By Chuck Swedblom, HASEXF

P{ Box 605

Ridgecrest, California 93556

A HIGH-POWVER,

13-CM

MAGNETRON
TRANSMITTER

Here's a new use for your microwave

oven’s magnetfron

he greatest obstacle to overcome n

winrking moon bounee (EME) or

tropospheric scatter fropo) in the 13-
o band lies in genetsting the RF power
required. Yery few devices are available
the radio Amateur which can be used to
barild a high power transmitter, But Pve
Found one that’s capable of delivering high
power (500 to 1K watis of RE cuiput) and
is inexpensive (35 1o 575} Some of these
devices cven eperaie at the upper end of the
[3-cm ham band. ' sefervine (o the
MICHOWAVE-OVER MRENCIIUN.

[ wanted to investigate the feasibility of
destpnlng & low-cost, bigh-power transmitter
For the 13cm band using & microwaye ovel
magnetron in the injection-focked canfigu-
rating, After some investigation, 1 designed
and butlt the -XW, 13-cm oven-magnetron
trnsmitler described here,

Magnetron characteristics

A magnelron is a single porl device o
witich the load is connected. Any change in
the reactance component of the load
clsanges the frequency of the free-running
magnetron, Figure 115 a wypical load dia-
gram showing how the fregquency varies with
chanpes 10 magneiraon loading, The center
of the dizgram corresponds (o the matched
condition, where no reflection pocurs. A

the reactive component of the load changes,
the frequeency changes aceordingly. Becausc
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Figure 1. Magnetrog load dingras,
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the magnetron can't distinguishk between
reflected powet from a passive toad and
power injected into it from some other
semerce, s possible 1o lock the free-running
magnetren to a stable source.

To inject an external signal source inte
the magnetron, iL's necessary to connect a
circuiator between the magnetron and the
foad, as shown inn Figure 2. The amount of
power required o fock the magnetron is
derived from:!

B = Qe \Afodfol {n
where P1is the imjection power, P is the
magnetran oucput prwes, Qe is the loaded
) of the magnetron, [o and AFo ar the
Frecuesicy and freguency deviation in MHa,

The amount af power pegaited 0 Ajec-
tian lock a typieal oven magnetron at Fo =
2448 MHz2, Qe = 20, F = 75 walts, and a
jacking tange of 20 MHz, se Fo = 13 MHz,
(=N

JOLTER = 20w I/2448 = G082
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Fhawrt 2. Wnjection-tncked magneiron, block dizggean,
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i Wiater 1997

Thessetioud locking veope of magnelron and cxporimentsl dads.

or
P! = 5.0 warls

1n practice, approximately 10 watts would
be used to overcome circuil lasses, giving a
gatn of almvost 19 dB.

Plots of Equstion T are shown in Figure 3
for foar values of Qe, along with an actual
plot of an aven magnetzon. As you can see,
the experimentat dala are close o fheo-
retical.

Frequency response

For complete information, 1’5 necessary
tor determine how fast the magnetron wil
respond to variations in the injection fre-
quency. The data in Figure 3 arc based on
static conditions of the magnetron znd do
ot indicate 105 ability to follow high-
frequency modulation. The publ-in i coin-
plete whene

t = QelFor P 2
where ¢ s in psec, if Fo s in MH2? For the
previaus example, the puli-in time is abrout
0.07 wsec. This is the tine tequired 1o swing
across the lock-in range. It represents ome-
half Hz of the modulation, Thus, the maxi-
mum modalation frequency is about 7
M}z, The modulation will normally be ree
steicted to less than the Full lock-in range, so
Eguation 2 hocomes

F o= fol20e PITE (33
where F in MFHZ is the maximom moduaiz-
tion frequency and Fo is in MHz.

This means the inkection-locked magne-
tron can be vsed at any modwlation tre-
tency desired, including ATY.

