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The present invention has for its object vari 
ous improvements in modulating systems for ul 
tra short waves chiefly guided waves. 

It has already been proposed to provide for the 
modulation of said waves inside the guiding 
means therefor. This method consists generally 
in branching off from said guide a coaxial line 
element that is closed over a magnetron. In the 
absence of any natural oscillations, the magne 
tron acts after the manner of a variable capacity O 

the variations of which are related with the anode 
voltage and with the intensity of the magnetic 
field applied thereto. 
The connection between the coaxial line ele 

ment and the guide or zone of said guide con 
trolled by a modulator forms a transition point 
producing the usual phenomena of reflection and 
refraction of the waves. 
Under such conditions, any modification in the 

capacity formed by the magnetron at the end of 
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20 
the coaxial element leads to a modification in 
the corresponding coefficients of reflection and 
transmission in the guide and it will be readily 
understood that through action on the latter the 
waves passing out of the guide or transmitted 
waves are finally amplitude modulated at the 
frequency of variation of the equivalent capacity 
of the magnetron. 
Such prior methods show various drawbacks. 
On one hand, the well-known drawbacks that 

are inherent to amplitude modulation and on the 
other hand that according to which the energy 
reflected in the guide returns towards the source 
and under certain conditions is detrimental to 
the latter. - 
The improvements provided by the present in 

vention have for their object to remove such 
drawbacks, on one hand by substituting for ampli 
tude modulation another form of modulation to 
be disclosed hereinafter with further detail and 
on the other hand by preventing the return to 
wards the source of the reflected energy. 
In its principle, the present invention consists 

in using so called quarter wave arrangements for 
preventing the return towards the source of the 
energy reflected by a modulating arrangement 
acting on a coefficient influencing the reflection 
characteristics. - - - -- " - - '..e. , 

Thus, the "ultra-short and more particularly 
the 'guided waves are submitted to modulation 
inside a zone of the wave guiding means so as 
to modify simultaneously and in opposite direc 
tions the coefficients of transmission and reflec 
tion of the waves propagated through said guid 
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2. 
prised between two quarter wave arrangements 
incorporated into said guide. The waves propa 
gated inside said guiding member assume pref 
erably a rectilinear polarisation to either side of 
the two quarter waves defining said modulating 
Zone inside which the polarisation is a circular 
or more generally an elliptic polarisation. Con 
sequently the method proposed consists in trans 
forming the waves fed by the transmitter into 
two waves polarised at right angles with refer 
ence to one another, through the agency of the 
quarter wave arrangements, after which both 
latter waves are amplitude modulated so that the 
peaks of one of them correspond with the mini 
mum values of the other. 
According to a particular feature of the inven 

tion, the return energy is dissipated inside an ab 
Sorbing resistance. 
According to a further preferred feature of 

the invention, the reflected energy is reintro 
duced into the transmission system beyond the 
modulator and radiated. 
The energy that is finally radiated is fur 

nished to the radiating member through two 
separate tracks of which one is direct and passes 
through the guiding zone that is controlled by 
the modulator while the other corresponding to 
mere reintroduction is followed by the energy 
reflected in the above mentioned zone. However, 
the radiating member receives energy through 
both tracks and radiates it in polarisation planes 
that are perpendicular or substantially perpen 
dicular to one another. This provides a modul 
lation system wherein the waves passing out of 
the transmitter are transformed into two waves 
that are polarised perpendicularly to one an 
other and both polarised waves are amplitude 
modulated whereby the peaks of one wave coin 
cide with the minimum values of the other. 
The device termed quarter wave device oper 

ates quite similarly to the well known quarter 
Wave blade used in optics when operating with 
crystalline media. A wave may always as well 
known be considered as the sum of two waves 

easy to phase-shift through 90° one of the com 
ponents with reference to the other in order to 
obtain a so-called circular light. w 

