it belongs. 

One final caution about the cable. 
Use only fresh cable, the source of 
which you are certain. If possible, 
find out the upper frequency limit of 
the CATV system in which it is used. 
Most new systems are operating to 
400 MHz or higher and are using 
cable with excellent characteristics 
well past 500 MHz. There are, how- 
ever, many varieties of older design 
cable that are being passed off to 
hams by unscrupulous individuals at 
fleamarkets. Many of those cables 
deliver horrible performance above 
about 200 MHz. When going up 
through the UHF bands, verifiable re- 
sults require sophisticated test equip- 
ment and thorough attention to de- 
tail. Even more insidious is the type of 
cable that does not have the foam 
dielectric bonded to the sheath and 
inner conductor. Any water ingress 
will then migrate completely through- 
out the cable. This will quickly turn a 
kW station into QRP level ERP even 
at 20 meters! For high power, at least 
3/4-inch cable should be used to re- 
duce the possibility of high-voltage 
RF flashover. 

I am personally all for the use of 75- 
ohm hardline and am designing my 
station for its use. It is produced by 

the millions of feet, is reliable and rea- 
sonably priced even when new. 
Hams have been getting ripped off 
for years by sticking to 50-ohm cable. 
If you don't have the time or mechan- 
ical dexterity to produce a connector, 
contact your local CATV engineer. 
You will probably be pleasantly sur- 
prised to find what is available for the 
asking. 

Carl Huether, K M I H  
Pelham, New Hampshire 

freebies 
Response to our recent offers of supplemen- 
tary materials has been tremendous - our 
thanks to all who wrote. Copies of the World 
Press List, the NASA Tech Brief, and the 
RTTY-Atar17M program are still available; send 
a large SASE (with 20C in stamps for the press 
list, 37C for the tech brief, and 54C for the pro- 
gram) for copies of one or all. A sampling of re- 
cent letters follows. - Editor 

Dear HR: 
I enjoyed the article "RTTY and the 

AtariTM Computer" by Dave King, 
K5VUV. Hopefully I can figure out a 
way to interface into the computer 
serial port on my Atari 400, rather 
than use the Atari interface module, 
which costs more than the computer! 

Chuck Hastings, KB3QU 
Annapolis, Maryland 

Dear HR: 
I really enjoyed "RTTY and the 

AtariTM Computer." Although my 
recently-purchased computer is a 
T R S - ~ O ~ , ~ I  believe I can use the inter- 
face. Please send the program listing. 

P.B. Johnson, VE7DHM 
Sooke, British Columbia 

Dear HR: 
Please send me a copy of the 

NASA tech brief. 
Thank you for a fine publication. I 

am particularly interested in Forrest 
Gehrke's series on phased verticals, 
having used and worked with them 
with moderate success for some 
time. This is the first definitive article 
on the subject to appear in the Ama- 
teur literature. 

Arthur J. Conebeer, W6DRL 
Laguna Beach, California 
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Canadian Distributor 

A ST R 0 N 2852 w n l n ~  Am, unit E WC. M,,, M. 
Tustin, CA 92680 451 1 C I ~ S S W O O ~  ~ r .  

c 0 R PORAT ION (714) 832-7770 Downsview, Ontario, tonada M3J 2 ~ 6  
(416) 638-7995 

I ASTRON POWER SUPPLIES 
HEAW DUTY HIGH OUAUrY RUGGED RELIABLE 

RS md VS SERIES 
SPECIAL FEATURES PERFORMANCE SPfXIRCATIONS 

SOLID STATE ELECTRONICALLY REGULATED INPUT VOLTAGE: 105 - 125 VAC 
FOLDBACK CURRENT LIMITING Pfukts Power Supply OUTPUT VOLTAGE: 13.8 VDC i 0.05 dts 
f m  excessive current & a m t i n u 0 ~ ~  shwted output. (Intemalty Adjustable: 11-15 VDC) 
CROWBAR OVER VOLTAGE PROTECTION on all Models RIPPLE: Less than 5mv peak to peak (hm bad 
except RS-4A. & low line) 
MAINTAIN REGULATION & LOW RIPPLE at buv line 
Input Voltage. 
HEAW DUN HEAT SINK CHASSIS MOUNT FUSE 

I 
. . I THREE CONDUCTOR POWW CORD 

INSIDE V I E W  - RS12A ONE YEAR W A R R A W  MADE IN U S A 

MODEL RS50A 

RM-A Series 
MODEL RS-SOM I MODEL VS-5OM 

19" X 5 % RACK MOUNT POWER SUPPUB 

MODEL RM-35A 

RS-A SERIES 

Contlnuws ICS' Slze (IN) Shlpplng 
MODEL o w  (Amps) (Amps) H x W x D  Wt (Ibs) 

RS-12M 9 12 4 % ~ 8 ~ 9  13 
AS-20M 16 20 5 ~ 9 ~ 1 0 %  18 
RS-35M 25 35 5 x  11 x 11 27 
RS-SOM 37 50 6~ 13% x 11 46 

Contlnuavs ICS' Size (IN) Shlpplng 
MODEL Duty (Amps) (Amps) H x W X O  Wt (Ibs) 

MODEL RSJA 

RS-M SERIES 

VS-M SEf..-- 

RS-4A 3 4 3 % ~ 6 ' / 1 ~ 9  5 
RS- 7A 5 7 3% x 6% x 9 9 
RS-78 5 7 4 ~ 7 %  *lo% 10 
RS-1OA 7.5 10 4 x 7 % x 1 0 %  11 
RS-12A 9 12 4 % x 8 ~ 9  13 
RS-20A 16 20 5 ~ 9 ~ 1 0 %  ' 18 
RS-35A 25 35 5 x 1 1  ~ 1 1  27 
US-50A 37 50 6 x 13% x 11 46 

Swltchable volt and Am0 meter 

I 0u ' t~ut  Voltage adiusiable from 2-15 volts 
llES 1 Se~erate Volt and Am0 Meters 

Conttnuous Duty ICS* 
(Amps) (Amps) Slze (IN) Shlpplng 

MODEL ois.m@imsvac @13.8V H x W x D  Wt (Ibs) 
VS-2OM 16 9 4 20 5 ~ 9 x l O ' / r  20 

I Current limlt id~ustable from 1.5 amps to Full Load 

Y YtHltZi  1 Built in speaker 

MODEL VS-2OM 

MODEL RS-12s 

VS-35M 25 15 7 35 5 ~ 1 1 x 1 1  29 
VS-5OM 37 22 10 50 6 x  13% x 11 4 6 

Conlnous ICS' Slze (IN) Shlpplng 
MODEL o w  (Amps) Amps H x W x D  Wt (Ibs) 
RS.7S 5 7 4 x 7% x 10% 10 
RS.1OS 7.5 10 4 ~ 7 % ~  10% 12 
RS-1 OL(For LTR) 7.5 10 4 . 9 . 1 3  13 
AS-12s 9 12 4 K x 8 x 9  13 
RS-20s 16 20 5 x 9 ~  10% 18 

RS - a 
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compact SSB receiver 

Bigger isn't always better. 
Here's a small, 

easy-to-build unit 
that performs much like 

a full-sized receiver 

This simple, compact receiver has a lot of grown- 
up features: a built-in speaker, automatic gain con- 
trol, good sensitivity, wide dynamic range, and the 
potential for excellent selectivity. Add a small 
voltage-probe antenna and you can cast off the 
feedline and take the receiver with you. 

Most of the necessary components are readily 
available and inexpensive; modular design allows you 
to chose your own packaging. All board layouts, 
photos, and diagrams are provided, and any builder 
with modest experience should find construction no 
problem at all. 

circuit description 
In many respects, this circuit is similar to others 

described in recent Amateur literature.',' However, it 
has some practical features which offer a great deal 
of flexibility. 

Fig. 1 shows the main receiver board. A switch- 
able 20-dB attenuator provides RF gain control to 
prevent receiver overload. 0 1  is a grounded-gate RF 
amplifier which provides 10 dB of gain ahead of mix- 
er Q2. 02 is a single-ended MOSFET mixer. This 
stage is coupled to bandpass filter FL-1 by means of 
T I ,  a broadband matching transformer. Either a me- 

chanical or crystal filter can be employed by choos- 
ing the appropriate turns-ratio. The filter's output is 
terminated by resistor RF. Since the filter is not 
mounted on the circuit board, physical size is not a 
factor in filter selection. 

0 3  is the receiver's gain IF stage. Gain is controlled 
by a simple audio-derived AGC system. Diodes re- 
place Q3's source resistor in order to bias gate-2 neg- 
ative with respect to gate-I. This extends the AGC 
attenuation range.3 IF transformer T2 is capacitively 
coupled to product detector 04. The transformer's 
secondary is not used. A toroidal LC circuit can re- 
place this transformer for non-standard IF frequen- 
cies. IF frequencies from 455 kHz to 9 MHz and be- 
yond can be employed without board modification. 

Product detector Q4 is an active circuit which pro- 
vides audio pre-amplification ahead of the gain con- 
trol. U1, the audio amplifier, is an LM-386. This IC 
provides a voltage gain of 200 and delivers 400 m W  
of power into an 8-ohm load. A 10-ohm series resis- 
tor in the output line protects miniature 200 mW 
speakers from damage. 

The AGC system is a simple audio-derived 
A diode samples the output of U1 and sends a nega- 
tive voltage to dc amplifier Q51Q6. The output of Q6 
is set for a resting bias of + 4  volts under no-signal 
conditions. When a strong signal appears, this volt- 
age drops to as low as +0.5 volts, reducing 03's 
gain. Resistor RD sets the AGC sampling level. The 
value of RD is selected for best AGC action. Capaci- 
tor CA is optional, but recommended for SSB opera- 
tion since it slows release time. 

The VFO shown in fig. 2 is a near-copy of a 
W7ZOI lW51RK c i r c ~ i t . ~  This design provides excel- 
lent performance. The Hartley JFET oscillator drives 
a single MOSFET bufferlamplifier. VFO-output is 
coupled to the mixer through a broadband trans- 

By Rick Littlefield, KIBQT, Box 114, Barring- 
ton, New Hampshire 03825 
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former. Builders desiring a thorough treatment of the 
design along with temperature compensation inform- 
ation should refer to current editions of the ARRL 
Handbook. 

Figs. 3A, B, and C show BFO circuits. These pro- 
vide plenty of output at the high input impedance 
presented by 04. The 455 kHz version employs a 
ceramic resonator instead of a crystal. These devices 
are considerably cheaper, and much easier to "rub- 
ber." Frequency adjustment is accomplished with a 
small 60 pF trimmer. The high-frequency version 
uses standard crystals, and oscillates easily in the 
3-12 MHz range. 

Fig. 4 shows an optional tuned voltage probe an- 
tenna circuit. The telescoping rod antenna is coupled 
directly to the Hi-Z end of L1. A dual-gate MOSFET 
provides pre-amplification and impedance matching 
for the rod. Pre-amp output is transformed to 50 
ohms through a broadband transformer. The longer 
the rod antenna, the more broadband the response. 
On 20 meters, a 2-foot (60-cm) rod allows coverage 
of the entire phone band. On 75, a 4-foot (120-cm) 

The completed receiver can be packaged to suit the builder. rod covers around 50 kHz. The antenna and pre-amp 
This 20-meter version features a signal-strength meter and a 
built-in voltage probe antenna system. The illuminated fre- can be mounted in a receiver case, or remoted from 

quency pointer is an LED that has been filed to shape and the exterior of a structure or vehicle. 
polished. Finally, fig. 5 shows a simple regulator and pilot 

FL-I (SEE TEXTJ 

so 0nw 

PRODUCT DETECTOR 

fig.lA. Main receiver board schematic. 
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. . . . . . .  ALPHA 76PA 51690.00 
. . . . . . . . . . . . . .  BENCHER ZAlA -17.00 

. . . . . . . . . . . . . . . . . . . . . . .  ZA2A. .21.00 
SAMS CB Photofacts (stock only) .2.00 
TENTEC 2591 Handie Talkie . . 279.00 

. . . . . . . . . . . . . . . . . .  Corsair.. 1025.00 
..................... Argosy 519.00 

AMPHENOL PUS9 silverplate.. . .  1.25 
. . . . . . . . . . . . . . . . . . . . . . . . .  UG 176 .30 

. . . . . . . . . . .  I .... . . . . . . . . . . . . .  
831J double female. .2.00 
82-61 N male .3.00 

ALPHA DELTA MACC 
Transnra~r . . . . . . . . . . . . .  -10% rtock I 

VALOR l i 4  + 518 Mag M w n t  
2M Ant . . . . . . . . . . . . . . . . . . . . . .  .25.W 

BUGCATCHER All-band ant coil .45.00 
S~ngle-band coils ............ .39.00 

JANEL, WEU, SHERWOOD, 
FOX TANGO.. . . . . . . . . . . . .  . . lo% OH 

................. DRAKE TR5 599.00 
............... SANTEC STIT 230.00 

SIGNAL ONE Milspec 1030 . . 4995.00 
. . . . . . . . . . . . . . . . . . .  AEA MM2 149.00 

CK2. .  . . . . . . . . . . . . . . . . . . . . . .  129.00 
. . . . . . . . . . . . . . . . .  KT2lKT3 99.00 ea. 
. . . . . . . . . . . . . . . . . . .  HAL ST6K 229.00 

TOKYO HVPOWER 
HC200 Tuner . . . . . . . . . . . . . . . .  .89.00 
HC2000 Tuner . . . . . . . . . . .... 289.00 
HL10160V Amp ............. 289.00 
HL30160V Amp . . . . . . . . . . . . .  249.00 

. . . . . . . . . . . . .  KDK 2030 2MFM 259.00 
SANTEC ST144uP.. . . . . . . . . . .  279.00 
ST440pP . . . . . . . . . . . . . . . . . . .  289.00 
ST7T.. . . . . . . . . . . . . . . . . . . . . .  230.00 

MAXON 49s 
TX FM Headset Vox . . . . . . .  39.95 ea. 

. . . . . .  SHERWOODlWEU 10% OH llst 
....... ROCKWELL KWM380 3995.00 

COAX SEAL. QSL holder.. . . . . . .  .2.00 
BENCHER ST2 

. . . . . . . . . .  Chrome s~ngle lever .45.00 
........... BIRD 43 8 elements Stock 

JERSEY SPECIALTY RG213 . .290lfl. 
. . . . . . . . . . . . . . . . . . . . . . .  RGUX i4a.n. 

. . . . . . . .  450 ohm open wire.. 200llt. 
. .  AMPHENOL PL259 silverplate.. 1.25 

VAN GORDON Dogbone insulator 500 
WORLD RADIO N handbook .. .17.50 

. . . . . . . . . . . . .  VIBROPLEX 10% OH list 
BELDEN CABLE 9258 RGBx . . 190lfl. 

. . . . . . . . . . . . .  8214 RG8 foam 400lfl. 
. . . . . . . . . . . . . . . . . .  8237 RG8 360lfl. 

8235 300 Ohm kW twinlead . . 200lfl. 
. ... 8000 14 Ga. stranded ant. 12Clfl. 

. . .............. 8267 ~ ~ 2 1 3  49eln. 
. . . . . . . . . . . . .  8448 rotorcable 29Clfl. 

9405 heavy rotor cable ...... 490lfl. 
. . . . . . . . . . . . . . . . . . . . . . .  9888 700lfl. 

PARTS 
TCG 2.5~11000 PIV epoxy d~ode  19C 
Sprague 500 pF130kv 

. . . . . . .  doorknob capacltors.. .18.00 

. . . . . . . .  1000pF/500V Feedthru .1.95 
CDE 001 120kV . . . . . . . . . . . . . . .  .1.95 

........... 6"x9" copper board .2.00 
Res~stors 114. 1 /2, 1, 2 Watt . lOC ea. 

. . . . . . .  Caps to 1 MFD, 1 OOV ,250 ea. 
USED - Subject to prlor sale 
COLLINS 75A4.. . . . . . . . . . . . . .  295.00 
75S1 . . . . . . . . . . . . . . . . . . . . . . .  200.00 

. . . . . . . . . . . . . . . . . . .  32S1 IAC 350.00 
. . . . . . . . .  DRAKE TR4CIAC4.. 395.00 

RV4C . . . . . . . . . . . . . . . . . . . . . .  100.00 
. . . . . . . . . . . . . . . . .  ALPHA 374 1200.00 

. . . .  KENWOOD TS520S (gem). 395.00 
RF POWER LABS 

. . . . . . . .  A 1000. C 500X demos 995.00 
. . . .  COLLINS KWS1175A4 parts.. Call 

. . . . . . . . . . . . .  7551 132S1 Parts.. Call 

COMPUTERS 
PACKAGES 
# I  AEA CP1. VIC 20 Computer. Kantronics 
Hamsoft, with cables to fit your radioS325.00 
#2 Above Package 
with Kantronics Hamtext ........... 375.00 
#3 MFJ 1224, Kantronics Hamsoft. VIC 20 
Computer, and cables for your radio 225.00 

AEA AMTOR + CW Receive.. ....... 579.00 
...................... IRL FSKSOO.. 269.00 

............ FSK 100011020A AFSK .575.00 
.......................... AEA CP1 199.00 

........... KANTRONICS interface.. 139.95 
MFJ 1224 ........................... 79.95 

10% off on Software in Stock 

YAESU 
FT980 Transceiver 

w 
3 

. . . . . . . . . . . . .  (Best receiver in HF). 1299.00 
.............................. FT77 499.00 

........................... FT726R 699.00 
accessories in stock 

. . . . . . . . . . . . . . . . . . . . . . . . . .  FT208RA 269.00 

SSTV ROBOT 
. . . . . . . . . . . . . . . . . . . . . . .  800 (I~m~ted) 447.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  1200C. 1139.00 
. . . . . . . . . . . . . . . . . . .  450C/800C each 789.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  400C Kit 469.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  800C Kit 1 55.00 

ANTENNAS 
DB+Enterpr~ses 2 element QUAD 

. . . . . . . . . . . . . . . . . . . . . . . . .  In stock $275.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  HF6V 125.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  2M CV-5 39.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  6BTV.. 139.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  G7 144 108.00 

. . . . . . . . . . . . . . . . . . . . . . . . .  TH7DXS.. 369.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  7-10 Kit .79.95 

. . . . . . . . . . . . . . . . . . . . . . . .  Explorer 14 279.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  HD73 99.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ham4 199.00 

. . . . . . . . . . . . . . .  BBW AV25 10-80 vert .85.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A3 219.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A4 289.00 

. . . . . . . . . . . . . . . . . . . . . . . . .  V2S Oscar. .39.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  435 16TB .58.00 

. . . . . . . . . . . . . . . . . . . . . . . .  144-20Ttwist 74.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ARX2B .38.00 m@m@ \. HG52SS Hygain/Telex 52' self supporting 

\, \ . 
crank-up tower to hold 9.5 sq A at 50 mph 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
Rotator mount inside top section. Nested ht 
20.5feet 939.00 

Big LCD Clock 
GMTlLocal lwln display. $369.00 

easy-to-read display 

( 6" h~ghl 
Baner~es lncluded 

$29.95 . $1.50 shlpplng 

I 
HAM TAGS 

$12.95 ' 
I $1.50 sh~pplng 

TENTEC 2591 
Handie Talkie DON'S CORNER: Our Hurr~cane Allc~a left us wlth a 

batch of wet antenna boxes (usable antennas inside). 
One of the w~ndows blew out rtght over the antenna 
department. Take the lowest nationally advert~sed 
Drlce you can f~nd, deduct 20%. add su~table shipplng 
or call us with your chargecard 8 we'll check stock for 
you. Items are subject t ipr ior sale, but wegot a bunch 
of them! 
We have a great Ilne-up of repalr techs. The crew 

V looks llke thls: 

N~~ ~~~i~~ price Tech Ul Kenwood. Icom, Yaesu VHF-UHF + the new 

FT-757 digitals 

$829.00 Retail Tech #2 Older tube Kenwoods. Yaesus and older 
transistor HFs 

General coverage receiver. CW filter, AMIFM Tech 13 Drake. C lines. Swan. Galaxy. Tempo 

Module, Microphone, Full break-in CW. Keyer Tz:E 9; ~ ~ ~ $ ~ ~ ~ ~ ~ ~ 0  ALPHA 
FC757 Automatic Antenna Tuner Madislonote: The first Saturday of each month we 
FP757 AC Supply have a sldewalk sale. Bring your surplusand try to sell 

Available shortly ~t to fellow amateurs. 

1508 McKlNNEY *CALL FOR QUOTES 
We stock what we advertise, and much more. 

HOUSTON, TEXAS 77010 713-658-0268 1-800-231 -3057 I TOLL FREE-ORDERS ONLY 
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NORESS COAX A S  CLOSE TO BOARD 
AS POSSlBLC 

fig. 1B. Parts layout for main receiver board. 

LED circuit. The LM-7812 holds the operating volt- 
age at 12 volts, protects the modules from damage, 
and keeps noise out of the system. 

construct ion 
The entire receiver chain, RF amplifier through 

audio, is contained on one main circuit board. Be- 
cause oscillators require shielding, they are built sep- 
arately. Optional circuits such as the regulator and 
antenna pre-amp are also separate, since some build- 
ers may choose to omit them. 

Original artwork for my boards was prepared on 
transparent acetate stock using Radio Shack rub- 
ons. Boards were prepared with the General Cement 
positive developer system and pre-sensitized board. 
You can use this same system by applying lift-film to 
pull the board patterns from this article. Pre-etched 
boards are also available from Radiokit.= 

Component density is fairly high on all of these 
boards. Miniature parts should be used wherever 

ATTEN 
-20.3- G O  

OFF 
MI 

possible to prevent crowding. Choosing small tanta- 
. 

lum audio coupling capacitors,  OW voltage by- Good things can come in  small packages. This 75-meter net 
passes, 114- or 118-watt resistors, and compact elec- monitor is almost dwarfed by its AC adapter. 
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I R.F. Power ~onitoring 

I M Suppressic 

.- 
Recc eiver IC 

The Problem Solvers 

Duplex Bandpass, Pass-Reject 
and Notch,Cavity Filters 

Transmitter Combining 
150 - 900 MHz 

*COMPLETE SYSTEM ENGINEERING ASSISTANCE* 

TELEWAVE, INC. Y 
2166 OLD MIDDLEFIELD WAY, MOUNTAIN VIEW, CA 94043 - r 

(41 5) 968-4400 TWX 91 0-379-5055 
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trolytics will result in attractive and uncluttered 
boards. Shielded and unshielded wires should also 
be small in diameter and flexible. Most components 
are available at Radio Shack stores or by mail-order 
through Radiokit.@ I reduced construction~costs con- 
siderably by drawing on a parts inventory built from 
junked circuit boards and surplus grab-bags. 

Coils are much more difficult to prune after they 

t I L V O  - 

5.9 

MAIN 
TUNlNB b 

E.np( a8 hldkSM 4.slMl 
n l u n  of u p w n a n n  en In mkm- 
land. CFk othen an In W1.r. 
N s  (pFk mrsl.ne.. am In ohm* 
k - 1 . w  M - I.OW.Lx.3 

fig. 2A. VFO board schematic. 

are installed on the circuit board. For that reason, all 
tuned circuits are wound, tacked together with 
solder, and checked for resonance with a grid-dip 
meter prior to actual board construction. A length of 
hook-up wire is used to link-couple the grid-dipper to 
the toroids. Each tuned circuit is then marked and set 
aside for later installation. 

Oscillators are constructed first, since they are 
needed to test the main board. Special attention is 
given to mechanical stability, especially while con- 
structing the VFO. Cement firmly in place anything 
that can move or vibrate. Upon completion, check 
for oscillation and proper output level. 

When selecting a VFO main-tuning capacitor, look 
for a "ball-bearing" type with a good vernier drive 
(either built-in or added on). Variables and vernier 
drives are available from several sources including 
Radiokit and BCD Electro.' Select fixed capacitors 
for the VFO tank with the main tuning capacitor 
mounted in the receiver case. This provides mechan- 
ical stability during component substitution. Values 
for C1, C2, and C3 are juggled until the desired tun- 
ing range and dial linearity is obtained. During this 
process, a frequency counter and pocket calculator 
are very helpful. The counter provides an accurate 
measure of the oscillator frequency, and the calcula- 
tor adds and subtracts the IF frequency to give the 
actual receive frequency. If a counter is not available, 
a good general coverage receiver will suffice. 

POSITION FOR EXTRA 

I 

+ M(dr.scnok-nd. .k .d  
I""l"Q nnp.. A b.*.bnrlag nr.l"l Irm 

c.p.cl10r Is p1.1.ll.d. 
T i  4:I b,o.db.nd tr.nslornnr:prtmarl. 78 bms 

NO. 28 on FT37 43 core; s ~ o n d ~ w .  5 turns No. 28 
55.5 MHz vFO r.np.llOn0 mel.rr. 9 MHz 1.1) 
Cl.C3 1 combtned r,lue of ,pproxlm.l.Iy 1 2 t P f  
L1 mlurns No. 28 on 750.2 core. lapa lutns 

from proundsnd 
50153.545 MHz VFO t,np~(IOnnl.n.455kHz).O 
C l  C3 A ~omb!ndr.lu.of .llpm~lmaWyZZDpF 
L l  35 lurns No. 28 on 750 2 core; 1.p 9 lurnl 

from proundsnd 

I fig. 28. VFO board and parts layout. 
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CRYSTAL 0 0 1  
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4v P.P 

5 - 6 0  look 

0 
fig. 3A. 455 kHz BFO board schematics. 
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After final installation of all freauencv determining -. --..-- = 
" 

components, mount the VFO board in place and 
mark dial calibrations on the front panel. While full 
shielding of the VFO is desirable, this may be difficult 
in cbmpact packages like the "Micro-75" shown in 
the photo on page 13. In practice, some VFO leakage 
does not appear to degrade performance. 

Construction of either BFO board is simple. After 
assembly and testing, a "can" or small box is con- 
structed to shield the board. Unlike the VFO, the 
BFO must be fully shielded to prevent birdies and 
common-mode detector noise. Tin flashing, two- 
sided board, or aluminum all make good boxes. Two 
shall holes are needed for the leads, plus an access 
hole for tuning the trimmer. Install the shielded BFO 
in the receiver case. 

CI 8 lpF  ma" b. mqutr.d lo pull o.clllllor lo 
451 6 1M1 Add ID lorlsld6 01 1h6 board 

RFC IOmnm8nr.lurschoke.J W MtI1.r 7OFIO2Al 
of equ~wbnl 

~r1~1.1 Radla Ch'cb 455 hnzc.ramrc ,.son.I~,(272 1303) 

fig. 38. Ceramic resonator 455 kHz BFO. 

RFC 1 mMmlnhlumehol.. J.W. Y l M r  mFlOIb1 
0, .9UI..l."l 

CRSI~I  ~ O P F  1-0 c.~.cII.~.. mhlafumwmw 

fig. 3C. Crystal oscillator BFO. 

Since the main board is more complex than the 
others, it is constructed one stage at a time. Start 
with the audio and AGC sections, and work back to 
the RF amplifier. This keeps the process orderly, and 
allows stage-by-stage inspection. It also leaves in- 
stallation of vulnerable toroid inductors until last. 

A number of frequency plans are possible for this 

With the exception of the oscillators, all receiver circuitry is 
contained on the main board. Interconnecting leads for the 
speaker, volume control, and DC power are salvaged rain- 
bow-wire. 

receiver. Here are some construction tips for the two 
versions I have built. 

The "Micro-75" receiver is based on a 455 kHz IF. 
Most 455 kHz designs use a mechanical filter. A 1: l  
input transformer and a 2.2 K value for RF  matches 
most of these devices. If external resonating capaci- 
tors are required, install them at the filter. A data 
chart for most Collins filters appears in current edi- 
tions of the ARRL Handbook. T2 can be any minia- 
ture 455 kHz can. Avoid using the 455 kHz IF above 
40 meters, since insufficient image rejection will be 
available at the higher frequencies. 

The 20-meter portable uses a 9 MHz IF. High-fre- 
quency IF'S generally employ a crystal filter. This re- 
quires a 4:l input transformer and a 300 to 800 ohm 
output termination. When termination numbers are 
not available, use a 560 ohm resistor for RF. For 
transformer T2, use any 10.7 MHz miniature can and 
add 15 - 22 pF of padding to lower the resonant fre- 
quency. This capacitor can be installed beneath the 
board on the extra set of pads provided for this 
purpose. 

Coil data is supplied for 80- and 20-meter opera- 
tion. For operation on 40.30, and 15 meters, a survey 
of other receiver articles will provide LC values close 
enough to get started. The T37-2 forms are quite 
small. Preparing the 20-meter inductors is easy 
enough, but concentration and a steady hand are 
needed to wind the 75-meter versions. I used No. 36 
wire for these because it was available, but there is 
room on the form to substitute No. 34. All toroid 
coils and transformers are glued to the board after in- 
stallation to prevent excess movement and lead 
breakage. Note that the 100 pF padding capacitors 
are installed for the 75-meter front-end only. 

Oscillator inputs and mounting pads for resistor 
RD require solder-pins on the top side of the board. 
(Small flea-clips or discarded resistor leads are fine 
for this purpose.) After all components are mounted, 
wires for interconnections are installed. Cut all leads 
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Total shielding of the VFO may not be possible in small 
packages like this one. This does not seem to degrade per- 
formance. The BFO should always be fully shielded. Note 
the bandpass filter mounted on the rear panel to save inte- 
rior space. 

on the long side to facilitate dressing during final 
assembly. Ground-loops are always a possibility 
when modules are interconnected. To prevent this, 
ground shielding at one end only. 

receiver check-out and alignment 
Final assembly can begin after the main board is 

completed. In my prototypes, the bandpass filter is 

P R E - A Y P I Z  MATCH 
ANTENNA 4 0 6 7 3  

G Z  

G I  

BEAD 

rn 

INTERNAL 

Ernp l , 8  Indk.led, doclml 
v.1u.s 01 S~P.CII.I(C. a n  ln m lcw  
letads ("FA olherr a,. In plcola, 
ads IpFL r.rlr1.nc.a me In ohms 
h = 1 . m  M = 1 , m , m  TO 

+ 12v EXTERNAL FRONT- 
ANTENNA END 

fig. 4A. Voltage probe antenna board schematic. 

+12V 

ci imwmmmm,mundonmlM.n 
L1 S.N.. cormwndlnp L2 on mmln nselmr bwrd 
T i  6 1 lurns n l lo  broedbmd t n n s f o r m r ,  primary, 

18 lums No 28 on F 137 43 core sec0nd.r~. 3 turn8 

fig. 48. Parts layout for voltage probe antenna. 

externally mounted on the back panel of the receiver 
case. This saves interior space and eliminates the 
need to fabricate a mounting bracket. All jacks, the 
RF attenuator, gain control, and speaker are 
mounted prior t o  board installation. The board itself 
is mounted on short spacers with No. 2-56 hardware. 
Leads are then trimmed to length and connected to 
their destinations. 

Initial testing and alignment is quite simple. Con- 
nect a resistance substitution box or a calibrated 
5OK pot to the terminals provided for resistor "Rd". 
A value of 10K is fine for initial testing. Advance the 
receiver gain control to about 314 volume, and apply 
power to all three modules. A very soft hiss from the 
speaker indicates that no serious shorts are present. 
Adjust the "bias-set" for a resting AGC voltage of 
+ 4 volts, as measured at the top end of the potenti- 
ometer. Tune the IF through its range,. looking for a 
slight noise peak to indicate resonance. Finally, peak 
the RF amplifier. If everything is working and the 
band is open, the receiver will come to life. RF trim- 
mers should show two signal-peaks as they are ro- 
tated through 360 degrees. This confirms that reso- 
nance is within the trimmer range, and not off to one 

The main board, two oscillator boards, and a bandpass filter 
are the basic modules required to build one of these receiv- 
ers. Interconnecting wires are salvaged rainbow-wire and 
mini-audio cable. 
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side. Stagger tune the RF stage to provide even sen- 
sitivity across the entire tuning range of the radio. 

To determine the correct value for RD, tune in an 
extremely strong signal and vary the resistance until 
AGC action is smooth. Too much AGC produces 
overshoot. This is a condition where the AGC over- 
responds, producing a "pumping" effect. Too little 
AGC allows the audio amplifier to go into distortion. 
The best value should fall somwhere between 10K 
and 50K. Install the nearest standard-value resistor. 

This design has one quirk that might cause alarm 
d;ring the testing phase. Extremely strong signals 
will sound fuzzy at low volume, yet miraculously 
clear up when the gain is increased. This is because 
AGC is derived from the audio output, and the 
AGC's ability to control the IF is pre-empted by the 
manual gain control at very soft listening levels. Fuz- 
ziness at low volume indicates overloading. A 20-dB 
RF attenuator is included in the receiver-chain to cor- 
rect this condition. In practice, it becomes second 
nature to switch in the attenuator when the band is 
open and signals are strong. 

options 
The most important addition is the regulator circuit 

described earlier in fig. 5. This provides cheap insur- 
ance for a project well done, and cleans up dirty 
power sources like automotive electrical systems and 
inexpensive AC adapters. Since these are the 
sources I use most often, both of my receivers are 
regulated. Mount the LM-7812 on the interior of the 
back panel, and use the positive output lead as a tie 
point for all of the module power leads. If hum per- 
sists with your AC adapter, it could be that the ripple 
is dipping .below the regulating range of the LM- 
7812. If this happens, install a 10-ohm resistor in 
series with adapter's plus-lead or get a new adapter 
with more output voltage. 

- 
ATTEN 

GAIN AGC .' 

I 

MICRO 7 5  

Simplicity of design is reflected in the front panel of this 75- 
meter net monitor. In place of a signal-strength meter, an 
LED peak-indicator illuminates at full audio output to indi- 
cate AGC action. 

UNREGULATED 
VOLTlOE 

INPUT 
REOULATED 

35v 

fig. 5. Regulator schematic. 

The optional meter circuit shown in fig. 1 is not a 
full blown S-meter, but does measure relative signal 
strength. Almost any sensitive movement can be 
adapted to this circuit with the appropriate value of 
Rs. Use care while experimenting, since accidently 
grounding the AGC line destroys the 2N3906. 

The voltage probe antenna circuit is a great addi- 
tion when the receiver is going to be taken along as a 
portable. This circuit board is mounted inside the 
cabinet of my 20-meter prototype and connected to a 
short collapsible whip that extends through the top 
of the case (the 75-meter receiver uses one as an ex- 
ternal accessory). The pre-amp components are very 
similar to those used in the receiver front-end, and 
the same techniques apply for construction. A DPDT 
switch on the back panel applies power and brings 
the pre-amp on line for portable use. The antenna 
trimmer is accessible through the back of the cabi- 
net, since peaking is quite critical and may require re- 
adjusting from time to time. (It's a thrill to  hear VK's 
and ZL's rolling in on a 2-foot [60 cml whip while sip- 
ping coffee at the kitchen table!) 

conclusion 
This is a very functional receiver design, easy to 

construct from available parts. The unusually flexible 
circuit allows selection of alternate frequency-plans 
without board modification. Many of the features 
one would expect to find in a full-sized communica- 
tions receiver are included. 
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A fresh idea! 
Our new crop of tone equipment is the freshest thing growing in the encoder/decoder 
field today. All tones are instantly programmable by setting a dip switch; no counter 
is required. Frequency accuracy is astonishing +.I Hz over all temperature extremes. 
Multiple tone frequency operation is a snap since the dip switch may be remoted. 
Our TS-32 encoderldecoder may be programmed for any of the 32 CTCSS tones. 
The SS-32 encode only model may be programmed for all 32 CTCSS tones plus 
19 burst tones, 8 touch-tones, and 5 test tones. And, of course, there's no  
need to mention our one day delivery and one year warranty. 

a k- -' COMMUNICATIONS SPECIALISTS 
426 M c.\l Tat'[ A \ c ~ l u e ,  Orange, California 92667 
(800) 854-0547 /California: (714) 998-3021 

HE4 SS-32 $29.95, TS-32 $59.95 



And you can see it-in color-again and again 
when you own the N2NY Ham MasterTapes. 

Ever see a cap discharge in slow motion? You will on The N2NY Ham MasterTapes give you a basic 
Ham MasterTapes. Ham MasterTapes can perform the grasp of concepts that build theory background-not 
dozens of complicated demonstrations necessary for a only for passing the FCC tests, but for understanding 
beginner's understanding of Ham Radio Theory. electronics. 

Finally, a step-by-step course in Ham Radio Theory The hobby has long needed better, clearer, high- 
is available on color videotape. The Larry Horne N2NY tech teaching aids to help newcomers into our wonder- 
Ham MasterTapes video course is a unique, effective ful world of Ham Radio. 
teaching technique expertly produced by New York's These six-hour tapes cover completely all the ma- 
leading professionals in studio and field videotape. terial needed to understand Novice and TechIGeneral 

Video Graphics highlight important details. Theory and operations, and include the new 200-ques- 
Carefully worked-out demonstrations on video avoid tion FCC syllabus used beginning September 1983. 

the problem of getting complex gadgets to work on Only $199.95. Order direct and specify Beta or VHS 
command in front of a class. format. Call or write: Larry Horne, N2NY or 

Working examples of every ham Virginia Hamilton, N2EGJ at 
radio component, device, or system Ham MasterTapes 
covered in the FCC guide can be 136 East 31st Street 
clearly understood. # 148 New York, N.Y. 10016 212-673-0680. 
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designing 
a modern receiver 

Achieve high performance 
through careful selection 
of LO and IF frequencies 

using IMD charts 

Mos t  general-coverage receivers have, up till 
now, been designed around commercially available 
IF filters. The popular 9 MHz approach performs well 
but exhibits a variety of internally generated spurious 
products when used in a general coverage mode. 
The chart in table 1 shows some of these products 
and how they impact on received frequencies. (Prod- 
ucts produced in the premixing schemes of local os- 
cillators have not been considered in this example.) 

While the design trend has been to use up-conver- 
sions with first IF'S higher than the highest frequency 
to be received (typically 35 percent higher for im- 
proved image rejection), performing a system design 
for the frequency scheme of a multi-conversion re- 
ceiver has been considered a complicated mathemat- 
ical analysis beyond the ability of the average Ama- 
teur. This need not be so; this article provides the 
reader with the tools necessary for understanding the 
design process more fully. 

In a receiver, mixers provide undesired output 
products in addition to their sum and difference fre- 
quencies. These products are called intermodulation 
products. This phenomenon is complicated by the in- 
creased front-end bandwidth requirement referred to 
as general coverage as well as by the IF bandwidth 
requirement. If a multi-mixer situation exists, such as 
in a multiconversion receiver, the problem is further 
aggravated, as initial unwanted products from one 
mixer combine with those of another, creating a mul- 
titude of "birdies" (unwanted interference that 

sounds like the whistling of a bird) at the final IF out- 
put. Regardless of whether a receiver is dedicated or 
general coverage, the problem of intermodulation 
products has to be carefully understood and weighed 
against system parameters so that the fewest possi- 
ble "birdies" are internally generated and heard with- 
in the passband of the receiver. 

predicting IMDs 
Let's look at some analytical tools the system de- 

signer uses to determine these products. Assume 
we're going to design a fixed-frequency receiver for 
70 MHz (fig. 1). With a local oscillator of 90 MHz, the 
receiver will have a first IF of 160 MHz using an up- 
conversion mixing technique. (The second conver- 
sion of this receiver is not discussed here in order to 
simplify this case.) To use the mixer product chart 
(f ig. 2) normalized frequencies must be calculated. 
Dividing the design frequency by the local oscillator 
frequency generates the first normalized number: 

Dividing the first IF by the local oscillator frequency 
generates the second normalized number: 

With this information and the mixer product chart, 
find the locus point (the intersection of a system of 
lines which satisfies one or more given conditions) 
for the two ratios, as shown in fig. 3. The chart in 
fig. 2 shows all products produced not only by the 
fundamentals, but also by multiples of the signal and 
oscillator frequencies present in the mixer stage, and 
correspond to the second, third, fourth, fifth, and 
sixth harmonics of the two mixed signals. 

