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Filed June 20, 1968, Ser. No. 37,295
12 Claims, (CL 325—15)

The present invention relates to transponders in par-
ticular, and to the construction of electronic apparatus in
general,

A transponder is a part of the equipment employed to
determine the distance by which a projectile misses its
target. In employing this type of miss distance equipment,
a weak signal is transmitted from the projectile, received
by the transponder located at the target, and retransmitted
by the transponder at a different frequency. As the pro-
jectile approaches the tramsponder, the Doppler effect
causes the frequency of the signal from the transponder
to be higher than it actually is, and as the projectile moves
away from the transponder, the Doppler effect causes the
signal received by the transponder to be lower in frequency
than it actually is. The transponder faithfully translates
the frequency of the signals received from the projectile
and preserves the frequency change which results when
the projectile passes the target. The change in frequency
resulting when the projectile passes the target and the rate
at which the frequency changes is a measurement of the
distance by which the projectile missed the target.

Since the target cannot carry large amounts of equip-
ment, it is necessary that the transponder be small in size
and light in weight. At the same time, the transponder
must have relatively large gain to receive the relatively
weak signals from the projectile and retransmit these
signals with sufficient amplitude to be received at a re-
ceiving station on the ground. The requirement of small
size and high gain can most readily be met with present
technology by the use of miniature vacuum tubes, but
such tubes produce large quantities of heat for their size
which must be removed from the tubes to maintain them
in operation. This fact, and also the fact that the tem-
perature must be maintained relatively constant to provide
the necessary stability for frequency conversion required
of such transponders, requires a construction which facili-
tates removal and distribution of heat. The construction
of the transponder must also provide a great deal of radio
frequency shielding in order to prevent regeneration at the
high gains required of transponders. Also, the trans-
ponder must be constructed to withstand the environ-
mental conditions it is subjected to, namely wide differ-
ences in temperature, substantial shock and vibration, and
high humidity conditions.

It is an object of the present invention to provide a
physically small, high gain electrical apparatus employing
vacuum tubes with more adequate means or disposing of
the heat than in presently known electronic devices.

It is also an object of the present invention to provide
a transponder of great stability with greater gain than
presently known transponders.

Further, it is an object of the present invention to pro-
vide a transponder of great gain which is capable of opera-
tion in widely different environmental conditions, such as
temperature, humidity, shock and vibration.

These and further objects of the present invention will
become readily apparent to those skilled in the art from
a further conmsideration of this disclosure, particularly
when viewed in the light of the drawings, in which:

FIGURES 1 and 1A are schematic electrical circuit
diagrams of a transponder constructed according to the
teachings of the present invention;

FIGURE 2 is a plan view of a transponder embodying
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2

the electrical circuit illustrated in FIGURE 1, the cover
having been removed;

FIGURE 3 is a sectional view taken along the line 3—3
of FIGURE 2;

FIGURE 4 is a sectional view taken along the line 4—4
of FIGURE 2;

FIGURE 5 is an isometric view of the transponder
illustrated in FIGURES 1 through 4; and

FIGURE 6 is a longitudinal sectional view of one of
the tuned circuits employed in the transponder shown
schematically in FIGURE 1 and physically in FIGURES
2 and 4.

The transponder illustrated in the figures may be con-
sidered to have three different sections in addition to
an external power supply which has not been illustrated.
The first section 10 is referred to as a radio frequency
chassis, The second section is an output chassis 12 which
also includes part of the electronic components of an
oscillator 14. The third section of the transponder is
the oven 16 which contains a crystal 18 employed by
the oscillator 14, and is disposed between the sections 10
and 12,

The radio frequency chassis 10 contains four radio
frequency amplification stages, designated 29, 22, 24, and
26, and a mixer stage 28. The four stages 20, 22, 24,
and 26 are essentially identical, and hence only stage 20
will be described in detail. Stage 26 employs a vacuum
tube 39 with a control grid 32 coupled through a capacitor
34 to a resonator 36. The resonator 36 has an outer
shell 38 coaxially disposed about a central rod 40, and
a coaxial capacitor 42 is disposed between the center rod
40 and the outer shell 38 at one end of the shell, the other
end of the rod being shorted to the shell. The rod 40
is directly connected to the capacitor 34, and the shell
38 is connected directly to ground. Tuning capacitors
44 and 46 are also connected between the shell 38 and the
rod 40.

