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'UNITED STATES PATENT
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" RELAY SYSTEM AND ASSOCIATED
© w7 CIRCUITS THEREFOR - -

2,334,189

 OFFICE

Hal‘lanE:-Gol‘dstine,’ Port Jefierson, N. ¥., assign-
".or to Radio Corporation of A‘lﬁgi‘ica{,i corpori-

. 'tion of Delaware

© Abplication June 5, 1940, Serial No; 338,862 -

This invention relates generally to
layiftig system.  More- particilarly, the invens
tion relates to such features as (1) ‘the fréquency
modulator ecircuit, (2). the Yepeater station for
recéiving a frequeéncy miodiilated sighal: ot ene
carrier frequency ahd relayinig of retransmitting

this frequenéy rmodulator signal oh another car=:
-rier frequency, and (3) the automatic frequiency.

control . eircuit employing 'cavity or concentric
line resonators. : ‘ :

‘The following is a detailed ,discussion of the
invention accompanied by drawings, wherein Fig.
1. shows very generally & complete -radio. relay
system’ in whieh the - préesent: invention may be

ertiployed; Fig. 2 shows the frequency modulator.

system of: the invention efiiployed in a répeater
station of. the system of Fig. 1 for converting

video signals into frequenicy modulated high fre<

dquenety signals; Figs: 3¢ dud 3b taken together
show apparatus employed at one of the repeater

<

3.-Patent »2;289,724, : granted April 28; 1941,

11 Cratms.  (CL 250-=15)
4 radio res

decommodate - the full band spectrum of high
definition -television. ' This anténna consists of
two separdte: and independent radiator systems,
| and’g; the formetr for sound and-the lattef for
; vision transmission, ‘hoth : radintors being Sup=
ported-on u-tofumon ‘column locited an appres
ciable distance ahiove ground, usually on the top
of &tall building;.. "~ - :
The antenns systemr of “the transmitter stas
- tion Acis' of the type installed gt the top of the
Hmpire State Building in’ New York; New York;
and-i8-deséribed quite hdeqlstely in thé éoperid=«
ing aplivation of Nils E; Lindenblad, ‘Sérial No.
208,573, filed "May 18, 1938, iow. United’: States
The
antehnsgs oh stations: B, @ afid D are of the uniz

- direetional type, therfe Heing used 5 bair of ah-

or relay stations of the system' of Fig. 1 for =

changing the earrier frequency of 4 received fre-
quency modulated gighials t6:another carfier. fre=
quency; Fig. 4 illustrates: ore type of ultra high
fregliéncey eonverter unit which ‘thay be ised in
the receiver of Fig. 34 fof changing the received
signal t6- & lower intermediate frequency signal;
atd- Fig. 5 illustrates ai autoimatic fregueney
contrel eireuit’ which 'is eriployed in the cireuit
of Fig. 3 for stabilizifig the fréquency. of an gs=
dillstor. Sl R

The radio felaying systeth of Fig.-1 is desigred
for 1ise barticulurly with dltrd shert wave radio

signals of the ‘order -of ‘six meters and less; and
may be used for the transmission of television
sighdls; altholigh it will be uniderstood  that it
niay 2186 Be-uged to. transinit telegraph sighals
or any other type of radio sighal., The systeri
includés & transmitting station A; ‘a;: plurality of
intermediate répeater or rélay stations B and C,
and a receiving station D, suitably: spaéed apars
dlong the line of transmission. - Repeater: §ta-
tioris B and C are designed to'repeat the signals

25

30

from station A to station D. The arrows indicate. -

the directions of the:sighals between the ‘respee=
tive stations.  Although only two repeatér sta=

tions have been shown, it should.be uriderstood:

that thi§ humber is illustiative of ‘gny number

of repeater stations whieh may bhe: located at.
frequert ifitervals along the 'ling -of - transmis<

sion, for relaying -and amplifying signals,

The antenna system indicated &t the ‘trans-

mitting station A’ of Fig: 1-is §howh to-be!of the

-olinidirectional type; having ¢onstatit chardcters

istics over & frequericy baiid ‘sufficiently wide to
K N
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tefinag at:the: ihtermediate stations B add C,
on& for:reveiviriz the:signals ‘from -the riearest
transmitting: antenng #né the other for repeéat=
.1ng and-feradinting: the gignals £6 the next. re-
peater-orirélay stition ‘along the line of .branss
missidn. - Sinte the transmission range ‘of the
Witra short ‘wabes -at -whicH this. system is de=
signed 163 . furiction ' depends : substdiitially - upent
" the wdrlife or. visual distance,: 5 factor propor=
tiohal to the height adbove.the. éarth’s surface; it
~ispropesed to loeate 411 statiohs &t points having
as great:Height ay possible; sucH as on houns
tains; thil buildings, radio inasts, été. The re-
-ceiving antenna 3 &b repeater: station B consists
“of -4 pair of ‘dipole. arrays plated  one -behind
the other and shitdbly phaseéd. relative to° each
otlersfor ‘providing & unidiréctional effect. This

