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1. 

3,500,108 
ELECTRON-BEAM TUBE FOR FREQUENCY 

MULTIPLICATION 
Klaus Poeschl, Deisenhofen, and Werner Veith, Munich, 
Germany, assignors to Siemens Aktiengesellschaft, 
Munich, Germany, a corporation of Germany 

Fied Aug. 29, 1967, Ser. No. 664,033 
Claims priority, application Germany, Aug. 31, 1966, 

S 105,618 
Int. C. H01j23/16, 29/96 

U.S. C. 315-3 9 Claims 

ABSTRACT OF THE DISCLOSURE 
An electron-beam tube for frequency multiplication 

with a longitudinal magnetic field, wherein an electron 
beam emanating from a beam-generating System suc 
cessively passes through a coupling system, a multiplier 
system, and a decoupling system, in which the coupling 
system is designed as a synchronous wave coupler and 
the multiplier system is a multipole comprising at least 
six rectilinear electrodes extending parallel to the axis of 
the magnetic field, which are symmetrically arranged 
around the axis of the magnetic field and alternately load 
ed in circumferential direction of the multipole, according 
to the arrangement, with equal electrical potentials of 
opposite polarity, in which the longitudinal magnetic field 
increases progressively and constantly along the length of 
the multipole from a magnitude existing at the end of the 
multipole facing the beam-generating system, and in an 
embodiment of which the coupling system may comprise 
two delay lines facing each other and extending parallel 
to the axis of the magnetic field which, cooperably, and 
synchronously with the speed of the electron beam, carry 
an electrical alternating field diagonally directed with re 
spect to the axis of the magnetic field, so that the electron 
beam undergoes a modulation with the rapid as well as 
with the slow synchronous wave. 

--awme 

The invention relates to an electron-beam tube for fre 
quency multiplication with a longitudinal magnetic field, 
wherein an electron beam emanating from beam-generat 
ing system passes successively through a coupling system, 
a multiplying system, and a coupling system, in which the 
coupling system is designed as a synchronous wave cou 
pler and the multiplying system is a multipole comprising 
at least six rectilinear electrodes extending parallel to the 
axis of the magnetic field, which are symmetrically ar 
ranged around the magnetic field axis in circumferential 
direction of the multipole and alternately loaded, accord 
ing to the specific arrangement, with equal electrical po 
tentials of opposite polarity. 
From the periodical "Records of Electrical Transmis 

sion, vol. 17 (1963), No. 7, pages 345 to 350, it is known 
that in a multipole comprising at least six rectilinear elec 
trodes disposed parallel to the longitudinal axis of the 
multipole field, there occur multiples of the fundamental 
frequency of a synchronous wave in an electron beam, 
namely with the frequencies (mini-1) co, wherein (wo 
is the fundamental frequency, n half the number of poles 
of the multipole, and m any positive whole number. The 
amplitudes of all synchronous waves of the occurring 
frequencies thereby increase in each case, with the length 
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of the multipole. At specific distances in the multipole, 
the power of the harmonic waves exceeds that of the 
fundamental as determined by the product of the fre 
quency and the square of the amplitude of the specific 
synchronous wave. For example, in an eight-pole, the 
power of the harmonic wave with quintupled frequency 
at a cyclotron transit angle of 2t already amounts to 2.5 
times the power which the fundamental wave had upon 
entering the eight-pole. 
The utilization of a frequency multiplication according 

to the principle known in the prior art is limited, because 
the increase in amplitudes of the harmonic waves is ac 
companied with a strong deflection of the electrons from 
the axis of the electron beam. The deflection of the elec 
trons increases so rapidly that it becomes difficult to even 
evaluate the frequency multiplication. It is, therefore, the 
initial problem of the present invention, to so design an 
electron-beam tube for frequency multiplication that a 
practical controllable frequency multiplication can be 
achieved. In order to solve this problem, it is proposed 
in an electron-beam tube of the type referred to, that the 
longitudinal magnetic field, initially increase progressively 
and constantly from a magnitude existing at the end of the 
multipole disposed at the beam-generating side along the 
length of the multipole. 
The frequency multiplication achieved in an electron 

