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This invention relates to the art of radio com-
munication, and pertains particularly to appa-
ratus whereby efficient transmission of radio
frequency power from a radio transmitter to a
remotely located antenna is obtained under the
variable conditions resulting from the use of
different antennae, or the same antenna adjusted
to different transmitting lengths.

One of the particular objects of the invention
is to provide a tuning apparatus adapted to pro-
vide efficient transmission of radio frequency
power from an aircraft radio transmitter to a
trailing wire antenna located on the aircraft at
a position remote from said transmitter.

A further object of the invention is to provide
a tuning apparatus adapted for the efficient
transmission of radio frequency power as above
set forth, together with means for tuning the
trailing wire antenna by remote control from
a position at or adjacent the transmitter.

A further object of the invention is to provide
an apparatus of the character described, wherein
the trarsmission of radio frequency power from
the transmitter to the remotely located anftenna
is accomplished in the substantial absence of
reflected waves in the transmission line, thereby
eliminating energy-wasting standing waves in
the transmission system. Another object of the
invention is to provide for the tuning of a trans-
mitter under the stabilizing influence of a sub-
stantially constant predetermined impedance
which terminates the transmission line, such im-
pedance having a value substantially eguivalent
to the impedance of such transmission line, and
the subsequent tuning of the antenna circuit to
a impedance value substantially duplicating such
constant predetermined impedance with the
transmission line connected to the antenna,
whereby progressive readjustments of both trans-
mitter and antenna are obviated in the tuning
operation.

A further obiect of the invention is to provide
a tuning apparatus adapted for the efficient
transmission of radio frequency power from a
radio transmitter to a remotely located antenna
through the agency of a transmission line of a
given impedance, wherein the transmitter is first
tuned while the transmission line is terminated
by a fixed reference load substantially matching
said given impedance, and whereafter the de-
sired antenna may be substituted for said fixed
reference Joad and timed to an impedance value
substantially matching said given impedance,
whereby standing waves and attendant losses in
the transmission line are reduced to a minimum.

A further object of the invention is to provide
2 device for the efficient transmission of radio
frequency power from a radio transmitter to a
remotely located antenna at varied transmission
frequency ranges or bands, wherein the described
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antenna tuning is effected to the required im-
pedance at any selected frequency range.

In the transmission of radio frequency power
to an aircraft antenna, two alternative proce-
dures are conventionally employed. In one pro-
cedure, the antenna is connected directly to the
transmitter and extended exteriorly of the aircraft
as expeditiously as possible. This results in the
portion of the antenna which is the most effec-
tive as an energy radiator being located within
the aircraft, where it is shielded and prevented
from radiating properly, and, owing to the at-
tempts which have been made to shorten the
shielded portion to the maximum extent, this
trailing antenna is in some cases extended from
the aircraft at a position such as to present a
hazard to the operation of the aircraft as a result
of the whipping of the antenna about in the air-
stream. The second procedure is that of using
the so-called “co-axial” type of transmission line
or cable from adjacent the location of the trans-
mitter to a remotely located point near where
the antenna extends from the aircraft, whereby
the major portion of the radiating antenna is
located outside the shielding action of the air-
craft body. This latter procedure makes possible
the extension of the antenna from a position such
as the tail of the aircraft where minimum hazard
is presented, but the problem of tuning the sys-
tem by adjusting the transmitter and the length
of the antenna presents considerable difficulty.
More specifically, it is found that adjustment of
the antenna proeduces an effect upon the tuning
of the transmitter, and vice versa, making nec-
essary progressive adjustments of both elements.
During the adjustment process, standing waves
are created; these standing waves produce a re-
active component which, in effect, is interposed
between the transmitter and antenna ends of the
transmission line. The magnitude and angle of
this reactance varies with both the transmitter
and antenna tuning. resulting in an interlocking
in which the adjustment of the transmitter is
dependent upon the adjustment of the antenna,
and vice versa, creating a very undesirable con-
dition.

According to the present invention, I provide
a fixed reference load for terminating the trans-
mission line with a load which matches the im-
pedance of the transmission line and permits
ready tuning of the transmitter, and provide
means for tuning the antenna to present sub-
stantially this same imvedance value to the line
in substitution for the fixed reference load so no
retuning of the transmitter is necessary. The
establishment of the fixed reference load and the
tuned antenna at substantially the characteris-
tic impedance of the transmission line results in
a minimization of the losses resulting from the
production of standing waves in the transmission
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line, by the substantial elimination of such stand-
ing waves.

