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My invention relates to a frequency conversion
system of the double heterodyne conversion type,
particularly adapted for converting signal-mod-
ulated waves from one high frequency to another

5§ high frequency.

- The advantages of the double heterodyne con-
version system, which comprises a first hetero-
dyne conversion to an intermediate frequency at
which the signal-modulated wave is readily am-

10 plified, followed by a second heterodyne conver-
sion to the desired resultant frequency, are well
known. Such a system requires two locally gen-
erated waves of different frequencies for effecting
the consecutive conversions. Two independent
oscillators may be employed or the two waves
may comprise different harmonics of a particular
frequency derived from & single oscillator. The

1

-]

former case permits greater flexibility in the-

choice of frequencies than the latter, but ordi-

20 narily the frequency of the resultant output wave
is affected by any fluctuations in the. frequencies
of the two locally generated waves in a random
manner. Consequently, the advantages of great-
er flexibility may be offset either by decreased

25 frequency stability of the output wave or by the
expense of providing oscillators of closely con-
trolied frequency.

It is an object of my invention to provide an
improved double heterodyne conversion system

30 which employs two separate oscillators and which
has both flexibility dnd desirable characteristics.

Another object of my invention is the pro-
vision of such a frequency conversion system
adapted for stable operation at very high fre-

38 quencies. _

Another object of my invention is to provide
an economical and highly stable double hetero-
dyne conversion system in which the waves gen-
erated by one oscillator can be utilized directly

46 in one of the conversions, thereby eliminating the
need for intervening frequency multipliers or
like devices which may introduce undesirable in-
terfering frequencies.

It is a further object of my invention to pro-

45 vide a double frequency conversion system in
which the waves employed for effecting the con-
secutive conversions are interdependent though
derived from independent sources. ’

Another important object of my invention is

§0 the provision of a double heterodyne conversion

system in which fluctuations in the frequency of
one of the locally generated waves may be com-
pensated so as to have no effect on the frequency
of the resultant waves. :
66  The features of my invention which I believe

to be novel are set forth with particularity in the
appended claims. My invention itself, however,
both as to its organization and method of oper-
ation, together with further objects and advan-
tages thereof, may best be understood by refer- g
ence to the following description taken in con-
nection with the accompanying drawing, in
which the single figure diagrammatically illus-
trates one embodiment of my invention.

Referring now to the drawing, the invention is 1g
shown embodied in a radio reley station for re-
ceiving signal-modulated waves of one frequency
and retransmitting or rebroadcasting similarly
modulated waves of a different frequency. Since
the component elements of the system are all 15
conventional and well known to those skilled in
the art, the circuit connections and .elements
have not been shown In detail but are repre-
sented in -conventionalized form by a one line
diagram, : 20

High frequency waves, which may be mod- -
ulated in any desired manner, as by audio sig-
nals or television video signals, are received by a
suitable energy reception device such as the an-
tenna ! at the left-hand side of the drawing. 25
Waves of a different high frequency, similarly
modulated, are to be retransmitted or rebroad-
casted by a suitable energy propagation device,
such as the antenns 2 at the right-hand side of
the drawing. ‘It is of course obvious that the 30
waves may be received and retransmitted by wire
lines rather than by the wireless system shown.

A local oscillator 3 generates a substantially con-
stant frequency wave utilized in one of the fre-
quency conversions, to be described presently. 35
This oscillator is of conventional design, and fre-
quency stability mey be insured in any well-
known manner, as by crystal or resonant line
control. For the particular embodiment shown,
representing a high frequency relay station, the 40
frequency of the oscillator 3 will ordinarily be too
low to be used directly, and hence a synchronized
harmonic generator 4 is employed, operating at
some fixed muiltiple of the frequency of oscil-
lator 3. : 45

The oscillator employed in this system for pro-
ducing the second wave utilized in the frequency
conversions is the master oscillator 5. As will be
explained in detail later, the frequency of this
oscillator ordinarily will not be highly constant 50
but may fluctuate, either purposely or through
inherent instability. Waves generated by the
master oscillator 5 are heterodyned with the re-
ceived signal-modulated wave in the converter 6
and a selected modulation product resulting from 65
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this conversion is supplied to the amplifier T.
The converter 8, often called a detector or mixer,
may comprise any one of a number of conven-
tional circuits well known in the art, and it is

thought unnecessary to describe it in detail.

