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This invention relatesto magnetic core 
apparatus and particularly to an organiza 
tion of circuits including a magnetic core 
and its magnetizing structure, for the ampli 
fication of waves impressed thereon. 
An object of the invention isto employthe 

magnetic modulation principleto accomplish 
regenerative amplification of an impressed 
VVVº, 

Amore specific object of the invention is 
to utilize the non-linear B-H characteristic 
of a magnetic core coil, whereby a given 
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wave may derive the energy in an auxiliary 
wave usedjointly therewith to magnetize the 
core, to achieve amplification directly of the 
given wave. 
A stillmore specific object of the inven 

tion isto utilize a magnetic core modulator 
to achieve direct amplification of an im 
pressed wave. 

It has been known and appreciated for 
some years that intermodulation of a given 
wave, usually denominated the signalwave, 
with a higher frequency wave usually de 
nominated the carrier wave, in a magnetic 
modulator device, results in the production 
of combination products similar to those re 
sulting from othertypes of modulation. It 
has also been known that, under proper con 
ditions, a particularone atleast of these com 
bination frequencies may attain a greater 
content of energy than the low frequency 
component wave concerned in its production. 
This principle has been utilized in the past 
for the eventuali amplification of a given 
wave, the operation, beyond the above step, 
comprising a further step of modulation 
(that is, demodulation) whereby the original 
low frequency impressed wave is reproducedi 
in amplified form from the proper combina 
tion frequency. 
The present invention uses much the same 

mechanism, and probably also the same basic 
principle, to achieve a quite distinctive resuit. 
Applicant has discovered that under certain 
conditions the production of the usual com 
bination components is attended by a re 
generative amplification of the low frequency 
wave so that amplification may be achieved 
by his invention directly, that is, without 

necessitating further operation on the com 
bination frequency. 

Certain conditions are necessary for the 
efficient accomplishment of the objects of the 
invention. For example, the core should be 
substantially hysteresisless. If odd order 
modulation is used asina preferred form of 
the invention the core should be devoid of 
magnetic bias so that only odd order com 
bination frequencies result. Applicant's in 
vention requires that a lower modulation side 
band current which may be represented (for 
the selected case of third order modulation) 
by the quantity 2P Q, in which Pand Q 
are respectively the higher and lower of the 
two impressed frequencies, be dissipated at 
agiven rate. Ithas been found that this dis 
sipation results effectivelyin the introduction 
of resistance in the circuits of the impressed 
Waves, this being positive with respect to the 
higher frequency and negative with respect 
to the lower frequency. A similar result 
would besecured by usingother, higher, odd 
orders of modulation, or by using even order 
modulation of any order. In any event, a 
lowerside band component is the one con 
cerned in the amplifying operation. For the 
production of even order side bands of course, 
the modulatormust be biased. When there is 
no dissipation of the combination frequency 
wave there is no introduction of resistance 
in the impressed wave circuits. I the dis 
sipative circuit includes reactance as Wei as 
resistance, the effect of the reactance Wii be 
reflected in the condition of the impresSed 
wave circuits as by similarly introducing re 
actances therein. The signs of the resistances 
and reactances wiil alwaysbe differenti in the 
two impressedi wave circuits. The energy 
dissipated is equato the algebraic sum of the 
energies absorbed from the high frequency 
impressed wave circuit and generated in the 
low frequency impressed wave circuit. In 
other words, the net resistance introduced to 
the impressed waves is just sufficient to ac 
count for the transfer of energy to the dissi 
pative circuit. This, amongother things, 
demonstrates that the energy for the amplifi 
cation defined by the presence of the negative 
resistance in the low frequency circuit, is de 
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rived from the high frequency circuit. As 
the dissipation is caused to increase, the sing 
ing point is approached For practical pur 
poses, of course, it shouldbe insured that re 
generation does notgoto the point ofsinging. 

