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16 Claims.

This invention relates to radio frequency trans-
mission lines, and more particularly to a protec-
tive device therefor.

Concentric transmission lines, such as are used
with radio frequency transmitters, are known to
be very costly, and for this reason a transmission
line of as small size as possible is used. The size
of such line which is selected for a given trans-
mitter output will ordinarily be governed by the
maximum standing wave voltage which occurs
during short-circuit or open-circuit of the line.
Under certain circumstances, as when the line be-
comes temporarily improperly terminated from
some unforeseen or uncontrollable cause, & stand-
ing wave may occur which is greater than that
existing during normal operation of the line. In
such cases, a standing wave voltage may result
which exceeds the tolerable maximum and causes
breakdown of or other damage to the line. To
guard against this possibility, it has been neces-
sary to use transmission lines of greater size than
that dictated by the aforementioned factors
which govern selection of a suitable line, Wlth the
resultant increase in cost.

The primary object of our invention is to pro-
vide an improved radio frequency transmission
line which will not be subject to the aforemen-
tioned disadvantages.

More particularly, it is an object of our in-

vention to provide an improved protective device 3

for radio frequency transmission lines which will

protect such lines from damage upon the occur-

rence of undesirable standing waves therein.

Another object of our invention is to pro-
vide an improved protective device as aforesaid
which will enable the use of transmission lines of
least expense.

Still another object of our invention is to pro-
vide an improved protective device for radio fre-
quency transmission lines which will promptly
shut off a transmitter connected thereto when
the ratio of maximum to minimum standing wave
voltage exceeds a predetermined value.

A further object of our invention is to provide
an improved radio frequency transmission line
which can be operated at higher voltages than
has been customary heretofore.

It is also an object of our invention to provide:

o

" ample, three rectifiers may be used spaced from
each other at distances equal to one-fourth and
one-eighth the wavelength of the standing wave) -
and connect their outputs to a normally balanced
Y network. These rectifiers respond. to changes

in line voltage at the points where they are re-

spectively located, and a plurality of them should.
be used since, in certain cases, a single recti-

* fier, or even two rectifiers alone, will not always
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an improved transmission line and protective de- -

vice therefor as above set forth which is highly

efficient and reliable in use, simple in construc-

tion, and inexpensive in cost.
In accordance with our invention, we connect a
plurality of rectifiers across the transmission line

at different distances from each other (for ex- g5

see a change in line voltage. The output voltages
of the rectifiers will become increasingly unequal
as the ratio of maximum to minimum standing
wave voliage increases, and this inequality is em-
ployed to unbalance the Y network and change

5- the bias on a triode coupled thereto, thereby

causing its plate current to change. - The latter
change is used fo operate a suitable relay the con-
tacts of which are in the control circuit of the.
transmitter. The arrangement is such that, upon

), creation of an undesirable standing wave, the re-

lay operates to shut off the transmitter; thereby
eliminating possibility of damage to the frans-
mission line by that standing wave.

The novel features that we cohsider character-;
istic of our invention are set forth with particu~.
larity in the appended claims. The invention
itself, however, both as to its organization and
method of operation, as well as additional objects
and advantages thereof, will best be understood
from the following description, when read in con-
nection with the accompanying drawings in which

Figures 1 and 2 are curves showing standing
waves with reference to which the principles em-
bodied in our invention are explained,

Figure 3 is a block diagram illustrating one ar-
rangement according to our invention, j

Figure 4 is a wiring diagram showing the de-
tails thereof,

Figures 5 and 6 are equivalent electrical dia-
grams showing certain features of our invention,
particularly with reference to the modlﬁcatlon
shown in Fig. 4, and

Figure 7 is a wiring diagram of a portion of .
a modified circuit in accordance with our inven-
tion.

