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29 Claims. (C. 175-83) 
This invention relates to frequency modula 

tion circuits, more particularly to method and 
means for obtaining the frequency response curve 
of a circuit, and more especially to a new and in 
proved method of cathode ray oscilloscopy. 
One object of the invention is to provide a 

cathode ray oscilloscope which by its combination 
of sub-circuits permits rapid and accurate deter 
mination of the wave-form distortion characteris 
tics of various apparatus used in the communi 
cations art. 
Another object of the invention is to provide 

a cathode ray oscilloscope which will enable 
rapid and proper adjustment or alignment of in 
termediate and radio frequency amplifiers and 
other parts during the manufacture of such ap 
paratus or in their subsequent servicing. 

. Another object of the invention is to provide a 
Cathode ray oscilloscope which will combine all 
the elements necessary for its operation in one 
Compact unit. 
Another object of the invention is to provide 

a cathode ray Oscilloscope of such wide frequency 
range and versatility as to permit its use as a 
general test instrument. - 
Another object is to maintain the test fre 

Quency band at constant width despite changes in 
the location of the band in the complete frequency 
spectrum. 
Another object is to stabilize the frequency 

modulated oscillator of the apparatus against 
changes in tube parameters, and over the entire 
frequency band. 
Another object is to eliminate mechanically 

moving parts, such as electric motors or the like, 
and to instead make the equipment wholly elec 
trical, inexpensive, and dependable. 
Another object is to make the apparatus oper 

able in direct response to ordinary A. C. power 
lines; to use the power line A. C. as a constant 
frequency source for modulation; and to use a 
modulation wave not only for modulation, but 
also for "sweep' and for "occulting', whereby all 
of the Operations are kept in perfect synchronism. 
Another object is to so relate the modulating 
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S11, S12, S13, S14, S5, S18. The primary P11 is con 
nected to the standard voltage (usually 115) al 
ternating current power line. The secondary S11, 
in combination with the rectifer valve T1 and 
network with condensers C-C-C and resis 
tors R1-R2 supplies a high voltage direct current 
to the bleeder-regulator and voltage divider 
RHR-Rs. The secondaries S12 and S13 supply 
the flament heating current required by the 
rectifier valve T1 and cathode ray tube Te respec 
tively. Thru an adjustable contactor on R4 con 
nected to the second grid of To... the electron 
stream emitted by the cathode of said tube on 
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the way to the anode is both accelerated by the 
intermediate positive potential and concentrated 
into a fine beam. 
The combination of the Secondary S14 and rec 

tifier valve T2 (type "84" say), establish a poten 
tial across the condenserCan, and permit a current 
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wave and the sweep wave that the frequency re 
sponse curve plotted by the apparatus may be 
read correctly on a single scale, without distor 
tion, despite changes in power line voltage. 

Other objects and advantages will appear from 
the ensuing description taken in conjunction with 
the accompanying drawing. 

Referring to the drawing, a power transformer 
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is provided having a primary P1 and secondaries 55 

proportional to said voltage to flow thru the pri 
mary Pa1 and resistor R26. The potential across 
Rae will then be proportional to the current flow 
ing thru Pa1. By making the resistance of Ras 
sufficiently high, and introducing the blocking 
condenser Ca, the A. C. component across R2s is 
picked up without phase alteration and fed to the 
horizontal plates of the cathode ray, tube Te, 
effecting a linear sweep. 

In other Words, condenser C23 with associated 
load resistor Ras function to generate a modulat 
ing wave, preferably an approximate “saw tooth' 
Wave, in this case at the power line frequency, 
say 60 cycles. This saw tooth wave is applied 
to the horizontal deflectors of the cathode ray 
tube To, to produce sweep, or more broadly, physi 
cal motion in a horizontal direction. As will 
later appear, the preferably saw tooth wave is also 
used for frequency modulation, and for “occult 
ing" the ray during its return sweep. Using the 
same Wave for sweep and for modulation has the 
advantage that the curve may be read to scale 
despite changes in power line voltage. 
The valve T's, (type "6F'7" say), in combination 

with secondaries Sal-Saa-Sag and condensers 
C-C-C-C-C-C and inductance L and 
resistors. Re-R-Rs, serves as both oscillator 
(600 kilocycles say) and radio-frequency buffer 
stage. With the current flowing thru the pri 
mary Pa1 of sufficiently high value, the satura 
tion characteristics of the iron core are periodi 
cally varied. The tuned section of the oscillator 
thus alters in stipulated amount and assumes fre 
quency modulated characteristics. 

