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This invention relates to resonating systems
and more particularly it relates to the automatic
tuning and loading of high frequency circuits
which are to operate in resonance.

A principal object of the invention is to provide
an improved arrangement for remotely and auto-
matically tuning the antenna circuit of a radio
transmitter which is supplied from a wave trans-
mission feeder line, providing a constant power
output into the antenna circuit over a relatively
wide operating antenna frequency.

Another object is to provide an arrangement for
automatically tuning respective input and load
circuits in successive steps while preservng the
proper impedance relations during the succassive
steps.

Another object is to provide a simplified reso-
nance diseriminator arrangement for the auto-
matic tuning or resonating of a plurality of co-
acting high frequency circuits.

A feature of the invention relates to an an-
tenna system having means to adjust the loading
of the antenna circuit, and separate means to
resonate the coupling circuit between the antenna
and o feeder line, and wherein special means are
provided for maintaining the proper impedance
relations between the coupling cireuit and the line
while the antenna is effectively decoupled from
the line.

Another feature relates to the combination of
an input wave transmission feeder line connected
to a tunable terminating network designed to op-
erate with a predetermined “Q”; the network
being adjustably coupled to a tuned load, for ex-
ample an antenna circuit which itself has an
adjustable loading unit; and automatic means are

provided for first tuning the terminating network

to resonance while effectively decoupling the said
network from the antenna and at the same time
automatically maintaining the “Q” of the termi-
nating network. Thereafter, the antenna is auto-
matically resonated and the coupling device ig
altomatically set to 2 predeterinined coupling po-
sition, the foregoing operations being controlled

by a simplified resonance discriminator of the

dual electron tube type.
A further feature relates o the novel organi-
zatlon, srrangement and relative interconnection
of parts which coopsrate to provide an improved
and simplified automatic resovating arrangsment
hetween a feeder line and a radic antenna.

Other features and advantages not specifically

enumerated, will be apparent after 5 considera-
tion of the following detailed descriptions and the
appended claims, -
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In the drawing,

Fig. 1 is o schematic wiring diagram of an
attomatic tuning or resenating system accord-
ing to the invention,

Figs. 2, 3, and 4 are respective vector diagrams
explanatory of the opsration system of Fig. 1.

Referring to Fig. 1, the block { represents any
well-known source of high or radio frequency
waves, stich for example as the output of the final
amplifier of a radio transmitter. The output
waves are applied to a wave transmission line 2,
for example of the coaxial type, and thence to
a terminating network 3, which is arranged to
be adjustably coupled by means of a coupling unit
%, to the antenna circuit 5. The unit § comprises
a series resonant circuit including the adjustable
tuning condenser § and the inductance coil 7
having a tep 8 adjacent one end to develop a
voltage 1. The adjustable element of condenser
§ is connected mechanically to the armature of
a reversible electric motor §. The unit 4 com-
prises an adjustably mounted antenna coupling
coil {8 whose inductive coupling relation with
respect to coil 7 can be adjusted by means of a
reversible electric motor {{. The antenna circuit
§ includes the tunable inductance coil {2, whose
adjustable element is connected to the reversible
electric motor 13. Associated with the foregoing
units is a resonance discriminator unit {3 includ-
ing a polarized differential relay {5, which con-
trols the direction of rotation of motors 8 and i3,
in the manner to be described. The resonance
discriminator {4 also includes a pair of grid-
controlled electron tubes §8, {7, which may be
of any well-known type. The plates 8, 12, of
these two tubes are excited in phase and in par-
aliel by a portion of the energy received from
line 2. The cathodes 28, 21, are each connected
to ground through a respective winding 22, 283,
of the relay §{8. The relay i5 is preferably of the
neutral polarized differential type having an
armature 24 and a pair of contacts 25, 26. When
both windings 22, 23, are deenergized, or if they
are energized equally, the armature 24 assumes

