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James L. Lawson, Cainbridge, Mass., assignor, by
mesne assignments, te the United: States of:
America as represented by the Secretary of the

Navy
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(CL 250—13)
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1

This invention relates t0 radio transmitting
and receiving systems in-which a transmitter and
a receiver are operated in connection with a comi-
mon antenns - system, aand particularly to such
systems in which an electrical breakdown dis-
charge switching apparatus; such as those de-
scribed in my copending  applications, Serial
479,662 filed March 18, 1943 and entitled, “Pro-
tection of Receivar Against Overload,” and Serial
No. 492,062 filed June 24, 1943 and entitled, “Radio
Transmit-Receiving Systent and- Method -of Ad-
justing the Same,” issused for short eircuiting the
receiver input during periods of trarsmission.

The protection afforded to-the receiver in such
a system by an- electrie breakdown discharge de-
vice placed across its input.is net complete he-
cause the electrical breakdown does not result
in an absolute. short circuit af the breakdown
gap, but instead there is-a definite voltage across
the gap. Sinee the practical type of electrical
breakdown switches employed utilize a resonator
which acts as a transformer, as explained in one
of the said copending applicdations, the voltage
appearing across the receiver input is not as high
as that-across the gap. Nevertheless, the volt-
age of the disturbance appearing in the receiver
input line as a result of the hreakdown discharge,
even though considerably downwardly trans-
formed by the resonator of the discharge ap-
paratus, may be sufficiently appreciable to make
additional protection of the receiver input de-
sirable.

I have found that the degree of protection af-
forded by electrical breakdown switches in trans-
mission: and reception systems employing g single
antenna system - for- transmission and recestion
varies & great deal with the elsectrical line length
between the electrical breakdown switch ard the
receiver input. Not only is it possible, accord-
ing to this invention, to increase the degree of
protection greatly by a proper adjustment of this
electrical line length, as hereinafter described,
but it is also to be noted that ighorance or disre-
gard of the principles of this invention may re-

sult in an apparatus with an unfavorable line -

length between the electrical breakdown dis-
charge device and the receiver input which greatly.
reduces the protective effect which would nor-
mally be expected from the electrical breakdown
device. It is an object of this invention to im-
prove the degree of protection against overload
which can be provided for a receiver employed in
a radio transmitting and receiving system em-
ploying a common antenna for trahsmitting and
receiving, thereby increasing the service life of
sensitive receiver components and making pos-
sible the use of more sensitive receiving.appa-
ratus. It is a further object of this invention

to provide means for obtaining a maximum pro-.

tection against overload for a receiver of given
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input characteristics provided with an electrical
hreakdown device of given characteristies.

Some of the possible arrangements for carry-
ing out this invention are illustrated in the draw-
ing, in which

Fig. 1 is a block diagram showing a type:of
system in’ which the invention finds its. chief
utility;

Fig. 2 shows in cross section an arrangement
of apparatus for the realization of the advantages
of this invention;

Fig. 3 shows, also il cross section, ancther pos-
sible arrangement of apparatus which embodies
the invention, and

Fig: 4'is a cross section of ah adjusting device
which may be used in a modified form of ap-
paratus-of the general type shown in Fig. 3.

The block diagram, Fig. 1, shows the gétieral
location of the chief components.in a typical Sys~
tem for transmitting and receivitig with-4n an-
tenna system which is common to the transmitter
and receiver. Such systems are particularly use~
ful in high-frequency radio écho- detection: and
location service where- highly directive antenmna
systems are usually employed dnd the antenna
systems are usudlly movable for exploring in dif-
ferent directions, so that great ecoromy of equip-
ment and saving eof space and weight can be ef-
fected by using a single antenna system for
transmission and reception. ,

In Fig. I the transmitter and receiver are shown
in-a general way by large rectangles. The an=
tenna system is shown &t {, the curved line 2
being representative of the usual parabolic re-
flector used in a- directive antennsa system ops=
erating at very high frequencies. The wave guide
3 is a linear transmission means, such as g co=
axial transmission line or a-hollow pipe of cori=
ducting material, for transferring high-frequency
electromagnetic energy along its length. The
lines 4 and 5 are likewise- linear transmission
means of the same character for transmitting -
energy from the antenna towards the receiver.
The line 4 at one of its extremities forms a-juric-
tion 6 with the line 3 so that the antenna { is
effectively connected for interchange of high-
frequency electromagnetic oscillatory energy with
both the transmitter and the-reeceiver. Between
the lines # and 5 is inserted an- electrical break-
down switch 7 which is designed to effect; to a
large extent, an interruption of the transmission
line connection between the receiver and the line
3 during periods when the transmitter is in op-
eration by’ permitting an electrical breakdown
discharge to be set up by the oscillations trans-

-mitted by the transmitter, as more fully described

in my aforesaid copending applications.