beam tube according to the invention is based on the cre 
ation of synchronous waves of positive and negative en 
ergy. Since these synchronous waves are independent of 
the cyclotron frequency and, therefore, of the longitudinal 
field, the increase in the magnetic field strength within the 
field of the multipole proposed in the invention does not 
interfere with the described frequency multiplication 
function. The deflection of the electrons in the multipole 
can be controlled by an increase in the magnetic field, 
which can preferably be linear. In particular, the point of 
discontinuity, occurring when the harmonic waves in 
crease in a tube according to the known principle, can be 
excluded, based upon the fact that the electrons reaching 
the space between the individual multipole electrodes 
are exposed to very strong electrical fields, which can 
tear the electron beam apart in an uncontrollable man 
ne. 

Thus, with a tube according to the invention, harmonic 
waves also are obtained which increase in power. The 
tube, however, can readily be operated in a stable man 
ner, because the deflection of the electrons increases more 
slowly than in a tube without an increase in the magnetic 
field within the multipole. More electrons thereby travel 
along the length of the multipole toward the beam axis, 
as well as inwardly, than in a constant magnetic field. 
Accordingly, the core of the trajectory cross section in 
creasingly contracts in the rising magnetic field, resulting 
at least partially, in an increase of both the fundamental 
wave and the harmonic waves. 
The rise in the magnetic field of a frequency-multiply 

ing tube according to the invention can be so produced 
that the extreme deflection of the electrons in the multi 
pole remains constant. This occurs, with a linear rise of 
the magnetic field, when the magnetic field along a cyclo 
tron wave length, relative to the initial value of the mag 
netic field, increases by about 1.26 times the initial value. 

In a frequency multiplication according to the known 
principle, it is generally assumed that the electron beam 
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entering the multipole is modulated with a single syn 
chronous wave, namely with a synchronous wave of posi 
tive energy. The electron beam, however, in a further 
development of the invention can simultaneously carry a 
synchronous wave of negative energy as well as the 
synchronous wave of positive energy. (In this case, the 
electrons are not circularly distributed, but deflected in a 
plane from the beam axis.) The concept of feeding both 
synchronous waves, instead of one single Synchronous 
wave, into the multipole requires, in particular, the adap 
tation of a frequency-multiplying tube to practical neces 
sities. The modulation of an electron beam with two 
synchronous waves fundamentally can be realized with 
simpler means than the generation of a single synchro 
nous wave and, in addition, has the advantage that it is 
achieved without a power loss. In order to generate both 
synchronous waves, the coupling system preferably can be 
coupler in the form of two helical or meandering lines 

facing one another and disposed parallel to the axis of the 
magnetic field, for example, as is known from U.S. Patent 
3,218,503. 
The power output of an electron-beam tube according 

o the invention depends on the modulation strength of 
the electron beam upon entering the multipole. This means 
hat, in the case of a single synchronous wave, it must be 
coupled with as much power as possible, while in a linear 
leflection of the beam electrons (coupling of both syn 
chronous waves) the electron beam, to be sure, does not 
arry high-frequency energy, but the electrons, neverthe 
ess, are supposed to be strongly deflected. For this pur 
pose, it is proposed in a further development to arrange 
a conventional linear quadrupole between the coupler for 
both synchronous waves and the multipole which ampli 
ies the amplitudes of the rapid and the slow synchronous 
Wave in a manner known in the prior art. 
The electron-beam tube according to the invention can 

serve to generate a signal of very high frequency, where 
in the high-frequency power can normally fall between 
a milliwatt and a watt. Besides this utilization, an electron 
beam tube according to the invention can advantageously 
be employed as a high-power tube to replace magnetrons, 
wherein great importance is attached to high frequency 
stability. The frequency precision of modern magnetron 
ubes varies between 104 to 105. For various fields of 
application, however, e.g. for Doppler radar, a higher 
frequency stability is required. This requirement can be 
met by an electron-beam tube according to the present 
nvention by feeding the coupling system from a suitable 
oscillator of very high frequency stability, e.g. from a 
ruartz oscillator. In this application, according to the 
nvention both the current and the voltage of the multipole 
can be pulsed. A frequency variation need not be feared, 
in contrast to magnetrons, as the multiplied frequency is 
letermined only by the geometry of the multipole. 
The invention is explained in connection with the draw 

