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1. 
This invention relates to tubes serving for the 

generation or the amplification of electric oscil 
lations of a ultrahigh frequency, in which it is 
desired, for the purpose of increasing the output, 
to favor an electromagnetic oscillation of a par 
ticular order in comparison with the others, or 
even to completely eliminate the latter. 
The invention relates more particularly to tubes of the type called magnetrons having a cylin 

drical anode slit parallel to the longitudinal axis 
or generatrices of the cylinder, and divided into 
a certain number of segments disposed about the 
cathode. 

Heretofore, for the purpose of obtaining the 
desired effect, segments have been arranged two 
by-two in short-circuited relation by means of 
conductor tabs, but these means introduce con 
siderable losses due to high frequency circulation 
currents in the said connections; moreover, they 
complicate manufacture and production due to 
the fact that they have to be clamped or welded, 
Which is difficult to carry out under the condi 
tions of the Smallness of the elements concerned. 
The subject of the present invention consists 

in a process of manufacture and in the construc 
tion of such tubes enabling elimination in an as 
Sociated circuit of all the Oscillation, except prac 
tically one, without resorting to the hereinbefore 
mentioned short-circuiting arrangements, and 
thereby avoiding the losses and the complication 
in manufacture in connection. With their emi 
ployment. The invention insures this result by 
giving the anodic segments of magnetrons a sec 
tion approaching the form of equipotential lines 
of the electromagnetic oscillation of a particular 
order which is the only one to be selectively main 
tained in practice. In order to obtain such an 
equipotential surface, the anodic segment is con 
structed in a very characteristic rounded form 
which clearly distinguishes it from the sharp 
edge segments of the anode of classical mag 
netrons, having edges formed by the notches 
along the generatrices of the cylinder provided 
in the body of the anode. , 
The invention is also directed to a process 

which, for a certain number of given parameters, 
Such as the Order of the oscillation to be flavored, 
the number of Segments, the diameter of the 
cathode and that of the anode, enables the trac 
ing of the desired equipotential lines, and there 
by the determination of the patterns for the cut 
ting of the anodic segments. The latter will have 
a-section resembling the form of a hairpin whose 
apex is directed toward the cathode, and whose 
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Suing from the axis of the cathode. 
My invention will be more fully understood 

from the following specification by reference to 
the accompanying drawings, which illustrate, 
by Way Of non-limiting examples, preferred forms 
of my invention and wherein: 

Figure 1 is a diagram showing the manner of 
laying out the desired equipotential surfaces; Fig. 
2 represents a fragmentary view of a magnetron 
whose segments have been prepared according to 
my invention, and in which for the sake of sim 
plicity the anodic crown and the cathode which 
normally have a circular form have been shown 
in a straight line; Figs. 3 and 4 show modified 
forms of elements of a magnetron constructed 
in accordance With my invention and in which 
there is ShoWn the connection between the sec 
tioned notches of resonant cavities of various 
forms; Fig. 5 represents the application of the in 
vention to magnetrons with overlapping anodic 
Segments; Figure 5a represents a partial section 
of this magnetron along the line 5a-5a, in Fig 
ure 5; and, Fig. 6 represents the application of 
the invention to magnetrons. 
There will first be considered a classical mag netron operating at an ultrahigh frequency and 

having a cylindrical anode slit parallelly with 
the generatrices of the cylinder. Assume that 
the number of the said slots is n. 
The energy produced by the Work of the elec 

trons radiates, through the intermediary of the 
Said slots, to the interior of a connected cavity. 
The presence of slots produces, in the interval 
Separating the cathode from the anode, a sta 
tionary electromagnetic field, which can be di 
vided into two fields of waves, the one travelling 
in the One direction and the other in the other 
direction. The electric field in this space has 
tWO components, the One radial and the other 
tangential. The radial component is maximum 
When the tangential component is zero, and con 
versely. 
The continuous. Current of the anode, and the 

presence of a magnetic. field, create. a movement 
of rotation of the electrons, whose velocity de 
pends on the potential of the anode, and the 
Size of the magnetic field. When the velocity 
of displacement of the electrons is substantially 
equal to the velocity of rotation of one of the 
traveling electro-magnetic fields, there occurs a 
loss of kinetic energy of the electronic charge 
which increases the electromagnetic field. The 
electromagnetic field increases in amplitude un 
til the moment at which the energy produced 
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equals the sum of the energies radiated by the 
oscillator and lost by the Joule effect in the walls 
of the circuits. 
In general, circuits Which are all dispOSed in 

series on the path of the electromagnetic wave 
constitute an indefinite chain capable of trans 
mitting an indefinite number of electromagnetic 
waves circulating at speeds of rotation, as fol 
lows: 

at 2at 27t 2at 2t 
T' 3Ti 4T 5T 

in which T is the period of oscillation. 
These different modes of propagation of the 

electromagnetic wave furnish between the lips 
of a same slot differences in phase equal to 

2T 27 27r 
3. 4. 5 etc. 