It is the transmission line 5, between the elec~
trical breakdown switch 7 and the receiver, the
length of whichi I have now found to have an
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important effect upén the mount of oscillatory
energy which reaches the receiver while the
transmitter is in operation and the switch 7
is functioning normally. The reason for this
effect of the length of the fransmission line &
appears to lie in the fact that the input of the
receiver, particularly if the inpubt circuit in-
cludes a crystal detector, such as a silicon crys-
tal, exhibits an impedance which varies non-
linearly with the current therethrough. Thus
when the reeceiver input circuit is properly
matched to the impedance of the line § under
low current conditions such as usually prevail
during reception, the occurrence of larger cur-
rents during periods of transmitter operations
on account of energy leaking through the elec-
trical breakdown switch 1 will cause the receiver
input to be appreciably mismatched to the line
5. 'Such mismatch will result in the formation
of standing waves in the line 5, and the accepi-
ance of energy by the system comprising the
line 5 and the receiver input circuit will be
largely determined by the phase of the standing
waves at the end of the line 5 where it is con-
nected to the electrical breakdown switch 7.
For certain line lengths of the line 5 the phase
of the standing wave will be such that increas-
ing mismatch at the receiver input will result
in an increased tendency to accept energy from
the breakdown switech 7, thus increasing the pos-~
sibilties of damage to the receiver from energy
passing through the electrical breakdown swiich
7. This will greatly reduce the effectiveness of
the electrical breakdown switch. In electrical
breakdown switches there will always be some
energy passing oh to the receiver because of the
voltage occurring across the breakdown gap, and
indeed, for low and medium power transmitters,
at least, the voltage passed on to the receiver is
almost independent of the transmitter power
but depends instead upon the characteristics of
the electrical breakdown switch T and in partic-
ular upon the nature of the discharge gap. The
discharge device may be regarded as a constant
voltage generator (that is, a generator with a
low internal impedance); consequenily, the
power it delivers to the load depends chiefly on
the impedance of the load, being great when a
low impedance is presented across the output
of the breakdown device. If now the lensth of
the standing wave upon the line 5 is such that
a relatively large energy will be accepted for a
given voltage appearing at the switch 7, then
more energy will be taken from the line 4 and
the apparatus T and passed on to the receiver
than would be passed if the length of the stand-~
ing waves on the line 3 were such as to inhibit
the acceptance of energy by the line 5 and re-
ceiver input, although the voltage at the elec-
trical breakdown gap in these two cases might
not be very different.

When the input stage of the receiver is a crys-
tal mixzer circuit or, in general, a crystal de-
tector circuit, inereased current through the
¢rystal will reduce the impedance of that ele~
ment. Thus if the crystal circuit is matehed to
the line under receiving conditions, a rise of
crystal curremb during periods of transmiter
operation will result in the receiver input hav-
ing an impedance lower than the characteris-
tic impedance of the line, so that the standing
waves set up in the line will be those of the
type set up by a short circuit in the line (that
is, there will be a voltage node of the standing
wave pattern at the crystal. Therefore, if the
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line 5 is coupled to the electrical breakdowrn
switch 7 at a low impedance point of a reso-
nator associated with the electrical breakdown
switeh, which is usually done in order that the
gap voltage may be downwardly ftransformed
between the electrical discharge gap and the
line 5, a minimum of energy acceptance by the
system comprising the line 5 and the receiver
input can be obtained by making the electrical
length of the line § from the non-linear ele-
ment of the receiver input to the coupling ar-
rangement between the line 5 and the electri-
cal breakdown switch T very nearly equal to an
odd number of quarter wave lengths of the os-
cillations in question. The theoretically pre-
seribed electrical length for the effect sought in
accordance with the invention, however, refers
to the length from the sensitive point of the
crystal. The electrical length in the ecrystal
cartridge and in the mixer resonator, if one is
used, may be difficult to calculate or measure.
There is alse some “end effect” at the other end
of the line § on acecount of loading (usually in-
ductive) inherent in the coupling between the
line 5 and the device 1, though this effect is
not usually large. Consequently, the desired ad-
justment of the line § is most conveniently made
by standing wave measurements or by other
measurements determinative of the phase of the
standing waves in the line 5 where the line §
is connected with the device 7, as hereinafter
more particularly described.

If a receiver input should be used the imped-
ance of which increases with overload, then upon
overload the standing wave in the line 5 would
exhibit a volfage antinode at the receiver end
and consequently the desirable length of the line
5 from such a receiver input to a low impedance
output end of the breakdown device T would be
approximately an integral number of half-wave
lengths of the oscillations in question instead of
an odd number of quarter-wave lengths. This is
chiefly a matter of academic interest, however,
for the receiver inputs used in practice almost
universally exhibit a decrease of impedance upon
overload, when they exhibit any non-linear effect
at all.

Two illustrative arrangements of apparatus
forming part of systems of the general type
shown in Fig. 1 and adapted for the application
of this invention are shown respectively in Fig. 2
and Fig. 3. The arrangement of Fig, 2 illustrates
the use of the inventfion in a system employing
transmission lines of the coaxial conductor tyre
for transferring energy from one component of
the system to another. The arrangement of Fig.
3 illustrates the application of the invention to
a system in which metallic hollow pipes are used
for guiding the oscillatory energy from one part
of the system to another.

Referring to Fig. 2, the transmission line be-
tween the transmitter and the antenna system,
corresponding to the transmission line 3 in Fig.
1, is shown at 19, with an inner conductor ¢f and
an outer conductor {2 in the usual coaxial form.
The elements i3 appearing at various parts of
the system are spacing discs made of insulating
material. Another transmission line i4 having
an inner conductor 15 and an outer conductor 16
forms a junction with the transmission line {9 at
the point {1. At its other end the transmission
line 14 is coupled by means of a loop {8 tc a
resonator 19 forming part of an electrical break-
down device and provided with a gap 20 adapted
to permit an electrical breakdown discharge to
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take place while the transmitter (not shown on
Fig. 2) is in operation. As pointed out in my
said copending application, the electrical length
of the coaxial transmission line {4 should ap-
proximate an odd number of quarter wave lengths
of the transmitted oscillations, in order to miti-
- gate interference with transmission of power to
the antenna.