The apparatus of the present invention com-
prises, essentially, means for tunihg and match-
ing an antenna to its remotely located exciting
transmitter, through the agency of controls lo-
cated at such transmitter, said tuning and match-~
ing means including a connecting transmission
line, a terminating dummy impedance substan-
tially matching the impedance of said transmis-
sion line, means for tuning the antenna, trans-
former means associated with said antenna and
associable with said transmitting line and adapt-
ed to adjustment for matching the impedance of
said antenna to the characteristic impedance of
the transmission line, and means for alternatively
connecting said dummy impedance and said
transformer means to said transmitting line, to-
gether with means for indicating antenna cur-
rent remotely at said transmitter and means for
indicating input current to said transmission line,

In a. preferred embodiment, the transformer
means is adaptable to adjustment over the range
of transmitting frequencies for which the trans-
mitter is adapted to function. According to my
present contemplation, such transformer means
includes one or more auto-transformers associ-
ated with inductance coupling means adapted to
produce an adjustment in the inductive compo-
nent of reactance of the load imposed upon the
transmission line by the antenna in compensa-
tion for the variation of the capacitative compo-
nent of reactance experienced in varying the
length of the radiating antenna. The switching
of the auto-transformers to different wave bands,
and the adjustment of the inductive coupling are
accomplished through the agency of controls lo-
cated at the transmitting end of the transmission
line, at or adjacent the location of the transmit-

_ter itself, so that one operator has both the trans-
mitter and the tuning devices under control.

The accompanying drawing schematically rep-
resents an illustrative embodiment of the inven-
tion, as applied to an aircraft radio utilizing a
trailing wire antenna. This embodiment is of
the so-called “multiple band” type of apparatus,
adapted for use with a transmitier capable of
generating useful radio frequency power over a
wide range of frequencies. - Other objects and
Teatures of the invention will be brought out in
the ensuing description of this embodiment, or
will be apparent therefrom. )

Referring to-the drawing the portion at the
left-hand side of the drawing and indicated by
bracket A is adapted to be located immediately
adjacent the transmitter, not shown, and may
be considered the “tuning” unit; the portion at
the right-hand side of the drawing and indicated
by bracket B is adapted to be located remote from
the transmitter, at the other end of the trans-
mission line and at or near the point of exit of
the trailing wire antenna from the aircraft body.
This latter portion of the apparatus may be con-
sidered the “antenna” unit. The two portions are
interconnected through the agency of a trans-
misgsion line L which is of a shielded or “co-axial”
construction, together with certain other con-
ductors for the establishment and operation of
the various tuninhg controls which are variously
referred to hereinafter. i :

The terminal indicated at 9 in the tuning por-
tion is intended for connection with the antenna
terminal of the transmitter, and leads through a
two position switch 10 which is adapted to pro-
vide alternative connection to (a) a trailing wire

antenna (shown as the “trail” connection), (b)
g fixed dummy non-inductive resistance element
which is utilized during the transmitter tuning
operation, In the “trail” and “tune” positions of
switch {0 the terminal 8 is connected to lead I

" to the transmission line L, thence to the antenna
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unit where it connects with a lead 12 to the arma-
ture of a double-throw single pole switch 13, one
side of which is connected through lead 14 to a
fixed non-inductive resistance element 5 and
thence to ground. The switch 13 is controlled to
connect the transmitter output into the element
{5 in condition (b), above. The other side of
switch {8 connects through lead 16 to the an-
tenna tuning network, to provide a condition (a)
connection, as to the armature of a second double-
throw single pole switch 17 which is adapted to
provide glternative connection to two auto-trans-
formers AT: and ATs. In this specific disclosure,
ATj is the low-frequency member adapted for use
upon two of the eight frequency bands for which
the apparatus is arranged, as for frequencies be-
tween 280 and 500 kc., and AT: is the high-fre-
qguency member adapted for use upon the remain-
ing six of the eight bands for frequencies of 1500
to 12,500 ke. A switch operating cam 18 is pro-
vided to establish the armature of the switch 1T
in connection with AT: during operation on the
first two bands, said armature being spring biased
into connection with AT: during operation in the
six other bands.

