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This invention relates to a modulator circuit 

and in particular to a circuit in which the fre 
quency of an Oscillator is modulated or varied in 
accordance with signals to be transmitted, 
An object of the invention is to devise an oscil 

lator circuit wherein the frequency of oscillation 
is modulated by a microphone condenser. 
A further object of the invention is to devise 

a frequency modulated oscillator circuit wherein 
the band of frequency variation secured by a 
condenser microphone is greatly increased. 

Miy invention is illustrated in the accompany 
ing drawing in which 

Figure i is a diagram of a simple coupled cir 
cuit useful for explaining the invention; 

Figure 2 is a circuit diagram illustrating the 
preferred form of the invention; and 

Figure 3 illustrates a modified arrangement for 
Operating the microphone condenser. 

it has been known that the capacity variation : 
in a condenser microphone, when connected in the 
tank circuit of an osciliator, produces frequency 
modulation of the Oscillator. 
operation, however, is limited to medium fre 
quencies where the microphone is employed as the 
tuning condenser, and the percentage of fre 
quency variation is very small. Henney in his 
"Principles of Radio' (4th ed.), at page 500, states 
that a condenser microphone connected in par 
allel with the tuning condenser in tank circuit 
of Oscillator is not a practical method of fre 
quency modulation. v. 
The operating frequency of the oscillator may be 

increased by connecting the microphone in series 
with the tuning condenser, but the effective ca 
pacitance change in such an arrangement is made 
smaller, and the resultant percentage of frequency 
deviation is also smaller. Accordingly, ordinary 
Oscillator circuits will not produce a satisfactory 
frequency change when employing a condenser 
microphone. Y 

Referring to the simple coupled circuit shown 
in Figure 1 consisting of a primary winding 
coupled to a secondary winding 2 and a condenser 
3 connected to the secondary winding 2, if the 
Secondary resistance is assumed to be zero, the 
effective inductance of the coupled circuit will be 

Where 

p=primary inductance 
W=2T times frequency 
M=mutual inductance 
Xs=Secondary reactance 
S-Secondary inductance 

C=Secondary capacitance 
When the capacitance is varied the greatest 
change in Lie will occur with a large mutual in 
ductance. The circuit of Figure 1 was used as 

The frequency of 

of the oscillator. 

the inductive element in an oscillator circuit by 
connecting a tuning condenser across the primary 
and using this combination as the tank circuit 

When operating at a normal 
frequency of 40 megacycles, variation of condenser 
3 produced a frequency deviation of several kilo 
cycles, and the tests indicated that greater de 
viation could be obtained at a still higher Operat 
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ing frequency providing the mutual inductance 
could be held at a high value. Xs cannot be made 
Zero and still operate at the ultra-high fre 
quencies, because of the large static capacitance 
of the condenser microphone and the amount of 
Ls required for a large mutual inductance, there 
fore some other method must be used. I have dis 
covered that the frequency deviation may be 
greatly increased by reducing or nullifying the 
static capacitance of the condenser 3 which as 
sumees the form of a condenser microphone. The 
greatest change in the effective inductance Le of 
the coupled circuit may be obtained if the Con 
denser microphone is shunted by an inductance 
and the combination is made parallel resonant 
near the normal operating frequency. 
A practical oscillator circuit embodying the 

coupled circuit of Figure 1 and the microphone 
shunting inductance is shown in Figure 2 where 
the primary winding, is connected at Cpposite 
ends to the plate elements of two vacuum tubes 
4 and 5, the center tap on the winding being 
connected to a suitable source of plate current 
represented by the battery 6. The condenser 3 
in Figure 2 is shown in the form of a condenser 
microphone which may be operated by local 
sounds, produced either artificially or naturally. 
The microphone is shunted by an inductance. A 
second secondary winding 8 is coupled to the pri 
mary winding and the ends of this winding are 
connected to the grids of tubes 4 and 5 as shown. 
The center tap of winding 8 is connected through 
a resistance 9 to a grounded connection which 
joins the two cathodes of tubes 4 and 5. The nor 
mal operating frequency of the oscillator is de 
termined by a tuning condenser to connected be 
tween the plate elements of tubes 4 and 5 and 
therefore connected in parallel with winding . 

In an actual embodiment of the circuit shown 
in Figure 2 having a normal operating frequency 
of 40 megacycles, the primary winding Con 
sisted of eight turns of one-eighth inch copper 
tubing wound into a helix having a diameter of 
1% inches and a length of 1% inches. The grid 
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coil 8 was formed of celanese-covered push-back 
wire and was placed inside of copper tubing form 
ing winding i, thus providing unity coupling be 
tween windings and 8. The secondary winding 
2 consisted of 22 turns of the same push-back 
wire wound into a helix small enough to slip in 
side the winding . A 15 micromicrofarad tuning 
condeniser Q was employed to fix the normal Op 



2 
erating frequency. The condenser microphone 3 
employed was a Western Electric type 394, and 
the inductance connected in shunt with this 
microphone was only A turn of wire having a 
total length of approximately 1% inches which 
did not adjust the System for optimum condition 
at 40 megacycles. The value of resistance 9 de 
pends upon the type of tube employed and can 
wary from 10,000 ohms to 50,000 ohms. When 
using a type 19 tube, a frequency deviation of 15 
kilocycles was measured when talking into the 
microphone for several feet, and this is not for 
optimum conditions. Calculations show that un 
der optimum conditions for the circuit constants 
given, the frequency deviation may reach 80 kilo 
cycles. 

