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The: present invention relates to & method: of
and' a circuit- arrangement for obtaining fre-
quency conversion by magneticmeans. :

In radio receivers of the heterodyne or supery

Heterodyne types it is customary to° employ” a
vacuum- titbe mixer-or Heterodyne converter In
some- apphcatmns where it is desired ‘to- avoid
the use of a vacuum tube converter; the method
and means of frequency conversion constituting
the present invention can be employed ‘with: stib-

- stantially the same efficiency. It is therefore an:-

object of the invention to provide an alternative
method and means of frequency conversion,.
Since according to the invention the frequency
conversion By maghetic: means- is accomplished
without the use of a vacuum tube-as'the detecting
means, the elimination of tube noises: and con-

sequent increased signal to- noise ratio over the

convéntional vacuum tube heterodyne converter

ave of decided advantage at hlgh and ultra-hlgh .

frequencies

-Other objects are to 1mp1 ove generally the: sim-
plicity and efficiency of receivers of the hetero-
dyne or superheterodyne- types and ‘to more par-
ticularly provide & receiver- which- is not only
reliable in operation’ but.capable of economlcal
manufacture and assembly:

“The novel features characteristic-of my inven-—
tion are set forth with particularity in the ap-
pended claims. The invention itself, however;
both as to its construction and mode of opera-
tion: together with: further objects and advan-
tages thereof; will best be understood” by refers
ence to the following description taken in con-
nection - with' the accompanying - drawings  in
which Fig. ¢ shows certain’ curves in order to

explain the ihvention, Fig: 2 discloses & circuit -

arrgngement embodying the invention and which
will serve to demonstrate the conversion efficiency
of this type of frequency mixer or converter, and
Fig. 3 is a practical embodiment of the inventmn
in & superheterodyne receiver.

-The invention is based on the fact that a non- _

linear relationship exists between mductlon and
magnetizing force of ferro-magnetic cores,. . By
reason thereof the magnetic effects may be uséd
for the purpose ‘of shifting the frequency band
of a signal to a new band of frequencies. How-
ever; in order to minimize: radio frequency losses
a. powdered magnetic material ‘with' a suitable
binder is utilized, an. easily saturated materlal
like magnetite being the most efficient.’ -
Referring to Fig. 1 the non-linear relation be-
tween. induction and magnetizing current of'a
ferro-magnetic. core that may be used to carry
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out: the:invention is shown by the curve @ Illus—
trated also are the oscillator current: wave, its
second harmonic- and the: signal current. wave.
The signal: frequenoy when added to the:oscillator

second. harmonic gives.the:eurve:c. Hence, when - -
_the: wave of: such a form as. fllustrated: by e is

impressed. upon the: characteristic. shown by d,

the resultant wave b with its obvious dissymmetry

shows: that: detection: hag resulted. . -
The:frequency terms: present in a:magnetic. de~

. tector: or’ converter; as an-approximation, may

also be determined: by considering only: the: volt-

~ age drop-aeross: the ¢oil contdining: the saturable
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magnetic cme This. voltage drop is

o= —Ldz/ dt- w

_An approximate: expr ession for the mduotance L~
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results: from: the fact: that: the change -in per-
meability is.independent of direction of the radie
frequency- flux; i. e;, no linear term is present

-and: the: permeabmty is a functlon of curre.nﬁ
, Thererore assume that v

L=Lot-kiz @

whele k is a. constant and i the instantaneous
cuxrent -Substituting the above: value of Liin (1)
: B (Lo+ki3) difdt (3

If the current i involves. the two, i. e., signal and’
oscﬂlator frequencies, for example,

i=a cos wol-t-b £OS-wst -

then the detectmn terms. as obtained from Equa—

tian.3 are )
‘————[a sin (2w, san)t+b sin (0o k2008

Since in general the oscillator amphtude o great-
1y exceeds the signal amplitude b, the frequency
terms of interest are 2wotws.

The magnetic frequency converter accoxding
to the invention is shown in Fig. 2 to consist of
three coupled cireuits, ‘tuned to the oscillator,
signal and intermediate fiequencies As point-
ed- out above; the intermediate frequency may be
chosen as 2wotws OF 2uo—~ws, Where wo, ws are
the oseillator and slgnal frequencies, respective-

‘1y. To obtairi some-ided as to-the conversion ef-

ficiency to: be expected with such a converter the
circuit arrangement which T have used will now.
be- described: - For coenvenience -the signal, oseil-
lator and ‘intermediate frequeneies were -.chosen
a§ 1700, 2500, 3300.-kc. lespeotwely The ele-
ment values of the three coupled cireuits were

readily - determined by means of Foster’s react-.
ance theorem such that the network was anti- .

