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wcrking principle of the magnetron is explained from a less usual 

standpoint, that offers however the advantage of better emphasiz

ing the applications of this vacuum valve to the energy conversion. 

Figure 1 represents a cross-section of a magnetron.Figure 

2 represents the rough distribution of the oscillating electric 

field at a certain time. Figure 3 offers only the tangential com

ponent of the oscillating electric field at a certain time. The 

radial component of the oscillating electric field is superposed 

on the component of the constant electric field which has a high 

value. The high value of the constant electric field diminishes 

the role of the radial component of the oscillating electric field. 

This radial component gives the electrons an additional accelera

tion wi '• regard to the direct current component of the electric 

field (electron c fig. 2) or decelerates them (electron d fig.2 ) 

and consequently focusses them arround the electron beam ielec -

tron a fig. 2) which are yielding the best part of their energy 

to the electromagnetic wave. 

The electrons yield energy to the electromagnetic wave 

through the agency of the tangential component of the latter. In 

leaving the cathode by thermoionic emission, the electrons possess 

• low kinetic energy that undergoes a strong dispersion. The ra -

dial electric field due to the direct current begins to accelera

te them at their very coming out of the cathode and after a short 

enough acceleration travel the electron dispersion diminishes ap

preciatively. Mien the kinetic energy, i.e. the electron velocity 

increases, the action of the axial magnetic field of the magnetron 

grows stronger. Under the combined action of the axial magnetic 

field and of the radial accelerating electric field (both statio-
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nary f i e l d s ) , the electron undergoes a beginning of an open aplral 

motion. Following i t s spiral course, th i s motion becones approxl -

mately tancj-ntlal to the magnetron geometry ( f i g . 3) . When meeting 

the tangential component o f t h e o s c i l l a t i n g e l e c t r i c f i e ld - In 

a s i tuat ion favouring i t s accelerat ion, the electron i s s t i l l more 

accelerated by the energy borrowed from the electromagnetic wave. 

Tangenţial cotiţontnt of the o s c i l l a t i n g e l t c -
t r i c f ie ld at a certain t ine . 

As a resu l t of t h i s additional acce lerat ion , the spiral described 

by the e lectrons i s closed owing to the stronger action of the 

magnetic f i e l d due to a non-zero ve loc i ty of the e l ec t rons , e l ec -

tron b ( f i g . 2 ) . These e lectrons are thus turned back toward the 

cathode . They are) now in the o s c i l l a t i n g e l e c t r i c f i e l d possessed 

of an unfavourable» phase for the upkeeping of the electromagnetic 

o s o i l l a t i o n and as such they represent only consumers of the e l e c 

tromagnetic vave power. 
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•If tha tangential component of the o s c i l l a t i n g e l e c t r i c 

f i e l d i s aet by tha electrons whan the ir movement i s paral le l 

to thia coaponent - in a s i tuat ion of deceleration - they y i e ld 

energy to the electromagnetic wave continuity to move but along 

an opering aplral unt i l they reach the anode (electron a, f i g . 2) 

Theoretical ly the energy Increase of these e lectrons within the 

constant radial e l e c t r i c f i e l d i s alaost Integrally yielded to 

the electromagnetic wave and the e lectrons reach the anode with 

a diminished energy. This behaviour explains the rather high e f 

f ic iency - 30-60% of tha magnetron. The energy consumed by the 

out-of-phaae electrona f a l l i n g on tha cathode la about 51 of the 

energy consumed by the magnetron. Tha above-mentioned behaviour 

both of tha e lectrons y ie ld ing energy t o the electromagnetic 

wave and of these borrowing energy from the electromagnetic wave 

la va l id for tha e lectrons that , in tha abaence of the e l ec tro -

magnetic o a c l l l a t l o n s , coma back on the cathode under the inf lu -

ence of tha axia l magnetic f i e l d . In tha absence of the o s c i l l a 

t i o n s , tha re lat ion between the axial magnetic flelc* and the *p -

p i l ed anode voltage la such that tha currant in the tube i s n u l l . 

