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1. 
This invention relates to coupling circuits for 

electrical signals and particularly to the type 
automatically controlling the degree of coupling. 

It is often desirable in electrical energy trans 
mission Systems, especially of the type employ 
ing an unstable Source whose output varies in 
intensity over a wide range, to extract a fixed 
amount of energy for calibration or control pur 
poses. Several techniques are available for ob 
taining a fixed amount of energy from a source 
of variable intensity energy. This invention is 
directed particularly to the technique employing 
a calibrated reference signal for comparison 
with the extracted signal in order to obtain a 
measure of the amount of control necessary to 
achieve the fixed amount of extracted energy. 
One of the requirements of such a system is that 
control of the intensity of the extracted signal 
be possible over a wide range of fluctuations of 
the intensity of the signals at their source. It 
is also highly desirable that these be insured a 
fast and faithful response of the control circuit 
to fluctuations of the Source. 

It is an object of my invention to provide an 
improved arrangement for extracting a fixed 
amount of signal from a variable intensity signal 
SOCe. 

It is a further object of my invention to pro 
vide a method and apparatus for extracting an 
adjustable predetermined amount of electrical : 
energy from an energy source of fluctuating in tensity. 

It is a further object of my invention for pro 
viding an improved method and apparatus for 
comparing a normally variable electrical signal : 
with a fixed reference signal to obtain control 
signals useful in stabilizing said variable sig 
nals. 
The novel features which I believe charac 

teristic of my invention are set forth with par 
ticularity in the appended claims. My inven 
tion, however, both as to its Organization and 
method of operation, together with further ob 
jects and advantages thereof, may best be un 
derstood by reference to the following descrip 
tion taken in connection with the accompanying 
drawings in which Fig. 1 shows my invention in 
block diagram form, Fig. 1d. ShoWS in graphical 
form the desired output error signal-input signal 
difference characteristic achieved in accordance 
with my invention, and Fig. 2 is a circuit diagram 
disclosing a particular embodiment of my inven 
tion, 

Fig, 1 shows a source of variable intensity ener 
gy as, for example, the radio frequency stage 
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of a radio receiver coupled by means of a trans 
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mission line 2 to a load circuit 3 which may com 
prise the low frequency stages of a receiver. In 
order to derive a constant intensity signal from 
the output of Source f, as, for example, a de 
tected radio frequency energy of Substantially 
constant Wattage and useful for controlling cir 
cuits or 3 or for controlling an exterior mech 
anism, a portion of the output of Source is coul 
pled by means of a variable coupling unit 4 to the 
output circuit 5. In order to maintain the in 
put to circuit 5 constant over a wide range of 
energy intensity variation of the source f, a con 
trol circuit 6 is employed for adjusting the de 
gree of coupling of circuit 4. Control circuit 6 
comprises a detector T for detecting a portion 
of the variable coupling output supplied to cir 
cuit 5 and for applying the detected output to 
a servo control unit 8 which is also provided with 
a highly regulated reference signal from Supply 
9. The control unit 8 serves to compare the in 
tensity of signals from Sources 7 and 9 to derive 
an error signal indicative of the difference of in 
tensity between these two signals. This error 
signal is coupled from the output of control unit 
8 to a drive mechanism 0 as, for example, a 
servo motor which is employed to control the de 
gree of coupling of circuit 4. Circuit 8 is ar 
ranged Such that variation of the intensity of the 
output of coupling 4 in either direction from a 
given intensity results in a control signal be 
ing applied to mechanism f O to adjust the coul 
pling circuit 4 in a proper direction to maintain 
a constant output thereof. When the signals 
supplied to control unit 8 from circuits 7 and 9 
are substantially equal, however, the adjustment 
of the degree of coupling of circuit 4 is held fixed. 
The degree of control achieved with applicant's 

arrangement is clearly shown by the steep null 
characteristic Of Fig. 1d, where the abscissa 
refers to the difference between the reference 
and variable coupling output signals, and the 
ordinate refers to the intensity of output sig 
nal obtained for application to the circuit O. 

Briefly, an embodiment of applicant's inven 
tion comprises the use of Several groups of elec 
tron discharge devices having their electron dis 
charge paths serially connected across a source 
of direct voltage. The devices are arranged into 
pairs, each comprising a device from each group. 
The variable intensity and reference signals are 
applied to the input circuits of respective devices 
of an initial pair of devices, and the amplifier 
versions of these signals are successively coul 
pled through the remaining pairs of devices. 



2,589,029 
3 

Certain of the pairs of devices are intercoupled 
to render the system more Sensitive to input sig 
nal differences. The final pair of devices are ar 
ranged to have a signal difference indicator cou 
pled between the cathode output circuit.S there 
of. This arrangement is desirable to obtain a 
suitable indicator driving voltage permitting 
prompt and sensitive response to input Signal 
differenceS. 