\
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‘resonant at 1700, 2500, 3300 kec. with the series
resonant points at 2100 and 2900 ke, The tube
T: which was of the type 6K7 together with
tuned circuit | provided a convenient means of
introducing the signal frequency ws to the main
network. Likewise, the amplifier tube T3 (type
6L6) with funed circuit 2 served to introduce the
oscillator frequency wo. The tuned circuit 3 was
sharply tuned to the intermediate frequency, the
output of which was coupled to one or more in-
termediate frequency stages IF, followed by a
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second detector, audio output stage and repro-- )
o ecuit 1. An oscillator 12 of conventional design

ducer in the usual way. Although iron coretun--

ing was used for the tuned circuits, the coils and
core were all of conventional design so that lit-

tle or no saturation effects occurred in these eir-

cuits. On the other hand, .coil Li; was closely
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wound on a magnetite core having a length of 1.+

inch and ‘a2 diameter of .160 inch. With this.

large ratio (approximately 6 to 1) of length to
diameter, the core is capable of considerable flux
concentration. . : L
- It should be pointed out that in this circuit
arrangement maximum change in permeability
is desired and not necessarily high @ for the coil
and core to be saturated. For this reason coarse
rather than fine magnetite should be used when
possible because. greater change in permeability
is possible with larger particles. For high fre-
quency use, in order fo maintain a reasonable
Q, finer magnetite particles are necessary, there-
by resulting-in less change in permeability; and
necessitating greater local oscillator voltage than
in lower frequency applications. The values M,
M2, M3 in the drawing all corresponded to eritical
coupling values.

The converison efficiency of the network is de-
termined by the ratio of i~f voltage Eir appearing
across coil Ls to the signal voltage Es across Lo
where the oscillator voltage is varied until maxi-
mum i—f output is obtained. In making the meas-
urements, since considerable oscillator voltage
also appeared across Is, the following method
was used to determine the conversion efficiency.
With a given signal, the oscillator voltage was
varied until maximum output was obtained as de-
noted by the meter M in the output of the second
detector circuit. 'Then, with the rest of the cir-
cuit, except for Is and output circuit discon-
nected, the i-f voltage was introduced across Is
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until the output meter read the same as pre- )
viously. By this means the i—f voltage appear-

ing across Is could readily be obtained, and the
conversion efficiency determined. With a coarse
magnetite (60-140 mesh) ‘“saturating” core the

measured conversion efliciency was about 209

for a variation of signal, voltage from 1 to 10
volts. With micronized or fine magnetite the
efficiency was but 2 or 3 per cent lower. L
In order to demonstrate that some tube in the
set-up rather than magnetic effects was not the
cause of rectification, an air core coil of the same
value as the “saturating” coil 1n was substituted
in place of Li. - With the same coupling to the
oscillator tuned circuit 2 as previously no output
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experiment. With this arrangement saturation
effects occurred in the signal branch of the cir-
cuit rather than in the oscillator branch. It wag
found that with this arrangement practically the
same conversion efficiency resulted as in the case
where the coil Lz was the “saturating” coil.

The circuit of Fig. 3 is generally similar to that
of Fig. 2 and shows a practical embodiment of
the -invention as applied to a superheterodyne
receiver. = Signals picked-up by the antenna 10

. are amplified in RF amplifier stage {I, the am-

plified energy appearing in its tunable output cir-

is connected to the tunable circuit 2. As ex-
plained above the sum or difference frequencies
‘are developed in the Li—C: circuit which con-
tains the saturable magnetite core. By way of
the  coupling -condenser C; and the coil Is the
resulting intermediate frequency is transmitted
to the circuit 3 which may then be amplified,
detected and reproduced in the usual rsanner.
As already. pointed out, it is possible to detect
on the sum frequencies as well as the difference
frequencies.. For example, if the oscillator fre-
quency is 1250 ke, and the signal frequency 1700
ke, then the i. f.. (sum frequencies) is 4200 ke.
The approximate element values of the network
used in the circuit of Pig. 3 which was parallel
resonant at these above frequencies and series

-resonant at 1500 and 3000 kc. were as follows:

Li=4 sh. C1=1960 uuf.
1.2=290 uh. C2=40 puf.
Ig=2 ph‘. CS=1400 ,u/.tf.

With this arrangement the measured conversion
efficiency was 129% approximately, a lower value
than when the detection was based on the differ-
ent frequencies. Disregarding differences in L/C
ratios for the two cases, the degree of coupling is
less when the frequencies are rather widely sep-
arated and hence decreased efficiency results.

