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Numbel'5 on yourFeedbeck card

A 10M Sideband
Transmitter

Add voice to your QRP station.

by Bruce Auld NZ5G

Figur~ I . Block diagram ofhow the 10 m~ter sideband transmitter works.
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Referring to Figures 2. 3 .
and 4. the transmitter is cen
tered around an II MHz IF.
This frequency was chosen on
ly because I had a bunch of II
MHz crystals on hand. Any
convenient combination orfre
qceocies for the IFNFO com
bination can be used to reach
the 28 MHz goal. The trans
mitter employs the simplest
fonn of sideband generation, a
single transformer and two
diodes. II is fed with audio
from the mike and its amplifi
er. and mixed with the 17.5
MH z VFO signal. In order to
place the VFO frequency as
low as possible for stability, a
m ixing sc he me was used
(hence another II MHz crys

tal). For this PU~. the magical NE602
was used , which is a wonderful device. This
chip is a double-balanced mixer boasting an
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nected to form a team . Constructed this
way . it's eas ier to und erstand and trou
bleshoot .

Photo A. A 10 meter transmitter you can build yourself!

The Circu it

Figure I, the block diagram . shows the
flow of the transmitter. The whole of the
ci rcuit is designed in modules and intercon
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D escribcd in this article is
a relatively simple. VFO

controlled , do uble-s ideband
transmitter with I watt output
(or 10 meters . II's capable of
easy and comfortable commu
nications. For example. while
th is transmitte r was still bread
boa rded , wi t h it s innard s
splayed all across my station
operating table . I co ntacted
K7EVL in Wenatchie , Wash 
ington. on the first call. He
checked my s ignal, and he, my
two-year-old Katie. and I had a
merry contact.

The sideband transmitter is
designed for ham s who arc in-
terested in construction. It is
also aimed at hams who arc
neither technicians nor engi-
neers , but who possess some knowledge of
RF construct ion technique. Where possible
I've used commonly found parts, co mmonly
used values , and the smallest number of dif
ferent pa rts possible. Unless you live in a
major c ity. however. you may have to mail
order some of them.

This project is my di stillat ion of the excel
lent work of W7 ZOI and WA 7MlH. whose
projects taught me the vagaries of sideband
generation. II employs simple. known cir
cuitry wit h no surprises. It is not single
sideband because of the added expense and
ci rcuitry to filte r the unneeded sideband.
However, with plenty of room to spare on 10
mete rs . this is no problem. The transmitter
employs a manual transmit/receive scheme
so that inexpensive microphones without
PIT mechanisms can be used . and it is in
tended to be used with the ham 's existing
station receiver.
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Construction

The transmitter is constructed on three sep
arate circuit boards. Their size was chosen
mostly at random, but I have arranged them so
that they will fit in a Radio Shack cabinet. The
etching pattern and the parts placement guide
are provided in Figures 5-7 . The pans place
ment diagrams are viewed from the compo
nent side. If you use double-sided PC boards
for the balanced modulator or the amplifier.
be sure to rout out a spacearound each hole on
the component side. I do this carefully with a
I,i;" drill bit. Single-sided material should
work just fine for these boards. however.

One may wonder why a single board is
not used for this project . Briefly. I have

each time I destroy one experimenting .
The switching ci rcuitry is designed to

change the antenna from receiver to transmit
ter and to apply voltage to the amplifier chain
during transmit periods. The NE602 VFO
stage is free running for the sake of stability•
but the carrier oscillator in the balanced mod
ulator is normally off. This stage is switched
on during transmit periods and for sporting
your frequency in the station receiver . This is
necessary because you would otherwise hear
your carrier (though it has been suppressed)
in the receiver all the time. These functions
are carried out by a simple OPOT relay and
two SPOT toggle switches.

needs to beamplified. The next two stagesare
simple class A broadband amplifiers. The
final amplifier transistor is the well-known
2N3553. In my unit. however. I use an inex
pensive alternative. an RCA 4013 that I pur
chase from my friendly local parts merchant
in single lOIS for 89 cents each. II performs
equally well . and I appreciate the price more

Figure 2. The VFO board.
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onboard oscillator . A very respectable signal
can be developed with one of these.