At a given anode voltage tha magnetic f i a l d that cuts the anode 

current takes tha name of cut-off magnetic f i e l d . In normal o s c i l 

la t ing operating condiţiona, tha magmatic f i e l d of the magnetron 

haa a higher value than that of c u t t - o f f magnetic f i e l d . 

2- Converting a magnetron ao ao t o make i t work aa 

an e l e c t r i c generator wlM> radlolsotopea 

So aa t o give a elmpler explanation of tha traneformations 

to tha lmpoeed on a magnetron to make tfe an a l a c t r i c generator with 

radioisotopes i t i s neoteaary to emphasise the character «f rotat ing 



- 6 -

field of the oscillating electrir field of a magnetron. 

Both radial component E and tangential component E. of 

the oscillating electric field can be considered as rotating elec

tric fields 

i: «= E sin { wt r or 

i: = E ^ sin ( ait 
t ot 

where 

O 2p 

2p - is the number of pairs of poles of the magnetron. 

The angular rotation velocity of these f.eld» is 

a - -JS-

In a magnetron, the electrons the tangential velocity of 

which is at such a phase with regard to the tangential electric 

field that they yield energy to this field, rotat* concomitantly 

with it. The rotation, cophasal with the tangential electric field 

is achieved by keeping constant the angular velocity of the elec -

trons i.e. the same as that of the tangential electric field Q . 

This constant angular velocity Q is obtained by means of the 

energy these electrons borrow from the radial of direct current 

electric field and by the influence of the constant axial magnetic 

field that produces the rotation of the electrons, i.e. the direc -

tion of the radial velocity. 

So as to realize an electric generator with radioisotopes 

by means of a magnetron, xts cathode is replaced by a cylinder the 

lateral surface of which is covered by a thin layer of an a or 0 

- o ) 
r 

a) 
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riiioactlve sobstance. The thprrr-oi on ic «pissior is s^ r«: 1-T-oi 

My the i or r1. radiation. If a single radioactive substance is 

used, the energetic dispersion of the radiation is relatively 

sm.il 1 and depends on the thickness of ths substance l-iyv;r. 

As coryarpd with the working of the ordinary rraunetron 

the working of the magnetron converted into an electric generator 

wit1", radii... sntopes offers two different characteristics 

a) In the ordinary magnetron the electrons leaving the 

cathode possess a small energy and are accelerated by the cons -

tant radial electric field. In the electric generator with radio

isotopes the m or S par*.icJes leave the cathode of their 

h ghest energy and there is no more radial field of acceleration. 

b) In the ordinai/ magnetron the electroni: which do not 

fulfill the "space" condition with regard to the oscillating field 

are back-reflected on the cathode by the axial magnetic field in 

a neighbouring zone of the cathode before they could acquire too 

high a velocity. In the electric generator *lth radioisotopes this 

process is impossible since the particles leaving the cathode have 

already reached their highest velocity. 

The subsequent transformations of the magnetron are based 

on these differences. 

In the electric generator with radioisotopes obtained from 

the converted magnetron, the axial magnetic field should be equal 

to the cut-off magnetic field or smal'i-r than it. So as to show the 

working manner of this device, figure 4, 5 and 6 represent three 

working cases where the axial magnetic field .'s larger than the 

cut-off magnetic field. Figure 4 reprekan :s this working in the 

case of a constant axial magnetic field. Figure 5 represents this 

http://sm.il


F i g . 4 

F i f ţ . 5 
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F i g . 6 

working when the ax ia l magnetic f i e l d i s decreasing from the 

cathode to the anode while figur-5 6 shows i t in the case of an 

axial magnetic f i t Id crowing on towards the anode. 

1. a l l three caa-s, after leaving the cathode an orbit 

i s i n i t i a l ) / formed for the emitted par t i c l e s whtch they reach 

by a shorter or longer way according to the configuration of 

the axial Magnetic f i e ld through which they t r a v e l . This orbit 

radius RQ i s 

*nere 

• v\ 

<J B , 
(2) 

m i s the p a r t i c l e mass 

vQ - i s the «mission ve loc i ty from the cathode 

q - i s *.he p a r t i c l e charge 

BQ - i s the magnetic f i e ld on the ^rbit . 
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When tha energy dispersion is laroe the cathode-*no<u> 

space can be ful l of this kind of i n i t i a l orbi tes . 