In other words the oscillator T is a frequency 
  



2 
modulated oscillator, the frequency of which is 
varied by the saw tooth modulating wave. The 
frequency is determined primarily by Sas and Cs. 
An iron core is associated with inductance S23. 
The modulating wave is applied to the iron core 
through coil Pai, and varies the saturation of the 
iron core, thereby varying the effective induct 
ance of the coil S23 and so varying the frequency 
of the oscillator. 
This signal is inductively picked up by the coil O 

Saz, and passed on in desired amount via the volt 
age divider Ro and potentiometer R10. 
In other words, frequency modulated output 

of oscillator T is controlled or attenuated to the 
desired amount, this being done in the present 
case by a suitable attenuator indicated at Re, R10. 
This control or attenuation preferably takes place 
as shown, that is, ahead of the generation of the 
final test signal, that is, ahead of oscillator T. 
The value T4, (type '6A7' say), in combination 

with the tuned coupling inductances G and con 
densers Cio-C11-C3-C14-C15 and resistors 
R11-R1-13-R1-R15-R16-R17, serves as an 
all-wave oscillator and frequency mixer. Thus 
the combination of the circuits built around Ts 
and T provide a carrier frequency of one desired 
value modulated by a second frequency peri 
odically varying over a preassigned range. 
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In other words, the mean frequency of the fre 
quency modulated wave obtained from T3 maybe 
converted to any desired different mean fre 
quency by heterodyning the frequency modulated 
wave with a carrier wave generated in Oscillator 
T. Oscillator T3 is essentially a fixed tuned OS 
cillator arranged for frequency modulation. Os 
cillator T is essentially a variably tuned oscillator 
arranged for amplitude modulation. By mixing 
the two waves in T4, which functions as detector 
as well as amplifier, the variable frequency band 
may be shifted to a different point in the com 
plete spectrum. The advantages of using two 
oscillators in this manner, instead of directly 
changing the tuning of the first oscillator, are 
that with our system, a tremendous range is avail 
able, the shift being either upward or downward, 
and the shift in mean frequency is obtained with 
out accompanying change of band width. 
At the terminals D will be found the carrier 

and its sidebands. Attenuation of these latter 
to the desired value is accomplished by the modu 
lator grid potentiometer R10 and voltage divider 
Rg. To these terminals are connected the input 
of the apparatus under test. The output of such 
apparatus under radio-frequency test is fed into 
terminals 1-2 if it has its own rectifier; other 
wise into 2-4 with f-3 shorted. The valve T5, 
(type "75’ say), serves as a diode rectifier and 
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cathode ray tube Te connected to the secondary 
S24. 
In other words, the cathode ray is occulted dur 

ing the quick or return sweep. The preferably 
saw tooth modulating Wave is itself used to occult 
the ray. Secondary coil S24 develops the desired 
negative or Occulting potential during the return 
sweep, and then the rate of change of the mod 
ulating currentis a maximum. 

In order to synchronize sweep of cathode ray 
beam with incremental frequency, note that the 
potential taken of C23 is in phase with the sat 
urating current employed. 
To insure constant output at D for various fre 

quency ranges, the microammeter M. and its as 
sociated switch is provided. For each such set 
ting, suitable adjustments are made with Rs and 
R14 until the meter reads the same on One side as 
on the other. 

Frequency stabilization of the frequency mod 
ulated oscillator is attained by the series-reso 
nance circuit comprising the lower half of S3 
and condenser C8; and with this circuit, varia 
tions in plate impedance have substantially no 
effect on the phase angle of the voltage fed to the 
grid of T. 