5 & neutral position with respect to the associated

contacts 28, 26. This condition therefore prevails
when the anode-cathode current of tube i§ is
equal to the anode-cathode current of tube {7,
If however, the anode-cathode current of either
tube predominates over that of the other tube,
the relay {5 will be correspondingly energized
and will move its armature 24 in either direction,
depending upon which winding is predominantly
energized,

The discriminator unit i4 operates upon the
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principle that the control grids 27, 28, are always
180° out of phase, and for this purpose there is
provided an additional inductance coil 29, which
is tightly coupled with the coil 7. In fact, if de~
sired, the coils 7 and 29 may be a single contin-
uous winding with the midpoint of coil 2§ con-
nected to ground as shown. One end of coil 28
is connected by conductor 30 to grid 27 and the
tap on coil 7 is connected by conductor 3i to grid
28. In other words, the grids 2% and 28 are al-
ways excited by the wave energy from line 2 to
equal amounts but in phase opposition. If, for
example, the voltage applied to the plates {8 and
18 is represented by Es; the voltage to grid 28 is
represented by Ei; and the voltage to grid 27 is
represented by Hs, then when the unit § is in
resonance the vector relations between these
three voltages are as indicated in Fig. 2.

Connected in series with the transmission line
2 and unit § is a non-inductive resistor 32, whose
resistance is made caqual to the characteristic
impedance of the line 2, so that standing waves
are minimized and the terminafing network 3
presents the proper operating “Q” to the trans-
mission line during that-stage in the automatic
resonating of the system when the antenna Is
decoupled from unit 8, as will be described. How-
ever, when the antennsa circuit is being auto-
matically loaded by coil 12 and motor 18, the
resistor 82 is automatically short-circuited by
g switch 33 as will he described. Preferably, al-
though not necessarily, the discriminator tubes
16 and {7 are arranged so that the ratio of grid-
to-plate voltages is comparable to the “mu” or
amplification factor of each tube, so that the
rectified grid currents of these tubes are small
as compared to the rectified plate currents, and
so that grid circuit variations reflect only slightly
into the current flowing through the respective
windings 22, 23. Associated with the various
units described above, is a three-position five-
gang switch 84, having five ganged movable
switch arms 35, 28, 37, 35, 39, with a common
stepping magnet 46 and with associated station-
ary contacts 35a, 35b, 35c; 36a, 36D, 86c; 37a. 37D,
31c; 38q, 38b, 38¢c; 38a, 38b, 3%c. Motor ti also
rotates a switch operating cam #4f which con-
trols the switch contacts 42, 43.

The motors 9, It and {2 may be of the shaded
pole type, each having its field windings %a, llg,
3¢, continuously energized from the 110 volf al-
ternating current supply terminals 44, 45, and
each having respective right-hand and left-hand
phase windings or shading coils 90, 8c; 11D, lic;
13D, 13¢c. When, for example, a left-hand shad-
ing coil is short-circuited, the corresponding mo-
tor runs in g clockwise direction; if the right-
hang shading coil is short-circuited, the motor
runs in a counter-clockwise direction. When
neither shading coil is short-circuited, the motor
stops rotating. The circuit for energizing the
winding 88 of the swifch. stepping magnet 48 is
controlled by the normally closed contacts 48,
49, of & manually operable reset key 80, and by
the contacts 51 of relay §2. When relay 82 is
deenergized, its contacts §1 are closed, thus clos-
ing a circuit for the stepping magnet 48, trace-
able from battery 53, reset contacis 48, 48, con-
tacts 51 to ground at 54. The shading colls of the.
motors have & transformer action with regard to.
the motor primaries 8a, {la, 18a, and therefore
develop a voltage across the shading windings.
As either one of these windings is connected
across a load, such: as the coil 52, a current will
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flow in this coil and in this case, If coil 52 has
a low impedance compared to the shading wind-
ings the motor will operate with very little loss
in efficiency and the relay 52 will be energized
and operate its armature. Therefore, relay 52
has an operating circuit whose voltage source is
the aporopriate shading coil of the motor.