O 
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From the foregoing it will be understood that 
the impedance at the terminals of winding of 
the coupled circuit, including the secondary 
winding 2, condenser and shunting inductance 
, is always inductive in character, and this in 
ductive reactance in combination with the tuning 
condenser 0 determines the frequency of Oscil 
lation at any given instant. Wariation in the 
capacitance of microphone 3 causes a variation 
in the effective inductive reactance of the wind 
ing and therefore varies the frequency of the 
oscillator. 

It can be shown that the effective inductance 
at the terminals of winding in Figure 2 is rep 
resented by the following equation: 

M(pLeC-1) 
Le=Lp-titie), L. (1) 

where Lc is the inductance of coil and the 
other factors are as indicated above in connec 
tion with Figure 1. 

If microphone condenser 3 is increased or de 
creased by an increment C, then the capacitance 
of condenser 3 will be represented by C-EC, and 
by substituting this term for C in (1) above, the 
effective inductance is represented by 

- M’CulcC-1 lett'LCC) Le-Lip-Löfflict L. (2) 
For the condition of resonance of condenser 3 

and inductance at the operating frequency, 
DLcC=1, and (2) above becomes 

Le=Lp+Ed (3) 
The term to LSC' in (3) may be 'neglected since 
it represents a distortion factor having a very 
small value, and (3) then becomes 

Le=Lptcy C (4) 
The foregoing equations do not take into con 

sideration the resistance of the primary and sec 
ondary circuits but in actual circuits there will 
be appreciable resistance which will flatten the 
peak of the resonance curve. Accordingly, it will 
be found that radian variation in the effective 
inductance will be obtained by tuning the par 
allel combination involving condenser and in 
ductance to a frequency scnewhat displaced 
from the normal operating frequency of the os 
clator circuit, that is, the parallel combination 
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the tighter the coupling, the greeter will be the 
frequency change. 

It will be understood that a suitable work cir 
cuit, such as an antenna circuit or a transmis 
sion line may be coupled or otherwise connected 
to the oscillator circuit. Suitable amplifiers may 
be included between the oscillator circuit and 
the work circuit if desired. Also, by including 
well known frequency doublers between the oscil 
lator circuit and the work circuit, it is possible 
to operate the oscillator at a lower frequency for 
a given frequency in the work circuit. 
While I have shown an Oscillator of the push 

pull type in Figure 2, it will be understood that a 
simple oscillator using only one tube may be 
employed. 
In Figure 3 I have shown a modified arrange 

ment for operating the microphone condenser 3. 
In this arrangement the condenser of the micro 
phone is operated by a connection to piezo crystal 
vibrator f which is energized from a program 
amplifier 2, the input for amplifier 2 being de 
rived front any program source which is to be 

- retransmitted. It will be obvious that other op 
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erating arrangements for the microphone are 
possible. 
What I claim is: 
1. A frequency modulator comprising a vacuum 

tube OScillator having a frequency determining 
circuit, a Second circuit closely coupled to said 
frequency determining circuit and including a 
signal actuated condenser, and an inductive ele 
ment connected in shunt to said condenser, said 
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- would be tuned to a point on the steepest 
portion of its resonance curve at the operating 
frequency of the oscillator. 
it will be seen that the higher the frequency and 

From Equation 4 to 

inductive element and said condenser forming 
a parallel tuned circuit Such that in the static 
condition of said condenser, the parallel circuit 
operates at a steeply sloping portion of its res 
onant curve at the normal frequency of said 
OScillator. 

2. A frequency modulator comprising a vacuum 
tube oscillator having plate and grid circuits, a 
transformer for Coupling said circuits including 
a coil connected in the plate circuit and a coil 
connected in the grid circuit, a condenser con 
nected across One of said coils to form a fre 
quency determining circuit, a third coil on said 
transformer and having substantially unity cou 
pling with Said frequency determining circuit, a 
signal actuated condenser connected in circuit 
with said third Coil, and an inductive element 
connected in shunt to srid signal condenser, said 
inductive element and signal condenser forming 
a parallel tuned circuit such that in the static 
condition of said signal condenser, the parallel 
circuit operates at a steeply sloping portion of its 
resonant curve at the normal frequency of said 
Oscillator. 

3. A frequency nodulator comprising an oscil 
lator circuit having a frequency determining cir 
cuit, including an inductive element, a second 
'circuit inductively coupled with said inductive 
-element by substantially unity coupling and in 
cluding a signal actuated condenser, and a sec 
Ond inductive element connected in shunt with 
said condenser, said second inductive element 
and Condenser forming a parate tuned circuit 
such that in the static Condition of said signal 
condenser, the parallel circuit operates at a 
steeply sloping portion of its resonant curve at 
the normal frequency of said oectator. 
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