Referring more particularly to the drawings,
wherein similar reference characters designate
corresponding parts throughout, there is shown a
curve {, which represents a standing wave to
which a suitable transmission line, such as a co-
axial line, may be subject during normal opera-
tion, that is, when the line is suitably terminated.
Should the line become short-circuited or open-.
circuited, or should the load vary appreciably as.
a result of some unforeseen cause or condxtlon




a standing wave 2 of the same wavelength as the
wave | but of a much greater amplitude may re~
sult. As a consequence, the ratio of maximum to
minimum voltage in the case of the wave 2 is
much greater than in the case of the wave 1. If
this ratio exceeds a predetermined tolerable ratio,
a condifion such as arcing may result which
would damage the line. If, however, a suitable
protective device is provided to cut off the supply
of energy from the transmitfer coupled to the
line, the danger of damaging the line will be
obviated.

Rectifiers judiciously placed along the trans-
mission line can be made to produce a change in
potential across a resistor upon the occurrence of
a predetermined standing wave. Such rectifiers
respond to the line voltage at the points where
they are located, and the rectified voltage de-~
livered thereby is a function of the line voltage at
such points. In certain cases, however, a single
rectifier, or even two rectifiers spaced from each
other along the line, might not always see a change
in line voltage. For example, if the points A of
Fig. 1 are considered, at which both the wave |
and the wave 2 have the same voltage, it will be
obvious that a change will not affect a single rec-
tifier placed at either of these points. Similarly,
for some magnitude and location of standing
wave, two rectifiers placed any distance di or dz
apart (Fig. 1) will not be affected by a change in
voltage. However, if two rectifiers are placed at
the points A—A spaced from each other one-
fourth the wave length of the standing wave, and
a third rectifier is placed on either side of the
other two rectifiers a distance one-eighth the
wavelength of the standing wave, as at any of the
points B in Fig. 2, there will always be a change
in ‘voltage across at least one of the rectifiers.
Such an arrangement is shown in Fig. 3 wherein
the rectifiers 3, 5 and T are connected to a trans-
mission line comprised of a pair of coaxial con-
ductors 9 and i1, the rectifiers 3 and 5 being
spaced from each other a distance a/4, where A
is the wave length of the standing wave, and the
rectifier T being spaced from the rectifier b a dis-
tance /8. The rectifiers 3,5 and 7 are connected
to a balanced Y network in each of the branches
of which is included a resistor Re. Unbalance of
this network in response to a change in the stand-
ing wave detected by one or more of the rectifiers
may be availed of to operate a relay which turns
off the transmitter. - SR ‘

Referring to Fig. 4, we have shown one arrange-
ment or circuit employing the above principles.
Connected to the transmission line $—H are the.
rectifiers 3, § and T spaced from each other as
above described and enclosed within a grounded
shield i3. Each of the rectifier units comprises a
pair of serially connected capacitors Cr and C:
connected-across the conductors 9 and i1, and a
diode 15 the cathode IT of which is connected to
one side of the line, for example, the grounded
conductor 9. The anode 18 of the diode 15 is, in
each case, connected to the common end of the
capacitors C1 and Ca. A third capacitor Cs is, in
each case; also connected to the conductor 9, and
a resistor Ri is connected between the capacitor
C3 and the anode 19. The capacitor C1 can be

varied in value to make the rectifier suitable for

operation at lower or higher power. The ca-
pacitor Cz is preferably connected to the inner
conduector [l of the coaxial transmission line, and
therefore its reactance is made high compared
with the characteristic impedance of the line.-

1¢
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shielded lead 2i to the high potential end of &
separate one of the grounded resistors Rz. Also
connected to the point of highest potential of each
of the resistors Rz is a full wave rectifier 23 in
series with which is a resistor Rs connected to the
grid 25 of a triode 21 in the output circuit of which
is connected the winding 29 of a suitable relay.
The direct current produced by any of the rec-
tifiers 3, 3 and 7T is approximately proportional
to the impressed radio frequency voltage. If Ri
is much smaller than Rz (for example, 1,000 ohms
and 100,000 ohms, respectively), a maximum
usable voltage will be produced across each of the
resistors Rz which is approximately proportional
to the radio frequency voltage of the line. Let

 Ea, Bp, and Ec be the line voltages at the respective
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‘Each of the resistors -R1 is connected by a 75

rectifier points ¢, b and ¢. If it is assumed that
Ea is greater than Evy and that Ep is greater than
Ec, the current through the resistor Rs results
from the superposition of the currents I: and Is in
the equivalent circuits of Figs. 5 and 6.