It is of the greatest interest to retain only one 
of these modes of propagation of the electro 
magnetic field in Such a Way that all the actions 
of the field are in phase with the movements of 
the electrons. There is usually retained only 
the mode for which the electromagnetic output 
of the tube is the best. For the purpose of 
avoiding the other modes of propagation there 
is a known method for arranging the electrodes 
into Short-circuit two-by-tWO by means of Strap 
connections. 

It will now be demonstrated that it is possible, 
by giving, according to the invention, the anodic 
segments a suitable form, to retain only the mode 
of oscillation of the order pi, without resorting to 
the short-circuit connections, thereby avoiding 
high frequency loSSes, and complications in 
manufacture. 
Consider in effect the equation of the elec 

tromagnetic field in cylindrical coordinates r,a,Z. 
(Fig. 1) and aSSume, aS is usually the case, that 
the electric and magnetic Vectors are inde 
pendent of the coordinate along the axis of the 
cylinder. Assume, further, the period wave of 
pulsation kcc. The cathode may be assumed to 
be a perfect conductor and, under this assump 
tion, the electric field has no tangential com 
ponents on the Surface of radius roof the cathode. 
The general solution for electric and magnetic 

vectors is of the following form: 

etc. 

p=0 
rE=X ApZp (kr) cos pe' 

p 
p a 0 - 

Ea=X ApZ'p(kr) sin peike 
p 
p=0 - 

H. = ik) Azo(r) sin pect 
7, p 

in which Er is the radial component of the elec 
tric vector; E is the tangential of the electric 
vector; Hz is the axial component of the mag 
netic field, the other components being zero. 
K is a constant of integration; Z'p (kr) is a 

derivative of this function in relation to kr; Ap 
is a coefficient of amplitude; p represents the 
order of the mode propagation, which varies from 

72, 

2 

for the pi to p=0 for the mode corresponding to 
a cylindrical magnetron without slots. The se 
quence of the numbers p is 
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Each Solution of the order P must satisfy the 
condition. E=0 on the cathode, from which it 
results that Z'p (Pcro) =0 for all the values of p, 
This condition determines the value of K. 
The amplitudes Ap of each of the waves can be 

selected in such a way that one of the equi 
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potential lines of the electric field coincides with 
the form of the anodic surface. With a given 
form of the anodic surface, these amplitudes will 
be a Series of values more or less great. If the 
form of the Surface of the anode is selected in 
Such a Way. that the amplitudes Ap are all zero 
except the amplitude of the wave corresponding to 

7, 

2 

(mode pi), then there can only exist the elec 
tromagnetic wave of order 

2, 

2 

corresponding to the mode pi, and the other waves 
Will not be able to propagate themselves. Thus, 
by calculating the equipotential lines of the field 
corresponding to the order pi, and employing one 
of these equipotential lines as the surface of the 
anode, there is only retained the mode pi, to the 
exclusion of all the other modes. It is this which 
constitutes the principle of my invention. 

2tr 
A 

is usually a number sufficiently smaller than 1 
that there is only retained the first term of the 
development in series of the function Zp(kr). 
The components of the electromagnetic field of 
Order 

cras 

then became as follows: 

rE,-()'+()' cospelle 
rE=-(E)-(?)", sin peke 

H,-()'+(2) sin perhe 
These equations show that, if icr always re 

mains sufficiently smaller than 1, that is, if the 
perimeter of the anodic circumference is small 
enough for the wave length, then the form and 
amplitude of the electromagnetic field are inde 
pendent of the frequency. 
The equipotential lines of the electric field are 

represented by the equation: 

()-(E)- ro r/cos p. 
and their forms are independent of the frequency. 

