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TUNED ELECTRICAL CIRCUITs 
Application fled November 13, 1928. Serial No. 319,081. 

The present invention relates to tuned 
electrical circuits, and has for its principal object to provide animproved apparatus and 
method of operation whereby the resonance 

is frequency response or resonant peak of such 
tuned circuits may be quickly and easily de 
termined independently of their sharpness 
of resonance and of the amplitude of their 
response. 
The method and means of the present in 

vention are particularly adapted to the test 
ing of resonant circuits and component parts 
thereof, such as the coils and tuning con 
densers of radio broadcast receivers for ex 
ample, in large quantity production, al 
though it is not limited thereto, but may be. 
applied to the testing of any tuned circuit 
or component thereof. 
The invention will be better understood 

from the following description when con 
sidered in connection with the accompany 
ing drawings and its scope, will be pointed 
out in the appended claims. A. 
In the drawings Fig. 1 is a diagrammatic 

representation of an apparatus embodying 
the invention and arranged for testing a 
3-element tuning condenser such as is used 
as a tuning component of a broadcast, re 
ceiver; Fig.2 is a similar diagrammatic rep 
resentation of a modification; and Fig. 3 is 
a curve diagram illustrating one phase of 
the operation of the apparatus of Figs. 
1 and 2. ', , Referring to Fig. 1, 5 is an electric dis 
charge device having associated grid and 
anode coils 6 and 7 respectively, which are 
tuned by a rotary variable condenser 8 to . 
provide a common form of oscillator or a frequency 
range determined by the relation between 
the inductance of the coils and the capacity 
of condenser 8. In the present example the 
electric discharge device is of the 3-element type and is supplied with operating volt 
ages from suitable means such as a cathode 
heating battery 9, grid bias battery 10 and 

in 

anode battery 
by a variable condenser 12 by which its 
range may be adjusted for purposes herein 
after described. 

movement. 

11. Condenser. 8 is shunted 

The above described oscillation generator. 
or oscillator having a variable tuning means 
such as condenser 8, whereby its frequency 
output may be varied through a desired fre 
quency range, represents any suitable source 
of electrical impulses or alternating current, 
the frequency of which may be varied 
through a desired range. 

In connection with the oscillator shown, 
the tuning means is most easily provided by 
a rotary variable condenser which is of a 
well-known type having 180 degree tuning 

This should however be taken 
as representing any suitable means for vary 
ing the source of alternating current through 
its range of frequencies. r 
The oscillatortuning means is continuous 

ly rotated by a suitable small electric motor 
13 which is connected with the condenser 
shaft by an insulated coupling 14. The 
oscillator or source of alternating current is 
thus caused to generate a frequency, which is 

O 

continuously varying between certain higher 
and lower limits as determined in the present 
example by the relative sizes of inductance 
and capacity used therein. 
Coupled to the oscillator through a divided 

5 

coil 15-16 as hereinafter described, is a 
detector or rectifier 17. In the present ex 
ample the detector is an electric discharge 
device of the same type as oscillator 5 and is 

80 

supplied from the same voltage and current 
sources as the oscillator, as indicated, al 
though it may be of any suitable type and 
receive operating current and voltages from 
other sources. 
In this arrangement energy received from 

the oscillator by coil 15-16 is applied di 
rectly to the grid of the detector through a 
grid lead 18 connected with the high poten 
tial end of the coil and providing conductive 
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coupling therewith, although any other suit 
able coupling between the detector and the 
tuned circuit may be used. 
In the anode or output circuit of the de 

tector, which is indicated at 19, is connected 
a transformer 20, the secondary of which is 
connected with the terminals 21 of a galva 
nometer 22 representing any suitable current 
responsive device adapted for responding to 
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current variations in the output circuit 19 
of the detector. The transformer operates to 
apply the detector energy output to the cur 
rent responsive device. 
The galvanometer is provided with the 

usual reflecting mirror 23 as an indicating 
means, which is adapted to throw a beam of 
light 24 through a lens 25 on to a rotating 
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mirror 26 from which it is reflected to the 
surface of a translucent screen 27, the center 
of which is indicated by cross lines 28. 
The beam of light from mirror 23 of the 