When energized, the stepping magnet 45 cper-
ates in the following manner: the armature 42
rotates a ratchet to which are attached the switch
rotors 35—39. When the coil 48 of the stepping
relay is de-energized, the actuating arm on 49
slips back on the ratchet with the moving switch
sections 35—389, remaining in the previous posi-
tion. It should also ke pointed out that when the
stepper is in position C and is again advanced,
it will rotate again to position A and start the
cycle over again.

When the stepping switch is in position #1,
that is with the brushes 35—39 in engagement
with contacts 380—389¢, the system is in condition
to test and automatically adjust the tuning of
unit 8. At the same time, the antenna coupling
coil 18 is effectively decoupled at the normally
open contacts 53, 85, of relay 51. In position #2,
the relay 57 operates to couple the antenna cir-
cuit 5 to unit 3 by means of coil I8, and the coil
$2 is automatically adjusted to tune the antenna
circuit. In position #3, the coil §2 and the coil
{8 remain under control of motors 13 and {f so
that correction can ke automatically maintained
for variations in the reactance and resistance
existing at the end of line 2. 'Thus, the stepping
switch remains in position #3 until a new fre-
quency of transmission is being used, whereupon
reset key 58 can be manually operated to restart
the autcmatic tuning and antenna loading cycles.

For purposes of explanation, it will be assumed
that key B8 has been momentarily operated for a
new transmission frequency to be supplied over
the line 2. Therefore, a circuit is traceable from
battery 83, stepping magnet 48 to ground at key
58. This immediately advances the brushes of
the stepping switch from position #3 te position
#1. If the unit 3 is in resonance at the new
frequency, the voltage and current developed
across the line 2 are in phase, and the voltages
; and Fe are in quadrature with voltage Es from
the line. This condition is represented vectori-
ally in Fig. 2 of the drawing. Thus, the grids
27 and 28 are excited equally and tubes (8, {7,
conduct equally. As a result, windings 22 and
23 are equally energized and the armature 24
remains in neutral position.

if however, the reactance of coil 7 is greater
than the reactance of condenser §, as represented
by the vector diagram of Fig. 4, tube (7 will con-
duct more than tube 16, and armature 24 will
close with contact 26. If however, the reactance
of ccil 7 is less than the reactance of condenser
6, tube #6 will conduct tc a greater extent and
armature 28 will engage contact 25.

In order to measure the radio frequency volt-
age across the terminating load for the line 2,
there is provided a diode 58 whose anode 89 is
coupled teo the load. through condenser €0, and
whose cathode §1 is connected through an ad-
justable resistance 62, to one winding 63, of e
neutral differential polarized relay 4. The other
winding 83 of this relay is steadily energized by
battery 68. The rectified radio frequency energy
flowing through winding 63 is thus balanced
against the current through winding 65. The
rectified voltage that is thus measured can be
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controlled by: varying resistance 62.- In other

words, the winding 65 can be energized to a.

predetermined extent representing a predeter-
mined radio frequency voltage across the load,
and the resistance 82 can be adjusted so that
when the system is in proper adjustment at the
new frequency, the rectified signal through wind-
ing 62 balances the current through winding 65,
A radio frequency choke coil 67 provides a D. C.
return path to ground for the diode 58; and the
condenser 68 by-passes the radio frequency en-
ergy to ground before it can pass through the
winding 63.

With the stepping switch in position #1 as
above described, the circuit of relay 57 is open
at contact 3Tc, thus effectively decoupling the
antenna circuit 5 from unit 3. Depending upon
the relative magnitudes of the reactance of ele-
ments 6 and 1, the relay 5 will be selectively op-
erated. If the relative magnitudes are such
that the armature 24 is operated to engage con-
tact 25, a circuit is traceable from ground 54,
through relay winding %2, armature 24, contact
25, brush 36, contact 36¢, winding 9¢ of motor 9,
thus rotating the condenser § to resonate the unit
3. Thus the motor 9 rotates the condenser in
the appropriate direction until resonance is ob-
tained, whereupon armature 24 again assumes its
neutral position. In this position, the circuit of