According to a modification, it is possible to 
incorporate the modulating system inside the 
wave guiding member and to locate it inside the 
modulating zone comprised between the two 
quarter wave arrangements. 
According to this: modification there is ar 

ing member, said modulation zone being com- 55 ranged along the axis of the guiding member 
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and inside the modulating zone an emitting cath 
ode and perpendicularly to said axis and co 
axially with reference thereto an anode-forming 
diaphragm. 
In the vicinity of said diaphragm are arranged 

one or more coils fed with direct current and 
having for their object to form a permanent sta 
tionary magnetic field in the annular space sepa 
rating the cathode from the anode. 
The above arrangement forms a locked magne 

tron as its operating conditions are selected in 
a manner such that the electrons transmitted 
by the cathode do not practically reach the an 
Ode. 
The low frequency modulating voltage is ap 

plied to the cathode and modifies its instan 
taneous voltage with reference to the anode 
whereby the paths of the electrons in the plane 
of the anode are more or less contracted or ex 
panded. Consequently the distribution of the 
spatial loads inside the annular Space between 
the electrodes varies at the Same frequency aS 
the modulation and the mean conductivity varies 
also with said distribution as well as the coeffi 
cients of transmission and reflection of the waves 
inside the Space considered. 
The connections required for heating the cath 

ode and for energizing through the modulating 
voltage the anodes on one hand and the adjacent 
coils on the other hand, are arranged in a man 
ner such as to disturb as little as possible the 
propagation of waves inside the guiding mem 
ber, the modulating voltage not being taken into 
account from this standpoint. 
The arrangements proposed Will be set forth 

more clearly hereinafter So that the invention 
will be better understood by those skilled in the 
art to which it relates. 

Referring to the drawings briefly: 
Fig. is a diagrammatic illustration of an en 

bodiment of this invention; 
Fig. 2 is a diagrammatic illustration of a modi 

fied form of this invention; 
Fig. 3 is a view partially in section of an assem 

bly of two quarter wave sections such as shown 
in Fig. , coupled by a magnetron; 

Fig. 4 is a side view of the diaphragm forming 
the anode of the modulating magnetron shown in 
Fig. 3 and 

Figs. 5 and 6 are employed for the purpose of 
illustrating features of operation of this inven 
tion. 

Returning to Fig. 1 a guiding member will be 
Supposed for Sake of an easier understanding to 
have a horizontal axis and a rectangular cross 
Section, the long Side of the rectangle being 
arranged vertically and Said guiding member re 
ceiving through the input 2 the waves from the 
transmitter. It is a well known fact that a guide 
thus directed transmits a Wave H the electric field 
of which is directed horizontally. 
A first quarter wave arrangement 3 transforms 

into circularly or elliptically polarised waves the 
waves H that it receives from the guide to which 
it is connected. A Second quarter wave arrange 
ment 4 transforms again the circularly or ellip 
tically polarised Waves passing out of the device 3 
into rectilinearly polarised waves that are trans 
mitted in their turn under the form of waves H. 
into the guiding element 5. The two quarter 
Wave arrangementS 3 and 4 are located inside a 
common guide 6 that by Way of example and by 
no means in a limiting Sense is assumed to have 
a Square croSS-Section and to be shifted angularly 
through 45° with reference to the guide elements 
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4 
I and 5 of the drawing; or elese these two quarter 
Wave arrangements form simultaneously the 
guiding means. But in all cases Said quarter 
wave arrangements are separated by a space 
wherein the branch lines 8 from the modulating 
means 9 enter So as to form inside the guide a 
transition point for the Wave. Said space T will 
be terned hereinafter the nodulator-controlled 
Zone of the guide. 
From the input end 61 of the guiding member 6, 

there branches off a third guiding member 0 of 
lectangular croSS-Section Similar to the guide 
member , but of which the long side of the rec 
tangular cross-Section is arranged horizontally, 
taking into account the angular setting aSSumed 
by Way of example for the other members. The 
guiding member 9 is thereby capable of trans 
mitting Waves of the type H the polarisation of 
which is rectilinear and the electric field of which 
is vertical. 

