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The present invention relates to a synchronized micro 
Wave generator which is particularly suitable for ampli 
?cation of frequency modulated microwave signals, but 
which may also be used as transmitter for amplitude 
modulated or pulse modulated signals with great carrier 
frequency stability. 
The microwave generator in accordance with the pres 

ent invention is characterized in that it contains two 
microwave oscillators which are connected by means of 
a directional coupler with the synchronizing signal source 
on the one hand, and with the output circuit of the gen 
erator, on the other. In connection therewith the direc 
tional coupler prevents a coupling between the synchro 
nizing signal source and the output circuit. The oscilla 
tors may be of any suitable construction. It is only 
necessary that the oscillations which are produced there 
be may be synchronized by means of a synchronizing 
signal connected to the output thereof. 
An object of the invention is to provide a network for 

coupling a plurality of microwave oscillators to a com 
mon‘synchronizing source and to a common output cir 
cuit in such manner that there can be no transfer of en 
ergy between the several oscillators or between the syn 
chronizing source and the output circuit. A further ob 
ject is to provide a network of the type stated in which 
the waves produced by the several oscillators neutralize 
each other at the point where the synchronizing signal 
is injected into the network, and thus have no back effect 
upon the synchronizing source. A further object is to 
provide ‘a network of the type stated in which variations 
in the impedance of the output circuit can have no dis-r 
turbing effect upon the several voscillators. 

Further objects and advantages in accordance with 
the present invention will become more obvious from‘ 
the following description when taken in connection with 
the accompanying drawing wherein 

‘ Fig. 1 shows schematically one embodiment of the 
present invention; 
‘Fig. 2 shows a directional coupler which may be used 

in connection with the present invention; and ‘ 
Fig. 3 shows a further modi?ed embodiment in accord 

ance with the present invention. ‘ 

Referring now more particularly to Fig. 1 of the draw 
ing reference numerals O1 and Oz designate two micro 
wave oscillators, which are preferably constructed identi 
cally. The oscillators O1 and 02 are connected by lines 
L1 and L2 with points 1 and 2 lying on a directional 
coupler of the so~called “hybrid-ring” type. Depending 
on the particular structure of the generator, this ring 
may be formed as a closed concentric line or as a closed 
symmetric line. The coupling points 1 and 2 lie a dis 
tance of a half wavelength apart from each other, as 
measured along the circumference of the ring and the 
output circuit of the generators is connected at point 3 
of the ring which is spaced a distance of a quarter wave 
length from point 1 and three-quarters of a wavelength 
from point 2. The synchronizing signal is injected into 
the arrangement at point 4, which is in the center be— 
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2 
tween points 1 and 2, so that points 1 and 2 are each 
spaced a quarter wavelength from such point 4. 

In order to facilitate understanding of the operation, 
it must be remembered, that transmission of energy be 
tween two points of the ring can only take place if such 
points are spaced apart a quarter wavelength or an odd 
number of quarter wavelengths from one another. Only 
when the waves which depart from the ?rst point arrive 
in phase at the second point 2 will there be an energy 
transfer. A transmission of energy can never take place 
between two points which are spaced apart a half wave 
length or a multiple of a half wavelength because the 
waves which emanate from the ?rst point arrive in out 
of phase relationship at the second point. 

Referring now to the particular embodiment of the 
present invention, it becomes obvious that in the ar 
rangement of Fig. 1, a transmission of energy is possible 
from the two oscillators to the output circuit as well as 
between the synchronizing signal source and each of the 
oscillators. However, it is not possible to transfer en 
ergy between the synchronizing signal source and the 
output circuit, and it is also impossible to have any trans 
fer between the oscillators themselves. 