galvanometer originates in a suitable source 
such as a lamp 29 and is directed on mirror 
23 through a lens 30 and a stationary deflect 
ing mirror 31, as indicated by dotted lines 
32-33. When the galvanometer is unex 
cited, with its mirror 23 in a normal centered 
position and with the rotating mirror 26 in a 
mid position relative to its rotation, the beam 
of light 24 is adjusted in such a manner that 
it is directed upon the center of the screen 
at the junction 34 of the lines 28. 
Mirror 26 is mounted on a shaft 35 carried 

in suitable bearings 36 and coupled with the 
variable tuning means for the oscillator 
through a coupling 37 with the motor, to 
rotate in synchronism with the former. The 
mirror rotates in the direction of the light 
beam and the angular relation between the 
oscillator tuning means or rotor of condenser 
8, and the mirror 26, is such that the mirror 
meets the beam of light 24 and reflects it on to 
Screen 27 while the oscillator tuning means 
passes through its tuning range which in the 
present example is 180 degrees, but is turned 
away from the beam while the tuning means 
is returning through the remaining 180 de 
grees to the starting point. 

Mirror 26 is thus in effect a cut-off means 
which operates in synchronism with the oscil 
lator tuning means to prevent the current 
responsive means or galvanometer from in 
dicating a response except during the time 
when the oscillator tuning means is varying 
the oscillator through its frequency range in 
the desired direction such as from a mini 
mum frequency to the maximum frequency. 
It is obvious that other suitable cut-off means 
may be used with other forms of current re. 
sponsive devices, although the arrangement 
shown in the present example is that now 
preferred because of its simplicity and read 
adaptability for coupling with a rotary oscil 
lator tuning means such as condenser 8. 

Coil 15-16 is the inductance forming one 
component of a tuned circuit 38. When this 
circuit, including inductance 15-16, is con 
nected with a tuning means such as a variable 
capacity indicated at 39 a resonant tuned cir cuit is provided, and with the arrangement 
shown this circuit then becomes a selective 
coupling means between the source of alter 
nating current or the oscillator and the de 
tector or rectifier. Energy is then trans 
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mitted to the latter only at the frequency to 
which the resonant circuit is tuned by the 
means connected with the inductance 15-16. 

Circuit 88 may thus represent a tuned cir 
cuit to be tested for resonance or a test cir 
cuit in which the adjustment of either the 
inductance or capacity components to pro 
duce resonance at one point, or over a range 
of frequencies, may be determined by fixing 
the one component and adjusting the other. 

In the present example, tuned circuit 38 
is arranged for testing the capacity compo 
nent thereof which is the variable capacity 
39. This is a standard three-unit variable 
condenser comprising three separate rotors 
40 adjustably secured to a common shaft 41, 
by set screws 42 or other suitable means 
whereby their angular relation to each other. 

O 
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be adjusted. The shaft is journaled in 8, 

2. 43, which also carries three insu 
lated stators 44 with which the rotors mesh. 
This tuned capacity is typical of the usual 
single controlled tuning means at present 
tuning a plurality of circuits simultaneously. 
In such receivers each section of the tuning 
capacity is arranged to tune a circuit such as 
circuit 38, including an inductance similar 
to 15-16, to the same frequency for any an 
gular movement of the shaft 41. Hence each 
section of the tuning capacity must be sub 
stantially identical with the others. 
Because of manufacturing variations which 

are unavoidable, the several sections of a 
multiple tuning means such as capacity 40 
are not electrically identical and require ad 
justment after manufacture, and in order 
that production may be rapid it is necessary 
that adjustment and correction be facilitated. 
it is to this phase of the manufacture that the 
apparatus of the present example is particu 
larly adapted, although it is not limited to 
the testing of the mutiple tuning means or 
of a condenser tuning means, but may be 
adapted to test any circuit tuning compo 
nent located in a tuned circuit such as circuit 
38, or in testing the response of the circuit 
itself. . 

