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This invention relates to a method of and 

means for indicating the quality reproduc 
tion characteristics of a modulator and more 
particularly to a method for graphically in 

5 dicating the percentage modulation of a mod 
ulated carrier wave. 
According to one arrangement embodying 

the present invention, the modulating cur 
rent produces a control field in One plane 

10 and the modulated carrier wave produces 
a control field in a second plane at right 
angles to the first. The resultant field ob 
tained may be used to deflect an electron 
stream or cathode ray to trace a pattern "p 

e 

physical characteristics of the pattern show 
the degree or percentage of modulation ef 
fected by the modulator, indicate whether 
there is any undesirable distortion present 

20 and also the cause of such distortion. n 
. . . . In the case where there is no phase dis 

placement between the modulating current 
and the carrier envelope, the carrier wave 
before modulation is a pure sinusoidal Wave, 

25 and in the modulating process the carrier 
wave is completely modulated, as defined by 
H. J. Van der Bijl in his treatise on the 
thermionic vacuum tube at page 321, the 
form of the pattern produced upon the re 

, 30 ceiving screen of a Braun tube will be an 
isosceles triangle. If the carrier wave is 
incompletely modulated, the pattern will be 
an isosceles trapezoid. Should the potentials 
supplied to the modulator and oscillator be 
such that either of these devices cause dis 
tortion, certain of the boundary lines of the 
pattern will be curved. 

" According to a second arrangement for 
practicing this invention only the modulated 
carrier wave is used to produce the deflecting 
field for the cathode ray or pencil of the 
Braun tube to trace a pattern unon its re 
ceiving screen. The physical characteristics 
of the pattern or diagram serves to indicate 
the degree or percentage of modulation. In 
this case, the pattern will be circular or 
elliptical. v . . . 

The primary object of this invention is to 
provide a method for indicating the quality 
Another object is the provision of a means 

reproduction characteristic of a modulator.: 

whereby the percentage modulation effected 
by a modulating apparatus may be graph 
ically indicated. 
The present invention will be best under 

stood by referring to the accompanying 
drawing in which Fig. 1 shows an arrange. 
ment of apparatus for obtaining the desired 
result. Fig. 2 illustrates a different arrange 
ment for deriving the voltages adapted to 
be impressed upon the respective pairs of 
deflecting plates of the Braun tube. Figs. 
3 and 4 illustrate different forms of the pat 
tern traced upon the receiving screen under 
varying operating conditions of the modu 
lator when using the arrangement shown 
in Fig. 1, and Fig. 5 represents the diagram 
obtained when the connection shown in Fig. 
2 is employed. - 

Referring to Fig. 1, there is shown a mod 
ulating source 1 herein illustrated by way 
of example as a microphone and its asso 
ciated battery. A modulator 2, the output 
circuit of which is connected with the plate 
circuit of the oscillator 3 effects modulation 
of the carrier frequency waves generated by 
the oscillator in the circuit 4, herein shown 
as an antenna circuit. . The antenna circuit 
shown is but one example of the load cir 
cuit to which the modulated carrier wave 
may be supplied. It should be noted that 
the coil 24, inductively associated with the 
inductance coil in the antenna circuit, may 
be connected to a line for supplying modu 
lated carrier waves for transmission to a dis 
tant station. 
The modulating device 2 is preferably a 
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Space discharge device, comprising an evac 
uated vessel enclosing a heated cathode, an 
anode and a control element or grid, and the 
oscillator 3 is a space discharge tube which 
includes a heated cathode, an anode and a 
grid and associated input and output circuits 
which are coupled in feed-back relation to 
produce sustained carrier oscillations. The 
frequency of the oscillations generated is 
largely determined by the antenna circuit. 
Space current for the modulator 2 and 

oscillator 3 is supplied from a common 
source 5 through a choke coil 6, so that, as 
explained in U. S. Patent No. 1442,147, 
January 16, 1923 to Heising, the source 5 
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and coil 6 constitute a substantially constant 
current source for the plate circuits of the 
modulator and oscillator. 
The low frequent voltages impressed upon 