It will be understood that because the induct 
ance of the lower coll of S23 is varied at the same 
time as the inductance of the upper coil, the sta 
bilization of the oscillator is maintained over the 
entire frequency modulation range. In other 
words, the tuning or reactance of the parallel and 
series resonant circuits being varied together, the 
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series circuit...is held at zero reactance through 
out the range of the frequency modulation. 
The Secondary S16 is used to provide filament 

Current for the valves T-TA-T5. 
Numerous modifications will readily suggest 

themselves to those skilled in the art without de 
parting from the spirit and scope of this inven 
tion. We are for instance aware that the cou 
pling between band modulator and carrier fre 
quency generator need not be inductive; that re 
sistance coupling need not be employed for the 
output of Ts; that the filter circuits shown may 
assume a variety of forms; and that the adjust 
ments auxiliary to the indicator M may be co 
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audio amplifier; and the output of same is made 
to control the vertical Sweep of the electron beam 
in the cathode ray tube Ts. 

It will be understood that because of the limit 
ed range of responsiveness of the circuit under 
going test, only one band of the energy at D is 
effective or need be used for test, the carrier and 
other bands departing too far to be effective. 
The frequency of oscillator T is, of course, se 
lected or adjusted with this in mind. 
Due to hysteresis effects resulting from the pe 

riodically varying saturating currents supplied to 
P21, or wherever the modulator frequency wave 
form is assy metric, the curves traced out by the 
cathode ray tube in the forward and reverse 
sweeps of the electron beam will differ. This 
undesirable condition is avoided by blocking out 
one of the traces via an additional grid in the 

60 

65 

70 

75 

ordinated and made automatic; and that the ex 
act nature and number of the electron valves 
shown may be varied. 

Also that various means may be used to gen 
erate the modulating wave; that the modulating 
Wave need not be an approximately saw tooth 
Wave; that various means may be used to fre 
quency modulate the oscillator T3; that various 
means may be used to modulate the output of os 
cillator T4 with the output of oscillator T3; that 
it is not essential to use two oscillators, especially 
for limited test range; that the amplifier rectifier 
tube Ts is not essential, though desirable; that 
Various means to occult the cathode ray may be 
used; and that occultation is not essential, though 
desirable. 
In the specification and in the appended 

claims, the term 'frequency response curve' re 
fers broadly to any frequency response charac 
teristic which may be flat or peaked, as well as 
curved. The terms "circuit to be tested' or “test 
circuit' include an electrical element or a dis 
tributed line, as well as a conventional resonance 
circuit, or in other words, we refer to anything. 
which it may be desirable to test for frequency 
response. 

Having now set forth the object and nature 
of our invention, and described instrumentalities 
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embodying the principles thereof, and illustrated 
the method pertaining thereto, what we claim as 
new and useful and of our own invention and dc 
sire to secure by Letters Patent is: 

1. Apparatus devoid of motor-driven or like 
mechanically moving mechanism for obtaining 
the frequency response of a circuit, said appa 
ratus comprising, an oscillator including a tuned 
circuit, a source of modulating, current, me 
chanically static frequency modulation means 
for said oscillator arranged to be coupled to said 
source, means for applying the resulting fre 
quency modulated energy to the circuit to be 
tested, means responsive to the output of the test 
circuit to produce physical motion in one direc 

to plot the desired frequency response charac 
teristic. - ..S.- 

: 5. An apparatus for determining frequency 
phenomena in an electric circuit to be tested, 
comprising means for generating a first fre 
quency wave, means for generating a second fre 
quency wave, means for frequency modulating 
said second frequency wave by said first frequency 
wave, means for generating a third frequency 
wave, means for amplitude modulating said third 
frequency wave by said frequency modulated 
wave, output terminal means adapted to feed the 
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tion, and means responsive to the modulating 
current source to produce physical motion in a 
different coordinate direction in order to plot the 
desired frequency response characteristic. 

2. Apparatus for obtaining the frequency re 
sponse of a circuit, said apparatus comprising 
means arranged for connection to an alternating 
current power line for producing an approximate 
saw-tooth Wave, an oscillator including a tuned 
circuit having an inductance coupled to an iron 
Core, a coil for applying the aforesaid saw-tooth. 
wave to the iron core in order to vary the satura 
tion thereof so as to vary the frequency of the 
oscillator, means for applying the frequency 
modulated energy to the circuit to be tested, 
means responsive to the output of the test circuit 
to produce physical motion in One direction, and 
means responsive to the saw-tooth wave to pro 
duce physical motion in a different coordinate 
direction in order to plot the desired frequency 
response characteristic. 