By Cornell Drentea, WB3JZ0, 7140 Colorado 
Avenue North, Brooklyn Park, Minnesota 55429 
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The order of the product is determined by the 
sum of the harmonic orders involved. For example, 
5f1 + 2f2 is a seventh-order product (regardless of 
the mathematical operation involved) because it in- 
volves the fifth harmonic of fi combined with the 
second harmonic of f2. Higher-order products are 
also present, but they are usually of a sufficiently low 
level so as not to cause problems. Any line that 
crosses the locus point corresponds to a product 
which is identified on the edge of the chart. 

Cf = I 6 0  MHz 

- -EldB 

ANTENNA 
7 0  MHz I F , )  

-- -90dB 
DESIGN REQUIREMENT LL 170 MHz 

I LOCAL 1 
OSCILLATOR 

fig. 1. Finding in-band intermodulation products dic- 
tates choice of IF center frequency as well as the shape 
factor of the IF filter, in order to meet system require- 

Values of f1 and f2 can be substituted and the inter- 
ference can be anticipated and avoided. If the locus 
point is examined closely, one can be assured that 
there are no in-band products in this case, but ana- 
lyzing the areas adjacent to the locus point indicates 
some out-of-band spurs (spurious, unwanted prod- 
ucts) which will have to be suppressed by the IF filter 
to the level specified in the requirement. By knowing 
their order (given by the chart), their predicted ampli- 
tude can be found (in our case, 170 MHz). The 
seventh and ninth-order products (5f1 - 2f2 and 
5f2 - 4fi) are predicted to be 81 dB below the IF 
level (typical manufacturer prediction). The IF filter 
will have to provide 9 additional dB of attenuation at 
170 MHz to accomplish a system requirement of 90 
dB as shown in fig. 1. A simpler method of finding 
these products can be achieved by using the charts 
in tables 2 and 3. The chart shown in table 2 is for 
mixers used in an additive mode (B + A )  where A and 
B are the mixing frequencies and B > A .  The chart 
shown in table 3 is for mixers used in a subtractive 
mode (B - A )  with the same conditions applying. If 
using the same example, and substituting fi for A 
and f2 for B, the same ratio can be obtained. 

We then use table 2, since the mixer in our example 
operates in the additive mode, and find the corre- 
sponding products as indicated in fig. 4 (5A-2B and 

table 1. Examples of spurious frequencies present in receiver using 9 MHz IF. 

ments. 5B-4A). If the numerical values of A and B are insert- 
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ed in these formulas, the same resultant values can 

OPERANWC 
FREQUENCY 

MHz 

3.0025 
3.6030 
5.4035 
6.0033 
9.0025 

11.2550 
12.0050 

13.5000 
14.99916 
18.0000 
20.9975 
2 1.5970 
23.3965 
23.99067 
25.1960 
26.9975 
29.2450 

LOCAL 
OSClUAIOR 
f'REQUEMCY 

MHz 

12.0025 
12.8030 
14.4035 
15.0033 
18.0025 
20.2550 
21.0050 

4.5000 
5.9991 6 
9.0000 

1 1.9975 
12.5970 
14.3965 
14.99667 
16.1960 
17.9975 
20.2450 

BFO 
FREQUENCY 

MHz 

9.0025 
9.0025 
9.0025 
9.0025 
9.0025 
9.0025 
9.0025 

8.9975 
8.9975 
8.9975 
8.9975 
8.9975 
8.9975 
8.9975 
8.9975 
8.9975 
8.9975 

LOWEST ORMR 
S W W a J S  
mODm 

EQUAL TO i-1 

3L03BFO 
5LOaFO 
5LO-7BFO 
3LO-4BFO 
LO-BFO 
4L0.8BFO 
3LO-6BFO 

2LO 
3LO-BFO 
LO 
3L03BFO 
5L06BFO 
5L07BFO 
3L04BFO 
5LWBFO 
LO-BFO 
4LWBFO 

4 

TYPICAL 
CARRIER LEVEL (CLV) FOR 1 0  dB S+N 

H 

S W R I W S  FREQUENCY 
TYPICAL . 

2.0 
2.0 
6.0 

30.0 
Recetver Blocked 

8.0 
300 for 3dB a 

N 
Rece~ver Blocked 

8.0 
R m v e r  Blocked 

0.5 
2.0 
8.0 
2.0 
4.0 

30.0 
6.0 

J 

ADJACEMT FREQUENCIES 
MAXIMUM W C A L  
0.3 
0.3 
0.3 
0.3 
0.4 
0.4 
0.4 

0.5 
0.5 
0.5 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

0.3 
0.3 
0.3 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 



be obtained with this method, which is usually pre- 
ferred. If this receiver were not designed for a fixed 
frequency, you can imagine what a job it would be to 
evaluate all the higher-order products generated by 
using this method. 

computers speed the analysis 
Today, computer programs are used successfully to 
help designers anticipate potential problems. In our 
example, a TI-59 programmable calculator is used to 
perform this tedious task. (A program listing is in- 
cluded in table 4 for those wishing to work out their 
own problems.) 

This program finds all combinations of (m x LO) 
+ (n x RF) and prints those frequencies that fall in 
the center of the IF by actually indicating "IF" in the 
printout. Those frequencies that fall within the pre- 

determined IF bandwidth but are not exactly in the 
center are also reported in the printout by the indica- 
tion "BW" (fig. 6). The sample program in fig. 6 
shows how our 70 MHz fixed-frequency receiver may 
be analyzed using this method. If the 90 MHz LO is 
entered into the user-defined key A, the 70 MHz RF 
into B, the 160 MHz IF into C, and the IF bandwidth 
we wish to analyze into D (50 MHz), a report is ob- 
tained by depressing key E', indicating that we are 
ready to run the program with the entered data as 
shown in fig. 5. If a mistake occurred in the process 
of entering the information, new data can be entered 
by repeating the above process with no alteration to 
the actual program. We can now run our analysis by 
depressing key E. A complete list of products will be 
automatically printed as shown in fig. 6. The process 
takes approximately four minutes to analyze all cases 

fig. 2. Intermodulation products chart. 
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of m and n within the 50 MHz bandwidth. This may 
seem to be a long time, but not if we compare the 
time expended in manually searching the product 
chart in fig. 2. 

This program can be recorded on two magnetic 
cards. For those with a TI-59, table 4 shows the 
actual listing of the intermodulation products pro- 
gram. Partitioning (OP 17) is 479.59. Table 5 lists the 
procedures necessary for running the program. The 
amplitude of the undesired products identified de- 
pends on their particular order number (m + n). Most 
products of the seventh order or higher will be at 
least 60 dB down from the IF level, and are usually 
not considered to cause problems. Unless different 
instructions are entered, the program will automati- 

cally calculate all products to the twelfth order 
(6 x LO) f (6 x RF) (no user inputs to A'  and B' are 
required). If a different resolution is desired, the two 
keys should be addressed accordingly. The execu- 
tion time of this program is a direct function of the 
product order and the IF bandwidth required by the 
user. 

a system design for a general 
coverage communications receiver 

In the following pages we will consider a system 
design for a general coverage HF receiver with a wide 
input bandwidth (28 MHz). Unlike the dedicated sin- 
gle frequency receiver analyzed in the above, this 
wideband receiver presents a considerably more 
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f i r n  
fig. I .  The intersection of the vertical and horizontal lines corresponding to  li and - (locus point of normalized fre- 

f 2  f 2  

quencies) indicates the in-band intermodulation products. The out-of-band spurious outputs that happen to  be in  the 
vicinity of the IF frequency can also be verified by looking at the products adjacent t o  the locus point. 

complex product analysis problem, because of the 
many different cases that could be created within the 
input bandwidth. The problem is further increased if 
a double-conversion approach is used, since prod- 
ucts generated in the first IF can multiply in the sec- 
ond IF. The designer should use good judgment in 
the initial choice of frequencies, since no computer 
or chart can take the place of good engineering pro- 
cedures. 

The design objectives are a communication receiv- 
er covering 2 to 30 MHz, with good image rejection, 
having a minimum of unwanted products. Looking at 
fig. 7, a double conversion approach is considered 
with an up-conversion first IF compatible with com- 
mercially-available monolithic crystal filters at 75 
MHz. A phase-locked synthesizer used as the local 

fig. 4. The same results can be obtained as w i th  our 
previous example by using the intermodulation chart 

A 
from table 2. Ratio = 0.776' which points t o  a 7th 

and 9th order product (5A-2B and 5B-4A). 
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............................ .................................. BBLT440.. 24" THF 130S 
HLM .................................. 13OS UHT-1 ................................. .BgS 

1 2 Meter Antenna $8 95 w/3/8 x 24" Threaded Base - 
3dB gain 
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TC1109 16mm F1.6 Lens 
TC1501 EEMl Wallmount for Camera $2980° 

WAHL SOLDER STATION WAHL CORDLESS 7700 
7 Watt DC Qu~ck Charge 
with Adjustable Cordless Iron $2500 
Temperature Control w ~ t h  Charger 

TOP BRAND Popular Receiving Tube Types FACTORY BOXED 75/8O0Io OFF LIST 
SEMI-CONDUCTORS I- TUBES RF CONNECTORS 

MRF24515D1416 $30.00 
MRF 454 $1895 
MRF 455 $12 50 
MRF644/5D1088 $19 95 
2N3055 $ .95 
2N6084 $12.50 

MINIMUM ORDER $25.00 ALLOW $3.00 MINIMUM FOR UPS CHARGES 

COMMUNICATIONS, INC. 

PL 259 10154 95 
PL 258 10/$8 95 
UG1751176 10lS1.60 
UG 255lU $2 50 ea. 
UG 273lU $2 25 ea 
M358 $2 50 ea. 
M359 $1.75 ea. 
Type "N" twlst-on 

(RGBIU) $4.75 

DEALER INQUIRIES INVITED m I-I 
2115 AVENUE X BROOKLYN, N.Y. 11235 

800-221 -0860 21 2-646-6300 TWX235125 

More Details? CHECK-OFF Page 118 ,/ 125 November 1983 29 



oscillator for the first mixer must be tunable in 10 kHz ceiver. An RF signal within a 2.000 to 30.000 MHz 
steps over this range. Fine tuning is achieved in the range is injected into the first mixer, where it sub- 
second conversion stages with another synthesizer tracts from the first local oscillator frequency and 
which provides frequency resolution of 100 Hz within 
the 10 kHz steps. table 5. User instructions for the TI-59 intermodulation prod- 

ucts program. 
A 9 MHz second IF was chosen because of the 

availability of good crystal-lattice filters at that fre- 
quency. Two sideband filters are used in this IF. The 
system will be analyzed using the previously describ- 
ed charts; the TI-59 computer program will be used 
to perform the calculations. 

Fig. 8 shows the mathematical model for this re- 

CONDITIONS 

6. x LO 
6. x RF 

90. LO 
70. R F 

160. IF 
50. B W 

fig. 5. Depressing Key E '  will print out all conditions 
entered by the operator. 

STEP ocscmmo~ tm mas 
1 Input me h ~ g h r t  LO harmonic of m A' 

interwt* 
2 Input me highest rf harmonic or 

interest* n 8' 
3 INPUT LO FREQUENCY LO A 
4 INPUT rf FREOUENCY rf B 
5 INPUT i-1 FREOUENCY 1-1 C 
6 INPUT BANDWIDTH BW D 

Centered at i-1 
7 PRINT CONDITIONS ENTERED E' 
8 RUN PROGRAM E 

Progam Rn6s dl comt4na60ns d mxLO + n x rf and 
frsquanaw met are equal to the i-f chosen (=i-f) and mose met lie M a n  
me i-I bandwldm (*BW). 

'If no input, a sixth order will be automateally analyzed. 

USER WINED KEYS 

A LO 
B ti 
C i-l 
D BW 
E RUN PROGRAM 
A ' m  
B ' n  
C' NOT USED 
[Y NOT USED 
E' CONDITIONS REPORT 

A 1 

table 4. Listing of the TI-59 program for intermodulation products. Partitioning is 479.59. 
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CONDITIONS CONDITIONS 

3. x LO 0. x LO 
6. x RF 2. x RF 

150. BW 140. BW 

2. x LO 1. x LO 
5. x RF 1. x RF 

170. BW 160. = IF 

5. x LO 2. x LO 
4. x RF 0. x RF 

170. BW 180. " BW 

4. x LO 
3. x RF 

150. " BW 

fig. 6. Depressing Key E on the TI-59 will run the inter- 
modulation product program within the specified con- 
ditions indicating the same problem areas 5RF-2L0 and 
5LO-4RF as previously determined with the intermodu- 
lation charts. Other problems are also indicated within 
the IF bandpass but are not considered in our example 
for reasons of simplicity. 

produces a 75.000 MHz IF. This local oscillator is 
configured as a synthesizer operating from 77.000 t o  
105.000 MHz in 0.01 MHz (10 kHz) steps. This dic- 
tates the bandwidth of the first IF to be 10 kHz mini- 
mum, from 74.995 to 75.005 MHz in order for the 
second local oscillator to be able to provide fine tun- 
ing in the second IF. A 75 MHz tandem monolithic fil- 
ter from Piezo-Technology Inc. can be used in this 

We will use the mixing product chart (table 31 for 
subtraction since our IF is 75 MHz, and find the en- 
tire band between RMIN and RMAX as shown in fig. 
8. Any product indicated within this band could be a 
potential problem for the corresponding received fre- 
quency. 

A look at the chart indicates a series of problems 
(7A, 6A, 5A, 4A, 3A, 28-5A, with the worst one at 
3A). If the TI-59 program is used, we can verify this 
case as shown in fig. 8. At first we can say that the 
third harmonic of one of the two mixing signals could 
be quite powerful and could indeed produce a prob- 
lem, but a closer look at the system indicates that the 
offending frequency A, is actually a received fre- 
quency and chances are very good that a distant 25 
MHz station has a level of insignificant third harmon- 
ic 175 MHz) appearing at the antenna of our receiver. 

The problem is further diminished by our receiver's 
preselector, which greatly attenuates at 75 MHz. The 
same conditions apply to the other products indi- 
cated by the chart. They present even a better case 
since they are further removed from the received fre- 
quencies. This is a case where judgment is more im- 
portant than all our tools, which are only used to 
warn of possible problems. 

The case would be different, however, if the B sig- 
A 

application. If RF = A and L O  = B, two ratios nal were the offender, as 38 would have been the 
third harmonic of the local oscillator, which can be of 

can be created: R minimum and R maximum. relatively high amplitude and cause interference. 

2 - 3 0  MHz 

SECOND 
IF 

F I R S T  F I R S T  

MIXER IF 

SWI TCHABLE Fc = 73 MHz 
PRESELECTOR BW: IOhHz 

b 

77 -10s MHz (13.995-84 0 0 5  MHz 9 . 0 0 0  MHz 
SYNTHESIZER SYNTHESIZER - 
IOkHx STEPS 100 HI STEPS BFO OUT 

t t 

FREOUENCV CONTROL 

fig. 7. Communications receiver block diagram. The first IF is75 MHz with a second IF of 9 MHz. A two-loop synthesizer is 
used to provide coarse and fine tuning. 

November 1983 31 



The filtered first IF range of 74.995 to 75.005 MHz 
is further mixed with the second local oscillator oper- 
ating in 0.0001 MHz (100 Hz) steps over the 10 kHz 
range of 83.995 to 84.005 MHz, providing fine tuning 
for the receiver. If RMIN and RMAX are found for the 
second IF a new band of interest can be located on 
our chart, as shown in fig. 8. 

Since the range to be covered is only 10 kHz, the 

band is very narrow and in reality is expressed by the 
same number (0.892) because the chart extends to 
only three decimal places. The IF is centered at 9.000 
MHz and its bandwidth is determined by the two sin- 
gle-sideband filters. For simplicity, the minimum 
corner frequency ( - 3 dB) of the lower filter and the 
upper corner frequency for the higher filter were 
chosen, determining a total bandwidth ( - 3  dB) of 
0.0051 MHz (5.1 kHz for both sidebands). Fig. 8 
clearly indicates that there is no problem except for a 
thirteenth order product which can be ignored. Since 
the band is so narrow and close to the 1.000 ratio 
which presents quite a few problems, the computer 

1 1 I I-F FREOUENCI = 8 - A  (CONDITION B>A)  11 

77.000-105.000 MHz 83.895-84.005 MHz 9.000 MHz 

FIRST LO SECOND LO 
8.9985!0.00105 MHz (-3d8I 

0.0001 MHz STEP 
BFO 

0.01 MHz STEP 

8,99745-8.9995s MHz PRODUCT DETECTOR 

fig. 8. System analysis for a double conversion, general-coverage communications receiver with a first IF at  75 MHz and a 
second IF at 9 MHz. 

SSB FILTERS 
0.00045-0.00255 

s w =  
28.000 MHz 

0 

2.000-30.000 MHz 

0.875 
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74.995-75.005MHz 9.0015 2 0.00105 MHz 

9.00045 - 9.00255 MHz 

FIRST i-f 
75.000!.005 

MHz 

A-EL) 

1.000 1 -1 !--I 
* 

CONDITIONS 

6. X LO 
6 X RF 

83.995 LO 
74.995 RF 

9. IF 
0 . 0 0 ~ 1  aw 

I. X LO 
I X RF 
9,  = IF  

CONDITIONS 

6 X LO 
6 X RF 

84.005 LO 
75.005 RF 

9 .  IF 
0.0051 BW 

I. X LO 
I X RF 
9.  = I F  

CONDITIONS 

6 .  X L O  
6 .  X R F  
9.  LO 

8.9985 RF 
0.0015 I F  
O O O Z I  BW 

I .  X L O  
I .  X R F  

0.0015 * I F  

CON01 TlONS 

6 .  X L O  
6 .  X RF 
9 LO 

9.0015 RF 
0.0015 I F  
0.0021 BW 

I X LO 
I X RF 

0.0015 = IF  



CONDITIONS 

7. x LO 
7. x RF 

83.995 LO 
74.995 RF 

9. IF 
0.0374 BW 

1. x LO 
1. x RF 
9. = IF 

fig. 9. TI-59 program indicates no intermodulation prob- 
lem in the second IF of the double-conversion commu- 
nications receiver. The - 60 dB bandwidth (0.0374 MHz1 
of the filters was used for a worst-case analysis. 

is used to completely insure safety. Unless othewise 
instructed, the program will not point out the thir- 
teenth product as it is programmed to only calculate 
products to the twelfth order. If the order is in- 
creased to 14, the computer will indicate that there is 
no case for a 7A-60 within the ratio range. 

In analyzing the second IF in fig. 8, a total band- 
width of 0.0374 MHz (37.4 kHz) is considered to in- 
sure complete freedom from intermodulation prod- 
ucts within the slopes of the 8-pole filters used in this 
IF (37.4 kHz is the -60 dB total bandwidth of the 
two filters), as shown in fig. 9. It can be seen from 
this analysis that the charts can be used only as a 
guideline. For a more in-depth analysis, the TI-59 
program or some other means of calculation must be 
used to obtain precise answers. 

Up to this stage no real interference problems have 
been encountered. The last conversion is from 9.000 
MHz f 0.00255 MHz to audio between 0.00045 to 
0.00255 MHz (450 Hz to 2.550 kHz) in both single- 
sideband filter cases. The conversion takes place in a 
third mixer (product detector), as shown in the ex- 
ample (fig. 10). 

These identical ratios locate the intermodulation 
band to be analyzed as very close to the 1.000 ratio in 
the chart and with a - 3  dB bandwidth of 0.0021 
MHz (2.1 kHz). No problems are found for either one 
of the single-sideband filters. However, if the - 60 
dB bandwidth (0.0374 MHz) of the 8-pole filters is 
used for the TI-59 computer program, the 2B-2A 
problem circled in fig. 8 becomes evident at the 3 
kHz point in the slopes of our filters. This is true for 
either sideband filter as shown in fig. 11 and the re- 
sulting audio distortion can be cured only by improv- 
ing the shape factor of the filters, in our case by 

doubling the number of poles to 16 for each one of 
the single-sideband filters. 

Another way to cure this problem would be to in- 
troduce a lowpass filter in the audio portion of our re- 
ceiver which will cut off all frequencies beyond the 
2.55 kHz which is the highest frequency passed by 
the filters. A practical cut-off point would be at 2.8 
kHz. The first method is preferred, however, because 
it also provides better adjacent-channel rejection, im- 
proving overall receiver selectivity. 

conclusion 
In performing this analysis for the design of a 

double-conversion general-coverage communica- 

CONDITIONS CONDITIONS 

6. x LO 6. x LO 
6. x RF 6. x RF 
9. LO 9. LO 

8.9985 RF 9.0015 RF 
0.0015 IF 0.0015 IF 
0.0038 BW 0.0038 BW 

2. x LO 2. x LO 
2. x RF 2. x RF 

0.003 * BW 0.003 * BW 

1. x LO 1. x LO 
1. x RF 1. x RF 

0.0015 = IF 0.0015 = IF 

fig. 10. The TI-59 program indicates a 2B-2A product 
within the bandwidth of the 8-pole single sideband 
filters. 

8 

8 POLE 
RESPONSE 

16 @OLE 
RESPONSE 

8W =0.0051 MHz 

8.9985 MHz 9.0015 1 MHz 

fig. 11. Bandwidth characteristics of the 8-pole single- 
sideband filters used in the communications receiver. 
16 pole filters could be used to eliminate a 2B-2A audio 
product as well as to improve the total selectivity of 
the receiver. 
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tions receiver, we have shown that the design meets 
the requirements which introduces a minimum of in- 
termodulation problems. We can now proceed with 
confidence to the circuit design of our receiver. All 
frequency mixing techniques used in communica- 
tions receivers generate unwanted products within 
their outputs, and the fact remains that any configu- 
ration chosen is simply the best compromise in the 
opinion of the designer. The problem of intermodula- 
tion distortion within a receiver's scheme can be min- 
imized by performing a careful analysis, such as ex- 
plained in this article. 
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time and frequency standards: 
part 1 

Accurate measurement 
requires accepted standards, 

precision electronics, 
and an understanding 

of atomic physics 

Radio Amateurs are probably more concerned about frequency 
than about any other electrical parameter. However, when discuss- 
ing frequency, it is important to remember that the reciprocal of fre- 
quency is period, and that this is expressed in units of time. 
Because of this relationship, accurate frequency standards must be 
based on accurate time standards. This two-part article gives a brief 
historical overview of this field, examines the more common 
methods of determining frequency and time standards, discusses 
the advantages and limitations of each, and also succinctly de- 
scribes some commercial equipment employed in these areas. Part 
1 addresses VLF single-frequency comparison techniques; part 2 
will cover multiple-frequency VLF techniques and other more ad- 
vanced systems. 

The Wor ld  Admin is t ra t ive Radio Counci l  
(WARC) has set aside five bands for standard fre- 
quency and the time signal emissions as shown in 
fig. 1. The carrier frequencies for such. broadcasts 
should be maintained accurately enough so that the 
average daily fractional frequency deviations from 
these internationally designated standards for mea- 
surement of time intervals do not exceed + l x10 - 10. 
The map in fig. 2 shows numerous radio stations 
used for time-frequency determination (TFD). Sta- 
tions that provide strong signal transmissions to 
North America are listed in table 1. Other stations 
that can be received elsewhere in the world are listed 
in table 2. 

LF time and frequency systems 
The majority of American and international "VLF" 

standards stations transmit within the VLF (10 to 30 
kHz) and LF (30 to 300 kHz) bands, respectively. 

In the early part of this century, both systems were 
used for long-range communication between col- 
onies and parent countries, and by navies for general 
trans-oceanic communication. Then, as now, the ad- 
vantages of VLF and LF systems included reliability 
with very little signal attenuation, even over vast 
distances. 

In many instances these systems were replaced 
with HF systems that used smaller antennas. But 
many novel VLF antenna systems have been built; 
some consist of long cables strung across valleys or 
volcanic craters, from towers several hundred meters 
tall. One such system in Cutler, Maine, radiates 1 
MW of power using a "top hat" supported by 
twenty-six masts, each approximately 300 meters in 
height. This installation covers over two square kilo- 
meters and has a radial ground system of buried cop- 
per wire that totals over three million meters in 
length. 

Interest in LF band communications was revived 

By Vaughn D. Martin, 114 Lost Meadows, 
Cibolo, Texas 78108 
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Frequency Range 

20.0 kHz f 50 Hz. 

2.5 MHz f 5 kHz. 

I 
5.0 MHz f 5 kHz. 

10.0 MHz * 5 kHz. 
15.0 MHz f 10 kHz. 
20.0 MHz * 10 kHz. 
25.0 MHz f 10 kHz. 

400.1 MHz f 25 kHz. 
(satell~te) 

4.202 GHz * 2 MHz 
(satellite space to 

earth) 
6.427 GHz i 2 MHz 

(satell~te earth to 
space) 

Band No. 

4 

6 

7 

9 

10 

f ig .  1. In te rna t iona l  s tandard  t i m e  and f requency  radio 
ass ignments .  

Deslgnatlon 

VLF (Very Low 
Frequency). 

MF (Med~um 
Frequency). 

HF ( H ~ g h  Frequency). 

UHF (Ultra High 
Frequency). 

SHF (Super Hlgh 
Frequency). 



during World War II, with the evolution of the Radux Pierce, Mitchell, Essen, and Crombie showed a 100 
navigational system, in which low-frequency carriers to 1000 time improvement in frequency compared to 
demonstrated exceptional stability. existing HF techniques. Early in the 1960s, more sta- 

Since the mid-1950s there has been great progress ble atomic frequency standards began to take the 
in the development of LF communications. Work by place of crystal oscillators, and confidence in the 

table 1. "Standard" VLF stations receivable i n  the 
United States (10.0-30.0 kHz). 

station frequency location 

GBR 16.0 kHz Rugby, England 
NAA 17.8 kHz Cutler, Maine 
NPG 18.6 kHz Jim Creek, Washington 
NPM 23.4 kHz Laulaulei, Hawaii 
WWVL 20.0 kHz 

and 19.9 kHz Fort Collins, Colorado 
NSS 21.4 kHz Annapolis, Maryland 
NBA 24.0 kHz Balboa, Canal Zone 

table 2. Worldwide VLF stations. 

station frequency location 

JGZAS 40.0 kHz Kemingawa, Japan 
OM A 50.0 kHz Podebzady, Czechoslovakia 
WWVB 60.0 kHz Fort Collins, Colorado 
MSF 60.0 kHz Rugby, England 
HBG 75.0 kHz Pranginis. Switzerland 
DCF-77 77.5 kHz Mainflingen, Federal 

Republic of Germany 
CYZ-40 80.0 kHz Ottawa, Canada 
FTA-91 91.15 kHz St. Andre de Corcy, France 

L O N G I T U D E  

fig. 2. Worldwide location of broadcasting stations useful for TFD. 
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fig. 3. A typical electromechanical VLF single- 
frequency comparator. 

constant voltage source, generates a voltage related 
to the phase shifter's position. The recorder shows 
the amount of phase shift experienced by the local 
synthesized signal and whether or not it agrees with 
the phase of the received signal. An early instrument 
that used this principle was the Fluke model 2071205 
VLF receiverlcomparator (see fig. 4 ) .  A more 
modern piece of equipment designed for the same 
purpose is the Tracor model 900A VLFILF receiver 
shown in fig. 5, which operates in the VLF band 
from 20 to 25 kHz, and compares the phase of a local 
frequency standard with the received carrier of a fre- 
quency-stabilized transmitter. With this instrument, 
a local standard can be checked to within ten parts 
per billion. 

A related instrument manufactured by Tracor is 
the model 527E frequency difference meter, shown 
in fig. 6. This solid-state instrument measures fre- . 
quency differences instantly and has a built-in meter 
to provide signal-quality assessment regardless of 
whether the two signals (the reference and signal fre- 
quencies) are the same. Since this device is used in 
the calibration and determination of time and fre- 
quency, it is assumed that the two measured fre- 
quencies are relatively close to one another. The 
527E has a scale that determines signal difference 
magnitude in the parts per 107 to 1011 range. An ex- 
ternal recorder connector on the back of the instru- 
ment is available so that the internally generated dc 
voltage that is produced in proportion to frequency 
difference can be recorded. Consequently, this in- 
strument can be used to adjust two oscillators to the 
same frequency, measure frequency differences be- 
tween two oscillators, offset one oscillator from 
another by a given amount, and determine the short 
and long-term drift of an oscillator 

fig. 4. The Fluke Model 2071205 VLF receiver/cornparator. 

' a -  * 

new system was soon rewarded when Pierce, Wink- kr r n ~  

ler, and Corke demonstrated that a transatlantic 
phase comparison could be made on a 16-kHz carrier 
to within 2 microseconds. Today, most FTDs are 
made by atomic frequency standards'and referenced 
to P coordinated international time base. This has 

. 
seen the realization of economical and reliable 
dissemination of frequency to within several parts 
per 1011 in a 24-hour period. fig. 5. The Trecor VLFILF receiver (Model 900AI. 

VLF single frequency comparison 
An older, electromechanical VLF method is shown I;, --.-. 

in fig. 3. It uses the principle of a servo-driven phase - . .. 
shifter continuously phase locking a synthesized sig- 5 s - 3 ~ 7 ~ : " -  --.--- 9 

- 

nal from the local standard to thk received VLF sig- 
nal. A linear potentiometer's output, connected to a fig. 6. TheTracor frequency difference meter (Model W E ) .  
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fig. 7. The Tracor rubidium frequency standard, Model 
308-A. 

- 
MAGNET1C W I E L D  

I 

"I "APIILE 
ATOMIC 5 1 ~ 1 ~  
HVOROGEN S S L E C  TOR 
SOURCE I 

fig. 8. Diagram of the hydrogen maser. 

Many labs in which extremely accurate and drift- 
free frequency standards are required use the Tracor 
308-A to determine rubidium 87 frequency stan- 
dards. This instrument, shown in fig. 7, is set at the 
factory for 10 parts per billion accuracy and has a 
month-long drift stability term of better than 30 parts 
per billion. Used in astronomy, navigation, metrology 
and communications, this instrument has an MTBF 
(mean time between failures) of better than 25,000 
hours; compare this to many airborne military elec- 
tronic pieces of equipment with MTBFs of less than 
500 hours. 

With the advent of solid-state electronics and 
mass production techniques these seemingly exotic 
pieces of equipment are not unduly expensive, con- 
sidering the cost of comparable units ten years ago. 
The VLFILF receiver with antenna is priced at ap- 
proximately $2500; the frequency difference meter, 
$4800; and the rubidium 87 frequency standard, 
$14,500. 

Why is the rubidium 87 standard so much more ex- 
pensive than the others? First, let's take a look at 
atomic frequency standards in general. 

atomic frequency standards 
Atomic frequency standards employ an atomic 

resonance device with a frequency source such as a 
voltage-controlled oscillator phase-locked to it. 
These devices fall into two categories, active and 
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passive. Cesium beam tubes and rubidium vapor gas 
cells are passive devices, whereas hydrogen masers 
are active devices, or resonators. 

The hydrogen maser. This - the most stable of all 
known sources - provides a frequency that is well 
defined without any need for comparison with an ex- 
ternal standard, as we have done previously. (For a 
quick visual explanation of the operation of the hy- 
drogen maser, see fig. 8.) Unfortunately, this piece 
of equipment is large, expensive, power consuming, 
and at best suited only to laboratory use at this time. 
Its use is consequently limited to specialized applica- 
tions requiring extreme accuracy as well as extraordi- 
nary stability. The hydrogen maser uses a beam of 
hydrogen atoms directed through a highly nonhomo- 
geneous magnetic field that selectsatoms in states of 
higher energy and allows them to proceed into a 
quartz bulb. Here, a tuned microwave cavity allows 
atoms to make random transits; the atoms reflected 
at each encounter within the bulb walls. While 
undergoing many collisions with the walls, the 
atoms' effective interaction times with the micro- 
wave field is lengthened to about 1 second. During 
this interaction process, the atoms tend to "relax" 
and release energy to the microwave field within the 
tuned cavity. This field also stimulates more atoms to 
radiate, andasteady-state maser reaction isachieved. 
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fig. 10. Rubidium vapor frequency standard assembly 
block diagram. 



f b .  11. The Hewlett-Packard rubidium vapor frequency 
standard, Model 5065A. 

Cesium beam standards. The basis for operation 
of the cesium beam standard is the Cesium 133 
atom. This system yields an accurate frequency of 
9,192,631,700.0000 Hz and is relatively impervious to 
external electric and magnetic field disturbances. 
(Refer to fig. 9 for a visual explanation of the cesi- 
um beam standards.) As the Cesium 133 atoms leave 
the "oven," they are beamed into a vacuum cham- 
ber, where they are subjected to excitation by micro- 
wave energy. For frequency control, the atoms are 
made to perform a resonant absorption of energy 
from the microwave signal; after passing through a 
second magnetic field, they are deflected toward a 
hot-wire ionizer. The atoms are then passed through 
a mass spectrometer that detects and helps remove 
any contaminants that could otherwise cause ran- 
dom electrical noise bursts. Ion current is converted 
to electric current by the electron multiplier, and the 
amplified current is passed through signal processing 
electronics, 'which in turn regulates the frequency of 
a voltage-controlled oscillator. The oscillator's out- 
put frequency is multiplied and fed back again to the 
cesium beam through a waveguide that closes the 
loop and provides feedback control. 

Rubidium vapor standards. Rubidium vapor stan- 
dards, like cesium beam standards, employ a passive 
resonator to stabilize a quartz oscillator. Rubidium 
standards, however, are not self-calibrating and 
must therefore be checked against a cesium standard 
during construction. But once built, they are relative- 
ly small and are easily transported. Operation (see 
fig. 10,) is based on the principle of the containment 
of rubidium vapor and an inert buffer gas in a cell illu- 
minated by a beam of precisely filtered light. A 
photodetector monitors changes, near resonance, in 
the amount of light absorbed as a function of applied 
microwave frequencies. The microwave signal is de- 

rived by multiplication of the quartz oscillator fre- 
quency. Resonance frequency is influenced by the 
inert buffer gas pressure. This is why rubidium must 
be calibrated against a cesium reference standard. 
The Hewlett-Packard model 5065A, shown in fig. 11, 
is one rubidium vapor frequency standard. It exhibits 
an extremely low drift-rate of less than 10 parts per 
billion per month and a short-term stability of better 
than 5 parts per billion averaged over a 1-second 
period. 

time standards 
As stated previously, time and frequency are recip- 

rocal quantities; therefore, in order for one to be ac- 
curate, its counterpart must likewise be accurate. 
But how is time precisely defined? This discussion 
examines several methods and demonstrates the in- 
herent inaccuracies of each. 

In 1958, Ephemeris Time (ET) based on orbital 
motion of the earth about the sun at the beginning of 
the year 1900, was established. But this is a difficult 
method, and comparisons to ET are impractical. In 
1964 the General Conference of Weights and Mea- 
sures tentatively adopted the "atomic second" based 
on the number of transitions of the Cesium 133 atom. 
The standard was fully adopted in 1967. 

Path of Pole 
Due to Precession 

Axis of Rotation 

fig. 12. The seasonal wavy motion on the circular path 
of precession of the Earth's orbit. 
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table 3. National Laboratories collaborating w i th  BIH. 

abbreviation laboratory 

DHI Deutsches Hydrographisches Institut, 
Hamburg, West Germany 

F Commission National de I'Heure, 
Paris, France 

FOA 

IEN 

IGMA 

ILOM 

MSO 

NBS 

NIS 

NPL 

Research Institute of National Defence, 
Stockholm, Sweden 
lnstituto Elettrotecnico Nazionale, 
Torino, lttaly 
lnstituto Geographic0 Militar 
Buenos Aires. Argentina 
International Latitude Observatory, 
Mizusawa, Japan 
Mount Stromlo Observatory 
Canberra, Australia 
National Bureau of Standards, 
Boulder, Colorado 
National Institute for Standards, 
Cairo, U. A. R. 
National Physical Laboratory 
Teddington, U. K. 

NPRL National Physical Research Laboratory, 
Pretoria, South Africa 

NRC National Research Council of Canada, 
Ottawa, Canada 

atomic standards 

mfr. type 
H P Cs Std 

H P CS Std 
H P CS Tube with 

lab electronics 
HP Cs Std 

H P Cs Std 

E Cs Std 

HP Cs Std 

H P Cs Std 

HP Cs Std 
LAB Cs Std 
HP Cs Std 

HP Cs Std 
Lab Cs Std 

Hydrogen Maser 
HP Cs Std 

HP Cs Std 
Lab Cs Std 

Apparent solar time is based on the rotation of the 
earth about its axis with respect to the sun. There are 
problems with this system because its unit of time 
derived would be valid only if the sun were to re- 
appear over a fixed point of observation at uniform 
intervals; of course, it does not. Additionally, there 
are irregular variations in the rotational speed of the 
earth and the earth's orbit is elliptical, not circular 
(see fig. 12). The orbital plane, therefore, does not 
coincide with the plane of the equator. (Then too, 
the orbital speed of an object whose path describes 
an ellipse is constantly changing.) 

Mean solar time is simply apparent time averaged 
to eliminate variations due to orbital eccentricity and 
the tilt of the earth's axis. In a leap year, we should 
have 365.25 days per year. But actually, we have 
365.2444 mean solar days. 

Universal time, as with mean solar time, is based 
on the rotation of the earth about its axis; the units 
UT were chosen so that on the average, local noon 
would occur when the sun was on the local meridian. 
The problem with this system is again that the rota- 
tion of the earth is not constant. 

Coordinated universal time is corrected universal 
time which involves the frequency of a precision uni- 
versal oscillator such as a cesium or rubidium clock 
being offset from its nominal frequency by an 

amount which allowed for the clock rate to be nearly 
coincident with UT2. (UT2 is a type of universal time 
that uses correction factors for seasonal variations in 
the rotation of the earth.) On January 1, 1972, the 
UTC system was improved to allow UTC time to ac- 
cumulate at the same rate as International Atomic 
Time and therefore eliminate the problem of oper- 
ating systems adding offsets such as the so-called 
"leap second" that is added each year. 

Laboratories that collaborate with the Bureau In- 
ternational de I'Heure (BIH), the French equivalent of 
our NBS (see fig. 131, are listed in table 3. In addi- 
tion to the three hydrogen masers listed, it is likely 
that the U.S.S.R. has at least one maser, although 
this information is hard to obtain. 

