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Way Cool Rocket Project: Part 2

This 70cm rocketborne radio telemetry system is strictly for kids — NOT!

=

Part one of this series described the construction of a 433 MHz telemetry transmitter
and receiver. Part two will describe construction of a 433 MHz telemetry receiving
antenna and integration of the telemetry transmitter into the rocket payload section.
Let’s begin with construction of the telemetry receive antenna.

he telemetry receive antenna

I consists of two Astron Corpora-
tion Model 400-4 yagi antenna

kits cut for 433 MHz operation,
stacked vertically, and fed in phase.
The Astron Model 400-4 kit can be
purchased directly from Astron Corpo-
ration or from Ramsey Electronics as
Ramsey #400-4. Specifications for the
4-clement yagi indicate a forward gain
of 7 dB. with a half-power beamwidth

- of about 30 degrees. With two antennas

stacked for vertical polarization and fed
in phase. the forward gain becomes
9.5 dB. with the vertical half power
beamwidth reduced to about 15 de-
grees. In addition, the vertical capture
area of the antenna 1s doubled. With
only 80 milliwatts from the transmit-
ter, we need all the gain and capture
area that we can get to ensure sohid
copy of the telemetry signal. Vertical

Photo A. Completed antenna array in tracking mode.
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polarization of the receive antennas
was selected to match the vertical po-
larization of the rocket-mounted trans-
mit antenna. Because the rocket 1s in
motion, the receive antenna must be
able to tollow the flight path to ensure
positive reception of telemetry data.
To accomplish this I created a fully
steerable alt-azimuth antenna mount.
Photo A shows the completed antenna
array in tracking mode.

Building the antenna array begins
with construction of the two 4-ele-
ment yagl antennas. The Astron
Model 400-4 is supplied as an un-
drilled aluminum boom with four sets
of aluminum element material. (The
driven element 1s preassembled but not
cut to length.) Element mounting hard-
ware 1s also supplied. Each clement
must be cut for the operating fre-
quency. A chart is supplied with the kit
that gives element dimensions and ele-
ment spacing for specific frequencies.
In addition to drilling the boom for
the antenna elements, the boom must
also be drilled for the mounting hard-
ware and for an antenna counter-
weight. Fig. 1 is a drawing of the
antenna dimensions that I used in

building the yagis for 433 MHz.
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Fig. 1. Tracking antenna.
The antenna counterweights are 6- | The antenna mount
inch lengths of 1/2-inch-diameter soft _ '
steel rod. The counterweights are in- | Three sub-assemblies are combined

stalled after the antennas are as- | together to form the antenna mount.
sembled and mounted. As a safety | These three subassemblies are the tri-

measure, these counterweight rods are | pod legs, tripod head, and elevation

wrapped with fluorescent red tape to | bearing box and azimuth bearing.

prevent them being an eye hazard. The tripod legs and tripod head are
Now that you have the two antennas | built first. Fig. 2 is a dimensioned

assembled and drilled, set them aside | drawing of the tripod parts.

and begin construction on the antenna Cut six lengths of 1-1/2- x 3/4-inch

mount. clear pine to sixty inches (5 ft.). Each
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Fig. 2. Tracking antenna tripod parts.

Small Solar Cells

Silicon photovoltaic cells.

Approximate output:
0.45 Volis @ 100 mA.
0.79" x 0.79" (20mm x Eﬂmrﬂ] square.

0.01" thuck. 10 for

Approximate output:
0.45 Volts @ 50 mA @
0.79" x 0.4" (20mm x 10mm).

0.017 thick 00
CAT# SPL-12 3 for $1 =

Daewoo # 16216L-5-VS0
5 x 7 dot formal. 2.56" x
0.54" viewing area. i
3.15" x 1.41° module size. i~
LED backlight. Includes ||
hook-up/spec sheet.