In apracticalembodiment of the invention, 
the circuit described above may be conven 
iently modified soasto function as a bilateral 
circuit, the low frequency impressedwave cir 
cuit being symmetrically related to trans 
mission lines extending in either direction. 
Also filters would be used to insure that the 
two impressed frequencies function individu 
ally with respectto the common magnetic 
device and the output circuit would include 
circuits tuned respectively to the frequency 
of the waves to be amplified and to the fre 
quency of the lower side band used in the 
amplifying process, this latter circuit also 
containingthe optimum amount of resistance. 
The invention both as to its theoretical 

principles and its practicalembodiments will 
be better understood by reference to the fol 
lowing detailed description when considered 
with the accompanying drawing, the two fig 
ures of wich illustrate typical forms of cir 
cuit in which the principle of the invention 
mavbe embodied. 

the modification illustrated by Fig. 1 
reference numeral 1 indicates a circuit car 
rying an alternating current whichit is de 
sired to amplify. The circuits at the right 
of line 1 areso organized as to amplify such 
current. They cooperate with line 1 to con 
stitute the whole effectively a bilateral am 
plifying circuit. 

Amplificationis achieved by means ofmag 
netic device 2 and its immediately associated 
circuits. Amplification is attendant on the 
combination of the wave to be amplified with 
a wave from a higher frequency source 3 in 
the magnetic device, which therefore has the 
characteristics of a modulator. Essentially 
the magnetic device, or magnetic modulator 
comprises a core having a non-linear mag 
netic or B-H characteristic and a magnetiz 
ing circuit therefor. In a simple magnetic 
modulator device of the invention so far de 
scribed the modulation products and the at 
tendant amplified wave may be derived from 
any circuit arranged so as to be affected by 
the magnetic flux set up by the impressed 
wave or waves and therefore the magnetizing 
circuit itself could also be used as the deriva 
tory circuit. 

In the specific magnetic modulator circuit 
of Fig. i ithas been found convenient to em 
ploy a secondary circuit for such modulator 
units constituting a separate derivatory cir 
cuit for modulation products. Tuned cir 
cuit 4 is connected in series with the secon 
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dary circuit. On account of the well known 
equivalence of a two-winding transformer 
and an auto-transformer it is evident that 

º the use, effectively, of a two winding trans 

1,884,845 

former in the present invention does not sig 
nificantly affect the operation of the principle 
of the invention as has been described in the 
statement of invention. Low-pass filter 6 
and high-pass filter 7 are inserted in the con 
nections from the low frequency circuit 1 
and high frequency circuit 3 respectively to 
insure that only those currents are permitted 
to partalkein the amplifyingfunction that are 
necessary therefor andalso to prevent inter 
change of energy between the impressing cir 
cuits themselves. The filters and circuits 
are connected in parallelto better insure that 
such circuits, including the filters, have high 
impedance outside their transmission ranges 
of frequency, and especially to more nearly 
insure that the circuit as a whole has low 
impedance to the lower side band and a high 
impedance to the side band. This is 
desirable since, as has been suggested, the 
dissipation oflower side band energy results 
in the desired introduction of negative resis 
tance that implies amplification into the sig 
nal currentpath, whereas the dissipation of 
upper side band energy results in the intro 
duction of positive resistance into the carrier 
and signal current paths and is therefore op 
posed to amplification. 
The operation of the invention has some 

thing in common with that of conventional 
magnetic modulators although there are dis 
tinctive differences both in the mechanics of 
the operation and the results thereof. While 
it is true that the relatively low frequency 
wave from circuit 1 may be combined with 
a relatively high frequency wave from source 
3 in the modulator 2 to produce upper and 
lower modulation side bands with attendant 
amplification so that the lower frequency 
impressed wave may be reproduced in am- 105 
plified formby demodulation of one orboth 
of said side bands, in the present instance use 
is not made of this specific type of amplifica 
tion characteristic. Although the amplifi 
cation secured by the present invention is 11o 
attended by the phenomena above noted the 
amplification neverthelessis direct and there 
fore the amplifiedlow frequency, for exam 
ple, wave may be derived directly from the 
modulator circuit. 
The invention also has much in common 

with that disclosed in U.S. patent to Heeg 
ner 1656,195 granted January 17, 1928 and 
in alarge number of other patents having 
quite similar disclosures. Heegner has dis- 120 
closed that if several oscillation circuits are 
coupled to a magnetic core which is mag 
netized by agiven alternating current, oscil 
lations may be set up in the oscillation circuit 
whenever the sum of the natural frequencies 125 
of said oscillation circuits is equal toan even 
multiple of the frequency of the magnetizing 
current. Using his nomenclature, if Wis 
the magnetizing current frequency, waves of 
the two frequencies W and W. will be gen- 13o 
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erated if the oscillation circuits are tuned 
tosuch frequencies and if they satisfy the 
relation =W+Wa, where Nisany even 
number. 