Fig. 2 shows an embodiment of applicant's in 
vention in circuit diagram form comprising an 
arrangement for maintaining the amplitude of 
detected radio frequency voltage Supplied over a 
coaxial transmission line to a load circuit 2 
from a radio frequency source of fluctuating volt 
age 3 constant over a Wide range of fluctuations. 
An adjustable coupling condenser. 4 is coupled 
between the coaxial transmission line and the 
input of the voltage control unit 5. In a pre 
ferred form, condenser 4 comprises a plate mov 
able with respect to the inner conductor of CO 
axial line . By varying the coupling of the 
movable plate with respect to the inner conduc 
tor, the amount of voltage applied to control cir 
cuit 5 may be regulated. Detector circuit 16 
detects the output of condenser f4 and couples 
it to an input electrode 7 of comparator circuit 
8. Comparator circuit 8 comprises a pair of 
cathode coupled triodes 9 and 20 having a com 
mon unbypassed cathode load resistor 2; and Op 
erating as a form of push-pull circuit. A Source 
of adjustable amplitude reference voltage is avail 
able from the movable arm of potentiometer 22. 
Potentiometer 22 is coupled at one end to a Source 
of negative potential and at the other end to 
ground. A Voltage regulating tube 23 is coupled 
across the potentiometer 22 to maintain a sub 
Stantially constant source of negative voltage 
from which a predetermined amount may be coul 
pled by adjustment of potentiometer 22 to the 
input electrode 24 of tube 20. The plate voltage 
of tubes 9 and 20 is supplied from a positive 
Woltage source, --, through the plate-cathode 
circuits of series connected tubes 25, 26 and 27, 
28 respectively. Tubes 26 and 28 have their cath 
Odes 29 and 30 tied together and coupled by means 
of a common current bypass resistor 3 to ground. 
This is necessary since in the particular embodi 
ment disclosed tubes 26 and 28 draw consider 
ably more plate current than do the voltage am 
plifiers 9 and 20. The cathode electrodes 29 
and 30 of tubes 26 and 28 are also coupled 
through load resistors 32 and 33 to respective 
plate electrodes of tubes 9 and 20. Potentiom eter 34 is provided for adjusting the relative 
amount of load resistance contained in tube cir 
cuits 9 and 20. The output of tube 9 is cou 
pled to the input electrode 35 of tube 26 while 
the output of tube 20 is coupled to the input 
electrode 36 of tube 28. Cathodes 37 and 38 of 
tubes 25 and 27 are coupled by means of resis 
tors to the plate electrodes of 26 and 28 respec 
tively. The input electrodes 39 and 40 of tubes 
25 and 27 are coupled to the Output of tubes 26 
and 28. 

During operation of circuit is, tubes 9, 20, 25, 
26, 27 and 28 are conducting all the time. If the 
input signals to electrodes 7 and 24 are equal, 
no voltage is developed between cathodes 37 and 
38. Potentiometer 34 is provided to adjust for 
the no voltage condition. If the negative signal 
from diode 6 applied to electrode 7 is more. 
negative than the negative signal available at 
electrode 24, tube 20 will conduct more heavily 
than tube. 19 thereby making the Voltage avail 
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4. 
able at electrode 35 more positive with respect to 
that at 36, hence lowering the positive voltage at 
electrode 39 with respect to electrode 40 whereby 
the voltage at cathode 37 is more negative than 
that at cathode 38. AcroSS cathodes 37 and 38 is 
provided the field windings 4 of a permanent 
magnet D. C. motor 42 whose output shaft is 
coupled by appropriate gearing to the movable 
plate of condenser 4. Thus it is seen that for 
a lowering in voltage of electrode 7 with respect 
to electrode 24, a negative voltage is available 
at cathode 37 with respect to cathode 38 thereby 
driving motor 42 in a direction to reduce the de 
gree of coupling of condenser f4 and hence the 
amount of voltage available at electrode 7. The 
control voltage is developed across winding 4 
until the voltages at electrodes 7 and 24 have 
Once again become Substantially equal. By ad 
justing the movable arm of potentiometer 22, the 
voltage stabilization level may be varied in either 
direction. 
Should the input voltage at electrode 7 be 

