2,407,213

H. TUNICK
RADIO RELAYING

"&ptc 3, 1946.

2 Sﬂeefs—Sheet 1

Original Filed June 16, 1942

: w8
“ow 666« ~ o .
- S N
| “y Y
N W,
: 5 X Q!
o 2 _w N
W 666~ - N X
d b @
b Q.
We, i N
~OONF; WONF : : ‘ : . >
NV ~00000F 7 WF h ~00000F ; NE' :
_4 \\ ) \\\ - ﬁ\éou
. o x\ “ . .
owy T yaivd ANOS P 277722 ANOD Py 22 ANOI ’774
Co —— -— N ~ .
8% % 978 o9 75 06 206 oFs. 908 08 208 ~
‘ _ _ 0000085
-Mm- T " OH 00OF
. ~O00P0F 7 WE' S/ ;
LU0 B 51 ¥OLINY ANINOIFS #/ w666 (™~ )~908
‘2N 052 FWE° S/ LNdlN0 —
'35/ Y04V ONIOING AIN 107 k\/ . 1-
000007 - & W 8866 : . N - . ) ﬁ.
20 / 000 V0% § WF wop
000 0oF = W3 666 . — \\
Q.Qb Y-Fd Hl.o.u\.\ s966 | oWV YIULUS V)4~ D7y -£7¢/24 ANOO 7% 4
. 20 , =~ L - — = - ] —
000082 & W 5666 s5e 9 P78 /74 - po8 208 ,
v ~”_ _ o ~00000S ¥
=T

W oooF




2,407,213

2 Sheets-Sheet 2

H. TUNICK
RADIO RELAYING
Original Filed June 16, 1942

Sept. 3, 1946.

‘ " INVENTOR.
HARRY TUNICK
ATTORNEY.

..BY 77%94

r o ~obZ § W |
=t . | 5o
: a0z VoL

OMIINGT
| e : ANINbIaS
~osEE _ . &7/ TWV

WS : P 374,
- SIFOINT
AINING7S

L~ Z00F

Y

. _ . ﬁ ~ 000008 ;
WesE "W/ 666 U 000F

1/

PRI s N

~osz o527 | . , pszr - |
" wooor . _ et ww wr 0N n%&x ,
_ / YaraVl sy

| oWV FILY Moo 2747/ [T Awvoo Ay /AR 0737 YILUS ANOD gwr

7 7 7 7 7 7 — : 7 7
!.?%.I ore v 2z - vob |N| 206 00OF 0?8 ' 808 #08 208 p/

L1

B4

os20s2; WF ;
~O00D5 ¥
W O00F



Patented Sept. 3, 1946

2,407,213

UNITED STATES PATENT OFFICE

2,407,213
RADIO RELAYING

Harry Tunick, Rye, N. Y., assignor to Radio
Corporation of America, a corporation of Dela-

ware

Original application June 16, 1942, Serial No.
447,225, Divided and this apphca,tmn June 13,
1944 Serial No. 540,061

(CL 250—15)

10 Claims.
‘ 1

This is a division of my copending application
Serial No. 447,225, filed June 16, 1942. Figures 1,
2, and 3 herein are, respectively, original Figures
8, 9, and 10 of my parent application as filed in
the United States Patent Office.

The present invention is directed towards radio
relaying and is particularly useful for relaying
angle, phase and frequency modulated waves.
One object of the invention is to provide an im-
proved. radio. relaying system in  which waves
received on one carrier of one mean frequency are
refransmitted on a new carrier of different mean
frequency, the retransmitted waves having re-
duced angle, phase or frequency deviation as com-
pared to that received.

In a modification of the present .invention,
waves received with one degree of angle, phase or

frequency deviation are retransmitted at the same .

carrier or mean frequency with, however, reduced
deviation. .

Other objects of my invention will appear as
the more detailed description thereof proceeds, as
will also advantages and other features.

Figure.1 illustrates schematically a.radio relay-
ing system in which angle modulated waves re-
ceived at one frequency are retransmitted at a
different frequency with reduced deviation;

Figure 2 is a- modification of Figure 1 wherein
the retransmitted waves are of the sameé mean or
carrier frequency as received but with, however,
reduced deviation; and

Figure 3 is a modification of Figure 2.

Referring to Figure 1, let it be assumed that the
received. waves have a mean frequency of one
thousand megacycles and a maximum frequency
deviation of plus and minus 500,000 cycles. The
waves received upon the antenna 820 are ampli-
fied in amplifier 882 and then fed to the .con-
verter 864, Converter 804 is also fed from g local
generator 806 whose frequency of operation may
be 999 megacycles.

The output of converter 804 is fed to a ﬁlter 808
which passes into frequency divider 810 the dif-
ference frequency or one megacycle plus and
minus 500,000 cycles. Assuming the. frequency
divider to have a frequency dividing factor of
two. its output will be..5 megacycle plus and minus
250,000 cycles. If the frequency divider 810 hasa
dividing factor of, for example, five; then its out-
put will be a frequency modulated wave having a,
mean frequency of .2 megacycle and a maximum
deviation of plus and minus 100 000 cycles.

