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' Abstract. In accordance with our (with co-author) previous investigations the 
two series of pre-oscillations radiated from the rotating electron cloud in heavily 
cut-off small-cathode magnetrons arise from two different series of perturbations 
rotating in two different radially separated electron-cloud layers: outer and inner. 
Therefore these series of preoscillations could be classified as outer and inner. 
Some time later we found out that the inner pre-oscillations exist only when 
there exists an electron emission from both ends of the cathode protruding out 
of the anode cylinder. Therefore the inner pre-oscillations could be regarded as 
an end-effect. 

1. Introduction 

Nowadays the small-cathode magnetrons as generators of electromagnetic waves have 
been replaced by the modem multicavity magnetrons. Nevertheless, some interesting 
physical phenomena which take place in the space-charge cloud of these tubes are far 

from being fully understood up to now. 
The small (thin)-cathode magnetron is a cylindrical diode. Its anode-is usually slitted 

into an even number of segments. As a rule an external load circuit is connected between 

the segments. 
The present paper is concerned with our study of two- and four-segment magnetrons. 

The contacts of the anode segments were short-circuitea or connected through a variable 

resistor. 
The magnetrons are placed in an uniform magnetic field which is parallel to the 

cathode of the tube or has a small angle a of tilt with it. End shields are attached to 
the ends of the cathode in order to prevent the electron flow out of the anode cylinder. 
The magnetic field B curves the paths of electrons moving from the cathode to the 
anode. If B is increased from zero, at a sufficiently strong field B = Bcut-off = Be 
theoretically the electrons would not be able to reach the anode and the flow of current 
Ia to the anode must come to a halt. That is to say, the anode current would be cut off. 
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In reality, however, this theoretical conclusion is not exactly correct. At B = Be the 
anode current begins to decrease, at first quickly, then slowly, and continues to flow, 
though at a very low value, possibly even under arbitrarily strong magnetic fields. Till 
now, a full explanation of this phenomenon does not exist. 

In electron tubes without a magnetic field the transition time of an electron from 
cathode to anode is about 10-9 seconds. In a heavily cut-off (B » 3Be) small-cathode 
magnetron the same transition time is about io-3 seconds [1]. A long radial transition 
time means a low-radial velocity of electrons. A low-velocity means a comparatively 
large electron density in the electron cloud. Such dense electron clouds do not exists 
in tubes without a magnetic field. Under the influence of the radial electric field de 
and the axial magnetic field the electrons in the cloud rotate around the cathode along 
cycloidal trajectories with mean velocity V = E / B where E is the intensity of the 
electric field. So a rotating electron cloud is trapped in the anode cylinder. 

2. Preoscillations 

One of the peculiarities of the electron cloud consists in that the cloud radiates simulta
neously a certain number of comparatively weak oscillations of discrete frequencies v11 • 

These oscillations are often called preoscillations in accordance with analogous oscilla
tions in multi-cavity magnetrons. The frequencies Vn may be approximately determined 
by the relation 

Ua 
Vn= Cn-

2
-, 

raB 
(!) 

where Ua is the anode voltage in volts, B is the magnetic field in Tesla, ra is the 
anode radius in m, n = 1, 2, 3, ... , C is a factor of proportionality, the value of which 

varies approximately in the range 0.15-0.25 [2-4]. 
It is taken for granted that the space-charge cloud in a magnetron exhibits a funda

mental tendency to instability [5]. The preoscillations are associated with this instability. 
The instability breaks the symmetry of the cloud and creates space-charge waves or 
perturbations in it. These perturbations probably have the form of bunches with an 
azimuthal periodicity. Rotating with the cloud around the cathode, the perturbations 
radiate the preoscillations. Thus n in (1) could in some cases be interpreted as the 
number of repeats of the wave-pattern around the cathode. 