Let Ei1, E2 and E3 be the potentials across the
respective resistors Rea, Rabn, and Rz produced by
the rectified currents.: Let Ra be the resistance of
each diode 23 where it is assumed that the re-
sistance of each is the same. The Kirchoff’s equa~
tions for Fig. 5 will then be as follows, bearing in
mind that Is=I1—Ia:

E1— (Rg+R3) 1—Ral2a—E2=0 1)
Ei— (Ra+R3) 1—Ra(I1—1I2) —E3=0 2)
Simultaneous solution yields:
_9E,—E,— B
h=—3raraR, @)
Kirchoff’s equation for Fig, 6 results in:
- B—F
I=oRF R ®
Let the potential drop across R3=Ejy.
‘Then, Egq=R3(I1+14) =R3
) 2B, —E—FE; , B— B
SRat ok ORI R ®)
Assuming that R3>>Rg,.
2E,— E;,— E. B, ;
Eg*—lT2'—3+ E,—E.= El+§"—%E3 (6)

Examination of Equation 6 shows that Iif
E1=E3=E3, then Ey=0. If Ei1=FEs, and E3<Ei,
then, Ey#.0. If Ei>E2>E3, then, again Eg> 0.

Current through the resistor Rs always must be
in the same direction. The rectifiers 23, which
will rectify both positive and negative half cycles
of the currents derived from the transmission line,
are arranged in. opposite relation, in pairs, to in-
sure this result. This direction is preferably
chose to make the grid 25 of the triode 21 become

‘less negative for an increase in standing wave, so.

that the relay 29 can be operated when the stand-
ing wave increases. 'This.relay may then be made
to open a switch 31 in circuit with the transmitter

; to shut off the transmitter; or disconnect.it from:

the transmission line. -Preferably, the:relay 29
also closes a switch 33-of a-holding. circuit.-which:
keeps the relay closed, a. switch 35 being. provided
for manual operation to reset the relay.

. With the above described arrangement,.care’
must be taken to keep radio frequency current out:
of the D.-C. circuits.. For this purpose,-ths-ca-
pacitor Cs3 is provided which, in combination with
the resistor Ri, in each- case, provides a path for.
and filters out the radio frequency current. -If is
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also for this reason that the shield 13 is provided.
In operation of the device, the triode 21 is prefer-
ably biased to a plate current lower than that
required to operate the relay 29. After the trans-
mitter is turned on, the resistor Rs is adjusted
to a point where the relay will operate upon a
slight increase of Eg, which opposes the bias sup-
plied by the battery in the grid circuit. Thus,

an increase of the potential drop E¢ reduces the °

bias on the grid 25.

In Fig. 7, we have shown a modified form of
our invention. In this modification a conductor
21 is provided across the line 8—I [, the conductor
37 being of a length equal substantially to one-
fourth the wavelength of the standing wave or to
an odd multiple thereof. One side of a capacitor
C: is connected to the grounded conductor 9, and
‘the other side thereof is connected to the cathode
{1 of the rectifier {5 in each case. The anode
19 of each rectifier is connected through a re-
sistor R4 to the other transmission line conductor
i,
Cs. Connection is made from each of the cath-
odes 17T of this modification o each of the points
a, b, ¢ of the resistors Rea, Ra2p, and Raze of Figure
4, respectively, the circuits being otherwise the
same as above described in connection with the
modification shown in Fig. 4. The conductor 37
in this modification of the invention, which shorts
the transmission line conductors, provides a D.-C.
path for the rectified currents but appears as a
very high shunt impedance at the operating fre-
quency and therefore does not materially affect
the characteristics of the line.