There are other systems, including apparent side- 
real time, and mean sidereal time, but it is sufficient 
to say that these herculean attempts to establish ac- 
curate time intervals are made so that somebody can 
have an oscillator that is truly fine-tuned. Seriously 
though, if this area of time-keeping seems fasci- 
nating to you, as it does to me, then you may want to 
obtain map No. 76, depicting worldwide time zones, 
from the U. S. Navy Defense Mapping Agency.' You 
may also wish to be placed on the mailing list of the 
NBS Time and Frequency Services Bulletin issued 
monthly by the Time and Frequency Divisionof the 
National Bureau of Standards2 
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fig. 13. National Bureau of Standards frequency and 
time facilities. 
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Combine a scope and 
an NE555 multivibrator 

to build an important 
diagnostic tool 

a time domain reflectometer 
Before I describe how to build a TDR and discuss 
how it works, consider this simple example of the 
theory behind time domain reflectometry. Assume 
you're standing some distance away from the front 
of a large building. Yell, and you'll hear your echo. If 
you know the speed of sound and measure the time 
it takes between your initial call and the return of 
your echo, you can determine the distance between 
yourself and the building. Just multiply the speed of 
sound by the time it took for you to first hear your 
echo and divide by two. (You divide by two because 
the sound wave goes to and from the building; all 
you need to know is the distance in one direction. 

Suppose, now, that you get a call from the local 

OSCILLOSCOPE "T" 
CONNECTOR 

GENERATOR 

COAXIAL 

NESSS 

TO BE TESTEO HERE 

- U S E  SHORT LENOTHS OF COAXIAL CABLE FOR INTERCONNECTIONS 
- U S E  VERTICAL INPUT ON OSCILLOSCOPE 

- " T f '  CONNECTOR IS RADIO SHACK NO. ,?78-I98 

fig. 1. Equipment needed to develop a time domain 
reflectometer. 

repeater group saying the repeater cannot be heard. 
They believe the malfunction is in either the transmis- 
sion line or the antenna, but they're not certain 
which it might be. With a time domain reflectometer, 
you can tell whether the problem is in the antenna or 
the line - and if the trouble is in the line, approxi- 
mately where it is. 

By sending a pulse or transition of levels down a 
transmission line, and then observing the reflected 
signal, you can determine whether the transmission 
line is open, shorted, or terminated by some value of 
resistance. If the termination resistance is different 
from the characteristic impedance of the line, its 
value can also be approximately determined. 

setting up 

The test setup is illustrated in fig. 1. 
The more accurately you measure the time, the 

more accurately you'll be able to locate the fault in 
the transmission line or antenna. Consequently, your 
oscilloscope should be capable of measuring time 
periods down to 0.1 pS and have a reasonably accu- 
rate time base. The bandwidth of the scope is not 
critical, but should be at least 5 MHz. Vertical sensi- 
tivity is relatively unimportant; any scope capable of 
measuring video signals should be adequate. 

By Bill Unger, VE3EFC, 431 North Syndicate, 
Thunder Bay, Ontario, Canada P7C 3W9 
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fig. 2. Output of an NE555 multivibrator. Horizontal deflec- 
tion is 5 microseconds per centimeter. 

Some scopes have a terminal marked "Gate Out- 
put," a pulse that coincides with the sweep time; this 
can also be used to provide the signal. It is important, 
however, that the scope output h a w  the same impe- 
dance as the line you want to measure. 

A 555 IC wired as an astable multivibrator provides 
the pulse train as it oscillates at a frequency of 60 kHz 
(see fig. 2). Frequency here is not critical; if yours is 
slightly different, that's fine. The value of R1 in the 
circuit should match the impedance of the line being 
tested - generally 50 or 75 ohms (fig. 3).  

This entire assembly can be built on a Radio Shack 
project board (No. 276-024), with a switch added for 
selection of either 50 or 75 ohms output. 

interpreting results 
If the line is properly terminated in itscharacteristic 

impedance, the trace will appear as a straight line, in- 
dicating that all of the forward signal has been dissi- 
pated in the resistance and no reflection exists (see 
fig. 4). If, however, there is a reflection and the trace 
goes up, this would indicate that the end of the line is 
either open or of higher impedance than the cable 
(see fig. 5). If the trace goes down, the line is either 
shorted or of lower impedance than the cable (see 
fig. 6).  As an aid to remembering which is which, 
consider this: when measbring voltage, a short (or 
low impedance) lowers the voltage and an open 
allows the voltage to rise. 

To determine the location of the fault, you must fig. 4. One hundred feet of RG-213 transmission line is termi- 
measure the time between the initial pulse and the nated in 50 ohms. Note the basically flat response after the 
pulse caused by the problem. The speed of radio pulse arrives. 

r5  
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fig. 5. One hundred feet of RG-213 is now pulsed while an fig. 6. The same length of RG-213 is pulsed while a short 
open exists at the far end (load end). The rapid rise in pulse exists at the free end. The rapid drop in pulse height marks 
height marks the location of the "fault" (open circuit). Hori- the location of the "fault" (short circuit). Horizontal deflec- 
zontal deflection is 0.1 microseconds per centimeter. tion is 0.1 microseconds per centimeter. 

ting for the velocity factor, we multiply 295 feet by 
0.66 to obtain 194 feet. Since this is the total distance 
the signal traveled, dividing 194 by two determines 
the distance from the measuring point to the fault. In 
this case the distance is 97 feet. 

I have prepared a graph (fig. 7) showing the 
distance in feet versus the time to the problem, on 
which the result can be read directly in feet. There 
are two lines, each representing a different velocity 
factor; the top line represents transmission lines with 
a velocity factor of 0.80, which is typical of foam- 
filled lines, and the bottom one, a velocity factor of 
0.66, which would include coax such as RG-8, 
RG-58, and RG-213. 

conclusion 
If your oscilloscope doesn't have a calibrated time 

base you may still be able to employ this method by 
using a section of cable of a known length and then 
expressing the unknown cable in lengths of the 
known one. If a 100-foot cable takes 0.3 pS to in- 
dicate a problem, then a measurement of 0.6 pS 
would indicate a cable 200-feet long. (Be sure the 
cables you use have the same velocity factor; if they 
don't, the comparison will not be valid.)" 

If you want to measure cables that are less than 40 
feet in length, the task becomes rather difficult 

'Even tf the velocity factors differ, the fault can sttll be located as long as 
the ratto of velocity factors is known. While ttits method cannot be used to 

measure complex Impedances, it is useful In determ~nlnq problems along 
the Ilne. Keep in mind that the antenna at the end of the llne may be e~ther 
open or shorted; this wouldn't be a fault on the line itself Editor 

I  2 3 4 5 6 7 8  

T I M E  I N  MICROSECONDS 

fig. 7. Chart enables rapid determination of the dis- 
tance to a "fault" if elapsed time is known. Two cables 
with different velocity factors are considered. 

because of the extremely short times involved. In this 
case it would be desirable to add a 100-foot section 
of coax and then subtract 100 feet when you are cal- 
culating the distance. 

Now back to that phone call from the repeater 
group. By taking the TDR you've built from a scope 
and an NE555 multivibrator to the base of the tower 
- and keeping the principles of time domain reflec- 
tometry in mind - you'll be able to tell the climbers 
roughly where and what the problem is. 

ham radio 
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the TVC.4 IS lor you. Great tor publlc sew. 
ice setups, demos. and getting a buddy 
interested. Just add an antenna and a TV 

Connect to the antenna terminals of any TV set, add a good 
450 MHz antenna, a camera and there you are. . . Show the 

W;r+.,: ,!,?r: 1~ '6.f: ,. . . , ,!$, ,,gned lo or,,. 1'4 ' ! ,.,,It 
~I*,,I, , + ~ 2 8 ( ~ ! ~ ,  ' ,', %.'*a: :ryst,?: Oe>#c:,, . t w ~ k  q,,! 

r v l ~ l r i l C \  OUI 3' IWO n i ~ t ~ ' 5  ' o r  talk nark VI:?~ rlirnul.ltor av. 1 r1+" I.,O to 1100 I! Anr 12 18 vrh:. 'i r r u  
!r ,I lull 8 MHI 101 iilrnnotPI qraonlcs ' 4 '  11 color Re Wills ~8th a'iv lrar5m1tter wltn 5 MHI V!OPO Darld. 
au8rrs 13 8 I'DC feq t r  70 md R!r mw cutpul ;)owe1 
Iiinea w~th crystal on 4 $4 15 434 01 475 .,'i MU/ 
Dual Irequency model avallabts . . . $115 00 ppd. 

TVC-2 ATV Oownconverter . . . . . . 169.00 ppd. PAS 10 Watt ATV Power Amplifier . $89.00 ppd. 
Str~ol~nP MRF 901 preamp and double bdlancec mixer 

TIIP PAS w ~ l l  out out 1 0  wall$ RMS power on sync t~ps 
dlqs Out IhP Wedh Ones and reslsts lnterniod dnd aver. when ItrlvPn w ~ t h  80 mw bv the IxAS excater 50 ohms 
Ima Connects betwpen UHF antenna and 1v set Out. In and out plus bandwldlh lor Ihe whole band w~th good 
put thdnnels 2 or 3 Vartcdp tune! 420 to 450 Muz 
Regu~res 12 to 18 VDC I 20 ma 
Eatrarenritive TVC 2 1  wlth NE64535 preamp 

s ~ i ~ ~ ~ ~ , ! , : : ; l ;  i v ~ . i c ~ i ~ ~  ~;,p;e~m:~17~Pa~ Call or write tor our complete catalog of specifications. station setup disgrams, 
NF, anl , , , , , , , . , , , , , , , s79,00 ppa, and optlon;ll accessor~es wh~ch tnclude: antennas, modulators, test generators. 

cameras and much. much more SeeCh. 14 1983ARRL Handbook. 

Let P.C. put you on the air and SAVE! TERMS: VISA or MASTERCARD by telephone or mail, or check or money order by 
mall All prlces are delivered In USA. Charge orders normally shipped withln 24 
hours Personal Checks must clear t~rst  All four modules - 

Complete System price $245.00 

NOT JUST ANOTHER 
REGULATED POWER SUPPLY! 
The f&l%#@ model 2001 voltage regulator 
module is ideal for making reliable power 
supplies in a jiffy. Use it to power your 
mobile rig, other m* series modules 
or as a general purpose bench supply. 

Corhponent selection sets output 
voltage (3.3 to 400 V dc) and current 
capability (5 mA to 100 A). Over Weighing only 28 ounces 
voltage protection and remote shutdown Temperature is 975°F at nozzle 
included. Uses no ic's. The unit has a 6 ft. 3 -w~re  cord 

750 watts at 120 volts , One evening assembly using 2 x 3.6 
inch pc board and comprehensive 
instructions supplied. 

Price: $10.80 

Price includes: glass-epoxy, etched, plated, dril led pc h i rd ;  
instruction manual; postage i n  U.S.A. (Ohio residents add 
5% sales tax). 
Send 11.00 for i l lustrated FSIlWCa product catalog and 
refund coupon. 

(23b) 953-2330 

52 November 1983 



construct an 
optical FM receiver 

"See" the entire FM band 
and detect each station 

independently and 
simultaneously 

The ability to see - instantaneously - and detect 
a wide band of frequencies is possible using an 
electro-optical technique known as Bragg cell opera- 
tion.'.* A receiver providing this performance con- 
sists of an acoustic medium such as a slab of glass, a 
transducer bonded to the glass, a light source, opti- 
cal elements and associated RF drive circuits.= What 
is achieved is a series of position-modulated light 
spots in the output (plane), each representing a sepa- 
rate station with its own information content. The 
practical result of this device is an FM receiver 
achieving 200 khz resolution, sufficient to separate 
and detect all FM band stations. 

Low-light photograph shows lateral width of light beam tra- 
versing Bragg cell. 

Bragg cell operation can be understood in terms of 
a few physical concepts. An RF signal when applied 
across the terminals is transformed into a traveling 
acoustic (sound) wave in the cell. The pressure in the 
sound wave creates a traveling wave of rarefaction 
and compression in the glass medium which in turn 
causes analogous changes in the index of refraction. 
The Bragg cell, as shown in fig. 1, acts as a phase 
diffraction grating with an effective grating line sepa- 
ration equal to the wavelength of sound A (which is 
related to the wavelength of the RF-injected signal). 
The deflection angle r$d (measured outside the cell) 
between the incident and the first order light term 
equals 
A, - 
A 

= (h, f / V , )  where f is the frequency and V, 

the sound velocity. 
Incident light is most efficiently diffracted when 

A 
the incident angle equals 1 12. where& refers to 

A 
the center of the band. This angle, d j B ,  known as the 
Bragg angle, may also be written as: 

where f, is the center frequency, and 
V, is the sound velocity 

This design uses a Bragg cell made of glass ( V ,  = 
4000 rnlsecoond and the light source is a He-Ne laser 
[A, = 6328A (Angstrom unit)]. Substituting these 
values in eq. 1 shows that the Bragg angle is 
equal to: 

= 7.91 x 1 0 -  5 f ,  (MHz) radians, or 

4B = 4.53 x 1 0 - 3  f ,  (MHz) d e g r ~ ~ s  (2) 

Denoting the incident angle by d j u ,  the Bragg cell 
operation can be represented as shown in fig. 1. All 

By Ting-Chung Poon and Ronald J. Pieper, 
The University of lowa, Department of Electrical 
& Computer Engineering, lowa City, lowa 52242 
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angles have been exaggerated for clarity. The Bragg 
cell diffracts light rays into angles controlled by spec- 
trum of acoustic frequencies fi, where i = 1,2, etc. 
This acoustic spectrum is identical to the frequency 
spectrum of the electrical signal. Though Bragg cells 
exhibit limited bandwidth, this design is sufficiently 
wide to accommodate the entire FM band. 

INC IDENT  
LIGHT 

system configuration 

\ 

By definition, an electro-optical receiver contains 
both electronic circuits and optics (see fig. 2). The 
electronics are used as the input and output stages of 
the system with an optical medium in between. The 
input stages "condition" the received signal, provid- 
ing compgtibility with and driving the optics inter- 
face. The input stage electronics consists of an FM 
low-level amplifier, balanced mixer, local oscillator 
and RF power amplifier. Specifically an FM signal is 
amplified in the low-level stage (using a Radio Shack 
FM amplifier), mixed with a local oscillator in the HP 
10514A mixer, and further amplified by the RF power 
amplifier (Intra-Action EE-401, achieving a power 
level of 1-2 watts necessary to drive the Bragg cell. 
Since the Bragg cell (Intra-Action ADM-40) is tuned 
for operation at 40 MHz, with an effective bandwidth 
of 40 MHz, it is necessary to translate the FM band 
(center frequency 97 MHz) down to this center fre- 
quency. This is accomplished by mixing with a 57 
MHz local oscillator. In addition, the associated 
Bragg angle for 40 MHz, according to eq. 2, is 0.181 
degrees. 

The optics, shown in fig. 2, include four lenses, 
two of which are identical spherical converging 

I 

,', i, 
, . 

\ 
\ -. 
Z E R O l R  ORDER 
L IGHT  BEAM 

lenses (L2 and L3, having a focal length of F2 = 20 
* 

cm) and two are identical cylindrical lenses (L1 and 
L4, having a focal length of F1 = 3 cm). The optical 
processing which precedes the Bragg cell is intended 
to spread the beam laterally (i.e., in the plane of the 
paper) which, for reasons to be explained later, en- 

SOUND F I E L D  

fig. 1. Bragg cell shows relationship between incident 
and diffracted light rays. 

PHOTOOlOOE 

KNIFE-EDGE, 

TRANSOUCER - 

AMPLIF IER  

v 
LOCAL 

M I X E R  

1 fig. 2. FM optical receiver block diagram. I 

Completed optical FM receiver. 
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fracted in a direction determined by the carrier fre- 
quency. For clarity, only a few of the diffracted light 
beams are shown in fig. 2. The second spherical 
lens, L3, is intended to focus the emerging beams in 
its back focal (output) plane. The second converging 
cylindrical lens, L4, is placed in such a way that the 
back focal plane of L3 is imaged in the plane of 

I the knife edge in front of the photodiode (see figs. 2 

of operation 
For the ith FM station the signal's instantaneous 

frequency is represented by 

Separated laser spots, each representing a different FM sta- 
tion. Large spot at right is zeroth order beam, schematically 
represented in fig. 1. 

fig. 3. Acousto-optic Bragg cell with laser beam and 
sound field illustrated for clarity. 

hances the frequency resolution. This situation is 
shown in fig. 3, and in the photograph above. The 
sound power is concentated in the cell along the 
center with a height of approximately 2 mm. Conse- 
quently, in order not to throw power away, the beam 
has been expanded in one direction only; this is ac- 
complished by using a cylindrical lens for L1 instead 
of a spherical lens. The laterally diverging beam 
which follows L1 is collimated before entering the 
Bragg cell with a spherical lens L2. L2 is placed a dis- 
tance equal to the sum of the focal lengths, F1 + F2, 
away from the cylindrical lens L1 so as to form a 
telescope configuration. A beam of fixed lateral 
width L, which is controlled by the ratio of F2/F1, is 
incident on the cell at the Bragg angle as shown in 
fig. 2. 

Each FM carrier has an independent light beam dif- 

which is the sum of a fixed carrier frequencyGMiand 
a time varying frequency difference Afi(t), the latter 
being proportional to the audio signal. The FM varia- 
tion Afi is small compared to the carrierfiMi. Using 
eq. 3 the ith FM station is beamed, on the average, in 
a direction given by 

+di = (Afi/ V,) 
z 1.58 x 10-4 fiMi (MHz) - f,,, (MHz)] radians, 

9.06 X (MHz) - fm (MHz)]degrees, 

where fm is the mixing frequency (57 MHz). This is il- 
lustrated in fig. 5. The actual instantaneous angle of 
deflection deviates slightly from the above angle due 
to the inclusion of Ah(t) which causes a 'wobble,' 
A+di, in the deflected beam: 

Abdi = I .  58 X 10-4 Af, (MHz) radians or  

= 9.06 X 10-3 AJ, (MHz) degrees. (5) 

This relationship between the audio signal (as encod- 
ed in Ah) and the variation in the deflected angle is 
used to generate an electrical signal with an ampli- 
tude proportional to the strength of the signal. By 
placing a knife edge screen in front of a photodiode 
(see fig. 6) in the detection plane, the integrated light 

* 

ON - OFF 

9v  - 
fig. 4. Photodiode circuit used in FM receiver. 
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intensity varies with the wobble, Addi, and hence 
provides a current proportional to Af,, i.e., propor- 
tional to the audio signal. 

frequency resolution 
Resolution is proportional to the lateral width of 

the light beam transversing the Bragg cell. The num- 
ber of resolvable anglesz for a total frequency 
change, Af, is given by: 

where d is the lateral width of the light beam. You 
may notice that (d /VJ  is the transit time of the sound 
as it transverses the light beam. In our case, the laser 
beam width is increased from 1 mm to 20 mm (2 cmj, 
which is the lateral width L as shown in fig. 2. Since 
the full FM band (88-108 MHz) is used, Af is then 20 
MHz. Substituting the velocity of sound for glass, 4 
x 103 mlsec in the equation, the calculated transit 
time, (0.02 m l 4  x 103 mlsec), is 5 x 10-6 second. 
Direct substitution into eq. 6 results in 100 resolvable 
points over the FM band or a frequency resolution of 
200 kHz. Therefore all FM stations are resolvable. 
Eq. 6 can be used to predict the resolution for any 
Bragg spectrum analyzer application. 

In summary, the audio signal of the ith FM station, 
Af,, results in a wobbling diffracted beam, Addi, 
which is then transferred to the electrical domain by 
using a photodiode positioned in the shadow of a 
knife edge. 

where to get parts 
Electronics obtainable from Radio Shack are: 

Archer FM amplifier, Catalog No. 15-1122 

Realistic stereo integrated-amplifier 
SA-102, Catalog No. 31-1963 

FM antenna, Catalog No. 15-1639 

1 -!- I 
SOUND FlEL 0  ' 

fig. 5. Diffracted beam paths that include audio signal 
modulation or "wobble." 

PHOTODIODF 

L A S E R  BEAM 

SCREEN I 

fig. 6. Knife-edge technique for the detection of wob- 
ble in diffracted light beam. 

Archer color matching transformer, 
Catalog No. 15-1 140 

Realistic Minirnus speaker, Catalog 
NO. 40-1996 

The following optics are available from Edmund 
Scientific Co., 101 E. Gloucester Pike, Barrington, 
New Jersey 08007: 

He-Ne laser 

Spherical converging lens (F = 20) 
Cylindrical converging lens (F s 3) 

The following are available from Intra-Action Co., 
3719 Warren Avenue, Bellwood, Illinois 60104, tele- 
phone 312-595-3770: 

RF amplifier - E-40 

Bragg cell - ADM-40 or AOM-40 
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a 3 The Bearcat" DX1008 m' ?!: r makes tuning in London 
as easy as dialing Ua phone. 
Direct access keyboard tuning 
brings a new level of simplicity 
to shortwave radio. With the 
Bearcaf'" DX 1000, dialing in the 
BBC in London is as easy as 
dialing a telephone. And you can 
switch from the BBC to Peruvian 

scanning" during key openings. frequencies. Plus a noise blanking 
The digital dis- 
play measures 
frequencies to 
1 kHz, or at the 
touch of a but- 
ton, doubles as 

- 
system that stops Russian 
pulse radar interference. 

There's never been an 
easier way to hear what the 
world has to say. With the 
Bearcat DX 1000 shortwave 

Huayno music from Radio Andina a two time zone, 24-hour d~g~ ta l  radio, you have direct access to 
instantly. Without bandswitching. quartz clock. A built-in timer the world. 

Featuring the innovative wakes you to your favorite For the name of your 
microprocessor digital technology shortwave station. Or, it can be nearest retailer dial toll-free.. . 
made famous by Bearcaf scanner lip programmed to activate 1 -800-SCANNER. 
radios, the DX 1000 covers 10 kHz 11 peripheral equipment like a tape 
to 30 MHz continuously, with PLL I n  recorder to record up to ten 
synthesized accuracy. But as I! different broadcasts-any 
easy as it is to tune, it has all 1 frequency, any mode-while you 
the features even the most are asleep or at work. 
sophisticated "DXer" could want. The DX 1000 also includes 
10 memory channels let you independent selectivity selection 
store favorite stations for instant to help you separate high- 
recall-or for faster "band- powered stations on adjacent 

Frequency Range: I 0  kHz lo 30 MHz ronllnu 
ously Tuning: Oircrt kryhoard enlry selcclablc 
3 or24 kt iz  pa r rfxvolulion knobtun~ng or manual 
s l ~ p  lunlng In sPIPctable 1 99 kHz stcps Sensl- 
tlvlty: 1 0  pV AM 0 5 pV CW/SSB FM I h (0 
MI11 Image and IF Rejection: 70 dB or morr 
Memory: 10 Irf,qucnc i c ~~pac l t y  Frequency 
Stability: Beller than 100 Hz after wArm up 
Modes AM/LSB/USB/CW/FM AGC: Select 
< i t )  i isl/Slow rrleasellmcs Fllter Bandwldthr 
2 i k t i z  6 kH7 and 12 kHz Filler Select~on 
Independent of Mode. 

I 11 shortwave radio. 
Direct Access To The World. 
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y 3.7 in R x 9.5 in (W) x 10.8 in (D) will fit into most 
9ile operations (compact car, airplane, boat, or suitcase) 

right to meet your budget as your I 
~nd rig for mobile/portable operation. 

~0rrvenien-t. 
main HF rig or as i 

Unique tuning speed selection for quick and precise QSY, 
choice of 1 KHz, 100 Hz or 10 Hz tuning. 
Electronic dial lock, deactivates tuning knob for lock on, 
stay on frequency operation. 
One memory per band, for storage of your favorite 
frequency on each band. 
Dual VFO system built in standard at no extra cost. 
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ne consta 
nobile o p  
-80M incll 

nt) standa 
 ati ion 
uding the 

r u l l m  
200W PEP input-powerfi 
on AM) 
Receiver preamp built-in VOX bui 
Noise blanker (selectable  ti^ 
Large RIT knob for easy n 
Amateur band coverage 10 
WARC bands 
Speech processor-built-in, standard (no extra cog) 
IF shift slide tuning standard (pass band tuning optional 
Fully solid state for lower current drain 
Automatic protection circuit for finals under high 
SW R conditions 
Digital readout Receives WWV Selectable AGC 
Up/down tuning from optional microphone 
Handheld microphone standard (no extra cost) 
Optional mobile mount available 
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CRT oscilloscopes just became 
obsolete! The revolutionary new solid-~tate digital 
LEI1 Pockct-O-Scope does it  all, in a4-ounce package you 
can put in your pocket. 

Ideal for the hobbyist or the technician. Thc 
Pocket-O-Scope is 100% solid-state, focus and brightness 
on the 210 point, higti-intensity illuminated screen are elec- 
rronical!~ self-controlled. The trace is altr'ap in sharp 
focus. Zero and sweep positions are maintained automati- 
cally. Zero-reference, or cross-over line is always centcrcd 
for full trace minimum on the screen. Automatic intcrnal 
circuitry always assures a properly positioned wave form. 

The only knobs on the 
Pocket-O-Scope arc for positive and nepative sensitivity 
and for coarse and fine synchronization of thc frequency 
of the incoming signal. The casicst to use, full capability 
scopc available! 

The Pockct-O-Scopc is the culmina- 
tion of years of development in high technolopy, micro- 
electronic componcnts and digital design. 

All solid-state, digital dcsipn Hand-held or 
bench operation High resolution 210 point, 1.5" square 
display Battery or A/C operation with adapter Factory 
calibrated - never reqlrires recalihration Full function. 
single trace capability plus 9'2 channel dual trace and signal 

wave forms - 
sweep linearity + 
5Vo Time base 
- . l microseconds 

I l 'cnd~ng to .5 seconds 

Vertical gain - 0 to 120 volts Continous free run to 
locked image response Power supply 9VDC- dual polarity 

Single or dual trace On-off, battery-A/C 
Sensitivity; separatc pos. Rr ncg. controls Sync C & Sync 
F controls 

The revolutionary Pocket-0- 
Scope is a development of Calvcrt Instruments, Inc., for 
25 years a manufacturer of electrical equipment. As an 
introductory offer for a limited time onl!: you can buy the 
Pockct-O-Scope including a carrying case, A/C adapter, 3 
standard "grabber" probes and 2 high voltage probes for 
only $249.05, a $321 b8alue. I f  you act now, you will also 
receive FREE Calvert's 200-pape Comprehensive Oscillo- 

reason, that the 
Pocket-O-Scope . 
return i t  within 

manual will still be 
yours to keep. 
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ceiver 

EXCLUSIVE 1 YEAR LIMITED WARRANTY! COMPARL. 
11 the offset. THE 4000 SERIES WIDE FREOU~NLY LuJERAGE: PCS-400C 

covers 142.000-149.995 MHz tn selectable He,- 
of 5 or 10 kHz. PCS-4200 covers 220.000-224.995 
MHz In selectable steps of 5 or 20 kHz. PCS-4300 
covers 440.000-449.995 MHz In selectable steps 
of 5 or 25 kHz. PCS-4500 covers 50.000-53.995 
MHz in selectable steps of 5 or 10 kHz. PCS-4800 
covers 28.000-29 990 MHz in selec of 
10 or 20 kH2 

I matter wh: 
- ILLUMINATED KEYBOARD WITH ACQUISITION 

TONE: Unpnrallrled cnsc of opcrat~r 
BRIGHTGREEN LED FREQUENC 
Easily v ~ s l b l ~ ,  even In dlrect sunllohl 
DIGITAL SIRF METER: Shows Into,,,,, ,, ,,,, ,,, 
strenqth and relat~ve power output . BUSY-CHANNEL ANDTRANSMITI 

In. 
Y DISPLAY 

:table steps 

ncludes co! 

- - 

INDICATOF 
busv and 8 BUILT IN: 

qnd MARS f 
- ~. 

S-4300 70-cm FM Transceiver CAPIMARS 
age of CAP: 

Br~qht LED5 %how w h ~ n  a channc.1 IS 
wh6.n you are transmltt~nq 
FULL 16-KEY TOUCHTONE' PAD. Keyboard 
functions as autopatch whcn transmlttlnq (excep 
In PCS-4800) 
PL TONE: Optlonal PL tone un~t allows access tc 
pr~vate-line repeaters Devlatlon and tone frequen 
arefully adlustable 
TRUE FM: Not phase modulat~on Ur 
~nte l l~q~b~l~ty  and aud~o fldrlltv 

HIGHILOW POWER OUTPUT: 25 or - - 
selectable ~n PCS-4000 10 or 1 watt selectable II 
PCS-4200, PCS-4300. PCS-4500, and PCS-48( 
Transm~tter power IS fully adjustable 
SUPERIOR RECEIVER: Sens~t~v~ty ISO 2 uVor 
better lor 20-dB quletlnq Clrcults are des~gned a1 
manufactured to rlgorous spectf~cat~ons for excer 
t~onal performance s~cond to none COMPARE' 
REMOTE-CONTROL MICROPHONE: Memory 
A-1 call, up down manual scan, and memory 
address funct~ons may be performed without 
touch~ng the front panell COMPARE1 

TINYS1ZE:Only 2 H y 5.5"W y 6.8"D. COMPARE1 
MICROCOMPUTER CONTROL: At the forefront 
of technoloqyl 
UP TO 8 NONSTANDARD SPLITS: Ultimate ver- 
satil~ty. COMPARE1 
16-CHANNEL MEMORY IN TWO &CHANNEL 
BANKS: Retains frequency and standard simplex 
or plus mlnus offsets. Standard offsets are 600 kHz 
for PCS-4000. 1.6 MHz for PCS-4200.5 MHz for 
PCS-4300.1 MHz for PCS-4500, and 100 KHz for 
PCS-4800. 

2s-4500 6-m FM Transceiver 

DUAL MEMORY SCAN: Scan memory banks 
e~ther separately or together. COMPARE! 
TWO RANGES OF PROGRAMMABLE BAND 
SCANNING: L~mlts are au~ckly reset Scan the two 
segments cltherseparatcly ortogether COMPARE! 
FREE AND VACANT SCAN MODES: Free scan- 
nlnq stops 5 secondson a busy channel; auto- 
resume can be overridden ~f des~red Vacant 
scannlng stops on unoccupied frequenc~es 

.rn FM Transceiver 

ING SOON 
a - r n  FM Tra nsceiver 

OTHER FEATURES: Dynamtcmicrophone, rugg 
built-~n soeaker. mobile mountina bracket, remotc 

DISCRIMINATOR SCAN CENTERING (AZDEN 
EXCLUSIVE PATENT): Alwaysstopson frequency. 

speaker jack, and all cords, plugs, fuses, and 
hardware are included. 
ACCESSORIES: CS-7R 7-amp ac power supply 
CS-4.5R 4.5-amp ac power supply, CS-AS remot 
speaker, and Commun~cations Specialists SS-3; 
PL tone module. 
ONE YEAR LIMITED WARRANTY! 

DO 
held 

r m  ~rarisdeiver r /  106 
142-1 49.99 

TWO PRIORITY MEMORIES: Either may be 
instantly recalled at any t~me. COMPARE! 
NlCAD MEMORY BACKUP: Never lose the pro- 
grammed channels! 

PCS-31 
2m Hand 
r.. -r ----- 

15 MHz FREQUENCY REVERSE: The touch of a single 
button ~nverts the transmlt and receive frequencies, 



SSTV-RTTY -FAX TUNER 
l'recision tuned temperature stable filter circuit drives frequency indtcat~ng 
LI:IYs to provide perfed SVV. R'ITY and FAX tuning. 

No more missed contacts byinp, to tune by gum or "bv eaf: 
W i d  and Tested 

Operates on 12 to 16 VDC 
Simple input connection to speaker 

12 VDC wall adapter (Model 60) is available for $9.95 

Wananteed I w  one lull year 

r m i ~  ANTENNA HANDBOOK I - - 1 by Bill Orr.  WGSAI 
Recommended readlng Commonly asked questions l ~ k e  What 1s the best 
element spacing? Can d~llerent yagl antennas be stacked wlthout loslng 
performance? Do monoband beams outperform Ir~banders? Lots of construe- 
tlon prolects d~agrams and photos 198 pages 1977 1st edltlon ~ CIRP-BA Softbound $7.95 
SIMPLE LOW-COST WIRE ANTENNAS 

by Bill Orr,  W6SAI 
Learn how lo bu~ ld  slmple economical wlre antennas Apartment dwellers 
take notel Fool your landlord and your ne~ghbors w ~ t h  some ol the Invls- 
~b le  antennas found here Well d~agramed 192 pages "972 
ORP-WA Softbound $7.95 
THE RADIO AMATEUR ANTENNA HANDBOOK 

by William I .  Orr,  WGSAI and Stuart Cowan, WZLX 
Contatns lots of well illustrated construcllon prolects tor verl~cal long wtre 
and HFlVHF beam antennas There IS an hones1 ludgmenl of antenna gatn 
ttgures, lnlormat~on on the best and worst antenna locat~ons and hetghts a 
long look at fhe quad vs the yagl antenna ~nlormatton on baluns and how 
to use them, and new ~nlormat~on on the popular Sloper and Delta Loop 
antennas The text IS based on proven data plus practical on-the-a~r experl- 
ence The Rad~o Amateur Antanna Handbook will make a valuable and Often 
consulted relerence 190 pages ~c 1978 
O RP-AH Softbound $7.95 1 ALL ABOUT CUBICAL QUAD ANTENNAS 

by B~l l  Orr,  W6SAI 
The cub~cal quad antenna 1s cons~dered by many to be the best OX antenna 
because of 11s slmple llghtwe~ght des~gn and h ~ g h  performance You II llnd 
quad deslgns tor everything lrom the slngle element to the multl-element 
monster quad plus a new h~gher galn expanded quad (X-(I) des~gn 
There s a wealth ot supplemenlary data on construcllon, leedlng tunlng 
and mountlng quad antennas 11 2 pages (r  1977 
ORP-CO Softbound $6.95 

Please add $1 00 to cover sh~pplng and handllng 

I HAM RADIO'S BOOKSTORE 
GREENVILLE, NH 03048 I 
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I met Pat Hawker, G3VA, some 
years ago at an electronics trade 
show in New York, and since then, 
we've QSO'd from time to time. One 
of Pat's attributes is his ability to fer- 
ret out new ideas that otherwise 
could be lost in the noise of the day- 
to-day progress of the electronics 
world. I always enjoy reading Pat's 
column, "Technical Topics, " in the 
magazine Radio Communication, the 
flagship publication of the Radio 
Society of Great Britain. 

"absorbing yagi" 
In his November, 1982, column, 

Pat described the "absorbing Yagi" 
antenna scheme of John Beech, 
G8SEQ. It appears that John has de- 
veloped a new technique that irn- 
proves the pattern of the convention- 
al Yagi antenna, particularly in regard 
to the front-to-back ratio of this pop- 
ular antenna (fig. 1). It's not difficult 
to  achieve good gain with a Yagi; the 
antenna is most forgiving when it 
comes to adjustment and layout. The 
adjustment of front-to-back ratio, on 
the other hand, is both sensitive and 
crucial, and will vary greatly from one 
installation to the next. G8SEQ has 
achieved very high front-to-back 
ratios by the addition of a new ele- 

%3 LOBE S IDE  ? 

0 

S P L I T  RELlR ee 0 

fig. 1. (A) Representation of field plot 
of a conventional Yagi showing side 
and rear lobes, and (6) Plot of "absorb- 
ing Yagi" showing reduction of un- 
wanted lobes. The deep null to the rear 
of the array can be maximized by "fine 
tuning" the absorber element. 

otherwise be radiated to the rear of 
the array. In its simplest form it is an 
extra dipole element, resonant at the 
operating frequency of the Yagi, with 
a resistor placed at its center. The re- 
sistance is approximately equal to the 
center impedance of the driven ele- 
ment (fig. 2). 

The absorber adjustments consist 
of varying the spacing to the reflector 
and adjusting the value of the center 
resistor until optimum front-to-back 
ratio is observed. If the Yagi has a 
reasonable front-to-back ratio to be- 
gin with, an absorber resistor power 
rating of 25 watts will suffice even at 
full legal power. 

According to  Hawker, "G8SEQ 
suggests that one can regard the Yagi 
array as a directional bandpass filter, 
and that the absorber is the element 
that has been missing for years. With 
the same thinking now sometimes 
being applied to absorptive lowpass 
TVI filters, the unwanted RF is safely 
dissipated in a dummy load rather 
than attempting merely to 'short cir- 

ment to the Yagi, which he calls an cuit' it with a reflector."' 
absorber element. He reports ratios While no specific dimensions are 
as high as 75 dB for a 13-element given, G8SEQ suggests that the ab- 
VHF array! sorber element be self-resonant at the 

As the name suggests, the absorb- operating frequency and placed 
er element absorbs energy that would about 0.23 wavelength behind the re- 
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fig. 2. The G8SEO absorbing Yagi for 144 MHz. The 12-element beam has conventional 
dimensions plus the addition of an absorber element 17 inches behind the normal re- 
flector. Absorber has same dimensions as driven element. Elements are made of 318- 
inch diameter tubing. 

fig. 3. (A) Representation of current distribution on 312-wavelength dipole, and (B)  
optimum-shaped dipole. (C) Current distribution in modified dipole causes radiation 
to increase in forward direction. 

wavelength element, curved in a spe- 
cific manner, to provide forward gain 
and directivity (fig. 3). Landstorfer's 
element has a forward gain of about 
5 dBi. 

The main disadvantage of this idea 
is simply the larger size of the basic 
element. Even so, this is compen- 
sated for by the fact that far fewer 
elements are needed to obtain equi- 
valent gain. 

A three-element Yagi using this 
technique (fig. 4) was tested. The 
gain was measured at 11.5 dBi (about 
9.4 dB over a dipole), with a front-to- 
back ratio of 26 dB. Sidelobe attenua- 
tion was better than 20 dB. 

G3VA points out that the optimized 
shape of the elements is related to 
element diameter, and until more 
specific information is available, the 
cut-and-try technique is recommend- 
ed for those wishing to experiment 
with this novel antenna. 

the terminated, 
traveling-wave antenna 

A final note before we leave Pat 
Hawker, G3VA. Pat wrote about an 
interesting antenna development 
originally described in the IEEE Trans- 
actions on Antenna and Propaga- 
t i ~ n , ~  by Matsuzuka and ~ a ~ a s a w a  
of Nihon University (home of the 
famous Dr. Yagi of Yagi antenna 
fame), Tokusuda, Japan. Matsuzuka 

flector and that the center resistor be 
about 10 ohms, noninductive. I 
would guess that less spacing could 
be used, provided absorber length 
and resistance were varied. 

