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To all whom it may concern: . . . . 
Beit known that we, GusTAF.W. EL EN 

and:-CARLF ORT, citizen of the United 
tria, respectively, residing at Bogota, in the 

... county of Bergen, State of New Jersey, and 
at New York, in the county of New York, 
State of New York, Epei.ey. have in 5 Yented certain new and useful.Improve 

19 ments in Methods and Systems for Amplify: 
...ing. Variable.Currents, of which the folloy ing is a full, cléar, concise, and exact de 
...scription. . . . . . . . . . . . . . . . 

. This invention relates to methods of, and ..systems for aniplifyingyariable currents and 
more particularly to signaling systems in 

...which alternating currents...are subjected to 
the action of a variable impedance. . . . . 

- -- - iAn object of the invention is to provide a 
29, inethod of increasing the permeability of 
, magnetic material. : . . . . . . . 
... Another object of the invention is to pro 

vide means for...rapidly...shanging the per meability of magnetic coices for...alternating . 
... fluxes.at initial low flux densities. . . . 
... A further, object of the invention is to 
provide a variable alternating current in 

... pedance, the value of which may be readily 
controlled. ... . . . 

... A still further object of the invention is 
to provide means for amplifying weak sig 
naling currents. . . . . . . . . . . . . 

... It is, well known that if a core of mag 
netic material is made a path for alternat 

3 ing fluxes of different frequencies the higher 
...frequency flux takes over the work of hys 
...teresis. It has been discovered that not only 
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cies reduced, but the permeability of the 
magnetic material at low flux densities is 

...: considerably increased by the presence of the 
higher frequency flux. It is found that for ... a given Yalue of high frequency flux, the 
permeability forthe, low, frequency flux in- . creases very rapidly, with increasing density. 45 
of the low frequency flux, and reaches a 
maximum value at a relatively. low density, 

... after...which the permeability decreases. . 
* . According to this invention the circuit of 
50 the current which is to be amplified includes. ...thg, primary winding of a magnetic device 
se: a toroidal core of magnetic materia i: A second winding associated with 

cuit. 

i is the hysteresis effect for the low frequen 

1918. Serial No. 227,564. 
the same core is included in the circuit of a 
Source of alternating current of frequency 

. . . . . . . - - - wa- - - - - - lower than that of the current which is to be 

States and subject of the Emperor of Aus amplified. Variation of the weak signaling 
current in the input circuit varies the high 
frequency flux produced thereby and cor 
respondingly changes, the permeability of 
the magnetic core for the flux set up by the 
lower frequency current flowing in the out 
put circuit. An increase in the permeability 
gf the core, and therefore in the magnetic flux produced by the low frequency surrent, 
increases the induction and therefore theim pedance of the portion of the lower fre 
quency circuit directly associated with the 
core, while decrease-in. the permeability of 
the core results in decrease in the impedance 
of this portion of the lower frequency' cir 

In the drawing, Fig. i illustrates, a wire 
signaling systern, while Figs. 2 and 3 illus trate respectively a transmitting station and 
a receiving station for radio signaling. : Referring to Fig.1, a generator 1 produc 
ing oscillations of -high-frequency-rata 
transmitting station, A is shown connected in 
a series circuit including the microphone2, a 
variable. resistance 3 and windings 4 and 5. respectively of toroidal magnetic cores 6 
and 7. A generator 8 of oscillations of fre 
quency q is connected by a potentiometer 9, 
in a circuit 10 including windings 11 and 
12 of toroidal cores 6 and 7 respéctively, a 
variable inductance 13 and a variable ca 
pacity 14. Circuit 10 extends to a receiving 
station B and includes the primary. Yinding 
of a transformer 15, the secondary winding 
of which is included in the receiving cir: 
cuit. As shown in the drawing, circuit 10 
is grounded as at G at both te receiving 
and transmitting stations. This arrange 
ment may obviously be replaced by...one em 
ploying a metallic. return...conductor. . 
The secondary winding of transformer 15 

is connected through a detector ID to a tele 
phone receiver R which is shunted: by the 
usual condenser C. : :"... ... In operation the microphone.2 serves to 
vary, in accordance with signals, the ampli 
tude of the oscillations, offrequency, rip plied by the circuit 6 geneator. The varying amplitudé oscillafións fäss through 
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in opposition with respect to the windings 
11 and E2 and acoordingly no current of fre 
quency is set up in circuit 10, since the 
electromotive forces induced in windings 11 