COme less negative than the reference voltage at 
electrode 24, a lower positive voltage is devel 
oped at cathode 37 than at cathode 38 thereby 
driving the motor 42 in an opposite direction to 
control the degree of coupling of condenser 4 
and hence increase the input voltage at electrode 
7 to be substantially equal to the reference volt 

age. By providing a common cathode unbypassed 
load resistor for tubes 9 and 20, small voltage 
differences may be detected and hence a finer 
degree of adjustment may be obtained since. 
greater conduction of one section as, for exam 
ple, tube 9 due to a more positive signal at elec 
trode 7 relative to electrode 24 results in a bias 
ing voltage developed across resistor 21 reducing 
the discharge current flow through tube 20. A 
similar action on the part of tubes 26 and 28 
further amplifies this signal difference such that 
upon application to the Winding 4 coupled across 
the Outputs of devices 25 and 27, Sufficient power 
Will have been developed to adjust condenser. 4 
to equalize the signals applied to electrodes 7 
and 24. 

in the event of failure of source f3 Such that, 
no voltage is available in coaxial line , control 
unit 5 would normally attempt to operate to 
raise the Zero voltage, available at electrode 7 
to that of the reference level, thereby running. 
the motor 42 needlessly. Hence, it is desirable 
to prevent operation of the control circuit 5 
until a given minimum level of Signal voltage 
is available in transmission line . To this end, 
a switching circuit 43 is provided for connect 
ing the output of detector circuit 6 by means of 
switch 44 to input electrode ill. For no signal. 
on the transmission line ill, Switch 44 couples 
the input electrodes f T and 24 together, thereby 
maintaining motor 42 fixed at its last position. 
Circuit 43 comprises a pair of triodes 45 and 46. 
having a common unbypassed cathode resistor 
47 coupled to a source of negative potential. The 
input electrode 48 of tube 45 is supplied with 
available detected radio frequency energy from 
transmission line by means of detector circuit 
50. The input electrode 5f of tube 46 is coupled 
to an adjustable source of negative voltage avail 
able at potentiometer 52. Between the Output 
electrodes of tubes 45 and 46 is coupled the field 
coil 57 of the relay controlling the position of 
switch 44. The output electrodes of tubes 45 
and 46 are coupled by load resistors to a source 
of positive potential. When no radio frequency 
energy is available in line if enough static or . 
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contact potential is developed across the output 
of 50 to provide negative bias at 48 balancing 
negative bias applied from 52 to 5. Tubes 45 
and 46 therefore conduct substantially equally, 
hence producing no voltage drop acroSS Winding 
57 and thereby maintaining switch 44 in its lower 
position to prevent operation of motor 42. If the 
input signal at electrode 45 rises, as upon arrival 
of radio frequency energy, a resultant voltage is 
developed across winding 57 to raise switch 44 to 
its other position thereby coupling radio fre 
quency voltage from circuit 6 to input electrode 
17 of the control circuit 8. Thus, it is seen the 
switching circuit functions such that for no radio 
frequency input voltage, a bias voltage is devel 
oped balancing the reference voltage established 
by potentiometer 52 at electrode 51, and winding 
57 is inoperative to raise 44 to couple input volt 
age to the control circuit 8. However, When 
radio frequency voltage is available, the balance 
is destroyed and relay winding 57 operates 44 
to apply input voltage to circuit 8. 
The arrangement set forth in Fig. 2 has been 

found to operate satisfactorily over a Wide range 
of input voltage frequencies and intensity vari 
ations in providing a substantially constant out 
put to very close tolerances for application to a 
load circuit 2. 
While I have shown only certain preferred 

embodiments of my invention by Way of illustra 
tion, many modifications will occur to those 
skilled in the art and I therefore wish to have it 
understood that I intend in the appended claims 
to cover all such modifications as fall. Within the 
true spirit and scope of my invention. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. The combination, in a system for regulating 

the supply of signal voltage from a source to a 
load, a source of operating voltage, two pairs 
of electron discharge devices, each electron dis 
charge device having an anode, a cathode, and 
a control electrode, the devices of each pair being 
connected in series across said Source with a re 
sistance in series between the anode of one de 
vice and the cathode of the other device, means 
to vary the potential of the control electrode of 
said other device with the anode potential of Said 
one device of each pair, and means to supply to 
the control electrodes of said one device of each 
pair a voltage varying on said electrodes in Op 
posite sense with variations in voltage on said 
load, and means responsive to the difference in 
potentials of the cathodes of said other devices of 
said pairs to control the voltage supplied to said 
load. 

2. An arrangement for comparing the intensity 
of a variable signal with a reference signal com 
prising two groups of electron discharge devices, 
a source of unidirectional voltage, means for re 
spectively coupling the electron discharge paths 
of the devices in each group in series acroSS said 
source, each of said devices comprising an input 
and an output circuit, means for coupling said 
signals to respective input circuits of an initial 
device in each group, an indicator for indicat 
ing the intensity difference of said signals, means 
for coupling said indicator between an output 
circuit of the final devices in said groups, and 
means for coupling the remaining output circuit 
of each device to a respective remaining input 
circuit of a succeeding device in a respective 
series coupled group. 