The resonator {9 is of generally toroidal shape
and may be provided with a tuning adjustment
(not shown) located on its outer surface at some
poing conveniently spaced from coaxial line cou-
plings and other obstructions. The electrical
breakdown device of which the resonator 19 forms
a part is provided with a -glass envelope 21 sealed
to the metal wall of the resonator 19 for the pur-
pose of maintaining a partial vacuum in and
around the electrical discharge gap 28. An elec-
trode 22 is also provided within the glass envelope
21 and near the discharge gap 26, although not
within the oscillating field of the resonator {9,
upon which electrode a steady electrical potential
may be impressed with respect to the resonator
18 and its associated structure, in order to main-
tain a Iow but constant degree of ionization in
the neighborhood of the gap 28 so that prompt
breakdown is promoted in the gap 25 upon the
commencement of transmifter opersgtions. A
housing 23 is also provided for convenience of
support and installation and for protection of
the resonator 19 and the glass envelope 2{ from
mechanical shock. This housing is preferably
made of metal in order that it may also act as
an electrical shield about the discharse taking
place at the gap 26. An output transmission line
25, which like the transmission line 44 has a co~
axial configuration, is coupled to the resonator
18 by means of a loop 28. The transmission line
25 leads oseillatory energy from the loop 26 to a
receiver input stage, here shown as a crystal
mixer apparatus 27. Between the loop 26 and
the crystal mixer apparatus 27 two bent sections
of line 28 and 29 are inserted in order to accom-
modate a U-shaped section of line 28¢ provided
with extremities adapted to form sliding joints
with the sections of line 28 and 29. The U-
shaped section of line 29 may be descriptively
termed a “trombone section” or “line-stretcher.”
By sliding the trombone section 2§ axially with
respect to the extremities of the section 28 and
29 engaged therewith, the. electrical line length
between the loop 26 and the mixer apparatus 27
may be varied in corder that the optimum length
for protection of the crystal element of the mixer
apparatus 27 may be obtained as described in
connection with Fig. 1.

The crystal mixer apparatus 27 comprises a
resonator which includes a eylindrical shell 80,
a cover plug 3! which is adjustable for tuning
purposes and.a central cylindrical post 32. This
resonator may be regarded or analyzed either as
a resonant cavity or as a capacity loaded resonant
section of coaxial conductor transmission line.
The outer conductor of the line 25 is. connected
with the cylindrical shell 30 and the inner con-
ductor of the line 25 is brought into the cavity
of the resonator and is terminated by a disc 33
which is positioned quite close to the post 32,
whereby a coupling condenser is constituted.
Oscillatory energy transmitted by the transmis-
sion line 25 is able to excite the resonator of the
crystal mixer apparatus 27. Tn a similar manner
the output of a local oscillator (hot shown) is
coupled to the resonator of the crystal mixer ap-
paratus 27 by means of a disc shown at 34, It
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is usually desirable to couple the local oscillator
more loosely to the apparatus 27 than the cor-
responding coupling between .the line:25 agnd the
apparatus 27, since the signal voltage is. usually
lower than the local oscillator voltage -and it is
desired to inhibit the transfer of signal energy
from the line 28 to the local oscillator, which
might result in undesired losses.

In the crystal mixer apparatus 27 the.ecrystal
(not shown) is supported at one end in a clip 35
and at its other end by a suitable arrangement
to the outer wall of the cylindrical shell 38 (not
shown). The particular form of mixer apparatus
shown at 27 has the central post 32 of the resona~-
tor constructed in a composite form with an outer
conducting shell separated by insulation 36 from
an inner post 37, also of conducting material,
upon which the clip 35 is supported. The inner
and outer conducting parts of the post 32 are,
because of the narrow clearances between them,
capacitively coupled, so that a resultant oscil-
latory voltage induced by the discs 34 and 33 and
appearing in the resonator circuit which includes
the post 32 will be impressed across the crystal.
Part of the inner conducting post 37 is cut away
and a cylinder of insulating material 38 inserted
therein in order that the element 31 might. em-
body a choke which: . would prevent radio fre-
quency energy from going into. the intermediate
amplifier. . The ungrounded end. of the- inter-
mediate frequency amplifier is connected to the
extremity 38 of the element 37. Other forms:of
mixer apparatus could of course be used in a
system such as that of Fig. 2.

If a crystal mixer is used in an input stage.of
the receiver, as for example in Fig. 2, the crystal
should be so loeated (e. g. by adjusting input line
length) that when the crystal current rises.and
approaches the assumed safe limit for reasonable
crystal life, the impedance presented to the re-
sonator 18 at the loop.26.should be high, so that
the line 28 tends- to. accept less energy. It is
therefore desirakle that the crystal be either
matched to the line or mismatched in such a
fashion that overload will inerease the mismatch,
the  direction: of miismateh desired being the
“short-circuited termination” type. in the case of
crystals which reduce their impedance upon over-
load. Exact matching of the crystal to the re-
sonator and line system is to be desired for ob-
taining maximum response to an incoming sig-
nal- during: reception; but for purposes for in-
suring adequate protection of the crystal during
periods of transmission it. may be advisable to
provide a slight amount. of mismateh in the
above-mentioned sense. In the crystal mixer of
Fig. 2 the matching of the crystal may ke varied
by varying the location of the clip 35 longitu-
dinally of the post 32. In the apparatus of Fig.
3, which is about to be described in detail, ad-
justments are provided for matching the particu-
lar crystal employed to the input circuit or for
introducing any desired degree oi mismatch for
additional crystal protection gt the expense of a
small amount of receiver sensitivity.