5 and i2 are oppositely directed and equal to 

( 

6 

cores for flux of frequency q. When these. 

each other. The number of turns of wind 
ings 11 and 12 may be so chosen that these 
electromotive forces completely neutralize 
each other. Windings 11 and 12 are sup 
plied by generátor 8 with oscillations of fre 
quency ( which is preferably much lower 
than frequency ". Circuit 10 may be tuned 
as desired by means of variable inductance 
13 and variable capacity 14. Current 
through windings 11 and 12 gives rise to a 
fluxin cores 6 and 7, the value of which is 
dependent upon the permeability of these 
cores are subjected to higher frequency flux, 
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such as that resulting from the oscillations of frequency at the hysteresis energy which 
it is necessary to supply for maintenance of 
the low frequency flux, is much reduced. 
If, byproper design of the cores 6 and 7 
and windings 11 and 12, the density of the 
flux of frequency g is kept relatively low, 
the higher frequency flux has the further 
effect of markedly changing the permeabil 
ity for the flux of frequency q. This causes 

30 a corresponding change in the inductance 
and therefore in the impedance of windings 
11 and 12 for. alternating current of fre 
quency g, and the variations in the ampli 
tude of this current are attended with cor 
responding variations in the current in the 
receiver circuit at station B. : Preferably the 
density of the flux of frequency q should be 
maintained within the range throughout 
which the high frequency flux produces the 
most rapid change in permeability. If q is 
an ultra audible frequency, the detector D 
will set up in the circuit of the receiver a low.frequency signaling current correspond 
ing to the variations set up by microphone 2 
in the current of the circuit of generator 1. 
The function of the magnetic cores 6 and 

7 and their associated windings is in this 

50 
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instance to enable modulation of the current 
of circuit 10 in accordance with signaling 
currents. Viewed broadly, however, the 
magnetic,device serves to amplify variations 
in electric current. This arrangement is 
therefore, of general application as an ann 
plifier. 

In the system of Fig. 2, the generator 16 
supplies oscillations of frequency r to a cir 
cuit including a microphone or other trans 
mitting device 17, a current regulating re 
sistance 18 and windings 19 and 20 of toroi 
dal magnetic cores 21 and 22 respectively. 
A generator 23 supplies oscillations of fre 
quency q, which is considerably lower than 
frequency r, to a circuit including windings 
24 and 25 of cores 21 and 22 respectively, 
variable capacity 26 and primary winding of 
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a transformer 27. Windings 19 and 20 are 
wound on cores 21 and 22 in opposition with 
respect to the windings 24 and 25 as in the 
case of the system of Fig. 1. Capacity 26 
spermits tuming of the circuit of generator 
23, as for example, to the:frequency. 9 or to 
the meanfrequency of any hand frequencies 
which it may be desired to transmit. 

The secondary winding of transformer 27 
is included in series with tuning condenser 
28 in the circuit of antenna 29 which serves 
to radiate electromagnetic waves correspond 
ing to oscillations nodulated in accordance 
with signals. 
The operation of the system of Fig. 2 is 

analogous to that of Fig.1, with the excep 
tion that unguided electromagnetic waves 
are transmitted in the system of Fig.2 and 

...the frequency g should therefore be made 
such as to permit of efficient radiation. 

Referring to, the radio receiving system of 
Fig. 3, the circuit of antenna 30 includes the 
tuning condenser 31 and windings 32 and 33 
of magnetic cores 34 and 35 respectively. 
Windings 36 and 37 of cores 34 initi-85 con 
stitute two diagonally opposite, arms of a 
Wheatstone bridge of which the other arms 
are windings 38 and 39 of cores. 40 and 41. 
The generator 42 connected throtrgh a series 
tuning condenser 47 to the diagonally oppo 
site corners 43 and 44, SEE 
osci.lations of frequency is to the Wheatstone 
bridge. Connected between the other two 
corners of the Wheatstone bridge is conduc 
tor 45, which includes the primary winding 
of the transformer 46. The input winding 
of a detetitoi B, preferably of the vactium 
tube type; serves as the secondary of trans 
former 46 and the output winding of the 
detector is coupled to the local circuit of 
receiver R. - ea te The operation of this receiving system 
will now be described. Incoming waves 
modified or modulated, as the case array be, 
in accordance with signals, set up high fre 
quency oscillations in the antenna circuit. 
If the frequency of strch oscillations be q, 
cores 34 and 35 will be subjected to alter nating flux of frequency. At anytime 
when no signals are being transmitted, the Wheatstonebridge is balanced for oscilla 
tions supplied by the generator A2, such 
balancing being readily accomplished by 
making the cores 34,35, 40 and 41 alike 
and by properly choosing...the constants of 
each bridge arm including the number of 
turns of S.E. windings. hon 
signaling periods, no current will flow 
through conductor 45. During periods of 
incoming signals, the high frequency flux 
varies the impedance of windings 36 and 
37 to the lower frequency current sin, ac 
cordance with the variations in the incom ing signal oscillations. The resulting un 
balance causes current of frequency 8 to flow 
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in conductor 45 and a response correspond 
ing to the original signals is obtained in 
receiver R. 
The frequencies of the oscillations sup 