Hereafter we shall assuse that the energy that part i 

c les a or 8 can y ie ld to or borrow from the electromagnetic 

wave, in an enough short time interval , i s realized as small 

percentages in comparison with the part ic le energy. 

If partic le (1) , on reaching the orbit finds a "co -

phasal" tangential e l e c t r i c f i e ld , i t w i l l yield energy to the 

electromagnetic wave and i t s velocity wi l l t*us diminish. The 

velocity decrease leads to the decrease of the orbit radius 

more or less rapidly according to the configuration of the axial 

magnetic f ie ld adjacent to the i n i t i a l orbit . As a resul t of the 

radius diminution, the part ic le maintains i t s i n i t i a l angular ve-

!°cffy ft and consequently remains cophasal with the tangential 

elfrttftc f ie ld (for well choosenvalues of the magnetic f i e ld B 

in £sch casae1,. Remaining cophasal with the tangential e l e c t r i c 

f leltl , the p. r t i c l e w i l l continue to yie ld energy to the e lec tro

magnetic wave unti l It cones upon the cathode or at least very 

close to i t . 

If on arriving on the orbit , particle finda an 

"out-of-phase" tangential e l e c t r i c f i e l d , i t w ' l l borrow energy 

from the electromagnetic wave and I t s veloci ty w i l l Increase. 

The velocity increase wi l l result in the orbit radivs Increase 

which depends on the configuration of the axial magnetic f i e l d 

On the other,hand, owing to the radius increase, the angular 

v e l o c i t y ft " i l l regain constant and therefor* the part ic le w i l l 

•s) 

la thF e m of a non-uniform axiil aatnetie field the aest 

aivantagaou* ara those for which ° m v • 
Bo • 
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continue to borrow energy from the electromagnetic wave unti l i t 

w i l l come on the anode. 

The energy acquired by part ic les (2) from the electromag

net ic wave i s higher than the energy yielded by the electromagne

t i c wave to part ic les (1) because the path of par t i c l e s (2) i s 

longer while being at the same time nearer to the anode cav i t i e s 
M where the e l e c t r i c f ie ld i s stronger . Consequently, an e l e c t r i c 

generate, with radioisotopes working within an axial magnetic 

f i e ld stronger than the cut-off magneţi'; f i e l d w i l l not o s c i l l a t e . 

I t i f receives micr~ <*ave energy from without, th is system v'ill 

work as a part ic le accelerator. 

The working of an e l e c t r i c generator with radioisotopes 

derived from a converted magnetron Is obtained by an axial magne

t i c f i e ld equal to the cut-off magnetic f i e ld or smaller than i t . 

By using such an axial magnetic f i e ld there w i l l always he, on 

the part ic le trajectory from the anode to the cathode a radial 

component of the ve loci ty s imilar to the radial component created 

by constant radial e l e c t r i c f i e ld in the ordinary magnetron. I M S 

radial component const i tutes s velocity reserve for the part ic les 

y ie ld ing energy to the electromagnetic wave. Along the trajectory 

the radial component of the veloci ty i s transformed with the help 

of the magneţi, f i e l d in a tangential component of the ve loc i ty . 

* > 
It ia poaalbla that by a ion through analysis a magnttic field 

configuration could ba determined that could eliminate aarliar from 
tha alactroaagnatic wava tona tha (2) particlaa -aabling thua auch 
a working . The two axhauating condiţiona iapocej in this caaa on 
tha «agnatic field render however aore difficult t»(a contruction of 
anch an electric generator with radioisotopes. For inatance, tha 
acMavlng of tha aagnatic field configuration fro» figure 6 is dif
ficult if a completely axial aagnatic field ia wanted. 
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Figure 7 shows ttte-working of an e l e c t r i c generator with 