CAT # LCD-53

10 for 56.50 each
$7 each 100 for $5.00 each
Nickel-Metal Hydride
AA “Flat-Top” Cells

Panasonic # HHR-11AAQ. 1.2 Volt, 1100 mAh
“flat-top" rechargeable AA cells. These cells are
designed for use in battery packs; they do nol
have the raised button found on most replace-
able batteries. 0.55" diameter X 1.95" long.
Large quantity available. Two styles:

REGULAR-FLAT TOP @@
CAT # NMH-110 :

1 40pcs $1.25 « 120pcs $1.00
$ ‘each 800pcs 85¢ each

— TR

—HA - 11 -:|
SOLDER-TABBED @.‘L_—_,’—fq
CAT # NMH-110T & |

1 40pcs $1.50 » 120pcs $1.25
$ each 800+ $1.00 each

ORDER TOLL FREE

1-800-826-5432

SHOP OUR ONLINE STORE

www.allelectronics.com
CHARGE ORDERS to Visa, Mastercard,
American Express or Discover

TERMS: NO MINIMUM ORDER Shipping and handiing lor the
48 continental U.S_A_ $5 .00 per arder. Al others ncluding AR
Hi. PR or Canada must pay full shipping. All orders desverad
in CALIFORNIA must mcluds local state sales tax. Quanbibes
y Limited. NO COD. Pnces sutwect

CALL, WRITE | tochange wihout notce
FAX or E-MAIL MAIL ORDERS TO:
tor our FREE JLIRE Ny lel ol
CORPORATION
e
(?ET:E%G P.O. Box 567

eI Van Nuys, CA 91408
R dasl FAX (818)781-2653

e-mail allcorp@allcorp.com
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Fig. 3. Tracking antenna elevation bearing box parts.

tripod leg is made up of two of these
five-foot members. Using the dimen-
sioned drawing as a guide, mark the
locations of the 1/4-inch holes on each
end of the legs. Drill 1/4-inch holes at
the top and bottom ends of each tripod
leg at the measured locations. Fasten
the bottom two members of each leg
together with a 1/4-inch x 3-inch bolt.
Loosely fasten the nut on each of the
three bolts.

I elected to use 1/8-inch-thick stan-
dard hardboard as the material for the
top and bottom plates on the tripod
head. This material is inexpensive and
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easily worked. You can find this mate-
rial at most home improvement cen-
ters. Once the top and bottom plates
are cut to shape, use the dimensioned
drawing to mark locations for the
screw holes. Using a drill and a 1/8-
inch drill bit, drill the nine screw holes
in the tripod top plate and the three
screw holes in the tripod bottom plate.
Use a countersink bit to slightly
counter bore these screw holes. This
will ensure that the flathead wood
screws to be used later will rest flat
with the surface of the top and bottom
plates.

Photo B. Elevation bearing box, rear view.
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The next step is to cut the tripod leg
attachment brackets from 3/4-inch
poplar stock. Use a drill and a 1/4-inch
drill bit to drill the holes for the leg at-
tachment bolts, as indicated on the
plan. Next, place the tripod leg attach-
ment brackets in line with the screw
holes in the top plate. Use an ice pick
or small nail to mark the screw hole lo-
cations on the leg brackets. Use a drill
and a 1/16-inch bit to drill screw pilot
holes in the leg brackets. Fasten the leg
brackets to the tripod top plate with
wood glue and flathead wood screws.

Turn the tripod over, center the bot-
tom plate, and line up the screw holes
with the leg brackets. Mark the screw
hole locations on the leg brackets and
drill the 1/16-inch screw pilot holes.
Use wood glue and flathead wood
screws Lo fasten the bottom plate to the
tripod leg brackets. Set this assembly
aside to dry.

The elevation bearing box is the next
component of the antenna mount. Fig.
3 is a dimensioned drawing of the parts
for the elevation bearing box.

Start by cutting all the pieces for the
bearing box. Make sure to make two of
the side plates. I used 3/4-inch poplar
for the bearing box, although the type
of material 1s not critical. Mark and
drill the holes in the side plates using
information from the plans. Fasten the
bearing box side plates to the bottom
plate with wood screws and wood
glue. Shde the elevation bearing box
back support in place and secure with
wood glue. Photo B shows the back-
side of the elevation bearing box. and
the relationship between all the parts.