In Fig. 3 is shown an arrangement of apparaius
for carrying out the present invention which.is
particularly adapted for transmitting and receiv-
ing systems in which hollow. pipe wave guides
are used for the transfer of oscillatory energy
from one part of the system to another. Such
an arrangement is consequently of particular
utility at the shorter wave lengths and in appara-
tus where high transmitter power is employed.
The hollow pipe wave guide. leading. from . the -
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transmitter to the antenna system is shown at
50. This and the other wave guides of the sys-
tem are usually provided in rectanguiar form,
although cylindrical wave guides could alsc be
used, because the rectangular form of wave guide
gives good control over the polarization of the
transmitted waves. A branch wave guide §i
forms a junction with the wave guide 83 at B2.
The various wave guides in Fig. 3 are shown in
a section paraliel to the direction of the electric
vector, which is to say, in accordance with wave
guide design practice, they are shown in a lon-
gitudinal section parallel to the shorter wall of
the wave guide. The junction 52 is therefore one
of the type known as an “electric plane” junc-
tion. It is to be understood that a “magnetic
plane” junction could also be used, in which case
the axis of the wave guide 58 would have a direc-
tion perpendicular to the plane of Fig. 3 and the
junction 52 would open into a narrower wall of
the wave guide 58 instead of into one of ifs
broader walls.

The wave guide &1 leads to an automatic elec-
tric breakdown discharge device 53 provided with
a resonator 54 having a discharge gap 55. This
device has the same function as the apparatus
inside the housing 23 of Fig. 2. In this par-
ticular form of device the resonator 54 is pro-
vided with a fiexible wall 56 which permits ad-
justment of the dimensions of the gap 55 and
consequently of the resonant freguency of the
device by means of a rod 57 and a screw thread
adjustment 58. Coupling between the input and
output wave guide and the resonator $4 is pro-
vided simply by holes in the resonator walls
which close off the respective wave guides, which
coupling holes are provided with sealed-in glass
windows 59 for the purpose of maintaining a
partial vacuum in the resonator 84. The par-
tial vacuum is originally established through an
exhaust tube 60, which is sealed off, as at 61,
after the evacuation. The exhaust tube also
serves for the support of a “keep alive” electrode
62 having the same function as the electrode
22 of Fig. 2. A small glass bead 63 is mounted
on the electrode 62 to prevent accidental short-
circuiting of the electrode voltage and to assist
in centering the electrode in the structure.

In order to reduce dissipation of transmitier

power of the gap 55 the length of the wave ;

guide 51 should be properly adjusted. As pointed
oub in my said copending application the length
of the wave guide 51 indicated on ¥Fig. 3 by the
dimension ¢ should closely approximate an even
number of half-wave lengths for best results,
with a small adjustment (usually shorfening
the length slightly from that just prescribed)
on account of the loading effect of the coupling
aperture between the wave guide Bl and the
resonator 54. It will be noted that the proper
length of a holliow pipe wave guide between a
wave guide junction and an electrical break-
down switch differs from the desirable length
between a coaxial conductor line junction and
an automatic electrical breakdown switch, as is
pointed out more fully in my above referred-to
companion application.

The resonator 54 is coupled through the other
of the windows 59 to a wave guide 65 leading
towards the receiver input. In the apparatus
of Fig. 3 the function of the resonator appara-
tus 27 of Fig. 2 is performed by the end por-
tion of the wave guide 60 in the neighborhood
of the crystal 66, which portion is caused to act
as a resonant section of wave guide, the char-
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acteristic impedance of the non-resonant part
of the wave guide 65 being matched to the res-
onant section of wave guide which includes the
erystal, by means of a suitably located loading
capacitance as hereinafter described. Such
apparatus may be said to function as a resonant
transformer between the crystal and a non-
resonant transmission means. This view is only
accurately descriptive when the impedances of
the system are fairly well matched by the ar-
rangement, for otherwise the transmission means
connected to the “transformer” will have stand-
ing waves and will not act as a non-resonant
line.

The crystal 66 which operates as a first or
heterodyne detector is located between a eclip
g6a and an adjustable screwcapped recess 67,
thus being essentially across the wave guide 65.
The crystal 66 is shown in the form of a cartridge
of the type commonly used for mounting micro-
wave detector erystals, which contains the usual
silicon crystal, ‘“cat’s whisker” wire and elec-
trical connections, the structure being sealed in
wax and enclosed in an insulating structure
having terminal contact caps. This form of
structure is adapted to preserve the crystal con-
tact adjustment against disturbance from shock.
The clip §6a is hollow in order to receive the
crystal and is provided with slots such as those
shown at 88 in order to provide spring action
for better contact with the crystal. The clip
§8a is insulated from the wave guide structure
by a large insulating plug 69 and a thin insulat-
ing washer 70. A direct connection is made
from the clip 66a to the ungrounded side of the
input of the intermediate frequency amplier of
the receiver (not shown), the electrical connec-
tion being effected by means of the rod Ti and
the wire 72. Although for purposes of clearer
illustration the washer 70 appears on the draw-
ing as having a substantial thickness, in fact
this washer in practice is extremely thin and
may for instance bes made by stamping out of
polystyrene tape of a thickness of only. five
thousandths (.005) of an inch.

The close approach of the structure T{ to the
structure 73 across the thin polystyrene washer
79 provides a by-pass condenser across the in-
termediate frequency amplifier input which by
its fillering action tends to prevent any signal
or local oscillator frequency currents which may
reach the neighborhood of the washer 70 from go-
ing on toward the intermediate frequency ecircuits.
The by-pass capacitance so provided is too small
to have any appreciable effect upon the inter-
mediate frequency output of the mixer stage.