According to a first form of execution of the 
invention, the guiding member 10 is closed over 
an energy dissipating impedance. 
According to a second form of execution of the 

invention, said guiding member 0 opens at the 
Same vicinity as the guiding member 5 in the 
input Surface of a horn or the like suitable 
radiating system. Inside the guide O is pro 
vided a phase shifting device 3 known per se, 
having for its object a modification in the differ 
ence in phase between the waves H transmitted 
to the radiating member 2 through the guiding 
member 5 Oil One hand and the Waves H trans 
mitted through the guiding member 0 on the 
other hand. 
The above described-system operates as follows: 
The waves produced by the source and passing 

with a rectilinear vertical polarisation into the 
guiding member and thence with a circular 
polarisation into the space T inside the guide 6 
and are Submitted in Said space to a reflection 
and a transmission of variable ratio by reason of 
the action of the modulating member 9. 
The Waves that are reflected towards the trans 

mitter by reason of the presence of the quarter 
Wave System 3 cannot enter the guiding member 
but are Switched into the guiding member 0 in 
side which they are polarised horizontally; these 
Ireflected Waves cannot therefore return towards 
the transmitter which is thus protected against 
their interfering action. The guiding member 0 
may be terminated with an energy dissipating im 
pedance 4f consisting of a wedge made of wood 
or other Suitable material, as shown in Fig. 2, so 
that the energy of the reflected waves is simply 
absorbed thereby. 

If, on the contrary, as illustrated in Fig. 1 of 
the drawing, the guiding member to leads to the 
radiating member 2, the energy of the waves 
reflected at is added to the energy of the Waves 
transmitted through the quarter Wave device 4 
and the guiding member 5 and is then propagated 
through Space. 
In this latter case and by reason of the presence 

of the phase shifting device 3, in the guiding 
member 10, the Waves H. passing out of the guide 
5 and assuming a vertical rectilinear polarisation 
are phase shifted with reference to the waves H. 
passing out of the guide 0 and assuming a hori 
Zontal rectilinear polarisation, by a correspond 
ing angle, and are consequently adapted to re 
constitute inside the member 2 or in space waves 
having a circular or elliptic polarisation. 
Lastly the radiating member 2 is fed on one 

hand through the guide followed by the guide 
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6, followed in its turn by the guide 5 with the 
waves transmitted through the zone 7 controlled 
by the modulator 9, said system forming a cir 
cuit for direct transmission, and on the other 
hand by means of the guiding member 10 shunted 
off the above system and forming a circuit for 
reinjecting the waves reflected in the above men 
tioned zone . 
In the improved system according to the in 

vention, the action of the modulating member 
consists in reducing the coefficient of transmis 
sion in order to increase the coefficient of reflec 
tion of the Waves and vice-versa; but it is a known 
fact that the sum of these two coefficients is con 
stantly equal to unity. Now the energy of the 
reflected waves is radiated to the same extent 
and in the same manner as the energy of the 
transmitted waves and also in the same direction 
and through the same means. The energy of the 
resultant waves propagated in Space is thereby 
constant and in all cases independent of modul 
lation. 
In brief, the modulation method forming the 

object of the present invention consistS in trans 
forming the waves produced by the transmitter 
into two waves polarised at right angles with 
reference to one another and in modulating then 
both as to amplitude whereby the maximum 
amplitude of one wave may coincide with the 
minimum amplitude of the other. 
Turning now to the modification illustrated in 

Fig. 3, 2 and 2i designate respectively the wave 
guides, which are illustrated as of Square cross 
section, said shape being the preferred shape 
without this forming a limitation of the inven- : 
tion. This figure shows with further detail a 
cross-section of the modulating Zone of Fig. 1, 
the emitting cathode is shown at 24, the axial 
connecting wires are shown at 25 and 25' while 
26-26, 2-27 designate the radial connecting 
wires for connecting the cathode 24 to the Sec 
ondary of the transformer 42. The primary of 
this transformer is connected to a Source of cath 
ode heating current supply. The anode forming 
diaphragm 28 of the magnetron is attached to 
the inside of the metal housing 32 and extends into 
the evacuated chamber 3f. The cathode 24-of the 
magnetroni is positioned in the hole of the anode 
forming diaphragm 28 inside of the evacuated 
chamber 3. 
housing and electrostatic shield around the mag 
netron field coil 29 and also functions to con 
nect the anode 28 with the walls of the Wave 
guides 2 and 2. 
The heating of the cathode 24 is ensured either 5, 