3. Apparatus for obtaining the frequency re 
sponse of a circuit, said apparatus comprising a 
power transformer for connection to an alternat 
ing current power line, a rectifier connected 
thereto, a condenser and associated load resistor 
connected to Said rectifier for producing an ap 
proximate Saw-tooth Wave, an oscillator coupled 
to an iron Core, a coil for applying the aforesaid 
Sawtooth Wave to the iron core in order to vary 
the saturation thereof, means for. applying the 
resulting modulated energy to the circuit to be 
tested, and means responsive to the output of the 
test circuit to produce physical motion in one di 
rection and means responsive to the saw-tooth 
Wave to produce physical motion in a different 
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wave resulting from said successive modulations 
into an electric circuit to be tested, input termi 
nal means adapted to receive current from a 
circuit to be tested, and means connected across 
said input terminal means for determining the 
frequency characteristics of said circuit. 

6. An apparatus for continuous visual projec 
tion of the frequency response of a circuit, said 
apparatus comprising means for generating a 
first frequency wave, means for generating a sec 
ond frequency wave, means for frequency mod 
ulation of said second by said first frequency 
wave, a variably tunable oscillator for generating 
a third frequency Wave, means for amplitude 
modulating said third frequency wave by said 
frequency modulated wave, means for prede 
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termining the band width of frequency variation, 
adjustable means associated with said oscillator 
for determining the frequency of the third wave 
in order to thereby determine the frequency spec 
trum location of the band, without resulting in 
any change in width of said band, output termi 
nal means adapted to feed the wave resulting 
from Said Successive nodulations into an electric 
circuit to be tested, input terminal means adapted 
to receive current from a circuit to be tested, and 
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means including an oscilloscope connected across 
Said input terminal means for visualizing the fre 
quency characteristics of said circuit. 

7. An apparatus for obtaining frequency mod 
ulated waves for visualization, comprising means 
for generating a substantially constant frequency 
first alternating current of predetermined fre 
quency, means for generating a second alternat 

COOrdinate direction, in order to plot the desired 
frequency response characteristic. 

4. Apparatus for obtaining the frequency re 
Sponse of a circuit, said apparatus comprising 
means arranged for connection to an alternating 
current power line for producing an approximate 
saw-tooth Wave, an oscillator including a tuned 
input circuit and an output circuit having an 
inductance and condenser in Series and resonant 
to the frequency of the input circuit in order to 
stabilize the oscillator, said inductance being 
coupled to the inductance of the input circuit 
and both being coupled to an iron core, a coil for 
applying the aforesaid saw-tooth wave to the iron 
core in order to vary the saturation thereof so 
as to vary the frequency of the oscillator, means 
for applying the frequency modulated energy to 
the circuit to be tested, means responsive to the 
output of the test circuit to produce physical 
motion in one direction, and means responsive 
to the saw-tooth Wave to produce physical, mO 
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tion in a different coordinate direction in order is 

ing Current of predetermined frequency, means 
for frequency modulating said second current 
Substantially in accordance with the wave form 
and amplitude of said first current, and a cath 
Ode ray tube having two deflecting means to 
deflect an electrical beam in two different planes, 
One of said deflecting means being connected in 
circuit with said first alternating current and 
being responsive to electrical changes in said 
first alternating current. 

8. Apparatus for obtaining the frequency re 
Sponse of a circuit, said apparatus comprising 
means for producing an approximate saw-tooth 
wave, an oscillator, frequency modulation means 
for applying the aforesaid saw-tooth wave to the 
oscillator in order to vary the frequency of the 
Oscillator, means for applying the modulated en 
ergy to the circuit to be tested, a cathode ray 
tube having deflection means, means to apply the 
output of the test circuit to the vertical deflection 
means, and means to apply the sawtooth wave to 
the horizontal deflection means. 

9. Apparatus for obtaining the frequency re 
sponse of a circuit, said apparatus comprising a 
source of a modulating wave, an oscillator in 
cluding a tuned circuit having an inductance cou 
pled to an iron core, a coil for applying the afore 
said modulating wave to the iron core in order 
to vary the saturation thereof so as to vary the 

  



4. 
frequency of the oscillator, means for applying 
the frequency modulated energy to the circuit 
to be tested, a cathode ray tube and deflection 
means therefor, means to apply the output of 
the test circuit to the vertical deflection means, 
arid means to apply the modulating wave to the 
horizontal deflection means. 