Automatic frequency control

The magnctroti will remain focked to the
injection source freguency & kong as the
phase difference does't vary mere than )
degrees, This limit may be exqeeded
there's power-supply drift andsor thermal
drift of the magnets on the megoetron. To
prevent the magnetrodn from dropping out
of lock, vou could use 2 phase-sensitive
detector to monitor injection sEnal wrsus
outpril signal. The phase detector ouiput
coukd then control the magneimon cathode
current and maintain lack ro within a few
theprees.

Safety first

Before discussing the transmitter, I'd iike
to take aote of same safety precautions,



High Voltage

The high voltages used in this transmitter
are in the lethal range. Great care must be
taken when testing, troubleshooting, and
operating this type of transmitter. The vol-
tages used are somewhat higher than those
in common Amateur high-power amplifiers.
Because the magnetron anode is operated at
ground potential, the filament circuit is at a
very high negative potential. Most high-
power Amateur amplifiers have the anode at
high voltage and the filament at near
ground potential. It’s very important not to
forget this fact. Negative voltage will kill
Just as quickly as positive voltage.

High RF radiation

The RF power output of this transmitter
is at the same level as that developed in the
usual Amateur high-power amplifier. How-
ever, the chance for exposure to dangerous
RF radiation is much greater at 13 cm. A 2-
1/2 x 1/64-inch gap in the side panel of an
HF power amplifier will let little radiation
escape. But this same size gap in a 13-cm
transmitter forms a 1/2-wavelength slot
antenna, which has the potential to radiate
the full power of the transmitter. This could
be 250 watts/per square centimeter, or
250,000 times the radiation level I consider
safe at this frequency.

The 13-cm transmitter design

The 13-cm transmitter (Photo A) consists
of four major sections: the RF deck, 13-cm
transverter, constant-current regulator, and
magnetron HV power supply.

Figure 4 shows the block diagram of the
transmitter. The RF output of the magne-
tron is fed to the transmit port of a three-

Photo A. 13-cm oven-magnetron transmitter. Top to
bottom: RF deck, 13-cm transverter, constant-current
regulator, and HV power supply.
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Figure 4. 13-cm magnetron transmitter, block diagram.
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Photo B. RF deck, top view.

—— ELECTRIC FIELD
x MAGNETIC FIELD

Figure 5. Action of an electron in a non-oscillating
magnetron.

port circulator. The circulator load port
feeds a dual-directional coupler used for
testing, and then the antenna or load. The
third port of the circulator, which I call the
injection port, is fed from the 10-watt power
amplifier through transmit/receive relay
RY1, when in the transmit position. Input
power for the 10-watt power amplifier
comes from the transmit port of the 13-cm
transverter, which up-converts the 144-MHz
transceiver.

When in receive mode, the signal from
the antenna is fed through the dual-
directional coupler to the circulator load
port. It then goes to the injection port, and
through RY1 to the 13-cm transverter receive
port, which down-converts the signal to the
144-MHz transceiver.

The DC power for the magnetron is sup-
plied by the magnetron HV power supply.
There must be a constant-current regulator
in the power-supply circuit to maintain
proper magentron operation. This constant-
current regulator will allow control of the
free-running magnetron power output and
frequency. The transmitter has various
meters and indicators to aid in system oper-
ation and maintenance.

The 13-cm transverter converts the 144-
MHz signals from the transceiver up and
down. It contains the transmit/receive (T/R)
sequencer for proper power control timing.

RF deck

The RF deck, shown in Photos B and C,
contains the major high-power RF compo-
nents. These are: the oven magnetron, fila-
ment transformer, circulator, 10-watt power
amplifier, RF transfer relay, and low-noise
amplifier (LNA). A dual-directional coupler
and high-power load for testing is required,
and is included in this section, but it is not
a physical part of the RF deck.