radioisotopes iade froa a converted Magnetron. The ful l l ine re

presents the paths of part ic les (1) and (2) in the absence of the 

o s c i l l a t i n g regine, in the cane of the o s c i l l a t i n g operating con

d i t ions , par t i c l e s <1) w i l l 

be slowed down and y ie ld 

energy to the «lectroatagne -

t i c wave, contingently tra- f i 

l ing with thin electruwugne -

t i c way» unt i l i t s f a l l on 

the cathode. The i n i t i a l 

y ie ld ing of energy on the 

f i r s t part of the trajectory 

along the electromagnetic wave 

prevents the fa l l ing of these 

part i c l e s on the anode. The 

configuration of the Magnetic 'it-

field should be such that particles (1) could Maintain along the 

longest possible part of the trajectory possible until they fall 

on the cathode , a constant angular velocity equal to that of the 

rotating oscillating electric field. Particles (2) will, frost the 

very tise they leave the cathode , be accelerated by the field of 

the electromagnetic wave. The snail velocity increase these par

ticles under"- ^fcween the cathode and the anode is sufficient to 

produce the increase of their radius »0 so as to Make than fall 

on the anode. The energy yielded to the electromagnetic wave by 

particles (1) is nuch larger than the energy borrowed fro» the 

electroswtgnetic wave by particles (2). The oscillations will be 

kept going and the generator will supply power in the form of mi-
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crevaves. 

The fa l l of the particle» possessed of on e l e c t r i c charge 

on the anode results in a charge arcuţr.ulation on this e lectrode. 

Consequently a voltage w i l l appear between cathodo and anode. The 

sign ( + or - ) of this voltage w i l l depend on '-.he nature of the 

charge of the radioisotopes used. The e l e c t r i c f i e ld produced bet

ween anode and cathode by th is vcltaqe acta in a contrary way upon 

the working of the e l e c t r i c generator with radioisotopes. The di

rect current e l e c t r i c source concomitantly created in th is device 

hAs a small power and can be used. The condition of ut i l izat ion, of 

tills additional source i s that i t s operating conditions should be 

near t inse of the short-c ircui t operating conditions. Under these 

operating condit ions, the e l e c t r i c f ia lv between anode and cathode 

has a small value. - so that i t cannot influence unfavourably the 

working as a microwave power generator of th i s e l e c t r i c generator 

wi,th radioisotopes. 

The voltage value of the direct current source, i . e . , the 

value of the radial e l e c t r i c f i e ld can be used for control l ing the 

microwave power. 

3. Use of the converted magnetron fo* achieving a 

converting c e l l of the f i s s ion nuclear energy 

In order to achieve a converting ~*J.1 of the f i ss ion nuclear 

energy, the lateral surface of the cathode should be lined with a 

thin layer of f i ss ionable material. The c e l l must work in a neutron 

flow within a nuclear reactor, in the neutron beam of a neutron ge

nerator or contingently in a s e t of a large number of c e l l a brought 

to the condition of c r i t i c a l i t y . Since the mean density of the f i s -
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fionable material within a cell volume is small , if a nuclear 

reactor is to be.achieved rods of solid nuclear fuel should be 

introduced between the cells. In this nuclear reactor, one part 

of the energy is transformed In microwave power by means of con

verting cells with a high efficiency (50%) while the other part 

should be used by the classical methods. 

Characteristic of the converting cell of the fission nu -

clear energy as compared with the electric generator with radio-

Isotopes are the great energy dispersion of the fission fragments 

and of the 3 disintegration. The axial magnetic field should 

fulfill the cut-off condition of the fission fragments offering 

the highest energy density. This converting cell will have par -

tides possessing initial orbites as, in figure 4 and hindering 

the working and therefore the efficiency of the device. 

So as to improve the efficiency, the converting cell 

should be excited by all the oscillation "modes" ; the energy 

dispersion of the fissim products favours this kind of working. 

In comparison with the electric generator with radioisotopes the 

cell of which works on a single "mode", the converting cell 

should possess a great number of resonant cavities which increases 

the number of working "modes" so aa to cover the whole energy 

field of the fission products with the best density. 
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