
the development of 
Amateur SSB: 

a brief history 

70 years of progress 
marks this familiar mode 

Single-sideband radio telephone transmission in 
the Amateur bands - even well into the VHF region 
- is taken for granted these days. But it wasn't always 
so. Many Amateurs remember the days when ampli- 
tude modulation with full carrier (AM) reigned 
supreme. (For some it still does - Editor.) 

While the era of Amateur SSB is generally con- 
sidered to have begun with an article published in 1948 
by Arthur Nichols1, much work was done well before; 
basic groundwork, in both theory and in hardware, 
was completed as early as 1933 by the ARRL and other 
groups. Unfortunately, much of this work was con- 
sidered too complex for the Amateur community, and 
was consequently not published. 

early history 
The earliest written analysis of an amplitude 

modulated signal consisting of a carrier and upper and 
lower sidebands separated by the modulating fre- 
quency was made by Carl R. Englund,in a paper dated 
August 19, 1914.* Englund who worked for the Bell 
System, recorded his analysis in his engineering 
notebook, but no record of what - if any - use was 
made of this information survives today. There is 
evidence that others were aware of the existence of 
sidebands, but Englund's analysis is apparently the 
earliest record to survive. In 191 5, for example, H. D. 
Oliver, a telephone company engineer working trans- 
atlantic radio telephone at NAA, the then-new Navy 
radio station at Arlington, Virginia, considered the use 
of SSB for solving the problem of communications. 
Oliver proposed to tune the antenna to eliminate the 
carrier and one sideband, which would have been en- 
tirely practical because the transatlantic tests were 

made at 5000 meters (60 kHz), where antenna Q s  are 
necessarily very high. But because the tests were car- 
ried out using AM, nothing appears to have come of 
this idea. 

The fact that SSB, with or without a carrier, was 
considered as a means of transmitting information im- 
plies not only knowledge of the existence of side- 
bands, but also of the fact that information is con- 
tained therein. 

No attempt was made to develop SSB for radio 
communication purposes at this time, probably 
because of the complexity of the receiver that would 
be required. State-of-the-art receivers in those days 
consisted of several stages of RF amplification - a 
detector followed by several stages of audio ampli- 
fication. Likewise, filter design, too, was primitive by 
today's standards. 

first SSB transmitted on a wire 
The only organization to demonstrate interest in 

SSB was the Bell System, which developed the tech- 
nique for long distance wire-line telephony. The first 
commercial wire carrier system using SSB was placed 
in service in 1918. SSB techniques were used exclu- 
sively for long distance telephone circuits until rela- 
tively recently, when they were replaced by pulse-code 
modulation (PCM). 

The first application of SSB to radio was made in 
1922, again by the Bell System. Bell set up an SSB 
transmitter, operating on 57 kHz, at Rocky Point, Long 
Island, and the British Post Office established a re- 
ceiving station at New South Gate, England, near 
London. One-way communication was established in 
January 1923, proving the feasibility of SSB for trans- 
atlantic communication. The return message from 
England came by transatlantic telegraph cable. When 
a transatlantic radio telephone circuit was put into 
commercial operation on long wave (57 kHz) in 1927, 
SSB was used. As the traffic increased and additional 
channels were needed, these were operated in the 
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fig. 1. Block diagram of 75-meter SSB tran 
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short-wave band (HF, in today's terminology). In- 
terestingly, short-wave circuits used AM because SSB 
techniques for HF were not perfected until 1936. 

amateur SSB 

I 

As has often been the case in the history of Amateur 
Radio, one or two hams or rather groups of hams 
developed techniques for Amateur communications 
that closely paralleled work going on in industry. In 
the early 1930fs, while Bell was adapting the SSB 
techniques used on wire-line to HF radio for trans- 
atlantic telephone circuits, two Amateur groups were 
working on Amateur SSB. 

The first record of the development of an SSB trans- 
mitter for Amateur use that I have been able to find 
appeared in a series of three articles by Robert M. 
Moore, then WGDEI, in a magazine called R/9; a block 
diagram of Moore's transmitter is shown is fig. 
(Old-timers will remember R/9 as a first-rate technical 
magazine. In fact, one of the issues describing Moore's 
SSB transmitter also features an article on how to 
build a parabolic antenna - interesting reading even 
today! The name R/9 was lost when the monthly 
publication merged with Radio in January, 1936, after 
which Radio itself became a first-rate technical 
magazine.) Moore acknowledges having drawn on the 
published data of the Bell System "for a portion of 
the material used" in his series. 