Vacuum tube 30 also has a plate 48 which forms the
output terminal for the stage 28 and is coupled through a
capacitor 50 to the stage 22. The plate is also connected
to the positive terminal of a source of potential 52
through a radio frequency choke 54, the choke also be-
ing connected to ground through a bypass condenser 56.
Vacuum tube 30 is provided with a screen grid 58 which
is connected to the power source 52 through a voltage
dropping resistor 60, and bypassed to ground through a
capacitor 62, The cathode 64 of vacuum tube 30 is also
bypassed to ground through a capacitor 66 and resistor
68.

Immediately preceding the stage 29 is a second resona-
tor 70 which also has a shell 72 and a coaxial rod 74
within the shell 72. One end of the resonator rod 74 is
shorted to the shell 72, and the other end is provided with
a coaxial capacitor 76 connected between the shell 72
and the rod 74. In a manner similar to the resonator 36,
tuning capacitors 78 and 89 are connected between the
shell 72 and the rod 74, and a coupling capacitor 82 inter-
connects the rod 74 of the resonator 70 with the rod
4¢ of the resonator 36. The shell 72 is provided with
an aperture 84, and an electrical conductor extends
through the aperture to make contact with the rod 74 be-
tween the ends thereof. The input to the radio frequency
chassis 18 is impressed upon this lead, designated 86.

The stages 22, 24 and 26 are essentially identical to
the stage 2% and are connected in cascade through cou-
pling capacitors 34, 50, 88, and 928. The stage 26 is
coupled to the mixer stage 28 through a coupling capaci-
tor 92. The mixer stage 28 employs a vacuum tube 94
with a control grid $6 directly coupled to a resonator 98
of essentially identical construction to the resonator 36.
The resonator 98 has a shell 100 and a rod 192, and the
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rod 102 is connected to the stage 26 through the cou-
pling capacitor 92.

The oscillator 14 is coupled to a suppressor grid 104 of
vacuum tube 94 of the mixer stage 28 through a coupling
capacitor 166 and a shielded lead 168. A resistor 119
extends from the grid 184 to ground. The oscillator 14
employs a vacuum tube 112 containing two tricde sections
which are connected in parallel. The plates 114 of the
vacuum tube 112 are connected to a tuned circuit contain-
ing an inductance or coil 116 and two serially connected
capacitors 118 and 128. The resonance of the tuned cir-
cuit is broadened by a resistor 122 connected in parallel
with the inductance or coil 116. The end of the tuned
circuit opposite the plates 114 is coupled to ground through
a capacitor 124 and connected to the positive terminal of
the power source 52 through a resistor 1286. The grids
128 of vacuum tube 112 are connected to the cathodes
130 through a resistor 132 and coupled to ground through
a capacitor 134. The cathodes are alsc comnected to
ground through a resistor i36. The crystal 18 is con-
nected between the cathodes 130 and the junction be-
tween the capacitors 128 and 120 of the resonant circuit,
and the output from the oscillator is derived from this
junction through capacitor 186.

In the particular construction to be described through-
out this specification, the signals received by the trans-
ponder are within the range of 227.5 megacycles through
242.0 megacycles, and the frequency of the oscillator 14
is selected to provide a difference frequency so that the
output of the mixer stage 28 is either 149.450 megacycles
or 149.585 megacycles. This signal appears on the plate
138 of vacuum tube 24 and is connected to a tuned circuit
with a coil 4@ and a tuning slug 142, The positive termi-
nal of the power source 52 is also connected to the plate
138 through the coil 140 and a resistor 144.
grid 146 of vacuum tube 94 is connected to the junction
between the coil 140 and the resistor 144, and a capacitor
148 is connected in parallel with the coil 149. A capac-
itor 159 couples the screen grid 146 and coil 149 to
ground. Vacuum tube 94 also has a cathode 152 which
is connected to ground through a resistor 154. The out-
put from the radio frequency chassis 10 is derived from
a tap on the coil 146 through a capacitor 156 and a
shielded lead 158 which is connected to the input terminal
of the cutput chassis 12.