Fig. 1 represents the application of this equa 
tion to the tracing of the equipotential in the 
case of a magnetron with ten slots 

(n=10 and p==5) 
The cathode is designated by C; the reference E. 
designates a point on the equipotential line de 
fined by the coordinates a and r; for the angle a 
equals Zero cos pa becomes equal to 1; and r 
denotes the inside diameter R of the anode. This 
enables determination of the constant A. When 



2,610,309 
5 

p is sufficiently great, and the diameter of the 
anode is sufficiently great compared with the 
diameter of the cathode, then the term 

becomes negligible. The equipotential lines be 
Coe. - , 

r= P-, 
(cos. p.)4 . . . 

and are practically independent of the diameter 
of the cathode. The foregoing equation enables the tracing of 
the equipotential lines. E1, E2, etc., for any mag 

0. 

netron with slots whose parameters, are given, 
and for any single mode of propagation which 
it is desired to maintain. With the help of these 
lines.as patterns it is easily possible to trace and 
cut out the segments in the crown of the anodic 
crown. While in the classical magnetrons the 
faces of the segments turned toward the cathode 
present a form of circonvolution bounded by 
sharp edges, the magnetron according to this 
invention presents rounded edges and the section 
of segments resembling the form of a hairpin 
whose rounded Summit is turned toward the 
cathode and whose branches are directed toward 
the exterior along the asymptotes Y-Y of the 
equipotential lines as shown in Fig. 1. 
: Moreover, the magnetron according to my in 
vention is characterized by the absence of short 
circuiting connections between the anodic seg 
ments. If it is desired for the purpose of eliminat 
ing all the waves except one, particularly the 
wave pi, to give the anode a section identical to 
the equipotential line, there are thereby already 

20 

30. 
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obtained satisfactory results, enabling the short 
circuiting tabs to be dispensed with, and giving 
the said section a rounded form Similar to that of 
the equipotential lines. Magnetrons constructed 
in this way retain a high output, and do not re 
quire the employment of short-circuiting con 
nections. - ... . . . . . . 
In the case of the above calculation the radial 

wave which penetrates through the slot was 
assumed to be stationary. It may be regarded as 
the sum of two traveling waves. If the slot is 
terminated at aa' by a purely reactive impedance 
Z, Fig. 2, it is possible to avoid disturbing the 
wave in the zone which separates aa' from the 
cathode, and, for this purpose, it is Sufficient 
for the impedance to have such a value that the 
current and the voltage between dat' are identical 
with those prevailing in the electromagnetic field 
in this place. This impedance may be Zero, in 
which case act' is a short-circuit; in this case 
aa' must be disposed at Such a distance M that 
the electric field E is zero, that is, if the follow 
ing condition, between the above determined 
Bessel functions, is realized. 

When kro is small J'p(lcro) is practically zero, 
in which case M is calculated by the equation: 

This relation determines the depth M of the 
radial slits which terminate where the field be 
COneS Ze'O. 
For the purpose of simplifying the anode it is 

desirable to terminate the form of the Slot at ad,' 
with a purely reactive self-impedance by cutting 
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6 
such as is represented in Fig. 3, in which Mein 
dicates: the magnetic, coils and W the containing 
Wessel. 

Starting at aa' it would be possible to connect 
at the end of the slot any other form of cavity 
Serving to give a suitable self-impedance at aa, 
Fig. 4. 
The invention is also applicable to magnetrons 

With resonant segments, in which there are emir 
ployed two groups of Overlapping segments, the 
One inside the other, and all of them rediating 
into a single cavity surrounding the assembly. 
Such tubes have been particularly described in 
French Patent No. 835,305, filed March 16, 1938, 
and French Patent No. 839,690, filed. December 
1937, to the present applicant. In the case of 
these magnetrons the slot terminates in the form 
of an opening at da' and radiates toward the 
exterior. The impedance occurring between aa’ 
is complex, and has a real part. The wave which 
circulates in the slot is not stationary. The in 
cident wave transports a greater energy than the 
reflected Wave. The movement of the Wave can 
be represented by a system consisting of a sta 
tionary wave plus a fraction of a traveling wave 
circulating from the interior toward the exterior. 
This fraction of a progressive wave represents 
the useful energy. This energy is furnished by 
the work of the electronic charges in the interval 
between the cathode and the anode. Fig. 5 shows 
such a magnetron, which is particularly described 
in my patent application Serial No. 759,663, filed 
July 8, 1947. The segments P1 belonging to the 
One group overlap in the segments P2 of the op. 
posite group presenting an imbricated appears 
ance, and they surround the cathode C. Experi 
ence ShoWS that it is desirable to give the seg 
mentS. a, bevel in the direction of the cathode. 
The Section of these segments is represented in 
Fig. 5d., giving a partial view in section along 
5a--5a. It has been carried-out according to this 
invention, but instead of being solid these seg 
ments may also be hollow, and at the same time 
be given the rounded form. The invention is of 
the greatest importance in this case, because with 
this type of magnetron, the expedient of short 
circuiting by means of tabs is entirely, dispensed 
With, and the modification of the section of the 
Segriaents is all that is necessary to reach a high 
output through the elimination of all the oscils, 
lations except one. 