I think this is a good idea and I 
would be pleased to hear from any 
experimenters who try this novel 
technique. In today's world of heavy 
interference, antenna front-to-back 

provided increased gain and improv- 
ed operating characteristics. Again, 
Pat Hawker tracked it down and de- 
scribed it in his November column. 
The antenna, discussed at an Interna- 
tional Conference on Antennas and 
Propagation in London in 1979, was 
developed by F. M. Landstorfer at the 
Technical University in Munich. Fur- 
ther work was done on the antenna 

ratio may be of more importance than by Cheng and Liang of Syracuse Uni- 
antenna gain. versity in 1982. 

optimum-shaped 
antenna element 

For many years it was assumed 
that the "building block" of a beam 
antenna was a straight dipole element 

For some time I have heard about a about a half-wavelength long. Lands- 
new antenna element design that torfer investigated the use of 312- 
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fig. 4. Top view of experimental Yagi 
using gain-optimized elements, each 
approximately 312-wavelengths long. 
VHF array of this design provided 11.5 
dBi gain and a front-to-back ratio of 
about 26 dB. 
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and Nagasawa described a rectangu- 
lar loop antenna, fed at the center of 
one side and terminated with a resis- 
tor placed in the opposite side (fig. 
5) .  The loop provides a unidirectional 
pattern with the approximate dimen- 
sions shown. A very high (unspeci- 
fied) front-to-back ratio is achieved 
over a significant bandwidth. Dimen- 
sions and resistor value are relatively 
non-critical. 

- 
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fig. 5. The terminated, traveling wave 
loop antenna provides good directivity, 
front-to-back ratio and bandwidth. 
Value of terminating resistor is not crit- 
ical. RF energy reaching far end of an- 
tenna is dissipated in the resistor rather 
than being reflected back to the feed- 
point. Wattage rating of resistor is 
equal to about one-half the power out- 
put of the transmitter. 

VCR RFI: more problems 
for hams 

I've heard that some Amateurs are 
experiencing RFI problems with their 
transmissions interfering with video 
cassette recorders (VCRs). I have a 
VCR myself, and have had no prob- 
lems with it, perhaps because I'm not 
on the air when I'm watching it. How- 
ever, I would appreciate hearing from 
any readers who have had VCR RFI 
and solved the problem (if they did). I 
have also heard that video disc re- 
corders are RFI-prone, especially to 
signal in the region of the forthcom- 
ing 800 MHz Amateur band and the 
forthcoming mobile communication 
band. 

As solid-state electronics invades 
our lives more and more, the RFI pro- 
blem will become more severe. 

Unfortunately, even though Public 
Law 97-256 requires manufacturers to 
produce RFI free equipment, the FCC 
favors voluntary standards, rather 
than imposed standards. This leaves 
the door wide open to abuse and cir- 
cumvention of the law, leaving the 
Radio Amateur to take the blame for 
RFI caused by poorly designed pro- 
ducts. 

the 4-1000A linear amplifier 
There's a considerable amount of 

interest in using the 4-1000A tetrode 
as a cathode-driven, linear amplifier, 
and it is a popular tube for "home 
brew" equipment. In grounded grid 
service, the tube will operate well at 
plate potentials between 3 and 5 kV 
and can easily provide up to the legal 
1.5 kW PEP output limit. Typical 
operation of this tube at 3 kV is as 
follows: 

DC plate voltage 3 kV 
zero-signal plate current 55 mA 
single-tone plate current 700 mA 
single-tone grid current 275 mA 
single-tone driving power 120 watts 
load impedance 2350 ohms 
driving impedance 104 ohms 
plate input power 2100 watts (PEP1 
useful output power 1320 watts (PEP) 
3rd order distortion -34dB 
5th order distortion -36dB 

Note: Single-tone grid current is sum of grid one and 
grid two currents. Usbful power output is power 
delivered to the load. Plate power output is 1500 
watts PEP. 

For full information on the 4-1000A 
and other glass tubes suited for 
grounded grid service, write to me at 
EIMAC, 301 Industrial Way, San 
Carlos, California 94070. (Enclose 
two first-class stamps or two IRCs for 
postage. 

Circuit design and additional in- 
formation on linear amplifiers may be 
found in the 22nd edition of The Ra- 
dio Handbook, published by Howard 
W. Sams and available from Ham 
Radio's Bookstore, Greenville, New 
Hampshire 03048. 

references 
1. Pat Hawker. G3VA. "Technical Topics," Radio 
Communication, November, 1982. page 959. 
2. IEEE Transactions on Antennas and Propagation. 
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EMIIRFI test receivers 
Specialized receivers 

demand tighter 
design requirements 

This article was prepared from a paper originally delivered at Electro 
82, an electronic show and convention held in Boston on May 
25-27, 1982. Editor 

Many electrical devices - from computers to hair 
dryers - generate electrical noise. This noise is 
either conducted along power cables to other electri- 
cal devices, or radiated through the unit's enclosure, 
keyboard, or screen to the world outside, thereby 
producing interference that affects still other electri- 
cal instruments. 

A receiver able to detect and measure this interfer- 
ence and-relate it to precise (accepted) international 
standards must necessarily be based upon a different 

design than that of a communications receiver. The 
latter type normally covers the 10 kHz to  1000 MHz 
frequency range and is primarily designed to receive 
and decode selected transmissions. Conversely, an 
€MI receiver must include the following design 
features: 

A greater instantaneous dynamic range than that of a 
communications receiver, since the energy of incom- 
ing pulses can be higher than several intelligence- 
bearing signals or constant carriers 

A circuit that monitors the maximum allowable volt- 
age at different stages, t o  prevent short-term 
overload 

Detector time constants that conform to internation- 
ally agreed-upon standards 

Appropriate IF bandwidths 

Precise amplitude calibration over the operating fre- 
quency range (Attainment of this normally requires 
the use of either a spectrum generator or tracking 
generator. 1 

If active antennas are used to measure the field in the 
low frequency range, they must have the necessary 

A-.- I dynamic range and proper antenna correction factor. 
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The different requirements of test receivers and 
normal communications receivers will be discussed 
in this article, with special attention paid to the rela- 
tive advantages or disadvantages of manual and 
automatic measuring capability. 

dynamic requirements 
Before specific EMIIRFI receivers - such as the 

Rohde 8 Schwartz ESH2 manually-operated 

Dr. Ulrich L. Rohde, DJ2LR. President, 
fig. 1. Manually operated EMIIRFI test receiver, type ESH. C~mmunicatiOn~ Consulting Gorp., 52 Hillcrest 
Frequency range, 10 ktiz to 30 MHZ. Drive, Upper Saddle River, New Jersey 07458 
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fig. 2. Microprocessor-controlled EMllRFl test receiver, 
type ESH3, features built-in intelligence. Frequency range, 
10 kHz to 30 MHz. 

EMIIRFI 10 kHz to 30 MHz receiver (fig. 1) or the 
ESH3 computer-controllable EMIIRFI test receiver 
with built-in intelligence (fig. 2) - were introduced, 
spectrum apalyzers were generally used to detect 
and characterize emitted noise spectrums. There has 
been some controversy as to whether spectrum ana- 
lyzers that employ special "quasi-peak" detectors 
(CISPRIANSI) can provide the necessary informa- 
tion. This is an important issue and should be 
clarified.' 

The spectrum analyzer, while quite capable of 
rapidly providing data on CW and various sinusoidal 
signals, is not as suited to measure pulse spectrum 
parameters with the same facility. To understand 
why, a discussion on spectrum and bandwidth re- 
quirements is called for. 

Electrical pulses of short duration possess consid- 
erable energy over a wide frequency range. When 
this signal is introduced into a bandpass filter, the 
output peak voltage (of the pulse) is proportional to 
the pulse bandwidth (which is approximately the 6 
dB bandwidth of the filter). 

B W t  
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DYNAMIC RANGE 

BWI 

2 0  lop 8WI/BWP 
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FOR PEAK MEASUREMENTS 

If a signal having a pulse spectrum is introduced 
into two cascaded bandpass filters with different 
bandwidths, B WI and B W2 (with B W1 > B W 2 ) ,  
the ratio of the output peak voltage is equal to the 
ratio of the filter bandwidths or: 

BWI AE (dB) = 20 log ~7~ dB (2b) 

fig. 3. Comparison of EMIIRFI receiver and spectrum 
analyzer to evaluate usable dynamic range. 
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Here, the question of RF preselection (input RF 
bandwidth) comes into play. If no preselection exists 
(as in the case with a spectrum analyzer), the meas- 
ured output levels (analyzer and receiver) are differ- 
ent. Assume you are testing in the 30-1000 MHz 
range. Typical input filter bandwidths are 

measuring receiver B WI = 30 MHz 

spectrum analyzer B W l  = 1800 MHz 

Consequently, the voltage E l  presented to the first 
mixer of the device is 48 dB and 83.5 dB higher, re- 
spectively, than the output (indicated) voltage E2. 
Therefore, the narrower RF filter of the measuring re- 
ceiver lowers the required mixer dynamic range by 
35.5dB (83.5 - 48 = 35.5). 

Let us apply these facts to the measuring receiver 
and spectrum analyzer. We have assumed that each 
device uses the same mixer (with equal maximum in- 
put voltages), and the receiver has an approximately 
10 dB lower noise figure. (This is typical, though the 
difference may even be greater, as in fig. 3.) 
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fig. 4. Pulse response curve for the frequency range 10 
kHz to 150 kHz (per ClSPR Publication No. 16,1977). 



BASIC PROGRAM MANUAL 
FOR AMATEURS 

Programs Des~gn Ouads beams trap dlpoles. 
antenna w~nd load llllers pads slr~pllnes op 
amps microwave RF tolls calc Ohms law 
L C power loq OSO s global distances and 
much more 

All FOR $9.g5 ( l b k l l  UDCS 5 t i lPP IY I~  
A~JI tinin1 &JI,J 

YAESU FT-207R OWNERS 
AUTOMATIC 

SCAN MODULE 
15 minutes  t o  ~ns ta l l ;  scan re- 
starts when carrler d rops off ;  
busy s w ~ t c h  cont ro ls  auto- 
mat ic  scan on-off; includes 
module  and  instruct ions. 
Model AS-1 $25.00 

BATTERY SAVER KIT 
Model BS-1 $14.95 

NCI 1 1 j ~ t t '  t l ( ~ d  batterles due to memory bacrup 
3 0 "  less power dram when squelched 
S~mplr to ~nstall, step.by step lnstructlons and 
parls Included 
4 rnA memoly backup reduced to 500 PA I 45 mA recelver drain reduced to 30 mA 

J 140 
Improved audlo fldellty and loudness 

PH. 316-231-817' 

NUTS & VOLTS 
The Nation's XI Electronic 

Shopper Magazine 
P O  BOX I I I I -H PLACENTIA. C A  92670 

(714) 632-7721 I 
join 1000's of Readers Nationwide 

Each Month 
U.S.A. SUBSCRIPTIONS 

$ 7.00 - I YEAR 3RD CLASS MAlL 
$12.50 - I YEAR l ST CLASS MAlL 
$25.00 - LIFETIME - 3RD CLASS MAlL 

Wlch Free Clossfied Ad I 
r /  177 

72 fl November 1983 

This tower is ready for found a 118" clearance on the 
shipment to one of our d guide, he placed 
customers, or is it? tag of rejection on 
If we were an is tower and made 
ordinary tower ure it was corrected 

o 1116" before he 
tower would tamped his final . 

approval for 
shipment. 

Every 
employee 

tower company at Tri-Ex 
and that is knows that 

the reputa- 
tion you estab 

lish in an industry 
We have the b is what will make 

or break his com- 
pany. That is why 

not afraid to say so. That Tri-Ex has been in bus- 
is why when John Pasillas iness continually since 1955. 

f 3 

When you purchase your tower from Tri-Ex, you 
can be assured that all welds have been done by 
certified welders, all construction and galvanizing 
has met ASTM standards, all towers have been 
constructed in precision jigs, all steel has been 
tested for carbon content and tensil strength. 

When it goes to shipping, John is ready. 

\ 

When you decide on Tri-Ex 
you have many models to 
choose from. 

STACKED: 
Light, medium, heavy duty 
10 feet and up. 

CRANK UPS: 
Light, medium, heavy duty 
25 feet to 88 feet standard. 

SPECIAL TOWERS: 
Sky needle, Clementower 
37 feet to 180 feet & higher 

1 

Introducing Tri-EX'S new DX-86 
- 86 feet tall. 25 square feet in 
a 50 mph wind. 
Call you local dealer for details. 

FOR ADDITIONAL INFORMATION WRITE TO: 

-ksig TOWER 

CORPORATION 
7182 Rasmussen Avo. 
Visalia, Calif. 93291 

P . 0 .  Box 5009 
Visalia, California 93278 

(209) 651-21 71 

/ 204 



Therefore, one can see that when making "peak" 
measurements with a spectrum analyzer the usable 
dynamic range is so limited that the measurement 
must be monitored carefully to assure the linear oper- 
ation of the mixer. This can be accomplished by 
switching in a small amount of attenuation and com- 
paring this value to the drop in measured output. 
However, this is time-consuming, and definitely not 
in line with the requirements for rapid automated 
testing. 

PULSE R E P E T I T I O N  FREQUENCY IN HERTZ 

fig. 5. Pulse response curve for the frequency range 150 
kHz to 30 MHz (per CISPR Publication No. 16,19771. 

PULSE R E P E T I T I O N  FRECIUENCY IN HERTZ 

fig. 6. Pulse response curve for the frequency range 30 
MHz to 1000 MHz (per CISPR Publication No. 16,19771. 

problem with 
quasi-peak detectors 

The most serious flaw in the application of spec- 
trum analyzers is in the use of a "quasi-peak" detec- 
tor. A "quasi-peak" detector is simply a weighting 
network that gives a weighted indication based on 
the PRF (pulse repetition frequency) of the incoming 
pulse spectrum. (The curves for this weighting are 
shown in figs. 4, 5, and 6).  The variation in weight- 
ing in the VHFIUHF range is 39.5 dB. It is impossible 
for a measuring device with a usable dynamic range 
of only 7.5 dB to give a correctly weighted output 
over a 39.5 dB range. (Remember, the weighting cir- 
cuitry is at the IF, after the "damage" is done.) 

The final conclusion is that, based on the simple 
physics of the measurement, it is difficult to measure 
pulse spectra peaks with a spectrum analyzer, and 
the use of "quasi-peak" circuitry at the IF of an ana- 
lyzer is impossible without appropriate RF preselec- 
tion. (Fig. 7 shows overall selectivity as a function of 
frequency range required for the EMIIRFI test receiv- 
er to meet specifications.) 

high-dynamic range required 
Fig. 8 shows the block diagram of a modern RFI 

test receiver. It consists of an RF attenuator, a built- 
in calibrator, a tracking input filter, a mixer, IF 
stages, and the detector for demodulation, as well as 
the required weighting filter and rectifiers. 

It becomes immediately apparent that the major 
difference between this block diagram and the block 
diagram of a typical communication receiver is the 
RF attenuator, the calibrator, and the lack of pream- 
plification ahead of the mixer. 

Assume that a high level double-balanced mixer is 
used, and that both the RF attenuator and the band- 
pass filter do not introduce any intermodulation dis- 
tortion. In this case, the large signal performance of 
the receiver is determined by the mixer and the stage 
immediately following the mixer, most likely a termi- 
nation amplifier with a crystal filter immediately fol- 
lowing it. 

The mixer, typically a passive device, introduces 
5.5 to 6 dB of loss to the next stage (an amplifier). 
Most likely, these two stages determine the overall 
intermodulation distortion performance of the receiv- 
er. The high level double balanced mixer and the 
post-amplifier probably have a + 30 dBm intercept 
point. 

The presence of the input filter not only reduces 
the number of signals but also improves the second 
order intermodulation distortion substantially, rela- 
tive to a wide-open front end. 
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prevention of overload 
The receiver can saturate if the combined signal 

level present at the output of the 'input tracking and 
IF crystal filters is excessive. While it may not be pos- 
sible to prevent such an overload condition initially, it 
is important to detect the condition. The input RF at- 
tenuator can then be used to reduce the overload. 

The automatic and computer controllable EMIIRFI 
receiver ESH3 automatically switches in the required 

fig. 7. Required selectivity of the EMIIRFI receiver as a 
function of frequency range. 

attenuation to make sure that this overload condition 
does not occur while providing a 60 dB dynamic 
range at the IF. 

The microprocessor-controlled receiver has its 
own intelligence and combines the proper RF and IF 
attenuation for optimum dynamic range. It is theoret- 
ically possible to increase the IF attenuation rather 
than the RF attenuation. As in the manually operated 
receiver, the two functions are not tied together, and 
the inexperienced operator may not be aware that 
the intermodulation distortion products can only be 
reduced by using the RF attenuator. 

In order to monitor the actual overload, special de- 
tectors are placed after the mixers, because modern 
receivers use a first IF approximately twice the maxi- 
mum receiving frequency, the first IF of the test re- 
ceivers can be expected to be in the vicinity of 70 to 
80 MHz. The second IF is then substantially lower 
(between 9 and 11 MHz), depending upon the receiv- 
er, and sometimes even a third IF (30 kHz) for the 
very narrow bandwidth requirements is used. This 
design requires two monitoring stages after the mix- 
ers to make sure no overload occurs. 

time constants 
EM1 receivers are also distinguished by specific 

values of detector attack and decay time constants, 
with typical values being 1 and 160 milliseconds, re- 
spectively, in the 0.15-30 MHz frequency range. A 
good communications receiver uses totally different 
time constants. In the SSBICW mode, the attack 
time would probably vary between 3 and 15 mS, de- 
pending upon the manufacturer, and the discharge 
time constant would be in the vicinity of 200 mS to 
10 seconds selectable. The 1 mS attack time for the 
pulse receiver is too fast and will result in a "quasi- 
peak" reading, which for the EM1 receiver is desirable 
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GENERATOR 
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fig. 8. Block diagram of an EMI/RFI receiver. 
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scrolling display, expandable cl~aracter font (40 x 25 lines), built in 115 vac regulated, switcl~ingpower s u p  
ply, and mucb, much more. Most units are new in original factory cartons, but sold "as is." Each system comes 
wzth an operators manual. A t  our ridiculously low prtce, bow can you lose ? 
UPS shpg. w t. 55 11,. no. M T 686 $289.00 
We offer the following as options : scl~ernatic pac. 3 Ib. $10.00 
25 ft. RS 232 cable w/ 2 DB 25 connzctors ( 1 male, 1 female) $20.00 
USRT for s ncl~ronous data comm. w/ installatinn instnsctions $10.00 
For more d' ata, send $3.00 for a brochure. T / J ~  $3.00 is applicable to  your order for a teminal. 

1 '-I---- 
"Q. 

RECElVERlTRANSMlTER PRC 509 6 510 <--- 
3 

We just purchased a nke, dean lot of surplus Canadian m i l i  PRC 
*- w 

509 L PRC 510 radm. They are similar to US PRC 9A 8 10A. 900 *.. 
m~llrwatt output will trptsmlt an average of 5 miles over a tuneable - 
range of 27-39 MHz (PRC 509) and 38 55 MHz (PRC 510). For best 
operator! the handset and antenna listed below should be used wlth - 
the radro, but you can alwavs rlry ng your own Radlos are whole. 
untested and sold as IS. Each one comes with free battery box (bat- 
tenes not ~nduded) and schernatlc. Front panel controls marked for 
easy opemtms Accessones available H-33 handset (mc L earphone) 
$12 00, semi-ngld anatenna $5 00,4300 MHz callbrat~on crystal $3 00 . . 

<7. 

(not necessary for normal operation), 8. mllltary operations handbook 
$300 PRC 509 or 510 9 Ih $20.00 @ 

7 .  

rc L ----- 
-0- . . 

POR-27 NAVY RADIATION METER 

Just released by the US Navy. They appear to be In e x d h t  amdM and indude the 
fitted alumlnwn transrt case. Batteries not f~Jrmshed but are available In most electronc 
supply houses 4 ranges 0 5 to 500 mr/hr. RernovsrMe hand probe, detection of Bsta 
and Gamma radlatlon W~th todays world condltlons and perhaps proxlrn~ty to a nuke 
power statcon, tt mght provtde a little l n s u r v  to own m of these Instruments W~th no 
facllltles to check or test, we offer AS IS. vlsually OK Schematic provlded wlth each We 
have some accessones and offer as an op tm although not required for operation 
Shlpplng wgt 22 Ib PDR-27 Rad Meter $50 00 

'HONE ORDERS accepted on MC, VISA, or AMEX PDR-27 phones $7 00 Approx. 100 page Instr. ~ a d c  $10 00 
Wo COD'S. Shpg. extra on above. HI Senslt~vlty GM tube $10.00 Low Sensmvlty GM tube $5 00 

;end for free 72 page catalogue jam packed w/ bargains. The above hsted t&@s are dready rnstalled n the meter 
We am offennq these as speres i f  desned 

More Details? CHECK-OFF Page 118 
J 171 November 1983 75 





but would lock up the AGC in a communication re- 
ceiver each time an unwanted noise spike occurred. 

Some manufacturers have chosen to make the 
EMI/RFI receivers more universal by adding built-in 
detectors for the communication mode as well. The 
ESH2 and ESH3 have this flexibility. 

IF bandwidth 
Special IF bandwidths are needed in EMIIRFI re- 

ceivers; 200 Hz is chosen for the lowest frequency 
range (10 kHz-150 kHz) 9 kHz for 0.15-30 MHz and 
120 kHz for 30-1000 MHz. 

At 200 Hz, the bandwidth for the frequency range 
of 10 kHz to 150 kHz almost requires a triple conver- 
si6n receiver in order to obtain narrow bandwidth 
with a good shape factor. 

At 30 kHz, the 200 Hz bandwidth filter is more like- 
ly a mechanical filter than a crystal filter, as the cost 
otherwise would be prohibitive. 

amplitude calibration 
There are two ways to calibrate the receiver. One 

is to use a pulse generator, such as the ones manu- 
factured by Schwarzbeck, (models IGM 2913, 10 kHz 
to 30 MHz, and IGU 2912, 25 MHz to 1000 MHz) 
which operate over a fairly wide pulse rate. With a 
calibrating pulse of 0.316 microvolts per second and 
a repetition frequency of 100 Hz, the frequency range 
of 150 kHz to 30 MHz can be covered. The particular 
calibration voltage should give a 0 dB reading on the 
meter. 

Sine wave calibration is also possible. This requires 
a second generator which can be provided inside the 
instrument. The sine wave output is a good cross- 
reference for the calibration of the pulse generat~r.~ 
As the calibration of the instrument depends upon 
these signal sources, it is important that these signal 
sources be built in such a way that aging effects, 
temperature, and voltage variations do not affect 
them. Modern special feedback circuits can solve 
this problem. 

In the case of automated receivers, like Rohde & 
Schwarz ESH3, the built-in microprocessor, together 
with the random access memory, allows the develop- 
ment of a scanning program in which the receiver is 
calibrated over the entire frequency range, and the 
actual error is stored in memory. As measurements 
are made, the receiver uses a "look-up" table to add 
the correction factor. This is convenient because the 
operator does not have to worry about the accuracy 
of the receiver. 

A manually operated receiver has to be calibrated 
for each major frequency change, which can be time- 
consuming since the values also have to be written 
down for future use. A word of caution: it should be 
remembered that the frequency synthesizer also is an 

fig. 9. Loop antenna system recommended for EMI/RFI 
testing. 

important factor in receiver performance. The noise 
sideband of the synthesizer and its inherent spurious 
performance have to be good enough to prevent any 
spurious frequencies or sidebands from appearing 
and giving erroneous readings. Therefore, the refer- 
ence suppression and all mixing products have to be 
suppressed sufficiently. 

antennas 
The use of tuned antennas is rare at lower frequen- 

cies (between 10 kHz and 150 kHz). In this frequency 
range it is better to use loop antennas or active an- 
tennas. Again, it is important to make sure that the 
dynamic range of the active antennas are sufficient. 
While the test site has to be properly designed and 
reflections have to be avoided it should be mentioned 
here that if an active antenna is used, its dynamic 
range must be sufficient. 

For frequencies above 20 or 30 MHz, reference di- 
poles or logarithmic periodic antennas may be used, 
depending upon the particular frequency. It would be 
best to look up the particular recommendations and 
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nna Installation 

High Efficiency 

More Frequency Coverage 
More Average Gain 

More Separation 
Less Noise & Frequency Image 

GUARANTEE 

@ . Portable type . With housing for 
9 volt battery (not included) 

@ . Regular type . 110 v.A.C. power supply 
in the unit 

@ . Universal type . 110-220 V. 50-60 Hz . Imputs & Outputs 
impedance matching 
--- . - -- - 

Send your check or M.O. to: 
ELECTRONICS OVERSEAS CORP.. INC. 
170 Cedar Avenue. Hawthorne.NJ07506 

N J 1011den11 .ad 8% ralaa l ax  

n J 

TrnT ANTENNA 
SYSTEMS 

"THE PERFECT MATE FOR YOUR SOLID-STATE" 

FEATURES 
Dual-Drive For Total Broadband Machined 

Aluminum Boom-To-Mast And Element Mounts 
Lightweight Yet Rugged Excellent Gain 8 

FIB Balun (Non Ferrite) Included All Elements 
Active Stainless Steel Electrical Hardware 
Included Air Dielectric Coaxial Trap Capac- 
#tors Precision Machined Aluminum Alloy 
r Easy One Afternoon Assembly Lower Wind 
Load U.P.S. Shippable 

TRiBAND YAGlS 
HB33SP 3 El -1 3'2" Boom-27 Lb. $1 89.95 

3KW Max. Pwr . Compact +ship. 
HB43SP 4 El -19'8" Boom-38 Lb. $249.85 

3KW Big Sognal Performance +ship 
HB34D 4 El - 1 6 " 5  Boom-34 Lb 5218.95 

3KW Slightly Larger Than +ship 
33SP 

HB35T 5 El -24'7" Boom-50 Lb. 5349.95 
3KW "THE ULTIMATE" +ship 

ALSO AVAILABLE 
HB40NL3 3 El 40M Monoband $379.95 
HB40NL2 2 El 40M Monoband 5254.95 

S P E C I A L S -  
Snrrn h&gaTn 
The New EXPLORER 14 $287.051 + shlp 

KC- Ml 
IC730 $595.001 + shlp 

'CASH. CHECK. M.O.. VISA 8 MASTERCARD' 

"SWISS 0uads"- Thrust Beanngs - Rotors 
Many Other Models Avarlable 

Call Or Wrrfe For Complele Catalog 

1/ 199 (51 3)376-2700 

W I N ~ C S  
15 Sexton Dr., Xenia, Ohio 45385 

HE UHF COMPENDlUM 
by K. Weiner, DJ9HO 

irst published in German in 1980 - this book was an 
instant European best seller. Now available in English 
- only from Ham Radio Magazine. This hefty, 413 page 
book is an absolute must for every VHF and UHF enthu- 
siast. The UHF Compendium has been divided into 7 
sections to fully cover theory and practical building in- 
structions. Special emphasis has been placed on state- 
of-the-art techniques such as GaAs Fet preamplifiers 
and converters. Author Weiner also fully describes all 
of the test equipment, alignment tools, power measur- 
ing equipment and other handy gadgets that will be of 
use to the UHFlVHF Amateur. All of the projects and 
designs have been tested and proven and are not engi- 
neer's pipe dreams. Antennas are also fully covered 
with a number of easy-to-build designs as well as large 
mega-element arrays. Noted VHF enthusiast, Joe 
Reisert, WIJR, tells us that every ham interested in 
UHFlVHF should have a copy of this book. Get yours 
today - only from Ham Radio Magazine. 

KW-UHF Softbound $23.95 

Please add $2.50 shipping and handling 

Ham Radio's Bookstore 
GREENVILLE, NH 03048 

'1983-1984 
AMATEUR 
RADIO 

CALL 
DIRECTORY I THE BARGAIN AT $ 149 ShlDplng 1 

A no frills directory of over 
435,000 U.S. Radio Amateurs. 
8Yzx11, easy to read format. 
Completely updated. 

Also available for the 
first time ever- 
(Alphabetically arranged-Sold separately) 

Geographical lndex 
by State, City and Street No. and Call 

Name lndex 
by Name and Call 

Ordering Information 
Directory-$14.95 - Geographical Index-$25.00 
Name Index-$25.00 

Add $3 00 Shlpplng to all orders 

Dealer /Club inquiries welcome 
I Send your order-t.nclosing check or 

money order in U S dollars to 

1 Buckmaster Publishing 
Whitehdll 
Mineral, VA 23117 11 S.A 

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

51.00 6 VDC RELAY 
EACH 1 SUPERSMALL 

CONTAINS 5 SINGLE-POLE SPDT RELAY. 
NORMALLY OPEN SWITCHES GOLD COBALT 

-. " -., .,...A CONTACTS I .. 
RATED 1 AMP AT 30 VDC 
HIGHLY SENSITIVE TTL 
DIRECT DRIVE POSSIBLE 
OPERATES FROM 4 3  TO 
6 V COIL RES 220 OHM I 

I CONTAINS 6 SINGLE-POLE I 1 3/16" r 13/32" 8 7/16 I 

MEASURES 4 114 LONG 
120V INDICATOR 

NEON INDICATOR RATED 
120 V 1/3 W MOUNTS IN 
5116 HOLE RED LENS 

AROMAT U RSObV I 
$1 .SO EACH 
10 FOR El3 50 I 

13 VDC RELAY 
CONTACT S P N C @ lOAMP@l2OVAC I 
ENERGIZE COlL TO 
OPEN CONTACT 

COIL i? v n r  fi5n OHMS 

1 ALL ARE RATED 5 AMPS @ 125 VAC 1 
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requirements by CISPR and VDEIFR. (To measure 
conducted interference, current probes and absorb- 
ing clamps can be connected to the receiver, but this 
will not be discussed here, since this article is limited 
to discussion of the receiver itself. 

~ i g :  9 shows a loop antenna; fig. 10 shows an ac- 
tive rod antenna; fig. 11 shows a log-periodic anten- 
na for VHFIUHF. 

conclusion 
The EMIIRFI receiver is a more sophisticated and, 
therefore, more expensive receiver than standard 
communication receivers. While it is possible to in- 
corporate features to make the reception of commu- 
nication transmission possible, which is useful for 
signal identification, then overall accuracy, special 
pulse response behavior, and the necessary preselec- 
tor make the receiver more complicated and, thus 
more expensive. EMIIRFI receivers should be offered 
in both manual and automated versions to fit varying 
budgets. However, if large quantities of data must be 
handled, the automated version is the more logical 
choice. 

fig. 11. Logarithmic periodic antenna for EMIIRFI testing up 
to 1000 MHz. 
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THE MOSTAFFORDABLE 
REPEATER 

.ALSO HAS THE MOST IMPRESSIVE 
PERFORMANCE FEATURES 

(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!) ------------ 
JUST LOOK AT THESE PRICES! 

Band Kit - WirodKeated -- 
10M,6M,2M,220 $680 $880 

440 $780 $980 

Bolh kll and wired unlh are compkle wiU~ all pa* modules, hardware, and cryslsls 

CALL OR WRITE FOR COMPLETE DETAILS. 

Also evsllabk, lor r e m b  site Ilnklng, crossbend, end remob bese. 

FEATURES: 
SENSITIVITY SECOND TO NONE; TYPICALLY 
0.1 5 uV ON VHF. 0.3 uV ON UHF. 

SELECTIVITY THAT CAN'T BE BEAT! BOTH 
8 POLE CRYSTAL FILTER 8 CERAMIC FILTER FOR 
GREATER THAN 100 dB AT f 12KHZ. HELICAL 
RESONATOR FRONT ENDS. SEE R144. R220, 
AND R451 SPECS IN RECEIVER AD BELOW. 

OTHER GREAT RECEIVER FEATURES: FLUTTER- 
PROOF SQUELCH, AFC TO COMPENSATE FOR 
OFF-FREO TRANSMITTERS, SEPARATE LOCAL 
SPEAKER AMPLIFIER 8 CONTROL. 

CLEAN. EASY TUNE TRANSMITTER; UP TO 20 WATTS OUT 
(UP TO 50W WITH OPTIONAL PA). 

I HIGH-PERFORMANCE I TRANSMITTERS I ACCESSORIES 
RECEIVER MODULES 

T51 VHF FM EXCITER for 10M, 6M, 2M, 
220 MHz oradjacent bands. 2 Wattscontin- 
uous. up to 2'11 W intermittent. $68/kit. 

1 RI44 Shown 
I I 

R1441R220 FM RCVRSforPMor220 MHz. 
0.1 5uVsens.; 8 pole xtal filter8ceramicfilter 
in i-f, helical resonatorfront end forexceptional 
selectivity. more than -100 dB at f 12 kHz. 
best available today. Flutter-proof squelch. 
AFC tracks drifting xmtrs. Xtal oven avail. 
Kit only $1 38. 

R451 FM RCVR Same but for uhf.Tuned line 
front end. 0.3 uV sens. Kit only $138. 

R76 FM RCVR for 10M. 6M. 2M. 220. or 
commercial bands. As above, but wlo AFCor 
hel. res. Kits only $1 18. 
Also avail w/4 pole filter, only $98/kit. 

R110VHFAM RECEIVER kitforVHFaircraft 
band or ham bands. Only $98. 

R110-259 SPACE SHUTTLE RECEIVER, 
kit only $98. 

T451 UHF FM EXCITER 2 to3 Wattson 450 
ham band or adjacent freq. Kit only $78. 

VHF& UHF LINEARAMPLIFIERS. Useon 
either FM or SSB. Power levels from 10 to 45 
Wattstogo with exciters8 xmtg converters. 
Several models. Kits from $78. 

A1 8 RFTIGHTBOX Deepdrawnalum. case 
with tightcoverand noseams 7 x8x2 inches. 
Designed especially for repeaters. $20. 

COR KlTS With Audio mixer, speakerampll. 
tier. tail 8 time out timers. Kit only $38. 

CWlD KlTS 158 bits, field programmable, 
clean audio, rugged TTL logic. Kit only $68. 

DTMF DECODERICONTROLLER KITS. 
Control 2 separate on/off functions with 
touchtonesm, e.g.. repeater and autopatch. 
Use with main or aux. receiver or with Auto- 
patch. Only $90 

AUTOPATCH KITS. Provide repeater auto- 
patch, reverse patch, phone line remote 
control of repeater, secondary control via 
repeater receiver. Many other features. 
Only $90. Requires DTMF Module. 

HELICAL RESONATOR FILTERS available 
separately on pcb w/connectors. 

HRF-144 for 143-150 MHz $38 
HRF-220 for 213-233 MHz $38 
HRF-432 for 420-450 MHz $48 
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retuned to nearby freq. Exciter Antenna 

Models to cover every practical rf 8 if range to 
listen to SSB, FM, ATV, etc. NF = 2 dB or less. 

Antenna Receiver 
Input Range Output 

144-148 432.436. 
'Add 820 for 2M input 

Kit with Case $49 
Less Case $39 

220-224 144-1 48 
222-226 144-148 

world. Tuneable over narrow ra 

Several models. kits from $78. 
P30K. VHF Kit less case 
~ 3 0 ~ .  VHF Wirednested 
P432K. UHF Kit less case 

LOOK AT THESE 
P432W. UHF Wirednested AmRACTlVE CURVES! 

IMPORTANT REASONS WHY 

met Kit, complete 2. Exceptional quality end low prices due 
to large volume. 

3. Fast deliwry; mostkits shippedseme day. 

4. Complete, professional instruction 

5. Prompt factory service available end 
free phone consultation. 

143-150 MHz 
213-233 MHz 
420450 MHz 
150-1 74MHz 
450-470 MHz quality features for much lower cost. 
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a simple 
shortwave 
broadcast receiver 
Most Amateur transceivers just cover the ham 
bands. Because I wanted something with which I 
could listen to international shortwave newscasts, I 
constructed this simple shortwave broadcast receiver 
that tunes the 6 and 9 MHz SW bands and is inex- 
pensive to build. Building it takes a little skill and 
you'll need a few test instruments to get it going, but 
I'm sure you'll enjoy listening to something you've 
built completely on your own. 

To keep construction simple and costs down, I 
based the circuit on the J.W. Miller 8901-8 and 
8902-0 IF amplifier and detector (mechanical assem- 
blies are illustrated in figs. 1A and 1B). This unit 
contains three stages of IF amplification and a diode 
detector inside the capsule. The output is more than 
enough to drive a 2N2222 audio stage, which in turn 
drives an LM380N audio chip at several watts output. 
This in turn drives a 12-inch loudspeaker. 

In order to keep the circuit simple and eliminate 
self-oscillation problems which would require de- 
coupling and shielding, no RF stage was used. The 
antenna just goes through a double-tuned circuit 
directly into the 40673 mixer. The large capacity 
365-365 gang-tuning condenser eliminates the need 
for bandswitching for the input stage since it tunes 
the entire 6 to 9 MHz band. The only drawback is 
that it has very sharp tuning, and care must be used 
to make sure the input tuning is on the station you 
are listening to. With this broad tuning range, it is 
possible to tune on an image station 455 kHz away. If 
the panel is marked, there should be no trouble mak- 
ing the tuned circuits track and tune to the same fre- 
quency, once the two input slugs are adjusted as 
described in the following section. 

All of the coils in the receiver are wound on Na- 

By Ed Marriner, WGXM, 528 Colima Street, 
La Jolla, California 92037 

, 4 0 6  8 9 0 1 - b  
110.3mm) 112 7 m m l  

, 1 4 0  

, 1 2 6  1 3 . 2 m m )  ( 3 . 5 m m )  2 8 1  
(7. l m m )  

0 

T O P  V I E W  f 

0 

fig. 1. (A) 8901-B module mechanical assembly: IB) 
8902-8 module mechanical assembly. 

- 

tional XR-50 coil forms; the number of turns indi- 
cated is only approximate, since lead length to the 
bandswitch can vary. I used a two-position tone con- 
trol switch for bandchanging. 

The receiver was built on a California chassis (No. 
122) that measures 4.5 x 8.5 inches (1 1.43 x 21.59 
cm). Using etched boards, everything fits on the top 
of the chassis, making it easier to work on. Spacers 
are needed to keep the printed circuit board high 
enough to prevent the RG-174/U from being punc- 
tured by wires projecting from below. 