The switching between the several bands is ob-
tained through a band-switching gang switch, the
elements of which are indicated at 20, 21 and 22;
element 28 is utilized to control the varied con-
nections to ATe and its associated variometer Vz,
and elements 2§ and 22 being utilized to control
the varied connections to the antenng 29 through
line 19, and the low-frequency variometer Vi
which is associated with the transformer AT: and
utilized on the first two bands.

The variometers Vi and Va2 are adapted for ro-
tation through 360°, through 180° of which move-
ment the desired minimum to maximum tuning
coupling is attained, and during the remainder of
the 360° movement the band-switching operation
is conducted upon the elements 20—22. The ro-
tation of the variometers and the operation of the
elements 20—22 as well as the switch cam 18,
above mentioned, is effected through a self-syn-
chronizing motor 23, the motor being geared down
as through g gear box 24, from which a drive shaft
24a extends to drive a cam member 25 and the
two variometers. The cam member 25 is adapted
to control g switch 28 governing g relay 27 which
operates the armature of the switch 3. The cam
25 maintains the power supply circuit to the relay
27 closed during the 180° of tuning movement of

_the variometers, which connects the armature to

lead 6 and thus connects the radio frequency
power intc the antenna tuning network through
switch (3, but connects this power into the dum-
my impedance {3 during the band-switching
cperation which occurs in the other 180° of move-
ment of the variometers Vi and Vz.. An inter-
mittent gearing such as a Geneva gear may be
provided as at 28 to effect the desired band-
switching operation of the elements 20—22,
through a drive shaft indicated at 24P, this shaft
also being utilized to drive the cam 18.

The motor 23 is electrically locked with a cor-
responding control motor 38 in the tuning portion
of the apparatus, through connecting field leads
21, 32 and 38. The motor 38 is adapted for rota~
tion through the agency of a tuning crank 34,
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through an appropriate gear box 35, the drive
shaft 36 being extended to effect operation of a
tuning scale 37 and a band-indicating scale 38
through suitable gearing such as to cause move-
ment of the tuning scale 37 in consonance with
the movement of the variometers Vi and Vs and
movement c¢f the band scale 38 in consonance
with the movement of the band-switching ele-
ments 20—22, as will be apparent to one skilled
in the art. Power for operation of the motors 23
and 38 may be obtained through power supply
connections 39 and 48 providing 115 volts at 400
cycles, for example. Inasmuch as it is necessary
to supply power to the motors 23 and 30 only
when the operation of the band-switching or the
variometer tuning is desired, I preferably provide
a power supply switch 41 under contrel of the
crank 34 so that the power supply is connected
only when the crank is arranged in operating po-
sition. I preferably also provide a magnetic
brake on the shaft 35, as at 36’, which prevents
rotation of the shaft 38 unless the switch 41 is
closed by placing the crank 34 in operating posi-
tion.

When the switch 18 is placed in “tune” con-
dition, at which vosition the radio frequency gen-
erator or transmitter is intended to be tuned fo
its desired operating condition, a cam 42 is oper-
ated to open a switch 83 in the current supply
circuit 44 for the relay 27, thus causing the relay
27 to connect the radio frequency power into the
fixed dummy impedance 5. A normally closed
push-switch 45 is also provided in this circuit 44
for the purpose of momentarily connecting the
radio frequency power to the dummy impedance
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during the adjustment of the final valance of the .

tuning and antenna portions of the apparatus, as
hereinafter described.

The adjustment of the length of the trailing
wire antenna 28 is obtained through a motor
driven reel 48, the motor for which is-indicated
- at 81, together with switch controls indicated at
48, The motor driven reel may be conventional,
such as the U. S. Army Air Corps antenna reel
RL-42. 1 preferably extend a shaft as indicated
at 49 from the reel 46 to a self-synchronous moe-
tor 50 which is interlocked through field connec-
tions 51, 52 and 52 with a similar motor 54 at the
tuning portion A of the apparatus, which latter
motor is connected to a counter 55 which indi-
cates the footage of antenna which is reeled ocut
in any given condition of operation. Power sup-
ply for the motor £7 and the motors 58 and 54
will be conventionally supplied by direct current
battery and the alternating current source used
for the motors 23 and 28, respectively.

