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8 Claimis. 

This invention relates to modulating appara 
tus, and more particularly to apparatus for mod 
ulating electromagnetic energy in the microwave 
region of the Spectrum. 
While not limited thereto, the present inven 

tio is admirably adapted for use as a balanced 
modulator in the local frequency-controlling sec 
tion of the terminal station disclosed in the co 
pending application of George G. Bruck, Philip E. 
Voi2, Faul J. Pontecorvo and Malcolm C. VOS 
burgh, entitled "Radio communication system,' 
Serial No. 650,716, filed February 27, 1946. 
One of the objects of the present invention is 

to provide a suppressed-carrier modulator in 
which impedance-matching problems, normally 
difficult of solution, are considerably simplified. 
Another object of the present, invention is to 

provide a balanced modulator capable of han 
dling a relatively wide frequency band with a 
: iiii U in of distortion. 
These, and other objects of the present inven 

tica, which will become fore apparent as the de 
tailed description thereof progresses, are at 
tailed, briefly, in the following manner: 

She invention contemplates the provision of 
IIleans, for example, a, Wave-guide section, hav 
ing a perpendicularly extending branch arm re 
ceptive Cf a carrier wave, for deriving fron said 
carrier Wave two constituent waves of opposite 
phase. Said constituent Waves are applied to 
eans, for example, a pair of series-connected, 

non-lineair impedances Which terminate the op 
pCSite ends of said wave-guide section, which are 
also receptive, in parallie, Of a nodulation wave, 
Whereby two additional constituent waves of op 
gosite phase are derived and combined, respec 
tively, with said first-named constituent waves to 
produce sideband waves. Said sideband waves, 
together With portions of Said first-named con 
stituent Waves reflected from Said non-linear 
impedances, are fed to means, for example, a 
Second branch arrin extending perpendicularly 
from said Wave-guide section, perpendicularly to 
said first-narned branch arm, whereby said side 
band Waves are combined and transmitted to a 
load, and said reflected portions of said first 
nanned constituent Waves are coinbined so as to 
suppress the same in the direction of said load. 

in the accompanying specificatioin there shall 
be described, and in the annexed drawing shown, 
an ildiu: Strative embodiment of the in o dullating ap 
paratus of the present iravention. It is, however, 
to be clearly understood that the present inven 
tion is not to be limited to the details herein 
shown and described for purposes of illustration 
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only, inasmuch as changes therein Inay be made 
without the exercise of invention, and Within the 
true Spirit and scope of the claiias hereto ap 
pended. 

In said drawing, the single figure is a Schematic 
diagram of a modulating device assembled in ac 
cordance with the principles cf the present in 
Vention. 

Referring now more in detail to the afore 
said illustrative embodiment of the p"esent in 
vention, With particular reference to the dira, 'y- 
ing illustrating the same, the nuimiera? 3 gen 
erally designates what may be terried a double 
T-Shaped Wave-guide assenbly. Such &l 2.SSeñ1 
bly includes a cross-arm from the certer of 
which, or from what will hereinafter te called a, 
common junction 2, extend two branch airlins 3 
and it, said cross-arm being corninon to both is, 
and said branch. arns being perpendicular to said 
cross-arm, and to each other. As herein shown, 
the branch arm is recedes from the observer for 
a short distance from the coininon junction 3, 
then bends downwardly, and is then twisted 
through an angle of 90. 
The opposite ends of the cross-arin terminate, 

respectively, in non-linear inn pedances, for ex 
ample, rectifying crystals í 5 and í 3, said crystals 
being oppositely disposed with respect to each 
other, and connected in series through a resistor 
È and a solirce 3 of direct cuºrent. The con 
ductors coninecting Said Crystals aSS through 
insulators 9 to 22, inclusive, iii.ountad in the 
cross-arra : i, the insulators : 8 and 2 : being of 
such construction (not specifically slow,71) as to 
present capacitances (3 and ?#3 betWýeera oix e? side 
of each of Said crystals and the cross-airin itself, 
the latter being grounded as shown. The crystals 
5 and 6 are further connected to provide pair 

allel inputs to grouted through 3, Capacitc. 25 and 
the primary Winding is of an out;)ut, transfor:yer 
2 having a secondary winding 23. 
The source 8 of direct current constitutes a 

bias for the purpose of enabling operation of the 
crystals at favorable points along their charac 
teristic curves, and the series circuit is for the 
purpose of passing equal currents through said 
crystals to assure their similar behavior even 
though both be misnatched to the Wave-guide 
assembly. 
For an understanding of the operation. Of the 

device, assume that a carrier wave oc is traveling 
down the branch arra 3 toward tie connon 
junction f2 with its electric vector pointing, ar 
bitrarily, to the right. As this wave reaches the 
junction 2, it splits into two constituent waves, 
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one, having its electric vector pointing down 
Wardly, traveling along the CrOSS-arin Wave-guide 
section toward the crystal 5, and the other, 
having its electric vector pointing upwardly, 
traveling along said wave-guide section to 
ward the crystal 6. 