With the multiple tuning unit shown, an 
arrangement is provided whereby each sec 
tion thereof is successively and separately 
connected into the tuned circuit 38, that is 
in the present example, in parallel with in 
ductance 15-16. This means comprises a 
commutator or selective switching means 
45 carrying a contact segment 46 which is 
connected through a ring 47 and a brush 48 
with one side of tuned circuit 38 which in this 
case is the high potential side thereof. Seg 
ment 46 occupies-substantially 4 of the cir 
cumference of the commutator. Arranged 
in the path of segment 46, in equally spaced 
relation to each other about the circumference 
of the comrnutator, are three brushes 49 to 
each of which is connected one section of the 
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tuned capacity 40 through circuit leads indi 
cated at 50. 
The opposite or low potential side of tuned 

circuit 38 is connected with the frame, shaft 
and rotors of capacity 40, all of which are 
electrically connected together, the tuning 
capacity 40 being what is commonly known 
as a grounded rotor type. 
With this arrangement each section of the 

capacity 40 is connected with tuned circuit 
38 for substantially one-third of the revolu 
tion of the commutator 45 which is connect 
ed to rotate with mirror 26 and the tuning 
means 8 for the oscillator through a suitable 
gearing 51. This gearing EE a 3:1 
ratio between the shaft by whi 
on which the commutator or selector means is 
mounted, so that each section of the tuning 
capacity 40 remains in the tuned circuit 38 
while the motor shaft makes one complete 
revolution, that is, while the oscillator tun 
ing means 8 and the mirror 26 make one 
revolution. 
Connected with the commutator 45, and in 

this case, mounted on the same shaft with it, 
is a disc or shutter 53 having elongated open 
ings or windows 54 equal in number to the 
number of sections of the tuning component 
40, and of such length as to divide the sur 
face of the disc adjacent the periphery into 
three separate equal openings. The shutter 
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is arranged to rotate in a plane at a right 
angle to the beam of light 32 so that the lat 
ter passes successively through the shutter 
openings as the shutter rotates. Each shutter 
opening is preferably colored by suitable. 
means such as a piece of colored glass mounted 
therein, each opening having a different col 
or, whereby the color of the beam of light 
is changed as the commutator rotates. The 
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shutter is so connected with the commutator 
that the beam of light 32 passes through a sep 
arate opening in the shutter while the com 
mutator connects each section of the tuning 
capacity with tuned circuit 38. 
The operation is as follows: With the in 

ductance of coil 15-16 of a desired value to 
cooperate with each section of tuning capac 
ity 40 in responding to a certain desired fre 
quency or frequency range, and with the os 
cillator designed to provide a frequency 
range which includes any frequency to which 
coil 15-16 may be tuned by capacity 40, the 
detector 17 and oscillator 5 are energized to 
gether with motor 13 and lamp 29. This 
causes the oscillator to pass successively 
through its range of frequencies while the 
separate sections of the tuning capacity 40 
are successively connected with tuned circuit 
38. At the same time the beam of light from 
light source 29 is successively changed in 
color for each section of the tuning capacity. 
As a result of this, there appears on screen 

27 three differently colored lines of light 55, 

ch, the mirror 
and tuning means 8 is driven and a shaft 52. 

described. 

pacity, that the means show 
testing and adjusting a 

3 

one for each section of capacit 40, and if the 
capacity of each section differs from the 
other, lines 55 will be spaced as shown, the 
greater the difference in capacity between 
the different sections the wider the spac 
ing between the lines. The lines are brought 
to the center of the screen adjacent the 
intersection 34 of lines 28 by adjustin 
auxiliary capacity 12 in the oscillator, an 
then the capacity of each condenser section 
is corrected by slightly bending the plates 
or loosening the set screws 42 and shifting 
one rotor with respect to another until all 
three lines coincide on the screen. The con 
denser unit or tuning capacity 40 is then ad 
justed for the one frequency, and may be 
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tested for others in its range, or it may be 
removed from the circuit and another sub 
stituted in its place for a similar test, without 
stopping the operation of the testing means 

It is obvious that while the above de 
scribed arrangement is adapted for testin 
a three-unit tuning means, it is not limite 
thereto but may be used to test a tuning means 
having one section or any number of sections, 
the number of sections determining the 
number of points on the switching means or 
commutator and the number of windows on 
the shutter. It is obvious that the shutter 
is not entirely necessary but is desirable since 
it permits the registrations or indications to 
be allocated to each section of the tuning 
means being tested by a difference in color 
of the light on screen27. Likewise it is ob 
vious to one skilled in theart that since a 
tuned circuit comprises inductance and ca 

capacity tuning 
méans alone, but that it may be adapted to 
test in much the same manner, one, or more 
inductive tuning means by suitably inter 
posing the tuned circuit containing such 
components between the source of alternat 
E. and the detector. eferring now to Fig. 3 along with Fig. 