22,150 
erating a second alternating current of prede 

10. Apparatus for obtaining the frequency re 
sponse of a circuit, said apparatus comprising 
means for producing a modulating wave, an os 
cillator, means responsive to the aforesaid mod 
ulating wave to vary the frequency of the oscil 
lator, means for applying the frequency modu 
lated energy to the circuit to be tested, a cathode 
ray tube and deflection means therefor, means 
to apply the output of the test circuit to the ver 
tical deflection means, means to apply the mod 
ulating wave to the horizontal deflection means, 
and means responsive to the modulating wave to 
occult the Cathode ray during its return sweep. 

11. Apparatus for obtaining the frequency re 
Sponse curve of a circuit, said apparatus com 
prising means for producing an approximate saw 
tooth wave, an oscillator, means for applying 
the aforesaid saw-tooth wave to vary the fre 
quency of said oscillator, means for applying the 
resultant modulated energy to the circuit to be 
tested, an amplifier tube, means to apply the 
output of the test circuit to the amplifier tube, 
optionally useable means to provide rectification 
in said amplifier tube, a cathode ray tube and 
deflection means therefor, means to apply the 
output of the amplifier to the vertical deflection 
means, and means to apply the saw-tooth wave 
to the horizontal deflection means. 

12. Apparatus for obtaining the frequency re 
Sponse of a circuit, said apparatus comprising 
means for producing a modulating wave, a first 
OScillator, frequency modulating means respon 
sive to said modulating wave for varying the fre 
quency of the oscillator, a second oscillator, 
means to vary the frequency thereof, means to 
amplitude modulate the second oscillator in ac 
Cordance with the frequency modulated output 
of the first Oscillator, means for applying the 
resultant modulated energy to the circuit to be 
tested, a cathode ray tube and deflection means 
therefor, means to apply the output of the test 
circuit to the vertical deflection means, means to 
apply the modulating wave to the horizontal de 
flection means, and means responsive to the mod 
ulating wave to occult the cathode ray during its 
return sweep. 

13. Apparatus for obtaining the frequency re 
Sponse curve of a circuit, said apparatus com 
prising a Source of modulating wave, an oscilla 
tor including a tuned circuit having an induct 
ance coupled to an iron core, a coil for applying 
the aforesaid modulating wave to the iron core 
in order to vary the saturation thereof so as to 
vary the frequency of the oscillator, means for 
applying the modulated energy to the circuit to 
be tested, a cathode ray tube and deflection 
mileans therefor, means to apply the output of 
the test circuit to the vertical deflection means, 
means to apply the modulating wave to the hori 

O 

5 

termined frequency, frequency modulating said 
second current substantially in accordance with 
the wave form and amplitude of the first current, 
generating a stream of electrons, and deflecting 
said stream in two different directions in syn 
chronism with variations in said first alternating 
current. 

15. In a method for obtaining a frequency 
response curve of a circuit for visualization, the 
steps of generating a first alternating current 
of substantially constant predetermined fre 
quency, generating a second alternating current 
of predetermined frequency, frequency modulat 
ing said second current by said first, generating 
a third alternating current of predetermined 
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frequency, amplitude modulating said third cur 
rent by the alternating current resulting from 
said frequency modulation of said second cur 
rent by said first, feeding the resulting current 
to the circuit to be tested, transforming elec 
trical variations of said resultant Output current 
of said test circuit into physical motion in one 
direction, and at the same time transforming the 
first alternating current into physical motion 
in a different coordinate direction in Order to 
plot the desired frequency response curve. 

