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UNITED STATES PATENT OFFICE. 
RALPH. W. L. HARTILEY, OF BROOKLYN, NEW YORK, ASSIGNOR TO WESTERN ELECTRIC 
COMPANY, INCORPORATED, OF NEW YORK, N.Y., A CORPORATION OF NEW YORK. 

MODULATING SYSTEMI. 

1,287,982. Specification of Letters Patent. Patented Dec. 17, 1918. 
Application filed February 16, 1917. Serial No. 148,978. 

To all whom it may concern: 
Beit known that I, RALPH. W. L. HART.LEY, 

a citizen of the United States, residing at 
Brooklyn, in the county of Kings and State 
of New York, have invented certain new and useful Improvements in Modulating Sys 
tems, of which the following is a full, clear, 
concise, and exact description. 
This invention relates to modulating sys 

tems in which high frequency carrier cur 
rents are modified or modulated in accord 
ance with the signal to be transmitted. In a 
copending application, Serial No. 139,784, 
filed December 30, 1916, applicant has de 
scribed and claimed a modulator of the mag 
netic type by means of which the carrier 
currents are modulated by varying the per 
meability of a carrier frequency transformer 
in accordance with a speech signal. 

. The quality of the speech transmitted by 
prior modulators of the magnetic type is 
relatively poor, as the modulated high fre 
quency wave form is distorted by the hys 
teresis of the magnetic core forming a part 
of the modulator. 
The present invention has to do with im 

proving the quality of speech transmitted 
by modulators of the magnetic type. 
This is accomplished by reducing the hys: 

teresis of the magnetic core of the modula 
tor. One way in which this may be done is 
to subject the magnetic core to a relatively 
weak and rapidly alternating cross-magnet 
ization which keeps the molecules of the iron 
in a constant state of agitation, and renders 
them more susceptible to changes in the lon 
gitudinal magnetization produced by the 
modulating speech currents. 
A further advantage in reducing the hys 

teresis is to improve the sensitiveness of the 
modulator. This sensitiveness may be de 
fined as the ratio of the modulated high fre 
quency power to the low frequency power 
affecting the modulation. By reducing the 
hysteresis loss a greater amount of modu 
lated high frequency power can be produced 
by a given amount of low frequency modu 
lating power, i. e., the sensitiveness of the 
modulator is increased. 
Two ways of carrying out the invention 

are shown in the drawing, in which 
Figure 1 illustrates diagrammatically the 

preferred form in which the hysteresis re 
ducing winding is at right angles to the sig-. 
naling and carrier current windings; 

Fig. 2 illustrates a modification in which 
the carrier current windings are at right an 
gles to the remaining windings; and 

Fig. 3 shows details of the magnetic core construction. 
In Fig. 1 of the drawing, the modulator 

M, which is of the magnetic type, is supplied 
with carrier currents from the source 3, 
which are to be modulated in accordance 
with signaling currents supplied by the sig 
naling circuit 4. The battery 5 supplies a 
Steady current which brings the magnetiza 
tion of the toroidal cores 6 and 7 to the de 
sired point about which the magnetization is 
varied by the signaling currents. The source 
8 supplies currents of a frequency higher 
than the carrier frequency supplied by the 
source 3 for the purpose of reducing the 
hysteresis. The circuit of source 8 may be 
traced from the source through the turns of 
coil 16 in series to conductor 28, through the 
turns of coil 15 in series, back to source 8. 
The carrier source 3 supplies currents to 

the primary windings 9 and 10, which are 
individual to each of the cores 6 and 7, and which produce high frequency fluxes in op 
posite directions in these cores so that the 
signaling winding 11, which is common to 
both cores, is substantially non-inductively 
related to the windings 9 and 10. The op 
posing high frequency fluxes induce a re 
sultant zero carrier frequency electromotive 
force in the signaling winding 11. The sec 
ondary windings 12 and 13 are adapted to 
supply modulated carrier currents to the ra 
diating antenna system 14. The windings 
12 and 13 are wound in opposite directions 
and are individual to each of the cores 6 and 
7. In order to reduce the hysteresis in the 
magnetic cores 6 and 7, means, such as the 
windings 15 and 16 disposed within the cores 
6 and 7, are provided for producing a mag 
netic field which is at right angles to the 
magnetic field produced by signaling wind 
ing 11 and the windings 9, 10, 13 and 12. 
The windings 15 and 16 are supplied by the 
source 8 with comparatively weak and very 
rapidly alternating currents, which have a 
frequency which is higher than that sup 
plied by the carrier source 3. The signaling 
current supplied by the circuit 4 may be am 
plified, if desired, by one or more amplifiers 
17 of the audion type. 
The cores 6 and 7 may be constructed as 

shown in Fig. 3, in which the halves of the 
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cores 18 and 19 which are suitably held in 
assembled position are preferably made of 
compressed iron dust, and are channeled to 
receive the winding. 
In Fig. 2 the antenna circuit may be 