Magnetron

The heart of the transmitter is the micro-
wave oven magnetron. The magnetron is
basically a diode vacuum tube operating in
a magnetic field® The magnetron anode
consists of a circular group of cavities sur-
rounding the cathode. Each cavity has a
narrow slot connecting it to the space
around the cathode. The magnetic field is
concentrated in the same plane as the
cathode.

Magnetic and electric fields

When a weak magnetic field and a strong
electric field exists between the cathode and



anode (see Figure 5), an electron emitted
from the cathode will be attracted almost
directly to the anode, and no RF energy will
be generated (path 1). As the magnetic field
is increased, the direction of the electron
traveling toward the anode will be altered
into a curve (path 2). If the magnetic field is
increased far enough, the electron will fall
back to the cathode, never reaching the
anode (path 3).

At some critical value of magnetic and
electric field, the electron will just graze the
gap of the anode cavity and generate an RF
field at the cavity’s resonant frequency. The
interaction of the RF field and the magnetic
field at the gaps of the cavities will cause
the electrons emitted from the cathode to
form bunches that will rotate like the spokes
of a wheel past all of the gaps in syn-
chronism with the RF field (Figure 6), creat-
ing a very large amount of RF energy in
each of the cavities.

Mode skipping

A probe inserted into one of the cavities
extracts RF energy from the cavity to an
external load. If the magnetic field is held
constant, and the anode voltage is
increased, a point will be reached where
electron clouds form another spoke which
will not be an even multiple of the number
of cavities. When this occurs, there’s no
longer synchronism with the cavities, and an
uneven distribution of energy is supplied to
the output cavity. This action is called mode
skipping and, if allowed to continue, will
damage the magnetron. It is imperative that
the power supply be designed to prevent
mode skipping in the magnetron.

Waveguide choices

RF energy from an oven magnetron is
provided by a quarter-wave probe inserted
into a length of waveguide. Photo D shows
a typical oven magnetron and a section of
WR-284 waveguide which has been prepared
for mounting. Photo E shows the magne-
tron mounted on the waveguide section.

The location of the probe along the
waveguide depends on the size of
waveguide. The WR-284 or RG-48/U series
are the most readily available waveguide
components on the surplus market. This
waveguide is marginal for the 13-cm band
because it’s rated for 2.60 to 3.95 GHz. This
means that attenuation will start to increase.
However, I haven’t experienced any diffi-
culty with this size waveguide because I'm
not running long sections of it. A better
choice of waveguide would be the WR-340

RF PROBE

ELECTRIC FIELD
x MAGNETIC FIELD

5 CLOUD OF
ELECTRONS

Figure 6. Cloud of electrons r ing in the i

space of a magnetron oscillator.

@

Photo D. Typical oven mag and guid
mounting section.

Photo E. Oven magnetron on gui
section.

or RG-112/U, which is rated from 2.2 to 3.3
GHz. When the WR-284 waveguide is used,
the magnetron RF probe is mounted 1.0
inch from the shorted end. If WR-340
waveguide is used, the magnetron RF probe
is mounted 0.8 inch from the shorted end.

Magnetron noise and
operating modes

When I say that I use a magnetron for a
transmitter, I often hear: “The output spec-

Communications Quarterly 13



MEGACYCLES

Photo F. Oven-magnetron output with filament voltage
on.

Photo G. Oven-magnetron output with filament volt-
age off.

Photo H. Two typical high-power circulators.
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trum of a magnetron is very noisy. How can
it be used for communications?” I've found
that by turning off the filament voltage
after the magnetron reaches the rated power
output, the spectrum is very clean. Photos F
and G show the spectrum with the filament
voltage on and off, respectively.

As long as the high voltage is applied to
the magnetron, the back bombardment of
the cathode will continue to keep the cath-
ode hot enough to supply the electrons
required to maintain RF power output.
Once the high voltage is removed, the
magnetron won’t oscillate, and the filament
voltage must be turned on to restart the
magnetron.