The variable oscillator could probably be made 
without the emitter follower. However, experience 
suggests that the isolation between stages is neces- 
sary to prevent oscillator pulling. Finally, the oscilla- 
tor is mechanically tuned using a Jackson Ball 5:1 
drive. A schematic of the completed receiver is pro- 
vided in fig. 2. 

construction and alignment 
The power supply was built first, followed by the 

audio section. Once I knew the audio section was 
working 1 added the IF and mixer stage. The anten- 
na-tuned circuit was last and perhaps the most diffi- 
cult to adjust. Here a grid dip oscillator is a must. I 
unsoldered the 7 pF coupling capacitor and tuned 
each coil separately on 6 MHz for best tracking. The 
15 pF trimmer was primarily used to reduce any "mis- 
tracking" when different antennas were attached. 
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1 table 1. Abbreviated l is t  o f  stations that  t ransmit  i n  the  6 and 9 MHz bands. 

frequency 
(kHz) 
5955 
5975 
5985 
6005 
6020 
6030 
6040 
6050 
6060 
6065 
6070 
6075 
6095 
61 15 
6115 
6120 
6125 
6140 
61 55 
6165 
6170 
6175 
6195 

stat ion 

Voice of Nicaragua 
BBC - London 
Radio China 
BBC 
Habana. Cuba 
Vo~ce of America 
Voice of America 
HCJB - Quito, Ecuador 
Radio Haban, Cuba 
Radio Madrid, Spain 
WYFR ("Family Radio") 
WYFR ("Family Radio") 
HCJB - Quito, Ecuador 
Radio Moscow 
Voz de Llanos, Colombia 
BBC 
BBC and Voice of America 
Radio Canada 
Voice of America 
Radio Nederland 
BBC 
BBC 
Radio Canada 

frequency 
/kHz) 
9360 
9410 
9510 
9540 
9545 
9565 
9580 
9590 
9630 
9635 
9650 
9670 
9700 
9720 
9735 
9745 
9755 
9780 
981 0 
9825 
9835 
9915 

stat ion 

Radio Madrid, Spain 
BBC 
BBC Northern Ireland 
Radio Nederland 
Radio Germany 
Voice of America 
Radio South Africa 
Radio Nederland 
Radio Spain 
Radio Moscow 
Voice of America 
Voice of America 
Voice of America 
HCJB - Quito, Ecuador 
BBC 
HCJB - Quito, Ecuador 
Voice of America 
Radio Moscow 
Radio Moscow 
BBC 
Radio Budapest 
BBC 

0.1 

C GANG TUNED 2 SECTION CAPACITORS 
3 6 5  - 3 6 5  AUDIO SECTION 

1 L SLUG COILS NAT IONAL  XR-DO APPROXIMATELY 
17 TURNS NO 2 0  ENAMEL  W I R E  ON EACH SLUG FORM 

LI - 6MUa -APPROXIMATELY 2 0  TURNS NO 22 ENAMEL 
WIRE TO F I L L  X R - 8 0  FORM 

9MHz LPPROXIYATELY 7 1  TURNS NO 25 ENAMEL WIRE 
1 1 1  HAS TO 9 E  GRID-OIPPCO 1 N O  

ADJUSTED TO 4 5 5 k H r  ABOVE OCSIREO 4 0 6 7 3  MPF.102 2 N 2 2 2 2  

OPERAT ING FREOUENCYJ SEMlCONDUCTOR 
BASE DIAGRAMS 

A L L  COIL  TURNS W I L L  HAVE TO BE ADJUSTED 
TO ACCOUNT FOR STRAY LEAD LENGTH INDUCTANCE 

Excapt as mdicaled, d.clmsl 
valves 01 ~apacl tance are m micro. 
Iarabs lpFk others a,. In pkohr  1 ads 1pFk r ~ r l r t a n s ~ s  .re in  ohm& 
I = 1.000 M = 1.000.WO Y P F -  IOI  

OSCILLATOR 

~ ~ 

I 
GROUND PINS I. 3 .  4 . 5 .  7 .  10. 

1, [ l l . 1 2 - P I N I I S A T O O T  

SWITCH 
I N 9 0 0 7  

AC 

f ig. 2. T w o  shortwave band receiver schematic diagram. I 
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/ ltro great 
ways to get - 
Ask: 
G4HUW KB5DN WA4FNP WD5DMP 
K.I?E K6lMV WD4BKY WDBOHD . - - 

K4XG K ~ M K H  WD4CCI WBSNOV 
KA4CFF KBdTM WD4CCZ WDSDYR 
KASDXY W4YPL W5GAl 

4440 SSBIFM 
Base-Station Microphone 
Shure's most widely used base- 
.station microphone is a ham 
favorite because it really helps 
you get through.. .with switch- 
selectable dual impedance low 
and high for compatibility with 
any rig! VOXINORMAL switch 
and continuous-on 

to use even 
under tough 
conditions. If 

should check 
it out. 

526T Series I1 

Truly a microphone 
and a half! Variable out- 

The perfect match for 
virtually any transceiver 
made, regardless of 
impedance. Turns 

FREE! Amateur 
and many other 
features make the 
526T Series II a 
must-try unit. 

THE SOUND OF THE I'ROFESSI0NAI.S ... WORLDWIDE 
Shure Brothers Inc.. 222 Hartrey Ave.. Evanston. IL 60204 / 

the 
weekender ,con, lnue d, 

ANT TUNE VOL. 

fig. 3. Frequency scale template for the broadcast 
receiver. 

If you have a signal generator modulated by an 
audio tone it helps to align the 455 kHz IF and ap- 
proximately calibrate the main frequency dials. If 
your signal generator is not accurate, then the dial 
should be checked against another receiver and re- 
calibrated if necessary. ( A  frequency scale template 
is provided in fig. 3.) 

Since only the 6 and 9 MHz ba'nds are used, ad- 
justing the receiver should not be much of a problem. 
For daytime listening, a coil could be wound for the 
11 MHz band. 

operation 
This receiver is appropriate for language practice 

and for listening to the news, which most shortwave 
stations give on the hour. Several religious stations 
also come in strong: two are WYFR "the Family 
Radio station," and HCJB in Quito, Ecuador. In the 
early morning the Japanese stations are particularly 
strong. I have listed some of the stations active on 
the two bands and actually heard all those listed in 
table 1. 

where to get parts 
Be sure to include an SASE when writing for cata- 

logs or information. Transistors and other parts may 
be obtained from: 
Circuit Specialists Knapp lnc. 
Box 3047 475096th St. N. 
Scottsdale, AZ 85257 St. Petersburg, FL 33708 

BCD Radio Parts CO. J.W. Miller/Bell Industries 
P.O. Box 06017 19070ReyesAvenue 
Fort Myers, FL 33906-6017 P.O. Box 5825 

Radio Shack Compton, CA 90224 

A useful reference for sources of electronic parts is 
Radio Electronics Buyers Guide ($6.95 postpaid), 
available from Ham Radio's Bookstore, Greenville, 
New Hampshire 03048. 

ham radio 
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Now you can get 
in on the fun on 

packet radio! . I OH1 LO\I' 
Amptable to any lranscelver 
Fdsy lo  learn easy to use 
Nrarly 50 commands 
Bu~ll-~n packet Mocl~m and 

KDK Repair 

By former KOK Sew~ce Manager. MarkThomas, w~th 

over 5 years experience servtclng KOK's You know 

you will get qual~f~ed sewlce, usually for less than 

$60 00. If you send your KOK w~th  a note descr~blng 

the problem to us We accept M C and V~sa, and can 

send C 0 0 

HIGH TECHNOLOGY SERVICE CENTER 
8825 S W 129TERR MIAMI FL 331 76. (305) 255 7660 

CW rdentlller . MODEL P K 1  Use w~lh lelelype mach~nes compul?r\ Irrrnln,tl< ,shown w,lh 14K RAM 
RS737 serlal ~nterlace- 45 lo 9hOfl l ~ ~ u d '  
U$es bolh ASCII and Baudol and BK ROM) 

CATCH THE EXCITEMENT! 
Without catching all the noise. 

W~th  t h e  n e w  

NXL l~ne of nose-k~ l le r  

Indoor antennas 

There 1s a world full of excltlng commun~cat~onact~on out there (u5t waltlnq tor y c x ~  to Ihstrrl rr nnl 
But you are notgolng t o  hear much of ~t 11 your recelver IS plagued by man-made nolse And youare 

Vancouver prolocol- A X  25 l o  be released soon 
Stores 1eCelved messaqes unlll requesled at a later llme 
Operales In connecled and qeneral modes . Acl~vates lelelype molor lo prlnl rnpssaqes 
Board accepts up lo IJK of RAM 
Model PKt can be customized tor Commercial Systems. 

Protocol can be changed by swapping ROM chlps. Board de 
stgned to accept 6264's for u p  to 56K of RAM wl th minor 
mod~ftcation 

Dimensions: 4.5 x 9.5 inches; 1 " vertical clearance. 
Power requirement: + 12 VDC. approx. 20 ma. 

Mobilize your  H.T.! 

For . Only -m 
 he un~gue MOBIL~ tHtflCIZERr*~ll bolh charge the bmler~es~n 

y o u  hand held Irmcetvar and prorode RX-TX operallngpomr # the 

18me l~ rne l  It IS housed on 8 rugged marl case tha plugs tnto Ihe 

clg~~n~I ,ph l~r I rc l :o l~ourcM Iluses,bu,lr,nreplrlaclrrull~nd 

comes m h  a 90 d q  rananq 11 wofks mrh the lollow~np hand helds 

3W Yeeru FT and FT Kenwood TR >'0° 

Tmpo S l  lhrough S 5 el1 Smtec models and allVHF versions 01 the 

rbwa Spec~lv model *en ordrr~ng 

Standard equipment includes 4K of RAM (expandable to 14K). 
Model PK1, wired &tested- $149.95 
addlt~onal memory, installed &tested (up to 10K) $10/2K 
RTTV adaptor board $9.95 
Connecting cables & enclosure-optional v 144 

We otter a complere Itne ot Iransm~lrers and recervers. srrrps 
preseleclor.preamps. CWID'ers 8 synlhes#zers lor amateur 8 commercral use 

Requesl our f REE calalog MC 8 Vlsa welcome Allow 12 tor UPS shrpprng 

not gong t o  hear any of ~t ~f you can't put up an outdoor antenna 

Now you don't have t o  worry about any of these problemsanymore because now there IS the new 
NXL senes of actlve Indoor antennas Both the NXL-250 and the NXL-1000 utlllze a Faraday- 
sh~elded loop antenna, one foot In d~ameter, for reception Thts antenna inherently cancels most 
man-made nolse, and, by uslng ~ t ' s  spec~al turnable and tlltable mounting, can null out stmng 
~nterfenng m ~ s e  sources It can alsonull out local s~gnals and most skyway-pmpagated s~gnals too 
The nose-free s~gnals plcked up by thls antenna are fed Into the untt, flrst to  go through a tuned 
clrcutt whlch adds selectlvlty t o  help reduce overload and Image interference to your recelver, then 
through a h~gh-ga~n ampl~f~er, and then Into your recelver 

The NXL-250 glves you thls performance f m m  25 MHz all the way down t o  150 kHz The NXL- 
1000. ontended for shortwave Ilsteneffi. has less coverage, from 30 MHZ to 1 5 MHz. but offers a 
100 kHz and 1 MHz crystal cla~brator, sw~tch-selectable 

And now for the best news Even though the NXL antennas offer nolse-relectlon and 
dlrect~onallty that none of the other Indoor actlve antennas have, and offer sensftlvlty In most 
locat~ons comparable t o  a long-w~re outdoor antenna. they are prlced lower than the comptetlt~onl 
The NXL-250 1s only $59 95, and the NXL-1000 1s only $69 951 So whether youare look~ng for an 
lndoor, ampl~f~ed antenna or are lust fed up w t h  battllng the nolse, get one of the new NXL-250 or 
NXL-1000 no~se-k~ller antennas and catch the exc~tementl 

J 132 

P.O. BOX 570549 MIAMI, FL 33257 

~hurite rand W. 
Rugged and reliable from as 

They qot even better And be 

CONTEMPORARY ELECTRONIC PRODUCTS (305) 255-7660 

far back as l<  

~tter-looking. 
-.- .- -L--- . - 

And today, there are many more ro cnuw 
from. 

For both 0 ~ ~ * a n d  end-user applications 
or phone for the new quick-selection guld 
low cost panel meters from Shurite. 

Or see your local distributor. 

IS INC 

674-17811 New Hnven tTO650R - 1848 203'.. 

. . 

,#&I eamMnsllonl I 

accuracy. 
clal m n g r  en 
I available. 
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STATIC RAMS 

iiii i i i250n~j 
1024 1 4  (45Ons) 
1024 r  4 (30011s) (LP) 
1024 r  4  (200ns) (LP) 

LP . Ln Powsr Odm . Ounl.Shtlc 

DYNAMIC RAMS 

5V = rlnpls 5 volt supply 

EPROMS 
1702 
noa 
2758 
2716 
2716-1 

8192 r  8 j~oonsi iwj 23.95 
8192 r  8 (45011s) (5v) 16.95 
8192 x 8 450ns) (5v)(24 pln) 38.95 
16384 r  dat l  Call 

Sv = Slngls 5 Volt Supply 

74LS155 . 68  74LS674 9.60 
74LS156 . 68 74LS682 3.15 
74LS157 . 64 74LS683 3.15 
74LS158 . 58 74LS684 3.15 
74LS160 . 68  74LS685 3.15 
74LS161 . 64 74LS688 2.35 
74LS162 . 68  74LS689 3.15 
74LS163 . 64 74LS783 23.95 
74LS164 . 68 61 LS95 1.45 
74LS165 . 94 81LS96 1.45 
74LS166 1.90 81LS97 1.45 
74LS168 1.70 81 LS98 1.45 
74LS169 1.70 25LS2521 2.75 
74LS170 1.45 25LS2569 4.20 

6500 
1 MHz  

6502 ................................. 4-90 ................................. 6504 6.90 ................................. 6505 8.90 ................................. 6507 9.90 ................................. 6520 4.30 ................................. 6522 7.90 ................................. 6532 9.90 ................................ 6545 21.50 ................................ 6551 10.85 
2 M H z  ................................ 6502A 8.90 ................................ 6522A 9.90 ............................... 6532A 10.95 ............................... 6545A 26.95 ............................... 6551A 10.95 
3 M H z  

65028 ............................... 13.95 

6800 
88000 ............................... 58.95 ................................. 6800 3.90 ................................. 6802 z90 ................................ 6808 12.90 ............................... 6809E 18.95 ................................ 6809 10.95 .......... ...................... 6810 r 2.90 ................................. 6820 4.30 ................................. 6821 3.20 
6828 ................................ 13.95 
6840 ................................ 11.95 
6843 ................................ 33.95 ................................ 6844 24.95 ................................ 6845 13.95 ................................ 6847 10.95 ................................. 6850 3.20 ................................. 6852 15.70 ................................. 6860 9.90 ................................ 6862 10.95 ................................. 6875 6.90 ................................. 6880 2.20 ................................ 6883 21.95 ............................... 68047 23.95 ............................... 68488 18.95 

6800 1 MHZ 
68BOO ................................ 9.95 ............................... 68802 21.25 .............................. 68809E 28.95 ............................... 68809 28.95 ................................ 68810 6.90 ................................ 68821 6.90 ............................... 68845 18.95 ................................ 68850 5.90 

8000 
6035 ................................. 5.90 ................................. 8039 6.90 ............................. INS-8060 16.95 ........................... INS-8073 . 2  3.95 ................................. 8080 3.90 ................................. 8085 5.90 ............................. 8085A-2 10.95 ................................ 8086 28.95 ................................ 8087 CALL ................................ 8088 38.95 ................................ 8089 88.95 ................................. 8155 6.90 ................................ 8155-2 7.90 ................................. 8156 6.90 ................................ 8185 28.95 ............................... 8185-2 38.95 ................................ 8741 38.95 ................................ 8748 23.95 ................................ 8755 23.95 



2.5 Mhz 
280-CPU .............................. 3.90 
280-CTC .............................. 4.45 
280-DART ............................. 9.95 ............................ 280-DMA 13.95 
280-PI0 .............................. 4.45 
280-S1010 ............................ 15.95 
280-SIOn ............................ 15.95 
280-St012 ............................ 15.95 
280-SIOl9 ............................ 15.95 

4.0 Mhz 
............................. 28OACPU 4.90 

ZBOA-CTC ............................. 4.90 
Z8OA-DART ........................... 10.95 
Z8OA-DMA ........................... 15.95 
Z8OA-PI0 ............................. 4.90 
Z8OA-SIOIO ........................... 15.95 
ZBOA-SIOIl ........................... 15.95 
ZBOA-SIOI2 ........................... 15.95 
28OA-S1019 ........................... 15.95 

6.0 Mhz 

DISC CONTROLLERS 

UARTS 
AY3-1014 .............................. 8.90 
AVS-1013 .............................. 3.90 
AV3-1015 .............................. 6.90 
PT-1472 ............................... 9.90 
TR1602 ............................... 3.90 
2350 ................................. 9.90 
2651 ................................. 8.90 
TMS8Oll .............................. 5.90 ............................... 1M6402 7.90 
lM6403 ............................... 8.90 
INS8250 .............................. 9.95 

INTERFACE 
8T26 ................................. 1.54 
8T28 ................................. 1.84 
8T95 .................................. 88 
8T96 .................................. 88 
8T97 .................................. 88 
8T98 .................................. 88 
DM8131 ............................... 2.90 
DP8304 ............................... 2.24 ............................... DS8835 1.94 
DS8836 ................................ 98 

VOLTAGE REGULATORS 
7805T . 74 7905T .84 
78MOSC . 34 7908T .84 
7808T . 74 79121 .84 
78127 . 74 7915T .84 
7815T . 74 7924T .84 
7824T . 74 7905K 1.44 
7805K 1.34 7912K 1.44 
7812K 1.34 7915K 1.44 
7815K 1.34 7924% 1.44 
7824K 79L05 .78 
78L05 . 68 79L12 .78 
78L12 . 68 79L15 .78 
78L15 .68 LM323K 4.90 
78HOSK 9.90 UA78S40 1.90 
78H12K 9.90 

DIP SWITCHES 
4 POSITION ............................. 84 ......... 
5 POSITION ............................. 89 
6 POSITION ............................. 89 
7 POSITION ............................. 94 ............................. 8 POSITION 94 

IC SOCKETS 
1-99 160 

8 pin ST .12 .10 
14 pln ST .14 . 11 
16 aln ST . 18 -12 
iii bin ST 
20 pin ST 
22 pln ST 
24 pin ST 
28 pin ST 
40 pin ST 
64 bin ST 4.20 call 

ST . SOLDERTAIL 
8 pln WW .58 .48 

14 pln WW .68 .51 
16 pln WW .68 .57 
18 pin WW . 98 .89 
20 pln WW 1.04 .97 
22 pln WW 1.34 1.23 
24 pin WW 1.44 1.30 
28 pin WW 1.64 1.44 
40 pin WW 1.94 1.75 

WW - WIREWRAP 
18 pln ZIF 6.70 call 
24 pin ZIF 9.90 call 
28 pin ZIF 9.95 call 

ZIF - TEXTOOL (Zem Inssrtlon Force) 

CRYSTALS 
32.768khz ............................. 1.90 

1.0mhz .............................. 4.90 
1.8432 ............................... 4.90 
2.0 ................................. 3.90 
2.097152 ............................. 3.90 
2.4576 .............................. 3.90 .............................. 3.2768 3.90 
3.579535 ............................ 3.90 
4.0 ................................. 3.90 
5.0 ................................. 3.90 
5.0688 .............................. 3.90 
5.185 ................................ 3.90 
5.7l43 ............................... 3.90 
6.0 ................................. 3.90 
6.144 ................................ 3.90 
6.5538 .............................. 3.90 
8.0 ................................. 3.90 

10.0 .................................. 3.90 

RESISTORS 
54 WATTS* CARBONFILM ALL STANDARD VALUES 

FROM 1 OHM TO 10 MEG OHM 

APPLE ACCESSORIES 
. . . . . . . . . . . . . . . . . . . . . . . .  80 Column Card 129.95 

16K Card . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42.50 
Fan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38.95 
Power Supply . . . . . . . . . . . . . . . . . . . . . . . . .  84.95 
RF Mod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24.95 
Joy Stick (Apple ll) . . . . . . . . . . . . . . . . . . . . . . .  29.95 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Paddles Apple 9.95 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  280 Card 129.95 

SCRG Switch-A-Slot . . . . . . . . . . . . . . . . . . . . .  19.95 
Paddle Adapple . . . . . . . . . . . . . . . . . . . . . . . . .  24.95 
Extend-A Slot . . . . . . . . . . . . . . . . . . . . . . . . . . .  19.95 
D~sk Drive . . . . . . . . . . . . . . . . . . . . . . . . . . . .  224.95 
Controller Card . . . . . . . . . . . . . . . . . . . . . . . . .  69.95 

7 

5lI-1" DISKETTES 
ATHANA OR NASHUA 

SSSD ................................ 18.95 
SSDD ............................... 22.95 
DSDD ............................... 27.95 

PERISOFT 
ACCESSORIES FOR APPLE II & Ile 

ALL WITH 1 YEAR WARRANNBY 

PRINTERLINK 
CENTRONICS 

PARALLEL INTERFACE 
Simple to use . No configuring required 

Use with any centronics printer . EPSON, 
OKIDATA. etc . 

SERIAL INTERFACE 
Connects to any RS-232 serial device 

terminals and modems 
Includes Cable 8 Manual 

$980° 
TIMELINK 

REAL TIME CLOCK 
Applications in file management. word 

processing. communications. etc . 
Exclusive Alarm Clock feature 

Battery recharges automatically 

$830° 
NEW BUFFERLINK 

ADD-ON PRINTER BUFFER 
No more waiting for printed output 

Connects easily to any parallel interface 
Expandable from 16K to 64K 

$138"" (16~ )  

The Flip Sortm 
The new Flip SortTM has all the fine qualities of 
the original Flip SorlTM. with someadded bena 
fits . Along with a new design. capacity has in- 
creased 50%. to hold 75 diskettes and the 
price is more reasonable than ever . $19.95 ea . 

The Flip Sort PlusTY 
The Flip Sort PlusTM adds new dimensions to 
storage . Designed with similar elegant lines as 
the original Flip SortTM. in a transparent 
smoked acrylic . The Flip Sort PlusTM has astor- 
age capacity of over 100 diskettes and has all 
the outstanding features you have come to ex- 
pect from the flip sort Family . 24.95 each 

2100 De La Cruz Blvd . 
Santa Clara. CA 95050 



FOR ECASTER 
Garth Stonehocker, 

The proximity of November to the in the late afternoon, evening, and east, south, then west with long skip 
winter solstice, a time when the geo- through the night to a low value just of 1000-2500 miles. 
magnetic field is quiet, normally 
means undisturbed conditions. But 
because this year is one of several in 
the sunspot decline, many distur- 
bances can be expected this month. 
Therefore, we can expect unusual 
propagation conditions to occur, with 
the emphasis on the following days: 
November 7th through 12th, 17th 
through 20th, and on the 25th and 
30t h . 

vhf-ers take note 
Many days of meteor showers will 

occur between October 26th and No- 
vember 22nd, with a shower maxi- 
mum from the 3rd through the 10th at 
a rate of ten per hour. This shower is 
known as the Taurids. Lunar perigee 
is on the 1st and 26th, and the full 
moon on the 20th. 

winter season DX 
November through February con- 

stitutes the winter DX season. Be- 
cause the D and E regions of the ion- 
osphere receive less energy from the 
sun in the northern hemisphere dur- 
ing this time, less ionization occurs. 
Therefore the daytime attenuation of 
radio signals in winter is lower than 
during the rest of the year. A t  the 
same time, ion production each day is 
better able to drift and diffuse up into 
the F region of the ionosphere. The 
result is an increased range of oper- 
ating frequencies between the lowest 
and the maximum usable frequencies 
(LUF-MUF). The maximum usable 
frequency rises rapidly as the sun 
rises each day, peaking just after 
noontime. The frequency diminishes 

before dawn the next day. The ex- 
ception to this situation is for loca- 
tions nearer to the equator, where the 
F region ionization continues to drift 
and diffuse up during the afternoon 
and evening to become the trans- 
equatorial maximums described in 
last month's column. The maximum 
usable frequency peak reached each 
day and the depth of the predawn 
minimum frequency of the next 
morning are related to the solar flux 
each day. The higher the flux during 
the day, the higher the frequency and 
the lower the dip the next morning. 

Wintertime DX provides openings 
with these characteristics: 

Better daytime signal strengths on 
the lower frequencies 

Nighttime DX openings earlier each 
day in the evenings 

More frequent transequatorial 
paths toward the south 

Higher signal strengths on all 
bands most of the time. 

band-by-band summary 
Ten and fifteen meters will be open 
for F2 long skip and transequatorial 
one-long-hop propagation. World- 
wide DX is prevalent from after sun- 
rise until well after sunset most days, 
especially during periods of high solar 
flux conditions and moderate geo- 
magnetic field disturbances. 

Twenty meters will be open most 
days and nearly throughout the night 
to some areas of the world. This 
mode follows the sun across the sky: 

Thirty meters is a day and night band. 
The day portion should be similar to 
20 meters; signal strengths, however, 
may decrease during midday on some 
days of higher solar flux values. This 
band will also be usable well into the 
night and often through the night. 
Problem nights will probably follow 
high solar flux days and be related to 
the deep dip of MUF an hour or so 
before dawn. The distances covered 
on this band might exceed 80-meter 
nighttime paths while being less than 
20-meter daytime paths. 

Forty meters, like 30 meters, is a tran- 
sition band with all-night propagation 
as well as some short-skip conditions 
during the daytime. Most areas of the 
world can be worked from darkness 
until just after sunrise. Hops shorten 
to about 2000 miles on this band, but 
the number of hops can increase 
since the signal attenuation is low at 
night. 

Elghty meters, traditionally the rag- 
chewing band, is also good for dis- 
tant operation. The band operates 
much like 40 meters, except in that 
the hop distances shorten to around 
1500 miles at night and even less dur- 
ing the daytime. Because the noise is 
so low, this band is a pleasure to 
work during this time of year. The 
path direction follows the darkness 
across the earth - east, south, then 
west. Lots of QRM can be expected, 
however. (Remember, the DX win- 
dow is 3790-3800 kHz.) 

One-sixty meters will be similar to 80 
meters, with skip hops reduced to 
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Thentallclred numberss~gnlfy fhe bands to try during Ihe transltbon and early morning hours, while the standard type provides the MUF dur~ng 'normal' hours 
'Look at next higher band for possible openings 
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NO FRILLS - J U S T  LOW PRICES 
KENWOOD 

T S  430 TR 2500 TW 4000 
HF $Call 2 m  285.00 UHFIVHF $Call 

I YAESU \&/ 

I - We also cary computer hardwarehoftware 1 
EPSON RX-80 $395.00 GEMINI-1 5 
EPSON FX-80 565.00 C. ltoh 85 10 495.00 

I For information on our other l ines . .  . I 
CALL TOLL FREE 

@ 1-800-433-3203 

A by ALUMA 
HIGHEST QUALITY 

ALUMINUM & STEEL 
80 Ft AIum.TELESCOPING (CRANK-UP) 
Crank.UP GUYED (STACK-UP) 
model TILT-OVER MODELS 

I Easy to install. Low Prices. 
Cmnk-ups to 100 A. I 

Organlre your shaok with 8 

CLUTTERFREE MODULAR 
CONSOLES 

Prices start at $169.92 
9 Models to choose from 

=Large, 4 2 " H  X 57" W X  30-0 
Strong groove - construction 

=Mar-resistant wood grain finish 
=Options, drawers & face plate 

For ham or home computer 
*Visa and Master Charge 

CLUTTERFREE 
MODULAR 
CONSOLES 
P.O. Box 5103 Tacom*, W A .  98405 
(206) 272 0713 / 127 

about 1000 miles. It will provide good 
DX for late night and early morning 
DXers. Stations in many areas of the 
country can now run higher power. 
(Once again, please keep the DX win- 
dows - 1825-1830 kHz and 1850- 
1855 kHz - free of local contacts. 

last-minute forecast 
During November expect the high- 

er frequency bands - 10 through 30 
meters - to be best during the mid- 
dle of the month; a solar radio flux 
maximum is expected during that 
time. Maximum flux is also possible 
on the 25th which would mean a 
good, long DX holiday weekend. 
(Monitor radio station WWV for geo- 
physical data at 18 minutes after the 
hour on 2.5, 5, 10, 15 or 20 MHz to 
update this forecast.) The lower fre- 
quency bands are expected to be 
good throughout the month, but 
somewhat better during the predawn 
hours at the beginning and end of the 
month. 

ham radio 

short circuits 
building blocks 

In KB0CY's article, "Audio Filter 
Building Blocks", (July, 1983, fig. 2 
(page 76) should show all + 12V con- 
nections going to pin 7 of the four 
LF356's. One LF356 (upper center) 
shows pin 1 as the + 12V connection; 
this is incorrect. 

briefcase bobtail 
In the directions for a "Briefcase 

Bobtail" given by Paul M. Rich (Com- 
ments, July, 1983, page 12), the 
twelve turns of No. 14 wire should be 
spaced 1/4 inch apart, not one inch 
apart. The call sign HH2KR was in- 
correctly given as HH2DR. 

Bobtail curtain 
In part one of the Bobtail curtain 

series by W6BCX (February, 1983, 
page 821, an article on the Bobtail is 
referred to in the April, 1948, issue of 
CQ. The correct date of publication is 
March, 1948. 
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I Manufacturers of Quality Communications E_quipmenl 

9 MHz CRYSTAL FILTERS 
Appl i  Band. 

MODEL cation width Poles Prlce I 
SSB 
SSB 
LSB 2.4 kHz 8 95.90 
US5 2.4 kHz 8 95.90 
SSB 2.4 kHz 10 125.65 

2.4 kHz 
2.4 kHz 

3.75 kHz 
5.0 kHz 

12.0 kHz 
500 Hz 
500 Hz 

N 250 Hz 8 131.20 

I XF910 IF no~se 15 kHz 2 17 15 

l Repeaters l Standard and 
Links Computerized 

l Remote Base Controllers 
l Low Band VHF UHF l Standard and 
l Receivers Computerized 
l Transmitters Auto Patches 
l Antennas l Duplexers 

I 10.7 MHz CRYSTAL FILTERS 1 
XF107-A NBFM 12 kHz 8 $67.30 
XF107.B NBFM 15 kHz 8 67.30 
XF107.C WBFM 30 kHz 8 67.30 I 
XFlO7.D WBFM 36 kHz 8 67.30 
XF107.E P~xlData 40 kHz 8 67.30 
XM107-SO4 F M 14 kHz 4 30.15 I 
Export Inquiries Invited Shipping $3.50 

MICROWAVE MODULES VHF & UHF EQUlPMENTS 
Use your existing HF or 2M rig on other VHF or UHF bands. 

I MAGGIORE ELECTRONIC LAB. 
590 Snyder Ave.. Phone (2151 436-6051 

LOW NOISE RECEIVE CONVERTERS 
1691 MHz MMk1691-137 $224.95 
1296 MHz MMk1296.144 11995 
43z435 MMc432-2WS) 74 95 
439-ATV MMc439.Ch x 84.95 
220 MHz MMc220.28 69 95 
144 MHz MMc144-28 54 95 
Options: Low NF (2.0dB max.. 1.25 dB max.), other bands 8 IF'S available 

I West ~ h e s t e r .  PA 19380 Telex 499 0741 MELCO 1 

LINEAR TRANSVERTERS 
1296 MHz 1.3Woutput.2M in MMt1296-144 $339 95 
43Z435 10 W output. 10M tn MMt432.28(S) 269.95 
144 MHz 10W output. 10M in MMt144.28 179.95 
Other bands (L IFs available. PROTOTYPE FORMING* 
LINEAR POWER AMPLIFIERS 
1296 MHz 10 W output MML1296-10L $ ask 
43Z435 100 W output MML432-100 399.95 

50 W output M ~ ~ 4 3 2 - 5 b . s  214.95 
30W output MML432-30-LS 189.95 

144 MHz 100 W output MML144-100.LS 254.95 
50 W output MMLl44-50-S 214.95 
30 W output MML144.30-LS 109.95 
25 W output MML144-25 99.95 

All models include VOX TIR switching 
"L" models 1 or 3W dr~ve, other 

Shipping: FOB Concord. Mass. 

ANTENNAS 

24" SHEAR / BRAKE / ROLL 
DUCTILE IRON CASTINGS. 

$1,125.00 

420.450 M H z  MULTIBEAMS- 
48 Element 701MBM48 15.7dBd 
88 Element 701MBM88 18.5dBd 

144-148 M H z  J-SLOTS 
8over 8 Hor. pol DWZM 12.3 dBd 
8 by 8 Vert. pol DW2M-vert 12.3 dBd 
8 + 8Twist 8XY12M 9.5dBd 

UHF LOOP YAGlS 
1250-1350 MHz 29 loops 1296-LY 20dBi 
1650.1750 MHz29loops 1691.LY 20dBi 
Order Loop-Yagi connector extra: 

14" PRESS BRAKE 
INCLUDING BOX 
FORMING DIES. 

$63.40 
76.95 
ask 

PRICE $225.00 
(ask about the special combinal~on ollers). 

SHEAR-NOTCHER 
CONTINUOUS .150" SLOTTING, 
NO DISTORTION, 
STRAIGHT OR TAB 
PRICE WITH TABLES $58.50 

$44.95 
55.95 

Type N $14.95. SMA $5.95 

I Send 4 0 ~  (2 stamps) lor lull detalls 01 all your VHF 8 UHF equlp. 
rnent and KVG crystal product requirements I 

Capac i ty  all u n i t s  2 0  G A  M i l d  Steel  o r  .060" aluminum. 
Prices are F.O.B. L o s  Angeles.  

PACIFIC ONE CORPORATION 
513 Super ior Avenue, S u i t e  K313 

Newpor t  Beach, C A  92663 
(7 14) 645-5962 
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U.S. Orders TOLL FREE OHIO CALL 
1-800-431 -7777 21 6-828-2071 

CALL ANY TIME, DAY OR NIGHT 

COMMUNICATIONS ELECTRONICS 
506 Burnett Ave., Dalton, OH 44618 

STOCKING DISTRIBUTORS 
FREQUENCY COUNTERS - vocom 

I INTERSPACE POWER SUPPLY I 
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isembled U 
5-165 MHz 
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Prepayment (Certified check) 5% discount 
and we pay shipping costs 

'"' 
J 1 8 0  

+ Doppler DirecGnn - + Circular LED 
Finding Display + No Receiver I + Optional Digital 

+ Mobile or Fix Display + Kite nr + Ootional Serial 
As + 13 
St8 

New Technology (parenr pending) converts any VHF FM receiver i 
Doppler Direction Finder. Simply plug into receiver's antenna and I 
jacks. Use any four omnidirectional antennas. Low noise, high ser 
signal detection. Kits from $270. Assembled units and antennas also 
write for full details and rrirn= 

0 E. Char P-1151 
~ttsdale, P 

*RG58Uml specY6%sh~eIc 
RG67AIU 96% shleld m11 Spec 93 Ohm 
RGI 7 3 1 ~  mln 50!1 ~ I I  spec 

RLZI~IU double s~lver shleld 50 ohm 
RG2141u llnned copper 
R0217/U aoubieshleld 5 0 R  518" OD 

LOW LOSS FOAM DIELECTRIC 
RG 8 X  (MIIII 8 1  I(> Shleld 1514 951100101 17'111 * RGBU 80". snrelo ($17 95/10U10121'/l l 

R(158U 80% shleld 
R658U 95% sh~eld 
RGL,9/U 100% 1011 shleld TV type 
RG59/U 70"; Copper shleld 
u t A v v  DUTY rotor cable2 1 6 g a 6  18ga 
Rolor cable 2 18 ga 6 22 ga 
Comple'e lhneol mulllConduCtor cablesavallable 

ter Oak, 
2 85254 

Iron Powder and Ferrite 

TOROIDAL CORES 
Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baluns, Etc. 

Small Orders Welcome 
Free 'Tech-Data' Flyer 

12033 Otsego Street, North Hollywood, Calif. 91607 

I n  Germany E lek l ron~k laden  Wllhelm - M e l l ~ e s  SIr 88 4930 Delrnola 1 8  West Germany 
I n  Japan Toyomura Electronics Company. L t d  7 9 2 Chome Sofa Kanda Ch~yoOa Ku Tokyo Japan  

erface 
VDC Opera 
Day Warra 

CONNECTORS MADE IN USA 79, r /  108 
Amphenol PL 2'9 
PL 259 pusn on adapter shell 
PL 259dnfl/or SO 239 
Double Male Conrieclor 
PL 258 Double Female Connector 
PL 259 s~lver Tellon KlngS 
Reducer UG 175 or 176 
Ub 255 (PL 259 10 BNC) 

u 88ClU BNC Male lor RG 58 Amphenol 
Ub 2 i 3  BNC PL259 Amphenol 

shlpplng Call or wrtte lor Free Calalog 
Cable - 53.00 per 100 11. 
Connectors - add lo%, 53.00 mlnlmum. 
Orders under 520 add 52 addltlonal plus shlpplng. 
COD add52 00. Florrda Resldsnts add 5%. 

NEMAL ELECTRONICS 
Deol ti ,  12240 N.E 14th Ave.. N M ~ a r n r .  FL 33161 

nto an adv' 
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technical forum 
Have a technicalquestion? Ask your fellow Amateurs through Technical Forum. You'll reach knowledgeable readers ready to help you find the answer 
you're looking for. Have an answer? Send it in. Every month we'll award a specially selected book from Ham Radio's Bookstore to the writer of the best 
response to a question previously posed in this column. Address your questions and answers (typewritten, if possible) to Technical Forum, ham radio 
magazine, Greenville, New Hampshire 03048. 

bunny hunt 
In  the May, 1983, Technical 

Forum, N3BEK raised the problem of 
RFI on 160 meters from a local broad- 
cast station. 

May I suggest he try using the sta- 
tion's field intensity meter to go on a 
low-frequency "bunny hunt." It is 
not unusual for the down guys on 
utility poles to unintentionally provide 
60 Hz rectification at corroded joints 
and create fluorescent l ight-type 
noise in high-frequency receivers. 
Utility wires, down guys, grounds 
from pole-mounted transformers, 
and the like can all have partially cor- 
roded splices and connections that 
are good at power line voltages but 
act as semi-conductors when ex- 
posed to the 1-10 volts of RF (field in- 
tensity in VIM).  This type of re-radia- 
tion is common in many A M  antenna 
systems, and has to be tuned out at 
the source of re-radiation; that partic- 
ular parasitic element has to be made 
non-resonant at the carrier frequency 
in order to make the antenna system 
of the station produce the desired ra- 
diation pattern. 

It is entirely possible that a down- 
guy, power drop messenger cable, or 
the ham antenna might have a dis- 
continuity that would produce the 
"mystery station on 160 meters." The 
temperaturelfrequency relationship 
mentioned in the column would indi- 
cate a change in the resonant fre- 
quency as the element gets warm; it 
gets longer due to expansion, and the 
self-resonance lowers. The fact that 
the station uses asymmetrical modu- 
lation has no bearing on the situation 
other than developing 3 dB additional 
sideband power on modulation tips. 
Assuming mixing is taking place by 
the diode-type action mentioned 
above, at a non-linear portioli of that 
diode, and the self-resonance of the 

antenna producing the carrier end 
higher sideband energy, this would 
account for the unintelligible audio 
mentioned in the letter. The cure can 
be as simple as cleaning the connec- 
tion or adding a resonant circuit to 
detune it from the 160 meter band or 
1500 kHz station. Judging by the re- 
port of the station's engineering peo- 
ple and the intensity at N3BEK's 
QTH, my guess is that it's close to the 
shack. But, since you have to find the 
source to cure it, that's where the 
field intensity meter is helpful. It 
should be able to detect signals to 
fractions of a microvolt. Hope this 
helps. Good luck. - Ed Karl, K0KL 

mysterious spur solved 
In response to my letter to Techni- 

cal Forum (May, 19831, 1 received a 
telephone call from Robert Schantz, 
a Los Angeles broadcast radio con- 
sultant. After determining that the 
local 50 kW transmitter was manufac- 
tured by Continental, he said he was 
familiar with the design of that partic- 
ular asymmetrically-modulated trans- 
mitter. He has experienced the gener- 
ation of spurs from transmitters of 
that design - in one case, 250 kHz in 
the broadcast band. He said the Con- 
tinental transmitter includes a com- 
plex feedback circuit in the modulator 
that is critical to adjustment. When 
the adjustment allows the generation 
of a spur, the frequency of that spur 
depends on the characteristics of the 
antenna system. 