The signals from the sideband generator
and VFO are amplified and fed into a diode
ring mixer module. U3. The jumble of fre
quencies that emerge go through a 28 MHz
three-pole bandpass fille r and a very nice 50
mV 28 MHz signal results. From here it only

Figure 3. The balanced modulator/mixer board.
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troduce unintended capacitance that's un
stable with temperature change. caus ing
drift. One freque ntly overlooked component
in th is regard is the tu ning capacitor. Some
home-brewers mo unted them on a small
square of single-sided board soldered verti
cally on the VFO board and directly behind
the panel-mounted vernier dial. This mount
actually forms one wall of the VFO compart
ment. If you follow this method. make sure
the wall is not made of double-sided PC
board. Of course, if you use a small a lu
minum box to house the VFO, this will not be
a problem.

Ll lies face down on the board, glued in
place after you have determined that the VFO
is oscillating in the right place . I have allowed
for a small trimmer for adjusting the VFO
frequency. but squeezing together or spread
ing apart the turns of L1 will also work .
Make sure thai all of the parts coming off of
pins 6 and 7 of Ie I are mounted as rigidly
as possible.

The Balanced Modulator/Mixer

The balanced modulator/mixer board is the
easiest to build and the least c ritical, except
for the bandpass filter. Simply populate the
board with pa ris. The spacing I have used for
the pads on the board may not match your
junk box parts , but I encourage you to use
what you have . Notice, however, that the
values for the fixed capacitors in the bandpass
fi ller are rather specific . This stage is the
most unforgiving of mistakes , and these val
ues must not be changed casually . If you hav e
no 4 .7 pF capacitor. then try a 5 pF. Like
wise. a 10 pF might be substituted for the
10.7 pF un it , but beyond that type of substitu
tion, you may significantly affect the per
formance of the filter.

Note that there is a 6 dB pad (composed of
RIO, ll ,and 12) at the output of the balanced
modulator. This helps to achieve a good 50
ohm load for the balanced modulator, and the
same input impedance for the following am
plifier stage. Originally , I designed the trans-

T heVFO

The VFO is the single most impo rtant part
of the transmitter. If care is not taken to
observe basic construction rules, the VFO
will drift and you will be very unhappy with
the rig. This PC board must be single-sided .
Using double-s ided board ncar the frequency
determining compo nents of the VFO will in-

FIgure 4. The J walt amplifier and switching board.

found that separating these stages greatly in
creases interstage isolation . Grounding is en
hanced and a greate r overall stability can be
achieved.

I recommend that you build the transmitter
in stages and get each stage running properly
before you proceed to the next. Some hi nts
for construction of the various modules are as
follows:
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Figure 5 (a) The VFO filii pattern. (b) Parts placment.
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Figure 6 (a) The balanced modulator/mixer f oil pattern.
(b) Pam placement.
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Figure 7 (a) The I watt amplifier/switching board.
(b) Pam placement.
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mitter with such a pad at the end of the band
pass filte r, but found that the circuit was
stable enough without it. Also, I wanted the 6
dB back! You may find that a pad at the end of
the balanced modulator is not needed, and
gain the energy otherwise lost heating the
resistors.

The boards fit nicely into a Radio Shack
cabinet. I double-dec ked the balanced modu
lator/mixer and amplifier boards on either
side ofa 100m by IOcm PC board . The ampl i-
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fier board is underneath because all the ad
justable components are on the other board .
You might conside r making a cabinet of PC
boa rd material. It is drilled and cut easily, but
plenty strong. If you can find a supply, you
will save money on expensive cabinets. Done
well , they can be lacq uered or painted , and
rival even the most profess ionally prepared
cabinets in appearance . I also used a sheet of
single-sided board as a false bottom in the
cabinet. It helps establish a good ground plane .

Debugging and Tune-up

Viewed and constructed in modules, th is
rig can be assembled swiftly. Each module
should be constructed and tested before mov
ing on to the next. That way, a problem can be
eliminated before it arises.

It is probably best to assemble this rig with
access to a 35 MHz scope and frequency
counter, if possible. If you are so lucky , your
construction time will be drastically reduced .



KantronicsWeathernode

The tricky pan of the rig is the bandpass
filte r. The jumble of products from mixing
the balanced modulator and VFO frequencies
are all present at its input. and you must
preselect the 28 MHz energy, pole by pole.
Stan first at the top of L2 and rotate the
trimmer unti l you find a peak of 28 MHz
wavefo rm . Repeat th is process at each pole .
I have not tried this without a scope, and
would expect this to be a rather frustrating
pan of the assembly if done by ea r through
the station receiver. Adjust the filter without
voltage applied to the amplifier stages.