Because the magnetron is an oscillator
and not an amplifier, it isn’t possible to
operate the transmitter in SSB, CW, or AM
modes. FM and FSK are the only modes
available for communication. I’ve been
using the FSK mode to generate a CW-type
signal by producing a 10-kHz shift in fre-
quency between key down and key up. As
long as I give the other station the correct
frequency, we have no trouble working each
other.

The frequency allocation for microwave-
oven service is from 2440 to 2460 MHz, so
it’s possible that not all oven magnetrons
can be operated within the Amateur 13-cm
band. I've only tested two, and in each case
[ was able to tune them to 2448 MHz at
nearly full power output. More testing is
required to find out which tubes are best
suited for Amateur service.

The tubes I used came from discarded
microwave ovens with defective power sup-
plies or timers. I tested several other tubes
whose filaments were in good shape, but
there was no longer any cathode emission.
New tubes can be purchased from service
dealers or distributors for less than $100.

Circulator

The circulator is the key to injecting a
locking signal into the magnetron at the
same time that the magnetron is supplying
RF output power to the load or antenna.

A circulator can be constructed as either
a three or four-port device. I use a three-
port circulator. The adjacent ports of the
circulator are effectively connected together
in one direction but isolated from each
other in the opposite direction. Therefore,
the signals can pass easily from the transmit
port to the load port, and from the load
port to the injection port; but, they will be
attenuated in opposite directions.

The waveguide circulator is made by join-
ing three waveguide arms, 120 degrees apart,
at a common junction containing a slab of
ferromagnetic material. The ferromagnetic
material rotates the standing wave pattern
so RF coupling can only accomplished in
one direction. When circulators are designed
to handle high power, they are generally
water cooled by wrapping copper tubing



around the centrad partl containing the fer-
vite material. Phate H shows two typical
high-power circulators. The one on the left
is a model FCW-ES2) hyilt by Merrimac
Microwave Coog the one on the right is a
model 095 bailt by Genesys Svstems, Ine.

Because the circulators are bailt from fer-
rotragnetic miaderial, coution nrust faken
when handling them, They shovid be
muunted away from any magnetic materiai
and protected from jarring due to sharp
blows. ;

Circnlators operate efficiently onfy over 4
narrow bandwidth, typivably fess than that
of the the waveguide,

Duol-Directional Coupler

The dusb-directional coupler measures the
forwand power of the transmitter and the
meturn loss, oF ¥3WR, of the anitnsa or
load.

The ditectional coupler is designed to
couple power from the (ransmission fine at
some desipnated attenuation level in one
direction, and al & much greater altenuwation
level in the opposiie direction. The value of
coupling atienuation should be such chas
the maxiraizim power level at the coupled
port is close to the input power rating of the
pawer meter, of other measuring device,

10-wott power amplifier

} found tha! approximately 0 watts of
injection power was sufficient to ensure that
the gven magneiron locks on freguetcy
while operating at full powee. [ buile an
amplifier ustng 2 T28Y tube in a quarter-
wave cavily and aperate it with 30-volrs Eb
with D-volt bias. Some solid-state power
amplifiers which operate near this power
lovel arg available at flea markets.

Low-noise amplifier

The low-noise amphifier {LNA] is a two-
stage, GaAsFET amplifier which uses Dex-
cel D432 devices thut prodace about 20 JB
of paip with o noise figure of under 2 4.

Waveguide load

A load for testing transmitters should be
designed with fow YSWR and the capability
to absorb the transmitter’s (odal power with-
okt overheating.

A typical wavegnide load s made by
mounting a large piece of wpered carbon
rodl at the closed end of the waveguide. The
angle and fength of the tapet determines
ow well the load is watched. In the case of
a high-power load, there st be a good
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Photo 1. 13-cm transverter, top view.

Photo J. 13-cm transverter, rear view.

Winter 1991

thermal bond between the carbon absorber
and the heat sink.