16. In the testing of wave-responsive appara 
tus, the method which includes first generating 
a frequency modulated wave 3t any desired part 
of the frequency spectrum, the band Or frequency 
range of variation of which is substantially con 
stant over all parts of the frequency spectrum, 
by the steps of frequency modulating a constant 
frequency carrier, thereafter amplitude modul 
lating another constant frequency carrier by 
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means of the frequency modulated carrier, de 
termining the location in the frequency spec 
trum of the variable frequency band by adjust 
ment of the circuit characteristics of the circuit 
generating the second constant frequency car 
rier, without changing the circuit characteristics 
of the circuit generating the first and second fre 
quency carrier, causing the apparatus to be test 
ed to respond to one of the side bands of the 
last-named modulation, and feeding the Output 
of the tested apparatus to a cathode ray tube ar 
ranged to project the frequency response curve 
of the test circuit on the screen of the cathode 
ray tube as a stationary image. 

17. In the testing of wave-responsive appara 
tus, the method which includes first frequency 
modulating a constant frequency carrier, atten 
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Zontal deflection means, and means to occult the 
cathode ray during its return sweep, said means 
comprising a coil coupled to the frequency mod 
ulating core and connected to a grid in the cath 
ode ray tube. 

14. a a method for obtaining a frequency 
modulated wave for visualization, the steps of 
generating a first alternating current of substan 

7. 

uating the frequency modulated carrier to de 
sired value, thereafter amplitude modulating an 
other constant frequency carrier by means of the 
attenuated frequency modulated carrier, and 
causing the apparatus to be tested to respond to 
one of the side bands of the last-named modul 
lation. 

18. In a method for obtaining a frequency 
modulated wave for visualization of the fre 
quency response of a circuit to be analyzed, the 
steps of generating a first alternating current 
of substantially constant predetermined fre 
quency, generating a second alternating current 
of predetermined frequency, frequency modu 
lating said second current by said first, generat 
ing a third alternating current of predetermined 
frequency, amplitude modulating said third cur 
rent by the alternating current resulting from 
said frequency modulation of said second cur 
rent by said first, feeding a side band of the re 
sulting modulated wave to the circuit to be an 

tially constant predetermined frequency, gen- 75 alyzed, generating a stream of electrons, and 
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deflecting said stream by components in two di 
rections, one component being obtained in re 
sponse to the output of the circuit to be analyzed, 
and the other component being obtained in re 
sponse to the aforesaid first frequency wave. 

19. An apparatus devoid of motor-driven or 
like mechanically moving mechanism for contin 
uous visual projection of the frequency response 
curve of a circuit to be tested comprising means 
for generating wave energy of a first frequency, 
means for generating wave energy of a second 
frequency, mechanically-static frequency nodul 
lating means for modulating the energy of the 
second frequency by the energy of the first fre 
quency, a variably tunable oscillator for generat 
ing wave energy of a third predetermined fre 
quency, means for amplitude-modulating said 
third frequency energy by said frequency modul 
lated energy, output terminal means adapted to 
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of the deflecting means, the frequency of said 
triangular wave shape energy having a factor 
common with the frequency of the alternating 
current power supply whereby a stationary image 
is produced on the target of the cathode ray tube. 

22. Apparatus devoid of mechanically driven 
mechanism for continuous visual projection of a 
frequency response curve of a circuit to be tested, 
said apparatus comprising means responsive to 
an alternating current power supply source for . 
producing energy whose time variation is of sub 
stantially triangular wave shape and in direct 
timed relation therewith, a first oscillator, me 
chanically-static frequency-modulation means 
for modulating the frequency of the oscillator 
under the control of said energy, a second Os 
cillator, means to amplitude-modulate energy of 
the second oscillator in accordance with said fre 
quency-modulated energy, means for applying 

feed the wave energy resulting from said succes- 20 the modulated energy from said second oscillator 
sive modulations into the circuit to be tested, in 
put terminal means adapted to receive current 
from the circuit to be tested, and means includ 
ing an oscilloscope connected across said input 
terminal means for visualizing the frequency 
characteristic of said circuit. 

20. Apparatus devoid of mechanically driven 
mechanism for continuous visual projection of a 
frequency response curve of a circuit to be tested, 
said apparatus comprising means, responsive to 
an alternating current power supply source for 
producing energy whose time variation is of sub 
stantially triangular wave shape and constant 
frequency and in direct timed relation therewith, 
an oscillator, mechanically-static frequency 
modulation means for modulating the frequency 
of the oscillator under the control of said energy, 
means for applying frequency-modulated energy 
from said oscillator to the circuit to be tested, a 
cathode ray tube having beam forming means 
and a target, two mutually perpendicular deflec 
tion means for controlling the position of impact 
of the beam on the target, means to apply energy 
representative of output energy of the test cir 
cuit to one of the deflection means, and means 
to apply triangular wave shape energy to the 
other of the deflecting means, the frequency of 
said triangular wave shape energy having a fac 
tor common with the frequency of the alternat 
ing current power supply whereby a stationary 
image is produced on the target of the cathode 
ray tube. 