Applicant's circuit differs essentially from 
that of Heegner in that instead of self-gen 
erating his current of lower frequency he 
utilizes somewhat thesame continuity of cir 
cuit to regeneratively amplify a current of 
like frequency when impressed on the mag 
netizing circuit with the higher frequency 
current. If the frequency of the currenti from 
circuitibe indicated by Q and corresponding 
lythe frequencyof the current from relatively 
high, or carrier, frequency source 3 by Pthe 
significant frequencies in the operation of ap 
plicant's system will be for example 2P-Q 
and Q. This is seen to satisfy Heegner's 
equation. However the mechanics of the sys 
tem of applicants invention is different to 
the extent that it utilizes a second impressed 
current as a necessary factor. Applicant 
achieves his result by making use of a modu 
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lation product resulting from a combination 
of his two impressed currents. That is, not 
only does applicant's system differ from that 
ofHeegner in that it makes possible a regen 
erative amplification of an impressed wave 
but also in that it utilizes an inter-modula 
tion process which concerns the wave to be 
amplified. Further, Heegner does not dis 
close the availability of his circuit, or there 
fore of applicants, to self generate, or to 
regeneratively amplify, a wave by use of 
even orderlower side band dissipation, a re 
sult that applicant discovered could be se 
cured. 

Specifically the circuit 4 is tuned to the 
lower side band frequency to be used, for 
example 2P-Q if third order modulation 
isto be used. This tuned circuit also con 
tains a selected amount of resistance. Ithas 
been found that the dissipation of the lower 
side band current in this tuned circuit is a 

5 significant factor in the achievement of the 
amplification. It resultsin, effectively, the 
introduction of a positive resistance into the 
circuit connected to the carrier current source 
3 and the introduction of a negative resist 
ance, (therefore implying amplification) into 
the circuit 1. In other words the current of 
frequency Qis amplified. The amount of the 
dissipation of the side band current is an 
exact measure of the transfer ofenergy of the 
carrier current source to the circuit to which 
the current is to be amplified, that is, the ex 
pedient of the invention has enabled the 
energy from a source having a frequency in 
definitely greater than the frequency current 
to be amplified to be used to amplify Such cur 
rent. 

In order to insure that self-oscillations of 
frequency Q, or in the neighborhood thereof, 
do not occur, the impedance of the circuit in 
which current of that frequency is designed 
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to flow may be adjusted to exceed a critical 
value. Alternatively this condition may be 
avoided by adjustment of the amplitude of 
the carrier. 

If the dissipating circuit 4 is nottuned to 
exact resonance with the dissipating current 
frequency, the effect will be reflected in the 
conditions of the impressed wave circuits 
somewhat similarly as the effect of resistance 
in the same circuit. For example, the effect 
will be to introduce a reaction in the circuits 
of the impressed currents. If the dissipating 
circuit is inductive the introduced reactance 
will be inductive for the lower frequency and 
capacitive for the higher frequency and the 
converse for a capacitive dissipative circuit, 
The circuit of Fig. 2 differs from that of 

as illustrating an alter 
associating the circuits 1 

Fig. 1 principall 
native manner o 
and 3 with each other and with the modulat 
ing device. This arrangement makes possible 
the beneficent employment of two unit mag 
netic modulators whose primary windings 
and similarly whose secondary windings are 
serially connected, and which function 
together in a manner strictly analogously 
as the circuit of Fig. 1. 
the combination of two unit modulators 
is justified because of the possibility af 
forded thereby of providing an easily 
regulable flow of modulation current in 
such circuits as 4 in which, at the same 
time, the impressed wave carrier may be kept 
from flowing. In the achievement of this 
purpose the secondary windings of the two 
unit modulators are relatively reversed, that 
is, whereas the corresponding primary wind 
ings are assembled on the magnetic core by 
winding in the same sense the secondary 
windings are wound on the same cores in op 
posing sense. When so arranged zero trans 
formed electromotive force exists at the ter 
minals of the secondarywindings adiacent 
to the tuned circuit 4. Not only is this re 
Sultachieved, that is, the suppression of the 
carrier wave, but also there results the sup 
pression in these circuits of even order modu 
lation components. The net result is to in 
sure that only those currents are allowed to 
flow in the secondary circuit and therefore in 
dissipating circuit 4 as are required for fur 
ther operation to secure amplification of the 
desired wave. A 
What is claimedis: 
1. A magnetic amplifier comprisinga mag 