Although the by-pass capacitance just de-
scribed can serve to filter the intermediate fre-
quency output of the mixer it is too far from the
crystal to provide the short and direct signal fre-
quency connection desired between the end of
the crystal cartridge engaged in the clip 66a and
the wave guide wall. The latter effect is ob-
tained by surrounding the clip 66a by a resonator
such that a short circuit for such frequency ap-
pears by “reflection” at the crystal end of the
clip, which is to say that the resonator presents
an extremely low impedance between the clip and
the wave guide wall for its resonant frequency.
Such a resonator may be designated as a “by-pass
resonator.” The special form of resonator used
for radio frequency by-passing is formed by pro-
viding a circumferential space about the clip 66
and dividing that space by a flanged cylinder 14,
the flanged end of which forms part of the wave
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guide wall 65 and is in good electrical contact with
the structure 73. As shown on Fig. 3 this results
in providing a eylindrical space -which at a cer-
tain distance from the point where it opens up
into the wave guide is folded back on ifself and
terminates in a closed end at 15. The point where
this space or cavity is folded back on itself is
made to approximate very closely a quarter-
wave length of the oscillations of microwave fre-
quency upon which the device is to operate, which
is to say that the dimensions shown at b on Fig.
3 should approximate a quarter-wave length of
such oscillations. The closed end of the cavily at
75 will then “appear” at the mouth of the cavi-
ties which surround the extremity of the clip 65¢
as a very low impedance, practically a short cir-
cuit, since the mouth is spaced electrically a half-
wave length away from the closed end 75. In ad-
dition the configuration of this by-pass resonator
is such that the nature of the electrical insula-
tion hetween the rod 71 and the structure 73 at
points beyond the folded end of the resonator-be-
comes quite immaterial to the radio frequency op-
eration of the crystal circuit. ‘As a result of the
operation of the by-pass resonator the crystal is
effectively, for the microwave frequencies in ques-
tion, connected directly across the wave guide §5.

The end of the wave guide 65 beyond the crys-
tal location is closed off by a conducting plug or
plunger 16. This plunger 76 is provided on its
upper and lower faces with by-pass resonators
such as those just described in connection with
the clip 68a. Since the configuration of the wave
guide is, as in the usual case, rectangular, and
since the by-pass resonators.are in such a case
useful only between the plunger and the broader
sides of the wave guide (the electric vector being
perpendicular to the broader side), the by-pass
resonators are rectangular in configuration inthe
case of the plunger 76 instead of cylindrical as
shown in connection with -the clip 68a and the
structure 78. The by-pass resonators are shown
in the plunger 16 at 71. As.in the case of the by-
pass resonator in the structure 73 surrounding the

clip 88, the dimension marked b’ on Fig. 3 should ,

closely approximate one quarter of -the wave
length of the oscillations in: question. When con-
structed as described the plunger 76 acts to.close
off the wave guide §5 at the plane of its front sux-
face 8 with the practical effect of a perfectly con-
ducting terminating wall, irrespective of the gqual-
ity of the contact between the plunger 76 and the
wave guide §8 rearwardly of the by-pass resona-
tor 17.

Motion of the plunger 16 in or out of the wave
guide 88 will change the pattern of the standing
waves produced as a-result of reflection of oscil-
lations from the termination of the wave guide
at the surface 18, so that by adjustment of the
position of the plunger 76 the impedance of the
oscillating system at the point where the crystal
is connected across it may be made to match the
impedance of the crystal or to correspond to
some slightly higher value, providing the factor
of safely against overload as -previously de-
scribed in the discussion of the system of Fig. 2.

In order that the resonant end portion of the
wave guide 45 whieh includes the erystal and its
asseciated structure may be coupled to the signal
input for maximum energy transfer of the re-
ceived signal during periods when the trans-
mitter is not operating, whieh requirement usu-
ally correspends to the .requirement that there
shall be nc standing waves in the portion of
the wave guide §5 immediately adjacent to the
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electrical discharge device ‘53, two adjustable
capacitance loading devices 88 and 8{ are pro-
vided in the wave guide 65 at particular locations
between the crystal position and the electrical
discharge device 53. Because crystals usually
differ quite ‘widely from each other in radio fre-
quency impedance, a sufficiently wide range
matching adjustment for practical use cannot
be made with a single adjustable capacitance at
a fixed location. A single adiustable matching
capacitance such -as the structure 8{, 83 could be
mounted in a fashion permitting it to be slid
longitudinally along the wave guide 65, which

.could -be suitably-slotted for the purpose. I pre-

fer, however, to provide two adjustable matching
capacitances, separated by a distance equal to a
quarter wave length -of the oscillations in the
guide (as indicated by the dimension ¢ on Fig. 3),
so that if a suitable maich cannot be obtained
with any adjustment of one of the capacitances,
it is practically certain to be obtainable with
some adjustment of the other adjustable capaci-
tance. One of the adjustable capacitances is

thus preferably -kept flush with the wave guide

as shewn by the position of the capacitance
screw 88.

The -capacitance loads 88 and 8! are essen-
tially screws protruding into the wave guide 65
at suitably selected points. The structures 82
and 83 in which the screws 88 and 81 are re-
spectively threaded and which are in electrical
contact with the wall of the wave guide 65 are
provided with by-pass resonators similar to those
previously described in connection with the
structure 73 and in connection with the
plunger 18, which here serves the function of
establishing an effective radio frequency connec-
tion directly between the screws 80 and 8f and

+the immediately adjacent portion of the wall of

the wave guide 5. Thus a good radio frequency

- electrical contact is maintained at the desired

point between the capacitance load and the wave
guide wall, irrespective of the quality of elec-
trical contact occurring at the screw threads as-
sociated with the capacitance loading devices.
This is a great:advantage since the electrical con-
tacts at such screw threads are often uncertain
and -sparking might otherwise cccur. The by-
pass resonators in this case have a cylindrical
configuration, similar to that of the by-pass
resonator associated with the structure 73 sur-
rounding the crystal clip 8. As before, the di-
mension of these resonators marked on Fig. 3
as b should closely approximate one quarter of
the wave length of the oscillations in question.