In order for the energy at the output circuit to be 
the sum of the two oscillators O1 and 02, .it is necessary 
that the waves at points 1 and 2 be of opposite phase, 
as point 2 is a half wavelength nearer the output cir 
cuit than point 1. On the other hand, the waves pro 
duced by the synchronizing signal source are in phase 
at points 1 and 2. By making the length l’ of line L2 
a quarter wavelength or an odd number n of quarter 
wavelengths longer than the length I of line L1, the waves 
of oscillator 02 lag the waves produced by oscillator 01 
by a quarter wavelength or by an odd number of quarter 
wavelengths. The waves travel through the longer line 
L2 in which they are subjected to an additional phase 
displacement, so that at point 2 the necessary phase 
difference of 180° with respect to the oscillations at 
point 1 is obtained. The waves produced by the two 
oscillators thus are additive at point 3 of the ring which 
is connected with the output circuit of the generator. 
On the other hand, the waves produced by the two oscil 
lators O1 and O2 arrive at point 4, i. e. the point at which 
the synchronizing signal is injected, in opposite phase. 
Under the assumption that the frequencies and the am 
plitudes of the produced oscillations are equal, there is 
no back effect of the oscillator waves on the synchro 
nizing signal source. This is a second advantage in ac 
cordance with the present invention. The frequencies of 
the produced oscillations are by force of the: synchroniza 
tion identical. The amplitudes of the two oscillations 
are not greatly different from each other since they are 
produced by oscillators of the same construction; it is 
furthermore possible by any well known device 5, which 
may permit adjustment of the amplitude of at least one 
of the oscillators, for example oscillator 02, to assimilate 
the amplitudes of the two oscillators. 

If the microwave generator is built as a high frequency 
waveguide oscillator, then instead of the hybrid-ring, a 
hollow-tube directional coupler comprising adjacent par 
allel tubes with an apertured wall in common type may 
be used, as shown in Fig. 2. In a directional coupler 
of this type, it is known that no energy is transmitted 
along the paths indicated by the dotted arrows, while 
transfer of energy is possible in all other directions. If 
now the oscillators, the output circuit and the signal 
source are connected to corresponding points 1 to 4, 
which correspond to the same points in Fig. 1, then the 
hollow-tube directional coupler operates functionally 
analogous to the hybrid-ring. A further description of 
the operational effect of such arrangement is therefore 
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not believed necessary and is accordingly dispensed with. 
In connection with the use of the arrangement of the 

present invention as an ampli?er for frequency modulated 
waves, the signal .whichsvisttobe»ampli?ed. islinjected as 
a synchronizing. signal ..at~point>.v4 of the arrangement. 
The.frequencies-,of-.-the waves produced by theoscillators 
O1 and Oz followthatof thelisynchronizing.signal, and 
the ampli?ed signal _w-ill-.__appear at>the output 3 .of/the 
arrangement, which, forexarnplepmaybe connected to 
a transmitter.v antenna-or a -~further»ampl-i?er~ stage. 
Changes in. the. loading .lofnthe ampli?er, such as are 
caused, for.example,"gby changes in the. antenna imped 
ance within the. used frequency range, have no effect on 
the ampli?cation derived. fromwoscillators O1 and .02. 
This is a third advantageinaccordance with ,the ‘present 
invention. 7 As the re?ected load variation which is caused 
by'mis-matching theirnpedanceszis. applied equally’ to the 
two oscillators,..,themisfmatch and its in?uence on the 
operation. of the oscillators-is reduced. 
For use ,of the ‘arrangement is accordance with the 

present invention as a transmitter-for amplitude modu 
lated orimpulse modulated signals, ‘the-waves produced 
by the two oscillators ‘are ‘simultaneously modulated in 
amplitude orsin the-rhythm‘, ofthe pulses. A wave of 
the carrierfrequency isuused asa ‘synchronizing signal. 
Consequently, this ‘frequency is kept substantially con 
stant even withrhighdegrees of -modulation. In con 
nection therewith it‘ should be mentioned that the use of 
the. so-called lockedtransrnitters for'purposes of stabiliz 
ing. the carrier frequency of an amplitude modulated 
microwave oscillator. isknown. However such known 
arrangements do not produce'the particular advantages, 
which are offered by the present‘invention. 
A further possibleuse of the so .far described inven 

tion, as shown in'Fig. 3, resides in forming each oscillator 
of two part oscillators. 
The reference-numeral vR0 identi?es the directional 