netic core, a Source of waves to be amplified, 
an auxiliary wave source, means responsive 
to the wave from each of said sources for 
producing fluX variations in said core, a cir 
cuit including a coil wound on said core and 
therefore adapted to have electromotive force 
variations generated therein responsive to 
variations of the flux in said core, said cir 
cuit being coupled with said sources only 
through said core and comprising resonant 
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tuningelements whereby the waves from said 
first mentioned source are directly regenera 
tively amplified. 

2. The amplifier specified in claim 1 in 
which the core has a non-linear B-E char 
acteristic. 

3. A magnetic amplifier comprisig a 
source of waves to be amplified, an auxiliary 
source producing waves of a single frequen 

o cy greaterthanthat of anywave derived from 
the first source, a magnetic modulator, means 
for E: relating said sources and 
said m 
cuit transformer-coupled with said modula 
tor whereby the waves from the first men 
tioned source are directly regeneratively am 
plified. 

4. A magnetica amplifier comprising a 
source of current having an indefinite num 
ber offrequencies in a definite range, a source 
of current of a single frequency outside of 
said range, a magnetic modulator, means for 
applying currents from said sourcesto said 
modulator, and an output circuit for said 
modulatorhaving an impedance for a modu 
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lation product frequency whichis critically 
valued soasto effectively introduce a nega 
tive resistance into the modulator circuit con 
nected to said first source. 

5. A magnetic amplifier comprising a 
source of current, a source of current of a 
different and higher frequency, a magnetic 
core, circuit means formagnetizing said core 
in accordance with the currents from said 
sources jointly whereby intermodulation 
products result, and additional circuit means 
transformer-coupled with said core directly 
affecting such intermodulation products and 
also affecting the impedance presented to the 
current from the first source. 

6. In combination, a magnetic core appara 
tus, a magnetizing electric circuit, a source 
of currents to be amplified, a source ofsingle 
frequency current, means for impressing the 

i currents from said sources on saidi circuit, 
, and means for derivingfrom said circuit cur 
rents which are similarasto frequency to the 

i currents from the first source but having greater amplitude. 
7. In combination, a circuit and amplifying 

i means electrically inserted therein compris 

55 

which the 

inga magnetic core havinga non-linearB-H 
characteristic, a coil transformer-coupled 
with said core and means for superimposing 
in said coil current from said circuit and 
locally generated current of considerable 
higher frequency, a second coil also associated 
with said core, and an impedance controlling 
path connected to said second coil and selec 
tive for the frequency of a lower modula 
tion sideband. 

8. The combination recited in claim 7 in 
frequency of the locally generated 

current is substantially higher than that of 
the current in said circuit and in which a 

lator, and means comprising a cir 
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lower side band of an odd order higher than 
the secondis selected by said impedance con 
trolling path. \ 

9. In a transmission line system, means to 
transmit signal waves over the line, and 
means at apoint in the line operating wholly 
by magnetic action for introducing a nega 

0 

tive resistance in series with the line effective 
within the signal frequency range, said last 
means comprisinga magnetic modulator and 
circuits for supplying to it the signal waves 
traversing said line and sustained waves of 
higher frequency than the signal waves, said 
modulator producing a lower sideband of 
wave components resulting from intermodu 
lation of said supplied waves, and means pre 
sentinglow impedance to saidlowersideband 
components. 

. In witness whereof, I hereunto subscribe 
my name this 20th day of September, 1930. 

EUGENE PETERSON. 

75 

80 

85 

0 

95 

110 

5 

12O 

25 

130 