The rest of the circuit is broadbanded and
not adjustb le except for the lowpass fil ter .
Final adjustment is made by tweaking every
trimmer in the unit for maximum output on a
wattmeter and spreading or compressing the
turns on the coils in the low pass filter for
greatest output. Take care that you do not

This is not a TNC

Included with the KTU Weathemode is a cestcn
EPROM whdl provides temperatu"e sensing, ard
with the weathervane and rain gauge options, can
gWIY wOO speed, _ ard"""data

Tbe KnJ is easily adapted to~
instaIatiot IS CIld may be ren 'd.t:iy ace: S5ad
with password protection CIld P OJia r' 1led bY
the sysop to ycu neIwotk's requi"ements.

The Kaltronics KTU, the fist to povoe IBl llOte

weather data toa Packet LAN.

1l"is device gaU e 5 wooUe data at ycu station CIld
makes it available to others via CI1 external TNCCIld a
Local Pad<et__ Merrt>ers of1te Pad<et LAN
ccn si1llIY ask for tables of teroeanee,wild dnlc-
tion orwild speed. The Ka IbOl'lics WeathernOOe
then provides this data with the conveni€n::e ofa
""Ibox ard wiltl1te speed of 1te
most actvanced technology available.

,
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Figure 9. Winding tne fa) bifiJar transf ormer,
and the (b) trift/ar transformer.
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Being able 10 see a signal on the scope and
adjust the stage in question is a big help in a
sideband project where you are concerned
about speech waveform. If you do not have a
scope , do not despair. You can probably ad
just the transmitter a little at a lime with the
aid of the station recei ver. its Scmerer, and a
sharp ear. I have adjusted RF stages th is way.
and whi le time-consuming. it can be done .

Construct the VFO and confi rm thai it os
cillates at 6.5 MHz or so . Check this by
placing the scope probe on pin 7 of Ie 1.
Confi rm that the crystal oscillator. Q I , and
its assoc iated components, are running, by
placing the probe at pin 1 of Ie I. Twea k the
output of the crystal oscillator with its trim
mer capacitor . Before adding amplifier Q2.
check to see that the prod uct of the VFO
freq uency and the crystal oscillator is at 11.5
MHz o r thereabouts. If the counter cannot
" sit still" on a frequency , the desired product
is not dominant. Tweak. the Ie's trinuner for
maximum output at 11.5 MHz . Adding am
plifie r Q2 and tweaking its trimmer will fur
ther preselect 11 MHz and amplify it to about
3 volts peak-to-peak .

If you have no scope, you wi ll have to find
the oscillator's signal in the stat ion receiver.
Make sure you have the receiver' s antenna
lead close to the oscillator for adequate pick
up. Adj us t the same controls mentioned
above for a peak S-meter reading .

C2 sets the VFO's bandsp read at about 200
kHz. I chose 28.500 to 28.100 MH z. but
adding a tum or two to LI will lower the VFO
frequency to the Novice ponion of the band .
Eliminating C2 will greatly increase the total
bandspread .

Next determine that the ba lanced modula
tor carrier oscillator, 04, will run. It is nor
mally off except during spot and transmit
periods. so you wi ll need to temporarily ap
ply voltage to it through its supply line resis
tor, R9 . Peak its output. Plug in a micro
phone , adj ust the audio gai n (trimpot R21)
for maximum input to T5 (clockwise) and
holler . You should hear your best Donald
Duck vo ice at 11 MH z, double-sideband .
View the sideband carrier on the scope or
listen to you r signal n you r station receiver
and adjust the carrier balance trimmers (Cn
and 24) potentiometer for the greatest carrier
suppression. Even at maximum suppressio n,
you will still hear a loud carrier in your sta
tion receiver. Adjusted properly , though, it
will be undetectable by other stations. I have
found that the audio gain trimpot is best set at
about mid -range fo r best voice quali ty .
Above that, significant clipping occurs .

Figure 8. Base diagrams , all bottom view.