Briefly, the converter performs the two functions
of heterodyning the two waves to produce.a group
of modulation products and of selecting one de-
sired product as the converter output wave.
Waves generated by the oscillator § are also
heterodyned with waves supplied by the har-
monic generator 4 by means of a converter 8,
which functions in the same manner as the con-
verter 8, and a selected modulation product is
supplied to the amplifier 9. Buffer amplifiers 10
and 11 are preferably interposed between the
master oscillator § and the converters 6 and 8
to amplify the oscillations and prevent undesir-
able reactions between the various circuit ele-
ments, according to known practice.

The signal-modulated waves supplied to the
amplifier 7, as a result of the first conversion,
are next subjected to a second conversion in
the converter {2 in which they are heterodyned
with the waves from the amplifier 9. The
selected modulation product of this conversion
comprises the signal-modulated output wave
which is supplied to the antenna 2. Optionally,
it is first further amplified by the amplifier 13

prior to retransmission.

It will be understood, of course, that one or
more of the varlous amplifiers shown may be
omitted, or that additional amplifiers may be
employed where desirable as, for example, be-
tween the antenna { and the converter 6.

Since frequency stability of the waves gen-
erated by master oscillator § is not a primary
consideration, the waves may be generated
directly at the desired frequency. No frequency
multiplying device, such as a harmonic generator
similar to the harmonic generator 4 employed
with constant frequency oscillator 3, will gen-
erally be required even at higher frequencies.
This is & distinct advantage in that it reduces
the cost and complexity of the apparatus and
also minimizes the possibility that undesired
parasitic frequencies will be introduced into the
circuit, as will be apparent to those skilled in
the art. :

An important feature of my invention is the
manner -in which the frequencies of the waves
are related. Referring to the drawing, the wave
recelved at the antenna § is designated by /i,
indicative of its frequency. Similarly the output
wave at antenna 2 is denoted by fa, the constant

"frequency wave supplied by the harmonic gen-
-erator 4 by f3, the wave supplied by the master
-oscillator 8 by fi, the selected modulation product

supplied to amplifier T by fs and the selected
modulation product supplied to amplifier 9 by fs.

The output frequency fz is determined by the
values of f1 and either f3 or /4, depending on the
particular combination of modulation products
selected in the three conversions. First assume,
as {s usually the case, that /1 and /2 are arbitrarily
selected, and that fi: is to remain substantially
constant. Frequency f3 is then selected so that
f2 is equal either to the sum or to the difference
of /1 and f3. If it is selected equal to the sum,
obviously f2 must be greater than fi, whereas if
it is selected equal to the difference, fz may be
either greater or less than fi.

‘Now under the above-assumed conditions, for
any chosen value of f:+ a particular combination
of the sum or difference frequency modulation

2,228,815

products will produce the desired value of fa.
There are s number of combinations which will
give 72, determined by the relative magnitudes
of /1, f3 and /1 and on the choice of modulation
products.

Under these conditions it is desired to in-
vestigate the effect of variations in master oscil-
lator frequency f4« upon the output frequency fa.
This effect will depend upon the relative mag-
nitudes of f1, f3 and f+. and upon the particular
modulation products fs and fe selected. How-
ever, for any possible combination a variation in
f+ will produce one of two results: either the
frequency variation in f« will not vary f2 at all,
or it will produce twice this frequency variation
in fz. Thus the frequency variation in f¢ will
either be compensated completely or multiplied
as far as its effect upon f2 is concerned.