The second group working on SSB was an ARRL 
team led by James J. Lamb, then Technical Editor of 
QST. At the Board of Directors' meeting held on May 
12, 1933, Bernard J. Fuld, W2BEG, director of the 
Hudson Division, moved: 

"That the technical staff of QST is in- 
structed to investigate the feasibility, and, 
if feasible, is instructed to undertake the 
development at reasonable prices, of ap- 
paratus and methods of single-sideband 
and carrierless ;ohone transmission'. " 

The motion passed unanimo~sly.~ 

I I 
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lsmitter developed by Robert Moore circa 1933. 

. - 

As a result of this motion, K.B. Warner, WIEH, who 
was secretary of the League as well as Editor-in-Chief 
and Business Manager of QST, sent a memorandum 
to James Lamb; because of its historical interest and 
the insight it provides into the personalities of the peo- 
ple involved, it is reproduced in fig. 2. 

The memorandum was followed by a short ARRL 
inter-office memo (fig. 3) adding directional antennas 
to SSB and encouraging a "serious attempt to accom- 
lish something." The list of names at the top of the 
memo is worth reviewing; how many of these people 
can you remember? 

Lamb and his associates did go into a huddle, as 
requested; Lamb wrote a 12-page report, which he 
forwarded to Warner on September 25, 1933. While 
the report is too long to reproduce here, an excerpt 
(fig. 4) is included because A.L. Budlong (then ARRL 
Communications Manager) wrote some comments on 
this part of Lamb's report. Fig. 5 shows Budlong's 
comments on Lamb's SSB report. 

Although Lamb's report was never published in QST 
as originally written, a later, revised version was 
published in the October, 1935 QST.5 This article was 
not listed in either the table of contents for that issue 
or in the annual index published in the December 1935 
QST. 

The decision of ARRL management not to pursue 
development of SSB as a means of reducing phone 
band interference was apparently based on the 
assumption that SSB equipment was too complicated 
for the average Amateur in 1933-34. 

At that time, it was the policy of League officials, 
as well as the QST editorial staff, to do everything 
possible to encourage more people to become 
licensed Amateurs. This was believed necessary for 
the preservation of Amateur frequency allocations in 
the short-wave bands that were (and still are) essen- 
tial for its continuation. In 1933-34 there were only 
about 20,000 licensed Amateurs - a small force in 
comparison to the highly organized, well-funded 
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Amarican Radio Relay Leryue 
OFFICE ?EM0 

Beaudin Hebert MT. 5:ax:m 
Reekley Heugh t~ n Ur. stewart 
Bl;d long Houldson Mr. Segal 
Chamberlain Hull 
Dm Sotn Lazb 
r 3 r a m r  Ro4imn 
Handy Scanlan !*.----- ............................................... 

Please  note and return to me. 
asturned noted; thanks. 
Referred to you far  necessary ac:i,n. 
Psr ymr f i l ed .  
? lease  .;ive :ne informtior .  gn marke4 portion. 
Please  note snd f l l e .  
That do you think a b u t  i t ?  
For your I n i o r w t i o n .  
\+%en f in ished r l t h  your part ,  please peas nn 

t 0 ---- 

I krve jumt dieoovarad t h a t  i t  wan Puld'a intention 
t o  Inelude i n  t h a t  motion re  midaband nuppraealon, 
aaa . ,  tho rubJeot of d i r e c t i o n e l  antennae. m a t  
I. a e r p r e t a  and larga order,  but one that  you 
q h t  teke  a look a t  i n  your acniaaena*. 

I oonoluded IIW nata of rrsterday without m e y i n ~  
(en  I meant t o ,  t h a t  I want yma fellow8 t o  m k e  a 
a-rioue attempt t o  aaoomplirh e e m ~ t h l n g  along the  
d e n i p d  111108 i f  it i n  f e a . i b i e .  

fig. 3. Brief inter-office memo urged League staffers to 
make a "serious attempt to accomplish something." 

entrepreneurs and industrialists representing commer- 
cial communications and international broadcasting, 
who wanted to take over the Amateur frequency 
assignments for their own use. 