The receiver shelf and shelf bracket
are fastened to the back of the eleva-
tion bearing box with epoxy. Cut a
length of 1-1/4-inch-diamecter hard-
wood dowel to 28 inches. This will be-
come the elevation axle. The azimuth
bearing is a Shepherd Hardware Prod-
ucts Model 9548 ball bearing lazy Su-
san. Fasten the lazy Susan to the
bottom of the elevation bearing box
with small flathead wood screws. Posi-
tion the elevation bearing box in the
center of the tripod top plate. Rotate
the box so that the mounting holes for
the lazy Susan are visible. Mark posi-
tion of the lazy Susan mounting holes
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Fig. 4. Elevation bearing detail.

on the tripod top plate. You will find
that one of the four lazy Susan mount-
ing holes will line up with the position
of a tripod leg bracket. A flathead
wood screw should be used at this po-
sition. The remaining three mounting
holes will use 6-32 x 1-inch machine
screws and nuts.

Modified 1-1/4- x 1-inch PVC re-
ducer adapters are used as bearings for
the elevation axle. Fig. 4 is a drawing
showing the modifications of the PVC
adapters. You will need to make four of
the modified adapters.

As shown in Fig. 4, the shank of
each PVC adapter 1s cut down to a
length of 1/2-inch. Make sure to re-
move any burrs with a small knife. The
outside diameter of the PVC adapter 1s
a little less than the 1-3/4-inch-diam-
eter hole. Take two of the cut-down
adapters and wrap masking tape
around the outside surface of the 1/2-
inch-long shank until it just fits into
the 1-3/4-inch-diameter hole in the el-
evation bearing box side plate. Coat
the inside surface of the 1-3/4-inch-di-
ameter hole and the outside surface of
the tape on the adapter with 5-minute
epoxy and fit in place. Use care to not
get any of the epoxy on the inside sur-
face of the adapter. After the epoxy has
set, slide the elevation axle into the
PVC adapter bearings and center it
with respect to the elevation bearing
box. Slide one of the remaining pre-
pared PVC adapters over one end of

the elevation axle and bring up tight to
the mounted bearing. Refer to Photo B
to see this relationship between the
bearing surfaces. While holding the
prepared PVC adapter in place, use a
drill and a 3/16-inch drill bit and drill
through the PVC adapter and the axle.
Slide a 5/32 x 2-1/2-inch cotter pin
into the hole to hold the bearing in
place. Repeat this procedure on the
other end of the elevation axle. At this
point, attach the leg assemblies to the
leg brackets with 4-inch x 1/4-inch
carriage bolts and nuts. Spread the tri-
pod legs out so that the elevation bear-
ing box is at a comfortable working
height. The next step 1S to mount the
antennas to the elevation axle.

Mounting the antennas

Radio Shack #15-826 U-bolt and
clamp assemblies are used to mount
the prepared antennas to the elevation
axle. Photo C shows how the antenna
is mounted to the elevation axle.

Make sure the driven element is di-
rected outward (as shown 1n the photo-
graph) and that the element is aligned
with the end of the elevation axle. This
will ensure proper spacing of the two
antennas. Next, move the antennas so
the booms are horizontal and insert the
previously prepared lengths of steel
rod into the rear open end of the boom.
Adjust position of the steel rods until
the antennas are balanced on the eleva-
tion axle. Mark this position on the

Repeaters

6& 2m& 440 On your frequency
$399.95 & $499.95

Repeater Controllers
RC-1000V $259.95 / RC-100$129.95
Micro Computer Concepts
8849 Gum Tree Ave
New Port Richey, FL 34653
727-376-6575 10 AM-10 PM

e-mail n%9ee@akos.net
hitp:/mcc.stormfan.com

LOW PROFILE HF ANTENNAS
THAT REALLY WORK!
“Work the World Without Working Up the Neighborhood”

PSOTRON

BILAL COMPANY

Call for a FREE Catalog:
w /19/687-0650 IS
137 Manchester Dr. | | H.
Florissant, CO 80816

www.rayfield.net/isotron

The impressive IC-756 Pro covers HF plus 6
meters. The high resolution 5 inch TFT color
display provides more operating information
than ever, including a spectrum scope. The
32 bit floating point DSP provides crisp, clear
reception with 41 built-in filters. The "Pro” is
the choice for serious DXers and contesters.