5 - antertia is désigned t6 receive the signals trans=

mitted from station: A. Reéferenace is hereby made
to. P B.. Caiter, United States Patent -No.
2,183,784, granted Decerdber: 19, 1989, for 4 stiit=
dble destriptibn. of anténna 3. - The reradiating -

 of tkanSmibtirig antenna 4 6f station B is of the

mhetal parabolic type: which has at:its ‘foecus &
dipols:bry plurality 6f dipble antenfias arfrahged
i the sume straight line;” These dipole antennas
wiag.pe of the: folded typé WwHich has been found
te-Be thoreleffective than the sihgld dipole and is
preferably of the geéheral forfh described in the
copending appliestion: of Philip 8. Carter; Serial
No:'155,385, filed: July 24; 1937, heW United Stdtes
Patert 2,283,914, granted: May 26, 1942. At re=
peater station C there:are shown g Teteiving an=
‘tenind §, &rid.a reradiatihg or-transmitting sn-
" tering 6, both:of the: pardbolic tybe -employing
folded- dipole ahteniias ds” deseribed in eonhee=
tol with dntenna 4 of statioh B.  Antemfas 5
-and 8:are of ¢ourse 8ffective in' different direcs




tions, the receiving antenna 5 being positioned
_to -receive the signals from station B while the
transmitting antenna 6 is positioned to transmit
the signals in the direction of the next adjacent
station D. Antennas 5 and 6, as well as all the §
equipment at station C, are preferably mounted
~ high ahove the earth’s surface, such as on a steel
tower. The antenna T at receiving -station: D
comprises a parabolic reflector having ‘at its focus
one or more dipoles, preferably folded up dipoles, 10

* this-antenns being, of course, directed to receive - -

the signals from antenna 6 of the: adjacent re- -
peater station.  The antennas of stations A to- .
D, inclusive, have been described as being of par--.
ticular types, mainly by way of example, since 15
it is apparent that other types of antennas can
be used to achieve the desired results.

In the operation of the system.of Fig. 1, tele-
vision signals emanating from broadcasting sta-
tion. A are amplitude modulated and radiated g
at a frequency of 45.25 megacycles and received
on an antenna 3 at station B, from which the
signals pass to-a television receiver .thereat to -
provide & video component, the -band -width of
which .may be -substantially of the order of 4 o5
megacycles. . ‘The: video output: of - this television
receiver at station B.isused to control a trans-
 mitter with multi stages of frequency tripling,
described more in detail later in connection with
Fig. 2. The output of station B radiated from . 3q
. antenna &-is.a-frequency.modulated wave of the

order.of 500 megacycles; (in one ‘particular em-
‘bodiment tried out.in practice the output was
about 474 megacycles with a band frequency de-:
viation of plus‘and minus about 3.5 megacycles). 35
. At repeater station C the receiving antenna 5 re-
ceives the 500.megacycle :frequency modulated
signal. radiated by antenna 4.of station B, and
" converts the signal by means of apparatus de-
scribed  later in.more detail in connection with 40
Figs. 3¢ and 3b to.a 100:-megacycle signal for
more ‘efficient amplification. This 100 megacycle,
signal‘isthen amplified and converted to an out-
put frequency. modulated signal having a mean
frequency different than the incoming frequency, 45
- let us say.a frequency o0f:512.6 megacycles, which *
is then.transmitted by.antenna. 6 toward.the
next:adjacent station, in this case receiver. sta-
tion. D.. At the final receiving station..D in
the radio link, the:frequency modulated. signal 50
of 5125 megacycles.is received on antenna 7. and
converted to .a lower frequency ‘signal: which is
then amplified -and amplitude limited before it

is passed on to a detector which transforms-the
frequency modulated signals to amplitude modu- §3
lated: signals. From. the foregoing, it. will: be
seen that the amplitude modulated signal trans-
mitted by . the broadcasting transmitter at sta-
tion A -at one frequency is received at station B
and converted to a frequency modulated “signal go
of a different frequency which is then radiated
t0. station  C where this frequency modulated
signal is.chahged to a frequency modulated signal
having another and different carrier frequency,
after-which :the -last converted. signal is trans- 35
mitted to station D where it may be converted -
to an-amplitude modulated 'signal for local use
or for use in affecting another broadcasting sta-
tion to send oub:the television signals over one
or more’ additional -stations. L

- Pig, 2 illustrates the frequency modulated cir-—
cuit .employed ‘at station B-for producing a de- -
sired frequency modulated signal from the .am-
‘plitude modulated waves received ‘at this sta-

70

tion.: The system of Fig. 2 comprises a master: 75.
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oscillator 8, a frequency modulator circuit 9, a
first, tripler stage 10 for tripling the frequency
impressed thereon, an amplifier stage 11 for am--
plifying the output of the first tripler stage, and
a second tripler stage 12 for tripling the fre-
quency in the output of amplifier {1, also a final
amplifier stage 13 of the inductive output elec-
tron -discharge device type, and an automatic
frequency control circuit 14 for stabilizing the
frequency of the master oscillator 8. Although
stages 9, 10, 11 and 12 are each shown as com-
prising a . pair of electron discharge devices ar--
ranged in push-pull, it should be understood
that if desired the two vacuum tube electrode
structures of each of these stages may be -in-
cluded within a single evacuated envelope. As
an illustration, the push-pull electrode structures
of stages 9 and 10 may each be constituted by.a
single electron discharge device tube of the RCA
832 type, while the amplifier stage |1 may be

. constituted by a single electron discharge de-

vice of the RCA 829 type. The second tripler
stage {2 may be constructed in accordance with
the teaching described in the copending - ap-
plication of Orville E. Dow; (Serial No. 302,655,

filed November 3, 1939, now United States Pat-

ent 2,253,849, granted Aug. 26, 1941, while the
amplifier stage 13 may be of the type described :
in the copending application of Fred H. Kroger,
Serial No. 296,045, filed September 22, 1939. ‘In
the operation of the circuit of Fig. 2, the video
component of the signal received at station . B
is -applied in parallel to the two control grids -
of the.electrode - structures of the frequency.
modulator:9, which functions to modulate the out-
put of the master oscillator 8.. The master oscil-
lator, -as an example, may generate oscillations
of a frequency of the order of 52.67 megacycles.
The. output from the master oscillator is passed
on.to the frequency. modulator stage 9 and the