Water absorbs RF energy well. Many
high-pover loads are made by creating a
section of the waveguide through which
water can be pumped in and out. These
loads are small and light, but require a great
amount of pressurized water to dissipate
large amounts of RF power.

13-cm transverter

The 13-cm transverter block diagram,
shown in Figure 7, will convert RF signals
up and down from a 144-MHz transceiver
into the 13-cm band. The power output of
the 13-cm iransverter is about 1 watt on
transmit. The noise figure is about 4 dB on
receive. Photos I and J show the top and
rear views of the 13-cm transverter, respec-
tively.

Local oscillator

A 2304-MHz local oscillator (LO) in the
13-cm transverter generates a signal at 2448
MHz when using the microwave oven
magnetron. If the 13-cm transverter is to be
used for Phase III satellite work, or at the
bottom of the 13-cm band, the LO to 2256
or 2160 MHz can be changed easily by
replacing the oscillator and reference gener-
ator. The oscillators I use are from Califor-
nia Microwave Corporation; Communica-
tions Technology, Inc.; or Frequency Source
West. They are available at flea markets, or
through ads in various ham magazines*

Mixer

The mixer is a surplus Watkins-Johnson
M-40 which covers a 1 to 5-GHz frequency
range (Figure 7). The maximum LO power
for the mixer is 23 dBm. The mixer will eas-
ily provide 0 dBm output at the RF port
when 10 dBm is supplied at the IF port?

A four-pole, interdigital filter is used at
the output port of the mixer to suppress
image frequencies during transmit and
receive. A good match must be provided at
the filter input.

Modules Al and A2 (Figure 7) are two-
stage, 20-dB gain, transistor amplifiers
which use Dexcel D-432 GaAsFET devices.
Module A3 is a two-stage, coaxial-type
power amplifier, using GE 7768 vacuum
tubes in a grounded-grid configuration.
Each stage has a power gain of about 12 dB
at 1 watt RF output. The input and output
cavities are 3/4-wavelength long with tuning
slugs that cover the entire 13-cm band.

It has been my experience when trying to
operate the Kenwood TS711A or TS811A
transceivers at reduced power, that the RF-
power output rises to full power (25 watts)
for a few microseconds before it settles to
lower power. When driving mixer diodes,
this short spike of high power can some-
times damage the diodes. I now use a high-
power power divider when building trans-
verters, and run the transceiver at full power
output. This requires another properly
sequenced RF relay, but it’s the only way
I’'ve found to prevent the loss of valuable
mixers.

Push-to-talk line

When going from receive to transmit, or
vice versa, it’s imperative that the transfer
relays be properly sequenced. When going

*One source of local oscillators is: Alan Dickinson, NSBHX, 154 Bass-
wood, San Antonio, Texas 78213.



to transmit, the T/R relays must be in the
transmit position before the 144-MHz trans-
ceiver goes into the transmit mode. Like-
wise, when going from transmit to receive,
the 144-MHz transceiver power output must
drop to zero before the T/R relays return to
the receive position. This is accomplished by
a delayed push-to-talk line to the 144-MHz
transceiver.

Constant-current regulator
section

Once the magnetron starts to draw cur-
rent, it will continue to do so unless some
form of limiting is provided. Microwave
oven manufacturers use current-limiting
power transformers designed to supply the
rated voltage and current. Because the cur-
rent level supplied by these transformers
may not be at the value Amateurs need to
operate the magnetron, some external
means of controlling the current to the
magnetron is needed.

There are several ways to build constant-
current regulators that will do the job, but
most are not easily adjustable under load at
the current values required for the oven
magnetron. Because high voltages are pres-
ent, I felt it was necessary to use vacuum
tubes.

After considering the many types of tubes
that could be used as current regulators for
this rig, I selected the 4CX250B power
tetrode. It has one of the flattest Eb/Ib
curves of any tube available.s At a maxi-
mum current of 250 mA per tube, I needed
four of them operating in parallel to provide
the proper constant-current regulator for
the oven magnetron.