The output of the frequency divider 810 is com-
bined in a converter 812 with another portion of
waves derived from local generator 806 having a
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frequency of 929 megacycles. Filter 8{4 and am-~
plifier 816 are designed so as to pass and amplify
either the sum or difference of the frequencies fed
to converter 812.

If the frequency dividing factor is two for fre-
quency divider 810 then the re-radiated wave
from antenna 818 may be made either 999.5 mega-
cycles plus and minus 250,000 cycles or 998.5
megacycles plus and minus 250,000 cycles. If the
frequency divider has a dividing factor of five
then the re-radiated wave from antenna 818 will
be either 999.2 megacycles plus and minus 100,000
cycles or 998.8 megacycles plus and minus 100,000
cycles.

Figure 2 shows an arrangement, for retransmit.
ting at the same mean frequency as that received
with, however, a reduction in frequency devia-
tion of the received frequency or phase modulated
waves.

Figure 2 is similar to Figure 1 with the excep-

.tion that the generator 900, converter 902, and

filter 994 have been added. It is assumed that
the frequency divider 810 has'a dividing factor of.
five, hence its output for the values assumed will
be .2 megacycle plus and minus 100,000 cycles.
To this divided output a low frequency of 800,000

icycles is added from generator 800 by the action

of converter 902. The sum frequency is prefer-
ably selected by filter 904 and its output, as indi-
cated, is one megacycle plus and minus 100,000
cycles. - To the output of filter 804 there is added
in converter 812 another portion of waves from
the high frequency generator 806 and preferably
filter 814 is arranged to pass the sum frequency or
1000 megacycles plus and minus 100,000 cycles
which is amplified. by amplifier 816 and re-radi-
ated over antenna 818.

Figure 3 is the same as Figure 2 with the ex-
ception that a filter 1000 has been added after
the frequency divider 810 and the low frequency
oscillator 990 of Figure 2 has been replaced by
frequency dividers, filters, and amplifiers 1002 fed
with waves from the output of amplifier 802. As
in Figures 1, 2, and 3, it will be observed. that
changes in frequency of the local high frequency
source 808 prove substantially self-cancelling.
The drifts in frequency of the local oscillator 900
of Figure 2 are substantially eliminated in Figure
3 by using as the source of relatively low. fre-
auency local oscillations, the outpuf. of divider
1892 which has a dividing factor of 2000.. Hence,
the output of divider 1002 will be a wave of .5
megacycle having a maximum frequency devia-
tion of plus and minus 250 cycles, which deviation
obviously may be neglected.
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Assuming in Figure 3 the divider 8f0 to have a
dividing factor of two, the output of filter 1000
will be .5 megacycle plus and minus 250,000
cycles. To this is added in converter 882 b
megacycle plus and minus 250 cycles from the
output of divider {082. Filter 904 thereupon
passes one megacycle plus and minus 250,250
cycles which when combined with the 299 mega-
cycle wave from oscillator 806 in converter 812
produces in the output of filter §{4 a wave having
a mean frequency of 1000 megacycles having a
maximum deviation of plus and minus 250,250
cycles which is amplified by amplifier {6 and
re-radiated over antenna 818.

I claim:

1. The method of reducing: the phase or fre-
quency deviation of phase or frequency modu-
lated waves which includes generating oscilla-
tions of relatively constant frequency, utilizing
a portion of the generated oscillations to hetero-
dyne the phase or frequency modulated waves
down to a relatively low intermediate frequency,
frequency dividing the waves of intermediate fre-
quency, and utilizing another portion of the
locally generated waves to heterodyne the fre-
quency divided waves to a higher mean fre-
quency.

2. The method of reducing the phase or fre-
quency deviation of a phase or frequency modu-
lated wave: which includes generating relatively
constant frequency local oscillations, hetero-
dyning- & portion. of said locally generated oscil~
lations with: said phase or frequency modulated
waves to produce waves of infermediate fre-
quency, frequency dividing the waves of inter-
mediate frequency, heterodyning the frequency
divided energy with another portion of wave
energy- locally generated, filtering the product
of the last-mentioned heterodyning process, and
utilizing the. filtered output.

3. A radio relaying system for phase or fre-
quency modulated waves which includes an an-
tenna for receiving phase or frequency modu-
lated waves, an amplifier amplifying the received
waves, a converter to which said amplified waves
are fed, a source of locally generated relatively
constant frequency waves, apparatus for feed-
ing-a portion: of said locally generated waves to
said converter whereby in the output of said con~
verter energy of intermediate frequency appears,
a filter for filtering the energy of intermediate
frequency, a frequency divider for frequency di-
viding the filtered energy of intermediate fre-
quency, a converter to. which the output of said
frequency divider is fed, circuits for feeding an-
other portion of waves, locally generated, to said
second converter, a filter for filtering the hetero-
dyned oufput of said second converter, an ampli-
fler coupled to. said last-mentioned filter, and a
radiating- antenna coupled to said last men-
tioned amplifier.