The IC-746 covers 160-10 meters plus 6
and 2 meters with 100 watts on all bands.
Call or visit our website for further details
and pricing on this and other ICOM radios.

Universal Radio

6830 Americana Pkwy.

W Reynoldsburg, OH 43068
I8 ¢ Orders: 800 431-3939

| ¢Info. 614 866-4267

www.universal-radio.com
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rcldm inc. -
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Photo C. Antenna mounted to elevation axle.

steel rod through the hole in the end of
the antenna boom. Use a drill and 1/4-
inch drill bit to drill a mounting hole
through each of the steel rods at the
marked locations. Install the steel rods
into the rear end of the antenna booms
with a 1/4-inch x 2-inch bolt and wing
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now available. Over 800 fiche!

You can have access to the
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hundred pounds of bulky back
issues. QOur 24x fiche have 98
pages each and will fitin a card file
on your desk.

We offera battery operated hand
held viewer for $150, and a desk
model for $260. Libraries have
these readers.

The collection of microfiche, is
available asanentire set, (no partial
sets) for $325, plus $10 shipping
(USA). Annual updates available
for $10, plus $3 shipping/handling.
Satisfaction guaranteed or money

back!
-

T
VISA
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SUCKMASTER
6196 Jefferson Highway
Mineral, Virginta 23117 USA
S40:894-5777+800:282-5628

Fax 540:894-9141

c-mail: mmlfo@huck.com
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nut. The remaining step in antenna con-
struction 1s fabrication of the coaxial
cable phasing harness.

Building the phasing harness

Fig. § is a dimensioned drawing of
the coaxial phasing harness.

The harness uses two sections of
RG-6 75-ohm coax, each leg 37
inches in length. The first step, how-
ever is to attach a connector to the
short length of coax from the an-
tenna driven element. Cut this length
of coax to 6 inches and attach a male
coaxial connector. A coaxial barrel
connector 1s used to join the phasing
harness to each of the driven element
connectors.

The photographs in this article
show the details of mounting the
phasing harness. This completes
construction of the telemetry receive
antenna array.

Integration of the telemetry
transmitter into the rocket
payload section

IMPORTANT NOTE: The rocket
kit described in this project is NOT
designed for those who are beginners
to rocketry. If you are new to this

discipline, I recommend that you
contact the National Association of
Rocketry or the Tripoli Rocketry As-
sociation (addresses at the end of
this article) for the location of a
rocketry club close to your area.
Members of these organizations are
eager to offer help to those new to
rocketry.

The rocket airframe used in this
project i1s the Vaughn Brothers Extreme
38 rocket kit. Construction of the
rocket airframe is outside of the scope
of this article. The kit should be built
according to the instructions supplied
with the kit with the exceptions de-
tailed below. Fig. 6 is a dimensioned
drawing highlighting the modifica-
tions made to the payload section of
the rocket kit.

The first modification to be made is
to the nose cone. As detailed 1n Fig. 6,
the rear portion of the nose cone is re-
moved and discarded. With a 1/16-
inch drill bit, drill two small holes 1/
2-inch from the shoulder of the nose
cone. This is the point at which the
thermistor will be mounted. Insert the
thermistor leads into the two small
holes in the nose cone. Ensure a 1/32-
inch air gap between the bottom of the
thermistor and the nose cone surface.
Place a small dab of epoxy over the
thermistor leads on the inside of the
nose cone to fix the thermistor in
place.
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Fig. 5. Phasing harness.