_frequency modulated waves then impressed upon

the first tripler stage 10, which provides an out- -
put of, let us say, 158 megacycles, this last out-
put-being amplified in stage I{ and then passed
on to. the. second tripler stage 12 from which
there is obtained, let us say, an output of 474
megacycles with a band frequency deviation . of
approximately plus and minus four megacycles,
which last output is passed on to the ampliﬁer' :
stage I3 from which energy is derived for radia- -
tion by the antenna 4. It should be noted that
the frequency modulator is capacity coupled to.
the ‘master oscillator 8 by means of condensers
C: and Cz, although it should be understood. that,
if desired, inductive coupling may be:employed
by the use of suitable transformers between the
master oscillator and the frequency modulator.
The condenser Cs in the frequency modulator.
stage 9 is of very small value compared to the -
modulation but fairly large compared to .the
radio frequency.. : S
‘The amplifier stage .13 consists of an electron
discharge device circuit comprising a vacuum tube
structure, generally of the. so-called inductive
output type consisting of an evacuated glass en-
velope E containing within it an indirectly heated
cathode K; a filament or heater F, a grid G, ring-
like accelerator electrodes M; M, & collector elec-
trode R, and a suppressor S. The heater F may
be supplied with energy frem a suitable alter-
nating current source through-choke, ceils (not
shown). Connected-to the grid G is a connection
extending to the output-of the tripler stage 2.

The collector electrode R for gathering the elec-

trons traversing the lerigth of the glass envelope
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E is shown to be cup-shaped:in form although
if desired, it may be hemispherical, conical or of
other” su1tab1e shape. - Centrally located -within
the interior 'of collector R theres is provided a
-rod-like suppressor electrode S for gathering sec-
ondary electrons which may emanate: from R.
The suppressor S may take any suitable form-ac-
cording to the design of ‘the:collector 'R. Accel-
erator electrodes M, M are narrow in width and
are maintained ‘at a - suitable - positive ‘potential
relative to the cathode. Surrounding the exterior
of the glass-envelope E and: locateéd intermediate
the two accelerator electrodes M, M:there is pro-
vided a tank circuit 15 (hour-glass:type) -in‘the
form of a surface of revolution whose central sur-
face is perpendicular to the electron beam -ema-
nating from cathode K. Thistank circuit issym-
metrically arranged ‘around the glass envelope E
and is provided with a gap-a,-b. “The configura~-
tion of this tank eircuit 18, as.shown in the-draw-
ings, is the cross section of a-surface of revolution
through the axis of revolution in‘the plane of the
drawings and approximates two equal sectors with
their vertices toward the glass envelope E. -The
dimension of theé tank circuit (5, as measured
from the center of the glass envelope to the arc
of the sector; is approximately one-quarter-of the
length of the communication wave corresponding
to the resonant frequency, provided that the gap
¢, b is not supplied with capacitor discs to change
the freguency ‘to-a value less than the natural
frequency of the resonator. This tank circuit is
a high Q, low loss circuit -and-is preferably made
of a high' electrically conducting material such
as copper.. ‘For focusing the electron beam there
are provided a plurality of magnetic lensés (not

shown)  in “series. relation and surrounding the

glass envelope, the magnetic field being provided
by.a strap of iron 16 which is placed adjacent the
sides of one of the sectors of the tank 15 and:then
completed through an iron core:i1, in turn sur-
rounded by an electromagnetic field coil:or sole-
noid {8 excited by a direct-curreht: source of
‘supply .28. A suitable outpub coupling -coil 2
derives energy from the tank circuit.and supplies
this energy to the. dipole antenna 22 of the an-
tenna system 4. The.manner in which: the am-~
plifier circuit 13 functions is:now well understood
and is described quite :adequately in: the Kroger
copending application Serial:No. 296,045, ,s‘upra,
to which reference is herein made.
i In order to.stabilize the frequency of the mas-
ter. osciilator 8, there is provided an automatic
freguency control (AFC) circuit. 14 which is-cou-
pled between the master oscillator.8 and the out-
put of the second tripler stage 12. -AFC circuit
{4 comprises 2 pair of rectifier:tubes 23 and 24
supplied ‘with radio:frequency energy from :the
tuned circuits 25 and 26, the latter in turn being
coupled to the tripler stage 12 by means of-con-
nection 21. The tuned circuits 25 and 26 have
intersecting resonance curves.at the mean or as-

signed carried frequency of the output of the sec-.

ond tripler stage 12, with maxima at frequencies
lying either side of .the cutput frequency of the
tripler 12, these tuned circuits applying the po-
tential ﬂuctuatwns to the anodes: of the two de-
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tector tubes 23 and 24 so that output current -

varies differentially with frequency-change.” The
rectified energies from the two detector tubes 23
and 24 respond differentially with frequency (due
to the resonant curves being located above and
below the mean frequency causing one diode cur-
rent to go up and the other down with variation
in-frequency) and are applied to the grids of the