relay 52 is broken and contacts 5! close to com-

plete the -circuit for stepping magnet 46, thus

advancing the stepping switch to position #2.
It should be observed that during the first

tuning operation in position #1 of the switch,

motor {I rotates the coupling coil I8 with respect 2

to coil T until the switch contacts 42, 43, are
opened, thereby stopping the rotation of motor
{1, The cam #l is so oriented that a predeter-~
mined value of coupling between coils 18 and 1
can be obtained. The degree of this coupling de-
pends upon the resistance and reactance of the
antenna, but it is not critical over a fairly wide
range such as around onhe-quarter wave point.
I} is necessary that a certain amount of coupling

be maintained between coils (0 and 7 since the,

operation of the discriminator depends upon the
reflected reactance from the antenna circuit into
coil 1. The formula for reflected reactance which
is equal to formula
—J Xm2Xa

where Xm is the mutual reactance, R. is the
antenna circuit resistance, and Xa is the antenna,
circuit reactance. This shows that the reflected
reactance is dependent directly on the reactance
of the antenna circuit, and that it is inversely
proportional to the sum of the resistance squared
plus the reactance squared of the antenna cir-
cuit. Around the guarter wave point of the an-
tenna, over say a 10% frequency range, the re-
actance and the resistance may be in the order
of —J200 to --J200 and 60 to 70 ohms respectively,

whereas around the half wave point, these values:

may be up in the thousands. This makes if
necessary to adjust this coupling to a predeter-
mined value which predetermined value must
vary with the antenns used.

With the switch in position #2, the discrimi-
nator 14 now shifts its control from motor 9 to
motor 13. - In position #2, relay 57 operates over
a circuit traceable from ground through the
winding of relay 57, contacts 37c, 37, switch arm
37 to grounded battery. Relay 5T when operated
reconnects the coupling coil 10 in eireuit with
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the -antenna ecircuit. Because of the mutual
coupling between coils {0 and 7, the reactance
from the antenna and its associated elements
will be reflected into coil 7, and thus will disturb
the previous resonance phase condition existing
between voltages E: and Ez This off-resonant
condition again causes the appropriate one of
the tubes 16, 17, to be predominantly conductive
and therefore selectively determines the rotation
of motor 13. It should be observed that in posi-
tion #2 of the stepping switch, the contacts
of relay 15 are connected to the #2 contacts 35b,
36b, and thence to the shading coils of motor 13.
Motor {3 therefore rotates the adjustable element
of coil 12 in the proper direction until the an-
tenna circuit 3 is in resonance. The amount of
mutual coupling required between coils 10 and T
is a function of the “Q” of the antenna circuit,
since the reflected reactance depends on the “Q”
of that circuit. When the antenna circuit has
thus been tuned to resonance, armature 24 again
restores to neutral position, thereupon releasing
the relay 52 and reclosing the circuit of the step-
per magnet 48, thus advancing the stepping mag-
net fo position #3. -

It will be noted that in position #3, the shading
coil of motor 13 still remains under control of
the discriminator 14 by reason of the strap con-
nection between contacts 35b, 85¢, and 36b, 36¢.
In position #3 of the switch, a circuit is closed
for winding 6T of switch 33, this circuit being
traceable from ground, through winding 67, con-
tact 38c, brush 38 to grounded battery 68. When
switch 33 is thus operated, it short-circuits the
resistance 32 and grounds contact 51 of relay 52
so that when the differential relay 24 returns in
neutral position, it cannot advance stepper relay
46’’. This is necessary to prevent the stepper
from advancing and going through the complete
tune-up cycle again. In position #3, the motor
i1 is placed under control of the relay 64 in the
radio frequency voltage measuring circuit. If
the rectified radio frequency voltage is below the
value corresponding to the desired loading con-

5 dition of the system, the winding 65 of relay 64

will take control and cause armature 69 to en-
gage contact 70, thus closing a circuit traceable
from ground, brush 39, contact 39¢, armature 68,
contact 10, winding I1b to ground. Motor i