From the foregoing description, it will be ap-
parent to those skilled in the art that we have
provided a simple and effective way of protecting
radio frequency transmission lines from becoming
damaged as a result of excessive voltages result-
ing from undesirable standing waves. Although
there are shown and described but two forms of
our invention, it will he apparent to those skilled
in the art that many other modifications thereof
are possible. . We, therefore, desire it to ke under-
stood that we do not wish to limit ourselves ex-
cept in so far as is made necessary by the prior art
and by the spirit of the appended claims.

We claim as our invention:

1. In a system including a transmitter having
a control switch in circuit therewith and coupled
to a transmission line subject to normal and ab-
normal standing waves, said system also including
a normally balanced network coupled to said
transmission line and subject to balance and un-
balance depending upon whether said transmis-
sion line is subject to said normal or to said ab-
normal wave, respectively, and also including a
grid controlled electron discharge device, the

method of controlling said transmitter which
comprises deriving electrical energy from said
waves at a plurality of points spaced along said
waves, rectifying said energy, applying said recti-
fied energy to said network, deriving a potential
from said network when it becomes unbalanced in
response to said abnormal wave, applying said po-
tential to the control electrode of said grid con-
trolled electron discharge device whereby to alter
the output of said device, and utilizing said altered
output to actuate said switch to shut off said
transmitter when said abnormal wave occurs.

2. In a system including a transmitter having
a control switch in circuit therewith and coupled
to a transmission line subject to normal and ab-
normal standing waves, said system also including
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the resistor Rs being shunted by a capacitor
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transmission line and subject to balance and un-
balance depending upon whether said transmis-
sion line-is subject to said normal or to said ab-
normal wave, respectively, and also including a
grid controlled electron discharge -device, the
method of controlling said transmitter which
comprises deriving from said waves currents at
a plurality of points spaced along said waves,
rectifying said currents, applying said rectified
currents to said network, deriving a potential from
said network when it becomes unbalanced in
response to said abnormal wave, applying said
potential to the control electrode of triode said
electron discharge device whereby to alter the
cutput therecf, and utilizing said altered output
to actuate said switch to shut off said transmitter
when said abnormal wave OCCUrs. ' '

3. In a combined transmitter having a control
switch in circuit therewith and a transmission
line coupled thereto, said transmission line being
subject to a normal standing wave during normal
operation and an undesired standing wave during
abnormal operation, the method of controlling
said transmitter which comprises deriving current
from said waves at each of a plurality of spaced
points therealong, rectifying each of said cur-
rents, feeding each of said rectified currents along
separate paths including a common resistor, de-
riving a biasing pofential from said resistor, ap-
plying said biasing potential to the control elec~
trode of a grid controlled electron discharge de-

‘vice whereby to alter the output of said device,

and utilizing said altered output to actuate said
switch to shut off said transmifter when said un-
desired standing wave has reached a magnitude
such that the ratio of maximum to minimum
voltage resulting therefrom has exceeded a pre-
determined value.

4, The method set forth 1n claim 3 character-
ized in that two of said currents are derived at
points spaced along said  standing waves stib-
stantially one-fourth the wavelength thereof, and
characterized further in that a third of said cur-
rents is derived at a point spaced along said waves
from at least one of said first named points sub~
stantially one-eighth the wavelength thereof.

5. In a radio frequency transmitting system,

. the combination of a transmission line adapted
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a normally balanced Y-network coupled to said 73

to be connected to a radio frequency transmitter
and subject to a predetermined standing wave
under normal operating conditions, a control cir-
cuit for said transmitter including a relay, an
electron discharge device including a control elec-
trode, said relay being connected in the output
circuit of said device, a plurality of rectifiers con-
nected to said line at spaced peints therealong for
rectifying voltages derived from said line, the
spacing of said rectifiers along said line being
such that at least one of said rectifiers will re-
spond to a change in voltage resulting from a
change in magnitude of said standing wave pro-
duced by abnormal operating conditions, and
means for applying the output of said one rectify-
ing device to said control electrode whereby to
alter the bias thereon and thereby alter sald olit-
put circuit for operating said relay.