4. The method of relaying waves which in-
cludes receiving the waves, heterodyning the
waves. to an intermediate frequency, frequency
dividing the waves of intermediate freguency,
adding a wave of substantially constant fre-
quency to the waves resulting from frequency
division, filtering the waves resulting from the
addition, and utilizing the filtered waves.

5. The methed of relay waves which includes
receiving the waves, heterodyning the waves to
an intermediate frequency, frequency dividing
the waves of intermediate frequency, adding a
wave of relatively constant frequency to said
frequency divided waves, filtering the waves re-
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sulting from said addition, and heterodyning the
filtered waves to a relatively higher frequency
uitable for re-radiation.

6. The method of receiving phase or frequency
modulated waves and retransmitting them at
substantially the same mean frequency but with
a changed phase or frequency deviation which
includes receiving phase or frequency modulated
waves, heterodyning the waves to an interme-
diate frequency, changing the mean frequency
of said waves of intermediate frequency by a
process other than a heterodyning process, alge-
braically adding to the intermediate frequency
waves of changed frequency a wave of substan-
tially constant frequency, filtering the waves re-
sulting from the algebraic addition, and hetero-
dyning the filtered waves to the same mean fre-
quency as that received.

7. Apparatus for relaying received phase or
frequency modulated waves which includes an
antenna for receiving such waves, a local source
of heterodyning oscillations, apparatus for het-
erodyning energy derived from the received
waves. with waves from said local source so as to
produce waves of intermediate frequency, a fre-
quency divider for frequency dividing the waves
of intermediate frequency, a detector coupled to
the output of said frequency divider, a generator
of relatively low frequency waves also coupled to
said detector, a filter for filtering out from the
output of said detector waves having the same
mean frequency as said intermediate frequency,
apparatus for utilizing another portion of the
output of said local source of heterodyning oscil-
lations for heterodyning the cutput of said last-
mentioned filter to the same mean frequency as
that received, and a radiating antenna for ra-
diating waves derived from the output of said
last-mentioned heterodyning apparatus.

8. Apparatus for relaying phase or frequency
modulated waves comprising a receiving antenna
for receiving such waves, an amplifier for ampli-
fying waves picked up by said antenna, a con-
verter coupled to the output of said amplifier, a
local hetercdyning oscillator, apparatus for feed-
ing waves from said local oscillator to said con-
verter, a filter for filtering the outpuft of said
converter, a frequency divider for frequency di~
viding the output of said filter, a second converter
to which the output of said frequency divider is
fed, a generator of relatively constant frequency
waves, a circuit for feeding the output of said
generator to said second converter, the frequency
of said generator being chosen so that in the
output of said converter waves having the same
mean frequency as are applied to the input of
said frequency divider appear, a filter for filter-
ing the output of said second converter, a third
converter to which are fed the output of said
last-mentioned filter and waves from said first-
mentioned local heterodyning cscillator, a filter
for filtering the output of said third converter,
an amplifier for amplifying the outpbut of said
last-mentioned filter, and a radiating antenna
fed by said last-mentioned amplifier.

9. The method of relaying received waves
which includes receiving the waves, amplifying
the waves, frequency dividing a portion of the
amplified waves, locally generating waves, het-
erodyning down in frequency another portion
of said amplified waves with a portion of said
locally generated waves, frequency dividing the
heterodyned waves, combining the frequency di-
vided heterodyned waves with waves derived
from the frequency divided portion of the ampli-
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fied received waves, filtering the combined waves,
heterodyning the filtered waves up in frequency
with another portion of the locally generated
waves, filtering and amplifying the waves result-
ing from the last-mentioned heterodyning proc-
ess, and radiating the filtered and amplified
waves.

10. A radio relay system comprising a receiv-
ing antenna, an amplifier for amplifying waves
received by said receiving antenna, a converter
to which a portion of the output of said amplifier
is fed, a frequency divider te which another por-
tion of the output of said amplifier is fed, a local
source of oscillations, circuits for feeding a por-
tion of the output of said local source to said con-
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verter, g filter for filtering the output of said con-
verter, a frequency divider for frequency divid-
ing the output of said filter, a second converter
to. which the outputs of both of said frequency -
dividers are fed and-combined, a filter for filter-
ing the output of said second converter, a third
converter to which the output of said last-men-
tioned filter and another portion of the output of
said local source of oscillations are fed, a filter
for filtering the output of said third converter,
and a radiating antenna for radiating waves de-
rived from the output of said last-mentioned fil-
ter.
HARRY' TUNICK.