Kantronics 1202 E. 23rd St., Lawrence , KS 66046
913.842.7745 TELCO BBS 913.842.4678 FAX 913.842.2021
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5,75
' .00
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4.7ohms
10 ohms
39 ohms
47 ohms

toc cnms
150 ohms
470 ohms

1000 0hms
1000ohms, 1/2 wall
1500 ohms
2200 ohms
3300 ohms
4700 ohms

zzkcnms
t ook cnme

lk ohm trimpot
100 ohmtrimpot

0.011lF
1OIlF,16Velec.

100pF
60 pF "button' type trimmer
10 pF or similar NPO or air variable trimmer

100 pF NPO
20pF NPQ
35 pF air variable, panel mounted

2OOpFNPO
10 pFtrimmer, ceramic OK

470pF
15 pF
4.7pF

10.7 pF
200pF

Parts List

0.11lF

1N914 or other small signal diode
Schottky diode preferable, but 1N914 OK
6V, 400 mW zene r diode

24 turns, T-50-6 toroid
13turns, I-37-6
8 turns, T-50-6 toriod

Primary 33 turns; sec. 3 turns over drain end, T-50-2 toroid
Primary 18 bifilar turns; sec. 3 turns over center of primary, 1-37-6 toroid
Primary 20 turns; sec . 3 turns over trimmer end, 1·37-6 toroid
10 trifilar turns, FT-37-43 toroid
10 bifilar tu rns , FT·37-43toroid

R16 ,42 ,36
R32,40
R1 1,17,31
R4,7,28,35
R18,4 1,39
R10,12
R2,6,9, 13,29,34,43,45
R21
R37,38
R33
R3,5,1 4,23,30
ats
R26,44 ,46
R20,24
A1 ,8,22,25
R27
R15

L1
L2,3,4
L5,6

T1,4
T2
T3
T5
T6,7,8

01 ,3
04 ,5
02

C1,9 ,12,14,17,19,28,29,31,36,47,
49,51 ,52,54,56,61 ,62,63 ,64

C 10,15,20,21,25,26,30,48,50,53
C 16,27,32,33 ,37 ,38,39,55,60
C 11 ,57,58
C2,13,18,22 ,41 ,43 ,45
C3
C4
C5
C6
C7,8
C23,24
C34,35
C40
C42,44
C46
C58

Price
$ ,70

as
1,75

'''''".zo
'.00

P.rtNo. Dn crlptlon
f'\.·259IUSA UHFMale Pt>eoolic. USA made
8J.1SP·l050 f'\.·259 ?heoolK: , Amphen".
83 -822 f'\.·259 Te/lon....mphenOI
f'\.·259IST UHF Male Silver Tef lon. US'"
UG-175 Reducerlor RG·58
UG·176 Reducef lorRG-59 &MINI8

UG·21BIU NMale RG-8, 213 , 214,~ge body
9'91WIN NMa~ Pin for 9913, 9086, 8214

(now in gokll filSUG-21D1U & UG-21BIU N'S
UG-21D19913 NMaie tor RG-8 With 9913 Pin
UG-21819913 N Male for RG·8With 9913 Pin
UG-146MJ NMaietoSO-239, Tenon US'"
UG-83BIU NFemaleto PL·259, Tef lon USA

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

THE R.F. CONNECTION
213 North Frederick Ave. N11W

Gaithersburg, MD 20877
ORDERS 1-800_783-2666

INFO 301-840-5477 FAX 301-869-3680

NOW YOU CAN USE
ll-lAT 75 OHM HARD UNE

PRICES DONOT INCLUDE SHIPPING
PRICES SU8JECTTOCHA~E

VISA,MASTERCAAD. AOO 4'lb
UPSC,O, O, AOO1-4,OO PER ORDER

THE RF CONNECTION
"SPECIALIST IN RF CONNECTORS AND COAX"

CIRCLE 115 ON REAOER SERVICE CARO

Yee, tIwd LOW LOSS MmI-f1gId, 112 inch, co-«ldaJ ...bIe ,
uMd by Ille ...bIe TV COnIpclllM ...n now ~ "ully uMd
1or~lngVHF end UHF ......~.

1"-HIGH QUALITY, LOW COElT connecwr. &ncI UMaf
Ma\t:hlng T!1I....mrm.., .... eepecially deelgnedlor HeY
oor.eclIon 110 Ihe A.L.UMINUt,l ah8IlcIed _ tIwd ...n be
obtained (-....ti..- lor the ukIng ) frt>m !he local cable
COfI1pt1ny.