Now, further assume that a modulation Wave 
wm is applied to the transformer 27, and that the 
two constituent waves derived therefron by rea 
son of the parallel connection thereof across the 
crystals is and 6 have their electric vectors 
pointing in the same direction, arbitrarily, down 
Wardly. 

thus, there arrives at the crystal 5 two sim 
ilarly-phased constituent Waves, and there ar 
rives at the crystal í6 two oppositely-phased con 
stituent Waves. However, because of the op 
posite disposition of the crystals 5 and 6 With 
respect to each other, it can be considered that 
the modulating constituent Wave arriving at that 
crystal With respect to Whose conducting direc 
tion said constituent Wave is out of phase, in 
the case under consideration, the crystal f6, is, 
in effect, phase shifted 180°. Therefore, effec 
tively, the Waves at said crystal 6 are of like 
phase, although their phase is opposite to that 
of the similarly-phased constituent Waves at the 
crystal 5. As a result, the phases of the side 
band Waves ac-com produced, respectively, at the 
crystals i5 and A6 may be considered positive 
in a Srinuch as the component waves of each are of 
like phase. 
The Similarly-phased sideband Waves thus pro 

duced, together with the out-of-phase portions 
of the carrier constituent Waves reflected from 
the crystals 5 and 6, travel along the wave 
guide section toWard the common junction 2. 
At said junction, the Sideband waves combine 
and are propagated along the branch arm A. 
The crystal-reflected carrier waves combine and 
are propagated back along the branch arm 3 
from whence the initial carrier Wave came, but 
since these crystal-reflected carrier Waves are of 
opposite phase, they are suppressed in the direc 
tion of the branch arm 4. Thus sidebarad and 
carrier Waves are effectively separated. 
While the branch airn 3 has, in the fore 

going description, been considered as the input 
for the carrier Wave, it is desired to point out 
that the branch arm. A may be used as the input 
for the carrier, in which case the branch arm 
A3 becomes the output for the sidebands. 
This completes the description of the aforesaid 

illustrative embodiment of the present invention. 
Objects and advantages thereof, in addition to 
those Set forth in earlier portions of this specifi 
cation, will readily occur to those skilled in the 
art to Which the Sane relates. 
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What is claimed is: 
1. Modulating apparatus comprising: a Wave 

guide section, having a perpendicularly extending 
branch arm receptive of a carrier Wave, for de 
riving from said carrier Wave two constituent 
waves; a pair of Series-connected, non-linear 
impedances terminating the opposite ends of Said 
Wave-guide section, receptive, in parallel, of a 
modulation wave and receptive of said constitu 
ent waves, for deriving from the former two 
additional constituent Waves of opposite phase, 
and combining the same, respectively, With said 
first-named constituent Waves whereby sideband 
Waves are produced; and a second branch arm 
extending perpendicularly from said wave-guide 
Section, perpendicularly to said first-named 
branch arm, receptive of Said sideband waves 
and receptive of portions of Said first-named 
constituent Waves reflected from said non-linear 
impedances, for combining said sideband waves 
and transmitting the same to a load, and combin 
ing Said reflected portions of said first-named 
constituent waves and suppressing the same in 
the direction of said load. 

2. A balanced modulator comprising: a wave 
guide Section having series-connected, non-linear 
impedances terminating the opposite ends there 
Of; a carrier-receiving branch arm extending 
perpendicularly from Said Wave-guide section; a 
Source of modulation; an impedance, receptive 
of said modulation, connected, in parallel, across 
Said non-linear in pedances; and a Sideband 
receiving branch arm extending perpendicularly 
from said Wave-guide section, perpendicularly to 
said carrier-receiving branch arm. 

3. A balanced modulator comprising: a Wave 
guide section having Crystal detectorS terminat 
ing the opposite ends thereof; a carrier-receiving 
branch arm extending perpendicularly from said 
Wave-guide section; a source of modulation; an 
impedance, receptive of said modulation, con 
nected, in parallel, across said crystal detectors; 
and a Sideband-receiving branch arm extending 
perpendicularly from said wave-guide section, 
perpendicularly to said carrier-receiving branch 
al 
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