21. Apparatus devoid of mechanically driven 
mechanism for continuous visual projection of a 
frequency response curve of a circuit to be tested, 
said apparatus comprising means responsive to 
an alternating current power supply source for 
producing energy whose time variation is of sub 
stantially triangular wave shape and in direct 
timed relation therewith, an oscillator, mechani 
cally-static frequency-modulation means for 
modulating the frequency of the oscillator under 
the control of said energy, means for applying 
frequency modulated energy from said oscillator 
to the circuit to be tested, a cathode ray tube 
having beam forming means and a target, two 
mutually perpendicular deflection means for con 
trolling the position of impact of the beam on the 
target, an amplifier tube, means to supply output 
energy of the test circuit to said amplifier tube, 
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to the circuit to be tested, a cathode ray tube 
having beam forming means and a target, two 
mutually perpendicular deflection means for con 
trolling the position of impact of the beam on 
the target, means to apply energy representative 
of output energy of the test circuit to One of the 
deflection means, means to apply triangular wave 
shape energy to the other of the deflecting 
means, the frequency of said triangular wave 
shape energy having a factor common with the 
frequency of the alternating current power sup 
ply, whereby a stationary image is produced on 
the target of the cathode ray tube and control 
means to adjust the frequency of said second Os 
cillator to a predetermined frequency. 

23. An apparatus devoid of mechanically 
driven mechanism for continuously projecting 
the frequency response of a circuit to be tested 
for visualization, said apparatus comprising 
means responsive to an alternating current power 
supply for generating a substantially constant 
frequency current of triangular wave shape and 
in timed relation to the alternating current 
power supply, means for generating an alternat 
ing current of higher frequency than said con 
stant frequency, means for frequency modulating 
said higher frequency current substantially in 
accordance with the wave form and amplitude of 
said constant frequency current, means to sup 
ply the frequency modulated current to the cir 
cuit to be tested, and a cathode ray tube having 
a screen and two deflecting means to deflect an 
electrical beam in two different planes, one of 
said deflecting means being energized in timed 
relation to the alternating power supply, and 
the other deflecting means being responsive to 
the frequency modulated current from the cir 
cuit being tested, whereby the two deflecting 
means are energized in timed relation to the al 
ternating current power supply to produce a sta 
tionary image on the screen of the cathode ray 
tube. 

24. An apparatus devoid of mechanically 
driven mechanism for continuously projecting 
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optionally usable means to provide rectification 
in said amplifier tube, means to apply energy 
representative of output energy of amplifier tube 
to one of the deflection means, and means to 

the frequency response of a circuit to be tested 
for visualization, said apparatus comprising an 
alternating current power supply, means for gen 
erating energy whose time variation is of sub 
stantially triangular wave form of a predeter 
mined frequency and in timed relation to the 
alternating current power supply, a local oscil 
lator for generating an alternating current of 
higher frequency than said predetermined fre 
quency, means for frequency modulating said 

apply triangular wave shape energy to the other 75 higher frequency current substantially in accord 

  



6 
ance with the wave form and amplitude of en 
ergy from the triangular wave generating means, 
means to supply the frequency-modulated cur 
rent to the circuit to be tested, and a cathode ray 
tube having a target to receive a beam of elec 
trons and two deflecting means to deflect said 
electron beam in two different planes, means to . 
energize one of said deflecting means in response 
to energy from the triangular wave generating 
apparatus, and means to energize the other of the 
deflecting means in accordance with the fre 
quency-modulated current from the circuit being 
tested, whereby the two deflecting means are en 
ergized in timed relation to the alternating cur 
rent power supply to produce a stationary image 
on the target of the cathode ray tube. 