by means of direct current or by alternating cur 
rent. In the first case, it may be of advantage 
to form the heating circuit for instance by means 
of leads 26, 25, 25 and 26, the heating filament 
passing through the cathode 24. The modulat 
ling voltage is applied to the Cathode by means 
of the leads 27, 25, 25, 27. 
In the second case, it may be of advantage to 

form the heating circuit for instance, by means 
of leads 25, 26 and 27, the heating filament form 
ing a loop inside the cathode in order to do away 
With the magnetic field produced by the heating 
current and to apply the modulation voltage for 
instance by means of leads 26', 25 and 27. 
The radial connecting leads and the leads form 

ing therewith conjugated semi-reflecting systems 
may or may not be connected electrically in any 
suitable manner such as through direct connec 
tion or through a condenser, Which means are 
electrically protected inside the guiding member 

The conductive casing 32 forms a 5 
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6 
by any suitable means, such as may in particua 
lar form coaxial lines; these leads have in any 
case a sufficiently small cross-section so as not to 
produce any substantial reflecting effect inside 
the guide or at any rate such reflection effects 
should not be capable of disturbing the propaga 
tion of the Waves. 

It is also possible to reduce to one the leads 
forming the heating circuit of the cathode 24 
and to apply thereto a modulation voltage so 
that they constitute a single axial lead extending 
throughout the Zone where the waves assume the 
transversal electric type with a circular or more 
generally an elliptic polarisation in which case 
the outer connections formed by means of leads 
that are perpendicular to the electric field end in 
a Zone where the Waves are polarised rectilinearly. 
The thickness and the opening of the dia 

phragm 28 forming the anode are selected in a 
manner such that the variations in the modu 
lating voltage may provide a linear modification 
between Zero and of the transmission coef 
ficient of the above described system, forming a 
Sort of impedance inside the guiding member 
21-2?. To this purpose, the opening may for 
instance be circular and of a suitable diameter 
or else cross-shaped as illustrated in Fig. 4. 

For the same purpose, the field coil 29 is made 
as fiat as possible so as to make the impedance 
formed by the modulating system as a whole in 
side the guide as little reflecting as possible. 
However, the cross-section of coils 29 and 29, 
taking into account their distance is selected in 
a nanner Such that the structure of the mag 
netic field in the annular space between the cath 
ode 24 and the anode 28 may have any predeter 
mined desired shape such for instance as that 
of a substantially uniform field. 

FigS. 5 and 6 illustrate the paths of the elec 
trons in the annular space separating the cath 
ode 24 from the anode diaphragm. 28. 

Fig. 5 corresponds to the case where by reason 
of the modulation voltage applied to the cathode 
24, the drop in the instantaneous voltage and 
the radial instantaneous electric field between 
the electrodes 24 and 28 are at a minimum. In 
this case, the paths of the electrons such as t1, t2, 
is etc., aSSunning a Spiral shape are more con 
tracted round the cathode 24 and remain at any 
rate inside a circumference having as a radius 
r that forms the upper limit of their radial ex 
tension. 

Designating by p the radius of the actual open 
ing of the diaphragm 28, the operation, by rea 
son of the modulation, is the same as if the effec 
tive opening therein were reduced to an annular 
opening the Surface of which remains constantly 
between the two values T (p2-r2) and it (p2-R2). 

In brief, it may be stated that the nodulation 
has for its object to modify automatically the 
opening of the diaphragm located inside the Wave 
guide, in a manner Similar to that of the modifica 
tion by hand or automatically of the Opening of 
the iris diaphragm of a lense for Optical purposes. 
The variations at the frequency of nodulation 

of the coefficient of transmission of the diaphragm 
are a direct consequence of the variations of its 
efficient opening. 
What I claim is: 
1. A modulating System for modulating ultra 

short Waves comprising a Wave guide, tWO duar 
ter wave Sections connected in Series in Said Wave 
guide, a magnetron between Said quarter Wave 
Sections for modulating said Waves, means for 
transmitting the modulated Waves, a Wave guide 
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connected between said last mentioned means 
and the input to said magnetron for feeding 
the reflected waves therefrom to said transmit 
ting means and phase shifting means in Said 
last mentioned Wave guide. 