the input circuit of the modulator 2 cause 
the resistance of the output cil'cuit to vary 
through a correspondingly wide l'ange, 
thereby causing variations in the power slip 
lied to the generator so as to produce, in the 
oad circuit, carrier frequency waves modul 
lated in amplitude in accordance with the 
low frequency waves supplied by the source 
1. For a detailed description of the oper 
ation of this modulating arrangenient, refer 
ence may be made to the above mentioned 
U. S. patent. - 
The arrangement described above, for 

producing a modulated wave is belt typical 
of a satisfactory arrangement for the pus'- 
pose and is, therefore, not an essential feature 
of the present invention. Any other modul 
lating system may be employed. 
Astypical of a Braun tube which may be 

used, there is shown in Fig. 1 a device com 
prising an elongated evacuated glass tube 
7 which is supplied with mercury vapor at 
a pressure of one or two microns. The tube 
encloses an electron emitting cathode 8 con 
sisting of a heated filament; a perforated 
plate electrode 9; an anode 10 having a 
small aperture; a receiving Screen 11 com 
prising, for example, a coating of fluorescent 
material deposited on the end of the glass 
tube, and two pairs of deflecting plates or 
grids 12 and 13 of conducting material 
symmetrically disposed relatively to the 
longitudinal axis of the tube. The plates 
12 and 13 are mounted between the anode 
10 and the receiving screen 11. The plates 
12 are disposed on opposite sides of the elec 
tron stream path and the plates 13 are simi 
larly positioned relatively to the stream 
path. The center lines of the two pairs 
of plates 12 and 13, respectively, lie 
in the same transverse plane on diametral 
lines at right angles to each other. 

in the preferred arrangement of this type 
of Braun tube, a source 14 supplies heating 
current to the filament 8, and a source 16 
is employed to supply the desired positive 
potential difference between the anode 10 
and the cathode 8, while the pairs of plates 
12 and 13 are connected to the circuit to 
be tested. As is well known in the art. a 
narrow beam of cathode rays will pass 
through the anode 10 when a sufficient volt 
age is impressed between the hot cathode and 
the anode, and will produce a luminous spot 
on the receiving screen 11 at the opposite end 
of the vessel. 
The plates 12 are connected through a 

potentiometer resistance 17 across the higri 
resistance 42 included in the input cirrijit 
of the modulator 2. The resistance 42 is 
adapted to aid in reducing distortion. In 
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one instance, where a step up input trans 
former of 50 ohms to 700,000 ohms was used, 
the value of resistance 42 was 750,000 Ohills. 
The plates 13 are connected through a po 
tention eter 1s across a resistance 19 in the 
antenna circuit 4. 43 is a resistance leak 
path, connecting the cathode and grid of the 
oscillator 3 and for a VT, tube may be of 
the order of 10,000 ohms. 

In Fig. 1 there are shown alternative ar 
rangements for deriving the modulating 
voltage impressed upon the potentiometer 
17. By throwing the switch 20 to the right 
into engagement with the contacts 21, the 
potentiometer 17 will be connected across 
the choke coil 6, the potential drop across 
which varies in accordance with the speech 
frequency voltages controlling the space cur 
rent of the modulator 2. Again by moving 
the switch 22 into engagement with the con 
tacts 23, the coil 24 inductively associated 
with the inductance coil in the antenna. Wi. 
supply modulated carrier waves to the po 
tentiometer 1S. The drop of potential across 
the potentiometer 18 is impressed upon th 
deflecting plates 13. The resultant field 
being a combination of the field between the 
plates 12 and that between the plates 13 
causes the cathode ray to trace a patter 
upon the receiving screen 11 as describe? 
above. 
The operation of this apparatus is as fol 

lows: If no modulating current is suppliet 
by the source 1, an electrostatic field will b. 
set up biween the plates 13 which causes th 
cathode ray of the Braun tube to be de 
flected along a straight line, such as XY 
of Fig. 3, the length of which will be pro 
portional to the voltage of the carrier fre 
quency wave produced by the oscillator, and 
hence an illuminated straight line will ap 
pear on the receiving screen of the tube 
With modulating current impressed upo) 
the input circuit of the device 2, an elec 
trostatic field, proportional at any give 
instant to the instantaneous value of th 
potential drop across the potentiometer 17 
will be produced between the plates 12 an 
will cause the cathode ray of the tube t 
be deflected in a plane at right angles t 
the field of the plates 13. The joint actio) 
of these two fields causes the cathode ray ti 
trace a luminous pattern upon the receiving 
screen of the tube. the configuration o' 
which, as stated above, depends upon th 
percentage of modulation effected. Th 
shape of the pattern also depends upo 
whether there is any phase displacement be 
tween the modulating current and the car 
lier frequency envelope, and whether th 
carrier output wave itself is distorted by th 
oscillatin:r tube. Thus, the coordinates, tha 
is the ordinates of the pattern in one direc 
tion and its o'clinates in the other directio) 
are respectively proportional to the instar 
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taneous value of the modulating voltage and 
the instantaneous value of the voltage of 
the modulated wave. 
If the modulating voltage used is so closen 