25. In a method for continuously projecting 
the frequency response curve of a circuit to be 
tested for visualization free from motor-driven 
or like mechanically moving mechanism, the steps 
of generating energy whose time variation is of 
substantially triangular wave shape from an al 
ternating current power supply and in timed re 
lation therewith, generating an alternating cur 
rent of higher frequency than that of said en 
ergy, frequency-modulating said higher frequency 

, current substantially in accordance with the 
Wave form and amplitude of the triangular Wave 
shape energy, applying the frequency modulated 
current to the circuit to be tested, generating a 
stream of electrons in a cathode ray tube having 
a target impacted by the generated stream, and 

O 

22,150 
ergy whose time variation is of substantially tri 
angular wave form from an alternating current 
power supply and in timed relation there with, 
generating an alternating current of higher fre 
quency than said energy, frequency-modulating 
said higher frequency current substantially in 
accordance with the wave form and amplitude 
of the aforesaid triangular wave energy, apply 
ing the resulting frequency-modulated current 
to the circuit to be tested, generating a stream 
of electrons in a cathode ray tube, impacting the 
stream on a target area, deflecting said stream 

5 

On one coordinate axis in response to triangular 
wave energy, deflecting said stream on an axis 
transverse to said coordinate axis in response to 
frequency-modulated current from the circuit 
being tested, the sweep time in one direction and 
the modulation swing in one direction both cor 
responding to the time interval of change of the 
triangular wave energy in one direction, whereby 
the deflection on both axes produces a stationary 
image on the target area. 

deflecting said stream in two different directions, 
the deflection in one direction being in timed re 
lation with the alternating current power supply 
and the deflection in the other direction being 
in response to the circuit being tested, whereby 
a stationary response curve is produced on the 
target. 

26. In a method for continuously projecting 
the frequency response curve of a circuit to be 
tested for visualization free from mechanically 
moving mechanism, the steps of generating en 
ergy whose time variation is of substantially tri 
angular wave form from an alternating current 
power supply and in timed relation therewith, 
generating an alternating current of higher fre 
quency than that of said energy, frequency mod 
ulating said higher frequency current substan 
tially in accordance with the wave form and an 
plitude of said triangular wave energy, apply 
ing the resulting frequency-modulated current to 
the circuit to be tested, generating a stream of 
electrons, and deflecting said stream in one di 
rection in response to energy of triangular wave 
form, deflecting said stream in another direction 
in response to frequency-modulated current from 
the circuit being tested, and producing a station 
ary visible trace by the doubly deflected stream 
of electrons. 

27. In a method for continuously projecting 
the frequency response curve of a circuit to be 
tested for visualization free from mechanically 
moving mechanism, the steps of generating en 
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28. Apparatus for continuous visual projection 
of the frequency response of a circuit, said appa 
ratus comprising a power transformer for con 
nection to an alternating current power line, 
a rectifier, a condenser and associated load re 
sistor connected to said rectifier for producing 
energy whose time variation is of substantially 
triangular wave shape, an oscillator, means for 
applying the aforesaid energy to vary the fre 
quency of the Oscillator by modulation, means to 
apply modulated energy from the oscillator to a 
circuit to be tested, a cathode ray tube having 
vertical and horizontal deflection means, means 
to apply the output of the test circuit to the ver 
tical deflection means, and means to apply the 
first named energy to the horizontal deflection 
eS 
29. Apparatus for continuous visual projection 

of the frequency responsive curve of a circuit, 
said apparatus comprising a power transformer 
for connection to an alternating current power 
line, a rectifler connected thereto, means con 
nected to said rectifier for producing energy 
whose time variation is of substantially triangu 
lar wave shape, a first oscillator, frequency mod 
ulation means for applying the aforesaid energy 
to the oscillator in order to vary the frequency 
of the oscillator, a second oscillator, means to 
amplitude modulate the second oscillator in ac 
cordance with the frequency modulated output 
of the first oscillator, means for applying the re 
sultant modulated energy to a circuit to be test 
ed, adjustable means to vary, the frequency of 
the second Oscillator in order to determine the 
approximate test frequency applied to the circuit, 
a Cathode ray tube having vertical and horizontal 
deflection means therefor, means to apply the 
output energy of the test circuit to the vertical 
deflection means, and means to apply the first 
named energy to the horizontal deflection means. 
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