UHF __ connectort:
Male: Hl.O-7S-UHF·t,l (PL-2S9typ") ... , lUllS ...
Femele: HlC-7S-UHF-F ( SO-23e type 1 •• , 6.i6 ...

u.- MlltchlngT~:

14+148 Mhz: LMT-14e-7:5-52-UHF 24.i6 ...
222-226 Mhz: LMT·223-7:5-62-lJHF 23.i6 ...
430 4lD Mhz: LMT-432-7:5-62-UHF 22.i6 ...
4--4O--46D Mhz: lMT-4045-7:5-62-UIiF 22.1ll5 ...

Add ' .50 S&H 1* connedof f $3.OD S&H 1* LMT
(1m..... IMldenD -.id 6.2:6"' ..... tu.)

A NT-Ventures
P.O. Box 776

McHenry, IL 60050
B t 5 -344-1 702
De ale, Inqui,;... inviled,

CIRCLE 18 ON READER SERVICE CARD

GIVE YOUfI -,

HR-2510 HR-2600l
t/ie same features as tlTe

"8 I G RIG S"
• 30 Memory Channels
• Automatic Repeater Offset
• PTogrammable Transmit Timeout
• PTogrammable Seek/Scan (5 Khz.etc)
• PTogrammabJe Mike/Channel Buttons
• Programmable Transmit Freq. Limltli
• Extended Frequency Range "0'" 12 m.....j

• Priority Channel
• Split Frequency
• Ma'~~'More Features

All these fea tures by replacinp
your radio's existing "CPU" chtf"

IPriori ty C hannel <equlru o p llo n al hardware

$59.95

Y1 ,2

Ul
U2
U3

01 ,3,4
0 2
05,6
Q7

08
09,10

Kl

Sl,2

AFC1
RFC2,3

11 MHz crystal

NE602 balanced mixerlosc. IC
741 single op amp
SBL-l d iode-ring mixer module

MPF 102 FET
2N2222
2N5179 or 2N5109
2N3866
2N3553, 2SC2028, RCA 4013, 2SC2075, or equiv. transistors
2N4036 PNP switching transistor

OPOI ftafpack relay

SPOT toggle switches

15 microhenry molded choke
10 turns, FT·37-43

ClHPSWITCHv
4773 Sonoma Hwy. Suite 132
Santa Rosa, CA 95409-4269

Writ e Or caU (7 07) S3 9 -0 S12 for free In fo rmatio n
u a n llt . k u availab le o., a lu In ulru w elcome

Parts su ppli ers: Tanner Electronics, 1301 West aennneRd. , Suite 105, Carrollton TX 75006. Tel.
(214) 242-8702. Con tact Jim Tanner regarding availability 01kits. Radiokit, P.O. Box 973, Pelham
NH 03076. Tel. (603) 635-2235. Circuit Specialists, P.O. Box 3047, SCottsdale AZ. 85271·3047.
Tel. (800) 528-1417. Blank PC boards are available from FAR Circuits, 18N640 Field Court,
Dundee IL 60118. VFO board-$4.50: balanced mod ulatorfmixer-$7; and amplifier board-$7;
shipping-$1.50 per order.

CIRCLE 265 ON READER SERVICE CARO
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TO 1127

,) T6,1.8 BIFILAR

Figure to. Winding specific toroids: (a) 72 ,
(b) tt , (c) TJ, (dJ TS, and (e) T6,7,8.

exists. Go through the adj ustment procedure
again, watching the wattmeter. You should
have about a watt peak envelope power. In
one version I had more, in another I had less .

The spot function is enabled by throwing
S1. It turns on the carrier oscillator and en
abies you to tune the transmitter to your re
ceiver 's freq uency without applying a signal
to the ante nna. Simply speak into the mike
and adjust the frequency until your voice
sounds natural .

You may contuct Bruce Auld NZSG at 1704
Windsor Forest Trail , Roanoke TX. 76262.
Please enclose an SASE.

On T he Air!