The League felt that the best way to increase the 
number of licensed operators was ta describe equip- 
ment that was "sure-fire" in all League publications; 
that is, equipment that was easy to build with simple 
hand tools and certain to work without elaborate test 
equipment or much experience on the part of the 
builder. There was concern that if a newcomer started 
out In Amateur Radio by building the latest equipment 
- an SSB rig for example - he would probably be 
unable to make it work, and would become dis- 
couraged and leave Amateur Radio. 

Because Amateur Radio is flourishing today, we can 
only speculate about what the outcome might have 
been if the Amateur community had actively pursued 
SSB in the early 1930s. If the Bell System, with all its 
resources, which were substantial even then, was not 
able to develop practical SSB equipment for HF radio 
until 1936, it seems likely that it would have been all 
but impossible for individual Amateurs to have done 
it in 1933 or 1934. (Even today, most Amateurs prefer 
to buy, rather than build, their SSB equipment.) 

The League did stick to their "keep it simple" 
philosophy, despite the frustration of some technical 
people at ARRL headquarters who would have pre- 
ferred to have been able to continue their pioneering 
developmental work in Amateur SSB for professional 
reasons. 

Even though the ARRL did not pursue the develop- 
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band t ransol i ss ion ,  would e l i m i n a t e  t h e  s t tad?- t )?e  i n t e r f e r -  

ence r e s u l t i n g  from t h e  heterodyning of undesired c a r r i e r s  with t h e  
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only s i n g l e - s i d e - b a d  suppressed-corr ie r  t ransmiss ion  warrants  

our  acr ious  caneidera t ion .  T h i s  view i s  re inforced  by t h e  

rece iv l t>g  c o n s i a e r n t i o n s  t o  be d iscussed  l a t e r .  

C a r r i e r  Suppression 

Two means of s u g ~ r e s s i n g  t h e  ra r r ie r - f requency com~onent  

a r e  poss ib le .  One would be a f i l t e r  having sharp a t t e n u a t l o n  

a t  t h e  c a r r i e r  frequency and pass ing  e i t h e r  one s e t  or  both s e t s  

fig. 4. Excerpt from Lamb's 12-page report. sent to 
Warner on September 25, 1933. 
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BoE tom p.3,  t o p  p.4. I d o  n o t  agree. The s o l e  a im o f  Board 's  hope i s  
t o  I n c r e a s e  e f f e c t i v e  w i d t h  o f  fone  bands by changing amateur r a d i o  t o  a 
slrqtem that r e q u i r e s  f ewe r  k c  f o r  a t r a n s m i t t e r .  J im d e p a r t s  from 
t h e  point when he  damns t h i s  system by s a y i n g  I t  o f f e r s  n o  o p p o r t u n i t y  
t o  I n c r e a s e  a t p u t  f ram g i v e n  tubes.  Nobody cares.  Nobody cares  even 
I f  o u t p u t  i s  dec reased  -- I f  s t a t l o n s  now occupy o n l y  h a l f  as much room. 

C o n s i d e r i n g  d i f  f i c u l t y  o f  r e p l a c i n g  c a r r i e r ,  and o f  tuning a t  r e c e i v e r  
w i t h  s u p n r e s s e d - c a r r i e r  method, I h a r d l y  can  embrace i t .  I am mos t  
r e l u c t a n t  t o  a c c e p w r C t o p  o f  page 4 t h a t  i t  I s  t o o  d i f f i c u l t  t o  
sunpress j u s t  one . He t h e r e  makes b o l d  s ta tements  w i t h  n o  
s u p p o r t i n g  r e f e r e n c e s .  H i s  language l o o k s  more l i k e  p r e  j u d l c e  than 
l o g i c  t h a t  t h e  r e a d e r  embraces b e c a u s e i t i s  s e l f - w a r r a n t i n g .  

~t t h l s  moment I ' v e  r e a d  o n l y  f i r s t  36 pages, but I h e r e  make n o t e  t h a t  
I ' m  ~ r e t t y  su re  t h a t  t h e  o n l y  f e a s i b l e  i d e a  i s  supp ress i on  of one sldebadd. 

Bo t ton i  o f  page 4 needs a s ta tement  t o  t h i s  e f f e c t :  "~ll r i g h t ,  then,  
l e t ' s  flow have a l o o k  a t  methods that g i v e  t h i s  form of tr ansmiss ion.  
The f i ~ s t  thlng t o  c o n s i d e r  i s  supp ress i ng  t h e  c a r r i e r . .  . ." H i a t u s  now. 