70

75

3

balanced "amplifier ‘circuit’® comprising. vacuum
tubes 28 and 29'in whose anode’circuits is con~
nected a polar relay 36, the latter in turn con-
trolling the direction.of rotation of the reversible
motor 31 whose shaft 32'is shown in dotted lines
connected to the condenser 83 for controlling the
frequency of. the master oscillator 8. It should
be noted that the outputs of tubes 28 and 29-are
in ‘opposition to each other and it will thus be
obvious that with equal current flow through both
tubes 28 and 29 the polar relay 30 will have its
armature in mid position, without causing 'the
motor to rotate one way or the cther. "Any fre-
quency change in the output of the tripler 12,
produced let us say by the.change in the frequéncy
of the master oscillator '8, will:cause one of the
two resonant circuits 25, 26 to become ‘more
strongly -energized than the other, as‘a -conse~
quence of which there will be a greater flow of
current through one of the tubes 28 or 29, de-
pending upon which of the tubes 23 and 24 is
more strongly excited with departure of frequency
from the assigned carrier frequency.: The net re-
sponse in the -polar relay 20 .will-be proportional
to the difference bhetween the assigned  carrier
wave intheoutput of the tripler stage 12 and the
wave impressed by the tripler 12 upon the tuned
circuits 25 and 26. A departure from the desired
mid: band frequency will thus unbalance the di-
vect current voltages in the-outputs of. tubes: 28
and 29, and will cause the polar relay 30 to affect
the motor 31 to-rotate in one-direction or-the
other, depending upon whether the frequency is
higher or lower than the desired mid band fre-
quency in the output 'of the tripler stage. The
rotation of the motor 31 will be in'such direction
as to cailse-the condenser 33 to-change its value
such that ‘the master oscillator 8 returns to .a
frequency where the signal in the output of the
second -tripler [i2 is again at mid band asszgned
frequency. ;

=Figs. '3a and 3b con51dered together ‘{llustrate
the apparatus at the repeater station:C of Fig. 1,
and includes a receiving antenna 5, a receiver
34 for .converting the received incoming signal
which is:of the order-of 500 megacycles to an
intermediate frequency of 100 megacycles, a fre-
quency -converter inductive output electron dis-
charge device 35, an amplifier 36 also of the in-
ductive .output: electron discharge: device type, 2
local oscillator circuit. consisting very . generally
of a master oscillator 31; a first frequency tripler
stage 38, an amplifier stage 39, a second fre-
quency tripler stage 40, and an amplifier-of the
inductive :output- electron discharge device type
41.. There is:also provided an automatic fre-
quency. control (AFC) circuit 42 for stabilizing
the frequency of the master oscillator 37.- The

‘receiver 34, which is shown: conventionally in

box form, includes.an ultra high freguency .con-
verter unit for converting the:incoming signal
waves of the order of 500 megacycles to.an inter-
mediate: frequency of -about 100- megacycles, and
also intermediate frequency amplifier apparatus
for this 100  megacyele band.. The: ulitra high
frequency converfer unit of the receiver 34 is
shown. in Fig. 4, ‘which will be describeqd later.
The automatic. frequency confrol circuit 42 is
shown in more detail in Fig. 5, which is:alsoto
be described in greater detail later. -

In ‘the operation of Figs. 3¢ and 3b, the in-
coming signals received on antenna 5. are con-
verted to an intermediate frequency of about 160
megacycles by the recéiver of Fig. 4 and passed
on to the output circuit 43 which is designed to




4

pass a wide band of frequencies on both sides
of the mid band intermediate frequency. Out-
put circuit 43 is shown coupled through a con-
centric line connecting. circuit 44 to the grid of
the inductive output vacuum tube converter 35
to whose cathode circuit there is inductively cou-
pled the amplified output of :the local oscillator.
Converter tube 35 is generally of the type de-
scribed- above in connection with the amplifier
13 of Fig. 2, and a more detailed description
thereof is to be found in the copending Kroger
application, supra. The cathode circuit for the
converter tube 35 includes a coaxial line 45, the
inner conductor of which is coupled to one leg
of the heater while the outer conductor is cou-
pled to the other leg of the heater. By means

2,334,189

* movable along tlie length of the coaxial line 47T

* to the mid frequency of the band pass.

10

15

of the arrangement shown, the cathode cireuit .

comprises, in effect, a parallel tuned circuit tuned
to the 412 megacycle frequency and to which
is coupled the loop 46 extending -to the output
of the inductive output vacuum tube 41 of the
local oscillator circuit. ‘Since .the amplifier 41
is designed to amplify oscillations of the order
of 412,56 megacycles, in the manner ‘described in
more. detail hereinafter, the converter functions
_to provide in its output circuit a mid band fre-
‘quency of the order of 512.5 megacycles, which
is then ‘passed on through a coaxial line affair
41 to an inductive output. type of amplifier 38
where the signal having a mid band frequency
of 512.5 megacycles is amplified and then passed
on to the antenna system 6 for radiation to the
next adjacent station. . S o

It should be noted that energy is derived from
the output of the converter circuit by inductive
coupling to the coaxial line 41 over a metallic
strip 48 which extends within the tank circuit
of the converter tube 35 but is insulated there-
from. The outer conductor of the coaxial:line
line 47 is grounded, insulated from the tank cir-
cuit of converter 35, and has its ends adjacent
this tank -circuit provided with flange-like me-
tallic strips-49 which extend.on opposite sides
of the aperture in the tank circuit. " It should
be noted that.the tank circuit is here maintained
at a positive potential relative to ground and that
one or more accelerator electrodes of the electron
discharge device is coupled to the tank circuit
through a resistor. This arrangement is meré-
ly for simplicity of design, since it will-be obvi-
ous that if desired the ring-like accelerator elec-
trodes can be provided with a positive potential
while the tank ‘circuit is left free or grounded.