With optimum I./C ratios consistent with good
circuit Q and a good design of the core and coil
to be saturated, the efficiency values given above
can be increased to compare more favorably with
values obtainable with a tube converter. )

It is to be understood that the values above
chosen were only by way of example, and that in
a particular. case the values of the circuit ele-
ments L2C2, 1:C1, IsCz of Fig. 2 or 3 are deter-
mined such that the network is parallel resonant
to the signal oscillator and intermediate frequen-
cies where the oscillator is inductively coupled to
the saturable core and coil combination (Ly).
The networks consisting of TuCy, I2Cz, LiCs are
equivalent to three parallel resonant circuits but

- these resonant circuits are not independent of

60

was observed when the circuit 3 was tuned to the .

intermediate frequency. When,. however, very
tight. coupling to circuit 2 was provided, some
output at intermediate frequency did appear.-
Again, the coil L: was replaced by an air core
ceil of the same inductance and with the same
coupling to the oscillator input coil, but the coil
Ie was replaced by a coil plus core of the same
inductance value except that the ratio of length
to diameter was made the same as in the first
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one another but are coupled such that parallel
resonance occurs at the oscillator, signal and in-
termediate frequencies chosen. It will be un-
derstood, of course, that other coupling methods
and arrangements might be used.

While I have shown preferred embodiments of
the invention, it will be understood that modifica-
tions and changes may be made without depart-
‘ing from the spirit and scope of the invention,
as will be understood by those skilled in the art,

What I claim is: )

1. A magnetic frequency converter for combin-
Ing the frequencies of 8 pair of high frequency
sources, conprising a pair of circuits each tunable
to the frequency of one of said sources, and a
third cireuit provided with a saturable magnetic
core coupled to each of the first mentioned cir-
cuits whereby there is produced in said third cir-
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cuit an intermediate frequency due to the inter-
action in said third circuit of the frequencies of
the first two circuits.

2. A magnetic frequency converter for use in a
superheterodyne receiver comprising a pair of cir-
cuits tunable respectively to the frequency of the
incoming signal and to the frequency of the local
oscillator, and a third circuit provided with a
saturable magnetic core coupled to each of the
first mentioned circuits whereby there is produced
in said third circuit an intermediate frequency
due to the interaction in said third circuit of the
frequencies of the first two circuits. ‘

3. A system of frequency conversion compris-
ing a first resonant circuit tunable to one radio
frequency,.a second resonant circuit tunable to 2
second radio frequency, and a third circuit effec~
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tively coupled to said first and and second cir- °

cuits and fixedly tuned to the intermediate fre-
quency resulting from the interaction of the first
and second frequencies, said latter circuit being
provided with a saturable ferro-magnetic core
which is instrumental in' effecting the frequency
conversion.

4. In a radio receiver of the superheterodyne
type, a magnetic frequency converter for combin-
ing the frequencies from a signal source and a
local oscillator source, cdmprising a first resonant
circuit tunable to the signal frequency, a second
resonant circuit tunable to the oscillator fre-
quency, and a third circuit fixedly tuned to the
difference frequency resulting from the interac-
tion in said third circuit of the signal frequency
and the second harmonic of the oscillator fre-

quency, said latter circuit being provided with a .

saturable ferro-magnetic core.

5. A magnetic frequency converter for combin-
ing the frequencies from g single source and from
a8 local oscillator source, comprising a first res-

-onant circuit tunable to the signal frequency, a
second resonant circuit tunable to the oscillator
frequency, and a third circuit fixedly tuned fo the
sum or difference frequencies resulting from the
interaction in said third circuit of the signal fre-
quency and the second harmonic of the oscillator
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frequency, said latter circuit being provided with
g saturable magnetite core having a length and a
diameter in the ratio of approximately 6 to 1. -

6. In a receiver circuit of the superheterodyne
type, a source of signal frequencies, a source of
local oscillation frequencies, a network compris-
ing a coil provided with a ferro-magnetic core and
a condenser shunting the coil, means for cou-
pling each of said sources to the network wherein
the frequencies of said sources are combined, and
means for deriving from said network a resultant :
intermediate frequency.

- 7..In a receiver circuit of the superheterodyne ‘
type, a source of signal frequencies, a source of
local oscillation frequencies, a network compris-
ing & coil provided with a saturable magnetite
core and a condenser shunting the coil, means
for coupling each of said sources to the network
wherein the frequencies of said sources are com-
bined, and means for deriving from said network
a resultant intermediate frequency.

8. In a receiver circuit of the superheterodyne -
type, a source of signal frequencies, a first tuned
circuit coupled to said.source, a source of local
oscillation frequencies, a second tuned circuit
coupled to said latter source, a network compris-
ing a coil provided with a ferro-magnetic core
and a condenser shunting the coil, means for
closely coupling the first and second tuned cir--
cuits to the network wherein the frequencies of
said sources are combined, and circuit means
closely coupled to said network for deriving there- -
from a resultant intermediate frequency.

9, A system of frequency conversion comprising
a network having an inductance provided with a
saturable ferro-magnetic core in which a non-

" linear relation exists between the change in per- .

meability of the core and the magnetizing cur-
rent, means for impressing upon said network
oscillations of a plurality of differing radio fre-
quencies, and means for deriving from said net-
work a combined frequency resulting from the

- interaction in said network of the plurality of
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differing frequencies. -
HUGH L. DONLEY.