1, the reason for the above described operat 

is not limited to 
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ing results will be further described. In 
Fig. 3, curves 56 and 57 are frequency re 
sponse curves plotted between current and 
frequency coordinates as indicated. When 
the oscillator or source of alternating cur 
rent passes through its frequency range 

5 

there appears in the anode or output circuit 
19 of the detector a current impulse repre 
sented by curve 56. This is a usual resonance 

20 

impulse curye, and its nodal point or peak 
represents the resonance point of circuit,38 
tuned by one section of capacity 40. This impulse produces in the secondary of trans 
former 20 and in the current responsive de 
vice 22 an alternating current cycle repre- . 
sented by curve 57. This cycle occurs each 
time the oscillator passes, through the res. 
onance point of the tuned circuit, for each 29: 

  



4 
section of the Ecty 40 under test. The 
galvanometer follows the current wave or 
cycle 57 for the resonance impulse of each 
section of capacity 40 and throws a beam of 
light across lens 25 between points which 
may be indicated at 58-58. Fig. 1 as it fol 
lows each current wave. The rotating mir-. 
ror 26 is so synchronized with tuning means 
8 of the oscillator that portion 59-59 only 

O of curve 57 is shown on the screen 27, the re 
mainder of the curve being lost by operation 
of mirror 26 which as hereinbefore described 

s 

20 

provides a cut-off means for the galvanom 
eter or current responsive device. 
In order that the full length of portion 

59-59 of curve 57 may appear on the screen 
as one of lines 55 for any particular setting 
of tuning capacity 40, condenser 12 of the 
oscillator is adjusted until it provides the 
peak resonant frequency of circuit 38 at the 
instant when the rotating mirror 26 is in a 
mid position with respect to its travel in the 
path of light beam 24. This throws the lines 

25 

30 

into the center of the screen and gives the 
full image of the lines thereon, each line being 
a different color when a suitable color disc 
or shutter means such as 53 is provided. 
By examining the curves in Fig. 3 it will 

be seen that the peak of curve 56 represents 
the exact resonance point for tuned circuit 
38 and that regardless of its sharpness or 
amplitude, by the use of transformer 20 in 
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the circuit in which this resonance wave is 
detected, there will result an alternating cur 
rent wave 57 having a zero point indicated 
at 60, which will always directly coincide 
with the peak frequency of the tuned circuit 
38. It serves therefore as an accurate indi 
cation of the resonance point of the tuned. 
circuit or of the resonance adjustment of 
the tuning component therein. Hence, in 
the present example the simultaneous indi 
cation of such resonance points, as by the 
SE lines 55 serves as an indication of the 

relative adjustment of the tuning components 
included in capacity 40, and permits the 
adjustment of each component to the same 
value or frequency response while viewing 
the results. . . . 

Referring to Fig. 2 in which for like parts, 
the same reference numerals are used as in 
Fig.1.5 is the oscillator, or generator of 
oscillations which is tuned by condenser 8. 
connected with its grid coil 6, while 9,10 and 11 are the sources respectively of filament 
current, grid bias voltage and anode voltage. 
The oscillator is caused to pass through its 
frequency range by motor 13 which is con 
nected with it through shaft 61 on which 
shaft is also mounted an insulated make and 
break contact or segment 62, and an insulated 
collector ring 63 together with an arm 64. 

... carrying a light 65 which as the shaft rotates, 
passes over a scale 66. The lamp represents 
any suitable indicating means adapted to be 

1858,958 
rotated by the shaftin synchronism with tun 
ing means 8. At 17 is the detector or recti 
fier having an output or anode circuit 19. 
and an output transformer 20 the secondary 
of which supplies operating current to a cur 
rent responsive device 67 through a circuit 
which may be traced through wires 68-69, 
a brush 70 bearing on contact 62, through the 
shaft 61 and returning through a brush 71 
bearing on a suitable contact ring 72 on the 
shaft, and wires 73 and 74. 
Shunted across wires 69 and 73 is a source 

of voltage such as a battery 75 having a series 
connected current limiting resistor 76 which 
source supplies current to the current respon 
sive device 67 when the make and break device 
62 is open. In the present example this device. 

O 

75. 