‘The distance between the axis of the crystal
68 and the nearer matching screw 8{, shown on
Fig. 3 by the dimension d, is not critical within
wide limits, since variations therein can usually
ke compensated by adjustment of the particu-
lar matching screw which is used. Distances less
than one-half wave length are to- be preferred
in order to minimize frequency sensitivity. It
is to be noted that the continuation of the wave
guide 68 beyond the crystal 66 and the ad-
justable terminatic 78 in effect constitute a
variable admittance across the wave guide 65 at
the crystal position. The tuning screws 88 and
§1 likewise constitute variable admittances across
the wave guide 65. The adjustment of the ter-
minating wall 8 and of one of the screws 89, 81
‘may be performed in accordance with the prac-
tice relating to “double stub” tuners for the pur-
vose of matching the impedance of .the crystal

5 %o the characteristic impedance of the wave guide
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65. Also in accordance with the practice in con-
nection with double stub tuners, a spacing be-
tween the variable admittances of approximately
three-eighths wave length is preferred, so that
the distance d indicated on Pig. 3 between the
crystal axis and the axis of the tuning screw 81
is preferably made approximately three-eighths
or one-third wave length. 'This dimension may
be varied rather widely, however, the only limi-
tation being that a spacing between the crystal
axis and one of the tuning screws equal to a
half wave length would make the tuning screw in
question useless, since a double stub tuner with
one-half wave spacing between stubs would re-
quire stubs capable of adding infinite susceptance
in order to fulfill its purpose, a condition which
cannot generally be met in practice.

The matching arrangement comprising the
adjustable closure 78 and the adjustable ca-

pacitive loads 8 and 8¢ is somewhat different 2

from the conventional double stub tuner to which
an analogy has just been drawn for the purpose
of illustration and explanation, one of the tuning
stubs being replaced in this case by two tuning
elements, the screws 80 and 8i. It is desirable
to provide two matching screws 80 and 81 as
shown because the variable admittance pro-
vided by a capacitive load has a range corre-
sponding only to a 90° variation in the electrical
length of a tuning stub of a double stub tuner.
In order that the other 90° variation may be
provided in order to complete the 180° of varia-
tion necessary for full control over the matching
of reactances it is desirable to provide a second
capacitive load a quarter-wave length distant
from the first capacitive load. Ordinarily the
maftching adjustment is made by adjusting the
plunger 16 and one of the screws 80, 81, the other
screw being left in a retracted position such as
that of the screw 80 in Fig. 3.

In order that the crystal may function as a
heterodyne detector or mixer it is necessary to
feed to the crystal a locally generated oscillation
as well as the signal picked up by the antenna
system. In the apparatus of Fig. 3 the local
oscillator output is coupled to the wave guide 65
by extending the central conductor 85 of the co-
axial output line 86 of the local oscillator so
that the conductor 85 protrudes into the wave

guide 65 and is thereby adapted to excite oscil- »

lations in the wave guide 85 which will be trans-
mitted along the wave guide to the crystal. In
order to mitigate transfer of energy from the
local oscillator to the resonator 54 and then to
the antenna system and out into space, the loca-
tion of the central conductor 85 where it pro-
trudes into the wave guide 65 is so arranged
that the distance between it and the apparatus
§3 which distance is shown on Fig. 3 by dimen-
sion e, is approximately an odd number of quar-
ter-wave lengths of the oscillations in question,
thus mismatching the oscillator output for trans-
fer of energy toward the antenna and mitigating
undesired radiation.

For the application of the present invention
to the arrangement of apparatus shown in Fig.
3 the apparatus should be so constituted that
the distance between the crystal and the cutput
side of the apparatus 52, which distance is shown
on Fig. 3 by the dimension f, will approximate
an odd number of quarter-wave lengths of the
oscillations in question, subject to allowances for
terminal effects discussed below. In the appa-
ratus of Fig. 3 no arrangement is shown for
~adjusting the dimension f and it is expected that
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the frequency of operation will be sufficiently
well known in advance of manufacture that the
proper dimension f can be incorporated into the
design of the apparatus. If the freguency of
operation is not known to a sufficient degree of
accuracy for the obtaining of a dimension f suit-
able to achieve the advantages of this invention
in the fullest’ degree, mechanical arrangements
could be provided in the portion of the wave
guide 63 adjacent to the apparatus 53 for varying
the wave guide length. Such an arrangement
could be g sliding joint, preferably one provided
with a by-pass resonator as shown in Fig. 4 and
hereinafter described, which would eliminate the
necessity for extremely good electrical contacts.
As in similar casss previously described, the
exact magnitude of the dimension f is subject to
& slight correction which in the case of the ap-
paratus of Fig. 3 would be 2 slicht decrease in
the length f, on account of the loading effect of
the coupling aperture between the wave guide 65
and the resonator §4. This correction is rela-
tively slight and it may bhe estimated by known
methods either through calculation or experi-
mental determination. A more important fac-
tor modifying the actual dimension 7 used in
practice lies in the fact that the erystal cartridge
86 has an appreciable electrical length, which
should be taken info account in any calculation
of the dimension f. The calculation of these ter-
minal effects can be avoided if the dimension f
is determined by direct experiment, such as by
measurement of the standing waves in the wave
guide 65 for different amounts of erystal current.

It is to be noted that the dimensions which
have heretofore been described in terms of wave
lengths are not to be referred to the free space
wave lengths of the oscillations in question, but
rather to the wave lengths of the oscillations in
the structure in gquestion. Where the structure
in question is g wave guide of known cross sec-
tion, the wave length of the oscillations within
the wave guide may readily be calculated by
known formulae and of course it may also be
experimentally determined. 'The wave length in

: two conductor lines is :a.ff,ected by such factors

as the number and kind of spacing insulators.
Formulae for the wave length in various types of
line are well known. The wave length to which
the dimension shown on Fig. 3 as small b refers
is related to a somewhat more complicated struc~
ture, namely, the by-pass resonators above de-
scribed. These resonators operate in the “co-
axial” mode and the wave length is substantially

5 the free space wave length, it being desirable,

however, to make a small allewance for the “end
effect” at the mouth of the resonator in calcu-
lating the length of the resonator. The by-pass
rescnators 17 operate in the rectangular wave
guide mode and the electrical quarter-wave length
dimension b’ should consequently be physically
somewhat longer than the electrical quarter-wave
length dimension b, being almost one quarter of
the wave Jength in the guide 65 (but not quite
that great, becauss of the lesser width of the
resonators 77).