---- 
Hnving r e n d  i t ,  

I t  I s  t o o  goddamnahly I m p a r t i a l .  Too deep a s u b j e c t  f o r  me t o  do my 
own d e c i d i n g ,  I ' m  r e ~ d y  t o  accept  t h e  a u t h o r ' s  views, but I d o n ' t  even 
know what he t h i n k s .  W i t h  a lmos t  n o  e f f o r t ,  he c o u l d  make me think 
 ith her way. I t  needs j u s t  a b i t  o f  b i a s  here ,  s i n c e  i t  r e a l l y  i s  headed 
somewhere -- t o  p rove  s o m t h l n g  o r  other,-- i s n ' t  i t ?  "F'urther In 
p r o o f  o f  t he  f u t i l i t y  of a s p i r i n g  t o  so and so.. . . . "Ano the r  example 
of t h e  1mnract1calb111ty...." 

/ (Imap,lna my ureing b i a s  he re ,  condemning i t  i n  26 paragraph)  I 
fig. 5. A.L. Budlong. ARRL Communications Manager. added comments to this copy of Lamb's report. 

ment of SSB in the 1930s, individual Amateurs did. 
James Lamb continued to think about it and proposed 
some interesting ideas - revolutionary in those days 
- including the transceiver concept of using the same 
oscillator for transmitting and receiving that is the 
backbone of all SSB transceivers today. 

Fig. 6 shows an SSB generator using Lamb's crystal 
filter circuit. This sketch is dated June 18, 1933 - over 
50 years ago. Notice the signatures of witnesses: F. 
Cheyney Beeklye, QST Advertising Manager, and 
Ross A. Hull, Associate Editor. 

Another interesting and novel (in 1934) circuit for 
a modulator is shown in fig. 7. Here, two tubes are 
connected with the anodes in push-pull and their con- 
trol grids in parallel. RF excitation is applied to the 
parallel connected control grids. This represents the 
carrier frequency, which is eliminated in the push-pull 
anode circuit. The audio information is connected, 
push-pull, into the suppressor grids. This circuit has 
the advantage that the RF and audio are kept 

separated. (This disclosure was witnessed by Ross 
Hull.) 

Probably Lamb's most dramatic development was 
the SSB transceiver sketched in fig. 8. This is basi- 
cally the same block diagram as the SSB transceivers 
that began to appear on the market in the early 1970s. 
One slight difference may be interesting, however. 
Lamb perceived a receiver tuning problem with SSB. 
With AM, the practice was to tune to maximize the 
carrier. With SSB, this was no longer possible, 
because there is no carrier. To solve the receiver 
tuning problem, Lamb envisioned transmitting a 1 kHz 
tone; the receiver would be tuned until the 1 kHz tone 
was actually 1 kHz. When SSB systems came 
into actual use, the tuning problem was solved by 
Amateurs in a much simpler manner. Amateurs simply 
tuned the receiver until the voice sounded the most 
"natural." 

Unfortunately, these developments in the use of SSB 
for Amateur communications were not publicized. 
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/ fig. 6. Lamb's early design of an SSB transmitter using his crystal filter. 

Amateur SSB - phase two 
The second phase in the development of Amateur 

SSB began during and immediately after World War 
II. O.G. Villard, then WGQYT, had become interested 
in SSB during the war. Although he was aware of 
Moore's work in 1934, he was intimidated by the filters 
required by Moore's rig. This apparent handicap led 
him to develop a phasing technique to generate SSB. 
As often happens to inventors, Villard discovered that 
the phasing technique had already been devised, and 
had been patented in the late 1920s. 

The phasing technique offered the advantage of 
eliminating the need for elaborate filters and reducing 

the number of frequency translations required. Filter 
technology was still in its infancy, and few Amateurs 
had access to the test equipment necessary for veri- 
fying a filter design. The biggest component problem 
lay in the design and construction of the required in- 
ductors, with adequate Qs in the required frequency 
range. 

As most readers will recall, with the phasing method 
of SSB generation, two components of the carrier 90 
degrees apart in phase are developed; this was not dif- 
ficult to do in the early 1940s. Similarly, two com- 
ponents of the audio voltage - also 90 degrees apart 
in phase - are developed. This posed much more of 
a problem for Villard, who attempted to use one phase 

September 1984 19 



unmodified and to develop a wide band, a 10:l fre- 
quency range, and an audio channel shifted 90 degrees 
in phase. This proved to be a real problem because 
of the relative bandwidth required. 