! therefore again rotates the coil 18 in the proper

direction to bring the rectified radio frequency
voltage up to a point where it balances the steady
current through winding 65. If however, the
radio frequency voltage had been above the pre-
determined value corresponding to the desired
loading, the winding 63 would have been pre-
dominantly energized and the winding (la would
have been short-circuited, thus rotating the coil
{8 in the opposite direction. In either case, the
coil 10 is rotated to correspond with the prede-
termined voltage condition that is required at
the input to the unit 3. This voltage will of
course be the voltage that is. developed across
the end of the line 2, wherte it feeds the unit 32
and will be equal to the characteristic impedance
of the line. This resistance will consist of the
lost resistance of coil T and the reflected antenna,
load resistance. When the foregoing operations
have been thus automatically completed, the

} parfs remain In their last set position and with

the stepping switch in position #3, so that the.
system provides a continuous check and correc-
tion for any further variations in the reactance
and resistance occurring at the end of the line 2
as it feeds the unit 3.
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" While certain sbecific’ embodinmients have been
desctibed herein, it will be understood that var-
ibtis changes and modifieations roay be made
therein. without departing froin the spirit and
scope of the invéntion.

What is- claimed is:

1. Iih a wave transmission system having first
and second- sections- arranged to be automati-
cally adjusted to resoharce; & -resonance adjust-
ing member for each section, a first motor for
operating the member of the first section, a sec-
ond motor for operating the member of the sec-
ond section; adjustable coupling means betwesn
said sections, a resonance diseriminator common
to said sections, a third motor for automatically
operating said coupling means, an impedance
representing the equivalent loading of the second
section on the first section when' said. first and
second sections are coupled, medans including said
discriminatcr and said first motor to tune the
first scction to resonance while automatically
inserting said impedanee in circuit with the first
section and while the said sections are decoupled,
and means including said discriminator and said
second motor for automatically tuning the second
section to resonance while deleting said imped-
ance.

2. A wave transmission system according to
claim 1 in which means are provided for operat-
ing' said third motor to-increase the coupling be-
tween said sections while sdid second section 1s
being tuned to resonance.

3. A wave transmission system according to
claim 1 in which said discriminator includes a
reldy which controls the direction of rotation
of said first and second motors.

4. A vave transmission system according to
claim 1 in which sdid discriminator includes a
relay which conticls the direction of rotation of
said first and second motors, and separate switch
means are provided for controlling the direction
of rotation of said third motor.

5. A wave transmission system according to
claim 1 in which said. diseriminator includes a
relay which controls the direction of rotation of
said first and second motors, and a second relay
for controlling the direction of rotation of said
third motor, said second relay being operated in-
dependently of the first relay.

§. A system according to claim I in which said
first- section comprises g tuning condenser con-
nected in series with said impedance, the ad-
justine member of said condenser being con-
nected to said first motor.

7. A system according to claim 1 in which said
first section includes a tuning condenser con-
nected. in series with said impedance and a cou-
pling coil which ceil is coupled to said adjust-
able coupling means, the sdid condenser having
its adjusting member connected to said first
motor; and said second section includes an ad-

justable inductance connected in series with said

coupling meanis and having its ddjusting mem-
ker connectéd t0 §aid second motor.

3. A wave transmission system according to-
in which said discriminator inecludes a -

clajm 1
polarized reldy’ which controls the direction of
rotation of said first and second motors.

9. In a wave transmissionl system having a first
70

and a second tunable section to be automatically
resonated to the frequency of waves from a
gource, first and second driving motors respec-
tively for the tuning elements of said sections, &

third driving motor for cortrolling the coupling

of said sections, a resonance discriminator com-

30

‘mon to said sections; means ineluding §sid third

motor to effectively decouple’ said sections while
inserting an equivalent impedance in circuit be-
tween said source and said first section, means
inciuding said discriminator and said first'motor
for automatically tuning said first section. to
regonance while said sections are decoupled, and
means including said discriminator and said sec-
ond motor for automatically tuning said second
section and also increasing the coupling between
said sections.