plied to the primary and secondary wind 
ings of the magnetic amplifying device may 
take a wide range, provided only that the 
input current have a considerably higher 
frequency than the output current. As a 
specific example, the frequency r may be 
200,000; g may be 50,000 and s may be 10,- 
000 cycles per second. 
In the circuits of each of the three figures 

of the drawing, the amplifying arrangement 
is substantially the same and consists of a 
magnetic core device having an input cir 
cuit winding and an output circuit winding. 
The input winding is supplied with high 
frequency oscillations varied in accordance 
with signals, while the output winding is 
supplied with lower frequency oscillations. 
The high frequency input oscillations pro 
duce a flux which greatly increases the im 
pedance in the magnetic core device for the 
ow frequency oscillations, and accordingly 
small changes in the input current are at 
tended by very much larger changes in the 
output current. It is in this sense that the 
magnetic device is termed an amplifier. 

Since in the systems disclosed the output 
corresponding to incoming signaling cur 
rents; the magnetic amplifier serves as a 
modulator. . . . . . . . . 
The circuits of output generator 8, 23 and 

42 may as previously set forth, be tuned 
to resonance. The change of inductance of 
the magnetic amplifier windings will alter 
this condition of resonance and the current 
in the output circuit be further varied if 
such tuning is used. However, this is not 
an essential condition and the output gen 
erator circuit may be untuned if desired. 
As previously mentioned one effect of the 

high frequency flux is to decrease the hyster 
esis energy which must be supplied by the 
generator in the output circuit of the mag 
netic amplifier. This effect may, however, 
be relatively small at the flux densities at 
which the change in permeability for the 
low frequency flux is most rapid. 
While three specific arrangements involv 

ing this invention have been illustrated, it 
is to be understood that it is capable of gen 
eral application and that the scope of the 
invention is to be restricted only by the 
appended claims. 
What is claimed is: 
1. The method of transmission which 

comprises subjecting an alternating current 
to the action of a magnetic impedance, vary 
ing said inggnetic impedance in accordance 
with modulated oscillations of frequency higher than said current whereby said alter. 
tisting cuffen is varied in magnitude in ac 
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cordance with the modulations of said oscil 
lations, and transmitting the energy of said 
varied alternating current to a remote 
signaling station. 

2. The method of amplifying currents 
which comprises subjecting a magnetic core 
simultaneously to two alternating magnetic 
fluxes of different frequency maintaining 
the lower frequency flux at low density, and 
varying the value of the higher frequency 
flux in accordance with changes in the cur 
rents. 

3. The method of signaling which com 
prises varying an alternating current in ac 
cordance with signals, varying the ampli 
tude of a second-alternating current of lower 
frequency than the first in accordance with 
the amplitude variations produced in said 
first-mentioned ... alternating current, and 
transmitting to a distant station energy cor 
responding to that of said varied amplitude 
current. . . . . . . . . 

4. A magnetic control device comprising 
a magnetic core, an input circuit and an out 
put circuit associated therewith, a source of 
high frequency current in the input circuit, 
a source of lower frequency current in the 
output circuit, and means connected to said 
output circuit for transmitting the energy of 
said lower frequency current to a remote re- 9 
ceiving station. . . . . . 

5. An amplifying system: comprising a 
circuit, means for supplying thereto alter 
nating current of a given frequency, a sec 
ond circuit, means for supplying to said 
second circuit an alternating current of fre 
quency higher than that supplied to said 
first circuit, means for varying said higher 
frequency current, means for varying the 
impedance of said first circuit in accordance 
with the amplitude variations produced in 
said higher frequency current, and means 
for transmitting the varied energy of the 
current in said first circuit to a remote point. 