Use the drawing in Fig. 6 as a guide,
and cut the thermistor shroud from a
small sheet of .005-inch brass. Prepare
three one-inch lengths of tinned number
22 solid copper wire. Solder these three
wires to the brass shroud as shown in
Fig, 6. Temporarily bend these wires out
from the shroud and form the shroud
over the thermistor. Make sure that the
brass shroud will not touch the ther-
mistor. Mark the three locations where
the bent out wires touch the nose cone
surface. Use a 1/32-inch drill bit to
drill holes at the marked locations on
the nose cone. Bend the shroud wires
so they are pointing down and away
from the shroud. Insert the shroud
wires into the three holes. Bend the
wires down from the inside of the nose
cone to hold the shroud in place. Fix
each shroud wire in place with a
small dab of epoxy over each wire.
Lay in an epoxy fillet at the shroud
nose cone boundary. The shroud 1s
used both to shield the thermistor
from the sun and to protect it from
flight-generated aerodynamic forces.
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Fig. 6. Rocket assembly.

Prepare two lengths of stranded
hookup wire, each 3 inches in length.
Twist the two wires together. Solder a
2-pin Dean’s connector to one end of
the prepared two wires. Solder the free

\_% ReLaliowsriip oF Powisk

» S Ton JASE AND ANTENNA

M0 To FAECwMisTaR.

~{¥

_-_---_

o SMALL HOLES FO8
" THERNSTRE LEA8S

MODIErCATION TB ANoOSE CONE
Supplied Wy Koctar xir

end of the wires to the thermistor leads
inside the nose cone.

The Vaughn Brothers rocket kit is
supplied with a mounting bracket and
plate for an altimeter circuit. You will
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Photo D. Pavload section, with arming jack in place.

not use the metal plate. Two circular
foam blocks are supplied in the kit. Use
a razor saw and cut one of the foam
blocks in half. Modify the remaining
foam block as shown in Fig. 6.

Build the payvload section as detatled
in the rocket kit instructions. When all
the epoxy adhesive has fully set, push
the one-half foam block you cut earlier
to the bottom of the payload scction.
Measure 2-1/4 inches from the front
edge ol the payload section and mark
the position of the mounting hole for
the arming jack. Use the sharp point of
a modeling knife to cut a 3/16-inch-di-
ameter hole at the point marked for the
arming jack. To make installation of
the transmitter easier. [ placed a two-
conductor connector in series with the
wires from the arming jack to the
transmiltter battery. Photo D shows the
pavload section with the arming jack
in place.

Measure 1-1/4-inch from the front
of the payload section at a point 200

degrees clockwise from the arming

jack and mark for the antenna. Drill a

[/32-inch hole at this point. Prepare a
two-inch length of stranded hookup
wire by stripping 1/4-inch from each end
and tinning the wire with solder. Next,
cut a 6-3/4-inch length of 1/16-inch
music wire. Use fine sandpaper and
burnish 2 inches of one end of the mu-
sic wire. Measure 3/8-inch from the
burnished end of the wire. Use pliers
to put a 40-degree bend n the wire at
this point. Push the prepared music
wire into the antenna hole in the pay-
load section so that you have access to
the short bent section of wire. Solder
one end of the two-inch wire you pre-
pared earlier to the bent section of
music wire.

Push the music wire back through
the antenna mounting hole so the 6-3/
8-inch length lies alongside the pay-
load sectuon. Use a short length of
masking tape to hold the antenna 1n
place while you lay in epoxy [illets on

Photo E. Transmit antenna installed on the pavload section.

each side of the wire to hold it in place.
You may find it helpful to tack the an-
tenna to the payload section with cy-
anoacrylate adhesive before using the
epoxy. Photo E shows the transmit an-
tenna installed on the payload section.
Solder a 2-pin Dean’s connector to
the free end of the 2-inch antenna wire.
The next step 1s to install the transmitter
circuit board into the payload section.
Insert the transmiller circuit board,
battery end first, into the payload sec-
tion. Use care to position the circuit

' board to clear the arming jack as you

slide the circuit board into position.
Slide the prepared forward foam block
into place. The 5/16-inch slot in the
foam block should just clear the arm-
ing jack. Dress the remaining wires
from the transmitter circuit board
through the 1/8-inch slot in the foam
block. I used an additional piece of
foam rubber as a forward block inside
the nose cone. This ensures that, once
the nose cone 1s tastened n place, the

Photo F. Antenna, thermistor, and arming jack connectors.
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Photo G. Completed airframe in primer coat white.