The output chassis 12 has three voltage amplification
stages 160, 162 and 164 and a power amplifier stage 166.
Since the voltage ampiifier stages are of similar construc-
tion, only stage 160 will be described in detail. This stage
160 employs a vacuum tube 168 which is provided with a
control grid 178. The control grid 17¢ is connected to a
coil 172 which is tuned by a slug 174. The shielded lead
£58 extending from the output of the stage 28 of the radio
frequency chassis 18 is connected to a tap of the coil 172
and achieves coupling to the stage 16§. A tuning capac-
itor 176 is also connected in parallel with the coil 172
and to ground. Vacuum tube 168 also has a cathode 178
connected to ground through a resistor 180 and a capac-
itor 182 connected in parallel with the resistor 188.

Vacuum tube 168 has a plate 184 connected to a slug
tuned inductance 186, and the inductance 186 is connected
to the positive terminal of the power source 52 through
a resistor 188 and to ground through a capacitor 196.
A tuning capacitor 192 is also connected in parallel with
with the inductance 186. A coupling capacitor 194 inter-
connects the output of the amplifier stage 160 to the input
of the stage 162, and in like manner a capaciior 196
couples the output of the stage 162 to the input of the
stage 164. A capacitor 198 couples the output of the
voltage amplification stage 164 to the grid 269 of a
vacuum tube 202 of the power amplifier stage 166.

A grid resistor 284 extends from the grid 288 to ground,
and vacuum tube 282 has a plate 296 connected to a tuned
circuit comprising a coil 288 and a capacitor 218. A
second power source 212 has a positive terminal con-
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nected to the plate 266 through a choke 214 and the coil
268, the juncticn between the choke and the coil being
connected to ground through a capacitor 286. A cou-
pling capacitor 218 connected to this junction forms the
output terminal of the unit.

Electrical isolation is greatly enhanced by the use ferrite
beads 228 disposed about power leads between stages.
The use of these lossy shielding ferrite beads, which ex-
tend entirely about the power lines in conjunction with
bypass capacitors 222, to a large extent eliminate coupling
between stages. The lossy ferrite beads and bypass capac-
itors are employed both in the B-- power lines and in
the filament leads. As indicated in FIGURE 1A, the
filaments of the vacuum tubes employed in the transponder
are serially connected, the tubes of stages not specifically
described being indicated by reference numerals 22A,
24A, 26A, 162A and 164A to indicate the vacuum tubes
of stage 22, 24, 26, 162 and 164, respectively. The use
of lossy ferrite beads 220 between the heaters 224 of these
stages and also the bypass capacitors 222 are indicated in
FIGURE 1A.

The oven 16 contains the crystal 18 of the oscillator 14
and is heated by a power source 226 connected in a series
circuit with a resistor 228 within the oven and a pair
of thermostatically controlled contacis 239 within the
oven. A capacitor 234 is connected in parallel with the
contacts 239, and a capacitor 236 and resistor 240 are
connected in parallel with the capacitor 234. The oven
thus maintains the crystal 18 at an essentially constant
temperature. As illustrated in FIGURES 2 through 5,
the input chassis 19, output chassis 12, and oven I6 are
mounted on a single supporting frame 242 of the housing
244, the frame being preferably a rugged casting of
material having good thermal and electrical conductivi-
ties. The frame Z42 has a flat base portion 246 from
which two parallel walls 248 and 258 extend. The oven
16 is disposed between the walls 248 and 258. The
radio frequency chassis 10 is disposed on the opposite
side of the wall 248 from the oven 16, and the oufput
chassis 12 is disposed on the opposite side of the wall
250 from the oven 16. The housing 244 is completed
by a cover 252 extending thereover as indicated in FIG-
URES 3 through 5. The base plate 246 is provided with
a plurality of protrusions 254 which extend toward the
cover 252 and provide indentations 256 on the side of
the base plate 246 opposite the cover 252. The protru-
sions 254 extend toward the walls 25¢ and 248, but are
spaced from the walls by a sufficient distance to accom-
modate the chassis of the radio frequency section 16 and
output seciion 12, and the vacuum tubes associated with
these chassis extend over and in adjacency to the pro-
trusions 254.