The operation of the apparatus is as follows:

The switch 10 is adjusted to “tune” position,
which opens the switch 43 and connects the
dummy impedance {5 to the transmission line L
to act as a termination of such transmission line.
The value of the impedance 15 is selected sc as to
be substantially a match for the impedance of the
line L. The transmitter or radio frequency gen-
erator associated with the apparatus is then
tuned to the desired operating freguency, the
transmitter being adjusted so that the proper
plate current is obtained therein, according to
conventional practice. Assuming that the trail-
ing antenna has a maximum length of 200 feet,
if the transmitting frequency is within the range
of the first two bands (208 to 500 ke.) the entire
length of the antenna may be run out by opera-
tion of switch 48. The switch {0 may then be
set to “trail” position, and the tuning crank 34
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rotated until the desired band is indicated at 38"
With the transmitter operating, the tuning crank
is slowly rotated to cause operation of the vari-:
ometers ¥1 and Vz (only Vi will be functioning in
the ecircuit in bands | and 2, as above described) -
until the maximum antenna current is indicated
in the antenna ammeter 88 which is connected
through lead 81 to a thermococuple 82 operated by
a transformer-coupled circuit 63 arranged onthe -
antenna lead {9, The equipment is properly-
tuned when the maximum- antenna current is in--
dicated. )
When a frequency in the higher ranges is em-
ployed, the tuning procedure is changed as a re-
sult of utilizing an antenna length which is re~
lated to the wave-length of the radiated fre--
quency, such as %, % or % wave-length., The-
connections shown in the drawing are arrangeéd
for transmission on the third frequency band,

) utilizing the transformer AT: and the variometer

Ve, and referring to the tuning operation with the
apparatus so arr anged and the transmitter prop-
erly tuned: .

The switch 10 is turned to “trail” position, mak-

5 ing sure that the tuning scale 37 is at zero posi-

tion and the band scale 38 is at band No. 3 as
shown, The proper length of trailing antenng, for
the particular frequency employed is then ascer-
tained and by means of the reel control switch 48,
the antenna is reeled out until the point of maxi-
mum antenna current (as indicated at 68) is just
passed. The antenna is then reeled in until slight-
1y less than the maximum antenna current is in-
dicated at 60. The values of the transmitter plate
current (above mentioned) and the line current
(as indicated by line ammeter §5 controlled by
thermocouple 66 operating off line i) are then
noted. The objective of the tuning operation is
to have the transmitter plate current meter and

-the tuning unit line meter indicate constant val-

ues when the radic frequency power is switched
from-the dummy impedance 15 into the antenna
tuning network; when these values are constant
in both conditions of connection, it is certain that
the impedance value of the antenna has been ad-
justed to the value of the dummy impedance 15,
which was predetermined to have the proper value
for the transmission line L. After noting the
transmitter plate current and the line current
values as above described, the button 45 is then
pressed to convert the connections to the “tune”
condition (the push-button switch performing the
same function as the cam-operated switch 43).
The reading on the transmitter total plate current

5 meter and the reading on the line ammeter 65 are

then observed, and compared to those obtained
before the push-button 45 was pushed in. Usually
there will have been a change. The push-button
switch 45 is then released, and the tuning crank
34 is rotated until the line current at 85 is brought
roughly half way from the first indicated value
towards that obtained when the button switch 45
was pressed. The transmitter total plate current.
meter is then observed, and the trailing antenns
is then reeled in or out until the total plate cur-
rent meter indicates roughly half way towards
the value obtained when the push-button switch
45 was pressed. The tuning crank 34 is then ro-
tated until the line current indication at 65 is
the same when the switch 45 is pressed or re-
leased. The trailing length of the antenna is then
adjusted either in or out until the total plate
current meter indicates the same value when the
switch 45 is pressed or released. This readjust-
ment of the tuning crank 34 and the antenna
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length as indicated by the counter §5 may be re-
peated until the respective meters remain con-
stant in the in and out positions of the switch
45. The tuning indication (scale 37) may be
thought of as controlling the line current (am-
meter 65), and the length of trailing antenna
(counter 55) may be thought of as controlling the
transmitter total plate current indication. After
the tuning operation is completed the antenna
current (ammeter 60) will be approximately the
same or greater than. that obtained when the
length of trailing antenna was first adjusted,

The above description sets forth a specific em-
bodiment of this invention and modifications
therein will occur to those skilled in the art. For
this reason I do not choose to be limited to the
specific details herein illustrated and described.