Fig. 6 represents another type. of magnetron, 
the so-called flat type, in which the cathode C is 
flattened instead of rounded, and is surrounded 
by the anodic segments P-P disposed along a 
contour which is also flattened. The latter are 
given a Section according to my invention. The 
results obtained are highly important in that the 
Ordinary method of short-circuiting by means of 
tabs becomes superfluous when the dimensions of 
the anodic plane are of the same order of magni 
tude of or greater than the wave length. The 
anodic slots may terminate either in a series of 
cavities connected as with the cylindrical magne 
tron, or, in the case of the magnetron with reso 
nant segments, in the interior of a single cavity 
into which all of the slots radiate. 

I desire that it be understood that the in 
vention is not limited to the types of magnetrons 
herein described but that it is applicable to any 
magnetron or any tube, regardless of its func 
tion, in which it is desired to eliminate all the 
nodes of propagation of the electromagnetic 
Wave except One, in Such a way that all the ac 

in the body of the anode a cylindrical cavity 75 tions of the field are in phase with the movements 
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of the electrons. The invention covers any tube 
serving for the transmission of short Waves, and, 
more particularly, ultrashort waves, in which this 
result is obtained by giving a suitable form to 
particular elements, particularly the anodic Seg 
ments in the case of the magnetron, which form 
is similar to or identical With the trace of the 
equipotential lines at the place of the said ele 
ments, in which the said lines correspond to the 
single wave which it is desired to maintain. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is as follows: 
1. Magnetron of the type having cavity resona 

tors comprising in the interior of an air-tight 
envelope, a single cathode, an anode surrounding 
Said Cathode and comprising a plurality of Seg 
ments extending towards the cathode, and whose 
section in the plane perpendicular to the cathode 
axis is bounded by a curve in the form of a hair 
pin whose apex is directed toward said cathode, 
and means adjacent Said magnetron for produc 
ting a magnetic field parallel to the axis of the 
cathode. 

2. Magnetron comprising in the interior of an 
air-tight envelope, a Single cathode, an anode 
surrounding said cathode and comprising a plu 
rality of segments extending towards the Cathode, 
having a section determined substantially by the 
equation in polar coordinates r and a: 

()-(E)- ro r/T cos p. 
in which ro and A are parameters, and p the node 
of propagation of the Wave produced by Said 
magnetron, and means adjacent said magnetron 
for producing a magnetic field parallel to the 
axis of the Cathode. 

3. Magnetron of the type having cavity resona 
tors comprising, in the interior of a gas-tight 
envelope, a cathode, a single cylindrical anode 
coaxial With and surrounding said cathode, a 
plurality of slits formed in the said anode, ter 
minating on the one hand in said cavity resona 
tors and opening on the other hand on to the 
cathode-anode space, said slits defining anodic 
Segments whose section in a plane perpendicular 
to the cathode axis is Substantially in the form 
of a hairpin whose apex is directed toward the 
cathode, and means adjacent said magnetron for 
producing a magnetic field parallel to the axis of 
the Cathode. 

4. Magnetron of the type having interleaved 
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8 
segments comprising, in the interior of a gas 
tight envelope, a single cylindrical cathode, two 
plane parallel supports perpendicular to the axis 
of said cathode, each support carrying a certain 
number of anodic elements extending parallel 
With the cathode and symmetrically arranged 
around it, the segments of the two supports being 
interlaced among themselves and having a sec 
tion in a plane perpendicular to the cathode axis 
in the form of a hairpin whose apex is directed 
toward the cathode, and means adjacent said magnetron for producing a magnetic field parallel 
to the axis of the cathode. w 

5. Method of making a magnetron tube with 
Split anodes, said magnetron comprising a plu 
rality of anodic segments arranged symmetrically 
around a single cylindrical cathode of radius ro, 
the said magnetron being designed to oscillate 
in accordance with the mode p, said method 
comprising placing a smooth curve of the section 
of Said Segment around a point in the axis of 
said anode taken as a pole, in accordance with 
the equation in polar coordinates r and a, r being 
the distance of a point of the curve to said pole 
and a the polar angle of said point with respect 
to the axis of symmetry of said sections: 

()-(E)=st Vo r) sin p. 
in which A is a parameter, embodying the anodic 
sections substantially in accordance with said 
Smooth curve, and arranging the cathode within 
the anode thus formed in section so as to make 
its axis coincide with that of the anode. 

HENRI GUTTON. 
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