The schematic diagram of the constant-
current regulator is shown in Figure 8. The
positive terminal of the magnetron HV
power supply is tied to the plates of the
4CX250Bs through 18-ohm limiting resistors
and a 1-A full-scale meter to measure
magnetron cathode current. The screen volt-
age for the 4CX250Bs is supplied from a
250-volt, 100-mA regulated power supply.
The adjustable bias for the tubes is supplied
from a negative 68-volt regulated bias-power
supply.

To balance the slight tube differences,
there are individual bias adjustments for
each. The cathode, control grid, and screen
grid of each tube is bypassed with 0.01-uF,
500-volt ceramic capacitors. The anodes are
bypassed collectively with a 1200-pF, 2500-
volt feedthrough capacitor. The current of
each regulator tube can be monitored on the
multimeter so it can be adjusted for a

balanced condition. The total cathode cur-
rent of the regulators can also be read from
this meter. This provides a means of deter-
mining the 4CX250B total screen current.
Photos K and L show the top and rear
views, respectively, of the constant-current
regulator.

Magnetron HV power supply
section

The typical microwave oven magnetron
operates at an anode-to-cathode potential
of about 3.2 kV with an anode current of
300 to 800 mA — depending on the magne-
tron power output. Filament requirements

Photo K. C urrent regul top view.

rear view.

Photo L. C

urrent reg
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wilf be in the 3 to S~olt range af current
ratings of 20 10 40 A. There's 2 large currens
in-rush when power is (urned on, 50 s0me
means of curvent limiting must be provided
for hoth filamens and anode supplics. A
means of protecting the magnetron from
damage due to overheating must also be
provided, ¢ilfeer by Forced zir or water
coding.

The magnetron in o typical microwave
oven is operated from & power supply that
has 4 current-regulated, high-voltage power
transformer atwd wses full-wave rectifiers
with uniiltered output voltage. Conse-
guently, the tube is operated in the pulse
made with a duty cycle of aboat 50 percent,
This is done 10 prevent mode skipping. It
Awmateur operation, the tube must operate
at 106 percent duty cvele From a wekl-filtercd
power supply becanse (he magnetron Fre-
quency is scnsitlve to supply voltage
changes. Due Lo the microwave oven's 50
percent dety cycke, 've Found that the power
transformer from the the oven isn't “huosky™
enough to be used (o an Amateur tTansmit-
ter. The magnetron {ilament is supplied
from a winding on ehe bigh-voltage trans-
tarmer Thus, the transformer can be used
far this purpose withour surge protection
for the fijament {required if a separate fila-
meng transfarmer 15 ascd) 1t is mecessary to
protect oneself, and the cireuit, from the
transformer's unused high-voltage terminal.

I built the magnetron HY power supply
using a 7T200-voll center-tapped transformer
with full-wave rectifiers into a pi-network
filter, as shown in Figare 9. The output volt-
age is controlied by a 30-A Variae®, A time-
defay relgy in the primary allows the fila-
ment o reacl temperatiire before high voli-
age can be applied. The high-voltage switch
is it series with the {emperature-sensing
thermostats installed on the magnetron and
an the water-cooling system, so high vollage
can't be applied o the magnetron if the
temperature [s too [igh.

To discharge the filter capacitors, a large
bleeder resistor is placed across the power-
supriy putpul when the high voltage is
turned off. The bleeder resistor is removed
from the circuit when high vellage is on,
because there’s no reasOn O WESLE power
during transmit. A 5-kY voltmeter reads the
power supply output voliage. Indicater
lights are provided for main power, standby,
and pigh-voltage ON. The power supply
weighs over 200 pounds, so it rests in the
lowest position of the transmitier rack.