10. In a wave transmission system, a source of
high frequency waves, a wave transmission line
connected at one end to said source; a tunable
network terminating the other end of said line,
said network having first and second tunable
sections coupled by an adjusteble coupling ele-
maent, said network having a predetermined “Q”
when said sections are tuned to rescnance and
when they are coupled to a predetermined de-
gres, means for automatically decoupling said
sections and for automatically inserting an im-
pedance to maintain said “Q,” means for auto-
matically tuning said first section o resonance
while decoupled from the second section and
while maintaining the inserticn of said imped-
ance, and means for automatically tuning said
second zeetion to resonance while maintaining
said impedance deleted, and while incregsing the
coupling betwsen said sections.

11, A wove transmission system according to
claim 10, in which the said means for automati-
cally iuning said first and second sections in-
cludes g resonance discriminator and & pair of

- moters respectively for the tuning elements of

said sections, said resonance discriminator in-
cluding & selectively reversible relay switch which
is successively asscciated with said motors to
control their direction and duration of rotation.

12. In a wave transmission system, a circuit to

" ne automatically tuned to resonance with a

54
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source, a pair of grid-controlled tubes, means
coupling the grids of said tubes to said circuit so
that the grids are excited in cpposite phase,
means to excite the anodes of said tubes in like
phase from said source, a motor for moving the
resonance adjusting element of said circuit, and
a relay selectively controlled by the differentiak
ancde-cathode currents from. said tubes to cause
said motor to operate until said circuit is tuned
to resonance, said circuit. inc’uding an inductance
coil having a point intermediate its ends con-
nected to the grid of one tube, and another in-
ductance coil coupled to said first coil and having
one end connected to the grid of the other tube.
13. In a, wave transmission system, a circuit to
be automatically Huned to resonance with a
source, 4 pair of grid-controlled tubes, means
coupling the grids of said tubes to said circuit so
that the grids are exeited in opposite phase,
means to excite the anodes of said tubes in like
phase from said source, a motor for moving the
resocnance adjusting element of said circuit, and'
g relay selsctively conticlled by the differential
ghode-cathode currents from said tubes to causs
said. motor to operate un‘il said circuit is tuned:
to resonance, said circuit including an inductance:
coil connected in series between said line and
ground, g point intermediate the ends of said coil

-connected to the grid of one tube, another coil

connected: between ground and the grid of the
other tube and coupled to said inductance coil
whereby the excitation of said circuit causes equal.
potentials but of opposite phase to be impressed
upen the grids of said tubes.

14, In a wave transmission system, first and
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second tuned circuits to be resonated with a
source, each of said sections having an individual
tuning element, a first motor for said first ele-
ment, a second motor for said second element, a
third motor for controlling the coupling of said
sections when the first section is being tuned to
resonance and when the second section is being
tuned to resonance, a resonance discriminator
comprising a pair of grid-controlled electron
tubes having their grids excited in opposite phase
from said first circuit and their plates excited in
like phase from said source, a three-position
stepping switch effective in one position to con-
trol the first motor in response to the differential
current from said tubes and effective in a second
position to control the second motor in response
to the differential current from said tubes, and
circuits for automatically stepping said switch as
each resonant condition is automatically reached,

said tubes having their anode-cathode circuits 20

differentially connected to the windings of a neu-
tral polarized relay, said relay having contact

10

15

10
sets for controlling the direction of rotation of
the first and second motors, other relay means
for controlling the direction and rotation of the
third motor.

15. A wave transmission system according to
claim 14 in which an equivalent non-inductive
resistance is connected in series between the
source and said first section, and a switch device
is controlled by said third motor for shunting
said resistance when the said second circuit is
being adjusted to resonance.

VERNON H. VOGEL.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name

Date

2,376,667 Cunningham et al. __ May 22, 1945
© 2,417,191 FOX Mar. 11, 1947
2,449,174 O'Brien __.________ Sept. 14, 1948