The publications [6) and [7] are concerned with our (with co-author) study of pre
oscillations in two- and four-segment well cut-off small-cathode magnetrons. Many 
references to publications connected to the subject are given there. Since the anode 
radii of our magnetrons were between 0.35 x 10-2 m to 0.5 x 10-2 m, the anode volt
age was maintained up to 1000 V, the magnetic field up to 4.5 x 10-1 T and n had 
the values from nearly 1 to 15, the frequencies of the preoscillations we studied were 
in the range of a few Mc/s to about 200 Meis. We have found out that the electron 
cloud in these magnetrons emits two series of preoscillations described by the Eq. (1) 
with two different values for the factor C whose value for the higher frequency series 
is about 30 % greater than the value for the corresponding lower frequency series. 
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Fig. 1. Two-segment magnetron Philips, length of the anode cylinder 
l = 2.1 x 10- 2 

111, 'T'a = 0.5 x 10-2 m. The segments arc short-circuited. 
Anode current la vs. cathode heating current ff, 

We have also found a radial stratification of the perturbations e1mttmg the two 
different series of preoscillations. The perturbations connected to the lower frequency 
preoscillations probably have the fonn of bunches rotating on the outer edge of the 
electron cloud and that is why they are strongly influenced by a resistor which may 
be possibly connected between the segments. The perturbations causing the higher 
frequency preoscillations probably belong to inner layers rotating at a higher angular 
speed. It is worth noting that the ratio of the frequencies of these higher frequency 
preoscillations sometimes deviates from the exact ratio of integers. We sha!J call the 
lower freq1:1ency preoscillations outer preoscillations in contrast to the higher frequency 
ones which we shall call inner preoscillations. 

3. Influence of End-Effect on Preoscillations 

Later we conducted further research of preoscillations. The results from that research, so 
far unpublished: clarified to some extent the essence of the inner preoscillations. What 
we found out was that the appearance of ill1er preoscillations is linked to the fact that 
our magnetrons have a directly heated cathode. Because of that, the temperature and to 
an even greater extent the emissions are distributed quite unevenly along the Jengtl). of 
the cathode thread. We found that in the case of a low cathode heating current h and a 
corresponding low cathode emission current le, when only the middle of the cathode is 
heated and its ends are cold, inner preoscillations are absent. The electron cloud emits 
only outer preoscillations which often are. remarkably coherent. Noise is very low or 
at all absent. When lJi and I e increase, inner preoscillations appear at certain values 
of these currents, and moreover those values depend very little on U a and B. Strong 
noise appears almost simultaneously with inner preoscillations. Moreover, it is evident 
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that the whole cathode is already heated and obviously the whole cathode takes part in 
the electron emission. 

We made up the hypothesis that the appearance of irn1er preoscillations is closely 
linked to an appearance of an electron emission from the ends of the cathode. Under 
the action of the electric field outside the anode cylinder the electrons emitted from. 
the ends of the cathode acquire a longitudinal velocity component that is parallel to 
the magnetic field. They enter the electron cloud in the anode cylinder and create 
perturbations in it, and the latter radiate inner preoscillations. Thus the appearance of 
inner preoscillations may be considered as an end-effect. · 

This picture of the appearance of inner preoscillations stands in agreement with a 
peculiarity of the dependence of the anode current I a on the cathode heating current fh 
and the emission current le. This peculiarity is particularly strongly manifested at a low 
Ua. While increasing 1/i and le, when they reach the values when inner preoscillations 
appear, Ia, instead of COIJtinuing to increase, starts decreasing (see Figure). In the tube in 
question inner preoscillations appear only at h larger than about 2.6 A and accordingly 
I e larger than about 2.8 mA. This peculiarity may be explained if we assume that the 
electrons emitted from the ends of the cathode provide increased shielding at the cathode 
against the anode potential. 

In the course of our research we have sometimes discovered oscillations whose 
frequency depended on Ua and B but not according to the relation (1). We did not 
manage to explain the electronic excitation of these oscillations. 
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