ngs, in which: 
FIG. 1 is a diagrammatic representation of the structure 

of an electron-beam tube according to the invention; 
FIG. 2, oriented with FIG. 1, illustrates the pattern of 

he field strength of a longitudinal magnetic field B; 
FIG. 3 is a chart illustrating the power of respective 

synchronous waves with respect to that of the fundamental 
Wave; 
FIG. 4 is a chart similar to FIG. 3; 
FIG. 5 is a chart illustrating electron positions in the 

iiagonal planes of the cyclotron transit angles 0 = T, 
=87 in the eight-pole; and 
FIG. 6 is a diagrammatic perspective view of another 

embodiment of the invention. 
Referring to FIGS. 1 and 2, the coupling system of the 

ube is designated by the reference numeral 1, into which 
a high-frequency signal coo is fed. The coupling system 1 
forms a coupler for the rapid cyclotron wave so that the 
electron beam 3 epmanating from the beam-generating 
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4. 
with a cyclotron wave of positive energy. The cyclotron 
wave in the electron beam is subsequently converted in 
known manner into a synchronous wave by a reversal of 
the longitudinal magnetic field B. The electron beam thus 
modulated with a synchronous wave of the frequency 
w then passes through a multipole 4 comprising of an 
even number of at least six rectilinear electrodes disposed 
parallel to the axis of the magnetic field which are sym 
metrically arranged around the axis of the magnetic field 
in circumferential direction of the multipole and alter 
nately loaded, according to the specific arrangement, with 
electrical potentials of equal magnitude and opposite 
polarity. Along the length of this multipole 4, the longi 
tudinal magnetic field B, is to increase progressively from 
an initial value B (FIG. 2), particularly in linear rela 
tion. In the direction of the electron beam, following the 
multipole 4, a reversion of the magnetic field B, reoccurs, 
so that the electron beam again carries a cyclotron-wave 
modulation upon entering the decoupling system 5, which 
coupling system is thereby synchronized with one of the 
frequencies (n-1) wo, (2n-1) wo, (n-1) coo, etc. with in 
being equal to half the number of poles of the multipole 
4. Thus, a cyclotron wave of the desired frequency can 
be decoupled from the electron beam before the electron 
beam 2 strikes the electron catcher 6. 

Briefly reviewing the known processes of the frequency 
multiplication taking place in the multipole 4, from a 
synchronous wave of positive energy of the frequency 
ce fed into the multipole, there is created through the 
effect of the electrostatic field of the multipole in inter 
relation with the longitudinal magnetic field B, a Syn 
chronous wave of negative energy of the frequency 
(n-1) w and from this a synchronous wave of positive 
energy of the frequency (n-1) (wo leads to a synchronous 
wave of negative energy with the frequency (2n-1) co, 
from which a positive synchronous wave of the frequency 
(2n+1) can be further developed. This process theoret 
ically can be continued up to infinitely high frequencies 
(mini-1)s. The amplitudes of both the fundamental wave 
and the harmonic waves are thereby increased. The total 
power carried by the electron beam, however, remains 
constant, as the sum of the individual powers of the syn 
chronous waves occuring in each case is always equal to 
the injected power, taking into consideration their sign 
(plus or minus). The path of the chronological succes 
sion of electrons describes, in planes at right angles to 
the axis of the multipole 4, a star with n-tips or points. 
To being with, the electrons which are deflected the far 
thest points of the star proceed close to each second of 
the center planes of the zero potential disposed between 
the positive and negative electrodes. While in a magnetic 
field which is constant along the length of the multipole 
4, the electrons located at the points of the star-wave rapid 
ly forward and are difficult to control, which deflection 
is restricted by a rise in the magnetic field, as illustrated 
in FIG. 2. In this case also, the succession of beam elec 
trons again forms stars with n points in diagonal planes, 
wherein, however, the distance of the star points from the 
beam axis increases only slowly, which indicates that a 
stable operation of the frequency multiplier is achieved. 
The conditions for different values of linear rise in 

the magnetic field will be examined more closely in an 
eight-pole. FIG. 3 illustrates the power of the respective 
Synchronous waves with the i-fold fundamental frequency 
relative to that of the injected fundamental wave in an 
eight-pole response to the transit angle 0, when the mag 
netic field along a cyclotron wave length 