It is his conjecture that small 
changes in antenna characteristics, 
along with changes in temperature, 
are causing the frequency of the spur 
to shift. 

My money is on Mr. Schantz's so- 
lution. - Jack Geist, N3BEK 

too many turns 
Like WB2NTQ (June, 1983), 1 have 

also tried to create high impedance 
(above 100 ohms) transformers with 
powdered iron toroids and failed. 
Here is why. 

The problem in WB2NTQ1s trans- 
former is in his secondary winding, 
which at 29 MHz, is operating above 
its natural resonant frequency. The 
usable bandwidth for a transformer 
on the high end is determined by the 
self resonance of the windings. This 
resonance occurs when a winding is 
effectively 1 ICwaveIength long. Due 
to the dielectric constants of wire in- 
sulation and core material, and the 
capacity between adjacent turns the 
total wire length in a resonant win- 
ding can be significantly less than 
114 wavelength in air. 

The low frequency limit of a trans- 
former is determined by the inductive 
reactance of the transformer winding 
becoming lower than five or so times 
the source or load impedance. Small 
cores of high permeability material 
produce transformers with the great- 
est bandwidth. 

The largest core I can find data on 
is a T200 size. Each turn is 1.85 inches 
on that core and could be longer on 
a larger toroid. Total length on 
WB2NTQ's high impedance winding 
is then about 135 inches (ignoring 
wire size and winding looseness). 
This is a quarter wave at 21.86 MHz, 
neglecting dielectric effects. Thus the 
capacitive reactive term is in parallel 
with the resistive component on the 
input side. 

There are just too many turns on 
the transformer. The low permeability 
of the powdered iron core makes the 
design all the more difficult. I'd first 
cut the secondary length down to 
about 118-wavelength at the maxi- 
mum desired frequency. That would 
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f ine g l f l  suggestions for  everyone 
interested i n  Amateur Radio. Gi f t  
subscriptions, license study guides, 
state-of-the-art publications - a l l  sure 
l o  pleasal Gifts that wi l l  be used and 
enjoyed all  year long. 

THE UHF  COMPENDIUM CONFIDENTIAL FREQUENCY 
by K. Weiner, DJ9HO LIST 5th Edition 

Thls 413 page book 1s an absolute must for every VHF and UHF enthu- by Oliver P. Ferrell 
stast. Spectal emphasts has been placed 00 state-of-the-art techniques Enpy tuning across the bands looking for 
Author We~ner fully describes test equipment, alignment tools, power knows.what?  hi^ book is with fie. 
measuring equipment and other handy gadgets. All of the Projects and quencies and calls~gns. Hundreds of stations are 
designs have been tested and proven and are not engineer's ptpe llsted first by frequency and then by callstgn. You 
dreams. Antennas are also fully covered with a number of easy-to-build also get helpful hints and t~ps .  Author Ferrell IS 
designs as well as large mega-element arrays. 0 1 9 8 0 .  known worldwide as one of the most knowledge- 
DKW-UHF Softbound $23.95 able folks around when 11 comes to SWLlng. 

RF CIRCUIT DESIGN 
0 1 9 8 3 ,  5th ed~tlon, 249 pages. 
OGL-CF Softbound $10.95 

by Chrls Bowick, WB4UHY 
This book has been written for those who desire a practical ap roach to 
the design of rf amplifiers, impedance measuring devices and Rlters. 
Experts will find this book to be an invaluable reference source. Stu- RADIO HANDBOOK 
dents will ain a way to bridge from classroom studles to practical ap- 
plication. $he hobbyist will find plenty of practical p r o p s  and desi n 22ND EDITION 
ideas. 7 chapters cover from basics to advanced dese~gn conce ts &ou 
get a complete design run down for multiple pole Butterworth. R e b y -  

by Bill Orr, WGSAI 
shev and Bessel filters. RF Circuit Design also includes a biblio raphy A best seller for over 45 years! The 22nd edition 
of books and techn~cal papers to help further your knowledge o? circuit reflects state-of-the-art techniques in a compre- 
destgn. 01983 .  176 pages. 1st edition. hensive, single source reference book. Invaluable 
q 21 868 softbound $22.95 for Hams, technicians. and engineers alike. 

Chock-full of projects and other ideas that are of 
THE FCC RULE BOOK interest to all levels of electronics expertise. 11 36 

pages. 0 1 9 8 1 .  22nd edition. 
A Guide to the FCC Regulations 021874 Hardbound Re $39 95 
by Rick Palm, KlCE SAVE $7 $ 0 ~ . 5 3 2 . 9 5  

Th~s  book 1s more than the FCC part 97 Amateur Rules and Regula- 
tlons. It presents detailed explanations of rules and 1s written in an 
easy-to-read, conversational style. Author Palm gives you the insider's 
view of how FCC rules are made and how you can influence FCC deci- AMATEUR RADIO THEORY 
slons. You also get a broad overview of how international treaties and 
agreements impact your hobby. Every U.S. Amateur should have a copy AND PRACTICE 
of this most important and up-to-date book In their shack 0 1 9 8 3 ,  1st 
edition. 

by Robert Shrader, W6BNB 
AR-Rb softbound $3.00 Inresponse to requests from the Amateur commu- 

nity, Mr. Shrader has extracted from his best sell- 

RADlO ELECTRONICS BUYERS GUIDE er, Electronic Communication, just those parts 
necessary to pass all live classes of Amateur 

Have you ever found ourself stymied because you couldn't find a par- License. You save 1 /3  off the price of the larger 
tlcular electronic part! If you had a copy of this handy buyer's guide In book, too! A complete step-by-step gu~de to Ama- 
your I~brary, you wouldn't have a problem at all. For ease of use, com- teur Rad~o Including self-check qulzzes and a final 
ponents are l~sted alphabet~cally by generlc name with suppliers name. FCC-like exam for each license class. 0 1 9 8 2 .  
If applicable, part numbers are also included for ease of identification. 340 pages. Taken from 4th edition of Electronic 
From Actuators to Zener diodes, you'll find this 95 page directory jam- ~0tntn~nIcat ion.  
packed wlth important Informat~on. Suppliers are listed alphabetlcally MH-57146 
with addresses and telephone numbers. If you do any building - 

Softbound $22.95 
you've got to have a copy of this book. 0 1 9 8 3 .  4th edition. 125pages. 
OHW-BG Softbound $5.95 
HElL HAM RADIO HANDBOOK GUIDE TO RTTY FREQUENCIES 

by Bob Hell, K9EID by Oliver P. Ferrell 
Bob Heil is one of Ham Radio's most dynamic fellows. Dayton's Ham of Fully revised to reflect latest intormatlon available. 
the Year for 1982 and author of the best selling "10 Meter FM Hand- Contains most shortwave military, commerc~al. 
book", he has now come out wlth a handy handbook for all levels of press, aeronautical, embassy and weather broad- 
Amateur Radio interest. 20 chapters cover every aspect of Ham Radio casting RTTY stations. You also get shift, speed. 
from Day $1 as a new Novice through operating procedures to some power, schedules, formats, special ID'S plus much 
basics on how to repair and troubleshoot equipment. Great pains were more Author Ferrell glves you the benefit of his 
taken lo  ensure that 99% of the "most-often-asked" questions ale years of experience in helpful hints and tips. He 
fully and clearly answered. Of particular interest are five chapters dedi- also tells you the secrets behind current trends In 
cated to the art of how to Homebrew. Tools, t e c h n i y ,  i . c .  boards encodin signals and what 11 means to you the is .  
and much more. A great gift for a new ham. 0 1 9 8  16 pages tener. 9 1 9 8 3 .  190 pages. 2nd edit~on. 
OMP-HH Softbound $9.95 OGL-RF Softbound $9.95 

OFFICIAL ARRL CALL DIRECTORY 1983-84 
Brand new chockfull of all the latest calls~gns and addresses from the FCC flles and comp~led by Buckmaster Publ~sh- 
lng 1090 pages of addresses are llsted alphabetlcally by calls~gn for easy reference and locat~on Prrnted on easy to 
read stock Thls IS a book you should have In your ham shack Q1983 1090 pages 
U AR-CD Softbound $18.75 

($15 75 + $3 00 sh~pptng) I 
Please add $2.50 shippin except for Callbook and ARRL Call Directory. 

In aturry? Call (603) 878.1441 

HAM RADIO'S BOOKSTORE, Greenvi l le ,  NH 03048 
/ 150 

This 1s the latest edition of the grand daddy of all 
the others. The Callbook IS the only directory with 
an In-house ed~tor~al  department that checks the 
FCC Info as it comes in to ensure accuracy. U.S. 
and foreign hams swear thts is the most important 
reference book in their illes. Order your copy 
today. Ensure you have the very latest QSL Infor- 
mation available at your fingertips. Over 410.000 
I~stings. Also contalns helpful and hard-to-flnd 
operating and station a ~ d s  0 1 9 8 3 .  

Softbound $23.00 
($19.95+$3 05 shtpplng) 

1 9 8 4  FOREIGN RADlO 
AMATEUR CALLBOOK 
The only foreign callbook available! DXCC IS the 
goal of many hams. To others, casual rag chews 
wrth foreign hams are the real joy of Amateur 
Rad~o. Whatever your interest, if you Want a QSL, 
you should have a copy of the latest Foreign Call- 
book in your shack Fully up-dated with the latest 
lists d~rect from the overseas licensing authorities. 

Softbound $22.00 
($18.95+$3 05 sh~ppingl 

BUY BOTH CALLBOOKS 
SAVE OVER $5.00 

Includes shlpp~ng U.S A 
R a d i o  A m a t e u r  C a l l b o o k s  w i l l  b e  r e a d y  

f o r  shipping t h e  w e e k  of 12/1/83. 

1 9 8 4  ARRL RADlO AMATEUR'S 
HANDBOOK 
Known worldwide as THE standard reference for 1 Rad~o Amateurs. Reserve your copy today and we 
will ship immed~ately as soon as 11 becomes avail- 
able. Great for g ~ f t  g~ving or for yourself. Thls 
book 1s jam-packed wlth lust about every possible 
fact and figure you will ever need. Also has plenty 
of up-to-date projects. 0 1  983. 
0 AR-HB Softbound $12.00 

(available late November) 
UAR-BB Hardbound $15.75 

(ava~iabie early January 1984) 

NOVICE CLASS RADlO 
AMATEUR FCC TEST 
This is the very flrst book written that is geared to 
the new FCC Novice exam program. Clear and 
conclse answers are provided for each of the FCC 
sample questions. Answers are wrltten assumtng 
no technical background In Ameco's easy-to-un- 
derstand style. This new book is cross-referenced 
to Ameco's Novice Theory Course, #23-01 and 
Amateur Theory Course. #102-01 for detailed ex- 
planations beyond the scope of a Q&A book. Every 
instructor and student should have this book. Why 
not a copy from Ameco, long known for thelr 
excellent study material. 0 1 9 8 3 .  64 pages, 1st 
edition 
027-01  Softbound 32.25 

NOVICE CLASS RADlO 
AMATEUR EXAM 
Conta~ns a sealed temper-proof envelope w ~ t h  20 
mu)tiple chotce questrons selected by computer 
from a pool of hundreds of profess~onally wrltten 
quest~ons. At least 20 d~fferent exams will be 
available. You also get the exam answers In a 
sealed envelope,, a volunteer examiner affidavit and 
detailed instruct~ons for both examlner and stu- 
dent. This exam package ensures that adm~nistra. 
tton of the Novice exam 1s uniform, professional 
and simple. 0 1 9 8 3 .  1st edition. 
OEN-1 $1.25 



be about 49 inches and would wind 
twenty-six turns. I would wind these 
as thirteen turns bifilar connected 
series aiding. The center tap would 
be the ground side of the 50 ohm 
connection. This would be a simple 
75 to 300 ohm transformer. To get 50 
ohms I would tap one side of the 
bifilar winding at 10 or 11 turns out 
from the center tap. Ten turns would 
give a turns ratio of 10 to 26 or an im- 
pedance ratio of 50 to 338 ohms. Tap- 
ping at 11 turns would give a ratio of 
50 to 279 ohms. 

  he low frequency end of this trans- 
former would be at the frequency 
where the inductance of the 11-turn 
section has an inductive reactance of 
5 x 50 = 250 ohms. On a T200-2 
this winding inductance is about 1.3 
microhenries. To the limit of the 
accuracy with which I can read my 
Shure reactance rule, this happens at 
30 MHz! 

A larger core would give more in- 
ductance per turn but at the same 
time would have more wire in a turn. 
High impedance, large size and low 
permeability together prevent this 
core from performing adequately. 
The powdered iron toroid just is not 
appropriate for such a high impe- 
dance winding, but might function if 
constructed within these limits for a 
single band. 

A better core for this application 
might be either an F-240 or F-114 in 
01  (mix 61 or Q2 (mix 62) ferrite. The 
smaller core in Q1 would require five 
turns on the 50 ohm section and 
twelve turns total on the 300 ohm 
winding for a minimum operating fre- 
quency of 14 MHz. I would wind this 
as six bifilar turns connected series 
aiding with the primary tap at five 
turns. The windings should be spread 
uniformly around the whole core. The 
impedance ratio would be 50 to 288 
ohms. On this core a winding would 
have a length of about one inch per 
turn. Twelve secondary turns would 
be about 12 inches long and should 
work well beyond 50 MHz. 

To achieve wide bandwidth it is ne- 
cessary to use a high permeability 
core material to extend to low fre- 

quency end of the pass band with a 
minimum winding conductor length. 
At the high frequency limit the core is 
practically uncoupled from the wind- 
ing and only the core's dielectric con- 
stant is significant. The dielectric 
constant for ferrite can be high, so 
isolating the winding from the core 
can help extend the high frequency 
end as long as the winding conductor 
length does not grow too much at the 
same time. Thick wire insulation re- 
duces the inductive coupling be- 
tween adjacent bifilar turns at the 
high frequency end of the pass band. 
A better winding would be made of 
enameled wires twisted together for 
the bifilar winding and then covered 
with a heavy walled TeflonTM insu- 
lating tubing. - Gerald A. Johnson, 
KBCQ 

standing-wave indicator 
I have just bought a standing-wave 

indicator, type B812A, manufactured 
by FXR, Inc., of Woodside, New 
York. The unit is not functioning at 
present and 1 wonder whether any- 
one might have a circuit diagram or 
other information which would help 
me get the unit working. 

After reading the interesting article 
on this type of unit by Bob Stein, 
WGNBI, in the January, 1977, issue 
of ham radio, I feel the device would 
be a very useful addition to my work- 
shop .  - A r t h u r  W i l l i a m s ,  
GW8FKB 

> 

SAY 
YOU SAW 

IT IN 
ham radio! 

Mc&~I MV6V C ~ ~ t ? ~ ~ ~ l ~ ~ t c ~ l y  ,%~t'>r?>att< I>dnd%w~l# tvrq 
HO Illrough 10  plus 3 0  rrw?trrs Oufp~dorms.114. and 
5 Imno Iran vrntrHlz of comc,nrahle strn Thousnrvfs 
In use worldwtde smnce Oecemher 8 1 1 1 8 0  nvller 
autoon avnllablr now rerroftt krfy fcu rematnrng WARC 
bards Corntng Smn Hetqht 2 6  ft '7 8 melers QuvlrQ 
not raquwed In most anstallntlons 

Model 2MCV Tronlbone ' - ornntdlrecr~onel coll~naar 
gar? venlcal for 2'melers hnvlrlg the SO- paln as 
double.%* rvpes but the pstentea tromboon 

phaslrq secllm allclws the tad#alo, lo  remaw? unhroken 
bv ~ n s ~ l a l o r s  fof mnxlmum s t r e ~ t h  In hlqh wrrnis N o  
cmls plurntmr 5 d ~ l q h l  ' Conslructoon end adluatnhle 
~j(llllmr3 march fur comploce 0 C yroundtrw and 
lowesl ~ s s l h l e  SWR He8ghl 9 8 W2 9 8  metors 

Model 2MCV-5 Super-Trombone'- - Ssvne 
as the basbc 2MCV hut a 

wavelenQ1h taller wlth add~t~onal 

gmn i i r q h t  15 75  lr.4 8 meters 

All BUTTERNUT ANTENNAS une sleanless steel 
)>Brdwere and are qunrsnleedlor 8 full year For funller 
tnlormal~on on these n M  other BUTTERNUT products 
wrtle lor our FREE CATALOG' 

BUTTERNUT 
ELECTRONICS 

405 E. MARKET STREET 
LOCKHART TX 7 R 6 M  

November 1983 97 



ANNUAL LAS VEGAS PRESTIGE CONVENTION 

HACIENDA 
RESORT HOTEL 
Las Vegas, Nevada 
JANUARY 12-13-14-15,1984 

Cocktail Party hosted by hbmrbdjO MAGA- fee of $2.00 per person for those who 
ZlNE Friday evening for all exhibitors want to attend only -1 technical ses- 
and Advance or Regular paid regis- sions, visit EXHIBIT and SWAP TABLE area. No 
tered guests. Ladies' Program on Saturday includ- admission to any function without a 
ed with Advance or Regular paid reg- paid registration and wearing the - reg- 
istration at no additional charge for ladies who istration badge in plain view. coupon 
register. Two HACIENDA RESORT HOTEL Break- book and cellophane badge holder may be picked 
fasts or Brunches in the Sunburst room are in- up at - registration desk. Send check or 
cluded with each Advance or Regular paid regis- money order to , P.O. Box 945, Boulder 
tration; one on Saturday and one on Sunday. City, NV 89005-0945. Refunds will be made after 
Technical sessions, EXHIBITS, and SWAP ' is over to those requesting same in 
TABLES open on Friday and Saturday to al l  writing and postmarked before January 12, 1984. 

paid registered guests. One SWAP Special HACIENDA RESORT HOTEL 
TABLE available free to non-commer- room rate is $35.00 (plus .50 for telephone and 
cia1 guests holding Advance or Regular paid regis- room tax), per night, single or double occupancy. 
tration. Main award drawing Saturday afternoon. HACIENDA RESORT HOTEL accommodations re- 
You must be present to win and ownership of quest via mail to HACIENDA RESORT HOTEL, 
award does not pass until picked up. 'm P.O. Box 15566, Las Vegas, NV 891 14' or call toll 
Advance registration is only $17.00 per person, if free 1 (800) 634-6713. Either way they request a 
postmarked before January 1, 1984. After January FIRST NIGHT'S DEPOSIT TO BE ASSURED A 
1, 1984, Regular registration is only RESERVATION. 1985 scheduled Jan. 
$19.00 per person. 10-13. 

------------ Clip and mail ASAP to-, P.O. Box 945, Boulder City, NV 69005.0945. -- -- -- - -- - 

Enclosed is $ check or money orde~(no-cash) for Advance Registra- 
t ion(~)  @ $17.00 each: after Jan. 1, 1984 r- Regular Registration IS $19 00 each. Extra drawing 
tickets for main drawing are$I.OOea., llmit 5 wlth each[r=J Advance Reg~strat~on, I want 

OM Call License Class 
Please typeor print 

YL Call License Class 
Please type or print 

Address 
Please type or print 

City 

State Zip Telephone No.lAC 

Yes, I want a SWAPTable space (limit one free table per registered guest for Friday and Saturday). 

I have attended times. Yes, I plan to attend Ham Radio Magazine Cocktail Party. 

I am interested in Antenna, ARRL, Cocktail Party, Computers, CW, DX, FCC, MARS, RTTY, TV, other 

I receive: CQ, Ham Radio Magazine, QST, QCWA, RTTY, 73, Westlink, Worldradio, other 
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I Drake ESR24 solid state 
satellite TV receiver 

POWER CENTER TllNING El 

. . ----. 
. -. 

A4010 Jlth NG F .Nf TUNING VOLJMF CHANNEL SELECTION \ ' /  DOWN UP 
C ~ ~ Y A T  REMOTE SCAN 6.1 6.2 VARlAeLE ,a/ 

DRAKE ESR24 satellite TV receiver 
The ESR24 IS a full performance receiver designed with the private earth sta- p- 
tion owner in mind. It uses the latest concepts in solid state techniques for 
cable head-in quality. You get clear, noise-free video with drift-free reception, 
thanks to its PLL descriminator and high gain AFC circuitry. A downconverter 
is included for remote installation near the antenna and features "imageless 
mixer" design for purity of signal. Receiver features digital tuning with LED 
readout and fine tuning control, AFC and video invert switch. Separate tuning 

$695 
meters for signal strength and center tune. Transponder scan for finding the Llrt Prlca 745.00 
different satellites. Variable audio tuning from 5 to 8.5 MHz. Optional RF No. DRAESRP4 
modulator available. ~ d d  3.35 shipping & handllng 

Eliminates the need for a fi monitor while 
RF modulator adjusting your antenna's position. Cable 
Mounts inside the ESR24 receiver. SPH-24 splash-praof housing from meter connects to terminal on rear 
Crystal controlled for drift-free perfor- Necessary when mounting the ESR24 of ESR24 satellite receiver. Large, easy 
mance. Selectable wtputs for channel 3 downconverter outdoors. Protects your to read meter. Makes one-man ad- 
or 4. Power supplied from receiver. downconverter from the elements. justments possible. 

9m 
Llst Prlce 79.95 List Pdco 30.00 
Item No. DRARFMODPI Item No. DRASPH24 
~ d d  1.58 shlpplng L Iundllng Add 1.59 ahlpplng L handllng 3 8.9 5 !?;%CY& bndllw 

Long's lElectronics 
MAIL ORDERS: P.O. BOX 11347 BIRMINGHAM. AL 35202 STREET ADDRESS: 3131 4TH AVENUE SOUTH BIRMINGHAM, AL 35233 
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IN ALABAMA CALL 1-800-292-8668 9 AM TIL 5:30 PM CST, MONDAY THRU FRIDAY 
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HANDBOOK 
Another super edition of the standard manual of rf communica- 
tion! Each year, The Handbook is revised to reflect changes in 
the state-of-the-art and this 61st edition is no exception. The 
chapter on Specialized Communications Systems has been 
completely revised with new material on Packet Radio, AMTOR, 
Spread Spectrum, etc. The Interference chapter has been reor- 
ganized and updated and you will find a new and better index. 
There are new tables for low and high pass filters, updated sec- 
tion on amplifier operation, a new kilowatt amplifier for 160, 80, 
and 40 meters, a 4-1000 amplifier for 6 meters and a refined 
version of the Deluxe Audio Filter. In 640 pages and 23 chap- 
ters, The Handbook presents everything from electrical laws 
and circuits to sophisticated communications techniques 
including packet radio and spread spectrum. Order your copy 
today! Paper edition: $12 in the U.S., $13 in Canada, and $14.50 
elsewhere. Cloth edition: $17.75 in the U.S. and $20 elsewhere. 
Payment must be in U.S. funds. 

MTENNA 
14th B O O K EDITION 

Here is the most comprehensive and up-to-date antenna book 
available. It's chock-full of theory and practical information and 
includes proven designs for: Yagis, quads, wires, verticals or the 
more specialized designs: Beverage, curtain arrays and fish-bone 
antennas. It also has a chapter that covers UHF and VHF antenna 
design. You'll find antennas for any kind of real estate from the 
apartment dweller to the true antenna farm. The Antenna Book 
covers in complete, easy-to-understand language, antenna and 
transmission line theory and includes the most complete expla. 
nation available of the SMITH CHARTm. Finally there is a thor- 
ough discussion of the phenomena of radio wave propagation. 
328 pages 14th edition. Softbound Price $8.00 in the US. Elsewhere 
$8.50. Clothbound $12.50, US; $13.50 elsewhere. (US FUNDS). Avail- 
able from your local dealer or direct from ARRL. 

Please include $1.00 per title for shipping and handling. I 
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book 

lnstall 7.5-volt, 1-watt (SK-3059) or 
equivalent, Zener diodes (anode lead 
to ground) in the positions formerly 
occupied by R81, R84, R87, and R91 
(100k resistors). 

Install 470 ohm, 114-watt resistors 
in the positions formerly occupied by 
R78, R82, R85 and R88 (1 k resistors). 

Install a 0.01 pF, 25 VDC ceramic 
capacitor on the foil side of the main 
PC board. Solder one lead to the 

improved stability and The VFO dial calibration problem is junction of R36 and the yellow wire 

dial calibration for the a matter of fine tuning the VFO and which attaches to point B. Solder the 
HFO in accordance with the proce- other lead of the capacitor to a near- 

Heathkit HW-8 dure described here. The Heathkit by ground foil. 
procedure does not calibrate the fre- Remove ZD-1 and R33 (470 ohm). 

The HW-8 transceiver exhibits ap- 
proximately 1500 Hz drift in transmit 
and receive frequency when the sup- 
ply voltage varies over a range of 10 
to 13.5 VDC. This results in CW chirp 
when using a poorly regulated sup- 
ply, such as a weak, dry battery. Ad- 
ditionally, even with a well-regulated 
supply, the VFO dial calibration is in 
error on all but the 7 MHz band. 

Most of the drift and chirp problem 
is caused by the Heterodyne Oscilla- 
tor (Q6). The reverse-biased switch- 
ing diodes in the tuned circuits of all 
but the selected band exhibit a capac- 
itance which varies with supply volt- 
age. This capacitance, essentially in 
parallel with the selected crystal, 
causes pulling of the oscillator fre- 
quency. The solution is to regulate 
the supply voltage to Q6. The small 
amount of shift which still remains 
after Q6 is stabilized is caused by the 
inability of the Zener diode (ZD-1) to 
fully stabilize the voltage for the Vari- 
able Frequency Oscillator (Q2). This 
can be corrected by replacing the 
Zener-diode regulator circuit with a 
Motorola MC7808CP three-terminal 
regulator integrated circuit. 

quency of the HFO; it also does not Drill a 1/32 inch hole midway be- 
switch in the offset capacitor (C55) tween the two holes from which R33 
during VFO calibration so that the dial was removed. Install the MC7808CP 
will read transmit frequency. voltage regulator as follows: 

modification procedure 
Input B lead to R33 hole which ties 

to 13.4-volt line: insert common C 
Remove the following resistors: lead through the drilled hole and out- 

R78, R81, R82, R84, R85, R87, R88, put E lead to R33 hole which ties to 
and R91 (see fig. 1). C52 and R3 (47 ohm). 

TEMPORARY IOU 
f254mmJ WIRE HERE 

REPLACE R 7 0 ,  REP,  RBS 
/-A" R" W I T H  " 0  

OHM R E S I S T O R S  

REPLACE R91 ' WITH ZENER DIODE I 
REPLACE R 3 3  @ -  W I T H  REGULATOR I 

L INSTALL O O l r F  CAPACITOR 
HERE ION F O I L  SIDE 
O F  BOARD1 

fig. 1. Component drawing indicates modifications to be made. 

2 - T U R N  LOOP 
W I T H  CENTER 
CONDUCTOR 

TERMINALS 

SOLDER C E N T E R  
CONDUCTOR TO SHIELD 

I fig. 2.2-turn pick up loop is used for fine alignment. I 
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1 25 WATTS...IN THE 
I PALM OF YOUR HAND! ( 

The Perfect Power 
Booster for your 

Hand Held 
This compact unit 

comes complete with 
dashboard mounting 

rackets, cigarette lighter 
power adapter and man- 

ual. The unit weighs only 
oz. and i s  ready to go! 

MASTER CARD OR VISA 
Card No. Exp.  Date 

Signature 

Send me PA25 unitsat $94.50 ea. + tax ifapplicable 

TolName Phone 

Address 
City. State,Zip 

(Oh io  residents a d d  5H% sales tax or 5 . 2 0 1 u ~ t l  

835 E. Highland Road Macedonia, Ohio 44056 
(216) 467-4256 TWX 810-427-9217 

PRETUNED- ASSEMBLED I? FOR ALL MAKES A M -  
ONLV ONE NEAT SMALL  ATEUR TRANSCEIVERS1 
ANTENNA FOR ALL BA-  4 GUARANTEED FOR 2 0 0 0  
NDSI EXCELLENT FOR WATTS S S B  INPUT FOR 
APARTMENTS! I M -  NOVICE ANY ALL CLASS 
PROVED DESIGN I AMATEURS 

COMPLETE wnh 9 0  11. RGSBU-52 ohm feedhe. and 
P L 2 5 9  conneelor lnsulalor~. 3 0  f t  3 0 0  Ib. test  d-cron end 
.UDPW~* center ;onnestor wkh bulu In I l phm ln~  arrests and 
st.tlc ditsnarpe. LowSWR owe. .!I bands -Tv las  u.ually NOT 
NEEDED! Can be mcd ar Inverted V's - sbpsrr - In .cths. on 
bulldlno LO.. ot natrow lots Ths ONLY ANTENNA YOU WILL 
EVER NEED FOR ALL BANDS1 NO BALUNS NEEDED1 

80-40-20-15-10 - - 2 Vw - 104 ft .  -Model 998BUC. $99.95 
40-20.15-10 -- 2 1r.p -. 5 4  ft. -Model 1001BUC.. $90.95 
20-15-10rneter - 2 tr.0- 2 6 f l . -  Model 1007BUC. .S97.95 1 
SEN0 FULL PRICE FOR POSTPAID INSURED OEL. IN  USA. 
(Canad. Is S5 .W extra f w  OoltaQe - clersal- customs a l c )  or 
order usha VISA - MASTER CARD - AMER EXPRESS. 
Glre number and ax. date. Ph 1-308-236-5333 9AM - 6PM 
week days. We rhb h 2-3d.y~. ALL PRICES MAY INCREASE 
SAVE - ORDER NOW! All antcnnar Quaranteed fa I ye-. 
10 d.y money back lrDl If returned ~n new sondnionl Mmdc In 
USA FREE INFO. AVAILABLE ONLV FROM 

WESTERN ELECTRONICS 1/ 
Dm. AR- 11 Keamey. NsCmska..68047 

i , 7 t f  ,i i t ] ,  L - t c  11 Lzhci5'  

Amateur Radio Operator NAMES 
( 1st 11, I 51s c r  n r  # l e d  I<! yoi8r sper f ? l t  on5 

Geographic by ZIP a n d l o r  S ta te  . B y  L ~ c e n s e  I s s u e  o r  E x p ~ r a t ~ o n  Da te  

O n  Labe l s  o l  Your C h o ~ c e  

1 otal List: 435.000 Price: $ZS/Thousand 

Buckmaster Publishing 
Whtlehall Mineral VA 231 17 

FREE CATALOG 
HARDTwmu PREClSloN TOOLS 

1.8~1s morv lltnn MW tlerns plwrr. twuezen. 
vlrr srrlppprr. vscuurn lyrternr relay lmll ,  o p  
WC"I equtprnent, tml kits and cars .  Send for 

,. , 
your Ires copy loday' 

~ T O O L S M C  
7815s 4bTh S T W E T  p h O € N l X  AZ Us040 

Solder and clip the excess from the 
B and E leads. Slip a piece of insula- 
tion over the C lead and solder the 
lead to a nearby ground foil. Be sure 
that it does not short to other foil 
leads. 

fine alignment procedure 
Make a pick-up loop as shown in 

fig. 2 and place it around L19121. 
Connect the opposite end to the an- 
tenna terminals of a calibrated receiv- 
er capable of tuning 12 to 30 MHz." 

Press the 3.5 MHz bandswitch. 
Tune the calibrated receiver to  

12.395 MHz. 
Adjust L17 (bottom slug) for zero- 

beat. 
Press the 7.0 MHz bandswitch. 
Tune the calibrated receiver to  

15.895 MHz. 
Adjust L18 (top slug) for zero-beat. 
Press the 14.0 MHz bandswitch. 
Tune the calibrated receiver to  

22.895 MHz. 
Adjust L19 (bottom slug) for zero- 

beat. 
Press the 21.0 MHz bandswitch. 
Tune the calibrated receiver to  

29.895 MHz. 
Adjust L21 (top slug) for zero-beat. 
Temporarily attach a 10-inch piece 

of wire to the end of R29 (22k) which 
connects to point WW. Connect the 
other end of the wire to one of the 
ONIOFF switch terminals. This will 
cause the antenna relay to close and 
the receiver to mute. 

Realign the VFO as described in the 
Heathkit instruction manual, page 62. 

Remove the temporary wire and re- 
install the cabinet cover. This com- 
pletes the modification and align- 
ment. 

Robert W. Lewis, W3HVK 

'If a calibrated receiver f o r  this f r equency  range is not 
avai lable, a f requency coun te r  can be used. The o u t -  

p u t  o f  t h e  he te rodyne  osci l lator c a n  be picked off at 
the em i t t e r  o f  Q7, preferab ly  t h r o u g h  a O.W1 to 0.01 
pF coupling capac i tor .  The p i ck -up  loop descr ibed for 
use  with a receiver l ikely will not provide enough sig- 
nal to d r i ve  a f r equency  coun te r .  - E d i t o r  



wheel switches above the LCD readout, punch 
in the proper range to be tested, and press the 

/ product \ 

Soar model 5025 
digital multimeter 

A number of different multimeters have 
crossed my desk in recent months and I must 
admit it has been fascinating to see and use the 
latest state-of-the-art equipment. The newest 
unit on my desk for review, however, is quite 
different from the others. 

The Soar Model 5025 is not just a nuts-and- 
bolts measuring device. It incorporates a 
unique comparator circuit that can be used in a 
number of different ways. 

One of the greatest advantages of the "new 
breed" of multimeters is extensive use of spe- 
cially designed chips. The Soar 5025 has a 
unique 80 pin LSI chip that keeps overall parts 
count down while ensuring long term stability 
and accuracy. Only by examining the sche- 
matic can one fully appreciate how LSI has 
changed the complexion of equipment design 
and utilization. 

general specifications 
The 5025 has an easy-to-read, low current 

consumption, LCD readout with a maximum 
reading of 1999. The readout also has annunci- 
ators to audibly alert for function, unit polarity, 
decimal, low battery, continuity and diode test. 
The unit is mounted in a rugged ABS plastic 
case with a U-bracket handlettilt stand and is 
fully shielded from RFIIEMI. The probes are 
designed for safety to reduce the chance of an 
accidental shock when being used. One of the 
"neatest" innovation: of this new breed of 
multimeters is the automatic ranging feature. 
When doing a number of different voltage or 
resistance readings, this feature is quite a time 
saver. 

Battery life is estimated at >300 hours with 
alkaline batteries and >200 hours with regular 
zinc carbon batteries. Four size "C" batteries 
or a portable AC adapter may be used. The 
model 5025 also incorporates a built-in over- 
load protection for all ranges with surge pro- 
tection up to 6000 volts. 

comparator circuit 
Besides standard ohms, volts, and current 

measurements, the Soar Model 5025 also has a 
built-in comparator circuit. The comparator 
can be used on all measurement ranges and 
was designed with production and QC testing 
in mind. 

To use the comparator circuit, you select the 
designed high and low figure on the thumb- 

"compare" switch. The 5025 will then measure 
the parameter in question. If the value being 
measured is within the limit set, the beeper will 
sound and the value will appear in the LCD 
readout. If the value is either above or below 
the preset limits, the beeper will not sound. 

use 
I had occasion to use the Soar 5025 while 

troubleshooting a broken radio. I found the 
U-bracket to be invaluable in getting the multi- 
meter into a position that was easy to see. I 
also found the 112 inch LCD readouts to be a 
nice feature. I also used it outside to make a 
number of continuity checks on a vertical an- 
tenna ground system. The LCD readouts are 
easy to read in the sun and the handy beeper 
assured that there was circuit continuity with- 
out the need of looking at the unit. 

specifications 
Size: 7.25" x 2.25" x 7.125"(186 x 

57 x 180mm) 

Weight: 1.9 pounds (850 g) less 
batteries 

Cp. Temp O°C to 40°C 

Accuracy guaranteed for 1 year 
DCV +.25% 
ACV +.5% 
Resistors 200-200 kilohms 

f .25 
2000K f l %  
20M f 2 %  

DCA 200p to 200 mA 
10A +1.0% 

ACA 200p - 20 mA f 1 % 
200mA - 10A f 1.2% 

For more information contact NA Soar, 1126 
Cornell Avenue. Cherry Hill, New Jersey 

N l  ACH 

products 
ICOM transceiver 

ICOM's new IC-471A is a 20 MHz coverage 
base station transceiver for 430-450 MHz. It 

I FRESH STOCK - NOT SURPLUS I 
2 30 M H z  

PIN Ntt  ht 31r '  1' F' h l i t  ' M ~ I  r i 
MRF412 11800 13800 MRF455 11350 13000 
MRF421 27 00 58 00 MRF455A 13 50 30 00 
MRF450 12 50 2800 MRF458 18 00 4000 
MRF450A 12 50 28 00 MRF492 20 00 43 00 
MRF453 1 5 0 0  3300 SRF2072 15 00 33 00 
MRF435A 15 00 3300 SRF2769 15 00 33 00 
MRF454 16 50 36 00 C02545 18 SO 40 00 
MRF454A 16 50 3600 C03424 1 9 0 0  41 00 

I ," ,  8 n ' d r  I I 

I r, '., 
MRF406 114 50 MRF475 S 5 0 0  
MRF422 39 50 MRF476 3 50 
MRF433 14 50 MRF477 13 00 
MRF435 42 00 SO1407 37 00 
MRF449 1 4 5 0  SD1487 28 00 
MRF449A 1 4 5 0  510 12 14 50 

V H F  L U H F  TRANSISTORS 

, , , . real A , ,  : n : ~ n ~ 5 - r r l ~ r r ~ n (  ( ,  

rr :.l,rnnl,on on C[ i ' 7  HF ' fir h 50 F L \ 
C.II '  our Engineerrn~ D e ~ r  ,?, + C J I  .z2: ?;?# 
WE S H I P  SAME D A Y  C (1 r nr V I S A : M  L 
M ~ n ~ m u r n  Ofdnr 520 00 Aofl  S i  5 0  Sb~[)p~ncj 
R F  P a r l s  C a l a l o q  A v a ~ l  OEM 8 Ounnt ! lv  i ) iscc~urlt ' .  