traced from antenna 14 through the turns 
of the secondary winding 22 in series to 
ground at 29. The carrier current source 
3 is connected in series with primary wind 
ing 21. Windings 21 and 22 are both dis 
posed within magnetic core 23. The low 
frequency winding 24 is wound around the 
core 23 so that the high frequency carrier 
current windings 21 and 22 produce mag 
netic fields which are at right angles to that 
produced by the signaling winding 24. The 
signaling winding 24 is non-inductively re 
lated to the carrier frequency windings 21 
and 22 and the signaling winding 24 will 
accordingly not have any carrier frequency 
currents induced therein. This relative dis 
position of the carrier frequency winding 
and the signaling winding reduces the dis 
tortion as the molecules of the core are agi 
tated by the magnetic field due to the car 
rier currents and are more readily suscep 
tible to changes in the field due to the sig 
naling current. To reduce the hysteresis 
loss due to the carrier frequency alternating 
field in the core 23, the source 8, supplying 
a frequency higher than the carrier fre 
quency, in this case is connected through 
condensers 25 and 26 about a portion 27 of 
the signaling sing 24. The rapidly al 
ternating magnetic field produced by the 
currents traversing the portion 27 of the 
winding 24 produces a field which is at 
right angles to the carrier frequency field 
so that the hysteresis is reduced, as in 
Fig. 1, by high frequency cross-magnetizing 
field. 

It will be apparent that the windings 15 
and 16 or 21 and 22 within the magnetic 
cores may be of iron, in which case the mag 
netic cores may be dispensed with, as the 
windings themselves would, in this case, pro 
vide the magnetizable means. 
What is claimed is: - 
1. A high frequency signaling system 

comprising a modulator of the magnetic 
type having magnetizable means, means for 
supplying carrier currents for magnetizing 
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said means, means for modulating said car 
rier currents, and means for reducing the 
hysteresis in said magnetizable means. 

2. A high frequency signaling system 
comprising magnetizable means, carrier cur 
rent windings, and signaling windings asso 
ciated with said magnetizable means, and 
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means acting upon the molecules of said 
magnetizing means for reducing its hyste 
resis. 

3. A high frequency signaling system 
comprising a modulator of the magnetic type 
having magnetizable means, signaling cir 
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cuit windings associated therewith and 
means for producing a rapidly alternating 
cross-magnetization of said magnetizable 
means with respect to the magnetization pro 
duced by high frequency current in said 
signaling circuit windings. 

4. A high frequency signaling system 
comprising a modulator of the magnetic 
type having magnetizable means, carrier 
current windings and signaling windings as 
sociated with said magnetizable means, and 
means for supplying said magnetizable 
means with a rapidly alternating cross 
magnetic field relative to the field produced 
by currents flowing in said carrier current 
windings. 

5. A modulating system comprising a 
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modulator of the magnetic type, means for 
supplying said modulator with (1) signaling 
currents, (2) currents of the carrier fre 
quency and (3) currents of a frequency 
higher than said carrier frequency, and a 
high frequency line adapted to be supplied 
with modulated currents by said modulator. 

6. A modulating system comprising the 
combination of magnetizable means, carrier 
current windings and signaling windings 
associated with said magnetizable means, 
said carrier current windings being non 
inductively related to said signaling wind 
ings, and means for reducing hysteresis in 
said magnetizable means. 

7. A modulating system comprising mag 
netizable means and four windings associ 
ated therewith, means for supplying signal 
ing current to one of said windings, means 
for supplying currents of a carrier frequency 
to another of said windings, means for sup 
plying current of a frequency higher than 
said carrier frequency to a firi winding, 
and a high frequency line adapted to be 
energized by said fourth winding. 

8. A modulating system comprising mag 
netizable means, signaling windings and 
carrier current windings wound around said ll.0 
magnetizable means, and hysteresis reduc 
ing windings within said magnetizable 
leaS. 
9. In a modulating system, the combina 

tion of two toroidal cores, a winding com- 115 
mon to both of said cores, primary and sec 
ondary windings individual to each of said 
cores, and a winding within each of said 
COS. - 

10. A modulating system comprising the 120 
combination of two magnetic cores, a signal 
ing winding common to both of said cores, 
carrier current primary and secondary wind 
ings individual to each of said cores, and 
hysteresis reducing windings within each of 125 
said cores. 

11. In a modulating system, the combina 
tion of two magnetic cores, a signaling 
winding common to both of said cores, means 
for supplying signaling currents and a 130 

85 

90 

95 

100 

105 



10 

5 

1,287,982 

steady current to said signaling winding, 
primary and secondary windings individual 
to each of said cores, means for supplying 
carrier currents to said primary windings, 
a high frequency line adapted to be ener 
gized by said secondary windings, other 
windings within each of said cores, and 
means for supplying currents of a frequency 
higher than that of said carrier currents to said other windings. 

12. In a modulating system a circuit in 
cluding a source of carrier frequency oscil 
lations, a magnetic device associated with 
said circuit, and means for subjecting said 
magnetic device to the action of an alter 
nating flux having a frequency higher than 
that of said oscillations. 

3. 

13. The method of modulation which com 
prises subjecting a carrier frequency current 
to the action of a magnetic impedance ele 
ment and subjecting the impedance element 
to the action of an alternating flux of fre 
quency higher than that of said current. 

14. A carrier frequency circuit, a signal 
ing frequency circuit, magnetic means asso 
ciated with both of said circuits, and means 
for subjecting said magnetic means to the 
action of an alternating flux of frequency 
higher than the carrier frequency. 
In witness whereof, I hereunto subscribe 

my name this 15th day of February, A. D. 1917. 

RALPH. W. L. HARTILEY. 
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