that when impressed upon the grid of the 
lnodulator in the negative sense under cor 
rect operating conditions, it just reduces the 
annplitude of a carrier frequency output 
wave to zero, and when applied in the op 
posite sense, it causes the amplitude of the 
output carrier wave to increase to twice its 
unmodulated value, and there is no distor 
tion, the luminous pattern produced upon 
the receiving screen 11 will correspond to 
the isosceles triangle ABE. Fig. 3. With 
incomplete undistorted localitio is a lil 
minous diagran of trapezoidal form, rep 
resented by the diagram NPDC, will ap 
pear upon the receiving screen of the tube. 
In the latter case, if the length of the longer 
side NP of the trapezoid is represented by 
a, and the length of the shorter side CD 
of the trapezoid is represented by b, the 
percentage of modulation M will be equal 
to 

a -b 
x 100. 

If there is any distortion of the modulat 
ing wave between the grid of the modulator 
and the output circuit of the oscillator, the 
converging boundary lines of the luminois 
pattern, which appears upon the receiving 
screen of the tube will be non-lineal'. As 
shown in Fig. 4, the diagram FGHI shows 
that the initial negative voltage impressed 
upon the grid of the modulator is too great. 
This is indicated by the fact that for in creasing negative grid potentials, which in 
the proper adjustment should give increas 
ing high frequency voltages, as is indicated 
by the difference in the ordinates XY and 
AB in Fig. 3, no increase is obtained. This 
is because the modulator grid is initially so 
negative that little or no current is flowing 
when there is no modulation and hence in 
creasing the grid voltage of the modulator 
negatively during modiation is without the 
desired effect in increasing the oscillator 
plate current. - 
Diagram FGK shows a bad case of over 

modulation. In this case, the amplitude of 
the alternating energy supplied to the in 
'put circuit of the modulator is so great that 
when the negative portion of the wave is 
sunlied to the modiliator. input circuit, 
the cut-off value of the voltage impressed 
upon the grid of the modulator is exceeded 
and when the positive portion of the wave 
is supplied to the input circuit, the grid 
voltage exceeds the value necessary to make 
the modulator resistance'small compared to 
that of its load; i. e., the equivalent audio 
frequency resistance of the oscillating tube 
and its circuit. 

A curve such as FGAI will be obtained 
if the oscillator is adjusted to take a plate 
current which is larger than that for which 
the modulating tube is designed. IFor ex 
andle, if the current capacity of the modu 
lator is insufficient to completely modulate 
the oscillations generated by the oscillator, 
and the input energy supplied to the modu 
lator is increased so as to cause the mo?tulat 
ing tube to operate on the non-linear por 
tion of its input voltage output current 
characteristic curve, a diagrann such as 
FGLM would be obtained. 
Should there be a change in the phase of 

the modulating current between the grid of 
the modulator and the output circuit of the 
Oscillator, the lattern upon the receiving 
screen will consist of two loops. In prac 
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tice, this type of pattern usually does not 
occur inless some phase shift occurs in the 
audio frequency circuits or the capacity re 
actance of the deflecting grids of the Braun 
tube, upon which the modulating voltage is 
impressed and the leads connected thereto, 
is comparable to the resistance of the poten 
tioneter. 

In order that this apparatus may be oper 
ated without distortion, there should be no 
stray magnetic or electrostatic fields in the 
vicinity of the apparatus, and the capacity 
reactane of the lead wires to the modulat 
ing frequency deflecting plates 12 should be 
large, relative to the resistance of the po 
tentiometer 17 shunting them. 
A second arrangement for indicating the 

percentage of modulation effected, is illus 
trated in Fig. 2. In this case, only the car 
rier frequency wave is utilized to control 
the deflection of the cathode ray pencil of 
the Braun tube. 