In view of.the fact that the outer conductor. of

the coaxial line 47 is grounded, and the tank cir-
cuit maintained at a positive potential; it is nec-
essary to isolate the inner and outer conductors
of ‘the coaxial line 41 from-the tank circuif and
this is done in the manner shown in the draw-
ing by means of the flanges 48 and 49. The aux-
iliary pot or coaxial line 50 is, in effect, a tunable
inductance arrangement which:. tunes the out-
put circuit for the converter and is provided with:
a slidable connection 51 movable along the inner
and. outer conductors of the coaxial line %0 for
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adjusting the inductance of the circuit. .In-ef-

fect, that portion of .the tank circuit of the con-
verter which is labeled 52 constitutes a loop made
up of a metallic-flange 53 and connected at one
end to the arc of the tank. The tank.circuit
comprises the primary of a transformer whose
secondary circuit consists -of the loop 52, the
flange 48, the coaxial. ling 4T and the ‘coaxial
line tuning inductance 50. The: coaxial line 58
then serves to.tune the secondary since .it is

and connects to the inner conductor of the co-
axial line 41 through a slot in the outer con-
ductor of the line 41. . The coarse tuning of the
output circuit of the converter is first effected
by moving the position of the coaxial line induct-
ance 50 such.that the secondary circuit is tuned
The
variable condenser 54 serves as a micrometer
adjustment to tune the: secondary. The area of
the loop .52, of course, must be adjusted to first
obtain the desired bangd: pass and then for uni-
form response in the band pass the output cir-
cuit -of the converter -is adjusted by means of
the slider 91 while maintaining constant the po-
sition of the line 50. One advantage of the par-
ticular output arrangement just described is that
the feed line to the next adjacent stage is main-
mained fixed at all times and need not be moved.
In this connection, attention is invited to co-
pending application Serial No. 346,106, filed July
18, 1940, jointly by myself and Orville E, Dow,
for a description of a similar coupling circuit.
The amplifier 36 is energized from the coaxial
line 41 over the loop &8 which is inductively
coupled to the loop 56 comprising suitable con-
nections. between: the grid ‘and the cathode of
this amplifier stage.. Here again it will be noted
that the tank of the amplifier 3§ is shown main-
tained at a positive potential while the output
circuit for the amplifier 36 is substantially sim-
ilar to the output. circuit for the converter 35,
and possesses the same relative advantages. -The
grid of the amplifier 86.as well as the grid of the
converter tube 35 are maintained at suitable neg-
ative values relative to the cathode. :
Stages 37, 38, 39 and 40 of the local oscillator
circuit are similar in arrangement to stages 8,
10, 11 and 12, respectively, of Fig. 2, and are des-
ignated in the same manner. - The master oscil-
lator 87 is designed to generate oscillations of
the order of 45.83 megacyecles, these oscillations
in turn being-tripled in frequency by the stage 38
to 137.5 megacycles.  The output of stage 38 is’
then amplified -in - stage 39 and. the frequency
again {ripled by stage 40 to 412.5 megacycles, this
last frequency being impressed upon the grid of
the inductive output ‘amplifier 41 and the am-
plified oscillations derived therefrom by loop: 51
applied over line 58.and- coupling loop 46 to the
tuned cathode circuit. of the converter tube 35,
where .the oscillations from ‘the local oscillator
are beat with the intermediate. frequency of 100

. megacycles to provide a sum frequency, the latter

being passed on from the converter to the am-
plifier 86 in the manner described hereinabove.
Amplifier 41 is also.of the type previously de-
scribed above in connection with the amplifier
I3 of Fig. 2; and is described in greater detail in
the copending Kroger- application, supra.

From the foregoing, it will be seen that an in-
coming frequency modulated signal of one car-
rier frequency is received by the repeater station
of Figs. 3¢ and:3b and changed at this station to
a frequency modulated signal of another carrier
frequency. The incoming received frequency is

. first changed from the order of 500 megacycles to

75

100 megacycles -for most, efficient amplification
and then the frequency of 100 megacycle com-
ponent increased to a different frequency, for
example 512.5 ‘megacycles, which is then ra-
diated.: "~ - i
-The ultra high frequency converter unit em-
ployed in the receiver 34 of Fig. 3a for changing
the incoming frequency of the order of 500 mega.-
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cycles to an intermediate frequency of 100 megas="