Testing the transmitter

The following pieces of tost equipment
are required to evebuate the performance of
the 13-cm transmitear:

* A frequency meter capable of measuring
the trapsmit fregoency to within 1 MHz

* A power meter and allenuaior pads to
measire the rranemiiter power gutgul,

= Dhrectional coupler.

* Spectrum analyzer

It"s also mecessary (o have some means of
observing the spectrum o ensude the
rggnetton isn't ovode skipping. A roockver
covering the Freguency of interes], with a
panadapter that has p minimum of |-MHz
sweap wideh, can be substituted For & spee-
trum znalyzer, Panoramic Radio, [ne
patadapters with $-MHz sweep widths,
used in the telemetry mdusiry, are available
at most flea markets.

Free-running mode

The first tests on the 13-cm transmitter
are done in free-run made; that is, not
locked o o stable source. A suitable Joad is
cornected to the transmitter output, and the
spectrum anafyzer i connected 1o the far-
ward port of the dual-directional voupler
{see Figere 100, If required, 2o atienuator
pad should be used o prevend damage (o
the spectrum analvier The frequency meter
should be connecied in a manner apprapri-
ate for the type used.

With the power to the transmitier turned
an, the magnetron cathode voltage and cur-
rend 38 adjusted 1o the recommended valoes,
and the spectrum is observed, A single fine
should appear on the serees [ eot, the
vathode current is readjusted 1o a valoe that
produces a sinple fine. The lise should iook
simnidas o that in Phaie F. Next, the fils-
ment voltage (0 the magnetron 15 tumned
T, The line showld now look ke Phote G,
The magnetron catbode rurcent is adjusted
1o lower values and the power outfiul
ahserved, At same lower value of cathede
current, the magnetron will Bl to opemste
These magneiron cathode cucrent and Fre-
quency values ane recorded for Anurs
reference.

Magnetron pushing
characteristics

VWith the filament voltage terned back
on, and the magnetron cathode curnent
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readjusted for full-power operation, the fre-
gaency is measured. This is the magnetmon’s
maximum freguency. As the magnetron
cathode current is reduced, frequency amd
pOwer Olipul decreases, T Nese values ane
recorded and plotted on a graph of
magnetran-cathode current versus frequency
similar Lo the one in Figrre 11. This curve
shows the miggnetron pushing characteris-
tics. Froun this graph, the frequency as
which the 13-cm transmitter will be oper-
ated 15 determined and the magnetron cath-
ode current 15 adjusted to that value.

Magnetron pulling
characteristics

The nutput from the 18-walt power
amiplifier is connected 1o the ransmil port
of the TR relay on the RF deck. The trapms-
mit port of the 13-cm transverter is con-
necied theowgh a suitable variable attenus-
tor to the [G-watt power amplifier inpul.
The atienvator is adjusted for I0-watls out-
put of (he amplifier. The 130w fransmicter
is brought ugp in the transmit mode o the
predetermitied frequency, ard the magne-
tron-cathode current i adjusted up and
down until the magnerron drops out of
loek. These two values are recorded.

These steps are repeated with lower and
lower power autput, and anather graph
simifar to the one in Figure 12 is generated
by plolling magnetron cethode current
versus focking power. This carve shows the
pulling characteristics of the magnetron, By
usintg the pushing characteristics graph,
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Figare 1L Typival oven itagneinon frequency-pusbing
chagacteristics.
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Figure 12, Typicst over magnedron frequency-pulling
characteristics.

pulting characteristics graph, and the power
bevels recarded, it's possible to determme the
irjection focking power required to operale
at a particidar output power level and Ffre-
guency. Figure 13 (s a graph of frequery-
focking ranpe versus focking power.
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Conclusions

1 Bope vy suggestions for using inexpen-
sive oven magnelrons operating in the Injec-
teon mode Tor Amatesr transomiiers will

Although this isnt 3 construction article,
and some of the parts may be difficult to
locate, I feel this information will give the
serious exporimenter some rew jdeas on
how to go about building a high-power 13-
Cny Transmitien.