Iclaim:

1. Means for tuning and matching an antenna
to its exciting transmitter, said antenna being re-
mote from the transmitter and the econtrols for
said means being located adjacent said trans-
mitter, said means comprising: a connecting
transmission line; a terminating dummy imped-
ance matching said line; means for tuning said
antenna; transformer means for matching the
impedance of said antenns to a value substan-
tially equal to the impedance of said dummy im-
pedance; means for alternatively connecting said
dummy impedance and said transformer to said
line; and means for indicatipng input current to
said transmission line. )

. 2. Means for tuning and matching an antenna
to its exciting transmitter, said antenna being
remote from the transmitter and connected there-

to through a transmission line having a char--

acteristic impedance, said means comprising: a
control unit located closely adjacent said trans-
mitter; an antenna unit located adjacent said
antenna; said- antenna unit being connected to
said control unit and said transmitter through said
transmission line; & dummy impedance located
at said antenna unit, said dummy impedance
having an impedance value substantially that of
said characteristic impedance; tuning means for
varying the effective length and the capacitative
reactance of said antenna; fransformer means
coupled to said antenna for varying the inductive
reactance thereof whereby the impedance of said
antenna may be adjusted to said characteristic
impedance; switching means for alternatively
connecting said dummy impedance and said
transformer means to said fransmission line; and
current indicating means at said control unit for
indicating the current value in said transmission
line when arranged in said alternative connec-
tions.

8. Means for tuning and matching an antenna
to its exciting fransmitter, said antenna being
located remote from said transmitter and the con-
trols for said means being located adjacent said
transmitter, said means comprising: a connect-
ing transmission line; a terminating dummy im-
pedance matching said line; means for tuning
said antenna; transformer means including vari-
able inductance coupling means for matching the
impedance of said antenna to a valiue substan-
tially equal to the impedance of said dummy im-
pedance; means for alternatively connecting said
dummy impedance and said transformer means
to said line, and means for indicating input cur-
rent to said transmission line,

4. Means for tuning and matching an antenna
to its exciting transmitter, said antenna being
located remote from said transmitter and con-

8
nected thereto through a transmission line hav-
ing a characteristic impedance, said means com-
prising: a control unit located closely adjacent
said transmitter; an antenna unit located adja-
cent said antenna, said antenns unit being con-
nected to said transmitter through said trans-
mission line; circuit means interlocking said

" units in operative association; a dummy imped-
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ance located at said antenna unit, said dummy
impedance having an impedance value substan-
tially that, of said characteristic impedance;
tuning means for varying the effective length and
the capacitative reactance of said antenna; trans-

former means at said antenna unit coupled to:

said antenna through the agency of variable in-
ductance coupling means for varying the induc-
tive reactance of said antenna whereby the im-
pedance of said antennha may he adjusted to said
characteristic impedance; switching means at
said antenna unit for alternatively connecting said
dummy impedance and said {ransformer means
to said transmission line; and current indicating
means at said control unit for indicating the cur-
rent value in said transmission line when arranged
in said alternative connections,

5, Means for tuning and matching an antenna
to its exciting transmitter, said antenna being
located remote from said transmitier and con-
nected thereto through a transmission line hav-
ing a characteristic impedance, said means com-
prising: a control unit located closely adjacent
said transmitter; an antenna unit located adja~

cent said antenna, said antenna unit being con-~

nected to said transmitter through said trans-
mission line; circuit means interiocking said
units in operative association; a dummy imped-
ance located at said antenna unit, said dummy
impedance having an impedance value substan-
tially that of said characteristic impedance; tun-

ing  means for varying the effective. length and-

the capacitative reactance of said antenna; trans-
former means at said antenna unit, said trans-
former means- comprising tapped transformer
means adapted for selective adjustment to any
one of a plurality of transmitting frequency
bands and being coupled to said antenna through
the agency of variable inductance coupling means

-for varying the inductive reactance of said an-

tenna whereby the impedance of said antenna
may be adjusted to said characteristic impedance
at any transmitting frequency within said plu-
rality of frequency bands; switching means at
said antenna unit for alternatively connecting
said dummy impedance and said ftransformer
means to said transmission line; and current in-
dicating means at said control unit for indicating
the current value in said transmission line when
arranged in said alternative connections, said

control unit including means for effecting selec-

tive adjustment of said transformer means and
variation of said coupling means.
PAUL J. HOLMES.
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