As shown in Fig. 3, the spacing of the elec-
trical line length according to this invention
between the protective breakdown switch and
the receiver input may be provided for in the
design of the apparatus when the apparatus is
intended to be used at a single frequency, with-
out incorporating means for adjusting the said
spacing. If it is desired to incorporate into
apparatus of the general configuration shown
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in Fig. 3 some means for -adjusting the -said
‘spacing in accordance with. changes. in operating
frequehcy, this may be ‘done by providing .a
sliding joint in the pipe wave guide §35,:as above
suggested. A preferred type of sliding joint for
the provision of such an adjustment is illus-
trated in Fig. 4.

In Fig. 4 the two portions of rectangular pipe
wave guide between which the sliding joint is
arranged are shown at 29 and '8! in a cross
section parallel to the electric vector of the
oscillations intended to be transmitted. ' 'The pipe
81 is provided with a widened extremity 82
adapted to fit over the pipe 88 leaving a:small
clearance 93 between the upper and between the
lower walls. Shallow cavities 84 are formed in
the upper and lower sides of the pipe §8 (.-e., its
broader sides) which are covered hy conduct-
ing partitions 85 except for a narrow slot §8
along the forward end of each cavity ¢4, where
the said cavities communicate with the -clear-
ance space 93. The center lines of slgis 9§ are
spaced an- electrical quarter-wave length from
both the end of the pipe 80 and from -the rear
wall of the associated cavity 84. Such electrical
quarter-wave length corresponds approximately
to the dimension b’ on Fig. 3.

The cavities 84 are closed off at the sides by
the lateral walls of the pipe 98 which also pro-
vide support for the cover plates 85. "The plates
85 are preferably soldered onto the pipe wave
guide 0. Beads 87 and 98 are provided on the
wave guide extremities to maintain the clearance
93 between the upper walls and between the
lower walls of the wave guide pipes and to-assure
the absence of electrical contact at points located
between the slots 96 and the immediate neigh-~
berhood of the end of the wave guide 99. The
beads 87 need not be continuous ridges and may
be replaced by simple guide studs near the
corners of the wave guides or at intervals across
the guide walls along a line perpendicular “to
the wave . guide axis.

The cavities 94 cooperate with the clearance
space 93 to constitute by-pass resonators and
to produce the equivalent of a very good elec-
trical contact between the end of the pipe .88
and the wall of the pipe 94 for electric oscil-
lations of frequencies approximately-equal to the
frequency of-operation.

In an apparatus in which the length of the
line between the receiver input and the: electric
breakdown device is adjustable, as for instance
in the apparatus shown in Fig. 2, the line length
best adapted to protection of the receiver against
overload in accordance with this invention may
readily be obtained in accordance with the follow-
ing method. First a signal is tuned in on the re-
ceiver which, although not strong enough to cause
a breakdown -in the protective electrical break-
down device, is sufficiently strong so that some
mismeatch-occurs at the receiver:-input. If the
receiver input is purposely mismatched: for addi-
tional protecticn as above mentioned, any signal
sufficiently strong to be -distinguished can be
used for-this adjustment. The signal in ques-
tion might be provided by a.signal generator
associated with the transmission line {2 or with
the-transmission line {4 or it-might be providad

by a suitable opsration of -the transmitter to °

produce an echo signal at -repeated “intervals
which is of sufficient strength for convenient
performance of the adjustment in question.
When a sighal has been.tuned in on the-receiver

under conditions producing some mismatch at 7
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the receiver input, the line length should be
varied (which in the case of the apparatus of
Fig. 2 would bhe performed by moving the trom-
bone section 29a) until a minimum signal
strength is observed (at the same time varying
the local oscillator coupling, if necessary, to
maintain a substantially .constant crystal cur-
rent). In cases where the adjustment in ‘ques~
tion is an important part of the receiver ‘pro-
tection provided in the apparatus, it is of course
desirable to perform this test with a signal
generator rather than in connection with the
operation of the transmitter of the system, to
avoid overloading ‘the receiver during trans-
mitter operation -at moments ‘when the line
between the protective device and the receiver is
at an unfavorable adjustment.

In practical apparatus of the type in ques-
tion, such, for instance, as the apparatus shown
in Fig. 2, one of the coupling loops of the auto-
matic electrical breakdown device is usually
made adjustable, -which 'adjustment may be
coordinated with the foregoing adjustment -as
follows. After the length of line between the
receiver input and the protective electrical dis-
charge device has been adiusted for minimum
received ~signal, the adjustable coupling in the
electrical discharge device is then readjusted for
maximum received signal. -Since this adjustment
of the coupling may have disturbed the previous
adjustment of the line length, slight readjust-
ment of the line length, again for minimum
signal, might well be made. If the latter adjust-
ment appears to be of substantial proporticns,
the coupling may again be readjusted for mini-
mum signal. "In this fashion the adjustment for
maximum energy transfer upon reception
through the resonator of the electrical discharge
device is coordinated with the adjustment of the
line length between such device and the receiver
input for maximum receiver protection against
overload during transmission.