cycles is-illustrated in more detail in Fig. 4. This
' figure illustrates a system very generally of’ the
type described in copending application Serial
No. 222,104, filed July 30, 1938, by K. G. McLean,
now. United States.Patent 2,236,004, granted
March 25, 1941, and, if desired, may comprise the:
jdentical converter unit arrsngement shown in:
this copending application.  Referring to: Fig. 4
in more detail, there is shown, conventionalty, a:
detector #10 to whose grid is fed the incoming
signal energy arriving from the antenna & and
to whose cathode is supplied oscillatory energy
from a local high frequency oscillator 122, Both
the detector 110 and.the oscillator {22 have, re-~
spectively associated therewith, concentric line
‘resonator circuits £0f, 102, each having an cufer
conductor and an inner conductor. The inner
conductor of resonator 101 carries & multi-fin-
gered contact section 104 which provides contact
to movable piston {05 on which is mounted the
tuning capacitor plate 1086. The concentric line
102 has for its inner conductor a pair of tubular
conductors 116 and (14 placed end to end and
coaxially arranged with respect to the outer con~
ductor. ‘The tubular eonductors: ti4 and. €
have their adjacent ends spaced apart and pro-
vided with capacity plates 183 which are adjust-
able with respect to one snother for tuning pur-
poses. The tubular conductor L4 is also pro-
vided with a multi-fingered contact section as
shown, and a movable pistont on which.is mount-
ed one of the capacifor plates 103. 'The output
109 of the detector 118 receives the beat fre-
quency (100 megacycles). of the incoming signal
wave and the local oscillator frequency and ex-
© tends to an intermediate frequency amplifier ¢ir-
cuit, not shown. 'The intermediate frequency
coil 108 is tuned by a copper slug which is adjust~
able in position inside the coil form.  An inspec-
tion of the detector unit t10 will show that there
is included in eachleg of the filament or heater
thereof a filter unit. comprising: clioke ‘coils £26
and low pass filter condensers. {21, The fila-
ment and the anode circuit of oscillator (22 are
" also similarly provided with. filter elements (2€
and 127, generally of the same type shown in
connection with the detector unit. * The filter ele-
ments of the detector unit {10 and the oscillater
unit 122 are divided into shielded compartments
and the vacuum tubes per se are also shielded:
both from. the shielded elements and the- filter
units and from the associated concextric line:
tuned circuits. The cathode of the deteéctor {0
is ~connected to ‘the oscillator: concentric line
through a hias resistor and condenser combina-
tion K3 and 112. 'The oscillator £22, it should be
observed, comprises & vacuum tube whose anode
is grounded to: the shield or outer conductor-ef
the congentric: line through a by-pass condenser
121, and whose grid electrode is coupled through
3 couphng condenser 119 to the plate 103 of: the:
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output of the ultra high frequency -converter -

~unit.  This “diseriminator circuit: may - comprise

the usual pair of rectifier or diode tubes coupled
to: off~tuned circuits whose resonant character-
isties. intersect at the assigned mid band inter-
mediate. frequency. . When metal vane I17.1is
rotated in. response. to an unbalance in the dis-
criminator circuit caused by the departure of
frequeney: from the. desired. frequency, such that
the vane is parallel with the axis of the inner
conductors 116 and 114, it will be seen:that con-
siderable flux about.the tube (14-is interrupted,
and the inductance of (14 is reduced, thus rais-
ing the oscillator  frequency. One the: other
hand, when.vane LI is rotated 90° from this
position relatively little flux is mterrupted and
the frequency is lowered.. A friction - clutch is.
preferably used between the motor 134 and the:
vane [{1, so that the vane may be set at the
center . .of its tuning range by a suitable panel
control knob, the. latter also serving to indicate
the position of the vane.

Fig. 5 illustrates the preferred form of. auto—
matic frequency control circuit designated by
hox 42 in Fig. 3b, and eomprises a pair .of vacu-.
um tube deteetars. 180 and 151 associated respec-
tively with coneentric line resonator cireuits 152
and 153. Resonator eircuits 152 and 183 have
intersecting . resonance. curves with maxima- at

- frequencies lying either side of the assigned op-

erafing frequency of 512.5 megaeycles in the out-
put of ‘the amplifier 38 of Fig. 3a. Energy from
the output of the amplifier 38 of Fig. 3a is fed
through. transmission line TL. which.is capaci~
tively. coupled fo hoth concentric line resonators.
{92 and 153, and the rectified outputs on the
cathodes of the rectifier tubes (50 and I5l are
applied - in. push-pull to the halanced vacuum
tube amplifiers 154 and 185. Thé-anodes of both
amplifier tubes are connected through leads 15§
to the opposite terminals of the winding of sensi-
tive polar relay (51. "Tubes 164 and 1565 are pro-
vided with screen .grids supplied with: a. positive
potential through a. voltage regulator tube 158;.
and with suppressor grids which .are connected

- ta their cathaodes, as shown. A reversible motor
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inner conductor {16 of the associated concentric:

line resonator -102, the latter functioning as a
frequency controlling - element. A" resistor “#{8&
connects-the grid of the oscillator to. grownd.

In order to compensate for drifting: eithier of
the oscillator: 122 of Fig. 4 or the signal fre-

queney received over the 'antenna: 5, there is pro-:

vided an. automatic tunihg device comprising: a
reversible telechron -motor 34 which: drives. a’
metal vane H7 located below the inner conduetor
i.16 of the concentric line 102, Controk voltage
for the automatic freqiiency- control motor: #34:
is obtained from a - diseriminator cireuit in the

63,
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159 controlled ‘hy the polar. relay 45T functions
to ‘vary the 'position’ of the condenser in. the

‘master. oscillator cireuit. over a flexible shaft

{60. In view of the sensitive nature of polar
relay 157 there are provided two rugged auxil-
iary motor. relays 161 -and 162 between the mo-
tor. 169 and the polar relay. 151 in order to pro--
tect this. polar relay. . The, circuit for operating
the motor either in one direction ar the other:
will be obvious from a mere -inspection of the
contact arrangement shown in the drawings, it
being understoad, of course, that the polar relay
181 will move-its armature one way or the-other
depending upon whether amplifier tube. 1954 or:
155 draws more current than the other. Nor-
mally, ‘when there is no drift from. the a551gned :
mid hand-frequency, the outputs of hoth ampli-
fiers. 154 and 155 will be the same. and halaneed;
as a consequence -of which the polar relay 187
will be in the position shown in the' drawing
with the armature midway between its- opposed
contacts. - Whenever a drift in the frequency oc-~
curs, the. reetifiers. 150 and 151 will draw differ-
ent currents and influence their respective ampli-
fier tubes 185 and 154, respectively; to operate-
the polaxr relay.I16T such that the moter 159 will
rotate its shaft 160 to.vary the tuning of master
oscillator-in a manner to restore the frequency
tothe. desn‘ed value. :
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The reversible motor ‘159."and its’ shaft. 160

are ‘provided ‘with limit switches 84 and -I55

cooperating with a tongue or button 163 on the

shaft-160.  The tongue or button 163 serves to!
open ‘the contacts - 164 ‘and 165 at the two eX-

tremes of travel or ‘adjustment-of the oscillator:

condenser setting assocmted with'the shaft {60;

so that'if the oscillator or carrier frequency is
so far-off the assigned frequency that the ‘ad-
justment of the condenser by‘means'of shaft 160
will not bring the frequency of the oscillator ‘pack
to the assigned value, then one or the other of
- the limit switches will be opened by the tongue
163 in order to open the motor mrcmt thus pre-
venting the motor from overrunning,