80 

is shown in its closed position, so that the battery or voltage source is inoperative to 
affect the circuit containing the current re 
sponsive device. The make and break device 
62 is synchronized with the oscillator tunin 

- means 8 so that as the oscillator is carrie 
through its operating range the brush 70 is 
in contact with segment 62 to short circuit 
the voltage source 75 through resistor 76 which prevents excessive drain from'the bat 

M tery. . - 
In the present example the current respon 

sive device 67 is a polarized relay, and it 
will be seen that when contact device 62 is open, the current from battery or voltage 
source 75 will hold the relay in a closed po 
sition in one direction. This holding force is sufficiently strong to overcome any signal 
or indicating impulse received from the de 
tector, whereby the indicating or current re 
sponsive device 67 is rendered inoperative 
uring the time when the oscillator is being 

returned to its zero or starting point for each 
its effect to the motor operated cut-off means 
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revolution of the motor. This is similar in 
provided in the apparatus of Fig. 1, and as is 
obvious, any other suitable cut-off means 
adapted for use with a current responsive de 
vice such as polarized relay 67 may be used. 
The relay is arranged to light the lamp 

65 by means of its movable armature 77 and 
two contacts 78 with which the arm engages 
at either end of its travel. The arm of rela 
67 is connected through a lead 79 and a brus 
80 with the collector ring 63, which in turn 
is connected with one side of the lamp 65 as indicated. The opposite side of the lamp 
connects with the arm 64, shaft 61, contact 
ring 72, brush 71, lead 73 and with contacts 
78 of the relay through a lead 81. Shunted 
across leads 79 and 81 is a second battery or 
source of voltage 82 and a series current lim 
iting resistor 83 therefor. This arrangement 
operates to light the lamp 65 when the relay 
contact arm is in a mid position between con 
tacts 78 as shown, the current for lighting the lamp being supplied from battery or voltage 
source 82. When the relay is actuated to 
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move to the closed position in either direc 
tion, the lamp is short circuited by arm 
making contact with one of the contacts 78. 
This arrangement serves to cause indications 
received from the transformer 20 by the cur 
rent responsive device 67 to cause such indi 
cation to appear on the scale 66 as a spot of 
light, the spot of light which normally would 
occur at 180° therefrom and off the scale, be 
ing removed by operation of the contact mak 
ing device 62 as hereinbefore explained. 
The arrangement above described is sub 

stantially the same as that described in con 
nection with Fig. 1 except that the present 
arrangement is simplified for use with a sin 
gle tuned circuit to be tested instead of a 
plurality thereof, and employs a different 
type of current responsive device and cut-off 
means therefor. 
The detectoris provided with a pick-up coil 

84 which is adapted to receive energy from 
the oscillator or through a circuit 85 in which 
a coil 86 is coupled with the oscillator and a 
cois is coupled with the detector coil 84. 
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tween the oscillator and the detector. 
detector receives an impulse' through the 

45 

50 

Interposed between the oscillator and the 
detector, that is, in the present example be 
tween coils 87 and 84, is a tuned circuit 88, 
which is to be tested for resonance, and the 
components of which are indicated at 89 and 
90, the former being the tuning capacity and 
the latter being the tuning inductance. In 
the present example as indicated by lines 91. 
coil 90 is electromagnetically coupled with 
coils 87 and 84 whereby the tuned circuit pro 
vides a coupling means between the oscilla 
tor and the detector in a manner similar to 
that described in connection with Fig. 1. 
To test the resonance point of circuit 88 

or to test the effect of variation in either of 
its components, it is brought into position to 
form a suitable coupling as indicated, be 

As the 

tuned circuit, and applies through transform 
er 20 an alternating current cycle to the cur 
rent responsive device 67, the lamp 65 is 
lighted as the armature of the device 67 foll 
lows the change in current through the zero 
point of the cycle as indicated at 60 of Fig. 3. 
The lamp will then appear as a spot of light 
in the same position on the scale for each rev 
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Gs. 

olution of the motor 13. 
. Supposedly identical circuits or circuit 
tuning means may then be tested by substitut 
ing such circuits or circuit tuning means for 
those shown in 88,89 and 90, and observing 
any change in the location of the spot of 
light on scale 66. ... " 
From the foregoing description of the em 

bodiments of the invention shown in the pres 
ent example it will be seen that the method 
for determining the resonance frequency re 
sponse of a tuned circuit in accordance with 
the invention is particularly well adapted for 
testing the manufactured components of 

tuned circuits such as coils and the condens 
ers in production, and that the method is ap- - 
plicable to the testing of such circuits inde 
pendently of their sharpness of resonance or 
of the amplitude of the resonance response. 
What I claim as new and desire to secure 

by Letters Patent of the United States, is: 