This problem was not solved until R.B. Dome6 
showed that it was not necessary to actually shift the 
audio signal 90 degrees, but only to develop two audio 
voltages that were 90 degrees apart and then describe 
networks to do this. Fortunately, Dome's networks re- 
quired only resistors and capacitors - no inductors. 
With this development, Villard was able to proceed 
with the actual construction of an SSB transmitter. 

A t  the time, Villard was teaching electrical engi- 
neering at Stanford University. He and some of his 
students constructed an SSB transmitter using the 
phasing method and operated it on 20 meters from 
the Stanford Amateur Radio Club's station W6YX.' 
Surprisingly, many Amateurs were able to copy SSB 
with their AM receivers; their reports were extremely 

positive. Villard's transmitter used four 813 tubes in 
the output stage and was capable of much more 
power output than the filter-type transmitters of the 
time. The SSB signals were generated at the operating 
frequency (20-meter band) so that no frequency trans- 
lations were required. 

About ten days after Villard's group began trans- 
mitting, another SSB signal appeared on 20 meters. 
Arthur Nichols, then WBTQK, had built an SSB rig 
using the filter approach in only about five days, after 
hearing W6YX's SSB signal. This was a remarkable 
accomplishment, especially for that time; even today, 
most Amateurs would have difficulty building an SSB 
rig in five days. 

filter approach to SSB 
The January 1948 issue to QSTfeatured an article 

by Nichols describing his SSB transmitter. Two related 
articles also appeared in this issue: one by Byron 

. . . -  

T ~ -  $ I - ; ~ .  L a ~ s ,  be ~ : U S ,  

9,_ I ~ c ~ :  L3 r ~ s ; b b p ,  
3Lkl.- Tjp, 6 c i - i o ,  - ( ) , - ; r  7 r b e r  V, .  u, - 

I fig. 7. Modulator circuit separates RF and audio. 1 
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I fig. 8. Lamb's SSB transceiver. I 
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fig. 9. Block diagram of 20-meter SSB transmitter developed by Arthur Nichols circa 1948. 

Goodman, W1DX,8 who explained the theoretical as- similar to Moore's 1933 rig - is shown in fig. 9. 
pects of SSB, and a second by Villard,g in which he Nichols used a 10-kHz filter to eliminate the carrier and 
described the early SSB on-the-air tests from WGYX. undesired sideband with two frequency translations 

A block diagram of Nichol's 1948 transmitter - to 20 meters. Moore used two translations to 75 
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in on the fun on 

packet radio! 
Ready to operate-wlred 8 lesled - 
-LOW COST 
Easy lo learn easy lo use 

* ' ~ u ~ l l - ~ n  packet Modem 
Use w~th  compulers lermlnals. 
lelelype machlnes 
RS232 senat ~nlerlace- 4 5  lo 9600 baud MODEL P K I  
Uses both ASCII and Baudol (shown w ~ l h  14K R A M  
Programmed lor both AX.25 b VAOC al I200  or 600 baud a n d  BK ROM) 
Aulomallcally recoqnlzes prolocol ot lncomtng messages 
Over 60 commands 
Custom call sign opllon 
Stores recelved messages u'ntll requested at a later ltme 

Rlock" mode lor lransterrlng compuler data 
Operales as an unatlended repealer 
Acl~vates lelelype motor lo prlnt messages 
Board accepls up lo 14K 01 RAM 
Can be customized lor LANS and up lo 56K RAM 

MODEL PK-1 wired & tested w/4K RAM $149.95 - Additional memory (up to 14K total) 10.00/2K 
Manual only-credited with purchase 9.95 

(add $2.00 for shipping) 
RTTY adapter board 12.95 
Custom cabinet-includes installation of TNC, on/off 
switch, LED pwr indicator, reset button & pwr jack 24.95 
Dimensions: 4.5 x 9.5 x 1.5 inches 
Pwr required: + 12 VDC, approx. 200 ma. 
Contact GLB for additional info and available options. 

We oller a complete line of transmllters and receivers, strips. 
preselector preamps. CWID'ers 8 synthesizers lor amateur 8 commercial use. 

Reouest our FREE calaloo. MC 6 Visa welcome. 

meters. From a cursory examination, it appears that 
Nichol's and Moore's filters used Bell System 
technology; both appear to have been based on 
telephone carrier filters, with Moore using the next 
lower carrier channel slot than Nichols. Nichols ob- 
tained his filter from the late Fred Berry, formerly 
WBMNN. 