Returning now to the concentrie line resonator:
circuits. 192 and 153 of Fig. 5 and the manner
in which they are coupled to the transmlssmn
line TL, it should be" observed that there is pro-
vided a resistance 167 for- matching the termina-

tion of the radio frequency -line TYL. A tuning’

inductance in the form of an adjustable coaxial
line 168 tunes out the capaclty ‘across the re-

sistor 167, so that in effect ‘there is provided a.

pure resistance of a value equivalent to the
characteristic impedance - of the line’ TIL: for
terminating this line. .This tumng inductance
168 includes an. adjustable - slider or disc 169
contacting both the inner and outer conductors
of the line 168. The transmission line TY is
capacitively coupled to the’ two concentric lines
152 and 153 one being tuned above and the other

being tuned below .the a551gned carrier or out-’

put frequency impressed on TL-in the manner
described  above. It should ‘be noted that - the
capacitor: coupling from the. line TT, to the inner

conductors of the two concentric lines is achleved:
through the sides of .the concentric lines by

.means of adjustable caoamty plate’ arrangements
110 and 111
The automatic frequency control circuit of Fig.
5 is also provided with a pair of switches 172 and
{73 for enabhng the milliammeter 174 to measure
the current in any one of the amplifier tubes 154
“.or- 155, depending upon the position ‘of  these
switches. - In still a third posmon of the sw1tches
1712 and 113 the aftendant is able'to measure the

voltage of the rectifier 175 which supplies poten-

tials to the anodes of the amplifier. Resistor 116
is a multiplier resistor which enables the amplifier
to function as a voltage meter: In the eathode
circuits of the amplifiers 154 and I55, the resistors

117 and 178 are degeneration resmtors for enabling
the amplifier tubes to give a more lmear response’

in their operation.

Although the relay system of Flg 1 has been
described as starting out with an amplitude mod-
ulated signal at the transmitter station A, it will
be obvious that in such a system, if des1red sta-
tion A could be a frequency modulated transmltter,

radiating: a much -higher frequency:- than'45.25

‘megacycles; for example, a signal having'a car-
rier frequency on or about 500 megacyecles; which

signal would be fed through a’ ‘series ‘of repeater

stations as described herembefore in connectlon
with Fig. 1.

- Purther, although the automatic frequency con-"’

trol circuit of Figs. 2 and 5 illustrate motors for

controlling ‘the condenser of the local oscillator;
it will be obvious that this motor can easily be’

replaced by a relay or other type ‘of movable ¢oil
arrangement for varying a small ‘coridenser.
In view of the foregoing, it should be" under=
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drawings but that various: modifications can be

- made without:departing from ‘the spirit and scope
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of the invention. < If desired, the resonant fre-
quency of both:of the off-tuned resoriant control

- lines of the ‘AFC circuit of Fig. 5 can be controlled .

simultaneously, at the same time providing a
means for tuning each individual eoncentric line
above and below the mid-band frequency. Such
an arrangement enables the peak of the resonant
frequencies of the two- diodes 150, 151 ‘to be set
a fixed. ffequency. apart, say 10 megacycles, and
still enables the:center or mid. frequency to.be
shifted while mamtammg this fixed separation.
Thus, if” the carrier .or mid band ‘frequency
changed. slightly, it. would only be necessary for
the attendant to tune the control knob which
would shift the frequency of ‘both hnes slmulta-
neously.

- ‘What is claimed is:

- 1..In: combination, means for producmg fre-
quency.modulated waves including an oscillator
having a frequency controllirig element, a fre-

-quency .stabilizing circuit comprising two concen-

tric:line resonators having intersecting resonance
curves with maxima lying either side of the mean
operating fréquency, means- for. supplying . fre-
dquency modulated energy of said mean-operating

frequency to.said two resonators in cophasal rela-

tion, arectifier connected to .each resonator for
obtaining a direct current component therefrom,
a first: relay of relatively sensitive character, a
balanced-amplifier. circuit coupled to said. recti-

‘fiers'and.responsive: to an unbalance in' the out-

puts of said rectifiers to operate said relay, a pair
of contacts on said relay, second and third relays -

of more: rugged character than said. first relay | v

connected ‘to said contacts and alternatively op-
erable in response to the closures of said contacts,
a reversible motor connected to said second and
third relays and responsive:to the operation there-
of for varying said frequency controlling’ element

. ina direction to lessen said unbalance.

- 2. Arsystem-in accordance with -claim 1, in-
cluding a.’shaft for said-motor:and means lmked,
to said shaft for openihg the operating circuit of
said motor at the two extremes of travel of said
shaft corresponding to. the maximum and mini=
mum: settmgs of sald frequency controllmg ‘ele-
ment.:

3; In a radlo system in Wthh ‘a transmltter ra-~
diates energy which is frequency modulated, two
resonator: circuits having intersecting reschance
curves with maxima lying either side of the mean
operating. frequency, a ‘feeder for supplying said
two ‘resonator. circuits cophasally with said -fre-’
quency modulated -energy, rectifiers for said two
resonator. circuits, the .outputs of said rectifiers
being: coupled to & -circuit responsive to the dif-
ference voltage, a resistor connected to said feed-
er-a} the. termination' thereof nearest said reso-
nator circuits for matching the impedance of said }
feeder; and-means for tumng out the capacity
across-said resistor.