1 wish to thank Ed Nyswander, Senlor
Dresign Engineer, MNaval Weapons Center,
China Lake, California, for suggestions
which helped me start this project; Dick
Kokbiy, KaHiJ, for his help in designing the
constant-current regulator; my daughter,
Sharon Scobes, for editing my work; and my
wife, Jean, for her continuaus support. &
REFERENCES
| H. a2, Sy of Lacking Fhenomens in Gacillata:” Pro oo
1wps, LRE. 34, Jene 1496, pages 35150
2. BRI Mackoy, “Ineeesas docking ol Blystran Cseillrior," Seece Troh-
motugy Ly aperlpy Repi T AEEM LTSRS Tar Adr Focor Budliscic
Adissil [ivdsin, ANTLA FAL057622,

1. 3. Frarcis Reinljos sl Do T2 Cieae, Bomoipler ol fodir,

Mdinad-Hll Bk Cameaay, 1952, pages T6-005,
4. RF Signe!d #recesviey Uompaseats, Parkins-Sshnsan Crmpany,

IMK3-34,
peherate mare erest in 13-cm EME,

i RO Transmilcing Tukes,”

SATELLITE
TRACKING
MADE EASY

WITH SOFTWARE FROM
DAMSAT

Gurik¥ran £4 - AR e
Whether youwant n ujemnrythe nextbmet}smr 1 :imllprwndeoosnrnunmwnshaweentvm
citiesaril you juslward [oknow e nest lime you Can yvissally signt the Soviel space station
BAIF, Couin Teah will Ied you plug in M 1atest Kegterian slemants lor up 1o 100 satalidas using
& neew il soreen ediler, QuikT#ak also sypparts auiciracking Harrhwaty oguiremens, |
PC. AT, PEeC, or chone wilt 3 runium §12K mamanr. CLad or EGA graphics tequitid.
Nymaric copracessar nal sequired but recommended.

Inshard Treck 1.0 - AT R
For those ;;Dn-:erned wilh grga]es sorad and capablll!;r Instant*’a.dc ofters adl le CIl:IHTIEIk 3
Features pius ngtar visinilitg lorpour “tevornie” satelifes befare you sssus e SrsleyRircka.
Maore than 203 saieities &ne 17594 chesaraonthe sner and will be in fuli-ooinr hagh-
resoluficn EC5A ar VA modes. Marwane redquicariants: IBM PC. AT 252 or clona wilh at
18ast 512K memary. EGa or G4 graphics requined, Muwierin COprocessnn not regquired but
recoenmencid . Molse not required but can be used on the map screens.

Fimsa gra oy q7 few 0F he featies of ik Trak 2ot insreieTrack. The ligunas fekee el supgested
OISO (7 chefraty i espuisme ayld DOMELAMEA TS nomprof, (aLaalianal animsos.

Recommended Danatlans: Mamber Mo -Member
QuikTrak 4.0 514" REE 75
SnetantTrack 1.0 B .37t ] 7

AMSAT membership $304%r U5  §360r Canada & Masice: S£3yr Forsign
AMSAT PO Box 27 Washington, DC 20044

381-580-6062 Voice, 301.688-3410 Fax

TivAaival Mexeal PI28 pagey Z12 206

SEE THE SPACE SHUTTLE VIDEQ

Many ATV rapeatars and individuals arg retransmitting
Space Shuttle Video & Audio from thelr TVROYs luned to
Satcom F2-R transponder 13, [T it is being done in your
arsaon 70 O, all you nead is ona of sur TYC4G ATY
420450 MHZ downconvelars, add any TWsattoeh 3
and 70 OM antenna. Othars may be retransmitting
weather radar during significant slarms, Once you get
Bitten by tha ATV bl - and you wilt sHer seeing your
first pictlrs - shaw your stiack with tha TX7?0-1A com-
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