6. The invention set forth in claim 5 character-
ized in that at least three rectifiers are employed
two of which are spaced from each ofther a dis-
tance along .said transmission line equal to sub-
stantially one-fourth the wavelength of said
standing waves, and the third of which is spaced
from at least one of said two rectifiers a distance
along said line equal to substantially one-eighth
the wavelength of said standing waves,
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7. In a radio frequency transmitting system,
the combination of a transmitter including a con-
trol switch therefor, a transmission line coupled
to said transmitter, said line being subject to a
normal standing wave under normal operating
conditions .and to an undesired standing wave
under abnormal operating conditions, means for
deriving from either of said standing waves at a
plurality of spaced points therealong a current,
means for rectifying each of said currents, means
providing a separate path for each of said rectified
currents and including a resistor common to all
of said paths, an electron discharge device having
a control electrode, means for deriving a biasing
potential from said resistor and applying it to
said control electrode, and a relay associated with
said switch, said relay being connected in the out-
put circuit of said eleciron discharge device and
being operable to actuate said switch upon appli-
cation of a predetermined potential to said con-
trol electrode derived from said resistor in re-
sponse to said undesired standing wave.

8. The invention set forth in claim 7 character-
ized in that said normal standing wave is of a
magnitude such as to have a predetermined maxi-
mum to minimum voltage ratio, and characterized
further in that said relay is operated when the
undesired standing wave is of a magnitude such
that said ratio is substantially exceeded.

9. The invention set forth in claim 7 character-
ized in that said paths are connected in Y rela-
tion, characterized further in that each of the
branches of said Y includes a resistor, and char-
acterized still further in that each of said re-
sistors is connected to a separate one of said rec-
tifying means, whereby rectified current is sup-
plied to each of said resistors, said Y constituting
a network which is normally balanced when said
transmission line is subject to said normal stand-
ing wave, and said network becoming unbalanced
when said transmission line becomes subject to
an undesired standing wave to produce a current
through said first named common resistor effec-
tive to provide the biasing potential necessary to
alter the cutput of said electron discharge device.

10. The invention set forth in claim 7 char-
acterized in that each of said paths includes
means for rectifying both positive and negative
half cycles of the currents derived from said
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transmission line, said last named means all be-
ing connected in series with said resistor.

11. In a radio frequency transmission line, the
combination of a pair of conductors, a pair of
serially connected capacitors connected across
said conductors, a rectifier having a pair of co-
operating electrodes, one of said electrodes being
connected to one of said conductors and the other
of said electrodes being connected to the common
end of said capacitors, a third capacitor having
one end connected to said first named conductor,
and a resistor connecting said second named elec-
trode with the other end of said third capacitor.

12. The invention set forth in claim 11 char-
acterized in that one of said conductors is con-
nected to ground, characterized further in that
one of said electrodes is a cathode, and character-
jzed still further in that said cathode is connected
to sald grounded conductor.

13. In a radio frequency transmission line, the
combination of a pair of conductors, a third con-
ductor connected across said pair of conductors,
and a rectifying circuit also connected across said
pair of conductors in parallel relation to said third
conductor, said circuit comprising a capacitor con-
nected to one of said pair of conductors, a rectifier
having a pair of electrodes one of which is con-
nected to said capacitor, and a resistor connect-
ing the other of said electrodes to the second cne
of said pair of conductors.

14. The invention set forth in claim 13 char-
acterized in that said transmission line is subject
to a standing wave, and characterized further in
that said third conductor is of a length equal sub-
stantially to one-~fourth the wave length of said
standing wave.

15. The invention set forth in claim 14 char-
acterized by the addition of a second capacitor
connected in shunt relation to said resistor.

16. The invention set forth in claim 14 char-
acterized in that one of said first named pair of
conductors is connected to ground, characterized
further in that said capacifor is connected to said
grounded conductor, characterized further in that

5 one of said rectifier electrodes is a cathode, and

characterized still further in that said cathode
is connected to said capacitor.
DONALD W, PETERSON.
EDWIN A. GOLDBERG.
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