In some situations it may be desirable to utilize
the frequency multiplication effect just described,
but in the particular embodiment illustrated it is
desired to utilize the frequency compensation
effect. As stated, there are a number of different
combinations of the sum or difference frequency
modulation products fs and fs¢ which will produce
this compensation effect. In general, there are
two possible combinations of these principal
Jodulation products for any selected values of
hf, 73 and f«. It can also be stated as a general
rule that if the selected modulation products
fs and fs vary in the same sense as variations in
f1, then fa must be their difference frequency
product; whereas, if the selected modulation
products fs and fs vary in the opposite sense with
variation in fi, then f2 must be their sum fre-
quency product. If it is desired to utilize the
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frequency multiplication effect, obviously the .

converse is true.

~ To {illustrate these rules more clearly tables
are presented below of some possible combina-
tions of frequencies which will eliminate the
effect of variations in master oscillator frequency
/4« upon the output frequency fz. Table I im-
mediately below illustrates various frequency
relationships which will maintain f2 independent
of variations In 74 for the case where fa has been
selected equal to the difference between f1 and fa.

Table I
Select fs as the | Select fu a8 the | Select /3 as the
sum or differ- | sum or differ- | sum or differ-
Belat}}e }nag:aitfudes efnoe pﬁo?uct etnee px("o?uct cho px&o?uct
of fi, s a0 of fiand f;, as | of fsand f;, a8 | of fs and fs,
L JaRE A Pl R A R e
below below below
Sum.. ... Sum.__._....._ Difference.
fiZ=both fiand f3
Difference_...| Difference._...| Difference.
RO A< it Sum*____.... Sum®*_._..__. Difference.*
or
ISASROASISA Difference..._| Difference....| Sum.

Thus in the first case above, when f: is either
greater than or less than both /1 and f3, fs may
be selected as the sum frequency product of
41 and fi, Js as the sum frequency product of f3
and f4, and /2 as the difference frequency product
of fs and fs; or /s may be selected as the differ-
ence frequency product of /1 and fs4, fs as the
difference frequency product of f3 and f4, and f2
as the difference frequency product of /s and fe.

Table IT below illustrates various frequency
relationships which will maintain f2 independent
of variations in f4 for the case where f2 has been
selected equal to the sum of /1 and fs.
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Table II
| Select fyas the | Beloct fs as the | Select fs as the-
. ‘| sum or differ- | sum or differ- | sum or differ-" .
Relative magnitudes | ence product ence. product | .ence product
o T | e o
below - - below - .a_b,‘elow o
' . Sun.f;‘,._..‘__.‘.'. :]l)iﬂerel':l‘éé.'.‘;'.‘s.uﬁ;." -
R Ty ———— ‘Sum. .
o Sum..........:| Difference.._.| Bum, )
. fl<ﬁ<{’ " | Difference. .| SBum__.____..| Differences.
o 8um._........| Différence _._| Difference.
fl<ﬁ.<fl Difference....| Sum.._._L..|-8um
| Bum.........| Difference....| Difference. .
Ji>both fiand fs ‘Dlﬂlerenee..’_; 'Sum....-._,..‘ Difference. -

‘Sumr‘narizing the é.bove' rules, if 71, f2 and one

oscillator frequency are -selected, ‘then for any

bination of modulation produects can be selected’

to give the desired result. For example, in an

actual installation of the system shown in the -

drawing it was desired to convert a band. of sig-
nal-modulated waves having g carrier frequency

of 157.25 me. to an identical band having a car- -

rier frequency of 67.25 mc. The combination .of
frequencies indicated by asterisks (*) in Table
I above was selected. The actual values of thg
various frequencies were as-follows: :

f1=157.25 mec.
f2=67.25 mc.
73=90 mec.
f4=128.76 me.
- f5==28.5 mec.
f6=38.75 mec.

It will be seen that with the frequencies so
chosen, fs increases due, for example; to instabil-
ity of the master oscillator 5, /1 and f: remaining
constant, this increase in frequency produces 2
decrease in frequency fs and an increase in fre-
quency fe. 'The sum, f2, of f5 and fé is therefore
unaffected by this change in frequency. i

These particular values were chosen for prace
tical reasons to permit conversion from. one very
high frequency to another high frequency with
2 much lower intermediate frequency at which
the signal-modulated waves could. be . readily
amplified.