= 4..In a radio system; means for producmg en-
ergy which is frequency modulated including.an

- oscillator, an-automatic:frequency control ¢ircuit

70"

stood. that the invention is- not" limited to- ‘the ‘

precise circhit arrangements illustrated ‘in-‘the'

(2

for said ‘oscillator comprising two concentric line
resonator .circuits having intersecting resonance
curves with: maxima lying either side of the mean
operating: frequency, a feeder. for supplying said’
two resonator circuits ‘cophasally ‘with said fre-
quency modulated energy, rectifiers for said two
resonator:circuits, the outputs of said rectifiers
being:coupled to a circuit responsive to the dif-
ference voltage, a resistor connected to said feeder
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at the termination thereof nearest said resonator
circuits for matching the impedance of said feed-
er, and means for tuning out the capacity across
said resistor. T

5, In & radio system, means for producing en-
ergy which is frequency modulated including an
oscillator, an automatic {requency control cir-
cuit for said oscillator comprising two concentric
line resonator circuits having intersecting reso-
nance curves with maxima lying either side of
the mean operating frequency, a coaxial line
feeder having its inner conductor capacitively
coupled to the inner conductors of said two reso-
nator circuits in electrically parallel relation for
supplying said two resonator circuits with said
frequency - modulated energy, means for con-
necting the outer conductors of concentric line
resonator circuits and said coaxial line together
and to ground, a resistor connected befween
ground and the termination of said feeder near-
est said resonator circuits, and a variable induct-
ance element in parallel to said resistor for
turning out the capacity across said resistor.

6. A system in accordance with claim 5, char-
acterized in this that said variable inductance
element is a coaxial line, the inner conductor
of which is connected at one end to that ter-
minal of the resistor which is connected to said
feeder, the other end of said last inner conduc-
tor being directly connected to.the outer con-
ductor.

7. In combination, an oscillator having a fre-
quency controlling element, ‘a frequency sta~
bilizing circuit comprising two concentric line
resonators having intersecting resonance curves
with maxima lying either side of the mean op-
erating frequency, means for supplying frequency
modulated energy of said mean operating fre-
quency to said two resonators in cophasal rela-
tion, a rectifier connected to each resonator for
obtaining a direct current component therefrom,
o first relay, a balanced amplifier circuit coupled
to said rectifiers and responsive to an unbalance
in the outputs of said rectifiers to operate said
relay, a pair of contacts on said relay, second and
third relays connected to said contacts and al-
ternatively operable in response-to the closures
of said contacts, a reversible motor connected to

said second and third relays and responsive to-

the operation thereof for varying said. frequency
controlling element, in a direction to lessen said
unbalance. Co

8. A frequency stabilizing system comprising
two resonator circuits having intersecting
resonance curves  with - maxima lying either

side: of the mean operating frequency, &

feeder for supplying said two resonator circuits
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cophasally  with said frequency modulated en-

-ergy, rectifiers for said two resonator circuits, the

outputs of said rectifiers being coupled to a cir-
cuit responsive to the difference voltage, a re-

sistor -connected to said feeder at the termina-

tion thereof nearest said resonator circuits for
matching the impedance of said feeder, and

.means for turning out the capacity across said

resistor.

. 9. A frequency stabilizing system comprising
two resonator circuits having intersecting reso-
hance curves with maxima lying either side of
the mean operating frequency, a feeder for sup-
plying said two resonator circuits cophasally with
said frequency modulated energy, rectifiers for
said two resonator circuits, the outputs of said
rectifiers being coupled to a circuit responsive
to the difference voltage, a resistor connected to
said feeder at the termination thereof nearest
said resenator circuits for matching the imped-
ance of said feeder, and a variable inductance
element in parallel to said resistor for tuning out
the capacity thereacross.

10. A frequency stabilizing system comprising
two Tesonator circuits having intersecting reso-
nance curves with maxima lying either side of
the mean operating fréquency, a feeder for sup-
plying said two resonator circuits cophasally with
said frequency modulated energy, rectifiers for
said two Tesonator circuits, the outputs of said
rectifiers being coupled to a circuit responsive
to the difference voltage, and a resistor connected
to said feeder at the termination thereof nearest
said resonator circuits for matching the imped-
ance of said feeder. ‘

11. In combination, an oscillator having a fre-
quency controlling element, a frequency stabi-
lizing cireuit comprising a pair -of resonators
having intersecting resonance curves with max-
ima lying either side of the mean operating fre-
dquency, means for supplying frequency modu-
1ated energy of said mean operating frequency

-to said two resonators in cophasal relation, a

rectifier connected to each resonator for obtain-

ing a direct current component therefrom, a -

first relay, a balanced amplifier circuit coupled
to said rectifiers and responsive to an unbalance
in the outputs of said rectifiers to operate said
relay, 2 pair of contacts on said relay, second and
third relays connected to sdid contacts and al-
ternatively operable in response to the closures
of said contacts, a reversible motor connected to
gaid second and third relays and responsive to
the operation thereof for varying said frequency
controlling element in a direction to lessen said
unbalance. ’
HALLAN E. GOLDSTINE.
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