Qty. Part
2 .ifluslr::a-ndl=ltm-4urFI'.ELmtsauEﬂpElE:t:tn:wrnit:sdIZ’![J-F
4 yagi antenna kits
6 5 ft. lengths of 1-1/2 x 3/4 inch clear pine
lumber

1 3 ft. x 3 ft. square piece of 1/8 inch
standard hardboard

4 ft. section 5-1/2 x 3/4 inch poplar
lumber

1 3 ft. section 3 x 3/4 inch poplar lumber

30 inch length 1-1/4 inch diam. hardwood
dowel

3 3 inch x 1/4 inch carriage bolts with nuts

3 4 inch x 1/4 inch carriage boits with nuls

3 6-32 machine screws with nuts

i 1-1/2 inch flathead wood screws

2 Radio Shack #15-826 U-bolt clamps

12 inch length 1/2 inch diam soft steel
rod

4 1-1/4 inch x 1 inch PVC reducer adapter

8 ft. length Belden #9248 RG-6 75 ohm
coaxial cable

6 UHF male coax cable connectors

b —
UHF barrel double female coax
connectors

1 UHF coax tee connector

1 UHF double female coax connector

1 UHF male-to-BNC male coax adapter

Table 1. Tracking antenna parts list,

transmitter circuit board will not shift
under flight G-forces.

Connect the thermistor, antenna, and
arming jack connectors, and then fas-
ten the nose cone in place with the

—

Ct-ly. l Part

1 Vaughn Brothers Extreme 38 rocket Kit

1 8 inch length 1/16 inch music wire

12 inch x 12 inch square section R/C
1 packing foam rubber (available from
hobby shops)

screws supplied in the rocket kit. Note:
You may find it necessary to notch the
bottom edge of the nose cone to clear
the antenna wire on the inside of the
payload section. I recommend placing
an index mark on the junction between
nose cone and payload section so proper
alignment can be achieved later. Photo
F shows the antenna, thermistor, and
arming jack connectors.

Test the transmitter installation by
turning on the receiver and then pull-
ing the arming plug from the jack. If
everything is working OK, you should
hear tone pulses from the receiver. Re-
install the arming plug to turn off the
transmitter. Photo G 1s a photograph
of the completed airframe in primer
coat white. The next article in this se-
ries will describe calibration of the
thermistor temperature sensor, finish-
ing the sounding rocket airframe, flight
operations, data recovery, and i1mple-
mentation of the project with schools
and youth groups.

ROCKET CONSTRUCTION NOTE:
The rocket airframe has been built for

launch from a tower, so no launch lugs
have been installed. If you will be
launching from a rod-type launcher,
launch lugs will need to be installed on
the airframe.

Addresses

Vaughn Brothers Rocketry, 4575
Ross Drive, Paso Robles CA 93446;
tel.: (805) 239-3818; fax: (805) 239-
0292.

Astron Corporation, 22560 Glenn
Drive, Suite 114, Sterling VA 20164,
tel.: (703) 450-5517; fax: (703) 450-
9753.

National Association of Rocketry,
1311 Edgewood Drive, Altoona WI
54720, [www.nar.org].

Tripolhh Rocketry Association, Inc.,
P.O. Box 280, Bessemer AL 35021-
0280; tel.: (205) 424-8357. L

| Back Issues
of
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2 inch x 2 inch square sheet 0.005 brass |
(available from hobby shops)

1 6 inch length #22 tinned solid wire

Dean’s Ultra Plug 2-pin power connector |
(available from hobby shops) ‘

Dean’s standard 2-pin connector
(available from hobby shops) ‘

Table 2. Airframe parts list.
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without the internal speaker. Removes up to 95% of .

Use in-line with your favorite base station or mobile speaker.

Your One Source Amateur Radio Dealer.

FX1"X5.5"

T
P

¢

#

$4499% b

plus S&H : b

(Reg. Price $179.95) %% ‘
L=
Best Icom Radio Prices

Guaranteed. =z

=
. Email: amcom@digisys.net , - g.

Mail Orders To: Am-Com, Inc., 100 Bierney Rd., Suite C, Lakeside, Montana 59922 =
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