A sleeve 258 of electrically conducting material of high
thermal conductivity is secured to each of the protrusions
254 and is disposed about the envelope of each of the
vacuum tubes. The sleeves 258 may be riveted or bolted,
for example, to the protrusions 254, and serve the pur-
poses of electrically shielding the vacuum tubes, anchor-
ing the vacuum tubes to the base 246 to withstand shock
and vibration, and conducting thermal energy from the
tubes to the base 246. The indentations 256 increase the
surface immediately adjacent to the protrusions to facili-
tate transfer of heat from the housing 244 by radiation
and convection.

The chassis 18 and 12 are formed of two L-shaped
portions 253A and 259B which are mounted together to
form a rectangular closed unit. The portions 259B are
disposed parallel and adjacent to the wall 248 or 250 and
provide substantially greater electrical shielding in com-
bination with the wall than the chassis would afford alone.

It is to be noted that the rotatable shafts of the tuning
capacitors 80, 46 etc. employed in conjunction with the
resonators 70, 36, 98 etc. extend from the radio frequency
chassis 10 between the protrusions 254 of the base 246.
These shafts, designated 266, are thus accessible from the
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exterior of the housing when the cover 252 is removed,
and the resonators are positioned between the vacuum
tubes and in alignment with the capacitor shafts. This
construction results in optimum utilization of space and
optimum electrical shielding to prevent instability.

The construction of one of the resonators 36 is best
illustrated in FIGURE 6. This resonator has a shell 38
coaxially surrounding rod 46, as stated above. The rod 49
is provided with an axial channel 262 which terminates
in an aperture 264 in a cap 266 which is secured to the
end of the shell 38. The coaxial capacitor 42 has an outer
ring 268 which is secured and electrically connected to
the opposite end of the shell 38, and a central button
270 is secured to this end of the hollow shaft 46 opposite
the cap 266. The hollow rod 4@ is provided with perfo-
rations 272, and an epoxy foam 273 fiils the region be-
tween the rod 40 and the shell 38 and the channel 262
within the rod. The epoxy foam of closed cellular con-
struction is forced through the aperture 264 into the rod
40 and through the perforations 272 to the region between
the rod 40 and the shell 38. The epoxy foam is selected
for the purposes of hermetically sealing the resonators and

preventing humidity conditions from developing therein. -

Further, the epoxy foam prevents changes in the electrical
characteristics of the resonators with temperatures and
ambient pressure changes, but avoids the mechanical
stresses and strains resulting from ambient pressure
changes exerted upon a sealed unit since the epoxy foam
is not rigid to the same approximation as a metallic seal
but has resilience.

The resonators 36 and 70 are quarter wave length reso-
nant coaxial lines which posses very high Q and are
shortened by the coaxial capacitors 42 and 76. By em-
ploying two such quarter wave length coaxial resonant
lines before the first vacuum tube 38 of the radio fre-
quency amplifier 18, a gain of 9 to 10 decibels is achieved
which results is a transponder of great semsitivity. The
stages 20, 22, 24 and 26 amplify the signals received by
the first resonant coaxial line 7@, and the mixer stage 23
converts the frequency of these signals to the output fre-
guency of the transponder. The stages 160, 162 and 154
are voltage amplification stages, and the stage 166 is a
power output stage which is designed to achieve an output
of at least 2 watts in the particular construction described
herein, The high gain of the radio frequency amplifica-
tion stages 20, 22, 24 and 26 and the mixer stage 28 can
only be achieved by providing excellent electrical shield-
ing. The electrical stability is achieved by use of the
quarter wave coaxial resonators here described, the elec-
trical shielding properties of the housing including the base
248, the impedance of the lossy ferrite beads 220 in con-
junction with the bypass capacitors 222, and the double
shielding which is achieved by means of the chassis and
walls 248 and 250 of the base 246. Further, the short
electrical leads between the quarter wave length resona-
tors, the vacuum tubes, and the tuning capacitors for the
resonators also attribute to the electrical isolation between
stages.