3. An arrangement according to claim i fur 
ther comprising means for intercoupling a Se 
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6 
lected pair of devices, one from each group, to 
achieve push-pull operation. 

4. An arrangement for comparing the inten 
sity of a variable signal With a reference Signal 
comprising two groups of electron discharge de 
Vices, a direct voltage source, means for respec 
tively coupling the electron discharge paths of 
the devices in each group in series across Said 
source, each of said devices comprising an input 
circuit, an output circuit and a cathode elec 
trode, said devices being arranged into a first, 
second and third pair of devices, each comprising 
a device in each group, a common cathode in 
pedance intercoupling Said first and Second pair 
of devices, means supplying said signals to respec 
tive input circuits of said first pair of devices, 
means coupling the output circuits of said first 
and second pairs of devices to the input circuits 
of Said Second and third devices respectively, and 
an indicator for indicating the intensity differ 
ence of said signals coupled between the output 
circuits of said third pair of devices. 

5. An arrangement for comparing the intensity 
of a variable signal with a reference signal com 
prising two groups of electron discharge devices, 
a direct Voltage Source, means for respectively 
coupling the electron discharge paths of the de 
vices in each group in Series across said source, 
each of said devices comprising an input circuit, 
an output circuit, a cathode and an anode, Said 
devices being arranged into a first, Second and 
third pair of devices, each pair comprising a de 
Vice in each group, a respective Common cathode 
load impedance intercoupling the respective de 
vices of said first and Second pair of devices, 
means supplying Said signals to respective input 
circuits of Said first pair of devices, means cou 
pling the output circuits of said first and second 
pair of devices to the input circuits of said sec 
Ond and third devices respectively, and an indica 
tor for indicating the intensity difference of said 
signals coupled between the output circuits of 
said third pair of devices, the devices of said first 
and second pair of devices each comprising anode 
load impedances, said first and second load im 
pedances also comprising the cathode load im 
pedances of a respective device of said second 
and third pair of devices respectively. 

6. A variable coupling arrangement for apply 
ing a predetermined amount of signal from a 
Variable intensity signal source to a load com 
prising a source of reference signal, two groups 
of electron discharge devices, a direct voltage 
Source, means for respectively coupling the elec 
tron discharge paths of the devices in each group 
in Series across said source, each of said devices 
comprising an input circuit, an output circuit, 
and a cathode electrode, said devices being ar 
ranged into a first, second and third pair of de 
Vices each comprising a device in each group, 
Separate means providing a push-pull intercou 
pling of the respective devices of said first and 
Second pair of devices, means normally supply 
ing Said Signals to respective input circuits of 
Said first pair of devices, means coupling the out 
put circuits of Said first and second pair of de 
vices to the input circuits of said second and 
third devices respectively, coupling means for ap 
plying signals from Said Source to said load, 
means coupled between the output circuits of said 
third pair of devices for controlling the degree of 
coupling of said coupling means, and means re 
sponsive to the intensity of variable signals fall 
ing below a minimum level for coupling said sig 
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nals to a common input circuit of one of the de 
vices of said first pair of devices. 7. An arrangement for controlling the degree 
of coupling of coupling means Supplying signals 
from a variable intensity signal Source compris 
ing a reference signal source, two groups of elec 
tron discharge devices, a direct voltage source, 
means for respectively coupling the electron dis 
charge paths of the devices in each group in series 
across said Source, each of Said devices compris 
ing an input circuit, an output circuit, a cathode 
and an anode, said devices being arranged into 
a first, second and third pair of devices each com 
prising a device in each group, a respective com 
mon load impedance intercoupling the respective 
devices of said first and second pair of devices 
in push pull, means Supplying said signals to re 
spective input circuits of said first pair of de 
vices, means coupling the output circuits of said 
first and second pair of devices to the input cir 
cuits of said second and third devices respective 
ly, an indicator for indicating the intensity differ 
ence of said signals coupled by the output circuits 
of said third pair of devices, the devices of said 
first and second pair of devices each comprising 
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8 
anode load impedances, said first and second 
load impedances also comprising the cathode load 
impedances of a respective device of said second 
and third pair of devices respectively, means 
coupled between the cathodes of said third pair 
of devices for controlling the degree of coupling 
of said coupling means. .. 

HARRY G. PRATT. 

REFERENCES CTED 
The following references are of record in the 

file of this patent: 

UNITED STATES PATENTS 
Number Name Date 
2,203,468 Martin ------------ June 4, 1940 
2,340,175 Chance ------------ Jan. 25, 1944 
2,457,792 Wild et al. --------- Dec. 28, 1948 
2,467,335 Rath -------------- Apr. 12, 1949 

FOREIGN PATENTS 
Number Country Date 

620,028 Great Britain ------ Mar. 18, 1949 