O 

1. The combination with a tuned electrical 
circuit, of means for generating electrical os 
cillations having frequencies continuously 
varying over a certain range at predetermined 
regular intervals, said range of frequencies 
including a frequency resonant with the fre 
quency to which said circuit is tuned, means 
for receiving oscillations from said generat 
ing means through said tuned circuit at the 
resonant frequency of said circuit and for 
rectifying said oscillations, and means con 
nected with said receiving and rectifying 
means for indicating the nodal points of said 
rectified impulses. , , , 

2. The combination with a tuned electrical 
circuit, of means for applying thereto elec 
trical impulses having frequencies continu 
iously varying between predetermined higher 
and lower limits at predetermined regular 
intervals, means for receiving and rectifying 
impulses from said circuit at the resonant fre 
quency thereof, a current responsive device 
and transformer means for connecting said 
receiving and rectifying means with said cur 
rent responsive device. 

3. The combination with a tuned electrical 
circuit, of means for applying thereto elec trical impulses having frequencies continu 
ously varying over a range extending between 
predetermined higher and lower limits at pre 
determined regular intervals, said range of 
frequencies including a frequency resonant 
with the frequency to which said circuit is 
tuned, a detector arranged to receive energy 
from said circuit at the resonant frequency 
thereof and provided with an output circuit, 
a current responsive device, indicating means 
arranged to be actuated thereby, and means 

i for connecting the output circuit of said de 
tector with said device. P 

4. The combination with a tuned electrical 
circuit, of an oscillator coupled with said cir cuit for applying electrical impulses thereto, 
means for varying the frequency of said im 
RE continuously between predetermined 
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igher and lower limits at predetermined reg 
ular intervals, a detector coupled with said 
oscillator to receive energy therefrom, an out 
put circuit for said detector, a transformer 
in said output circuit, and an electro-respon 
sive indicating device connected with said 
transformer. . . . . . . 

5. The combination with a tuned electrical 
circuit, of an oscillator coupled with said 
circuits for applying energy thereto, means 
for varying the output frequency of the oscil 
lator, a detector coupled with said oscillator 
to receive energy therefrom, an output circuit 
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for said detector, a transformer in said out put circuit, a current responsive device con 
nected with said transformer, indicating. 
means actuated by said current responsive 
device, and means synchronized with the first 
named means for periodically cutting of in 
dications produced by said indicating means. 

6. In combination, a source of alternating 
current, a tuned electrical circuit, means for continuously varying the frequency of said 
source over a certain range at regular inter 
vals, said range of frequencies including a 
frequency resonant with the frequency of said 
tuned circuit, means in said circuit for re 
ceiving energy from said source of alternati 
ing current, a detector coupled with said 
tuned circuit and provided with an output cir 
cuit, a current responsive device, means for 
connecting said output circuit with said cur 
rent responsive device, and indicating means 
Tige to be actuated by said current re 

sponsive device. 
7. In combination, a source of, alternating 

current, means for varying the frequency of 
said source, a tuned electrical circuit, means 
connected in said circuit for receiving energy 
from said source of alternating current, a de 
tector coupled with said tuned circuit and 
provided with an output circuit, a current 
responsive device, means for connecting said 
output circuit with said current responsive 
device, indicating means including a mirror 
arranged to be actuated by said current re 
sponsive device, a screen, means for directing 
a beam of light from said mirror on to said 
screen, and means synchronized with said 
first named means for cutting of said beam 
of light at predetermined intervals. A. 

8. In combination, a source of alternating 
current, means for varying the frequency of 
said source, a tuned electrical circuit, means 
connected in said circuit for receiving energy 
from said source of alternating current, a 
detector coupled with said tuned circuit and 
provided with an output circuit, a current re 
sponsive device, means for connecting said. 
output circuit with said current responsive 
device, and indicating means including a cur 
rent source arranged to be controlled by said 
current responsive device, a scale, a lamp ar 
ranged to move over said scale in synchro-, . 
nism with said frequency varying means and 
means including said second-named current 
Source and said current responsive device for 
controlling the lighting of said lamp. 
In witness whereof, I have hereunto set my 

hand this 12th day of November, 1927. 
. HOWARD I. BECKER. 