coupler which forms the basis.of the arrangement al 
ready describedabove. The two oscillators O1 and 02 
are connected thereto by lines L1 and L2 the respective 
lengths l, l’ of which ditter by an odd number n of 
quarter wavelengths. Both oscillators are constructed 
identically, so that it isronly necessary to describe one of 
the oscillators in detail, namely oscillator 01. It con 
sists of two preferably identically constructed part os 
cillators Oi'and 01":Which are connected with points 
a and b of thedirectional coupler R1 by lines A and B 
which are of equal length [2. The outlet point 0 of 
the directional couplerrliesa quarter wavelength from 
points a and ‘b, asmeasured along the ring of the direc 
tional coupler. If the two'part oscillators operate in 
phase or cophasially, then the sum of the waves produced 
by the two partoscillators appears at outlet point 0. 
This sum ofthe waves iswthen transmitted via line L1 
to the directional coupler R0 of-the microwave generator. 
On the other hand, a part of the synchronizing signal is 
conducted to the oscillator 01 over the same line, this 
signal being derived from the synchronizing signal source 
connected to point..4 of thedirectional coupler R0. The 
directional coupler Rlvdistributes this signal‘cophasially 
to the two part oscillators O1’ and 01" so that the same, 
as assumed above, actually operate cophasially. 
The symmetry in the manner of operation of the two 

part oscillators is enhanced if a re?ectionless matched 
impedance W is connected to the fourth point of the 
directional coupler R1, i. e. to the point d. The provision 
of this impedancev offers the further advantage that-with 
stoppage of one of the part oscillators a de?nite load 
impedance is provided for the other part oscillator. 
The adjustment and monitoring of the microwave gen 

erator may be done in a particularly advantageous man 
ner by providing ameter M for measuring the high fre 
quency energy in the impedance W since the value 
thereof reaches a minimum with proper operation of 
the system. 
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It is further possible to provide a further, sub-division 
in such manner that each part oscillator 01' and O1" 
is formed of a plurality of oscillators. As the foregoing 
considerations and descriptions are equally applicable 
to such case, a further detailed description is not nec 
essary. - 

If the microwave generator is constructedaasta wave 
guide-type,'then the‘directional coupler is used in place 
of the hybrid rings, as has been'indicated already above. 
The directional coupler'permits the .. operation of ‘the 
microwave generators over a considerably larger'fre 
quency band than is possible with ring typedirectional 
couplers. However, the band width of the latter is suf 
?cient for all practically “used .modulating types with 
a given carrier frequency. 

I claim: . 

1. A synchronizing microwave-generatorecomprising 
two substantially identical microwave oscillatorshaving 
substantially the. same operating frequencies, a synchro 
nizing signal source, a common output circuit-‘for said 
oscillators, .anddirectional coupler means for coupling 
said oscillators individually with said source and! jointly 
with said output‘circuit. - 

2. Microwave generator according to claim 1' wherein 
the'transmission lines connecting said'oscillatorswith'said 
directional couplerditfer by‘an oddnumberof'quarte-r 
wavelengths. 

3.v Microwavegenerator :accordingto claim 1 wherein 
said directional coupler is a hybrid ring. 

.4. Microwave generator. according to-claim 1 wherein 
said directional coupler comprises adjacent parallel tubes 
having a common. aperturedwall. ' 

5. Microwave generator according to claim 1 further 
comrising means for'varying.theamplitude-of at-least 
one of said: oscillators to assimilate‘the amplitudes of said 
oscillators. 
.6. A synchronizing microwave generator comprising 

two microwave generators .each of which includestwo 
microwave oscillators, .a directional coupler for-each 
generator, each ofsaid. directional couplers having'an 
outlet point therein, transmission lines connecting the 
microwave oscillators of each generator to the directional 
coupler thereof.at points spaced from the outlet point 
thereof by an odd number of quarter wavelengths, an 
output circuit, .a synchronizing signal source, a main 
directional coupler having said outputcireuit and said 
synchronizing :signal .source connected thereto at points 
spaced apart by a half wavelength, transmission lines 
which di?er in length by an odd number of quarter wave 
lengths connecting the output points of the directional 
couplers of said generators to‘ points onsaidmain .direc 
tional coupler spaced a quarter wavelength from the 
points of connection of both ‘said synchronizing signal 
source and said output circuit. 

7. Microwavegenerator according to _claim'6 wherein 
said directional couplers are formed as hybrid rings. 

8. Microwavegenerator according to claim 6 wherein 
said directional couplers are formed as wave .guide 
couplers. 

9. Microwave generator according to claim 6 wherein 
each oscillator consists of aplurality of oscillators. 

10. Microwave generator according to claim‘6 wherein 
a matched impedance is connected to each directional 
coupler of said generators. 

11. Microwave generator according to claim 10, in 
combination with means for measuring the energy in said 
impedance. 
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