It has been experimentally found in connec-
tion with this invention that the difference in
power absorption at the crystal during periods of
transmission under conditions of optimum ad-
justment of the distance hetween the crystal
and the electrical breakdown deviee in accord-
ance with this invention and the most undesir-
able adiustment of the aforesaid distance may
amount to as much as ten decibels in the case
of systems. of the general tyse which have been
heretofore manufactured. The adjustment: of
the electrical line length between the receiver
input and -the electrical breakdown device  is
therefore of great importance in.obtaining the
full -benefit of :the capabilities of ‘the electrieal
breakdown device in question.

What I desire to claim and secure by Letters
Patent is:

1. In a high-frequency radio circuit including
a sensitive detecting device which has a non-
linear impedance characteristic with respect to
the current therethrough and. a protective elec-
trical breaskdown device having.low-internsl im-
padanceand an inductively coupled output, trans-
mission means connecking. said output and said
sensitive -detecting device of ‘a length-closely ap-
prozximeating -an odd number of cuarter wave
lengths at the. frequency of operation -of said
cirenit whereby ‘when the current:in said sensi-
tive défecting device: increases beyond a prede-
termined-amount at a.desived frequency: of oper-
ation, the input impedance of said linear frans-
mission means-at the end thereof connected with
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said output changes so as to inhibit acceplance

of energy by said transmission means and said

sensitive device.

2. In a high-frequency radio circuit including a
sensitive detecting device which exhibits a radio
frequency impedance decreasing as current
through said device increases and, coupled to
said device, a protective breakdown device hav-
ing characteristics of a generator with a low in-
ternal impedance, the provision of transmission
means and asscciated coupling means, interposed
between said breakdown device and said sensitive
device, of a length such that the total electrical
length of said transmission means, including said
coupling means, closely approximates an odd
number of quarter-wave lengths at the frequency
of operation of said circuit.

3. In a high-frequency radioc receiving circuit
including a crystal detector and a protective res-
onant electrical breakdown device having an in-
ductively coupled output, a linear transmission
means connecting said output and said crystal
detector of a length approximately egual to an
odd number of quarter-wave lengths in said
transmission means of oscillations of ul‘e frequen-
cy of overation of said circuit.

4. In = high-frequency radio receiving circuit
including a detector element which exhibits &
radio frequency impedance decreasing as cur-
rent through said element increases and a pro-

" tective resonant electrical breakdown device, a
transmission means connecting said deviee and
said detector element of an electrical length be-
tween said device and the sensitive point of said
detector element approximately equal to an odd
number of quarter-wave lengths for the means
frequency of operation of said circuit.

5, In a high-frequency radio receiving circuit
ineluding a crystal detector element which ex-
hibits a radio frequency impedance decreasing
as current through said device increases above a
predetermined normal value and a protective
resonant electrical breakdown device having an
output coupling, transmission means of adjust-
able length connectlng said output coupling of
said device and said detector element and ad-
Jjusted to a length such that standing waves oc-
curring in said transmission means between the
sensitive point of said detector element and said

output coupling when current in said element ;

exceeds said predetermined normal value exhibit

a pattern of an odd number of quarter waves.

6. In g high-frequency radio system for trans-
mitting and receiving over a common anienna,
the ccmbination which includes a protective res-
onant electrical breakdown device having induc-
tive output coupling means, a detecting element
which exhibits radio frequency impedance de-
creasing as current through said element in-
creases and a transmission means connecting said
output coupling means and said detecting ele-
ment having an electrical length closely approxi-
mating an odd number of guarter-wave lengths
at the frequency of operation of said system.

7. The method of protecting against overload
a sensitive detector element having a non-linear
radio frequency impedance characteristic in a
high frequency radio receiving system which in-
cludes in addition to said element a protective
resonant electrical breakdown device and an ad-
justable coupling therethrough and also a linear
transmission means of adjustable length con-
necting said electrical breakdown device and said
sensitive element, which method consists of alter-
nately adjusting the length of said linear trans-
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mission means for minimum reception of a
strong signal and adjusting said adjustakle cou-
pling for maximum reception of said signal until
said minimum and maximum adjustments sub-
stantially coincide.

8. The method of protecting against overload
a. sensitive detector element having a non-linear
radio frequency impedance characteristic in a
high frequency radio receiving system which in-
cludes in addition to said element a protective
resonant electrical breakdown device having an
adjustable coupling therethrough and also a
linear transmission means of adjustable length
connecting said electrical breakdown device and
'said sensitive element, which method consists of
adjusting the length of such linear transmission
means for a minimum received signal when a
signal of sufficient strength to cause a mismatch
between said element and said transmission
means in the same direction as the mismatch
oceurring upon overlead is impressed upon said
system and said detector element.

9. A high-frequency radio circuit including a
sensitive detecting device which exhibits a radio
frequency impedance decreasing as current
through said device increases, a protective elec-
trical breakdown device having when broken
down, a low internal impedance, a resonator
associated with said sensitive detecting device,
transmission means connecting said breakdown
device and said sensitive detecting device of a
total electrical length approximately equal to an
odd number of quarter-wave lengths for the fre-
quency of operation in said circuit, said sensitive
element being located in said resonator at a point
where the reflected surge impedance of said
transmission means is higher than the radio
frequency impedance of said sensitive detecting
device under conditions of reception of signals
of moderate amplitude, whereby substantial im-
pedance mismatch on occurrence of overloading
signals is assured.

10. In an electrical circuit having g sensitive
element characterized by a non-linear impedance
function of current therethrough and a protec-
tive device having an output coupling for said
element, transmission means interconnecting
said element and the output coupling of said
device, said transmission means having an elec-
trical length between said coupling and said
sensitive element substantially equal to an odd
number of quarter wavelengths for the frequency
of circuit operation.

JAMES L. LAWSON.
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