COMPONENTS 
Amphenol conneclors 
BLW tolls swllches antennas 
Hammond and LMB enclosures ' 
Jackson dlals and drlves Iambic paddles 
J W Mlller parts Wtre and cable 
Knobs and shan couplsn 
M~llen components 
Multronlcs roller inductors 
Padders and trlmmer capacflors 
Restslors capacitors. lnduclors 
Torotds cores beads baluns 
Transm~lttng/Rece~v~ng Capacttors 
Atr Var~ables Cardwell - E F Johnson 

Hammarlund - M~llen 
Dmrknob Cenlralab - Jennlngs 

PROJECT PACKS 
Dfrecl lrom Enalanc i r.nlurad n Radto 8 Eleclron~c World 

CaAs FET 2 Mster Masl Head Re-Amplltler 123 50 
2 Meter Pra-Ampl~lter 6 50 
2 Meter Converter 37 50 
UHF (70 cm) Pre-Ampl~f~er 9 50 
UHF (70 cm) Converter 38 50 
UHF (70 cm) to VHF (TV) Converler 60 50 
23 cm Converter 43 50 
Atr Band Recalver 162 W 
FET Otp Osc~llalor 52 50 

OTHER KITS 
CPPr Code Pracltce RocessorlElectronlc Kawr 47 00 
General Coveraqe lor Drake R4C B A Racelvers 
Spl~l  Band Speech Processor 69 95 
Smarl Squelch 49 95 
A-X Nose Brtdge 33 45 
L Meler 25 50 
40 Meter ORP Transcslver I 0 1  95 

SnlpDlng R Handtnp S7 50 - 
1983 Catalog 50 cents 

Box 41 1 H. Greenv~lle. NH 03048 

1 (603) 878-1033 

f l  188 
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BUY DIRECT & SAVE I 

L 

f 1 40 CHANNEL I 

* 

THE AFFORDABLE REPEATER 
FROM THE MANUFACTURER OF COMMERCIAL & 
MILITARY EQUIPMENT MADE IN  USA AT OUR 

MIAMI, FLORIDA PLANT 
* $6 9 9. Basic price 

F E A T U R E S :  
Several Frequency Ranges 
30-50 MHz, 132-172 MHz, 

OPTIONS 
200-240 MHz ,  380-480 MHz. 

Sensitivity .3 Microvolt 12 DB S/N 
Helical Filter Installed $65.00. Power Output 30 Watts. 
8 Pole Filter Installed $20.00. 
Cooling Fan Installed $30.00. Four Pole I F  Filter. 

Duptexer Complete separate transmitter 
Deluxe Cabinets and Receiver 
Timer 
Tone Panel 13.6 VDC or 115/220 UAC 

Power Supply. 
19" Rack Mounting. 

OTHER PRODUCTS 

Simplex and Full Duplex P A Y M E N T  T E R M S :  

VHF/UHF Mobiles and Bases Domestic Orders 50% with order 
Rural Radio Telephone 50% C.O.D. 
Auto Patch Foreign Orders Letter of Credit 
HF SSB Transceiver or Advance Payment. 
Catalogues available upon request Allow 2 to 6 weeks for delivery. 

DEALER INQUIRIES INVITED 
ITS International Telecommunications Systems Florida Inc. 

8416 N.W. 61  ST. / M I A M I .  F L O R I D A  33166 
T E L :  (305 )  593-0214 I T E L E X :  525034 

- 
Advanced Solid State design and cir- 
cuitry allows you to receive mid 8 
super band channels. Restores pro- 
gramming to Video Recorders. 

36 CHANNEL 
REMOTE CONTROL 
CABLE CONVERTER 

$88.00 
DIAMOND D-56 WIRELESS 
THE ULTIMATE CABLE T.V. 
CONVERTER 

56 CHANNEL 
INFRARED 

REMOTE CONTROL 
$139.00 

r /  134 

Send $1 for Complete Catalog I 
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features 10 watt output, 32 full function memo- 
ries, and built-in sub-audible tone selectable 
from the main tuning dial. 

ICOM system accessories work with the IC- 
471A. This unit features ICOM's new two-color 
display, showing frequency digits in white and 
control functions in red, for easy visibility 
under all lighting conditions. With the IC-471A, 
it is possible to scan all frequencies, memories, 
or modes. 

For information, contact ICOM America, 
Inc., 2112-116th Ave.. NE, Bellevue, Washing- 
ton 98004. RSU311 

RTTYICW interface 
The ROM-116 is now distributed and sold ex- 

clusively by the Flesher Corporation. The 
ROM-116 interfaces the Radio Shack TRS-80' 
models 1, Ill, and IV, and comes with features 
that include two serial ports, fourteen buffers, 
split-screen (formatted or unformatted) verti- 
cally displayed status, automatic CWIID, PTT 
control, Sel-Cal, error correction, text editor, 
quick break with word mode, word wrapping, 
preload, two independent callsign buffers (one 
for user and one for station called), repeat 
transmission, right hand justification on trans- 
mit from the main buffer, time and date with 
automatic update, and adjustable line length. It 
also will support a cbmputer printer for hard 
copy, receive and send RTTY at all standard 
Baudot and ASCII rates up to 1200 baud; it is 
TTL compatible, will receive and transmit CW 
with full break-in mode, CW preload (cassette 
or disk versions), and cassette or disk save 
messages or pictures. Several software pack- 
ages, such as a MAILBOX program (1.4MBO 
or 3.4MBOI and LOAD HEX (for receiving/ 

sending disk files on RTTY), are also available. 
Two versions are marketed; prices will range 
from $225.00 for the older units to $325.00 for 
the newer units. 

For information, contact Flesher Corpora- 
tion, at P.O. Box 976, Topeka, Kansas 66601. 
R SU309 

'A  trademark of the Tandy Corp 

* # >  ' , ! A l l  RI'~,IIIINTc Al!l> ,A!!', 14, 
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power center 
Ultima Electronics announces the immediate 

availability of a new state-of-the-art electronic 
outlet power center designed for fail-safe in- 
dustrial, residential, and commercial use. 

Designated "Surgefree:' the new unit fea- 
tures all solid-state electronic circuitry. Com- 
pact in size, it can be plugged into any 120 
VAC outlet to instantly sense and suppress de- 
structive effects of high-voltage transient 
spikes and surges to sensitive electronic equip- 
ment. It is rated at 15 amps (1875 watt), 125 
VAC, with a resettable circuit breaker that pro- 
tects against accidental power overloads. 

Model SF-200, with two sockets, sells for 
$69.95; Model SF-600, with six sockets, 
$89.95; Model SF-1000, with ten sockets, 
$99.95. 

For further information, contact Ultima Elec- 
tronics Ltd., 59-7 Central Avenue, Farming- 
dale. New York. RS#308 

compact mobile 
transceivers 

Trio-Kenwood Communications has an- 
nounced the addition of two new ultra-com- 
pact models to their line of mobile transceivers. 

The 2-meter version, model TM-201A, incor- 
porates microprocessor-controlled operating 
features in a new lightweight slim-line design. 
Features include 25 watts of RF output, dual- 
digit VFO's, five memories, priority alert scan, 
memory and band scans, lithium battery mem- 
ory back-up (estimated 5-year life), high-visibil- 
ity yellow LED display, external speaker, and a 
16-key autopatch UPIDOWN microphone. An 
audible "beeper" confirms operation of se- 
lected functions. An optional FC-10 frequency 
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RF P O W R  
,014 WATTS 

*" F 
'4 

$ 0 
Your One Stop Source for RF Power Tubes and Trans~stors 

r 

CHRISTMAS TUBE SPECIALS 
3dM)Z 510000 6MJ6 (SYL)  5 837 58948 $ 5900 R874 $206 00 
3-5002 9500 128Y7A 294 61468 795 8875 a3500 
3-10002 36800 5728 4800 6146W 1500 8877 485 00 
4CX250B 6500 81 lA  1500 8122 11500 8908 13 00 
6LF6 6 89 8950 13 00 

RF TRANSISTORS 
SPECIAL - MICROWAVE 1.00 SPECIALS - While they last 

NEC73436 JAP 3 Lead MRF901 1 0 0  
MRFW1 House Marked 854 3 Lead 100 NEC NE02136 100 

2 30 Mhz 

RF43 RF33 (RFG) 70W 125V 1600 
(Prem~um Replacemrnts for MRF455 & MRF455A) 
CD2545 ICTC) 5 0 ~  12 5V Flange 2400 
CD3424 (CTC) 60W 125V Flange 24 00 
SD1451 (SSM) 60W 12 5V Flange 1500 
501076 (SSM) BOW 125V Flange 1988 
RF85 (RFG) 80W 125V Flanqe 1750 
MRF458 (MOT0)BOW 125V Flanqe 1988 

VHF 
150-175 Mhz 

840-12 (CTC) 4OW 1 2 5 ~  Stud 1935 UHF 
2N5591 (SSM) 25W 12 5V Stud 950 450-512MHZ 
2N6083 (SSM) 25W 12 5V Stud 995 
2 N m 7  (SSM) 40WPNP 12 5V Flange 1595 2N5946 (SSM) 10W 125V Stud 1295 
SD1416 (SSM) 70W 125V Flange 31 00 MHW710-2 (MOTO) 13W 12 5V Module 19 db Ga~n 5900 
987 (MRF559)5W 125V 13db 100 CMW12A (CTC) 60W 125V Flange 4295 

MINIMUM ORDER $30.00 Add $3.00 for UPS charges 

CALL TOLL-FREE 800-645-2322 
(N.Y. State 516-536-8868) 

F; R FGain,LM. 
Export And Dealer Inquiries lnvlted Call for Types Not Listed 

116 S. Long Beach Road Rockvllle Centre, New York 11570 
TWX 51 0-2257508 r/ 185 

t 

X651Z s~lver-plated 
cavlty In removable 
drawer Requ~res 1151 
230 VAC & 20 VDC 
7xl9fixlS" 75 Ibs 

ent cond~l~on $149 50 
quenctes Internal FM adjustable lrom 0 to 100 kHz 
at a 1 kHz rate Spurs and notse at least 60 dB be- 
low carrler * RF output adjustable lrom 5.500 mV at 
50 ohms Operates on 12 Vdc @ 112 Amp Avail- 

Used reparable $135. Chkd . $200. able lor lrnmed~ate dellvery $349 95 plus sh~pptng 
Manual parttal repro $15. LS 166 Add-on Accessortes available to  extend lreq 
speaker 310.95 24 V[)C 6 AMP range add ~nflntte resolutton volce and sub-audible 

tones AM preclslon 120 dB caltbrated attenuator 
Call for deta~ls Dealers wanted worldwtde 





panel discussion 
Two new photovoltaic panels, the SX-10 

and SX-20, are available from ENCON. Rated 
at 10 watts; the SX-10 features different cur- 
rentlvoltage selections (8 VDC at 1.05 am- 
peres. 13.3 VDC at 0.52 amperes) the ham can 
wire himself. The SX-20, rated at 20 watts, 
offers a choice of 8.6 VDC at 2.09 amperes and 
17.3 VDC at 1.05 amperes. 

The SX-10 and SX-20 can be used for mobile 
QRP operations or can be permanently mount- 
ed for charging batteries. Their life expectancy 
is 30 years or more, and they're said to be able 
to withs!and a wind load of over 160 MPH and 
golfball-size hailstones. They're both water- 
and moisture- roof. 

For complete information, contact ENCON, 
27600 Schoolcraft Road, Livonia, Michigan 
48150. RS#306 

precision tips 
Six new precision soldering iron tips have 

been introduced for use with the recently intro- 
duced Ungar Series 9000 soldering iron and 
systems. The new tips are 1116 and 0.090-inch 
spade, 1 I32 and 3164-inch screwdriver, 1132- 
inch short spade and the 0.020 conical. The list 
price of each tip is $3.75. All are interchange- 
able with the modular Ungar System 9300 and 
System 9000 and 9100 variable-temperature 
systems. 

For further information, contact Ungar, P.O. 
Box 6005. Compton, California 90220. RS1305 

elevation rotators 
The entire Kenpro product line is again avail- 

able to Amateurs in the United States. Distrib- 
uted to local dealers by Spectrum West, the 
Kenpro line includes the KR 500 elevation 
rotor, said to be the only dedicated elevation 
rotator available to retail consumers. The line 
also includes the KR 2000 RC, described as the 
strongest azimuth rotator available, with over 
10,000 kglcm torque and the ability to hold 
over 30 square feet of wind load in a tower con- 
figuration. 

For more modest applications, Kenpro 

Saturday & Sunday 10 to 5 PM 
Monday -F r l day  9 l o  6 30 P M  

Coma l o  Barry 's  l o t  t h e  b e s l  buys in town.  F W  
Orde rs  On l y  P l easa  C a l l  1 800.221-2M13. 

F T  707. FT.ZNR n nr 

ROCKWELUCOLLINS 

i n t d a c e .  Soltw.rm 6 

-- A -- - -- I M i .  ALL ORDERS TO BARRY ELECTRONICS CORP., 112 BRO~DWAY.  NEW YORI CITY. NY 10012. -- - -- - -- - - . - - - - - - - - - - - 
Wa Slack A U  ARRL Alpha. I-. Am- Sg.cl.llsm hlnlk. 

I K. D w DM. 8-)w o r b  euttmvt. cDE CES. Calom. 
commnr.1- s0.c c-m. Can.1,  C " h  IS*.", C".hrl.ll. 
Dmlra h t r m .  0' ~rnax. Dwr. n o  ~Alph.). Ebm.c. Fnc- H n l  
sound. nmnli nu.'r 1-ron1c.l. n y m l n  kcom. ILM. ~snt rmocs.  
Larsan. MC IOaiwa). MFJ J W M!II*r, Mln l  Products Ult.9.. 
N.rt&. N w  V8rtng. Palanmr. RF Pro6ucl.. Radio Amml.u, Cnllbrm;. 
Robol R a r m l l  Cdllns. S.nIm S w e  Swn. Tslsn. Tempo. Ten TM. 
T&HI Power. Tr~onyx TUBES. WUU. WIM,. Wqlron. ~ns.u nom end 
Cannurcl,l Radio,. V- Vlbroc4.~. Curt8~. 1-1 E K .  W K o m  Du~l"xs ls .  
R.malrs. Phalp. M, F l n m  l n l n r cmr  Scanners C w r l a I ~  , Rndlo 1 I 

" A ~ U I  sm nabla Empanel" 
H A l i a r  ~ N T E H N A ~ ~ O N A L  ! l i X  12 7670 
T O l '  IHAOC:. I I I V ~  hi ( ' P i  U'JI  I) EOUIPMENT 
STORE HOURS Monday Fr0d.r 9 10 8 30 PM 
P a * l n ~  LM kms t h  Sl-I 

S?!,,r,?.,+ :,,,r>,!.+, 1,) !r3 ,urn lFf"Pa*Inal 
~ o l n O R l ? F r )  ~ 1 5 1 5  MCKAY OYMELFOR Publlc.llons 
' >HOR lWAVL  A N T F N N A S  d RECFIVERS WE NOW STOCK COMMERCIAL COMYUNICATIOWS SYSTEMS 

IRTlLEX S p l w  S l  SIaIlon DEALERlh l lU lUl f  S lNVlrED PHONE IN YOuROROER 6 BE REIMBURSED 
-V DM1 Pdnc. SI Slallon -IAL RADIO8 . I . O L ~  ~ n h d  m ~nmlm. 

IND F T#.ln D q  SI . lW  A m t o u r  k d l o  & Computer Courmmm alven On Our P r e m l ~ ,  Call 
Bus B r o # d w a y  rO l o  Sprnng St  Cz.orl Order .  a h i n p a d  Im-d lmle ly  TCLCX l l . 7 D 7 0  

-- - -- 

- 
MICA COMMUNICATIONS CONSOLE 

Complete, Ready To Install Your Statlon 

1 ' to 8' Wide 
"L" & "U" set up's arc possible 

Casten 
Optional draw-book shelf wmblnatlon 

1000 Optlonal mlca's 

Send for lnformatbn/appllcatlon package 

:t: 5817 S.W. 21st Street Commuaientions H o ~ ~ ~ w o o ~ ,  FL 33023 
r,,, gae. Phone (305) 989.2371 
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DESIGN NARROWBAND MICROWAVE AMPLIFIERS 
WITH YOUR PERSONAL COMPUTER 

Maximum G a i n  D e s i g n s  
Minimum N o i s e  D e s i g n s  
G a i n  and N o i s e  Compromise D e s i g n s  
G a i n  and S t a b i l i t y  A n a l y s i s  
5 0  Ohm S t u b  C i r c u i t s  
Q u a r t e r  Wave T r a n s f o r m e r  C i r c u i t s  
M i c r o s o f t  BASIC 

Manual  w i t h  l i s t i n g  1 1 6 . 9 5  p p d .  
Check o r  money o r d e r  drawn on U . S .  bank ONLY 

P h i l l i p  Young 
1 2 0 9  S u n s e t  Road S Y  
A l b u q u e r q u e .  New M e x i c o  8 7 1 0 5  

fl 213 

VK.ZL.3D2-KH6.VK-ZL-3D2KH6-VK.ZL-3D2KHB-VK.ZL 
VK VK 
z L  DX TOUR z L  
3D2 3D2 
KH6 KH6 
V K  Australia VK 
ZL ZL 
3 ~ 2  New Zealand ~ D Z  
KH6  Fiji KH6 
VK VK 
ZL Hawaii ZL 
3D2 3D2 
KHB THREE WEEKS K H ~  
VK VK 
ZL OCTOBERllthru31,1984 3;; 
3D2 
,K,H6 Departs from Los Angeles Ky: 
ZL ZL 
302 For Hams. Spouses and Friends 3 ~ 2  $z6 Meet and greet your ham friends in Kyz 
ZL the~r own countries. Welcoming ZL 
302 events by local hams and clubs. 3 ~ 2  
KH6 KH6 
VK Tour directors: Jean (WAGAKP) and VK 

0111 (WGUFS) Thompson ZL 
3D2 3D2 
KH6 Write for brochure: KH6 
VK 

DX TOURS 
VK 

ZL ZL 
3D2 3D2 
KH6 81 Fashion Island KH6 :: Newport Beach, CA 92883 ;: 
3 ~ 2  or ~ D Z  
KH6 Call Jean (714) 840-0821 KH6 v K VK . .. 
ZL SPACE LIMITED - RESERVE EARLY ZL 

E% t/ 137 :ii 

I HAVING LOADING I 
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, . 
products 

makes the smaller KR 400 and KR 600, which 
measure 12 and 14 square feet, respectively. A 
full line of accessories is also available. 

The KR 2000 RC lists for $495.95; the KR 
400, $149.95; the KR 600, $259.95. 

For further information, contact Spectrum 
West, 5717 N.E. 56th Street, Seattle, Wash- 
ington 98105. RS#304 

packet radio TNC 
The Model PK1 TNC from GLB Electronics 

has a self-contained MODEM and requires only 
a 12-volt power supply, a data terminal and a 
radio transceiver for packet operation. The 
data terminal can be a personal computer, a 

"dumb" terminal (keyboard and display), or 
even a mechanical teletype machine. The ter- 
minal interface is RS-232 compatible and self- 
adapts to ASCII or Baudot and at data rates 
ranging from 45 to 9600 baud. An adaptor is 
available for converting mechanical teletype 
machines to the RS-232 interface. Standard 
Bell 202 tones are used, with a data rate of 
1200 baud, making it compatible with both 
Vancouver (VADC) and Tucson systems. 

Utilizing a Z80A microprocessor, the Model 
PK1 has 8K of ROM and 4K of RAM as stan- 
dard equipment. RAM can be readily expanded 
to 14K, using 2K "byte-wide" memory chips 
and t o  56K via modification using 8K chips. 
The VADC protocol is available now, and 
AX.25 is to be released by the end of the year. 
Conversion to AX.25 is accomplished by 
means of exchanging ROM's at nominal cost. 

The Model PK1 is a printed-circuit assembly, 
measuring 4.5 x 9.4 inches. It's priced at 
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E ' 
ter 
In 

EM1 
Scat! 
Trnr 

. VTH ORDER CW FILTER I00HZ WIDE AT 750HZ . TONE-TAG AT BINAURAL CROSS-OVER O N  CW . VOICE FILTER - SUPPLIES FILTER BANDS AT 300 adlo Tel 
TO 400HZ AND 1500 TO 2500HZ FOR SUPERB 
SELECTIVIN O N  VOICE. . BINAURAL SYNTHESIS THAT SUPPLIES TWO OUT- 
PUT CHANNELS WlTH CROSS-OVER AT 750HZ - 
OPERATIONAL WlTH ALL FUNCTIONS - 

A U D I O  WHITE-NOISE GENERATOR - SEE JAN'BO 
HR ARTICLE OR SEND SASE FOR COPY - 
BROCHURES O N  CAP AND OTHER PRODUCTS -- 

Hildreth Engineering rrzt 

iFET $29 
i F E l  $29 
isFET $79 
iFET $29 
iFET $37 

+ I L  u~HsFET $79.33 
0 DGFET $29.95 
0 DGFET $37.95 

+ 12 GaAsFET $79.95 - 20 Blpolar $32.95 - 20 B~polar  549.95 
+ 12 GaAsFET $79.95 

P.O. Box 60003 Sunnyvaie,CA 94088 
0 
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NEW EGBERT II 
R T T Y C W  

for 
THE APPLE COMPUTER 

SOFTWARE ONLY 
NOTU REQUIRED 

Many Standard and UNIQUE FEATURES 
(ALL ON ONE DISK) 

any MARK and SPACE frequency 500 Hz t o  
3000 Hz 

T R A N S M I T  O R  RECEIVE 
ALSO ACCEPTS TTL INPUT TO GAME 110 

C.W. VERSION AVAILABLE 

PRICES: RTTY or CW Disk.  . . . . . . .  $39.95 
Back-ups each. . . . . . . . . .  S 7.50 
RTTY with CW . . . . . . . . . .  $59.95 

'Shipping.. . . . . . . . . . . . .  . $  2.50 
Foreign Shipping = $8.00 
(Callf. Residents add 6% tax) r/ 174 

WRITE FOR DETAILS OR ORDER FROM: 
W.H. NAIL C O M P A N Y  
275 Lodgev iew Dr ive 
Orovi l le, Ca. 95965 

(916) 5892043 

R d v a i  
R e c s ~ v t r  

Restarc  
B o x  1242 Burlington 

ma and c a n n u t e m  
~lbbla In the 1 . 800 

MHz rb ...... ... v ~ r t w l d  for U -"* 
Canada. CT nrldantr add I.%% sales tar. 
orders la11 to lorelgn countrlar ad add U. AIr m 

- - a - - . a a 

R-T HV Mark II A 

NEW. EASY-TO-USE DESK 
GET TRANSI-TRAPTM 

LIGHTNING PROTECTION 
Protect your vaiu,itiii equlprvnt  froin antenna 
voltage surqes cauird by llcc3rby lightning htgh 
wlnd and statlc build up Keeps harmful ARC 
energy off equipment by safely shunt~nq ~t to  
ground Uses tested flpld proven and replaceable 
ARC PLUCTM gas filled ceramlc cartr~dge 
Model LT 200 watts @ 5011 519 95 
Model HT Zkw Q 5011 524 95 
Ruggedized Super Low Loss ( 1 dB @ HX) MHz) 
Model R T 200 wat ts  @ 50R 529 9s  
Model HV Zkw @ 50R 532 95 
See your local dealer or order d~rect  Pse lnCludeS2 
for shlpplng and handling MC and VISA accepted 

AmHAMm 
cnMmJ)JKAm 

P.0 Box 571. Cen te rv~ l le ,  Ohio 45459 
(51 3) 435-4772 r /  222 

I 808 A. Main Street Evansville, IN 47711 I I 

r Free Tool Cataloa 
ICOM lC-745 
BRAND NEW 

STATE-OF-THE-ART 
TRANSCEIVER 

9 Ham Bands 
General Coverage Receiver 

16 memories 
Scanning Passband i u n ~ n g  Variable NB & 
ACG 100 kHz - 30 MHz Receiver with 16 
memory positions. Full funct~on metering with 
a built-in SWR bridge Also has IF shift and 
passband tuning as well as several different 
filter options. Transmitter has 100 watts out- 
put, speech compressor. RIT and XIT. 
Plenty of optional accessories including an 
internal power supply for the ultimate In porta- 
bility. 

Call today for pricing inlormation 

SAY YOU SAW IT 
IN 

HAM RADIO 
Thousands of hard-to-find 
products for building, testing, and repairing 
electron~cs. Everything is easy to order by 
phone or mail, ready for immed~ate delivery. 
Contact East-Dept. 0227 
7 Cypress Drlve. Burlington, MA 01803 
In a hurry to receive your catalog? 
Call (61 71 272-5051. 

Ham Shack wants to be your lcom dealer 

(812) 422-0231 W r /  15' 
November 1983 111 



g U P  YOUR ERPe-1 
For HT owners operatln ~nside a vehicle and wanting 

increased T/R range, RF PWoDuc~s  has the low cost 
solution. 

Remove your BNC antenna from the HT and mount on 
the RF PRODUCTS BNC magnet mount, install the magnet 
mount on the roof top and connect the BNC co-ax connector. 

The magnet mount (part no. 199-445) has 10 feet of small 
(5132") co.ax with BNC connector attached and is priced at 
$15.95 (includin shlpplng by UPS to 48 states). 
TO ORDER. sed515.95 money order orcashlers c k k  only 

Fla. rsaldents add 5% tax, for alr UPS add 51.50 
,I LOW COST ACCESSORY ANTENNAS 

PART NO. DESCRIPTION PRICE 
194-214 ' j '  2M helical full length BNC connector $7.95 
194.254 2M helical stubbv tvoe BNC connector 8.95 

1 '/.M helical full'length BNC connector 7.95 
1%M helical stubby type BNC connector 8.95 
1hM helical stubby type BNC connector 8.95 
U M  flexible '/a wave BNC connector 7.95 
2M telescopic wave BNC connector 6.95 
2W3/.M wh~p I/. wave BNC conneclor 7.951/ 186 

I CALL LONG DISTANCE ON YOUR HANDHELD I 
I The Model 335A will deliver 35 watts of Our products are backed by prompt fac- 

power using the latest state-of-the-art cir- tory service and technical assistance. To 
cuitrv. The amplifier will operate SSB or become familiar with our other fine pro- 
FM i n d  is compatible with 
mos t  handhe ld  t rans-  
ceivers,  inc lud ing t h e  
TR2400, TR2500, IC-2AT, 
Yaesu, Santec, and Ten- 
Tec. Only 300 mw input will 
deliver 5 watts out; 3 watts 
in will deliver 35 wans out. 
Maximum input drive level 

ducts in the amateur radio 
market, call or write for our 
free product and small parts 
catalog. 

Model 335 
K i t  $69.95 
Wired & Tested $89.95 

I is 5 wans. ommunication - - m E o n c e p t s  lnc. QO, / I 2 8  1 
2648 North Amgon Awe. Dayton OhtO45420.(51JI 296.1411 

because indiv~duals assume situations are safe when they are not. 

Installation and dismantling of towers is dangerous and temporary 
guys of sufficient strength and size should be used at all times 
when individuals are climbing towers durlng all types of installa- 
tions or dismantlings. Temporary guys should be used on the 
first 10' or tower during erection or dismantling. Dismantling 
can even be more dangerous since the condition of the 
tower, guys, anchors, and/or roof in many cases is 
unknown. 

The dismantling of some towers should be done 
with the use of a crane in order to minimize the 
possibility of member, guy wore, anchor, or base 
failures. Used towem In many cases are not as 
lnexpensive as you may think If you are Injured 
or killed. 

Get professional, experienced help and 
read your Rohn catalog or other tower 
manufacturers' catalogs before erectlng 
or dismantling any tower. A consultation 
with your local, professional tower 
erector would be very lnexpensive 
Insurance. 

D~vlston ol UNA. Inc 

Peorla, l l lho#s 61601 

products 

$149.95, wired and tested, with documentation 
and instructions. Power required is a single 
+ 12 volt supply at 114 amperes. Connecting 
cables are also available. Documentation is 
available for $5, refundable on purchase. 

For complete information, contact GLB Elec- 
tronics, 1952 Clinton Street, Buffalo, New 
York 14206. RS#310 

ham clock 
The BHC Big Ham Clock features two large 

518 inch tall LCD modules, one for local time 
(12 or 24 hour type) and one for GMT. Each 
clock module can be programmed for the de- 
sired combination of monthlday, hourslmin- 
Utes, seconds, and set to  WWV. 

Each module will run from one to  three vears 
on the replaceable battery; the two modules 
are mounted in a black anodized desk top 
frame. The price is $29.95, plus $1.50 for ship- 
ping. 

For more information, contact BHC, Inc., 
1716 Woodhead, Houston, Texas 77019. 
RS#303 

test mount adapter 
The new Larsen Electronics test mount 

adapter simplifies tracing problems in antenna 
or radio. It can be used to check the antenna 
feedline VSWR and the radio power output si- 
multaneously by simply screwing the adapter 
onto the mount and applying a dummy load. 
Other uses include use as a coax extension. 

For further information, contact Larsen Elec- 
tronics. P.O. Box 1799, Vancouver, Washing- 
ton 98668. RS#312 



EGO MOBILE WITH YOUR H.T.! 3 
C Model I-lcom IC.ZI\Tr. Etc. * 
C Model K.1 for TR.2500 * 

................................................ * 
Guaranteed' * 

C I) ................................................ * * 
-powered thm battew plug 

Model N-FT 208R 
Model 1-Slmple mod lor Tempo 

and all Santec 
....................................................... 

NOW FOR FT.208R 6 TR.2500 

Model Y - FT.207R. Wilaon 
-111s ~ n t o  battery compartment 

i 'A  unlque battery ellm~nalor' * 
C * HAND1 TEK Regulator allows * 

constant hand held operation * 
lrom auto DC or base supply * 

C 
C 

wllh no nlcad dram and 

C WITHOUT RADIO MODlFlCA 1) 
TION' S2495 PPD In USA * 

C Calif. add S1.50 Slles Tar. f 
* .  C r /  153 * v 

C HANDI.TEK 1+ * P.O. BOX 2205. LA PUENTE. CA 91744 * 
C * 
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products 

"maxi" baluns 
The Unadilla/Reycollnline W2DU-(6) and 

W2DU-(2) baluns handle 3.5 kW power. Model 
W2DU-(6) is used for 160-6 meter applications 
while the W2DU-(2) handles those in the 6-1 W 
meter range. Pull-apart tensile strength is rated 
at more than 600 pounds. 

The baluns are adaptable to dipoles, invert- 
ed-vee, quads and Yagi antennas. Both are 
contained in weatherproof housing and have 
built-in lightning arrestors. 

I F V V ) .  Slow L a n  N (5STVI. Fnvmdr I F A X )  or mmrwhrrc 
tn k r x r r n .  Vtdrn <ommunr<rtton~ mcdr, arc ~towxy ,  at an 

Nrw advm<rrnmtr u c  raklnp placr nn H~gh.Kcrufut~onlLolor 
SSlV md ~ h r  ux of pcrwnal cumpulcn knr A N  prrpher. 
S S I V - F A X  R T n  'nmmunnwlanr Intrtr%t IS rrrn grow~np 
9,) MICROWAVE and lYKO appll~atmons 

A5 A N  MAGAZINETU har rupplrlrd rhclr mwlxlrr of 

Smd SASE for "lrcr ' ~nft,rmaroc,n hrrrhu 

Spccnal  '18 month TKIAI. 

The price of each is $24.75. For more infor- 
mation, contact Microwave Filter Co., Inc., 
6743 Kinne Street, East Syracuse, New York 

P.O. BOX H 

The new Bearc 
cess keyboard ~UIIIIIY L I IW LUVIID 1 1 1 1  I V  WIL LU 

. Ten memt 

openings. I ne digital display measures fre- 

era1 e~,~,,,,,,.,,. .,,,,,, ,,,,,artant featup,- ,,, +ush buttons for selecting AM, -,-, -,-, 
clude independent selectivity selectior :W, or FM 
12, 6, and 2.7 kHz IF filters to help sf ~ui l t - in telc 
high-powered stations on adjacent fr ~se, and inc 

nfy une noaa, LumDerlana, ~nai- 

'High Z." 
The suggc 

her informi 

modes. T 
tscoping z 
ludes an SI 

'he unit co 
mtenna fc 
0-239 antel 

sted retail I 
ation, con1 . . .  - 

)rice is $599 
.act Electra 

. A  . 

mes with , 
)r portabll 
ma connec .......... 
1.95. For fur 
I Company . . a. 

FCC changes make obta~nlng a H~gh-level 
Radio Telephone L~cense much easler now. 
Elminate unnecessary study with our short- 
cuts and easy to lollow study material. Oblain- 
ing the General Radio Telephone License can 
be a snap! Sample exams, also section cover- 
ing Radar Endorsement. 

A small investment lor a high-paying career in 
electronics. 

$1 9.95 ppd. 
Satisfaction Guaranteed 

SPI-RO DISTRIBUTING 
P.O. Box 1538 

Hendersonville. N. C.  28793 
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Ham Radio's guide to help you find your loca, < 
California 

C 81 A ROBERTS, INC. 
1851 1 HAWTHORN BLVD. 
TORRANCE, CA 90504 
21 3-370-7451 
24 Hour: 213-834-5868 
Not The Biggest, But The Best - 
Since 1962. 

FONTANA ELECTRONICS 
8628 SIERRA AVENUE 
FONTANA. CA 92335 
714-822-771 0 
714-822-7725 
The Largest Electronics Dealer in San 
Bernardino County. 

JUN'S ELECTRONICS 
3919 SEPULVEDA BLVD. 
CULVER CITY, CA 90230 
21 3-390-8003 
619-463-1886 San Diego 
800-882-1343 Trades 
The Home of the One Year Warranty 
- Parts at Cost - Full Service. 
Habla Espanol 

SHAVER RADIO, INC. 
1378 S. BASCOM AVENUE 
SAN JOSE, CA 95128 
408-998-1 103 
Azden, Icom, Kenwood, Tempo, 
Ten-Tec, Yaesu and many more. 

Connecticut 
HATRY ELECTRONICS 
500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 061 14 
203-527-1 881 
Call today. Friendly one-stop shop- 
ping at prices you can afford. 

Delaware 
DELAWARE AMATEUR SUPPLY 
71 MEADOW ROAD 
.NEW CASTLE, DE 19720 
302-328-7728 
800-441 -7008 
Icom, Ten-Tec, Microlog, Yaesu, 
Azden, 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 service 
Amateur Radio Store. 

AMATEUR ELECTRONIC SUPPLY 
621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 
Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 

AMATEUR RADIO CENTER, INC. 
2805 N.E. 2ND AVENUE 
MIAMI. FL33137 
305-573-8383 
The place for great dependable 
names in Ham Radio. 

RAY'S AMATEUR RADIO 
1590 US HIGHWAY 19SO. 
CLEARWATER, FL 33516 
813-535-1416 
Your complete Amateur Radio and 
Computer Store. 

lllin ois 
ERlCKSONCOMMUNICATIONS,INC. 
5456 N. MILWAUKEE AVE. 
CHICAGO, IL 60630 
312-631-5181 
Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:OO-3:00 Sat. 

Indiana 
THE HAM SHACK 
808 NORTH MAIN STREET 
EVANSVILLE, IN 47710 
81 2-422-0231 
Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santec and others. 

Kansas 
ASSOCIATED RADlO 
8012 CONSER, P. 0. BOX 4327 
OVERLAND PARK, KS 66204 
91 3-381-5900 
America's No. 1 Real Ardateur Radio 
Store. Trade - Sell - Buy. 

Kentuckv 
L & S RADlO 
307 MCLEAN AVENUE 
HOPKINSVILLE, KY 42240 
502-885-8071 
Ten-Tec, Azden, Ameritron Sales and 
Service. 

Maryland 
THE COMM CENTER, INC. 
LAUREL PLAZA, RT. 198 
LAUREL, MD 20707 
800-638-4486 
Kenwood, Drake, Icom, Ten-Tec, 
Tempo, Microlog, AEA, Ameritron. 

I Massachusetts 
I TEL-COM, INC. 
1 675 GREAT ROAD, RTE. 119 

LITTLETON, MA 01460 
61 7-486-3040 
61 7-486-3400 (this is new) 
The Ham Store of New England 
You Can Rely On. 

Minnesota 
MIDWEST AMATEUR RADIO SUPPLY 
3452 FREMONT AVE. NO. 
MINNEAPOLIS, MN 55412 
612-521 -4662 
It's service after the sale that counts. 

Nevada 
AMATEUR ELECTRONIC SUPPLY 
1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-31 14 
Dale Porray "Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 

JUN'S ELECTRONICS 
460 E. PLUMB LANE - 107 
RENO, NV 89502 
702-827-5732 
Outside Nev: 1 (800) 648-3962 
lcom - Yaesu Dealer 

New Hampshire 
POLCARI'S ELECTRONICS CENTER 
61 LOWELL ROAD 
HUDSON, NH 03051 
603-883-5005 
Southern New Hampshire's only Ham 
Store. Call today for quotes. 

- - - - - - - - - - - 

New Jersey 
RADIOS UNLIMITED 
P. 0. BOX 347 
1760 EASTON AVENUE 
SOMERSET, NJ 08873 
201 -469-4599 
800-526-0903 
New Jersey's only factory authorized 
Yaesu and lcom distributor. New and 
used equipment. Full service shop. 

ROUTE ELECTRONICS 46 
225 ROUTE 46 WEST 
TOTOWA, NJ 07512 
201 -256-8555 

YOU SHOULD BE HERE TOO! Dealers: c ontact Ham Radio now for complete details. 
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Effective Sales 
Producer Needed 

by 
New Ham Radio 
Equipment Maker 

We need you to set up and 
monitor a dealer network, 
and generally promote the 
product. Initial four VHF 
power amplifiers will be 
followed, in a few months, 
by additional products. 

We'll convince you we can 
ship viable products. You 
convince us you will make 
us successful. 

Our initial thoughts are: 

Age (high or low), sex, 
race, etc. not important. 
Ability is. 

You will be a partner. 
No initial investment. 
Your income depends on 
sales. 

You must be a ham. 

In this electronic world 
we communicate many 
ways. Operate out of 
your home, with only 
periodic trips to the fac- 
tory, or set up an office. 

Product is first quality 
and priced accordingly. 

Dialogs with established 
companies are welcomed. 

All responses acknowledged. 

WRITE TO: 
COMMUNICATIONS 

2995 Woodside Road 
Suite 400-550 

Woodside, CA 94062 
- 

lma teur Radio Dealer 

ROUTE ELECTRONICS 17 
777 ROUTE 17 SOUTH 
PARAMUS, NJ 07625 
201-444-871 7 
Drake, Cubic, DenTron, Hy-Gain 
Cushcraft, Hustler, Larsen, MFJ, 
Butternut, Fluke & Beckman 
Instruments, etc. 

New York 
BARRY ELECTRONICS 
512 BROADWAY 
NEW YORK, NY 10012 
21 2-925-7000 
New York City's Largest Full Service 
Ham and Commercial Radio Store. 

GRAND CENTRAL RADIO 
155 EAST 45 STREET 
NEW YORK, NY 10017 
21 2-682-3869 
Drake, Kenwood, Yaesu, 
Ten-Tec, DenTron, Hy-Gain, 
in stock. 

RADIO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 
ORISKANY, NY 13424 
TOLL FREE 1 (800) 448-9338 
NY Res. 1 (31 5) 337-0203 
Authorized Dealer - ALL major 
Amateur Brands. 
We service everything we sell! 
Bob WA2MSH. 

VHF COMMUNICATIONS 
915 NORTH MAIN STREET 
JAMESTOWN, NY 14701 
71 6-664-6345 
Call after 7 PM and save! Supplying 
all of your Amateur needs. Featuring 
ICOM "The World System." Western 
New York's finest Amateur dealer. 