Nco (Neo-2tmc./eBzo) 
relative to the initial value B in each case increases by 
0.64 times the initial value B. It is thereby assumed that 
the value K indicated in Equation 15 in initially men 
tioned article in "Records of Electrical Transmission,' 
1963, pp. 345-350, is 0.1. The product of i and the square 

system 2 is, after leaving the coupling system 1, modulated 75 of the amplitude S of the synchronous wave is repres 
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sentative of the relative power. It is apparent that both the 
power of the fundamental wave (i-1) and the harmonic 
wave with threefold frequency (i=3) increase moderately. 
In addition, the increasing powers of the harmonic waves 
i=5, 7, 9 are represented. The sum of the powers of all 
the synchronous waves always corresponds to the injected 
value, considering their specific plus or minus signs (i=l 
is positive, i=3 is negative, i=5 is again positive, etc.), 
as is indicated by the points distributed on opposite sides 
of the straight line iS=1. 

In the coordinate diagram of FIG. 4, wherein corre 
sponding to FIG. 3 the ordinate indicates the power 
iS of the synchonous waves of the i-fold fundamental 
frequency relative to the value 1.0, and the abscissa the 
transist angle, the increase in the fundamental wave, as 
well as the harmonic waves, is illustrated when the mag 
netic field per cyclotron wave length A increases linearly 
relative to the initial value Bao. In comparison therewith, 
the conditions for a constant magnetic field appear in 
dotted lines with the corresponding values of i indicated 
in brackets. Thus, it can very clearly be seen that by use 
of the invention a stable frequency multiplication is pos 
sible despite conversion gain. Furthermore, it is also here 
established, by adding the powers according to their signs 
(plus or minus) that the frequency multiplication occurs 
without power loss (compare the points distributed around 
the straight line representing the value 1.). 

It has already been explained that in a tube according 
to the invention, the succession of electrons within the 
multipole forms stars with n-points in planes diagonal 
to the axis of the multipole. Thus, in an eight-pole 
4-pointed stars are formed. In a specific dimensioning of 
the magnetic field increase according to the invention, it 
can be achieved that the points of the star-like beam 
cross section remain on the same radius along the length 
of the multipole. This is of importance if it is desired 
that the electron beam be conducted very closely past 
the electrodes of the multiple. Retention of the points 
of the star formed by the chronological succession of 
electrons is not achieved until the magnetic field per cy 
clotron wave length Aco is increased by 1.25 times the 
initial value B. FIG. 5 illustrates the positions of the 
electrons, obtained through calculation, in the diagonal 
plances of the cyclotron transit angle 6=t and 0=8rr in 
the eight-pole, wherein again K is assumed to be equal 
to 0.1. Reference numeral 7 designates the star formed 
by the beam electrons when 6=T, while the star 8 having 
the same radius is valid for 0-8ar. The effect of the eight 
pole is there reflected only by the contraction of the cross 
Section of the beam. 