It will be seen that I have provided a simple -

frequency conversion system having the flexi-
bility of the double heterodyne system employing
independent oscillators while retaining the fre-
quency stability of the single oscillator system.

While T have shown one form of my inveation

embodied in a radio relay station, 1t will of course
be understood that I do not wish to be limited
thereto. As previously mentioned, there may
be occasions when it is desirable to utilize the

frequency multiplication effect which can be ob-
tained by suitable combinations of selected modu-

lation products. Thus, the frequency of the
master oscillator 5 may be varied purposely in
order to frequency modulate the output wave
by twice that amount. Furthermore, by select-
Ing modulation products in the three- conver-
sions which are higher harmonics of the com-
bining frequencies, rather than the principal
sum or difference frequency products, the fre-
quency multiplication effect can be ‘amplified to
give a Irequency variation of the output wave
greater than twice the frequency variation in

" Letters Patent of the United States is:
. 1. The method of converting electrical waves

-frequencies to

3
oscillator 8. The tables above illustrate only

combinations of principal modulation products
glving the frequency compensation effect. It is

-.not’ thought- necessary to enumerate combina-
~ tlons' producing the converse effect since these

are thought to be obvious from-the above de-

-seription.. Sincé this and many other modifica-

tlons may be made, both in the circuit arrange-

*ment ‘and instrumentalities employed, I contem-
““plate by the appended claims to cover any. such

modifications as fall within the true spirit. and

~.scope of my invention. - . :

- What I claim as new and desire to'sécu_re by

of & first :frequency to. waves of a second fre-

- quency. which comprises -the steps of producing

waves of a third frequency, producing waves of

-a fourth frequency, combining the waves of said
first and third freéquencies to produce a resultant
. frequenhcy, combining  the ‘waves- of said - third
value of the other oscillator frequency a com-"

10

and fourth frequencies to produce a second re- .

sultant” frequency, and -combining said resultant

Produce said second frequency
waves, : ‘ ‘ l

2. The method of fréQuéncy conversion which

-comprises. the steps of. receiving  signal-modu-

lated waves of a first frequency, generating waves

-of & second, substantially constant frequency,
 generating independently. waves of a third fre-

quency subject to frequency variations, hetero-

dyning the waves of said first and third fre-

quencies to produce a first ‘modulation product

‘the frequency of which is affected by said varia-
_Hons, heterodyning -the waves of said second
‘and third frequencies to produce & second modu-

lation product the frequency of which is - also
affected by said frequency variations and hetero-
dyning said modulation products to produce a
resultant wave the frequency of which is un-
affected by said variations.

3. In a frequency conversion system for con-
verting electrical waves of a first frequency to
waves of a second frequency, the combination of
an oscillator for generating waves of a third
frequency, a second oscillator for generating in-
dependently waves of a fourth frequency, a con-
verter for combining the waves of said first and
fourth frequencies and for selecting a- desired
modulation preduct, a converter for combining
the waves of said third and fourth frequencies
and for selecting & second desired modulation
product, and a converter for combining said se-

- lected modulation products and for selecting as

2 resultant modulation product waves of said
second frequency.

4. A system for the conversion of signal-modu-
lated waves of a first high frequency to similarly
modulated waves of a second high frequency

' comprising means for recelving the waves of said

first frequency, a source of waves of a third
high frequency subject to frequency variations,
means for- heterodyning the waves of said first
and third frequencies to produce waves of & re-
sultant frequency, means for utilizing said re-

~sultant frequency waves to produce the waves of

sald second frequency, and means for preventing
said frequency variations from having any effect
upon. the frequency of said second frequency
waves. ' '

5. In a double heterodyne conversion system,
means for recelving waves of a first frequency, an
oscillator for generating waves of a second, sub-
stantially constant frequency, a second oscillator
for generating independently waves of a third
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frequency subject to frequency fluctuations, a
converter for heterodyning the waves of sald
first and third frequencies to produce a modula-
tion product the frequency of which is affected
by said fluctuations, .a second converter for
heterodyning the weves of said second and third
frequencies to produce a second modulation prod-
uct the frequency of which is also affected by said
fiuctuations, and a third converter
ing sald modulation products to produce a- re-
sultant wave the frequency of which I3 unaf-
fected by sald fluctuations. : .