Ohio 
AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 
WICKLIFFE, OH (CLEVELAND AREA) 

44092 
216-585-7388 
Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 

UNIVERSAL AMATEUR RADIO, INC. 
1280 AlDA DRIVE 
REYNOLDSBURG (COLUMBUS), OH 

43068 
61 4-866-4267 
Featuring Kenwood and all other 
Ham gear. Authorized sales and ser- 
vice. Shortwave headquarters. Near 
1-270 and airport. 

Pennsylvania 

HAMTRONICS, 
DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
21 5-357-1 400 
Same Location for 30 Years. 

LaRUE ELECTRONICS 
11 12 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
71 7-343-21 24 
Icom, Bird, Cushcraft, Beckman, 
Larsen, Hustler, Belden, Antenna 
Specialists, W2AUIW2VS, AEA, B&W, 
Amphenol, Saxton, J.W. MillerlDaiwa, 
Vibroplex 

THE VHF SHOP 
BOX 349 RD 4 
MOUNTAINTOP, PA 18707 
71 7-868-6565 
Lunar, Microwave Modules, ARCOS, 
Astron, KLM, Tama, Tonna-FSFT, 
UHF UnitslParabolic, Santec, Tokyo 
Hy-Power, Dentron, Mirage, 
Amphenol, Belden 

Texas 

MADISON ELECTRONICS SUPPLY 
1508 MCKINNEY 
HOUSTON, TX 77010 
71 3-658-0268 
Christmas?? Now?? 

Virginia 

ELECTRONIC EQUIPMENT BANK 
516 MILL STREET, N.E. 
VIENNA, VA 22180 
703-938-3350 
Metropolitan D.C.'s One Stop 
Amateur Store. Largest Warehousing 
of Surplus Electronics. 

Wisconsin 

AMATEUR ELECTRONIC SUPPLY 
4828 W. FOND DU LAC AVE. 
MILWAUKEE, WI 53216 
41 4-442-4200 
Wisc. Wats: 1 (800) 242-5195 
Outside Wisc: 1 (800) 558-041 1 
M-F 9-530 
Sat 9-3 



flea market 
TRADE general radio frequency and deviation meter 
model 1124-A for set of machinist tools from retired ma- 
chinist, toolmaker. Sell Drake R4-C receiver with filters 
only $285.00. Collection of over 35 years boxed receiving 
tubes most at one dollar each. Send your list of needs 
for availabil~ty. WSQJT, 314 N. Resler Dr., El Paso, TX 
79912. Apt. One. Tel: 915-581-2017. 

WANTED: Cash pald for used Speed Radar equipment. 
Write or call: Brian R. Esterman, P.O. Box 8141. North- 
field, Illinois60093. (312)251.8901. 

WANTED: Pre-1950 bugs for my collection. Vibropiex, 
Martin, Albr~ght. Melehan. Boulter, etc. KSRW. 1158 Mid- 
way, Richardson, TX 75081. 

WANTED: Old RCA, Western Electric tubes. (713) 
728-4343. Maury Corb, 11122 Atwell, Houston, Texas 
77096. 

VLF.LF preamps, coupler, Loran-C boards. SASE. Bur- 
hans Electronics, 161 Grosvenor St., Athens, Ohio 
45701. 

PARABOLIC ANTENNA, spun aluminum. 6 f t .  wlth 
mount $325.00 40&730-2500. Norman. 2225 Sharon Rd.. 
1224. Menlo Park. CA 94025. (415) 854-0266. 

WANTED: Early Hallicrafter "Skyriders" and "Super Sky- 
riders" wilh silver panels, also "Skyrider Commercial", 
early transmitters such as HT-I, HT-2. HT-8, and other 
Hall~crafter gear, parts, accessories, manuals. Chuck 
Dachis, WDSEOG, The Hallicrafter Collector, 4500 Rus- 
sell Drive. Austln. Texas 78745. 

WANTED: BoontonlHP type 2500 RX meter also service 
manual for ex USN receiver type RlOSlBIURR. Write: 
Gill, 72 Elgin Street, Gordon, 2072, Australia. 

COLLINS KW.1 parts wanted. Chuck, Box 766, Dahlgren, 
Virginia 22448. 

ELECTRON TUBES: Receiving, transmitting, microwave 
. . ail types available. Large stock. Next day dellvery 

most cases Daily Electronics, 14126 Willow Lane. West- 
minster, CA 92683. (714) 894.1368. 

RATES Noncommercial ads 10c per 
word; commercial ads 60c per word both 
payable in advance. No cash discounts or 
agency commissions allowed. 

HAMFESTS Sponsored by n o n - p r o f i t  
organizations r e c e i v e  one f r e e  Flea Market 
ad ( s u b j e c t  to our e d i t i n g )  on a space avail- 
able basis only. Repeat insertions o f  ham- 
f e s t  ads pay the non-commercial rate. 

COPY No special layout or arrange- 
ments available. Material should be type- 
written or clearly printed ( n o t  all capitals) 
and must include full name and address. 
We reserve the right to r e j e c t :  unsuitable 
copy. Ham Radio cannot check each 
advertiser and thus cannot be held respon- 
sible f o r  claims made. L i a b i l i t y  f o r  correct- 
ness o f  material limited to corrected ad in 
next a v a i l a b l e  issue. 

DEADLINE 15th o f  second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, G r e e n v i l l e ,  N. H. 03048. 

WANTED: Kenwood TS-700SP transceiver and 
MARS-7600 adapter. C.T. Huth. 146 Schonhardt, Tiffin, 
OH 44883. 

HEARD THE LATEST? You will if you read The Westlink 
Report (formerly HR Report). Only $22.50 for 26 issues. 
Fewer words - more facts. Send $1 for two sample 
issues (refundable for $3 if you subscribe). Poco Press. 
Otfer#811. 11119Allegheny St.. Sun Valley. CA91352. 

PRE.1948 TELEVISION SETS wanted for substantial 
cash. Finder's fee paid for leads. Also interested in spin- 
ning disc, mirror in-the-lid, early color sets, 9AP4 picture 
tubes. Arnold Chase. 9 Rushleigh Road. West Hartford, 
Conn. 061 17. (203) 521-5280. 

-- 

TRANSMITTER, Hallicrafter BC-610.1, 2.18 MHz, 400W, 
good condition $225or best offer. Glenn, 3748 Yosemite, 
San Diego. CA 92109. (619) 272-7538. 

RADIO AMATEUR CALLBOOK spec~al  $17.95 U.S.. 
$16.95 Foreign, $33.90 both. Add $3.60 for Map Library. 
Shipping $2 (1 book) $2.50 (2 books) (add $1 zone 6-8). 
From the CB to 10; wire and cable; CopperweidTM and 
more people! Csrt~f ied Communications. 4138 So Fer. 
ris, Fremont, MI 49412. 

RADIO WEST! H ~ g h  quality coverage communications 
receivers with Collins filters and other DX modifica- 
tions! Catalog SOQ (refundable). Radio West, 3417 Purer 
Rd.. Dept. HR, Escondido. CA92025. (619) 741-2891. 

WANTED, MILITARY SURPLUS RADIOS. We need Col- 
lins 618T, ARC.72, ARC.94. ARC-102, RT-712lARC-105, 
ARC.114, ARC-115, ARC-116, RT-823lARC-131, or FM- 
622, RT-8571ARC-134 or Wilcox 807A, ARC.159. RT-1167 
or RT-1168IARC-164. RT-859lAPX-72. APX-101, APN-153, 
APN-155, APN-171, MRC-95. MRC.107, MRC-108, 671U. 
Collins antenna couplers type 490T-1, 490T-3, 490T.9, 
CU.t658NARC, CU.I669/GRC, 4908-1, 690D-1, CU-12391 
ARC-105. Top dollar paid or trade for new amateur gear. 
Write or phone Bill Slep 704-524-7519. Slep Electronics 
Co.. Hwy 441. Otto, N. C. 28763. 

MOBILE IGNITION SHIELDING. Estes Engineering. 930 
Marine Dr.. Port Angeles, WA 98362. -- 
DRAKE L4B with P.S. Pickup only $475.00. Wanted: Ten- 
Tec 2591. Hal, W6LXZ. (714) 679-7837. 

CABLE CONVERTERS, decoders. Catalog $1 refundable. 
APS, POB 263 HR. Newport, Rl02840. 

FOR SALE: HW-101 with CW filter, power supply, speak- 
er, Shure 444 microphone. Mlnl condition, all for $350.00. 
Paul D. Dilliard. WA81BT. 1313 East Wheeling St.. Lan- 
caster. Ohio 43130. (614) 653-5268. QSL CARDS 

QSLs 8 RUBBER STAMPS - Top Quality! Card Samples 
and Stamp info - 50e - Ebbert Graphics 5R, Box 70, 
Weste~ i l le ,  Ohio 43081. - 
TRAVEL.PAK OSL KIT - Converts post cards, photos to 
QSLs. Stamp brings circular. Samco. Box 2034, Wynant- 
skill, New York 12198. - 
ROHN TOWERS: Wholesale direct to users. All products 
available. Write or cail for price list. Aiso we are whoie- 
sale distributors for Antenna Speciaii:rts, Regency, Hy- 
Gain and Wilson. Hill Radio, P.O. Box 1405, 2503 G.E. 
Road, Bioomington, lL61701-0887. (309)663-2141. 

CABLE TV EQUIPMENT, Channel 3 or 4 notch filter 
$20.00. Information $1.00. Goidcoast, F'.O. Box 6316025G. 
Margate, FL 33063. (305) 752-9202. 

NEED TO CONTACT James Navarchi concerning Yaesu 
gear. C.T. Huth, 146 Schonhardt St., Tiffin, OH 44883. 

CHASSIS and cabinet kits. SASE K3IWK. 

RTTY.EXCLUSIVELY for the Amateur Teleprinter. One 
year $7.00. Beginners RTTY Handbook $8.00 includes 
journal index. P.O. Box RY. Cardiff, CA 92007. - 
RACAL RA.17 MilitarylCommerclal grade communica- 
tions receiver. The original up conversion design with 
continuous coverage from .5 - 30 MHz. Selectivity In 6 
steps from 100 Hz to 13 kHz North American model of 
British performance equivalent of Collins R390 without 
mechanical bandswitching. Complete set of replace- 
ment tubes. $450. John Harding, 1029Sunset Drive, Blue 
Bell, PA 19422. 

VERY in-ter.est.ingl Next 4 issues $2. Ham Trader "Yel- 
low Sheets", POB356. Wheaton, IL 60189. 

ANNIE'S EASY. Analyze dipoles, slopers, verticals, in- 
verted-vees and arrays; any orientation, position, phas- 
ing, weight or combination with Annie Antenna Analysis 
Software. Include REAL GROUND (conductivity, dielec- 
tric constant). Superb hi-res plotting. Annie's incredibly 
friendly and with 100% machine language, she's FAST! 
For Apple II + (language card required) or Ile, DOS3.3, 
$49.95 + $2.00 postage, NY add sales tax. Include full 
name and cail. S.A.S.E. for info. Commercial, library, 
etc., caii for quote(315)622.3641. Sonnet Software, Dept. 
HR, 4397 Luna Course, Liverpool, NY 10388. 

WE GOT OUR CHRISTMAS PRESENT - Super reviews 
on "MUFPLOT," a band opening predictor for Commo- 
dore computers. Get yours at a good price! Free details 
from Base(2) Systems, 2534 Nebraska, Saginaw, Michi. 
gan 48601. (517) 777-5613. 

INDEPENDENT REP. ORGANIZATION wishes to sell out 
or merge. Good knowledge of two.way Radio systems 
and test equipment necessary. Sales ab~lity a must. Top 
notch lines. Territory all of New England. Respond to: 
Box 0. Greenvlile. NH 03048. 

SATELLITE TELEVISION SYSTEM. Order the 2-year war- 
ranted DexcellGould 1100-01 receiver1L.N.C. with preci- 
sion 9 '  spun aluminum antenna and ball-bearing polar 
mount at our call-for-current lowest price (approximately 
91695.00) and we'll complete the system with a Chapar- 
ral Polarotor Ilcontrol, hook-up assembly, 125' line and 
installation instructions and assistance. Videosat, Inc., 
(602) 445.0383, Box 449. Prescott. Arizona 86302. - 
"KT5B" MULTI.BAND Antenna 160-10m $59.95, SO2391 
PL259 weather boot kit $5.95, 2m DDRR mobile antenna 
$39.95,2KW roller inductor 28mh $47.50 plus more! Kilo- 
Tec, P.0 Box 1001, Oakview, CA 93022. Tei: 805- 
646-9645. 

Foreign Subscription Agents 
for Ham Radio Magazine 

Ham R a d ~  Austria Ham R a f i ~ o  Holland 
Karln Ueber 
Posttach 2454 

Postb~s 413 
NL 78W Ar Emmen 

D 7850 Losrrach HDII~II~ 
We31 Germany 

HAM HOLIDAY Sri Lanka. Write to Spangles Travels, 84 
Tempiers Road, Mount Lavinia, Sri Lanka. Enclose 5 
IRCs. - 
COSMOPHONE 1000. Who can send me a copy of sche- 
matic diagramlmanual of t h ~ s  old transceiver (1959)? 
Please wrlte to DLSWW, Kurt Bergmann. Koenigsberg- 
erstr. 62,5100 Aachen, Germany. -- 

Ham Ranlo Belgium 
Stereohou~e Ham Ral lo l ta ly  
Br~sselsesteenweg 416 Vda Porclenone I 7  
89218Gent 120132 lrlrlano 
~ s l g t u m  ltalr 

Coming Events 
HALLICRAFTERS S t t  Sertous collector needs hall!craft. 
er and other Ham epulpment manbfactured before 1940 ACTIVITIES 
for restorat~on and eventual museum exhibit. Need Halii- 
craflers, National, Hammarlund, Patterson, RCA, RME, 
Grebe, etc. Condition not important. Also need QST 
mags Vols. I & II and old tubes. All letters answered. 
Write Dave Medley, WABYXA, 6621 Duffield Drive, Dal- 
las, Texas 75248. 

GALAXY 5MK2 xcvr, p.s.. manual, four extra finals, Turn- 
er plus 2 mic, Hallicrafters T.O. Keyer, Vibroplex paddle 
$250. WB7NRE (401)822.1943. 

"Places to go ..." 
Ham RanloFrance 
SM Eleclronlc 

Ham R a d l o U ~  

2043s AvedesClarlons 
P 0 Bor 63 Harrow 

F 890W Auierre 
Mlddle! ex HA36HS 

France 
Englanll 

ILLINOIS: RA-C9M '83 sponsored by the Mt. Prospect 
Amateur Radio Club and Tri-County Emergency, Novem- 
ber 13, Prospect High School, 801 W. Kensington, Mt. 
Prospect. Doors open 8 AM. Large indoor flea market, 
exhibits, seminars and more. Talk in on 146.52. For infor- 
mation, flea market or booth reservations: SASE to RA- 
COM, P.O. Box 452. Mt. Prospect. IL 60056. 

Ham Raac Germany 
~ a r l n  Usbsr ~o l lan t l  Rad80 
Posttach 2454 143Greenway 
D 7850 Loerrach Gresnade. Johannssbutp 
West Germany Rep~bllcal South Alrlca 
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MISSACHUSETTS: The Hon~ywel l  1200 Radio Club. 
sponsor of 147.72112 repeater and the Waltham Amateur 
Radio Associatlon, sponsor of 146.04164 repeater. will 
hold their annual Amateur Radlo and electronics auc. 
tion. Saturday. November 19. Honeywell Plant. 300 Con- 
cord Road, Billerica. Exit 27 off Route 3. Doors open 10 
AM. Free admission and parking. Snack bar and bargaln 
parts store. Talk in on both repeaters. For informatlon: 
Doug Purdy. NlBUB, 3 Visco Road. Burlington. MA 
01803. - 
MICHIOAN: Tho Oak Park Hlgh School Electronics Club 
presents the 14th annual Swap 'N Shop, Sunday. Novem- 
ber 27. Oak Park High School. Oak Park. 6 AM to 4 PM. 
Admission $2.00. 8 It. tables $8.00. Refreshments avail- 
able. For lnformatlonlreservations: SASE to Herman 
Gardner. Oak Park High School. 13701 Oak Park Blvd.. 
Oak Park, MI 48237. (313) 9682675. 

MINNESOTA: The annual Handl-Ham Wlnter Hamfest. 
Saturday, December 3. Eagles Club, Faribault. Reglstra- 
tlon 9 AM. There wlll be a Handi.Ham equipment auction, 
dinner at noon followed by a program. Talk in on 19179. 
For information: Don Franz. WQFIT. 1114 Frank Avenue. 
Albert Lea, MN 58007. - 
NEW YORK: Radio Central ARC presents the 5th annual 
"Ham.CentrBIM All Inside flea market and Hamfest. Sun- 
day. November 27, Temple Isalah's main social hall. 1404 
Stony Brook Road. Stony Brook. Long Island. Doors 
open 7 3 0  AM for sellersldealers; 9 AM general admis- 
%on. Tlckets $3.00 (OM or XYL and kids under 12 free). 
$7.00 lor 8 It. table space Includes one free admission. 
Free parking. Nearby shopping. For Information or reser- 
vatlons: Scotty Policastro, KA2EQW (516) 589-2557. 80 
7th Street, Bohemia, NY 11716 or Bob Yarmus, K2RGZ 
(516) 981-2709.3 Haven Ct., Lake Grove. NY 11 755. 

NORTH CAROLINA: The Gullford Amateur Radlo Club's 
annual HamfestlComputerfest, November 26 and 27. Na- 
tional Guard Armory. Greensboro. 9 AM each day. Ad- 
mission $3.50 edvance; 55.00 at gate. Tailgating allowed 
with price of admlsslon. Food and free parking. Talk In 
on 144.651745.25 and 146.52 slmplex. An equlpment 
check-out booth w ~ t h  test equipment and a technician 
available free for those wishing to check equipment 
prior to purchase. For informatlon or advance tlckets 
SASE to GARC, P.O. Box 7007, Greensboro. NC 27407. 
Please make checks payable to GARC. 

OHIO: The Great LakeslOhIo Valley Satellite Technical 
Show and Consumer Fair will be held November 19-20 at 
the University Hilton, Columbus, Ohlo. Brought to you 
by Satellite Reception Systems, Athens, Ohio. Con. 
sumer Ticket Price $3.50. 1-600.592.1956 National. 
1-800-592.1957 In Ohio. 

OHIO: The Massillon Amateur Radlo Club. WBNP, wlll 
present "Auctlonfest ' 8 3  Sunday, November 13.8AM to 
5 PM. Massillon K of C Hall. 988 Cherry Road N.W.. Mas. 
sillon. Flea market setup 7 AM; auctlon at 11 AM. Ad. 
vanca tlckets 52.50, $3.00 at door. Tables 55.00 per 8 ft. 
Space. Talk in on 147.781.18, For information and reserva. 
lions SASE to MARC. 920 Tremont Avenue S.W., Massil. 
Ion, Ohio 44646. 

PENNSYLVANIA: The Foothills ARC'S 15th annual Ham- 
lest. Saturday. November 5. St. Bruno's Church, South 
Greensburg. Tickets $2.00 or YS5.00. Indoor flea market 
tables $5.00. Mobile check.ln on 146.07167. For informa. 
tlon, ticketsor tables: WA3HOL or write FARC. P.O. Box 
236. Greensburg. PA 15601. 

OPERATING EVENTS 
"Things to do ..." 

NOVEMBER 3 TO I): The NBSBRASS of Gallhersburg, 
Maryland, wlll operate K3AA to observe thededicatlon of 
the first active Amateur Radio Club station at the Nation- 
al Bureau of Standards. MulH.op activities on CW. Phone 
and RTTY near low end of 80 to 10 meter Novice and 
General class bands. Certificate available for SASE to 
BRASS, c/o Nat~onal Bureau of Standards, Mailroom, 
Wash~ngton, DC 20234. 

NOVEMBER 5 AND 6: Radlo Central ARC, Rocky Point, 
New York, will operate WA2UEC from the former RCA 
HF Radio statlon called "Radio Central" to commemo- 
rate the 62nd year of the now silent statlon. 2.160 meters 
up 10 kHz from edge of General band and on 2 meters on 
146.52 and 144.5501145.150 repeater. Novice band opera- 
tion 7.110 kHz. For a special OSL card showing a photo 
of the former stallon send your QSL with large SASE to 
Radio Central ARC. P.O. Box 680. Miller Place. NY 11764 
or OSL to Callbook address. 

NOVEMBER 11,12 AND 13: The Armored Force Amateur 
Radio Nationwlde Emergency Team (A FAR NET) will 
help commemorate Veteran's Day by operating a speclal 
event station. 1200 UTC and 2400 UTC on all three days. 
40 meters: 7280 to 7290 kHz. 20 meters: 14,320 to 14,330 
kHz. 15 meters: 21,370 to 21.380 kHz. Those maklng con. 
tact with member stations can obtain a commemorative 
cerltficate by sendlng 51.00 to Harry 0. Thomsen. 
WZPJH. 348 Jefferson Avenue. Apt. 15. Canadaigua. NY 
14424. Indicate call letters of station contacted. the sta- 
tion's A FAR number, date, tlme and bands. Include call, 
name and address. 

NOVEMBER 24: Thanksgiving Day. A speclal events st, 
lion sponsored by the Whltman ARC and Plimoth Planta- 
tion will operate from the Pl~moth Plantation's 1627 Pil. 
gram Village museum. Call WAlNPO. 1300 GMT to 
2000+ GMT. This event will be supported by members 
of the Plymouth (Devon. England) Radio Club operating 
G3PRC trom a site overlooking Plymouth Sound from 
wh~ch the original "Mayflower" set sail in 1620. To re- 
ceive a certificate, send proof of contact and $1.00 or 3 
IRC's to: Whitman ARC, PO. Box 48. Whitman. MA 
02382. For addit~onal Information: KAICZS (617) 826 
4772; WBlCNM (617) 586-7524; Rosemary Carroll, Pli- 
moth Piantat~on, P.O. Box 1620. Plymouth. MA 02360 
(617) 746.1622; or Peter Jackson. GJADV. 32 Brown 
Avenue. Parkfleld. Nantwich. Chesshire, UK, Phone 
0270-626149 

NOVEMBER 2610 JANUARY I): The Niagara Falls Radlo 
Club will operate special event statlon W2QYV during 
the Festival of Lights from Niagara Falls. New York. 1500 
UTC to 0300 UTC in the General portion of 20.40 and 80. 
For a color photograph award send OSL and $2.00 dona- 
tion along wlth 8-h x 11 SASE (554 postage) to Angelo 
Zino, WAZUJR, Awards Manager, 16 Counc~l St.. Niagara 
Falls. NY 14304. 

DECEMBER 3: The Connecttcut DX Assoclatlon wlll 
operate KOlR. 1300 to 2000 Z, from the home of Mark 
Twaln. Mark Twain Memorial, Hartford. CT. Frequencies 
for Phone and CW will be lower portion of General and 
upper portion of Advanced bands. For a full color QSL 
send your QSL and SASE to: Conn. DX Assn.. P.O. Box 
181. Columb~a. CT 06237. 

DECEMBER 3 TO 5: The Telephone Ploneer Radlo Ama- 
teurs, John D. Burile Chapter No. 89. 19th annual QSO 
Party. T.P.A.R. Operators in U.S. and Canada are invited 
to participate. Starting 1900 UTC, Saturday. December 3 
to0500 UTC. Monday. December 5. Suggested phone f r e  
quencies: 3.895.3.935; 7.255.7.295; 14.265.14.305; 
21.355.21.395; 28.685-28.725; 50.10-554.00; 144.100- 
148.00. Contacts via repeater or slmplex are valid. Sug- 
gested CW Frequencies: 3.5553.595; 7 0557.095; 14.055- 
14.095; 21.055.21.095; 28.055.26.095; 50.00.54.00 
(NovlcelTech): 3.725, 7 125.21.125,28.125. RITY use Cus- 
tomary freq. Scoring: contacl points times chapters con. 
tacted. Only one multiplier taken for each chapter 
worked. Maximum multiplier is 98 (TPA chapters 1.96) 
plus no more than 10 ITPA chapters. Exchange: Contact 
and chapter numbers. Return log sheets vla your ARC 
Coordlnator showing date, time, statlon worked, chapter 
name and number, contact number and claimed score. 
Post.marked no later than January 15. 1984. Send to: Ted 
Phelps. WBTP, John D. Burlie Chapter No. 89. Telephone 
Ploneers of America. clo Western Etectrfc. Dept. 45430. 
6200 East Broad Street. Columbus. Ohio43213. 
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The Key EIement 
SSB ciarlty starts at the mtcrophone ... 

If you are not sa t~s f~ed  w ~ t h  the 'sound of 
your statton'-11's no wonder-most "corn- 
rnunlcat~ons" mlcs you use were des~gned lor  
~ n d u s t r ~ a l  paglng or p.a.. not for the 
sophlst~cated SSB techn~ques. The HC-3 
response glves rnaxlmurn art~culatton for get- 
t ~ n g  through DX p~ le-ups and has set the new 
standard for all. 

You can easlly Install t h ~ s  small, advanc- 
ed Hell element Into your present old mlc or 
order the new Hell HM-5 SSB mlc uslng the 
htgh qua l~ ty  HC.3. 

For more deta~ ls  or to order the Hell 
HC 3 element at $19.95. the HM-5 SSB MIC 
at $54.95. contact HEIL. LTD., Marlssa. IL 
62257 (618) 295 3000 (add $3.00 sh~pplng). 
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STEREOS AND 

ENERGY 

P 0 BOX 339 DEPT. HR 
REDWAY. CA 95560 (7071 9212277 r /  104 

+' MULTI-CHANNEL + MICROWAVE 
I ***************************** 

Complete Antenna Systems from a6906 
Full 800 Mhz Range 
Tune 1.9-2.7 Ghz 
Includm all 
ITFS Channels 

DEALERS WANTED 

COO': and Crsdlt Card 
Ordm call TOLL FREE 

1 -800-247- 1 1 5 1 
SILVER I :::; 1 
STAR 

6009 N. 61 Avenue - 
Glendale. AZ 85301 1 
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ROHN. 
"FOLD-OVER" 

TOWERS 
EASE OF INSTALLATION 

ROHN "Fold-Over" Towers are quickly and 
easily Installed . The "Fold-Over" is safe 
and easy to service . 

ADAPTABILITY 
ROHN has several sizes to lit your appliw- 
lions or you can purchase the "Fold-Over" 
components to convert your ROHN tower 
into a "Fold.Owr" . 

HOT DIP GALVANIZED 
All ROHN towers are hot dip galvanlzsd 
after labricetion . 

REPUTATION 
ROHN Is one of the leading lower manufac- 
turers. with over 25 p a r s  of experience . 
Wrl le  lodav for comolets details . 
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LISTEN 
TO THIS! 

UZM i s  a FM Transmitter 
tha t  plugs i n t o  the 
phone jadc of most H.F., 
V.H.F. and U.H.F. 
radios. You can now , 
monitor your favor i te 
H.F., V.H.F. o r  U.H.F. 
frequency up t o  100' 
away using the U2M and 
your H.T. 

The U 2 M  i s  a XTAL 
cont ro l led  F.M. 
t ransmit ter  b u i l t  ins ide  
a standard 1/4" phone 
plug. The U2W w i l l  
t ransmit the audio f r o m  
your H.F., V.H.F. o r  
U.H.F. rad io  t o  your 
H.T. 
The UZH r t q u i n s  your 
H.F., V.H.F o r  U.H.F. 
rad io  t o  have a 1/4" 
phone Jadc and output 
inpedance o f  3.2, 8 o r  
16 ohms. For rad io  
having an 1/8" headphone 
jack, use a 1/8" t o  U4" 
adaptor. 

When ordering specify 
operating frequency of 
Y- H.T. 

ONLY $19.95 

To order, send check o r  
money order to: 

S and T Electronics 
1401 R a e  Lane 
Madison, WI 5371 1 
For C.O.D. order call 
Carol at 6081274-2599. 

satisfaction guaranteed or 
full re fund.  

1 > 
C H W L E  CONVkRTER S A L E  

............................................ 

l W 3 M r W O X  FV-25 - 2 b  CHWNEL WITH 
REIlOTE CONTRa - W - W I D B A N D -  
S M R B A N D  - REG SSV.93 - NOU -49- 95 

JERRUD JSX-3DIC - 3 b  WANSL 
WITH I N  W D  -TED SYNC 
DECODER - REG *209.95 - m*r - 149- 95 

JERRUD 58-3  - I N  BAND GATED 
-TED SYNC ~ECODER - USE WITH 
CUlV CDNMRTER U l T H  DUTPUT ON 
C-L 3 - REG S149 .95  - NDY -99- 95 

UIF BLOCK U*NERTER - C M R T S  
MIDBAND RND SUPERBAND 
TO UM - REG S 3 9 . 9 5  - NOY -26- 95 

SEND S l . 0 0  (REFUJMIBLE) F a l  CI \T(VW 

ADD S4.25 SUIWI f f i IHWDLI f f i  
FOR E K H  U J I T  ORDERED 

NYS LDD S W E S  TAX -C.O.D.'S IX 

2 4  HOUR ORDER L I N E  
(L.07) 9 b 2 - 7 3 1 3  

ORDER DIRECT F R m  - 
T-YCO C O M M U N I C - T X O N S  
R3-14&l NIY(ROW CREEK ROAD 
CORNIf f i .  N U  VORK 1 4 8 3 0  ,/ 200 

1296 & PHASE Ill 
MAKl UTV 1200 - $49g95 
2M or 6M I.F.13 WATTS 

MICROWAVE MODULES 
432  /PHASE Ill UNITS 

$269.95 -- 
-- - 

J-BEAM /LOOP YAClS 
AND ACCESSORIES 

SEE US IN HOUSTON 

sl'EcmuMWeSr 
5717 NE 56th, SEATTLE, WA 

206-382-2132 / 197 98105 

DIGITAL - ----- - 

/ 192 
r /  2 1 1  
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THE INTERFACE is the original INTERFACE I t  is the new Kantronics 
Kantronics terminal unit that - transceiver-to-computer interface. -. 

broke through the barrier of INTERFACE I t  features a new highly 
- - sensitive front end with mark and 

multi-computer compatibility. sDace filtering and a unique new tun- 
THE INTERFACE is an amateur rno- -- ing system. Even the most discerning 
dem for transceiver-to-computer operator will be surprised with the IN- 

-- TERFACE It's ability to dig Out signals 
in poor band conditions, and our new 
tuning system even displays Signal 

x-Y scope outputs and dual inter- 
type, and ASCII. THE INTERFACE is face outputs for VHF and HF connec- 

tions make INTERFACE I t  compatible 
with almost any shack. Al l  three Stan- 

. 

[ tion, AMTORSOFT. THE INTERFACE dard shifts are selectable and INTER- 

most popular unit combin- FACE I t  is compatible with the indus- 

ing active filtering, easy tuning, try Standard Kantronics Drograms: 
Hamsoft, Hamtext, and Amtorsoft. 

six-computer compatibility, and Step up to  state of the art in 
low price for an unbeatable pack- computer-amateur communications 

with INTERFACE I  [. 
sted Retall . . . . . . . $139.95 Suggested Retall . . . . . . . . . . . $269.95 

l \ ~ l \ ~ ~ , ~ ] ~ ] ~ , i  - I . I ~ I I - - I ~ ~  

For more information see your Kantronics dealer, or contact: --- 
WKantronics 1202 E. 23rd Street Lawrence, KS 66044 - - -  

-L- !A -1-1- rrl -1- ,-.-k;-- -- 1 -I- / - ,  163 . I -  
I I ; - I  - 1 -  

- -  - - 4 --- 
I I 



The New Yaesu FT-726R Tribander is the world's first multiband, multimode Amateur transceiver capable of 
full duplex operation. Whether you're interested in OSCAR, moonbounce, or terrestrial repeaters, you owe 
yourself a look at this one-of-a-kind technological wonder! 

Factory equipped for 2 meter operation, the FT-726R is a three-band unit capable of operation on 10 meters, 6 meters, and/or two segments of 
the 70 cm band (430-440 or 440-450 MHz). using optional modules. The appropriate repeater shift 1s automatically programmed for each 
module. Other bands pending. 

Powered by an 8-bit 'Central Processing Unit, the ten-channel memory of the FT-726R stores both frequency and mode, with pushbutton transfer 
capability to either of two VFO registers. The synthesized VFO tunes In 20 Hz steps on SSB/CW, with selectable steps on FM. Scanning of the 
band or memories is provided. 

The optional SU-726 module provides a second, parallel IF strip, thereby allowing full duplex crossband satellite work. Either the transmlt or 
recelve frequency may be vaned durlng transmission. for quick zero-beat on another statlon or for tracking Doppler shift. 

' I  nnrr,,vw -r,,-<3 7 c  -,t, r,- 

Borrow~ng heavlly from Yaesu s HF transcelver experience, the FT-726R comes equlpped wlth a speech processor, var~able recelver bandw~dth. 
IF sh~ft, all-mode squelch, recefver audro tone control, and an IF nose blanker When the opttonal XF-455MC CW f~lter 1s rnstalled, CW Wldel 
Narrow selactlon 1s provlded Convenient rear panel connections allow quick Interface to your statlon audlo, hear  ampllfler, and control llnes 

Leading the way into the space age of Ham communications, Yaesu's FT-726R is the first VHFIUHF base station 
built around modern-day requirements. If you're tired of piecing together converters, transmitter strips, and relays, 
ask your Authorized Yaesu Dealer for a demonstration of the exciting new FT-726R, the rig that will expand your DX 
horizons ! 

Price And Specifications Subject To 
Change Without Not~ce Or Obl~gation 

The radio. 
YAESU ELECTRONICS CORPORATION 6851 Walthall Way, Paramount, CA 90723 (213) 633-4007 
YAESU CINCINNATI SERVICE CENTER 9070 Gold Park Drive, Hamilton, OH 4501 1 (513) 874-3100 ,, 212 



Che R-2000 is an innovative all-mode 
;SB. CW, AM. FM receiver that covers 
.FiO kHz-30 MHz, with an optional VC-10 
JIiF converter unit to provide coverage 
,f the 118-174 MHz frequency range. New 
nicroprocessor controlled operating 
eatures and an "UP" conversion PLL cir- 
:uit assure maximum flexibility and ease 
>f operation to enhance the excitement 
,f listening to stations around the world. 

igits 
I 

9 CW, All r l  VF09s, men band 
3na memory scarl, opt~onal 11 8- I - MHi buverage.. . 

1 Covers 1h0 kHz-30 MHz in 30 bands. 
[Jses innovative UP-conversion digit;~llv 
controlled PLL circuit. UP/I)O\VN lxlnd 
switchcs (I-MHz step). VFO's continuortsly 
tuneablr across the band and  from btlncl 
to band. 

' Optional 118-174 MHz coverage. 
r f l~rough us(. of  inr1ov;ltivr microprocessor 
tc>rhnl)lofi?:. f rcqurr~ry,  band, anti mode 
d a b  o l  stiltions in thc 118-174 MHz range 
rnav be tr~ned. displayed (full frequency. 
ir., 146.000.0). storrd in niemow. 
recalled. and  scanned. using the R-2000 
front p;lnrl controls anti frcqurncv dis- 
plav. allowing maximum convenience and  
case of operation. 

The optional VC-10 VHF converter unit 
mav be casilv installed on  thc rear panel 
c~f the R-2000. 
All mode: USB, LSB. CW, AM, FM. 
I'rovldes expanded flexibility in rrceiving 
various signal types. Front panel mode 
selector keys. with LED indicators. 

B Digital VFO's for best stability. 
50-t1z step, switchable to 500-Hz o r  5-kHz. 
1:. LOCK switch provided. 

Ten memories store frequency, band, 
and mode data. 
Cornl~lrtc ir~lorrnation o n  frequency. band. 
and rnotle is storrd in memory. assuring 
maxirnum cast of operation. Each rnrrn- 
on, may be tuned a s  a VFO. Original 
mrmorv frcvq~rency lnav be recallrd. 
AUTO. M switch for automatic storage of 
current oprrating data,  or. when off. selec- 
tive storagV of d ; ~ l i ~  using M. IN switch. 

Lithium battery memory back-up. 
(Est. 5 yr. life.) 
Programmable memory scan. 
Sr;rns all ~ ~ ~ c , m o r i r s ,  or  may be pro- 
gramrncd 11, scan specific memories. 
llO1.L) switch ln t e rn~p t s  sc:tnning. Fre- 
qllrncy. band. arld rnodr a rc  automaticzrllv 
selrctrd in accord;~nct~ with th r  memory 
channel bcing sc;lnned. The  scanning 
time is approximatel\r 2 styconds 
per channel. 
Programmable band scan. 
Scatls tluton~;~tlcally within the pro- 
grarnmetl t,andwitlth. Mernory channels I) 
and 0 estal~lish uppcr and  lower scan 
limits. HOl,I> switch interrupts scanning. 
Frequency may be adjusted, using the 
tuning control. during scan HOLI). 
Fluorescent tube digital display 
(100-Hz resolutionl. 
Fjuilt-~n 7 cligit t l t~orrscent tube digital 
d i s p l ~ ~ y  indic,atrs frequency o r  time. plus 
memory channr l  number. DIM switch pro- 
vided. The display may be switched to 
indicate CLOCK-2. FREQUENCY. CLOCK-1. 
and  timer ON o r  OFF by the front panel 
FUNCTION switch. 

Dual 24-hour quartz clocks. with timer. 
Three built-in IF filters with NARROW/ 
WIDE selector switch. (CW filter opt.) 
fi-kHz wid<. or  2.7-kllz narrow on  AM. 
2.7-ItHz automatic on SSR. 2.7-kHz wlde 

on CW, or, with optional YG-455C filter 
installrd. 500-Hz n;rrronr. 15-kI lz auto- 
tnzitir on FM.  
Squelch circuit, all mode. built-in, with 
BUSY indicator. 

Noise blanker built-in. 
Large front mounted speaker. 
Tone control. 
RF step attenuator. (0-10-20-30 dB.) 
Four step ;~ttcnuator, ~ I I I S  ;~~l t r r lnw klsr. 
AGC switch. (Slow-Fast.) 
"S" meter, with SINPO "S" scale. 
100/120/220/240 VAC. or 13.8 VDC 
operation I\trilh opt. 1)CK-1 c,;~t)lt- k ~ t l  

Other features. 

RECORD output lack. 
Audiblc. 'beeper' [through speaker) 
Carn ,~ng  handlr.  
Headphone jack. 
External speaker jack. 

Optional accessories: 
VC-I0 118-174 MHz converter. 
11s-4, ITS-5. HS-6. HS-7 headphones. 
IICK-1 13C cable kit. 
YG-455C 500-Hz CW filter. 
HC-10 World digital quartz clock. 
AL-2 Surqc Shunt  

More information on the R-2000 is 
availablr from all authorized dealers of 
Trio-Krnwood Commrlnirations 
1111 Wcst Walnut S t r r r t  
Compton. Callfornl:~ 90220. 

KENWOOD 
Speciprarions nnd prires nrr subject lo rhnnge wllhotrt nofirr or obliqatron. 
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