FIG. 6 illustrates a particularly advantageous practical 
embodiment of an electron-beam tube according to the 
invention. For purposes of simplification, the change in in 
duction of the magnetic field B, increasing within the 
multipole 14, having at least 6 poles, is not represented. 
The coupling system 11 of the tube here comprises two 
parallel delay lines facing each other comprising, for ex 
ample, two helical lines 9 of rectangular cross section. 
Between the helical lines 9, an electrical alternating field 
directed at right angles to the axis of the magnetic field is 
to expand in delayed fashion. Thus, the electron beam 
13 is modulated simultaneously with the rapid as well as 
with the slow synchronous wave of the frequency of the 
alternating field. This is tantamount to saying that the 
electrons of the electron beam 13 are linearly deflected 
from the beam axis, i.e. in a single plane. To achieve a 
maximum deflection of the beam electrons upon entering 
the eight-pole, there is arranged in the present example, a 
conventional rectilinear quadrupole 17 between the cou 
pling system 11 comprising the helical lines 9 and the 
eight-pole i4. Such a quadrupole amplifies in known man 
ner (again without power loss) both synchronous waves 
of positive and negative energy, which amounts to an in 
crease in the linear deflection of the beam electrons. A 
frequency multiplication thus occurs in the eight-pole 14 
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6 
of the injected syinchronous waves with simultaneous 
conversion gain. The increase in the magnetic field as 
sumed along the length of the eight-pole 14 prevents an 
uncontrollable expansion of the beam cross section which 
takes the shape of the cross section designated by the 
reference numeral 16 under the effect of the increasing 
magnetic field strength and of the eight-pole field strength. 
The decoupling system 15, in accordance with FIG. 1, 
again is preferably a cyclotron wave coupler, since syn 
chronous waves of positive and negative energy cannot 
readily be decoupled. Therefore, in order to convert syn 
chronous waves into cyclotron waves, the magnetic field 
in this case also reverses its direction between the eight 
pole 14 and the recoupling system 15. The decoupling 
system 15 advantageously can be a coupling element for 
a rapid cyclotron wave of positive dispersion. In the illus 
trative embodiment such a coupling element is con 
structed as a hollow conductor 18, having four rows of 
teeth 19 which are staggered with respect to one another 
by 90, and whose free ends are positioned on a helical 
coaxially enclosing the axis of the electron beam 13. 
Changes may be made within the scope and spirit of 

the appended claims which define what is believed to be 
new and desired to have protected by Letters Patent. 
We claim: 
1. An electron-beam tube for frequency multiplication 

with a longitudinal magnetic field, wherein an electron 
beam emanating from a beam-generating system passes 
Successively through a coupling system, a multiplier sys 
tem, and a decoupling system, wherein the coupling sys 
ten comprises a synchronous wave coupler and the mul 
tiplier system is a multipole comprising at least six recti 
linear electrodes extending parallel to the axis of the mag 
netic field, which electrodes are symmetrically arranged 
around the axis of the magnetic field and alternately 
loaded in circumferential direction of the multipole, ac 
cording to the arrangement, with equal electrical poten 
tials of opposite polarity, the longitudinal magnetic field 
being so arranged that it increases progressively and con 
stantly along the length of the multipole from a magni 
tude existing at the end of the multipole facing the beam 
generating system. 

2. An electron-beam tube according to claim 1, wherein 
said multipole has eight poles and the magnetic field is 
so arranged that it increases linearly with respect to the 
initial value of the magnetic field in the multipole along 
a cyclotron wave length by 0.6 to 1.3 of such initial value. 

3. An electron-beam tube according to claim 2, wherein 
the linear rise of the magnetic field per cyclotron wave, 
relative to the magnetic initial value, is approximately 
equal to 1.26 the initial value. 
4.An electron-beam tube according to claim 1, wherein 

the coupling system comprises two delay lines facing each 
other and extending parallel to the axis of the magnetic 
field which, cooperably and synchronously with the speed 
of the electron beam, carry an alternating electrical field 
diagonally directed relative to the axis of the magnetic 
field, whereby the electron beam undergoes a modulation 
with the rapid as well as with the slow synchronous wave. 

5. An electron-beam tube according to claim 4, wherein 
each delay line comprises a conductor extending in 
meander-like fashion. 

6. An electron-beam tube according to claim 5, wherein 
said delay line has a helical configuration. 

7. An electron-beam tube according to claim 4, wherein 
a quadrupole, having rectilinearly extending electrodes is 
disposed between the coupling system and the multiplying 
System for amplifying the amplitudes of the rapid and the 
slow synchronous wave. 

8. An electron-beam tube according to claim 4, wherein 
the decoupling system comprises a coupling element for 
cyclotron wave and the longitudinal magnetic field is so 
arranged that it reverses its direction between the mul 
tiplying system and the decoupling system. 

9. An electron-beam tube according to claim 1, for use 
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as a frequency-stable power tube for pulse operation or 3,218,503 11/1965 Adler --------------- 315-3 
continuous-dash operation, wherein the signal fed into the 3,227,959 1/1966 Kliner ------------- 315-39.3 
coupling system is derived from an oscillator of very high 3,373,309 3/1968 Poschl et al. ---------- 315-3 
frequency stability. 
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