The vacuum tubes 48 employed in radio frequency
stages 20, 22, 24 and 26 are type 5840 tubes in the em-
bodiment described herein, and vacuum tube 94 em-
ployed in the mixer stage 28 is a type 5784WB. The
vacuum tubes employed in the voltage amplification
stages 160, 162 and 164 are type 5702WB, and the
power output stage 166 employs a vacuum tube 2062
of a type 5639WA. These tubes become overheated
when operated in air alone, and it is necessary to provide
forced or auxiliary convection and radiation cooling.
By mounting vacuum tubes on the base 246 of the hous-
ing 244, heat is conducted from the tubes and prevents
overheating. Further, the housing 244 itself is provided
with a sufficient surface area to dispose of all necessary
heat by radiation alone, although in practice the housing
is generally mounted on the frame of a drone to aid in
the removal of heat therefrom. The temperature con-
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trolled oven, being located between the radio frequency
chassis 10 and the output chassis 12, utilizes the heat
generated by these chassis fo aid in maintaining the
constant temperature necessary for the crystal of the
oscillator 14,

From the foregoing disclosure, those skilled in the art
will devise modifications and improvements upon the
devices here disclosed which are within the intended
scope of the present invention. It is therefore intended
that the scope of the present invention be not limited by
the foregoing disclosure, but rather only by the appended
claims. T

“1. An electronic device comprising a housing having a

plate shaped base with two integral spaced walls extend-
ing from the base and a cover enclosing the walls and
abutting the base, said housing being constructed of
material having high thermal and elecirical conductivity,
an oven mounted on the base between the walls con-
taining a temperature controlled heat source, electronic
circuit components connected in an electrical circuit and
including thermionic vacuum tubes mounted on the base
on the side of each of the walls opposite the oven, said
tubes being snugly mounted within cylindrical sleeves
of thermal and electrical conducting material, said
sleeves being mounted with their axes parallel to the
base of the housing and in thermal and electrical contact
with the base of the housing.

2. An electronic device comprising the elements of
claim 1 wherein the base is provided with an indentation
confronting each vacuum tube, the sleeve of the tube
being mounted on the confronting surface of the indenta-
tion.

3. An electronic device comprising a housing con-
structed of material having high coefficients of thermal
and electrical conductivity having a plate shaped base
with two integral parallel spaced walls extending from
one side of the base, and a cover enclosing the walls and
abutting the base, an oven mounted on the base be-
tween the walls containing a temperature controlled heat
source, a first chassis mounted on the base on the side
of one of the walls opposite the oven and electrically
connected to the base, a second chassis mounted on the
base on the side of the other wall opposite the oven and
electrically connected to the base, a first group of elec-
tronic circuit components mounted on the first chassis
and connected in a radio frequency electrical circuit
including thermionic vacuum tubes extending from the
side of the first chassis remote from the walls parallel
to the base, a second group of electronic circuit com-
ponents mounted on the second chassis and electrically
connected in an electrical circuit including thermionic
vacuum tubes extending from the side of the second
chassis opposite the walls parallel to the base, the tubes
of the first and second chassis being snugly disposed
within sleeves of thermal and electrical conducting ma-
terial, the sleeves being mounted on the base and elec-
trically connected thereto.

4, An electronic device comprising the elements of
claim 3 wherein the base is provided with an indentation
confronting each vacuum tube of the first chassis, the
sleeve of the tube being mounted on the confronting sur-
face of the indentation, in combination with a resonator
mounted on the first chassis and extending therefrom
parallel to the base and between indentations of the base,
said resonator being spaced from the base and electrically
connected to one of the vacuum tubes, and a variable ca-
pacitor mounted on the first chassis between the resonator
and the base having a shaft extending from the chassis
confronting the space between adjacent indentations.