Ten meters is wide open. After completi ng
the breadboard ve rsion of th is transmitte r, I
was immediately rewarded with an enjoyable
1500 mile QSO on the first call . I had the
same luck the next day. I have a modest beam
antenna at a modest height. You will be pleas
antly surprised at what a watt will do on 10
meters . While this r ig will not duplicate the
performance of the commercial transceivers ,
it performs admirably . Most importantly, it
shows that a non-e ngi nee r and non-techni 
cian, on a first attempt at a sideband transmit
ter, can cook up a workable system. If I can
do it, so can you! I welcome correspondence
regarding this rig or any home-brew topic.
Happy home-brewing! III
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b) Tl

detune the bandpass filter such that it is prese
lecting a different VFO/balanced modulator
product. I tried to avoid thi s possibility by
choosing an IF far removed from 28 MHz .
While th is results in the necessi ty of a mixing
scheme in the VFO circuitry , it made tuning
the bandpass filter easy . The fi rst attempt at
th is circuit employed a 24 MHz IF and 4 .5
MHz VFO. This sounded great in theory , but
I had practical problems differentiating be 
tween 24 and 28 MHz signals .

Beware of self-oscillation. Even these
broadband amplifiers wi ll oscillate if over
driven, or if a mi smatch occurs between
stages . This will result in a waveform that
looks like you have a carrier present in the
signal. You may look to the balanced modula
to r for the problem, bUI you may really have
an amplifier oscillating . I have used ma ny
different bias ing and feedbac k schemes for
Q7 and Q8 , and the resistors in these stages
should not be changed casually . While it is
tempting to change them to obtain more
output, you may sta rt an otherwise stable
amplifier oscillating madly . Experimenting
with some of these components will show
whal a del icate balance exists in a s ideband
transmitter.

Adj usted properly , your voice will sound
natural in the stat ion receiver, and the watt
meter will bounce merrily with your speech
patterns , resting at zero with no speech . If
your wattmeter shows a continuous dcflec
tion during transmit periods, some imbalance

W e a th e r Sate ll ite

I m a g e s and C harts

on y our P C

w i t h Q uoru m's

To tally I ntegr a ted

and Af fo rda b le

Weat her Facsi m i le

Sys tem

1e-229A .•.$396
Compact 2M Mobile

We Carry A Full Line Of Popular And
" Hard To Find" ICOM Products!

Talk With The Knowledgeable People At

QUEMENT
ELECTRONICS

Mobile Transceiver $929
220 Mhz band unit $309
440 Mhz band unit $328
Hi Power 2m band unit $328
All mode 2m 70cm base .. . . • . . . . . . . . . . . $2699
Receiver unit ......... . • • . _ $389
Compact 2m170cm mobile unit $579

Since 1933, we have been proViding expertise
and quality products to generations of hams.

If you're In the Bay Area, stop by :

1000 SOUTH BASCOM AVE.,
SAN JOSE CA 95128

Call Us At (408) 998·5900

-tC901A
, UX-39A
- UX·49A
, UX·29H
-IC970H
- UX-R96
-IC·3220A

QUORUM COMMUNICAnONS

R e c ei v e

Quorum introouces the first
10lally integr~ted system

for Ihe receplion of wC~l her

~~tellile i mages dircctl y On
your persona! computer .
Selection of HF NAF AX .
GOES WEFAX. GOESTAP,
MET EOSAT. NOAA and
METEOR APT (incl uding
satcHile downlink frequency
~elec t i()n) are made unde r
Com ple le prog ram con trol
fmm yoor PC keyboard

The easy 10 learn ~nd use
~enu driven pr<>gr~m allow,
you to l·~PlUrc. store. retrieve.
_iew ~nd prinl images wilh a
few simple keyS!roke ~ . Im
~ge< can be colorized from a
palette of up to 262.000 colors
when using a VGA display.

System configurations cap
able of NAFAX rece pt ion
SI~r1 at $399 ,00 while full y
c~pa hl e systems can be con
figu red for $1500 to 52000.
providing professional quality
at low prices

For complete lOform~tion

and a Demo Disk . ca ll or
wrile:

Quorum Comm u n icatioo~,

Inc. . 1020 S, Main St. Suite A.
Grapevine. TX 76051 (8t7)
488·486 1. Or, do wnload a
demo from our Bull etin Board
by calling (8 17) 421-0228
usiog 2400 haud. 8 dala bils'==...=="" ~~~~~~~~~ and Noparily ,

CIRCLE 24 ON READER SERVICE CARD

24 73AmateurRadioToday - October,1991

CIRCLE 132 ON READER SERVICE CARD