2. A modulating System for modulating ultra 
short waves comprising a Wave guide, two quar 
ter wave sections connected in series in Said 
wave guide, a magnetron in said wave guide be 
tween said quarter wave arrangements for modul 
lating said waves, means for transmitting the 
modulated waves and a dissipating impedance 
adapted to absorb the reflected wave energy re 
turned by Said magnetron. 

3. A modulating system for modulating ultra 
short Waves comprising a wave guide, a first quar 
ter Wave section and a Second quarter Wave Sec 
tion connected in series in Said Wave guide, a 
magnetron in said Wave guide between Said quar 
ter wave sections for modulating said waves, and 
means for reinjection into said Wave guide at a 
point beyond said second quarter wave Section, 
the energy reflected by Said magnetron. 

4. A modulating system for modulating ultra 
Short Waves comprising a Wave guide, means for 
rectilinearly polarizing the waves fed to said Wave 
guide, a first quarter wave section and a Second 
quarter wave section connected in series in Said 
wave guide, a magnetron in said Wave guide be 
tween said quarter wave Sections for modulating 
said waves, means for reinjecting into Said Wave 
guide at a point beyond said second quarter wave 
section, the wave energy reflected by the said 
magnetron, and means for transmitting said 
modulated Waves. 

5. A method for modulating guided ultra-short 
waves, the steps consisting in transforming the 
Waves into two component waves polarized at 
right angles with reference to one another, pass 
ing said waves through a first quarter Wave Sec 
tion, and amplitude modulating said waves so 
that the maximum values of one of Said polar 
ized waves occur simultaneously with the mini 
mum values of the other of Said polarized Waves. 

6. A nodulating System for ultra-short Waves 
comprising a wave guide, means for rectilinearly 
polarizing the waves entering said wave guide, 
two quarter wave Sections connected in Series in 
said wave guide, means in said wave guide be 
tween said quarter wave sections for modulating 
said waves, means for reinjecting into said Wave 
guide at a point beyond the Second quarter wave 
Section, the Wave energy refected by Said nodul 
lating means, means for polarizing the last men 
tioned wave energy in a plane perpendicular to : 
the waves passing out of said Second quarter 
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8 
Wave Section, a radiating member adapted to re 
ceive Waves passing out of Said Second quarter 
Wave Section and the reflected waves passing out 
of Said reinjecting means and phase shifting 
means in Said reinjecting means for producing 
a difference in phase through a predetermined 
angle between the waves transmitted to said 
radiating member directly and the reflected waves 
paSSing through said reinjecting means. 

7. A modulating System for modulating ultra 
short Waves comprising a wave guide, two quar 
ter Wave Sections connected in Series in Said Wave 
guide, means for modulating the Waves in said 
Wave guide between Said quarter Wave Sections, 
Said means including a magnetron System 
located inside Said Wave guide and constituted 
by a cathode arranged axially of said wave 
guide, an anode consisting of a diaphragna 
coaxial With and Surrounding Said cathode, a coil 
Surrounding Said anode and Said cathode and 
means for energizing said cathode and feeding 
it With a modulation current for modifying the 
transmission coefficient for the ultra-short Waves 
through Said magnetron at the frequency of 
modulation. 

8. A nodulating System for guided ultra-short 
Waves comprising a Wave guide, two quarter Wave 
Sections connected in Series in Said wave guide 
and means in said wave guide between said qual 
ter Wave Sections for modulating said Waves, Sald 
means including a magnetron system located 
and constituted by a cathode arranged axially 
of Said Wave guide, an anode consisting of a dia 
phragna coaxial With and Surrounding Said Cath 
ode, a coil surrounding said anode and cathode 
and means for energizing the cathode and feed 
ing it with a modulation current for modifying 
the transmission coefficient through the magne 
tron at the frequency of modulation and means 
adapted to prevent Said last mentioned means 
from affecting the propogation of the waves 
through Said wave guide. 

GEORGES ROBERT PIERRE MARIE. 
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