Referring to Fig. 2, there is shown a cir 
cuit 30, including a coil 31 inductively as 
sociated with the inductance coil 29. By 
means of the inductive coupling between 
the coils 29 and 31, modulated carrier waves 
will be supplied to the circuit 30. Con 
nected across the terminals of the coil 31 
are two impedances, herein illustrated as a 
condenser 32 and a resistance 33. Any 
combination of two impedancés having dif 
ferent characteristics could be used, for ex 
ample, a resistance and inductance or a con 
denser and an inductance could be con 
nected across the coil 31. 

Either potention eter 17 or 18 may be 
connected across the condense and the 
other across the resist:nce. For illustrative 
irposes it is assumed that the potentiom 
eter 17 is connected to the terminals 35 
and hence arross the condense 32, wherebv 
the potential drop across this element is 
impressed upon the deflecting plates 12 of 
the Braun tube. Potentiometer 18 is as 
sinned to be connected to the terminals 34 
and hence across the resistance 33, so that 
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the difference of potential between its ter 
minals is impressed upon the deflecting 
plates 13 of the tube 7. 

Because of the difference in the impedance 
characteristics of the condenser 32 and re 
sistance 33, the high frequency voltages 
across these two impedances will be out of 
phase and as a result the potentials across 
the corresponding pairs of deflecting grids 
will also be out of phase. Thus, the po 
tentials impressed upon the respective pairs 
of plates 12 and 13 will be out of phase with 
the result that the combined control field for 
the cathode pencil of the Braun tube will 
cause the luminous pattern, produced upon 
its receiving screen, to be circular or ellip 
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tical. 
As shown in Fig. 5, when the carrier wave 

is unmodulated a pattern of circular or ellip 
tical form represented by the line R will 
be traced upon the receiving screen 11 of 
the tube. When a modulated carrier wave is 
supplied to the circuit 30, an illuminated 
figure bounded by the lines S and T will be 
produced upon the receiving screen 11. 
The percentage of modulation may be 

determined from this diagram by using the 
sum and difference of the lengths of the 
diameters or axes of the lines S and T in any 
single plane at right angles to the plane of 

Thus, on the section line V-V, the screen. 
if a equals the length of the diameter or 
axis of T and b equals the length of the 
diameter or axis of S, the percentage of 
modulation M will be equal to 

a -b 
x 100. 

Should the carrier frequency be a multi 
ple of the modulating frequency and the 
ratio of the two frequencies be of the order 
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of less than 10, the pattern which is traced 
on the receiving screen of the Braun tube 
will be a complicated one, consisting of 
two spirals and hence the problem of deter 
mining the percentage of modulation by this 
method will be rather cumbersome and un 
Satisfactory. However, for a system in 
which the two frequencies are not multiples 
of each other or in which their ratios are 
greater than 10, this arrangement may be 
satisfactorily employed. 
An arrangement similar to Fig. 2 in which 

a condenser 32 only is connected across the 
coil 31 may be employed to indicate the de 
gree of modulation effected. The deflecting 
plates 12 and 13 are connected through the 
respective potentiometers 17 and 18 across 
the terminals of the condenser 32. The de 
flection will be a straight line. It has been 
found that with incomplete modulation two 
bright spots appear on this line and the dis 
tance between them represents the minimum 
amplitude of the modulated wave. Hence, 

1,604,610 

as described above, if a equals the length of 
the illuminated line and b the distance be 
tween the bright spots, the percentage of 
modulation M will be equal to 

a -b 
x 100. 

Obviously the arrangements described 
above may be used at a carrier wave receiv 
ing system. In this case it will be neces 
sary to amplify the incoming modulated car 
le. . . 