6. A magnetic modulator comprising a 
magnetic core, two alternating current cir 
cuits including sources of different fre 
quency currents having windings associated 
with said core, a signal transmitter in the 
circuit of the higher frequency current 
source, and means connected with the circuit 
of the lower frequency current to transmit 
the energy thereof to a distant point. 

7. A magnetic amplifier comprising two 
toroidal cores, an input circuit and an out 
put circuit each of said circuits having 
windings associated with each of said cores, 
said windings being so related that the elec 
tromotive forces induced in said output cir 
cuit upon variation of the current of said 
input circuit are equal in value and op 
posite in direction, means for impressing an alternating E. M.F. upon said output cir 

a higher fre cuit, means for "E", of quency alternating E. M. F. upon said in 
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pitt: circuit, and ineahs for transferring to a 
distant point effergy corresponding to that 
of the currett set tip in said output circuit 
by the E. M. F. impressed therebni 

8: The method, which comprises: produc 
ing carrier waves and higher frequency 
oscillations; modifying said higher fre 
tueney oscillations in accordance with 
speecli, causing said modified oscillations to 
vary the amplitude of said carrier waves, 
and transmitting the energy of said varied 
amplitude carrier waves to a remote station. 

9: The method of increasing the perme 
ability of magnetic material to an alternat 
ing flux which consists in maintaining said 
flux thereini at low flux blensity and simul 
taneously subjecting the material to a higher 
frequently flux. . . . . . . . . ; ; ; ; ; 
... 10. A. system for magnifying electrical 

20 variations comprising a magnetic material, 
heahs for setting up in said material alter 
nating fluxes of two widely different fre 'quencies of such 'small flux densities. that 
the permeability of the material for the flux 
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netic modulator having an input circuit and 
an output circuit, electromagnetically asso 
ciated with a common magnetic Göre; means 
for supplying waves to said output circuit, 

45 

means for supplying is higher frequency & 
speech modified waves to said input circuit 
to vary the impedance of said output cir 
cuit, to : control the waves supplied to said 
output circuit in aecordance with speech, 

50 

and means for preventih.g. transfer of waves: 
of said higher frequency to said output cir 
cuit. :: ; , ; ; . . . . . . . . . . . . . 

18. In a magnetic modulating systerh, a 
circuit for transmitting to a distance, a 
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source-of alternating current waves for sup 
plying said circuit a circuit local to said 
modulating systemicontaining a? source of 
alternating cirrents of a frequency; high in 
comparison with the frequency of said first 
mentioned source, and means: for altering 
the characteristics of said magnetic system 
-to vary the alternating current in the first 
- mentibned circuit comprising means for 
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w - yarying the high frequency current?iri the 
25 of low frequency is increased by the high local high 2EES' try: , , , is 

frequerley flux means for varying the high 14. In combination; heans’ for:producing 
frequency flux in accordance with said varia- periodic current, means for producing alter- 70 
tions itóbts magnified; and a circuit for:trans-ihting current 6f frequency;' higher: than 
lating the resultant changesili permbability that of said periddic current; means for con 

30 intuji electrical waves modified in accordance tolling said alternating current in accord 
with said variations to be magnified, ancé with contralienergy;candi, means for 

faint tombination avsource: of carrier 'varying isaid periodie?eurrentiiii accordance 75 
wives, a source of higher frequency oscilla- ) with the conth? variatiénstini said alternat 
tions, means för modifying said: oscillations ing current and to the practicallekelusion 

35 in accordinée, with speech; means for vary- of said, alternating etirrent. 2 is: 'til it 
iigi the amplitude of said carrier waves in 1: In witness whereof; I have hereunto stib 

, accordancé with the variations introduced scribed 'myiiiame: this 30th day' of March, 80 
'; in said oscillations in consequence of said: 1918.7 ii. it is iiii f it: ; ; ; ; ; 
': hodification; to the practical exclusion of . GUSTAF WELSMEN 

40' said oscillations and means for transmitting In itne her F.I.h. i&reuito sub the energy of said variéd amplitude carrier. E. E. 'waves to a distant point; ; ; ; ; ; ; ; ; ; scribed iny name this 2nd day, of April, 1918. 
. . . . . ; ; ; ; *::::12. A signaling system cori prising a mag- . ... CARLF ORT.   