By this time SSB enjoyed the active support of the 
League and others: additional theoretical material and 
improved techniques and equipment appeared in rapid 
order. In fairness, it must also be pointed out that the 
level of technical sophistication of the Amateur com- 
munity had been greatly raised by the rapid develop- 
ment of electronics during World War II and by the 
large number of people introduced to the new tech- 
nology both at home and in the field. This - coupled 
with the increase in the ranks of Amateur Radio 
operators and the fact that work done by Amateur 
Radio operators was more widely recognized - im- 
proved the political posture of Amateur Radio in its 
struggle against commercial and international broad- 
cast interests in the battle for frequency allocation. 

final comments 
Arthur Nichols designed and built his SSB trans- 

mitter independently of other workers in the field. First 
licensed in 1931, he has always been a home-brew 
tvDe. and is currentlv WGEVL in Fallsbrook. California. , .  . 

In addition to the SSB transmitter Nichols used 
himself, he built two more transmitters which he sold 
to the National Company of Malden, Massachusetts. 
At the time, National was one of the leading manufac- 
turers of Amateur equipment. I assume Nichols' trans- 
mitters were to be prototypes for a National SSB 
transmitter; if so, National could have had an early lead 
in supplying SSB equipment to the Amateur com- 
munity. But National was unfortunately having finan- 
cial problems and chose not to take advantage of the 
opportunity. 

Nichols' interest in SSB came about naturally. His 
father was the late Dr. H.W. Nichols, an engineer with 
the Bell System who worked on the development of 
SSB radio equipment for transatlantic radio telephony 
service. Dr. Nichols was sent to England in 1923 to 
work with the British Post Office on arrangements to 
receive the Bell System transmissions mentioned 
earlier. While in England, he presented a paper before 
the British Institution of Electrical Engineers on the 
transatlantic radio telephone problem.1° The elder 
Nichols died in 1925 and did not live to see the long- 
term results of his work. 

I have not been able to locate Robert M. Moore, 
formerly WGDEI, and I believe, with regret, that he 
may be a silent key. I would be happy to hear from 
anyone who knows (or knew) Moore, and particular- 
ly from anyone familiar with his interest in SSB. 
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I.D. BADGES 
No ham should be wlthout an I D badge 
It s lust the lhtng lor club meetings, con- 
ventlons, and get-logelhers, and you have 
a w~de cho~ce of colors Have your name 
and call engraved In e~ther standard or 
scr~pt type on one of these plastic laml- 
naled I D badqes Wear ~t w~th pr~del 
Avatlable In lh6-tollow~ng color combtna- 
llons (badge/lettertng) whltelred, woodgra~n/wh~te, blue/whtte. 
wh~le/black, y~llow/blue, red/wh~te, green/wh~te metalltc gold/black. 
melall~c sllver/black 
U UlD Engraved I 0 Badge $2.50 

HERE'S A GIFT IDEA! 
How about an attract~ve BASE- 
BALL style cap that has name 
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way lo keep eyes shaded during 
F~eld Day, 11 glves a jaunty alr 
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calls for easy recognttton. Great 
tor birthdays, anniersar~es, spe- 

c~al days. whatever occaslon you want it to be. Hats come In Ihe lollowlng 
colors GOLD. BLUE. RED. KELLY GREEN. Please send call and name (max- 
lmum 6 letters per Ilne). 

UFBC-81 $5.00 
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SAVE $1.00 
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GREENVILLE, NH 03048 
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B & W MODEL AES-160 
AMATEUR ANTENNA 

Now you no longer need a half-acre for a half- 
wave 160 meter center-fed dipole antenna! B&W 
Model AESl60 covers 160 and 30 meter bands in 
approximately 90 feet. Unique loading coils 
shorten antenna by more than 150 feet. Uses no 
traps. May be installed as flat-top, sloper or 
inverted V. 
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1 KW POWER (2 KW PEP) ONLY $99" 
75 KHz BANDWlD'rH ADD $2 00 SHIPPING 

RUGGED CONSTRUCTION AND 
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ALL OUR PROWCTS MADE IN US4 
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(245) 788-5584 
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Call Toll Free 800-221-0860 1 
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3-4002 .................. .$85.00 7360 .................... ..$I 0.00 
.................... ..................... 3-5002 .85.00 7735A .27.50 
.................. ..................... 4-400A.. .80.00 8 1 22 .105.00 
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