5. An electromagnetic device comprising the elements
of claim 3 in combination with a shield mounted on each
of the chassis between the chasssis and the confronting
wall, said shield being electrically conducting and electric-
ally connected to the chassis and the base.

6. An electronic device comprising the elements of
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claim 3 wherein the electronic components of the first
and second chassis are electrically connected to a power
source, in combination with a plurality of spaced ferrite
beads disposed about the electrical conductor between the
power source and the components, said ferrite beads ex-
tending around the conductor.

7. A radio frequency transponder comprising a housing
constructed of material having high coefficients of thermal
and electrical conductivity including a plate shaped base
with two parallel integral spaced walls extending from one
side of the base, and a cover enclosing the walls and abut-
ting the base, an oven mounted on the base between the
walls containing a temperature controlled heat source and
a vibratory crystal, a first chassis mounted on the base
on the side of one of the walls opposite the oven and elec-
trically connected to the base, a second chassis mounted on
the base on the side of the other wall opposite the oven
and electrically connected to the base, a first group of
electronic circuit components mounted on the first chassis
comprising a radio frequency amplifier, and including
thermionic vacuum tubes extending from the side of the
first chassis remote from the walls parallel to the base, a
second group of electronic circuit components mounted on
the second chassis and electrically connected in an elec-
trical circuit comprising an oscillator, a radio frequency
mixer and voltage amplifier including thermionic vacuum
tubes extending from the side of the second chassis op-
posite the walls parallel to the base, the tubes of the first
and second chassis being snugly disposed within sleeves of
thermal and electrical conducting material, the sleeves be-
ing mounted on the base and electrically connected there-
to, the crystal of the oven being electrically connected to
the oscillator of the second chassis and the oscillator being
electrically connected to the radio frequency mixer,
whereby radio frequency signals amplified by the circuits
of the first chassis are mixed in frequency with the radio
frequency signals of the oscillator and amplified by the
circuits of the second chassis.

8. An electronic device comprising a housing con-
structed of material having a high coefficient of thermal
conductivity including a plate shaped base with a wall
extending normally from one side thereof, and a cover
mounted on the base and enclosing the wall, an oven
mounted on the base on one side of the wall containing a
temperature controlled heat source and a crystal, a chas-
sis mounted on the base on the side of the wall opposite
the oven and electrically connected to the base, a group
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of electronic circuit components mounted on the chassis
and electrically connected in an electrical circuit compris-
ing an oscillator including thermionic vacuum tubes ex-
tending from the side of the chassis opposite the wall paral-
lel to the base, the tubes being snugly disposed within
sleeves of thermal and electrically conducting material
and the sleeves being mounted on the base and electrically
connected thereto, the crystal of the oven being electrical-
1y connected to the oscillator of the chassis.

9. An electronic device comprising the elements of
claim 8 wherein the base is provided with a protrusion
adjacent to each vacuum tube and extending toward said
tube, the sleeve of each tube being mounted on the sur-
face of the protrusion.

10. A radio frequency amplifier for use in a transponder
comprising a housing constructed of electrically conduct-
ing material having a high coefficient of thermal conduc-
tivity including a plate-shaped base, a chassis mounted on
the base and electrically connected thereto, a group of
electrical circuit components mounted on the chassis and
electrically connected in a radio frequency amplifier cir-
cuit including a plurality of thermionic vacuum tubes
mounted on the chassis and extending from a side thereof
generally parallel to the base, an electrically and thermal-
ly conducting sleeve snugly disposed about each of the
plurality of vacuum tubes in thermal relation therewith,
each of said sleeves being mounted on the base and in
thermal and electrical communication therewith.

11. Aradiofrequency amplifier comprising the elements
of claim 10 wherein a resonator is mounted on the chassis
adjacent to each of said plurality of vacuum tubes and
electrically connected to said tube.

12. The radio frequency amplifier for use in a trans-
ponder comprising the elements of claim 10 wherein the
plate-shaped base is provided with a protusion confronting
each of the plurality of thermionic vacuum tubes and each
sleeve is mounted on the protusion confronting the vac-
uum tube of said sleeve.
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