From the preceding description, it will 
be apparent that this invention provides a 
very simple method for studying the repro 
duction characteristics of a modulating ap 
paratus, since it is adapted to graphically 
indicate the degree of modulation effected 
by the apparatus, if an undistorted modulat 
ed wave is being produced and, in case dis 
tortion is present, the first arrangement de 
scribed also serves to indicate the cause of 
the distortion. 
As described above, certain arrangements 

and specific details have been set forth for 
the purpose of clearly and completely dis 
closing the principles of the present inven 
tion. However, this invention is independ 
ent of the arrangements and details herein 
before specified, and may be used at either 
a carrier transmitting or a carrier receiving 
station, whether used for radio transmission 
or in a system in which the carrier wave 
is guided by wires connecting the communi 
cating station. This method is independ 
ent of the modulating scheme employed 
Moreover, any well-known type of amplifier 
modulator or carrier frequency source as 
well as any well-known type of Braun tube 
may be used. 

It is to be understood that, aside from the 
limitation referred to in the preceding para. 
graph, this invention is of general applica. 
tion and is, therefore, limited only E the 
Scope of the appended claims. 
What is claimed is: 
1. A method of studying the characteris. 

tics of a carrier wave modulated in accord. 
ance with a signal current, which comprises 
producing a pencil of cathode rays, deriv. 
ing a composite field from the modulated 
Wave, controlling by said field the pencil of 
rays to trace a pattern, the characteristics 
of which serve to indicate the percentage of 
modulation effected. 

2. A method of indicating the character. 
istics of a modulated wave which comprises 
producing a luminous pattern, the coordi. 
nates of which in two directions are pro. portional to the voltage of the modulating 
current and the modulated carrier wave, re. spectively, the configuration of said patter 
serving to indicate whether the modulated 
wave is undistorted or distorted. 

3. A method of indicating the character 
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istics of a modulated wave which comprises 
producing a luminous pattern, the coordi 
nates of which in two directions are pro 
portional to the voltage of the modulating 
wave and the modulated carrier Wave, re 
spectively, the configuration of said pat 
tern serving to indicate whether the modul 
lated wave is undistorted or distorted, and 
if distorted the cause of the distortion. 

4. A method of indicating the reproduc 
tion characteristics of a modulating appa 
ratus which comprises producing a diagram, 
the coordinates of which in one direction 
are proportional to the amplitude of the 
modilating current and the coordinates in 
another direction are proportional to the 
amplitude of the nodulated wave. 

5. A method of indicating the reproduc 
tion characteristics of a modulating appa 
ratus which comprises producing a diagram, 
the coordinates of which in one direction 
are proportional to the amplitude of the 
modulating current, and the coordinates in 
another direction are proportional to the 
voltage of the modulated wave. 6. A method of indicating the reproduc 
tion characteristics of a modulating appa 
ratus which comprises producing a pencil 
of cathocle rays displacing said pencil of 
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rays in one direction proportional to the 
voltage of the modulating current, and dis 
placing said pencil in another direction 
proportional to the voltage of the modu 
lated wave. - 

7. A method of indicating the reproduc 
tion characteristics of a modulating appa 
ratus which comprises producing a pencil 
of cathode rays, displacing said pencil of 
rays in one direction proportional to the 
voltage of the modulating current, and dis 
placing said pencil, in a direction at right 
angles to the first, proportional to the volt 
age of the modulated wave. 

8. A method of indicating the reproduc 
tion characteristics of a modulating appa 
ratus which comprises producing a pencil 
of cathode rays and displacing said pencil 
of rays by a composite field, the strength of 
which in one direction is proportional to 
to the modulating voltage, and the strength 
of which in another direction is propor 
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tional to the voltage of the modulated wave. 
9. A method of indicating the reproduc 

tion characteristics of a modulating appa 
ratus which comprises controlling by the 
modulated wave the production of a pattern 
having characteristics which indicate the 
percentage modulation effected and also 
whether an undistorted modulated wave is 
produced. a 

10. A method of indicating the reproduc 
tion characteristics of a modulating appa 
ratus which comprises producing a pencil 
of cathode rays, deflecting said pencil of 
rays in two directions by the modulat 

of cathode rays, producing an electrostatic 

5 

ed wave to produce a pattern having char 
acteristics which indicate the degree of 
modulation effected and also whether the 
nodulated wave is undistorted or distorted. 

11. A method of indicating the reproduc- 7 
tion characteristics of a modulating appa 
ratus which comprises producing a pencil 
of cathode rays and deflecting by the modu 
lated wave said pencil of rays in two direc- ... 

5 tions at right angles to each other whereby 7 
the character of the modulation effected is . 
indicated. . 