6. In a system for converting electrical waves '

""ing one product

2,098,815

ference frequency products and for selecting one
product affected by sald variations in one sense,
a second converter for combining the waves of
said third and fourth frequencies to produce sum
and difference frequency products and for select-
affected by sald variations in the
opposite sense, and a -third -converter for com-
bining said selected products to produce sum and

for heterodyn-/_—;diﬂé‘renie frequency products and for selecting

their sum frequency product as said second high
-frequency waves. .

9. In a frequency conversion system for con-
verting recelved, signal-modulated waves of a

of & first frequency to waves of a second fre-~ first high frequency to similarly modulated waves
quency, the combination of a source of wavescfa of a second high frequency, the combination of
third frequency, a source of waves of a fourth an oscillator for generating waves of a third, sub-

frequency, means for combining the waves of sald
first and fourth frequencies to produce & re-
sultant frequency, means for combining the
waves of said third and fourth frequencies to pro-
duce a second resultant frequency, and means for
combining said resultant frequencies to produce
sald second frequency waves.

7. The combination in a frequency conversion
system, of means for recelving waves of a first
frequency, means for generating waves of a

. second, substantially constant frequency, means

30,

"
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for generating independently waves of a third fre-
quency subject to frequency variations, means for
combinh g the waves of said first and third fre-
quencies to produce a pair of sum and difference
frequency products the frequencies of which are
affected by said variations and for selecting one
product from said pair, means for combining the
waves of said second and third frequencies to pro-

duce a.second pair of sum and difference fre- -

quency products the frequencies of which are aiso
affected by said variations and for selecting one
product from said second pair, means for combin-
ing said selected products to produce a third pair
of sum and difference frequency products and for
selecting as a resultant wave one product of said
third pair the frequency of which is unaffected
by said variations.

8. In a Irequency conversion system for con-
verting received, signal-modulated waves of a
first high frequency to similarly modulated waves
of a second high frequency, the combination of an
oscillator for generating waves of a third, sub-
stantially constant high frequency, a second os-
cillator for generating waves of a fourth high
frequency subject to frequency variations, a first
converter for combining the waves of said first
and fourth frequencies to produce sum and dif-

stantially constant high frequency, a second os-
cillator for generating waves of a fourth high fre-
quency subject to frequency variations, a first
converter for combining the waves of said first
and fourth frequencies to poduce sum and dif-
ference frequency products and for selecting one
product affected by sald variations in one sense,
a second converter for combining the waves of
sald third and fourth frequencies to produce sum
and difference frequency products and for select-
ing one product affected by said variations in the
same sense, and & third converter for combining
sald selected products to produce sum and dif-
ference frequency products and for selecting
their difference frequency product as said second
high frequency waves.

10. A radio relay station for receiving signal-
modulated waves of a first high frequency and
for retransmitting similarly modulated waves of
a second high frequency, comprising, in combina-
tion, a first oscillator for generating waves of a
third substantially constant high frequency equal
to the difference between said first and second
frequencies, a second oscillator for generating
waves of a fourth high frequency intermediate
said first and third frequencies and subject to
frequency fluctuations, a first converter for
heterodyning together the waves of said first and
fourth frequencles and for selecting their dif-
ference frequency product, a second converter for
heterodyning together the waves of said third
and fourth frequencies and for selecting their
difference frequency product, a third converter
for heterodyning together said selected products
and for selecting their sum frequency product as
said second high frequency waves and means for
retransmitting said second high frequency waves.

FRANKLIN M. DEERHAKE.
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