12. A method of studying the quality re 
production characteristics of a modulating 
apparatus which comprises producing a pat- 8 
tern, the coordinates of which in one direc 
tion are proportional to the voltage of 
modulating current and the coordinates of 
which in another direction are proportional 
to the voltage of the modulating wave, 8 
whereby a distorted condition of the modu 
lated wave and the cause of such distortion 
will be indicated by the configuration of the 
pattein. 

13. A method of studying the quality re 
production characteristics of a modulating . 
apparatus which comprises producing a 
pencil of cathode rays, producing an electro 
static field in one direction proportional to 
the voltage of the modulating current, pro- 9 
ducing an electrostatic field in a direction at 
right angles to the first mentioned field, and 
controlling the deflection of said pencil of 
rays by the joint action of said electrostatic 
fields to produce an enclosed pattern, the l 
length of certain of the boundary lines of 
which serve to determine the degree of mod 
ulation effected. 

14. A method of studying the quality pro 
duction characteristics of a modulating ap-l 
paratus which comprises producing a pencil 
of cathode rays, producing an electrostatic 
field in one direction proportional to the 
voltage of the modulating current, produc 
ing an electrostatic field in a direction at 
right angles to the first mentioned field, and 
controlling the deflection of said pencil of 
rays by the joint action of said electrostatic. 
fields to produce an enclosed pattern, the 
length of certain of the boundary lines of 
which serve to determine the degree of 
modulation effected, and the character of the 
other boundary lines of the pattern serve to a 
indicate whether the modulated wave is un 
distorted or distorted. 

15. A method of studying the quality pro 
duction characteristics of a modulating ap 
paratus which comprises producing a pencil 
field in one direction proportional to the 
voltage of the modulating current, produc 
ing an electrostatic field in a direction at 
right angles to the first mentioned field, and 
controlling the deflection of said pencil of 
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rays by the joint action of said electrostatic ' 
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fields to produce an enclosed pattern, the 
length of certain of the boundary lines of 
which serve to determine the degree of mod 
ulation effected, and the other boundary lines 
indicate the cause of distortion of a distort 
ed modulated wave. 

16. An apparatus for studying the char 
acteristics of a carrier wave modulated in 
accordance with a signal current, comprising 

10 means for producing a pencil of cathode 
rays, means utilizing the modulated wave 
to displace said pencil of rays to trace a pat 
tern, the configuration of which indicates 
the character of the modulation effected. 

5 17. An apparatus for studying the char 
acteristics of a carrier wave modulated in 
accordance with a signal current, comprising 
means for producing a sharply defined-cath 
ode ray stream, means for producing a com 

20 posite field from the modulated wave, means 
employing said field for displacing said 
cathode ray stream to trace a patterm, fea 
tures of which serve to indicate the percent 
age of modulation effected. 

25 1S. All apparatus for studying the char'- 
acteristics of a carrier waye modulated in 
accordance with a signal current, comprising 
means for producing a pencil of cathode 
rays, means for producing from the modu 

30 lated wave current components which are 
out of phase, means deflecting said cath 
ode rays under the control of said out of 
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phase currents to trace a pattern, certain di 
mensions of which serve to indicate the 
percentage of modulation effected. 

19. An apparatus for studying the char 
acteristics of a carrier wave modulated in 
accordance with a signal current, comprising 
means for producing a pencil of cathode 
rays, means for displacing said pencil in 
One direction by the modulating current, and 
means for deflecting said pencil of cathode 
rays in another direction by the modulated 
wave to trace a pattern, the configuration 
of which indicates the character of the mod 
ulation effected. 

20. An apparatus for indicating the per 
centage modulation of a carrier wave modu 
lated in accordance with signaling currents 
which comprises means for producing a pen 
cil of cathode rays, means for deflecting said 
pencil of rays in one direction under control 
of the nodulating currents and for deflecting 
said pencil of rays at right angles thereto 
under control of the modulated waves to 
trace a pattern, the ordinates of which at 
right angles to one another serve to indicate 
the percentage of modulation effected, and 
the shape of which serves to indicate the 
cause of distortion if present. 
In witness whereof, I hereunto subscribe 

my name this 27th day of February A. D., 
1923. 

JOHN C. SCHELLENG. 
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